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INPEANCIIOBUE

Bo BTOopoM ToMe yuye6HMKa, aIpecOBAHHOTO B TIEPBYIO Oo4Yepenb CTyHeHTaM-TIep-
BOKYPCHHMKaM XUMHUYECKUX (haKylbTeTOB YHUBEPCUTETOB, CHCTEMATHYECKU M3JIO-
XKeHa XUMUA §- U p-3NieMeHTOB. [locienoBaTelbHOCTL M3NTOXEHNS MaTepuaia COoT-
BETCTBYET pacrionioxeHuto rpynn B [lepuoguyeckoit cucreme snementos 1. . Men-
neneeBa. HyMeparst rpynm naHa B COOTBETCTBMU C IUTMHHOIM dopmoit Ilepuonunye-
CKO¥ TabMuIIbl, peKOMEHIOBAaHHON MeXIyHapOmHbIM COIO30M TEOPETUYECKOM U TIPU -
KJIAIHOU XMMUH.

B Kaxoit rimaBe KHUTM paccMOTpeHa XUMMUS OTHEJBHON TPYNTBI (TIOATPYIITILI,
€CJIN MOJIb30BaThCS KOPOTKOM (HhOPMOIt TaGNUIIbI) SEMEHTOB, UCKITIOYEHUE COCTAB-
JICT TiepBast IMaBa, MOCBALEHHAs BODOPOAY, BOie U TIEPOKCULY BOIOPOJA.

H3noxeHre Matepuaiia B KaXIOi IiaBe HaYMHAETC C ol1eil XapaKTepUCTUKH
TPYNNbl — aHajan3a JJIEKTPOHHON KOHGUIypanum aTOMOB, BO3MOXHEIX CTelleHeil
OKHCJICHHA ¥ BBISIBIEHUA OOLIMX 3aKOHOMEPHOCTEH B M3MEHEHUH OKUCIUTEIbHO-
BOCCTAHOBUTENIbHBIX M KMCJIOTHO-OCHOBHBIX CBOMCTB COeAMHEHMIA. 3aTeM TIPUBOANTCS
ONHMCaHMe MPOCTBIX BEIECTB, OKCUIOB, TaJIOTEHUAOB, TMAPOKCUIOB, CONEil U T. 1.

Dopma mojayu MaTepuasa MHOTOYPOBHeBas. B oTmeNbHbIe GIOKM BHIHECEHD
AOTIONHEHUST — CTIELIMAJIbHbIE Pa3fielibl, YIAyOArolue 1 PaCIluPSIOLINe COqepKa-
HHE TEKCTa IMaBbl, MOAPOGHO U YBJIEKATeNbHO OTIMCHIBAIOIME CBOMCTBA OTIpeIesieH-
HBIX TDYMT BEIIECTB, UX IPUMEHeHNe. MaTepuas, npegHa3HaYeHHBIN IS yIay6-
JICHHOTO U3Y4YEeHUS MpeaMeTa, Habpan Menkum 1pudrom. B paspene Tpunoxenus
TIPEACTABJICHbI CXEMbI XUMNYECKHX TIPEBPallleHUH BAXXHENIIINX HETIEPEXOIHBIX dJie-
MEHTOB, a TaKXe JOTOJHUTENbHBIA CTIPaBOYHBIA MaTepual.

B y4e6HMKe HalLM OTpaxeHHe COBPeMEHHbIE BIIMANbl Ha CTPOEHUE HEOPTaHU-
4eCKHX BELIECTB M UX CBoiicTBa. IIpu o6CyXneHny IByXaTOMHBIX MOJIEKYJI, a TAKXKeE
MOJICKYJ BOIBI M aMMMaKa UCTIONIb30BaH METON MOJIEKYJISIPHBIX opOuraneir. Ha 6a3e
HOBEHIINX TOCTHXEHUI XMMUH U3TOXKEHDI TIPOTOJUTHYECKHE TIPOIIECCHI (ruaponus
KaTHOHOB METAJUIOB), JaHa COBPeMEHHAst TPAKTOBKA BTOPUYHOI TIepHOANYHOCTH. B
KypC HEOPraHM4eCKO! XMMHH BIIEPBbIE B OTeYeCTBEHHOM yueGHOI InTepaType BBe-
AEHBbI TIOHATUS 00 alKanuiax M 3MeKTpuaax, noHax Lluumis, KapbopaHax, 0 CTpo-
CHMH TIOJIMOKCOTUAPOKCOMETAIUIATOB HETIEPEXOAHBIX MeTaJuoB. Ilo cpaBHEHHIO C
3apyOexXHBIMY y4eOHMKaMHK TI0 HEOPFaHMYECKON XUMUH B KHUTE, TIPeICTaBleHHON
4uTaTeNo, Gonbiliee BHUMAHUE YIENEeHO XMMHUM PACTBOPOB M OMUCAHMIO CBOMCTE
TEX BELIECTB, C KOTOPHIMM CTYACHTHI 3HAKOMATCS HETIOCPENCTBEHHO TPH BHITIONHE-
HUM TIPAaKTH4ECKUX paboT. B TO Xe BpeMsT CBeleHNs O METAUIOOPTaHUYECKUX COeIH-
HEHUAX YaCTO OMYIIEHHI.

Y4eGHMK HanMCcaH TIPOCTBIM SI3LIKOM, afaNTHPOBAH ISt CTYIEHTOB TIEPBOTO Kypca,
a TIO YPOBHIO M3JIOXKEHHUS JOCTYIIEH YYalllUMCS CTapIIMX KJIACCORB.

B KHure npuBeneHO MHOTO PUCYHKOB M (DOPMYIT CIOKHBIX HEOpraHu4ecKux Be-
IEeCTB. be3yCNnoBHO, OHM He TIPeIHA3HAYEHB! IS 3ay4YNBAHUS Hau3yCTb, a CIyXaT
JIMIIb WIUTIOCTPanve OCHOBHBIX KOHIIETIIINI U 3aKOHOMEPHOCTEIA.



HexkoTopbie aKkcriepuMeHTaIbHEIE (DaKThl MOYEPITHYTH M3 MHOTOTOMHOTO CIIpa-
BoyHMKa Gmelin — Krauts Handbuch der anorganischen Chemie, nsTuroMHoIt 3H-
mukstonenun Comprehensive Inorganic Chemistry (N.Y.: Pergamon Press, 1973) u
NYYIINX eBPONENCKUX W aMepukaHcKux yyeOHuKoB (Cotton F.A., Wilkinson G.,
Murillo C. A., Bochmann M. Advanced Inorganic Chemistry. — N.Y.: John Wiley and
Sons, 1999; Greenwood N.N., Earnshaw A. Chemistry of the Elements. — N.Y.:
Butterworth — Heinemann, 1997; Huheey J. E., Keiter E.A., Keiter R. L. Inorganic
Chemistry. Principles of Structure and Reactivity. — N.Y.: Harper Collins, 1993;
Holleman— Wiberg Lehrbuch der anorganischen Chemie. — Berlin: Walter de
Gruyter, 1995; Douglas B. E., McDaniel D. H., Alexander J.J. Concepts and Models of
Inorganic Chemistry. — N.Y.: John Wiley and Sons, 1993; Mingos D. M. P. Essential
Trends in Inorganic Chemistry. — Oxford: Oxford University Press, 1998; Housec-
roft C. E., Sharpe A. Inorganic Chemistry. — N.Y.: Prentice Hall, 2001) nu60 B3sTBI
M3 OPUTMHAJIBHLIX CTaTel U CIelIMaIbHOM TuTepaTypH. B 3TOM ciydae TIpuBeneHBI
CCBUTKH,

A. A. [Ipo3oos, B.II. 3nomanoe, I.H. Maso, D. M. Cnupudonos



I'nasa 1
BOIOPON

1.1. TIOTOXEHHUE B IEPUOJUYECKOII CUCTEME. M30TOIBL
HAXOXIEHUE B IIPUPOJE

Arom Bonopoza 'H cocrouT u3 OQHOTO TIPOTOHA M OMHOTO JJIEKTPOHA. DIIEKTPOH-
Hast KOHGUTYpanus Bogopoa 1s' nono6Ha KOHGUTYPAIMy BaJTeHTHBIX 3NEKTPOHOB
aTOMOB IIEIOMHBIX MeTa/IoB. OIHAKO BONOPOX HENb3s CYMTATh MEKTPOHHBIM aHa-
JIOTOM INEJIOYHBIX METAIIOB M3-3a OTCYTCTBUS Y Hero BHYTPeHHeH 3NIeKTPOHHOM
nonxkiagku. Kax u menoyHble MeTajuTsl, BOMOPOL ABISETCS BOCCTaHOBHUTENEM, MIPO-
FABJIFACT CTCNICHb OKUCNICHHUS +1, €ro CrieKTphl UCIYCKAHMS M TIOTIOLIEHHS COCTOST
13 HeGoMbIIOTO HaGopa nMHMIA. [Tono6HO rajoreHam aToMy BOJOPOJa IS 3aBepllie-
HHSL BHEIIIHETO CNOS HE HOCTaeT OQHOTO 3MeKTPOHA. DTHM M 0OYCIOBIEHO Cylle-
CTBOBaHMe runpyua-uoHa H'. B To e BpeMsi 110 3HaYeHHMIO MepBOA SHEPruu (NOTeH-
Maja) HoHusauuu /) = 1312 KJIX/MONb BOXOPON OKA3bIBACTCS GIIKe 9JIEMEHTaM
14-# rpynmsl (st yrepona 1, = 1086 kx/Mons). Tlogo6HO neMeHTam 14-it TpyT-
TIBl BOIOPON 06/anaeT HaTrloIOBHHY 3allOTHEHHbBIM BHELTHIM JHEPreTH4IeCKUM YPOB-
HeM. Takum 06pa3oM, Bomopon 3aHHMaeT 0coboe MONOXEHHe B Ileprommyeckoit
cucreme. Henapom B nepBoM Bapuante Tlepromueckoit cicrembt 1869 T. . 1. Men-
AeneeB BBIIENWI ero B 0cobyIio rpady. _

Bonopon — camblit pacnipocTpaHeHHHI aneMeHT Bo BeenenHolH, OH BXOIHT B
COCTaB 3B€3[ M MEXTaJIaKTUYeCKOro ra3a. Bogopon — caMblif Jierkuii u3 3JIEMEHTOB,
MIO3TOMY €ro aTOMBI JieTde NPYTHX IPEON0NeBaloT IPaBUTAIIMOHHOE TIOJe U MOKHIA-
10T arMocepy 3emiu. IMeHHO 3THM 0GBSICHAETCS TOT (akT, 4TO MO YKCIY aTOMOB
B 3€MHOI KOpe BOIOPOJ 3aHMMaeT TpeTbe Mecto (15,4 %), ycrymas 6osee TSKeIbIM
9JIEMEHTaM — KUCJIOpoly U KpeMHu10. Ha normo Bomopona nmpuxopures MPUMEPHO
0,15 % macchl Beeit 3eMHOM KOpBI (OH CTOMT Ha HEBSITOM MeCTe 1o pacrpocTpaHeH-
HOCTH, BeIpaxeHHOM B Mac. %). Ha ConHue u npyrux 3se3max BOOOPOI HAXOOMUTCH B
4TOMapHOM COCTOSTHMH, B MEX3BE3IHOH Cpelie — B BUAE YaCTHYHO MOHH30BAHHEIX
ABYXaTOMHBIX MOJIEKYIl. B clienoBbIX KonMyecTBaX Bomopod B BUAE IIPOCTOTO Bellle-
CTBa CONEPXKUTCS B BEPXHUX CHOAX aTMOcheps 3eMiar. OIHAKO GONbIIAsT YacTh Ha-
XOZSIIETOCA Ha 3eMiie BONOPOIA CBSI3aHa B BOLY — IVIaBHOE COENHHEHHe HTOTo
aneMeHTa. Bonopon sBiseTcs: cocraBHO# 4acThIO MOAABISIONIETO 6O bIIMHCTRA opra-
HMYECKUX COCIMHEHMH, OH BXOOMT B COCTAaB NPHMPOIHOTO Ta3a, HedrH, GelKoB,
XUPOB U YINIeBOAOB.

Hecwmorps Ha BrIcOKyI0 pacnpocTpaHeHHOCT®D, BOJOPOX OTKPBUIH JIMIUB B NNEPBOM NONOBUHE
XVI 8. P. BoilIb ¥ €ro cOBpeMeHHMKH HaBIONaI BBIAESIEHHE FOPIOYETO ra3a nNpy B3auMOAei-
CTBHHM HEKOTOPBIX METAIOB ¢ KMcnoTaMu. Cronetue criyctst T KapeHauiu usyumn coiicTpa
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3TOTO «roOpIOYero BO3MYXa», KaK TOrAa HasbiBaM BomopoX. ITo mpemrtoxeHuio A.JlaByasse
HOBBIH 27IeMeHT ObU1 Ha3paH «soxoporoM» (Hydrogenium), 4To 03HadaeT «pOXIAIOIUI BOLY>.

Bogopon o6pa3yeT HECKOJIIBKO M30TONOB. B npupoe npeo6nagaer camblii Terkui
u3 HUX H, nHOrAa HasbiBaeMblil mpotueM. Jiuusb 0, 0156 % TIPUPOIHOTO BOAOPOAA
MPUXOOUTCA Ha JOJIO «TSDKENIOro» Bofopoaa — JedTepus ( ’H wm D), B ss1po KOTOPO-
r0 IOMUMO IIPOTOHA BXOAUT OXMH HeHTpoH. [Toqo6Ho npoTHio feiTepuil He SBISAETCA
paIoaKTUBHBIM. Macca feitrepHst BIBoe 60JIbliIe MACChl POTHS, [IO3TOMY CBOMCTBA
o6pasyembix umu coeaunenuit (HCl u DCI, H,O n D,0) pasnuynbl. Tak, temnepa-
TYPHI KUITEHUS IPOCTBIX, BellleCTB MOHOTOHHO BO3pacTaloT Mpu Nepexose OT IPoTHs
K JeUTepHIo U TPUTHIO ( H wiu T): H, (-252,8 °C), HD (-251,0°C), D, (-249,5°C),
DT (-248,8 °C), T, (-248,1 °C), uT0 CBs3aHO C POCTOM CHJIbI TUCTIEPCHOHHOTO B3aUMO-
JeCTBUAL.

B nipupoze B CJieIOBBIX KOMMUYECTBaX BCTPeYaeTCsl TaKXKe U30TON BOJOPO/A C Macco-
BbIM yncnoM 3 — tpuruii T. Jivms kaxnsi u3 1017 aromoB Bogopona — 310 atom T,
HO3TOMY HEyIUBUTEIBHO, YTO ero CHayajla MOJNYYMIN UCKYCCTBEHHO, Gombapau-
pys I JICI/ITpOHaMI/I (smpaMu meitrepust) TsKenyio opTodochopryio kucnoty D3;POy:

D + °D =T + 'H, a muub 3atem o6Hapyxunu B ipupose. CTonb HU3KOe Colepxka-

Taxenas Boga. Bona D,O, oGpa3zoBaHHas aToMaMu AeiiTepys, — Tsaxesasi BoJa —
3amMep3aeT npn 3,82°C, a kunur npu 101,4°C; mpu 20°C oHa uMeeT IUIOTHOCTD
1,106 r/cm®, B To BpeMs Kak obbigHas Boma — 0,998 r/cM’. Slapa meiitepusi UMelOT
sIepHbIi MOMEHT, paBHBI 1, a He /5, Kak y nerkoro usorona. C 3TMM CBSI3aHO
UCTIONB30BAHME TSXKEJOM BOAbI M APYIHX JeHTe pHPOBAHHBIX PacTBOpUTENEH (Hampu-
Mep, Aeitepoxnopodopma CDCl;) B ceKTPOCKONMM SIAEPHOTO MAarHUTHOIO pE30-
HaHca. OIHAaKO DIaBHOEe NMpUMEeHEHME TSKeNas BoJda HAaXOAUT B SNEPHON TEXHUKE B
KadecTBe 3aMeUTUTeNs OBICTPBIX HETpoHOB Onaroxaps ToMy, YTo AeiiTepuii B OT/IH-
qye OT MPOTHS HMeeT GoJlee HU3KOe cedeHre 3aXBaTa HeHTPOHOB. Tsxenast Bozia OKa-
3pBaeT ryGuTeIbHOE JEMCTBHE Ha BBICLLMX XXMBOTHBIX M 9enioBeKa. Tak, 3ameHa ofHON
tpetn H,O Ha D,0 npusoaut K Gecruioquio, HapylIEeHHIO YIJIEBOAHOro GanaHca U
aHemud. MHTEPECHO, 9TO HEKOTOPBIE TUITHl BOAOPOCIEH cIIOCOBHBI CYLUECTBOBATD 2XKe
B 99,5 %-it TaXenoh Boxe.

BriepBbie TSXENYI0 BOAY IOJYYWIH B BHJE OCTarKa MpH BaKyyMHOH MNeperoHke
GoJBLIOro KoinvecTsa Boabl. Ceitdac AeiTepHii BBLIEISIOT U3 IIPUPORHOM cMeECH ITy-
TEM M30TOMHOrO 0OMeHa MeXIy BOIOH M cepOBOLOPOIOM:

H,S(r.) + D,O 2 HSD(r.) + HOD(x.)
JleiiTepupoBaHHue, T.€. 3aMellleHHe BOLOPOAA Ha IeHTepHit, ocyluecTBisieTcs 6na-

rogaps cWIbHOMY RMIIONb-IUMOBHOMY B3aUMONEHCTBHIO MEXIY MOJIEKYIaMH, KO-
TOpOE W TIPUBOIMT K Pa3pbiBy OXHUX cBA3eH M 00pa3oBaHUIO ApYTHX:

H H H
/ / /
H—S H—S§ H\ S\
+ 2 o 2 +
O0—D O—D O D
/ / /
D D D

ITpu BEICOKOM TeMmepaType U daBieHHM nopaaka 2 MIla neitrepuit KOHIIEHTPUPYET-
sl MIpEUMYILECTBEHHO B cepoBofopore D,S, ero oTaessiioT U NepeBoaAT B D,0. Ons
nonyyeHus 1 11 TsKeol Boawt TpeGyercst 41 T Bomkl M 135 T cepoBomopona.




HUE TPUTHUS B 36MHOM KOpe OOBSACHSETCS ero pagvioaKTUBHOCTBIO (?T = %He +e)cC
nepuonoM nosypacnana 12,35 roga. Tsokenast Boga T,O Ha oCHOBe TpUTHS OGNafaeT
TaKON CUJIBHOM paIyuoakTUBHOCTHIO, YTO MIHOBEHHO PaCMamaeTcsl U3-3a CHJIBHOTO
panuonu3a. [loaToMy 06BIYHO MONTB3YIOTCS pa3GaBlIeHHBIMM PACTBOPaMH, CONEPXKa-
wmmu 1 % T,0. TpuTnii sSIBISETCS YUCTHIM B-u3lydaTtenieM Ge3 IpuMecu Y-KOMIIO~
HEHTBI, TTIO3TOMY OH OTHOCHTEJIBHO 0e30TmaceH, TakK KakK B-4aCTULB! 061analoT Ha-
CTOJIbKO HU3KOM MPOHMKAIOMIEN CIIOCOOHOCTBIO, YTO 3alePXUBAIOTCA JIMCTOM Oy-
Maru WiM cJoeM Bo3ayxa B 3 MM. B HacTosiee BpeMT TPUTHI TONYYAIOT B IAEPHBIX
peakropax mnpu o6JydeHUH JIUTHS HeHTpoHaMu: sLi + (’,n =3He + fT. TpwrHii nMeer
BaXHOE 3HaYeHHe B PeaKlUsX TePMOSIIEPHOTO CuHTe3a: D + ;T = 3He + n, mipore-
KaIolIUX TIPU B3PbIBE BOOOPOAHOU GOMOHI.

1.2. ®PU3NYECKUE CBOYICTBA

Bozmopon mpu o6bIYHBIX YCIOBUSIX — GECLIBETHBIN ra3 6e3 BKyca u 3amaxa, Majio-
pacTBOPUMBII B Boze (2,1 o6bema B 100 o6beMax Boabl TIpH H. y.) U APYTUX PacTBO-
purensx (ta6a. 1.1). Mosekynsl Bomopoaa HaCTOJIbKO MaJIbl, YTO CITOCOGHBI Me UIeH -
HO nndPyHIMpoBaTh Yepe3 MHOTHE MaTepUaTbl (DE3UHY, CTEKJIO, METAUIB), 4TO
HUCTIOJIB3YETCS TIPH OYHUCTKE BOZOPOJA OT APYTUX ra3oB. B NpOMBIILUIEHHOCTH IS
9TO LN CIIYyXXAaT MeTa/UTN4ecKue MeMOpaHBbl, HanmpuMep M3 MaJUTaaus.

Bonopon — HeMeTan, 4To yKa3bIBaeT Ha €ro CXOACTBO ¢ rajoreHamu. [1omo6HO
rajoreHaM BOZOPOJ — MOJIEKYJISIPHOE BellIECTBO. A MOXET JIX BOAOPOH GBITh METAJ-
JIoM, TIOHO6HO 2JieMeHTaM TepBoit rpynmbl? B 1935 r. Yunrep u XyHTUHITOH BBICKa-
341 TIPEATIONOXEHWE O TOM, YTO NPH AaBileHuM 250 THIC. aTM BOAOPOI MOXET Tie-
PEATH B METAUIMYECKOE COCTOSTHIE. DTO OTKPHIBAIO OYEHDb 3aMaHYMBhIE TTEPCTIEKTH -
BBl — BeZlb 3TO OyHeT CBepXJIETKUI METaAJlT, O4€Hb KOMITAaKTHOE PaKeTHOE TOTUTHBO.
C TOYKM 3peHUs TPOCTEMIIMX 30HHBIX NPEACTaBAEHUI IUANIeKTPUYeCKne CBONCTBA
MOJIEKYJISIPHOTO BOIOPOAa OGYCHOBICHH OONBIIOI IMIMPUHON 3ampeleHHONH 30HE
MEXIy BaJICHTHOW 30HOM (ITOJIHOCTBIO 3aTlONIHEHHOM 3MIEKTPOHAMM) M BaKaHTHOM
30HOM TIPOBOAMMOCTH. YBeJINYEHUEe BHEIIHETO JaBJEHHUA MPUBOAUT K CXATHIO Be-
1eCTBa, a CIefoBaTesIbHO, K BO3PacTaHUIO €r0 TUIOTHOCTH M PacCUIMPEHUIO KakK
BICHTHOM 30HBI, TaK U 30HBI TPOBOAMMOCTH. [Ipy HEKOTOPOM NaBJAEHUM 5TH IBE
30HBl HOJDKHBI OOBENMHUTBHCS, YTO M COOTBETCTBYET MOSABICHUIO METAJUTMYECKOI
npoBoauMocTH (puc. 1.1). B Hacrosiiee BpeMst ynanoch ¢xXaTh TBEPAbIH BOZOPOH O
TaKUX JaBJIEHUM, YTO TVIOTHOCTb 3NIEKTPOHOB B HEM B TPH Pa3a BhIILIE, YEM B OOBIY-
HBIX MeTayiaX. OQHAaKO ¥ B 3TUX YCIIOBUSIX BOJOPOJ OCTAETCHA OUIJIEKTPUKOM. Yye-
HbIe YCTAHOBWIM, YTO IIPH AaBJIEHUM TIOpsaka 1,5—2 MIH aT™™ BOmopon HauMHaeT

Taonuua 1.1

Dusnyeckue CBOMCTEZ BONOPOAA

CBOiicTBO H, D, T,
ton, °C -259,2 -254.4 -252,5
fams “C -252,8 -249,5 -248,1
E, e, XIX/Monb (25 °C) 435,9 443,4 446,9
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Puc. 1.1. 3aBUCMMOCTD IIMPUHBI Ba- Puc. 1.2. 3aBUCUMOCTD 3JIEKTPOIIPOBOXHOCTH &
JIEHTHON 30HBl U 30HBI NPOBOLMMO- SKUIKUX BOXOpOAA, PyOHIMSI U LIE3UsT OT MOJISIP-
CTH BOJIOpOAa OT AaBJACHUS Hoii aTroMHoi#1 riotHocTH m ripu kT = 0,15 5B

noriomaTe HHGPaKPaCHOE U3NYYEHHE, a ITO O3HAYaeT, YTO MOJNEKYIIbI BOHmOpOIa
MONSAPUIYIOTCHA — B HUX NPOUCXOAUT pasfelieHue MOJIOXUTENLHOTO M OTPUIIATENb-
HOTO 3apsinoB. Bo3MoXHO, npu emre Gosiee BHICOKMX HaBAECHUSIX, BOLOPON CTAHET
MeratoM. O6 9TOM CBUAETENLCTBYIOT TAKXKe PE3ybTaThl M3MEPeHUS 3JIEKTPONPO-
BOZHOCTH XHIIKOTO BONOPOJ2 B 06JACTH BBICOKMX TeMIepaTyp 1 nabienuit. Motepmu-
deckast (7 = 4000 K) 3aBUCHMOCTb 3JIeKTPONPOBONHOCTH XKHIKUX BOZIOpOnA, pyOH-
AV U 1E3US OT MOJIIPHOM aTOMHOM TUIOTHOCTH (BeTMYMHBI, IIPONOPIIMOHATIbHOM
BHEILIIHEMY JaBJICHUIO) MpeAcTaBieHa Ha puc. 1.2. Jlerko 3aMeTuTh, YTO KpPUBHIE,
COOTBETCTBYIOIME BONOPONY U IEIOYHBIM MeTa/IaM, CXOOHBI 1o dopme. IIpu gas-
JeHun nopsaka 100 atM u temmnepatype 2000 —4000 K Bce Tpu XMIKOCTH TUIOXO
TIPOBOIAT dIEKTPpUIECKMiT ToK. IloBbIlenye gaBleHUs, cnemoBaTeIbHO M ATOMHOL
TUIOTHOCTH, MPUBOAMT K YBEIMYEHHUIO 3eKTponpoBogHocTH. O6MacTh, B KOTOPOIt
KprBasi BBIXOOUT Ha TUIaTO, COOTBETCTBYET IMOSIBIEHUIO METALTUYECKOM MPOBOAM-
Moctu. Teopusa npencka3blBaeT; 9TO IS BOEOPONA ITO CTAHET BO3MOXKHBIM pu

Opmo- w napa-sonopon. SIIepHbie CIIMHEL OBYX aTOMOB, O6GPasylOLIMX MONEKYy
BONIOpOAaA, MOIYT GBITH MapanIe/IbHBL WM aHTUNAPALIEbHBL (30€Ch eCTh aHATIOTHS ¢
SNIEKTPOHHLIMU CMMHAMM, ONHAKO B Cly4yae MMapaJUIeJbHBIX 3JIEKTPOHHBIX CIIHHOB
Monekyna He oGpasyetcs). Monekyna H,, nocTpoeHHas 3 siep ¢ nmapasuiesIbHBIMK
CNMUHAMH, Ha3blBaeTcA 0pmo-BonopoaoM. CymMapHBI sfepHbi criuH o-H, paseH 1.
Anpa ¢ aHTHNApaIETBHBIMK CIIMHAMK 06pasyIoT napa-BOLOPOL ¢ HyJIEBBIM CyMMap-
HbIM criMHOM. PaBHoBecue 0-H, &2 n-H; ciibHO 3aBUCHT OT TeMmepaTypsL. ITpu HuU3-
KHX TEMIEpaTypax npeobanacT napa-sopopon (npu —273 °C — gucrwit #n-H,), a npu
BLICOKHX — 0pmo-BonopoA. Ilpu KoMHaTHOM TeMnepaType Ha xommo o-H, npuxomurtcs
NpUMEPHO 75 % Beex Moleky.. UHTEPECHO, 4TO, AaXe CUIBHO MOBBIIIAS TeMIEPAaTy-
Py, HE ynaeTcs MONHOCTBIO CMECTUTh PaBHOBECHE BIEBO, n-H, cyluecTByeT B paBHO-
BECHON CMeCH IaXe MpU TeMIEpPaTypax, KOTa HAYMHAET MpeBaINpOBaTh MMCCOIMA-
uus. Bonopon — exMHCTBEHHBI U3 31EMEHTOB, 11 KOTOPBIX HAMPABJIEHHOCTD sep-
HBIX CIIMHOB 3HAYMTE/IBHO CKA3BIBAETCSA Ha CBOMCTBAX [IPOCTOrO BEILIECTBA, TAKHUX KaK
TeMmepaTypa IUIaBlIeHMsI M TeIVI0eMKOCTh. Hanpumep, npakTtidecku aMcThiil napa-
Bofopon rraButcst Ha 0,15 °C Huxe, yeM 0GBIYHBI BOZOPOX, B KOTOPOM IpeoGiana-
€T opmo-bopMa.




AOCTUKEHUM aTOMHOM TUIoTHOCTH 0,595 MONB/CM>. A 9TO MOXET TIPOM30WTH TONBKO
TIOJ AeVICTBUEM CBEPXBBICOKMX HaBJIeHHUIT",

Cuuraercs, 4To Ha JaJbHUX IUIaHeTaX CONHEYHONH CHCTEMBI — IOmurrepe u Ca-
TYPHE — BOLOPOJ HaXOOWUTCS B METAUINYECKOM COCTOSTHHH. CYILeCTBYeT IPeaTIoNno-
KEHHE, ITO B COCTaB 36MHOTO SIIPa TAKXe BXOIAMT METALTHYECKMIA BOJOPO, THE OH
HaXOOWTCH TMIPH CBEPXBLICOKOM JABJIEHHH, CO3IAHHOM 3€MHOI MaHTHEIl.

1.3. XUMMYECKHUE CBOMCTBA

Cea3p H—H sBisiercst ofHOM M3 caMBIX TPOYHBIX o-CBS3eit (E = 436 xIIx),
HIO3TOMY TepMUYECKad NUCCOLUMANMS BONOPOAA CTAHOBHUTCS 3aMETHOMW JIMIUb MpH
Temrniepatype Bbiie 2000 °C. DtuM o6bscHsercs ToT (akT, 4ro P KOMHATHOM
TEMIIEPaType BOJOPOL OTHOCHUTENIBHO MAJIO0 PEaKIIMOHHOCIIOCOGEH.

IIpn KOMHaTHOH TeMIepaType MOJNEKYNSPHHEIH BOZOPOX pearupyeT JHIIb CO
dbropom, nipu ob6ydyenun YO-cBeToM — ¢ XJIOPOM M OPOMOM, TIPH HATPEBAaHMU —
C KHCIIOPOIOM, CEepoif, CeIeHOM, a30TOM, YIJIepoIoM, HoioM. Peakimu Bomopona
C KHCJIOPOJOM M rajIoTeHaMU MPOTEKAIOT M0 PafMKaIbHOMY MeXaHM3My. UeM Jerde
pearvpylolee BeiecTBo 00pa3yeT CBOGONHbIE PaIUKajbl, TeM SHePTHYHEE TpoTe-
KaeT mpouecc. BaaumonelcTBre ¢ XJIOpOM — TIPMMEDP HEpa3BETBIEHHOM IIETIHOMH
peakuuy. OHa HaYMHAETCA C pacTafa MOJNEKYJIbl XJIOpa Ha aTOMHI, conepXaiime
HECTIADEHHBIH JIEKTPOH, T. €. SBIAIOIIHECT CBOGOIHBIMH PaIUKaIaMH. DTO CTAHO-
BUTCA BO3MOXHBIM JIUG0 NPH OGIYy4EHUHN CBETOM ((hOTOXUMIIECKast aKTUBAIIVs),
7M6O MPY HarpeBaHMU (TepMUYeCKasl aKTHBAIIHS):

Cl, 2 2Cl (MHMITMMPOBAaHHE LEMH)
Cl- + H, = HCl + H-  (pasBuTHe nemnm)
H- +Cl, = HCl + CI-

Peakumsa ¢ kucnopogoM HauMHaeTCs JIULIb TIPU TeMrnepatype Beie 400 °C, a Ha
Boszyxe — TipuMepHO 1pu 600 °C. OnHako B MPUCYTCTBHH Karajau3aropa (TUIaTHHBI,
COeIMHEHUH POO¥A) OHA CTAHOBHUTCS BO3MOXHOI M MPH KOMHATHOI TeMIiepaTtype.

B3phiB rpeMyyero raza — BonopoIOKHCIOPOIHOM CMECH — TIpMMep pa3BeTBIIEH-
HOTO IEMHOro Mporecca, Koraa MHUIMKUPOBAHKE IENH BKJIIOYAET HE ONHY, a He-
CKOJIBKO CTagMii: '

H, - 2H-
H,+0,=20H-
H- + 0,=0H: +-0O-
‘0O- +H,=0H- + H-
OH- + H,=H,0 + H-

BapsiBHOTO mpoTekaHMs mporecca ymaercsh M3GeXaTb, eClM PaboTaTh C YHCTBIM
BozoponoM. Takolt Bomopon cropaer Ha Bo3nyxe, faBasi GeCIIBETHOE TUIAMS C BBICO-

* Hensel F., Edwards P, // Chem. Eur. J. 1996. V. 2. P. 1201.



Koit TeMneparypoit — nopsiaka 2800 °C. 3axuraTh BOZOPOA MOXHO TOJIKO JIMIIb
rocJie TPOBEPKM Ha YHUCTOTY, MHaYe MOXET IMPOU30MTH B3PBIB.

B 5THX XUMHUYECKHUX PeaKIHUsIX BOAO PO SIBISIETCS BOCCTAHOBUTENEM, T.€. OTHACT
anektpoH: H — e~ = H'. B 1a6opaTopHOIi MpaKTHKe BONOPOJ UCONb3YIOT B Ka4eCTBe
BOCCTAHOBUTENS MPU NOJIYYeHUH METAJUIOB, a TakKe OKCUAOB M TaJOTeHUIOB B
HU3KMX CTETIEHSIX OKUCIIEHU:

Bi,0; -+ 3H, = 2Bi + 3H,0
Mn304 + H2 = 3MnO + Hzo
2FeCl, + H, = 2FeCl, + 2HCI

Yem Bolllle TeMIIepaTypa, TeM akTuBHee Bogopox. ITpu 1000 °C oH BoccTaHaBH-
BaeT cynbdaThl 10 CynbhUIOB:

BaSO, + 4H, = BaS + 4H,0

Elte 60Jiee CHIILHBIM BOCCTAHOBUTENEM ABJISIETCS amomaphbtii 600opod. OH obpa-
3yeTCH U3 MOJIEKYJISIPHOTO B 3JIEKTPUUECKOM Pa3psiiie B YCIOBHSIX HU3KOTO JABJEHMS.
3a [oNM CeKyHIbl aTOMBI BOAOPOAa PeKOMOMHUPYIOT B MOJIEKYJBI C BbIICJICHUEM
SHepruy B BUAMMOM AMana3oHe — BOAOPOJ «CBeTUTCHA». BHICOKOI BOCCTAaHOBHTE Ib-
HOM aKTHBHOCTBIO OOJIaZiaeT TaKxXe 6000pod 6 mMomenm evideseHus, 0Opa3yroLIniics
MpH B3aUMOZENACTBUM MeTallla ¢ KUCIOTOM. JlaHHas peakuusi MpOTeKaeT Ha MOBEPX-
HOCTH LIMHKa, ¥ 00pa3ylomuicsa Npyu BOCCTAHOBIIEHHM HOHOB H* Bogopon B miep-
BBIIf MOMEHT COZEPXUT HEKOTOPYIO foJ0 atoMoB H, afcop6upoBaHHBIX TOBEPXHO-
CTHBIM CJIOEM MeTajU1a. DTHM M OOBSICHIAETCS ero CWibHas BOCCTAHOBUTENbHAs aK-
TuBHOCTH. Takoil BoJopoJ BoccTaHaBnuBaeT, HanpuMep, CrCl; B CrCly:

2CrCl; + 2HCI + 2Zn = 2CrCl, + 2ZnCl, + H,
BaxHoe 3HaYeHMe MMeeT B3auMoneicTeue Bomopona ¢ okcuuoM asora(Il):
2NO + 2H, = N; + 2H,0

HCHOJIb3yeMOe B OYUCTUTENIBHBIX CHCTeMaX MPH MPOM3BOICTBE a30THON KUCTIOTHI.
BoccTaHoBUTeNIbHBIE CBOMCTBA BOAOPOM MPOSBIAET TAKXKE B PEaKLUAX TUIAPUPO-
BaHMSI OPraHWYECKUX COeAMHEHUI, a TakKe B Mpolieccax MAPoGOpMUIINPOBAHMA:

RCH=CH, + CO + H, = RCH,CH,CHO

B HacTos1ee Bpems paspabaTbiBaloTcs HOBbIE 3(PEKTHBHBIE KaTaln3aToOphkl, MO3BOJIAI0-
1L(e OCYILECTBJATH 3TH IPOLIECCH NPH KOMHATHOM Temmeparype. YacTo ruapupoBaHue M
ruapodOPMIIMPOBAHME MPOBOMIT C UCIIONB30BAHUEM KATAIM3ATOPA Y WIKMHCOHA — KOMII-
nekca porusi.c TpudenwtdochuHoM [RhCHP(CeH;);)], monyyeHHBIM B CepelHHe 1960-x rr.,
a Takke KapOOHWIBHBEIX KOMILIEKCOB KOOanbTa.

Tpu B3auMOIENCTBIY C aKTUBHBIMU METAJUIAMK BOIOPOJ SIBJISIETCST OKMCTIMTENIEM!
IPUCOeqMHSeT 3IeKTPOH, TIpeBpaIasch B rTuapua-uon H™ ¢ konpurypammeit 152

H + e~ = H - 150 x[I>x/Monb.

Tuapyuas MIENOYHBIX U HIEJIOYHO3eMebHBIX METAJUIOB MOJy4YaloT NMPAMBIM CHH-
Te30M M3 IPOCTBIX BellleCTB. DHepreTHYeCKHe 3aTpaThl Ha PasphbiB CBA3H B MOJIEKYIIC
H, KOMIIeHCHUDYIOTCS 9Heprueil, BhUIeIIOneHcs Npu 06pa3oBaHNK WOHHOM KpHCTaJI-
JIMYECKON pellleTKU TMAPpHIA.

10



OG6pasoBaHue TMAPUAOB BOSMOXHO M B CJIyyae B3aMMONEHCTBHS C BOJOPOLOM COEIMHE-
H¥H HEKOTOPHIX IJIATHHOBHIX METAJLIOB, HAIIPUMED KaTaaM3aTopa YIWIKMHCOHA!

[Rh*'CI(P(C¢H5)p)] + H) = [(H™);Rh**CI(P(C¢Hs)3)]

HaHHast peakuusi — NpuMep NPOUecca OKMCIMTEILHOTO NpUcoeaMHeHus. MMeHHO oHa
SIBJIICTCA NEPBOi CTaaned TMIPMPOBAHNA OPTAHHYECKKX BelllecTB. Ha nocnenyiomux craam-
SIX IIPOMCXOIMT NMEPEHOC TMAPHAA HA OPraHUYECKYI0 MOJIEKYJY, COIIPOBOXIAIOILMICA pere-
Hepaumen Karajmu3aTopa.

1.4. IIOJIYYEHUE

B naboparopuu Bogopon o6bIMHO MOAYYAIOT B3aUMONEHCTBUEM IMHKa ¢ 20 %-i
CepHOM Kucjiotod B anmapate Kunmna. TexHUuecKuil LIMHK 4acTO COINEPXUT He-
OoJbLIME TPUMECH MBILIBAKA M CYPbMBI, KOTOPBIE BOCCTAHABIMBAIOTCS BOLOPOLOM
B MOMEHT BBLIEJICHUsI IO SINOBUTHIX ra3oB: apcuHa AsH; u cru6una SbH;. Takum
BOJIOPOIOM MOXKHO OTPaBUTHCS. XUMHUUYECKH YHUCTHIN LIMHK TAKXKe UMeeT HeIOCTaT-
KU: peakuusi C HUM NIPOTeKaeT KpaliHe MeUIGHHO W3-3a NepeHarpsKeHus, U XO-
POILIETO TOKa BOAOPOAA NOJIyYUTh He yaaercsi. CKOpOCTh BbUIEIEHHS BOOOPOAA MOXHO
CYIIECTBeHHO YBEJIMYUTh, 100aBUB B annapaT Kunmna HeCKOJBKO KPUCTAJLTUKOB
MEIHOI0 Kynopoca: MeIb, BbIIEJMBINAsICs Ha NMOBEPXHOCTH IMHKa, obpasyeT
rajpBaHU4ecKyio napy Cu—Zn, 1 peakuust LIUHKA ¢ KUCJIOTOM 3HAYUTEIBHO YCKO-
psieTcsl.

Bosee uucTeif Bogopon oGpasyeTcsl NpU IeHCTBUM ILEIOYM HAa KPeMHHH WIK
QTIOMMHHHI, HO peakUUsi NPOTeKaeT NPYU HarpeBaHUU, U ee TPYIHO PeryMpOBaTh:

2Al + 2KOH + 10H,0 = 2K[AI(OH),(H,0),] + 3H,1
Si + 2KOH + H,0 = K,SiO; + 2H,t

Panblue Ui mony4eHMs: BOXOPOAA UCHOJIB30BAIM PEaKLMIO XKeJle3a ¢ reperpe-
THIM BOASTHBIM NIAPOM MPH TeMIepaType KpacHoro kajneHus (900 — 1000 °C):

3Fe + 4H,0 = Fe,0, + 4H,1

B npOMBILLIEHHOCTH YHUCTBIA BOIOPOL MOIYYAIOT 3JIEKTPOIM30M BOIBI, COLEp-
Xaiew anexrposutel (Na,SO,, Ba(OH),). Bonbiioe konmuecTso Bonopona o6pasy-
€TCs1 B Ka4eCTBe TOGOYHOI0 MPOLYKTa IPY MPOU3BOIACTBE XJI0OPa 3JIEKTPOJIU30M BOI-
HOTO pacTBOpa XJIOPHa HaTpUsl B 3JIeKTposiu3e ¢ nuadparMoii, pasnensiomei KaTo-
HOE U aHOOHOE MPOCTPaHCTRO:

D1. ToK

2NaCl + 2H,0 —— 2NaOH + H,T + CI,T

Bosnukaer BONpOC — HET JiM APYrMx XMMHUYECKMX METONOB Pa3ioXeHUS BOLBI HA MPO-
cTole BeuecTBa? Bola — TepMMuecKku yCTOMYMBOE COENMHEHME, M MPOCTOI TEPMOIMHA-
MMYECKU pacyeT NMOKaswIBaeT, yTo Wi peakuun H,0 = H, + 140, npu ¢ = 4130 °C umeem
AG® = 0.

Yxe Gosee cTa JIeT yuyeHble paGOTAIOT HAX CO3MAHHEM TEPMOXMMMYECKMX LUKIOB, MC-
NONB3YIOLMX UIST Pa3ioXeHus. BOABI HA KMCJIOPOA M BOXOPOI HE INIEKTPHUYECKYIO, a Oosiee
ACIIEBYIO TEIVIOBYIO 9Hepruio. Eile B 1912 T. GBI nIpeUIOXeH OPUTMHANBHEIA METOX Pa3iio-
XKeHMS BONSHOIO Iapa cMechio Cyibhuaa 6apus u okcupa Mapranna(ll, I11) npu temmnepa-
TYpe KPacHOro KaJleHMS:

11



BaS + 4H20 = BaSO4 + 4H2
BaSO, + 8Mn;0,4 = BaS + 12Mn,0,
6Mn203 = 4Mn304 + 02
BonblIMHCTBO TaKUX IIMKJIOB MOCTPOEHO Ha Iepemade KMCIOpoaa B BUAE 0% ot ogHoro
coequHEeHMs (IOHOpa KMCJIOPOaa) K IpYroMy — akKUenTopy Kuciopoga. Bo MHOrux muxiax
CBOGOIHBIN KMCJIOPO 00pa3yeTcsl NpH pa3ioKeHUH TEPMUYECKH HECTOMKOro OKCHAA, a BO-

JIOpOx — Ipy peakuyy aKuenTopa Kuciopoaa ¢ Bogod. OauH u3 TaKuX 1IMKJIOB OCHOBAH Ha
cyabdare kaamust. TepMudeckoe pasnoxenue cosy nipy 1000 °C:

CdSO4 = CdO + SO,
250;=2S0; + O,
KOMOMHUMPYIOT € peakumeil ee 06pa3oBaHus IPU NPONYCKaHMK BOISHOTO Iapa ¥ CEPHUCTO-
To ra3a Haja okcuzaoM kKaagmud nipu 100 °C:
SO, + CdO = CdSO,
CdSO; + H,0 = CdSO, + H;

3necs poHopoM Kuciopora cayxut CdO, a akuenTopoM — KHUCJIOPOAHBIE COEIMHEHMS
cepr(IV): SO, m CdSO;. TemnoTh, 3aTpadeHHON Ha pa3jioxeHue 1 Moss cynbdaTa KaaMus
(AH; = 279 x/Ix/Mo0Jnb), JOCTaTOYHO IS Pa3/IOXEHHUS OLHOTO MOJIS BOOSAHOTO Napa Ha Ipo-
CThIE BelecTa (AH; = 242 x/Ix/Monb)*.

HauGonblilee KOJIMYeCTBO BOAOPOIa NOJMy4daloT rasuduKalued TBepaoro TOIIH-
Ba (aHTpaIUTa) MeperpeThIM BOIASIHBIM IapoM:

C +H,0S co + H,

60 KOHBepcHeN MPUPOIHOTO rasa (MeTaHa) HepeTpeThIM BOISIHBIM HapoM:

1100°C
CH4 + H20 Emm—d CO + 3H2
O6pa3yiomasics ra3oBast cMech (curme3s-2a3) UCHONB3YETCS B IPOU3BOACTBE MHOTUX
OpraHUYeCKUX COeTUHEeHUH.
Brixon Bogopoja MOXHO CyIieCTBeHHO YBeAWMYUTh, MPOIMycKasl CUHTe3-Ta3 Hal
KaTtanusatopoM, npu 3toM CO npepaiaercsa B CO,:

400°C
CoO/FeO

CO + H20

Bonopon o6pasyeTcs Takke NMpU MUPOJK3e NPUPOXHOro rasa. JIpyrum BaXHbIM
MPOLYKTOM 3TOM peakKUUU SBIsgeTcs aMOpQHBIM yriiepoq — caxa, UcroJib3yeMasl B
KavyeCcTBe HANOJHUTENSI NPHU MPOU3BOACTBE PE3UHBL.

1.5. IPUMEHEHME

3HayUTeIbHOe KOJIWYeCTBO BOLOPOAA pacXooyercs Ha CHHTe3 aMMHUaka. dacTe
BOJIOpOIA HIET Ha HOJYYeHUe XJIOPOBOIOPOIa U COJMSHON KUCIOTH, IMIpOreHU3a-

* Robinson P.R. // Inorg. Chem. 1981. V. 20. P. 1011.
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LU0 PaCTUTENIbHEIX XUPOB, BOcCTaHOBIeHUe MeTaioB (Mo, W, Fe) U3 OKCcHIOB.
BricokoreMriepaTypHoe BOLOPOa-KUCIOPOOHOE TIaMsI UCITONbB3YIOT JUIS CBApKH, pe3-
KU U IJIaBJICHUS MEeTAaJLJIOB. BI)IJ'H/I JaXxe Npem1oXeHUs1 UCIIONAb30BATh €ro IS OCBE-
HIEHUA HOMemeHHﬁI LHUJINHAD U3 HeralleHou HU3BECTH, BHECEHHBI B TaKoe nnamsi,
Ha4YMHaEeT UHTCHCUBHO CBETUTHLCH SIPKUM OeseiM CBECTOM, HOHO6HO MOIHHOﬁ 3JIEKT-
ponamrie. B nabopaTopHoii npakTHKe BOIOPOL, UCITONB3YIOT IS CO30aHUsI BOCCTAHO-
BUTENbHOU aTMocdpepr, B CHUHTE3€¢ Ir'dApUa0B B Ka4YEeCTBE BOCCTAHOBUTEJIA.

CI/IHTCB-FHB IIPUMEHSETCS B IIPOU3BOACTBE METAHOMA.:

CO +2H,% #° |, CH,0H

ANbIEeTUI 0B,

CH,—CH=CH, 2%, cH,CH,CH,CHO

M BBICHIUX aJII/I(I)aTI/I‘{eCKI/IX CHUPTOB, UICHOJIb3YEMEBIX B KaUeCTBE J€TePreHTOB:

CH;—(CH,),,—CH=CH, 2%, . (CH,),,—CH,0H

Eure B 1930-¢ rr. 66111 pa3paboTaHB OCHOBHL METOIA CUHTE3a YIIEBOIOPONOB U3
CHHTe3-raza — HeOPraHu4ecKoro Cripbs (cuHTe3 Puuiepa— Tporua):

mCO + (2m + 1)H, = C,H,,,,,+ mH,0

OIHAKO 3TH pa3paboTKH IMOKa He HAllUTM MPAKTHYECKOro NpUMEHEHHS.

Kunxuii Bonopon MCHOMB3YIOT B KAYECTBe PAKETHOTO TOIUIMBA. BogopoxHoe Tor-
JIUBO SIBJISIETCSI BKOJIOTMYECKH Oe30MacHBIM U 0ojiee 3HEProeMKMM, 4YeM OGEH3MH,
HO3TOMY B OYIyLIEM OHO MOXET 3aMEHHUTh HeTeNPOLYKTH. YXe ceifuac B MUpe Ha
BOIOpOJE paboTaeT HECKOJIBKO COT aBTOMOGIIeN. OXHAKO Y 6000podHoil snepeemuru
MHOro0 Npo6JieM, CBA3aHHBIX B OCHOBHOM C XpaHEHHEM U TPAaHCIIOPTUPOBKOU BOIO-
pona. Ceifyac Bonopoy XpaHsT B OA3eMHBIX TAHKEPAX, Ie OH HAXOOUTCS B XKUIKOM
cocrosinuM 1iox nasjieHdeM 100 atv. ITepeBo3Ka GONMBIINX KOIUYECTB XUIKOTO BO-
A0pona MpenCTaBIIsIeT CEPbe3HYI0 OMacHOCThb. [103ToMy B HacTosiniee BpeMs aKTUBHO
M3y4aloTCs CIUIaBHl Ha OCHOBE ITEPEXONHBIX METAJUIOB, CIOCOOHBIE aKKYMYIMPOBATh
3HAYMUTENbHbBIE KOJIMYECTBAa BONOPOLA.

1.6. THAPUABI

Tudpudsr — 310 coeIIHEHUSI HIEMEHTOB C BOIOPOIOM. B COOTBETCTBUM ¢ XapakTe-
POM CBSI3U pa3N4ialoT MOHHEIE, KOBAJIEHTHRIE U METAJUTMUECKHe THAPUIH (pUc. 1.3).

Honnvie (uau coneobpa3snuie) eudpudsr 06pazoBaHbl Haubosee 31K TPOIIOIOXHUTEb-
HbIMU METaJUIaMHM — MIETOYHBIMU U LIETOYHO3EMENBHBIMU, UX MTOJIYYaloT HarpeBa-
HHMEM MeTaJla B atMocdepe Bonopoza. D10 Gesible KpUCTAUTMYECKYE BEIECTBA, CTPYK-
Typa KOTOpPBIX NOCTPOeHa U3 aHMOHOB H™ 1 KaTHoHOB MeTayta. MoHHBE THAPUIHL
MpY paCTUPaHUM Ha BO3AYyXE BOCILIAMEHSIIOTCS:

CaH, + O, = CaO + H,0O

Onu jierko pasnaralorcsl Bogoit ¥ MOTYT GHITh MCIIOIb30BAHBI TS ITOJYYeHUs He-
GONBIIMX KOJIMYECTB BONOPOA, a TAKXKe IS YIaJleHUsI CEIOB BOMIBL:

CaH2 + 2H20 = Ca(OH)2 + H2T
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Li |Be He
Na|Mg B C N O F |Ne
K CafSc Al Si P S CljAr
Rb Sr|Y Ti V Cr Mn Fe Co Ni{Cu Zn|Ga Ge As Se Br|Kr
Cs Ba|La—Lu Zr Nb MoTc Ru Rh PdjAg Cd In|Sn Sb Te I [Xe
Fr RaJAc—Lr Hf Ta W Re Os Ir Pt{Au Hg T1|Pb Bi Po At|Rn

Coneobpa3Hbie T'uapuasl mepexofHbIX METAUIOB TI'panuunbie KoBaneutasie | He oGpasyior
THAPHIB THAPHIBI THAPHABI THAPHIOB

Puc. 1.3. Kitaccudukalums ruipuaos

TUnpuIbl LEJTOYHBIX METAJUTOB UMEIOT KPUCTAUTUYECKYIO cTpyKTypy Tuna NaCl.
C yBenueHMeM pa3Mepa KaTUOHA Pe3KO YMEHbILIAeTCsl 9HePIusl KpUCTAJTINYECKON
PEIIETKH, a CIeoBaTeJbHO, U TepMUYecKas yctoiuuBocTh. Tak, LiH nmasurtcs 6e3
pasnoxenus, a CsH paanaraetcs yxe npu 170 °C.

Kosanenmubte 2udpudet COCTOST U3 MOJIEKYJl WM UMEIOT MOJIMMEPHOE CTPOEHUE.
MonekynspHoe crpoenue uMelor runpunasl HeMetawios (HCl, H,S, NH;, CH,).
CBoIicTBa 3THUX COEIUHEHUH BO MHOTOM OINpelelISIOTCS XapaKTepoM 3JeMeHTa, U
OHHM OyIyT pacCMOTPEHH B COOTBETCTBYIOLIUX I1aBaXx.

IMonuMepHoOe CTpoEeHUE UMEIOT I'MAPUIBI OepUyuTHs, MarHusi, allOMUHUS, UAH-
Ka ¥ HEKOTOPHIX IPYTUX METAUIOB. 311eCh aTOMBI MeTalyla 00beIUHEHHI B LIEMOYKU U
IO MOCTHKOBBIMM THAPUA-HMOHAMH, 0Opa3ylomMMHU C aTOMaMU MeTalla TpeX-
LIEHTPOBBIE IBYX3JIEKTPOHHBIE CBSA3U, HanpuMep Al—H—Al. MHorue noauMepHbie
TUAPUILI TOXKE YYBCTBUTEJIBHBI K BJIare, HO B OTIMYME OT MOHHBIX UX HEBO3MOXHO
MONYYUTH NPSIMBEIM cUHTe30M. K 3TUM BelecTBaM 1o CBONHCTBaM OJTU3KY KoMnaexc-
Hole eudpudsi, 06pa3oBaHHbIe p-3eMeHTaMu. Cpeny HUX Haubosblliee 3HauyeHUE UMEIOT
mutuifamomoruapun Li[AlH,] u natpuit6opriunpun Na[BH,] (cM. 1. 4). O6a coenu-
HEHUS UCITOJIB3YIOTCA B JJaBopaTopHON NpaKTUKe KaK CUIbHbIE BOCCTAHOBUTE/IH.

IepexonHeie d- U f-37eMeHTH 00pa3yloT Memaaauueckue eudpudst. I1o HekoTO-
pBIM CBOMCTBaM (3JIEKTPO- M TEIUIONPOBOLIHOCTH, MarHUTHBIM U MEXaHUYECKUM)
OHU HAIIOMUHAIOT METAJUTH. XUMHUecKasl CBsI3b B HUX HeoOblYallHO MpoyHasd, 4To
0ODLICHSIETCST CUJIBHBIM ITepeKphiBaHueM 1s-op6GuTaieil ruapua-uoHa (pa3Mep Io-
CJIEIHETO CYILECTBEHHO IPEBOCXOIMUT pa3Mep HEMTpaIbHOIO aToMa BOLOpOIA) C §-
U d-opOGUTaISIMU MeTajuia.

MHoOr#e MeTaIMYECKHE THIPUABL SABJISIOTCS IIPUMEPOM TUITEPBATEHTHBIX COEIMHEHHUIA,
T.€. COEAMHEHMI ¢ M3GHTKOM 3JIeKTpOHOB. CTpOEHHE THUINEPBAICHTHBIX TUAPHAOB MOXHO
OIMMCATh € NMO3MLIMI METOAA BAJICHTHHIX CBSI3Ci B MPEATIONOXEHUH O THOpHIU3aLIMHU §- U
d-op6uTaineit Metaia. ECiy 4MCIO BAUICHTHBIX JIEKTPOHOB B COCIMHEHMM IMpPEBHIIaeT 12,
TO CTPOEHME COCAMHCHMS ONMUCHIBAIOT C UCIIONB30BaHUEM MPEACTABIEHUN O TPEXLIEHTPOBBIX
YeThIPEX3JIEKTPOHHBIX CBA3SIX, YMCIIO UX paBHO (n — 12)/2, Tae n — YMCJIO BAJICHTHHIX JICK-~
TPOHOB B CoeArHeHUH, TpEeX1IICHTPOBAs YeTHIPEXNEKTPOHHAA CBA3b PEATU3YETCA B PE3YJibTa-
Te NnepeKkphiBaHMs TMOPUAHOI sd-OpOUTAIM NEpeXOTHOro MeTalia ¢ ls-opbuTtanaMu ABYX
atomoB sogopona. Hanpumep, B noHe [PtH4]2' HMIMEIOTCS B TPEXLEHTPOBHIE YEThIPEXIJIEK~
TPOHHBIE CBA3U (1 = 16). ATOM IUJIaTHMHBI HAXOOUTCH B COCTOSIHMM sd '-rubpuamsaunu (Tu6-
PMIHBIE 06JaKa JieXaT B OJHOM IUIOCKOCTH M HalpaBJICHBl B BEpLUMHBI KBajpara, 06pa3o-
BaHHOTO aTOMaM¥ BOAOpoaa). sl onucanms CBA3M B 6oJiee CJIOXKHBIX CHCTEMax npuberaior
K Moneny sd?-, sd*- u sd>-rmépuamsaumm.

* Firman T.K., Landis C.R. // J. Amer, Chem. Soc. 1998. V. 120. P. 12650.
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CruiaB Mg, Ni
6

Puc. 1.4. Crpoenne Ca,RuHg Puc. 1.5. Cxema MetaruapuaHoit 6atapeu s
XpaHEHUsl BOJOPOAA:

a — obuuit Bux Oarapeu; 6 — pa3pe3 ojHONH U3
cexuMit Garapeu

MHorue nepexogHble METALTBI M MX CIUIaBbl CLOCOOHBI 0OpaTUMO MOIJIOINAThH
OONbILIOE KOJIUYECTBO BOIOPONA, KOTOPHIM NUCCOLMHPYET Ha aTOMbl U 3aHUMAaeT
MMyCTOTHl B KPUCTAJUTMYECKOMN pelleTKe MeTaiula. Tak, oquH o6beM IUIaTUHBL CITOCO-
OeH MOIIOTUTh CTO 0OBEMOB BOIOPOIa, a OgUH 00beM naymtaaus — no 900. O6pasy-
IONIMeCs BelIeCTBa NepPBOHAYAIBHO PacCMaTpUBaNM KaK COeIUHEHUS BKIIOYEHUS
BOJOPOJIA, OMHAKO BO MHOTHX CIy4yassX BHEApeHMe BOJOPOIa MPUBOIUT He TONMbKO K
repepacrpeee HAIO 31eKTPOHHON MIOTHOCTH, HO U K CYLUECTBEHHBIM U3MEHEHHU-
SIM KpUCTAJUTMYeCKOU CTPYKTYphl. HeKoTophie MeTayTbl, HalpUMep TUTaH, LIUPKO-
HM, rapHUl, 130T HeCTEXUOMeTpHUeCcKue ruapuasl coctaba MH, (x = 1,6 —1,8) co
CTPYKTYpo#t ¢iioopUTa C BAKAHTHBIMU MeCTaMU B aHMOHHOU NonpelieTke. MHOIMe
OMHapHble IUIPUIbI HepeXoaHbIX MeTaJIOB 06pa3yloTCs NULIb OPU KOJOCCATbHBIX
JIaBjieHUsX Bopopona. Tak, rumpun xeneza FeH 6bu1 nonydyeHn npu o6pabotke no-
pOIIIKA MeTaJlTa XXUIKHUM BOJOPOIOM IpH naBiieHuH B 3,5 I'Tla*. DTH BewecTBa UHEP-~
THBI O OTHOIIEHUIO K BOJle, @ IIPH HarpeBaHUM pas3yaralorcs, BbIIEJSS BOIOPOL.

Hawryuynine pe3ynbraThl 1o 00paTUMOMY MOIIOIIEHHUIO BOAOPOAA JOCTUTHYTH ¢ UCTIONb-
30BaHHEM MHTEpMETALTHAO0B, TakuX Kak FeTi, LaNis, Ca,Ru, Mg,Ni. B HUX ru10THOCTB 1Orio-
LIEHHOTO BOJOPOIA B HECKOJIBKO pa3 MPeBOCXOAUT TUIOTHOCTD XUAKOro H,, 4To oqHO3HAYHO
CBUACTENLCTBYET HE O «PACTBOPEHMM» BOAOPOJA B METajUle, a O XMMHYECKOM B3auMoaei-
creuu. HanpuMep, Ca,Ru, rorsiowast Bogopon rpu NMOBHILIEHHOM JaBleHHUH, 0Opa3yeT ruj-
pun Ca,RuH, KoTophlit MOXeT OBITh OTHeCeH CTpYKTypHOMY TuIly K,PtCls. B HEM HMOHBI
KaIbIIMSl 3aHMMAIOT MYCTOTHl B KAaTMOHHOM IompenieTke, o6pa3oBaHHOW MOHaMH RuH;,
nMeromrmMy dopmy okrasapa (puc. 1.4). AHanornyHo roctpoeH v ruapun Mg,NiH,, o6pa-
3YIOIUMIACA MPH IMOTNIOIIEHHH BOAOpOAA MHTepMeTamuaoM Mg,Ni, ¢ Toi aulb pa3HUNEH,
YTO B KaX/IOM M3 HMKEJIBIMAPUAHBIX OKTa3IPOB OTCYTCTBYIOT 11O IBa aToMa Bogopoxa. Takue
CIUTaBBbl KCTIOJIB3YIOTCS TSI XpaHeHus Bogopona. MerajuruapunHas 6arapes (puc. 1.5) npen-
CTaBJisieT cOOOM IWIMHIP M3 MArHWH-HUKENEBOro CIUIaBa, B IIEHTPE KOTOPOTO OCTaBIEHO
OTBEPCTHE IS BBIXOJA BOXOPONA; CTPENIKAMM ITOKAa3aHO HarpasieHue avddy3uu Boxopona
Ipy paspsaxe 6atapem.

* Badding J.V., Hemley R.J., Mao H.K. // Science. 1991. V. 253. P. 421.
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Hukens-MeTayrnapuanbie aKKyMyaaTopsl. UatepMeTaimasl, B wactHoct# LaNis,
CHOCOOHBI B MATKMX YCJIOBMSX MOTJIONIATh, 4 NPy HEGOMBIIOM HATPEBAHMM — BbLIE-
JISATh 3HAYUTENIbHOE KOJIMYECTBO BOAOPOAA. DTO HCMONB3YeTCs JUISI XPAHEH S ¥ TPaHC-
MOPTHUPOBKH BOJZOPOAA, & TAKKE B HUKEIb-METAUUIMMIPUIHBIX 3JIEKTPOJMUTHYECKUX
aKKYMYJIATOpaxX, KOTOpble NMPHIIY HAa CMEHY HUKeNb-KaAMMEBBIM 3JieMeHTaM. Mx
JEeNCTBME OCHOBAHO HA OOPAaTUMBIX PEaKIIMIX:

LaNis + xH + xe” = LaNis;H, (#Ha oTpunarenbHoM a5eKTpoae)
Ni(OH), - e = NiOOH + H (Ha noioXuTeJIbHOM 3JIEKTPOE)

Mpu 3apane npoucxoaut okuciaeHne Ni(OH), 1 noromenne o6pasyionerocs Bogo-
pona criapoM LaNis, a npu paspsine — seugensiowmiics us LaNisH, Bogopon pacxo-
ayercst Ha BoccraHoBleHHe NiOOH. B kayecTBe 3JIEKTpPOJIMTA B 3THX JJIEMEHTAX MC-
none3yior KOH. Yacro goporoii nanTan B cocrase LaNis 3aMeHSTIOT HHTEpMETAILIHN-
JOM Ha OCHOBE MPHPOIHON CMECH PEIKO3EMEBHBIX JIEMEHTOB — MHILMETALIA, CO-
CTOSIILIETO IVIaBHBIM O0Opa3’oM M3 uepys, a HUKENb JOMUPYIOT APYTUMHM METAIAMY —
MapraHiueM, KoOanbToM, allOMUHHEM, MeIblo. B HUKEIb-MeTAIITHAPUIHBIX 3JIEMEH -
Tax, KaK ¥ B HMKeJIb-KaIMMEBbIX (CM. T. 3), BLIXOAHOE HaIpsDKeHHe cocTapiseT 1,2 B,
M OHO MPAaKTHYECKH HE M3MEHSETCA B TEYEHHME BCETO 1IMKJIIa pa3psana. [pu 3apane atu
aKKYMYJIATOPBI BBIAEJIAIOT TEIUIOTY, MO Mepe NMPUOMIKeHUsS] K COCTOSHHIO MOJIHOTO
3apsiga ¥X TEMITEpaTypa MOBBILIAETCS,

1.7. BOJA

Bona — riaBHOe coenMHEHMe BOIOPOIa, 00Jafaollee VHUKAIBHEIMU CBONCTBRA -
MM 1 UMeloLIee XKU3HEHHO BAXXHOe 3HaueHWe. YucTas (IUCTIUUIMpOBaHHas) Boga —
MpO3pavyHas IMOABICKHAS XUAKOCTh C HECKOJIBKO HENMPUSTHHIM BKYCOM. B TOHKOM
CJI0€ OHA KaXeTcs OECLBETHOH, XOTS B TOJICTOM CJIO€ UMeeT TOy6yIo OKpAacKy, TaK
KaK MNoInou@eT BOJHH B KPaCHOM IMala3oHe BUAMMOIO cBeTa Ipu 698 HM*. D10
cOoOCTBEHHAs] OKpacKa BOJIEI, @ He OTpaXeHUe B Hell Heba, KaK MHOINa CYMTAIOT.

Monekyna Bonel umeer yeaogyro dopmy (tun AB,E, nmo I'minecnu) c yriom
HOH 104,5°, 61u3KkuM K TeTpasgpudeckoMy (puc. 1.6). ITostoMy coracHo MeToLy
BAJICHTHEIX CBSI3€l aTOM KUCAOpoja OOBIYHO paccMar-
PUBAIOT KaK HaXONAIIMIACA B COCTOSTHMHM Sp°-THUGDUIM-
3a1Mu. JIBe U3 YeThpeX ruOpHIHEIX OpOUTAIEH YIaCTBY-
10T B 06pa3oBaHuU aByx cBsa3eit O—H, a Ha nByx npyrux
pasMemaloTcsl HenomeJIeHHBIE Maphl TOXe B COCTOSHUU
sp3-rubpunusaiyy. Takoit MPUMUTUBHHEIN HOIXOH, OI-
HaKo, He B COCTOSIHUM OOBSICHUTH, IOYEeMY OJHa U3 He-
MOLENIEHHBIX Nap ropa3no 6oJjice akTUBHA IIPU MEXMO-
Puc. 1.6. CTpoetne moneky- JIEKYJIISIDHOM B3aMMOZNEHCTBUY, 4eM apyras. OTBeT Ha
JIbI BOIBI [0 MeTOmy BajieHT- 9TOT BOIPOC JaeT ONMCAaHME MOJIEKYJIBl B paMKaX MeTo-

HBIX CBA3EM Ia MOJEKYISIPHBIX opOuTaneii.

* B BuauMyIo 4acTb criekTpa rnomnagaet obeproH v,(OH) (3650 cm™!) + 3v,(OH) (3755 cm™!), uto
COOTBETCTBYET JUIMHE BOJIHBI 698 HM. CM.: Braun C. L., Smirnov S.N. // J. Chem. Educ. 1993. V. 70. No. 8.
P.612.
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Puc. 1.7. Cxema pacrosioXeHusT KOOPIMHAPHBIX Oceil (@) ¥ cxeMa MOJEKYNSAPHBIX op6uTa-
Jeit (6) H,O

st nocTpoeHus™ CXeMBl MOJIEKYJApHBbIX opGurtaneit (MO) monekynsl H,O coBMecTHM
Ha4yaji0 KOOPAMHAT C aTOMOM KMCJIOpOJa, a aTOMBI BOAOPOJAA PACIOJIOXHM B IUNIOCKOCTH XZ
(puc. 1.7, a).

TlepexpriBaHne aToMHBIX opouTaneii (AO) 2s u 2p kucnopona ¢ AO 1s Bogopona noka-
3aHo Ha puc. 1.8. B dpopmupoBanny MO npunumaior yuactue AO Bogopoxa ¥ KMCIOpOaa,
ob6Jiafalole ONMHAKOBON CHMMETPHEH 1 Ou3kumu sHeprusiMu. OnHako Bkiag AO B 06pa-
3oBaHye MO pa3sHBIif, YTO OTpaXaercs B pasHbIX 3HAYEHMSIX KOID@PUUUEHTOB B COOTBET-
CTBYIOIIMX JIMHEIHBIX KOMOMHaiax AO. BsanmoneiictBue (nepekpeiBanue) AO 1s nByx aTOMOB
Bozopona, AO 2s u 2p, Kucnopoga NpuBOIUT K 00pa3oBaHuIo YeTsipex MO**: 1Byx cBA3bIBA-
owmx (2a,, 1b;) u nByx paspbxisiommx (4a,, 2b)):

w(2so) + w(2po) + cw(lsy) = Ymo(2ay),
caw(250) + csw(lsy) — csw(2p0) = Ymo(day),
ew(2px0) + csw(lsy) = Ymo(1d)),

W (2px0) — crow(lsy) = Pumo(26)).

IlIpu sToM B 3Hepruio cesa3biBawouieit MO Gonbiupii Bkiag BHocuT AO ¢ 6osiee HU3KOIM
3HEpruei, a B 3Hepruio paspbxstoueii MO — aroMHas opGurans ¢ Gosiee BHICOKOM 3HeEp-
rueit. C yY4eTOM 3TOrO ¢; > €3, @ C5> €4 ¥ C5> C; AHAIOTHYHO €7 3> Cg, Cg 3> Cyg.

AroMHas opbuTaib 2p, kuciopoga obpasyeT craGocssasbiBawolnyio MO 3q,, ee aHeprus
HECKOJIBKO M3MeHseTcs noa aciicteueM AO s Bomopona:

env(@po) + cpwllsy) = Ymo(Bay), ¢ > ¢),

13-3a CJIabOor0 NMepeKphIBaHKS ATOMHBIX OpOuTaelt. ATOMHast OpOHTalIb 2p, KHCIOpOa pac-
MOJIOXEHA MEPNEHAMKYIAPHO TUIOCKOCTH XZ, N0 YCJIOBUSIM CHMMETPHMM OHAa He MNepeKphl-

* TonpoGHee cM.: Ipeii I. DnexTpoHH U XMMu4vecKast cBsi3b. — M.: Mup, 1967. — C. 155—162;
Miessler G. L., Tarr D.A. Inorganic Chemistry. — N.Y.: Prentice Hall Int. Inc., 1991. — P. 153—157.

** O6o3HaueHUE MOJIEKYJISIPHBIX OpOMTaNIEN ¢ M T IUIS CIOXHEIX HEMMHEHHBIX MOJEKYN SIBISETCS
HETOYHBIM IO COOGPaKEHUSIM CUMMETPHH.
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Puc. 1.8. IlepexkpniBanue opbutaneir 2s (a), 2p, (6), 2p, (6) aToMa Kucnopona ¢ opbu-
TaIAMM 1s 1ByX aTOMOB BOZOPOIA MONEKYJIB BOIBI

BaeTca ¢ opburamamMu ls atoma BOJOPOAA ¥ IIOSTOMY HAaeT HECBS3HIBAIOIIYIO OPOUTAND 15,
(cM. pue. 1.7, 6).

TakuM o6pasom, B3auMogeiicTBHe YETBIPEX aTOMHBIX opOuTaneit 2s, 2p,, 2p,, 2p, Kucno-
pona v 1Byx opbuTaneit 1s aTOMOB BOIOPOIa MPUBOAMT K 00pa3oBaHMIO IECTH MONEKYIAP-
HBIX OpOMTaNeii: IBYX CBA3BIBAIOLIMX (2a, n 1b)), KBYX HeCBA3BLIBAOMIMX (3a, u 1b,) n aByx
paspeixsionvx (4a; 1 2b,). BoceMb 31€KTPOHOB aTOMOB BOAOPOJA ¥ KMCIOPOIA pasMella-
IOTCS NIONMAPHO Ha ABYX CBA3BIBAIOLIMX M ABYX HECBA3bIBAIOIMX OPOGUTANIAX.

Kak BunHO U3 muarpaMMer MOJIEKYJIAPHBIX OpOuTaiieit (cM. puc. 1.7, 6), anexTpo-
Hbl Ha CBA3BIBAIOIUMX 2a; U 1b; opbuTanax obpasyior ceasu O—H, a snexTpoHHI Ha
HECBS3BIBAIOIMX (3a; U 1b,) OPOUTANISAX COOTBETCTBYIOT CBOGOIHEIM 3JIEKTPOHHBIM
napaM mMonekynel H,O, Kak 3To OnychIBaeTCA B paMKax MeToNa BaJle HTHbIX CBA3EH .
OmHako U3 TaKOro paccMoTpeHUs CJIEAYET, YTO ABE HENOAENEHHBIE 3JIEKTPOHHBIE
napsl MoJieKy/bl H,O He gBIISII0TCS SKBHBANe HTHBIMU: onHa u3 Hux (1b,) mokanu-
30BaHa Ha aTOMe KMCIOpONa U MMeeT YHCTO p-XapaKTep, TOTHAa Kak npyras (3a;)
MIMEET MEHBIIYIO SHEPTUIO U SBJISIETCS NENOKATM30BAHHOM, TaK KaK 06pa3oBaHa ¢
y4acteM AO Bogopona u kuciopoza. JIokanuzamus 3JIeKTpOHOB Ha MO 15, mpuso-
AUT K TOMY, 4TO OTPULATENbHBIA 3apan B Monekyne H,O cocpenortovyeH BOIU3M
aTOMa KMCJIOpOId, a TMOJIOXKUTENbHBN — BONU3M aTOMOB BOxOpona. Takum obpa-
30M, mMosieKyna H,O okaseiBaeTcst nonsipHO# (QMIMONTbHBIH MOMEHT n=1Ilqg=1,_84D).
DTO COOTBETCTBYET U NMPOCTHIM CO00OpaXeHUsIM 3JIEKTPOOTPULATENBHOCTH: CBSI3bI-
BaIOILME SNEKTPOHBI CMEILAIOTCS K 60JIee 31eKTPOOTPULATETbHOMY aToMy.

Bona o65amaeT MHOrMMH YHUKATbHBIMU CBOMCTBaMH, OTIIMYAIOILMMU ee OT BO-
AOPOIHBIX COCIUHEHUI NPYTHX 3/IEMEHTOB 16-i1 rpyrmis! (cM. 1. 7). IpHynHOI BEICOKMX
SHaYeHUH TeMIepaTyp IIaBlIeHUs] M KWIeHUS, SHTAIBIUU U 9HTPONUU HCIape-
HUs, TTIOBEPXHOCTHOTO HATSKEHHS! SIBJIAETCS CIOCOGHOCTh MOJIEKYN BOIBI o6pa3zo-
BbIBATh IPOYHBIE aCCOLMATH 33 CYET HEMOJENIeHHOM 3/IEKTPOHHOI Haphl. ‘

B rexcaroHanpHO# CTpyKType Jbaa Kaxaas Mojiekyna H,O cBsa3ana ¢ tpems co-
CEIHUMU MOJIEKYJIaMH TIOCPEICTBOM BOIOPONHBIX CBsI3ei. B pesyspTare TaKoro cib-
HOTO MEXMOJIEKYISIPHOTO B3aMMONECTBUS 06pa3yeTcsl MPOYHBI KapKac, HaloMH-
HalOIMit CTPYKTYpPY OnHO#M U3 MopubuKauuit SiO, — TpumuMura. Kaxnxas Mmoneky-
J1a BOIIBI B KapKace y4acTByeT B 0Gpa30BaHMU ABYX BONOPOIHHLIX CBSI3eit, HUCHOJB3ys
00e HenoneNleHHbIE 3/IeKTPOHHbIE napsl (puc. 1.9). IlnaBieHre NPUBOIUT K paspy-
IICHUIO KapKaca 3a CYET NOYTH NMOJTHOTO Pa3phiBa OXHOU U3 JBYX BOLOPOXHBIX CBSI-
3eit. IIpu 0 °C BonoponHsie CBA3M PBYTCS NUILL Ha 15 %, T.e. OTHeNbHbIe (PparMeHTHI
Kapkaca eme coxpassiiorcs. YacTb MosieKyn Boxbl, 06pa30BaBIINXCS MPU paspylie-
HHUU aCCOLMATOB, NONAJAET B MyCTOTE BHYTPU OCTaBIUMXCS (parMeHTOR KapKaca.
D10 NPUBOIUT K aHOMANbHOMY POCTY IUIOTHOCTH NpU Temmneparype ot 0 no 4 °C.
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Puc. 1.9. Crpoenue (a) ¥ cucreMa MEXMOJIEKYJSIPHBIX CBs3eit (6) B rekcaroHajpHOM I,
CTPYKTYpE JibJa

IMnotHocTs Boawl 1ipu 4 °C qoctUraeT MakcuMyMa. JlanbHelllliee HarpeBaHUE IPUBO-
IUT K IMOJHOMY paspyllieHHIO KapKaca Ha OoJjiee MeJIKME accollMarhl, HallpuMep
rekcamep (H,O)q, cymecTByIoILMY TT0I06HO IIUKIOIeKCaHy B BUIE IBYX KOH(POpMa-
LIMIA: Kpeciia ¥ BaHHEBL. B XuaKoii Boze Brille 4 °C MeXXMOJIEKY/IIpHOe B3aUMOnelcTBHE
obecrieynBaeTCA MWL OQHOUM HeTtogeneHHol apoit MO (1b,), uMelorei p-xapak-
TEP, T.€. Kaxnasg MoJieKyJa BOIBI CBf3aHa JIMIIL ¢ TpeMs cocegHUMU. OObeMHas
CHCTEMa BOLOPOIHBIX CBA3eH COXpaHAETCH B XUIKOUN BOIE BIUIOTh 10 TeMIepaTyphl
kurieHus. [1ap, HanpoTUB, B OCHOBHOM COCTOUT M3 HEAaCCOIIMUPOBAHHBIX MOJIEKYI
H,O nuirs ¢ HebompimuM copepxanueM nuMepos (H,0),.

Ipu temneparype 374,2 °C u gaBnenuu 221 at™ (22,1 MIla) Bona mepeXoquT B
CBEPXKPUTHYECKOE COCTOSTHUE, XapaKTepu3ayloleecsi MCUe3HOBEHUEM DPaBHOBECHOM
XuUaKol dasbl. Boga B cBepXKpUTHYECKHX YCIOBUSIX 00J1aJaeT BHICOKONR XUMHWYECKOM
aKTUBHOCTBIO, B TAKOU Cpejie JIETKO MPOTEKAIOT PeakluM TUAPOU3a (CIOXKHBIX 3¢U-
POB, aMUIOB) U IeTHApaTalMy (CIIMPTOB) MHOTMX OpraHM4YecKuX coenHeHUN. CBoH-
CTBa BOIBI B CBEPXKPUTHYECKIX YCIOBUSIX CHITBHO 3aBUCST OT TeMIiepaTyphl (Tabn. 1.2).

Monekynel Boabl 00pa3yioT NpoyHble BONOPOIHbIE CBSA3U He TOJNBKO APYT C OPY-
roM, HO 4 C APYI'MMH YacTULAMU*, B MePBYIO odepedb C MOHaMU. B Haubonbluei
CTeNeHU TUApaTUPOBaH MOH Bogopona H'. B BOQHBIX pacTBOpax OH CYIIECTBYET B BUZIE

. Ta6nuua 1.2

CaoiicTBa BOABI B CTAHAAPTHBIX M CBEPXKPHTHYECKUX YCITOBHAX

CsoiictBa
Ycnosus
Temneparypa, °C | Hdamnenue, MIa | InotHocts, r/em’ -1gk,
CraHgapTHBIE 25 0,1 0,997 14,0
CBepXKPHUTUYECKUE 400 25,0 0,170 19,4
400 50,0 0,580 11,9

* BogopoxHasi cBs3b MOAPOGHO paccMoTpeHa B 063opax Emsley J. // Chem. Soc. Rev. 1980. V. 9. P. 91;
Steiner T. // Angew. Chem. Int. Ed. 2002. V. 41. P. 48.
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DazoBas IMarpaMMa BoJbI B 061ACTH HU3KHX TEMNEPATYP M BHICOKHX AaBJIeHMii. [T/
Hast (ha30Bast inarpaMma BOJIBI UMeeT CIIOXHBIA B (puc. 1.10). CucteMa siBnsieTcst MHO-
rocazHoit G1arofaps HUTMYMIO PAITUYHLIX TIOTUMOPQHBIX ¢dopm npna. K nacrosiemy
BPEMEHH HX U3BECTHO JlecsiTh. [1py 3aMep3aHmy BOJIBI B TOYKE IUIABJIEHUA pH atMocdep-
HOM JiaBlieHuH 00pasyeTcs rexcaroHanbHas Mogubukauus dasel I (ten 1,), cTpoetue
KoTopo#t onucaHo Boiute (puc. 1.9; puc. 1.11, a). UMeHHO 912 dhOpMa Jibla MLIMPOKO
pacnipocTpateHa B ripupoze. [1py pe3koM oxnaxaeHnu Mapos Bofsl 40 —120 °C obpasyercs
Kybuyeckuit nen (1), ycroituuselit B o6nactu —140...-120 °C. Ky6uyeckuii iex b0t
obHapyxeH Bo Jibax I'pernanauu. Ero ctpoenue cxonHo co JbIoM I, 1 HanoMuHaer
apyryio Monudukanmio SiO, — kpucrobatut. [Ipy oxnaxaeHUH BOISHOTO Mapa A0 TeMrle-
parypsr Hrke ~160 °C 06pasyetcs crexsiooOpasHas (amopdHast) hopMa sinna. HecKonbko

P, at™m
P, atm /
20000 [ 0,020

7/

4 Xuaxocrs
15000 |

0,010
10000 0,006 |- ———— I

' } Hap
. I \ . ;
5000 e
- -1 0 1 2 t, °C

-100

Puc. 1.10. ®a3oas quarpaMMa BobI B 06JIACTH BBICOKMX AABIEHUI

ruapata (H,,,,0,)". Yactuusr (HsO,)* (puc. 1.12) u (Hy0,)", cTabunusupoBaHHbIe
annoHamu AsFg, SbF¢, PtF¢ u np., MOryT GBITh BbLIEJE€HB B KPHUCTAUIUYECKOM
Bune. biaaronaps GonbuioMy pasMepy OHM 06pa3yloT ¢ aHMOHAMH Iopasno 6Gojee
YCTOMYMBBIE KpUCTAUIMYECKUE CTPYKTYpHI, YeM Ge3ponHbiit H'. Takue MOHBI BXOAAT
B COCTaB «I'MApaToOB» KMCNOT. Tak, MOHOTHApaT xy1opHO¥ kucinotsl HCIO, - H,0 mnpen-
cTaBisieT coboit mepxiopar runpokconus [H;0][ClO,]”. OH o6pa3yeT KpUCTaILIbL,
nyapsiiecs 1pu 55 °C U U30CTPYKTYpHBIE TIEpXJI0paTy aMMOHMs. B cocTaB mpyrux
«ruapatoB» Bxomat uonsl Hs03, H,03, HyO,. Yon HyO; MOXeT CyliecTBOBaTh B
BUJIE OJHOM U3 NBYX U30MEpHEIX GopM:

H H H
H .O\
Ii{ H H H
/O /O...H...O\
H\ .-H 'H /H ,.H H
O‘\ /O /O\
H H H H
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Puc. 1.11. Crpykrypa asna I, (a) n nena VII (6)

MoauduKanmii Jipaa 00pa3yioTcs MPY BEICOKUX JABICHUAX. BONBLIMHCTBO U3 HUX Cyllle-
CTBYIOT B METACTAOMILHOM COCTOSIHMHM IIPY TEMIIEpaType XHAKOIo a30Ta ¥ arMocgep-
HOM JaBJIEHWH, YTO MO3BOJIMNIO OMPENETUTh UX CTPYKTYPY U U3Y4YUTh CBOMCTBA.

Crpykrypa VII npaa (puc. 1.11, 6) Moxer 6bITh OMUCaHa KakK JBa B3aMMOIIPOHUKAIO-
IIMX KapKaca U3 MOJIEKY/T BOJbI, CBSI3AHHBIX B [TPpe/iesiaX KaXIOTo M3 KapKacoB BOJOPOJ-
HBIMU CBs3siMu. Takoe CTPOEHME MPUBOIMT K BHICOKO# 1utotHoctH (1,65 r/ecm® npu
25°C u 2,5-10* arM). U3 nmarpammsl BUAHO, yTo cTpykTypsl VI u VII Moryt cymie-
cTBOBath U npu teMmneparype Boiltre 0 °C (ren VII — Brutors 1o 80°C, 1.€, OH MOXeT
ObITH TOPIYNM, OCTABASICL TIPY 3TOM B TBepoM coctostHuu). CrpykTypsl IV n IX, He
HoxasaHHble Ha (a30BOit AMArpaMMe, SIBISIOTCS METacTabWIbHBIMM®.

* Bisenbepe 1., Kayyman B. CtpykTypa u cBoiicTsa Bomsl. — JI.: Tunpomereounspar, 1975,

IpuponHble Boabl, KaK MPaBAIIO, COOEPXaT PACTBOPEHHBIE HEOPraHUYECKUE COJIH,
a TaKKe TYMUHOBBIE BellecTBa rouBbl. [IpecHoit cunuTaeTcs Boja ¢ o61UM coaepxKa-
HUEM cojieit MeHee 1 1/71. IS TToTy4eHUsT BOAbI, IIPUTONHOM ISl MAThS, IPUPOIHBIC
BOZBI ITOABEPTAIOT OYUCTKE.

OCHOBHBIE 3TANBI §000n0d20moéKy BKIIOYAOT: (1) oTaeNeHUe KPYIMHBIX MEXaHUYECKUX
IpYMeceii MyTeM NPOIMYCKaHMs Yepes3 CJI0H peyHoro necka, GUIbTPH U 6apabaHHEIE CETKH;
(2) ocBereHne (06paboTKa BOALI CY/ILGATOM AMIOMMHUS WIHM KBAaCLAMH C LEJbI0 ancoponyn
06pa3yIonUMCs TMAPOKCUIOM AIOMMHUS MUHEPAIBHEIX ¥ OPraHUYeCKUX puMecei, 00yciios-
JIMBAIOMMX LIBETHOCTD); (3) obe33apaxuBaHue (}I10-

pUpOBaHUE WIN O30HUPOBaHHUE); (4) yMsirdeHHe. ‘

OcBeTIeHNe BOJIBI NTO3BOJISAET U36ABUTHCS OT KOJI- 0.114 M 0,133 nM
JIOUOHEIX TIPMMECEH ¥ MOHOB TSIKEJbIX METaJUIOB.
[Monazmasi B Boxy, Cynbdar allOMUHMSI pearupyer ¢ O-

coJlepKallMMuUCH B Heit ruapokapboHaraMu, obpa-
3ys XJIONMLeBUAHEL aMopdHBIit rugpokcun Al(OH);

1
1
C BBICOKODa3BHUTOM MOBEPXHOCTHIO: () 0,248 um

AL(SO,); + 3Ca(HCO3), = 3CaSO4 + 2A1(0H);d +
+ 6CO,T Puc. 1.12. Crpoenue nona (HsO,)"
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TTon0XNUTENBHO 3apSKEeHHBIE MOHBI AIOMUAHMUS HEHTPANH3YIOT OTPHLATENBHEIE 3APS/IbL
KOJUIOMIHBIX YaCTHII, OHH CIMNAIOTCS U 06BoaKMBaloTcst xtonbsiMu Al(OH),. T'unpoxcorpyr-
TBl, HAXOAAMMECS HA NOBEPXHOCTH OCA/IKa, CBS3HIBAIOT NPUCYTCTBYIOMKE B PACTBOPE UOHBI
TAXE/BIX METAJUIOB M BHIBOISIT MX U3 PacTBOpA.

XUMHUYECKHUE CBOCTBA BOIbI ONPEREISIOTCA €€ CIIOCOGHOCTBIO K VYACTHIO KaK
B ITPOTOJIMTHYCCKUX, TaK M B OKUCIIUTENbHO-BOCCTAHOBUTEILHBIX ITpoLieccax. Boga
SBJSIETCS TUTIMYHBIM aM(bOIUTOM:

H,0 2 H' + OH", K, = [H'][OH] = 10-4 (22°C)

Kpucramnoruaparsi. 910 Kpucta/imyeckue BemecTsa, coJepxaiye B CBOEM CO-
CTaBE OTAC/IBHBIE MOJIEKYJIE BOAH WIH MX arJIOMEpATEL.

ITpocTeiiiine KPUCTAILTOTHAPATH COIEPXKAT OTAEbHBIE MOJIEKY/IBI KPUCTAJUTU3AIMOH-
HOM BOJIEL, KOTODbIE YACPXUBAIOTCS B KPUCTAILTE GIaroapst KOBAIEHTHOM CBA3M C HOHOM
MeTaiua (enympucgepras 60da), Hanpumep [Al(H,0)]Cls, 160 nyteM o6pa3oBaHus
BOZIOPONHLIX CBSI3eM (eHeunecgeprasn 60da), Hanipumep [Fe(H,0)]SO, - H,0 (puc. 1.13)*,

B nocneanue roasr Mccie10BaHbL KPUCTAIUTEL OPraHUYECKHX U KOODAMHALIMOHHEIX
COCNMHEHMH, B KPUCTAJUTMYECKYIO CTPYKTYPY KOTOPHIX BXOAST HE OTACTBHBIE MOJIe-
KYJIBl BOJEL,  MX arIOMEpaThl, MPEACTABNAIONIME COBOH DparMeHTHl CTPYKTYpPHI b,
M3BECTHBI arTOMEpPAThI, COCTOSILINE U3 BOCHMM, JECSTH, IBEHANLATH U YeThIpHaA1a-
TH MOJIEKYJT BoAb**. MHTepecHO, 4To TakiM 06pa3oM yiaaercs CTabunmn3upoBars Gbpar-
MEHT KYOMYECKOTrO JIbla, KOTOPLIii YCTOMYUB B BUIE OT/AETbHOM daser e npu HUS-
KHX TeMIepaTypax (puc. 1.14).

BuewnechepHan

BuyrpuchepHas
BOzIa

KyOHJecKoro

° M Jibga
© o Puc. 1.14. ®parmenr kyGuueckoro npaa (H,0),
© H B KPUCTAIIMYECKON CTPYKTYpPE KOMILIEKCA KOOAIh-
T4 C OPraHNYECKHUM JIMTAHIOM (MOJIEKYJIBI BOJBI
Puc. 1.13. BuemrdechepHas u YACPXMBAIOTCSL B CTPYKTYpe Garopapsi MpovyHOM
BHYTpUCdepHas Boja B aKkBa- CHCTEME BOJIOPOJIHBIX CBA3EH, B KOTOPO# yYacTBy-
KOMILjIeKCax 10T ¥ aTOMBI KHCJIOPOJIa JIMTaHIa)

* Maxamyn B.H. XviMusl HEOpPTaHWYECKMX TMAPATOB. — MHHCK: Hayka u rexuwika, 1985.
**Antipin M., llyukhin A., Kotov V.Yu. // Mendeleev Commun. 2001. P. 210.

P o
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Puc. 1.15. Ouarpamma E—pH (nyHkTH- E, B
poM IMokasaHa 00JacTh KHMHETUYECKOMH 15
YCTOMYHUBOCTU BOJIBI) ’

1,0
0,5

0
-0,5

-1,0

_1,5 1 1 1 I 1 1 L
0 2 4 6 8 10 12 pH

OHa peaTHpyeT ¢ KMCIOTHBIMM M HEKOTOPHIMU OCHOBHBIMM OKCHJAMH, oBpasyeT
KPHUCTAJJIOTHIPATEL.

OKHCJIUTENLHO-BOCCTAHOBUTENBHAA JBOMCTBEHHOCTh BOIBI CBSi3aHa C BO3MOX-
HOCTbBIO TIPOTEKaHUsI ABYX IIPOLECCOB:

(1) BoccranoieHue Bogopona H,O + e = 1,H, + OH-, E°(pH 7) = -0,410 B;
(2) okucnenue kucaoponga O, + 4H' + 4e = 4H,0, E°(pH 7) = 0,815 B.

TakuM 00pa3oM, B BOIXHOM DacTBOpe HE MOTYT IUIMTEJLHO CYIICCTBOBAaTb Kak
cunbHble okucaurenu (E°(pH 7) > 0,815 B, nanpumep Mn*, BiOj), Tak U CHJIb-
ubre poccranopurenu (E°(pH 7) < -0,410 B, Harmpumep Na’, Ti*"). O6a moreHIM-
ajta 3aBUCAT OT pH: OKMCIMTEIbHBIE CBOMCTBA BOABI HAMOO0JICE CUIIbHO MPOSIBIISIOT-
csl B KUCJION cpene, a BOCCTAHOBUTEIbHbIE — B ILEJTOYHOM (pHUC. 1.15).

1.8. IEPOKCHIJ BOAOPOJA

Hepoxcud 60dopoda HyO; (ty, = -0,41°C, tyy = 150,2 °C) — GecriBeTHasl BA3Kas
XUIKOCTb (TUTOTHOCTB 1,443 /M1 ripu 25 °C), cMEIUMBAETCsI C BOIOM. Yucrolil NepoKCHa
BOIOpOJA KpaifHe HEYCTOIYUB U CIIOCOGEH CaMOITPOU3BOJILHO pa3iaraTsbCsi Co B3phIBOM.
B niponaxy oH noctymnaet B Bune 30—40 %-T0 pacTBOpa 10 Ha3BAHUEM «TICPIMIPOTIb>.

MojieKyiia ITepoKcuaa Bomopoaa cocTout u3 aeyx OH-rpym, cBA3aHHBIX KHCTIO-
POIHBIM (TIEpPOKCUIAHBIM) MOCTUKOM. I'pyrmipoBka O—O gBnseTcs XapaKTepHbIM
CTPYKTYPHBIM (bparMeHTOM BCeX MEPOKCHIOB. [TpOCTPaHCTBEHHOE CTPOCHUE MOJICKYJIbI
06YCTIOBJIEHO B3aMMHBIM OTTATKMBAHUEM MEXIY HENIONCCHHBIMU MapaMH 3JICKTPO-
HOB aTOMOB KHCJIOpOza U 2JeKTpoHaMu cBsisu O—H. Yroji Mexay rIoCKOCTAMH, B
KOTOpBIX Jiexat ase rpyribsl O—H, MeHseTcs B 3aBUCUMOCTH OT TEMICPATyphl U OT
okpyxenusa (puc. 1.18). Tak, yrisl pasnmu4Hbl B TBEPAOM MEPOKCUAC, B Mape U B
THIPOIIEPUTE — COCTUHEHUM BKIIOUCHMSI, B KOTOPOM MOJICKYJIbI H,0, BCcTpoEHBI B
ITyCTOTHI MOJIEKYJIbI MOYEBUHBL. ¢

06a aroma kuciopona B H,O, HaxomsATcsi B MPOMEXYTOYHON CTENCHU OKHCIIC-
HUS —1, 4TO ¥ OBYC/IOBIMBAET CIIOCOGHOCTD NMEPOKCHIOB BbICTYIIATh B POJIM Kak OKMC-
JIMTENIEl, TaK ¥ BoccTaHoBUTeNEH. Hanbosee xapaKTepHbl OKUCTUTCIbHBIC CBOMCTBa!

Na2S03 + H202 = Na2S04 + Hzo
Mn(OH)2 + H202 = Mn02 + 2H20
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Kunatparei. Tuaparsi rasos. Kiampamusie coedu-
HEHUA GKAI0YenUs (WU KAampamel) — 310 COENM-
HeHusl, o0pasylomuecs B pe3ynsraTe 06paTMMoro
BHEJPEHUS MOJICKYNl OJHOIO BEIIECTBA («TOCTS»)
B MYCTOTHl KPUCTALIMYECKOM CTPYKTYPHI JPYTOro
BEILECTBA («XO35/MHa») Ge3 00pa30BaHMA XUMMU-
Yeckux cBAseit. Kiiatpar BosHyKaer B ToM cnyuae,
€CJIY MOJIOCTh B KPUCTAJLIE WM B OTIAEALHON MaK-
POMOJIEKYJIE «XO35MHA» COOTBETCTBYET pasMepam
MOJeKyn «roctsi». [Ipouecc oGpasoBanus Kiatpara
ABJSIETCH 0OPATHMBIM: KJIATPAT MOXET GBITh paspy-
UICH MPY M3MEHEHUH TEMITEPATYPE] WY AABJICHMS.
IIpuMepaMu KIAaTPaToB SBASIOTCS COENMHEHUS
BKIIOYEHUS B IpaduT (MHTEPKANATH, pa3f. 5.4),
Puc. 1.16. Crpoenue razoBoro rig-  CoeruHeHUs noja ¢ Kpaxmaioum (pasa. 8.11) u ra-
para 8Cl,- 46H,0 (B xaxznoit Bep- 30BBIE THAPATEHL.

UIMHE MIeHTaroHI0/IeKasipa pac- Monexynbt Muorux rasos o6pasyior KJIaTpaThl
TI0JI0XKEHA MOJIEKYJIa BOABL; BHYT-  C BOAOM, YCTOUYMBEIE IPU HUIKUX TEMIIEpaTypax.
PH [IEHTArOHNOAEKAdAPOB — Mo-  IlepBoe M3 MOJOBHEIX COeANHEHU I — TUApar XJ1o-

Jexyasl Cl, Pa — 6bU10 BeutesieHo J19Bu B Havane XIX B. Mosz-

Tabawvua 1.3

CBOMHCTBA HEKOTOPBIX ra30BBIX MHIPATOB

Tunpar TeMrIepa‘Typa’a TeMHepaTyE)a pasnoxenust | JlasneHue pa:mox(efznﬂ
KHMIeHus rasa, °C runpara, ‘C (P=1 at™) ruapara, amm (2= 0°C)
Ar-6H,0 -190 -42,8 105,0
CH,- 6H,0 -161 -29.,0 26,0
Kr-6H,0 -152 -27,8 14,5
Xe-6H,0 -107 -3,4 L5
CO,-6H,0 -79 -24,0 12,4
H,S .6H,0 -60 0,4 0,73
Cl,-6H,0 -34 9,0 0,43
S$0,-6H,0 -10 7,0 0,30
C10,-6H,0 10 15,0 0,16

IIpu B3aMMONEHCTBUM C CIIBHBIMUM OKUCTUTENSIMU H,0, BrbicTymaer B ponu Boc-
CTAHOBUTEJIA, BOCCTAHABIUBASICh O KUCIIOPOIA:

2KMnO, + SH,0, + 3H,S0, = 2MnS0, + K,S0, + 50,7 + 8H,0
2AgNO; + H,0, = 2Ag + 0,1 + 2HNO,
KIO4 + H202 = KIO3 + Hzo + OzT
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Hee, UCIOJIb3ysl BLICOKHE JABJICHUS M HU3KHE TeMITepaTyphl, YAAJIOCh MOJIyYUTh JpY-
r'vie ra3oBbie M'MApaThl, B KOTOPBIX MOJIEKY/IRI Ta3a paCOIOXEHH B MOJOCTIX KpUCTAl-
JINYECKOM CTPYKTYpHI Jibaa. [assl (H,S, CO,, SO,, CHy, N,O, PH;, a Tacke Ar, Kr,
Xe), cocrosiMe U3 HeOOJNBLIMX MOJEKYN auiameTpoM MeHblire 0,52 HM, o6Gpasyior

ruaparel cocraBa 8X-46H,0 (mpumepHo
X -6H,0), rne X — Mosexkyna rasa (tabn. 1.3).
B anemeHTapHOM sTYeiike TaKUX TMAPATOB CO-
JepXurcs 46 MoJieKys BOABI U 8 MOJIEKYJT «I0-
cTs1». Mosexysel BOIBI HAXOAATCS B BEPLLINHAX
JBEHAILATUIPAHHUKOB ([IEHTATOHI0ACKAI-
poB) HyOy, BHYTPH KOTOPBIX PaCIIONOXEHBI
MoJeKynsl raza (puc. 1.16). IToBepxHOCTh NEH-
TaroHAOJAEKA3APa COCTOUT U3 12 MpaBUIBHBIX
MATUYTOJIBHUKOB, KOTOpPBle HE MOTYT OBITH
YIaKOBaHBI B IUTOTHBI TPEXMEPHBINA Kapkac,
MMO3TOMY CTPYKTYpa FMIPATOB MOIYYAETCS PhIX-
JIO#, a MO BHEUIHEMY BUAY OHY HAllOMUHAIOT
JieJl UM pBIXJIRIA CHer. Bosee KpyTHEBIE MOJIEKy-
JIBI CHOCOGHEI 3aHATH JIULIB Haubosee Kpym-
HEIE ITYCTOTHI B CTPYKTYPE JIb/Ia, IO3TOMY OHU
00pasyroT THAPAaThI Apyroro cocrasa: Bry- 8H,0,
I,- 15H,0. Monekyasl guaMeTpoM OO0JblIE
0,69 Hm ruaparoB He o6pasywoT (puc. 1.17).
3HayuTebHOEe KOJMYECTBO NPUPOAHOrO
rasa B (popme rasoBoro ruapara COHEpXUTCS
Ha JiHe MUpoBOro okeaHa Wi B pa3pe3ax oca-
JIOYHBIX nopoa. PazpaboTrka 3THUX pecypcoB B
Hacrosiee BpeMs TOIBKO HaYMHaeTcsl,

Kax nmpaBwio, ruipaThl MOTYT OBITH JIETKO
paspyllUeHbl MPpU HE3HAYUTEILHOM IOBBILIE-
HUY TEMIIEPATyphl WIH YMEHbUIEHUH JaBile-
Husl, Ha 3TOM CBOMCTBE OCHOBaH MEPCIEKTHUB-
HEIf METOJ ONPECHEHUS BOABI C IOMOIIBIO
npomnaHa. [Tpu NoBHIIIEHHOM AaBJAEHUH PO~
NaH odpasyer TBEPAbII THAPAT JaXe NPU KOM-
HaTHOI1 Temriepatype. CoJy, HaXoaAMIMECS B
BOJIe, He BXOIST B €r0 COCTaB U OCTAIOTCS B
pactBope. TBepabIf TMIPAT JIETKO OTAEAUTH OT
coJieHoit Boabl. IIpy He3HAYUTEIBEHOM Harpe-
BaHWM OH pa3jiaraercs Ha MponaH U MPecHYIo

BOJY.

JlnuHa MoneKynsl raza X, HM

0,35

0,4 1

0,5 1

0,6

0,7 -

. Ne T'unpars
He 00pa3yloTcs
- O
W Z 22
- Kr
- CH,
- Xe
| CO2 X 6H20
~Cly
SIIIIIILII 701007007077,
| Br X-8H,0
2
VILILIIIL 10772770 700777.
1, X-15H,0
B C;Hg
I 72
I'maparst
He o06pasyiorcs
r C3H7C1

0,8

Puc. 1.17. OOGpasoBaHue ruapaToB
B 3aBMCHMOCTH OT pazMepa MoJIeKyl

rasa

Dnexrpomusie norewnmans H,0,/H,0 (1,776 B) u O,/H,0, (0,682 B) cuwibHo

3aBUCAT OT pH cpenpl; OKMCIUTENBHEIE CBOMCTBa HauboJice APKO BhIPAXKEHBI B KHUC-
JIOit U HENTPATBbHOM Cpefgax, BOCCTAHOBUTEAbHBIE — B LIEIOYHOIN:

Cl, + H,0, + 2NaOH = 2NaCl + 2H,0 + 0,1
PbS + 4H,0, = PbSO, + 4H,0
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H

98°
o} 0
0,145 M / '
H

[

111,59

Puc. 1.18. Crpoenue kpucrania (a) nepokcuna Bojopoja (atomsl H He mokasaHer) u ot-
AenbHoit Mostekynel HyO, (6) B kpucrasne

IMepoxcun Bomopona — coenuHeHMe HEYCTONYMBOE — U HaXe B pa3OaBICHHBIX
pacTBOpax CaMOITPOU3BOJILHO AUCIPONOPIUOHUPYET. Peakiusa JVCTIPOTIOPIIUOHHU-
DOBAHUS KaTATU3UPYETCS HOHAMM TIEPEXONHBIX METAJIJIOB, XJIOPUI-UOHAMMU, HEKO-
TOPBIMU OEJIKAMMU.

Karanuruueckoe neitcreue IHUXpOMAT-UOHOB OCHOBAaHO Ha 00pa3zoBaHUMU Heyc-
TOMYUBOTO MEPOKCOXPOMATA, KOTOPHIN pasjiaraercs Ha IUXpoMar ¥ Kuciopon. Me-
XaHU3M Pa3sIoKEHUS NMEPOKCUAA B IIPUCYTCTBUH XTOPHI-UOHOB MOXET GBITh npen-
CTaBJICH ypaBHEHUSIMU

2H" + 2CI" + H,0, = CL,T + 2H,0
H,0, + Cl, = 2H" + 2CT" + 0,1
2H202 = OzT + 2H20

IMepokcna Bopopona SBAsIeTCs: OYeHb C1aGoit KHUCJIOTOH, 110 CUJIE IPUMEDPHO paB-
Hoit nuony HPO?". PasnoBecue H,0, + H,0 2 H;0" + OOH™ cwibHO cMemeHo
BJIeBO (K = 1,78 -1071?), TTepokcunbl METAIOB ¥ aMMOHHS MOXHO paccMarpuBarth
KaK COJIM 3TON c1aboit KUCIIOTEI.

B npucyTCTBUM 1Le10YM, CBASBIBAIONIEH UOHDI TMAPOKCOHMS, KOHCTaHTa K Bo3pacraer:
B IIE/I0YHOM PacTBOpE MEPOKCU/IA IPUCYTCTBYET 3AMETHOE KOJIMYECTBO THAPONIEPOKCHI-HOHOB.

TBepapie ruAPONEPOKCUABI MOTYT GBITH TOTYYEHBI AEHCTBHEM TIIOBOIO CIUpTa Ha Iie-
POKCHJ 1I€I0YHOTO MeTallia;

Na,0, + C,H;0H 25 NaOOH!{ + C,H,ONa

IMepoxcua Bonopona o6pasyer TIEPOKCOTIPOM3BOIHBIE TIpH B3aUMOJCIHCTBUH C CO-
JIIMA HEKOTOPBIX HEOPraHUUECKUX KUCIIOT, HaripuMep 60pHoit. O6pasyomumiics pu
9TOM IE€POKCOBOpAT HATPUS SABASAETCS CWIBHBIM OKUCTUTEIEM.

Tepokcocoru (K,SOs, K,S,04, K,CO,, K,C,06 u ap.) momo6Ho nepokcuay Bogopoaa
ABJISTIOTCA CUJIBHBIMU OKUC/IUTENIMU, TaK KaK COJIEPKAT IEPOKCOTPYNITUPOBKY. [10/1yyeHbl u
HEKOTOPLIE COOTBETCTBYIOIME HM NepoKCOKUCAOMb, HATIPUMED MOHO- U JUIIEPOKCOCEPHAS,
nepokcoasorHas. Bee oHu HeycroiynBhle. M3BECTHBI M MHOTOYUC/ICHHbIE OpraHu4YecKue Ie-
poxcunpl. MHOIME U3 HUX, HATIPUMED TEPOKCH ALETOHA, SBSIOTCS JETOHUPYIONIUMU B3PEIB-
HaTbiMu BemecTsamu. Tlepokcua GeH30MMa CIYKUT MHULMATOPOM PafMKATLHBIX peakuuii,
UCTIOIB3YeTCH JUTS JIEYEHUST KOXHEIX 3a601eBaHHiA.
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B Hacrosmee BpeMst ocHoBHoe KonuiecTBo H,0, nomy4aoT oKUCICHUEM IMIpo-
aHTpaxMHOHA KMCIOPOIOM BO3IyXa B OpraHM4eckoM pactBopuresne. Obpasyomuncs
MEPOKCHA, PKCTParuPYIOT BOIOM, a 06pa3oBaBIIMIiCA aHTPaXMHOH BOCCTaHAB/IUBAIOT
BOIOPOJIOM M BHOBb BBOISIT B PEAKIIUIO C KMCIIOPOIOM:

R R
+02
OO (___’ l‘lo + H202
+H2

OH

B s1a6opatopuu pacteop H,0, nojy4alor, aeiicTBYs Ha EPOKCHA 6apust CONSTHON
KuCnoToit. O6pa3oBaBIIMItca XTOpu Gapus oCaxIaloT B BUAE cynbdara. [Ipu sameHe
COJISTHOM KUCJIOTH Ha cepHyio BaSO, ocaxmaercs npsiMo Ha 3epHax BaO,, uto samen-
JISIET peaKuUIo U CYIIECTBEHHO CHUXAET BHIXOM.

ITepokcun Bogopoaa UCHOIb3YIOT I OT6€JII/IBaHI/ISI 6yMard, KOXH, TCKCTUJIb~
HBIX MaTe€pPUATIOB, B CHHTE3€ BHICOKOI(M(EKTUBHBIX OTOCHUBAIOLIUX ar€HTOB (1e-
POKCOGOPATOB, MEPOKCOKAPOOHATOB), KAK OKHUCIUTETb PAKETHOTO TOIUIMBA, PacTBOPBI
H,0, npuMeHSI0TCSI B Ka4ECTBE AC3MH(MUIMPYIOIETO CPENCTBA.

KoHTpoJbHbIe BONPOCHI

1. B pacrBope xiopuaa metwiammonuns [CH;NH;1"ClI™ B D;0 T015KO MOJIOBUHA aTOMOB
BOJOPO/IA CIIOCOOHA 3aMecTUThCS Ha Aeitepuit. [loueMy?

2. TloaKuMCNEHHEBIH pacTBOD MIEPMAHTAHATA KAJMS B IPOMBIBAJIKE, YCTAHOBJICHHOH Ha BbI-
xozle u3 anmapara Kunma, obecrseynsaercs. YeM 310 MOXHO OOBACHUTH?

3. Eciiu ruiaMst ropsILLero BOAOpO/a HaMpaBUTh Ha KYCOK JIbIa, TO MOXHO OGHapyXHTb,
410 06PA30BABLIASICS XKUIKOCT BbI3BIBAET IOCHHEHHE HOI-KpaxMaibHo#i Oymaru. [laitre 00bsC-
HEHUeE.

4. TUapuA Kby UCIIONB3YIOT B TaGOPaTOPHOM MPAKTHKE JUIST BOCCTAaHOBJICH S METaJI-
JIOB 13 OKCUIOB. HanMmlivTe ypaBHEHUE PEAKIIMM BOCCTAHOBIEHUS BBICIIETO OKCUIA HUOOH L.

5. Monexy/sl GTOpOoBOAOPOIa ¥ aMMHUaKa 10J00HO Bojie CIOCOGHB 06pa30BbIBATh TPOY-
Hble BOJOPOIHBIE CBA3K. B YeM nMpHHIMNIHMAIbHASA Pa3SHULIA MEXIY CTPYKTYPOR JIbjJIa ¥ CTPYK-
typamu xuakux HF u NH;?

6. Kak oGbACHUTD TOT (DAaKT, YTO MHOTHE MUHEPAILHBIE KUCIOTE 00pa3yioT yCTOHYHBbIC
ruapatsl, Hanpumep H,SO,- H,0, HSbFg- HO, HCIO,. 2H,0, H,SiFs- H,0? KakoBo ux
crpoeHue?

7. B 6400 J1 0OKEaHCKO# BOJIBI COAEPXUTCH MPUMEPHO 1 J1 TsXes0i BoAbl. KakoBhl 3amachbl
TSIKeNoit Boxs B MupoBoM okeaHe (06heM MupoBoro okeaHa 3,2 - 108 km3)?

8. M306pasute CTPYKTypHbIe (OPMyJIBl aHHOHOB CIEAYIOIIMX MEPOKCOCOJICIH: NaBO;,
K,S0s, K,S,04, K,CO,, K,C;04, KHCO,.



I'nasa 2
XUMUS DJIEMEHTOB 1-M I'PYIIIIBI

2.1. OBIIAS XAPAKTEPUCTHKA

B niepayio rpynny Ilepuoxudeckoit cucrems! aneMentos J. M. Menaeneepa BXo-
IAT AT 3Li, Hatpuit | Na, xamuit 3K, py6ummit 5;Rb, nesuit ssCs 1 dbpanmmit g7FT.
Hcropuyecky UX Ha3BIBAIOT WIETOYHBIMA METALIAMH, MMOCKOJIBKY UX THAPOKCUIBI
ABNAIOTCA €NKMMHU 1enodamMu. [locaenuuit sneMent rpynnel — dpaHuuit — paguo-
AKTUBCH W MaJIONOCTYMNEH IUIA UCCICNOBAHUS: TIEPUOJ IMOIypacrana ero Haubosee
JOJTOXUBYILIETO U30TONA 2§;Fr cocrtapnsier 21,8 MuH.

SiiekTpoHHast KOHGUTYPALMA U HEKOTOPHIE CBOMCTBA LIEOYHBIX METAUIOR npen-
CTaBJIEHBI B Ta6. 2.1.

Pauyc aToMOB 1ENOYHBIX METAJIOB e, BO3PACTAET MPU NBMKEHUH BHU3 T10
TPYIIIC, STO XapaKTEPHO AT 3JIEMEHTOB BCEX IMIABHLIX TPy, OTHOCUTENBHO MAJIOe

Ta6bnuna 2.1
CaoiicTBa aneMenToB 1-if rpynmbi
CaoiictBO Li Na K Rb Cs Fr
3apsin sapa Z 3 11 19 37 55 87

DneXTpoHHast KOHGbHUIypaLs [He]2s' | [Nel3s' | [Ar]4s' | [Kr]5s' | [Xe]6s'| [Rn]7s!
B OCHOBHOM COCTOSIHUH

Mertannudeckuit paguyc f;, M| 0,152 0,186 0,227 0,248 0,265 0,270
Hounslit pagnyc ¥, HM 0,074 0,102 0,138 | 0,149 0,170 0,180

Paguyc ruppatupoBanHoro wona | 0,340 0,276 0,232 0,228 0,228
Frugps HM '

DHeprust noHusanuu, KJIX/MoIs:
I 520,2 | 495,8 | 418,8 | 403,0 375,7 (380)
L| 7298 4562 3052 2633 2234 | (2100)

DNEeKTPOOTPUIIATENEHOCTE;

o IToymHry 0,98 0,93 0,82 0,82 0,79 0,70
o Onnpeny—Poxosy { 0,97 1,01 0,91 0,89 0,86 0,86

* s KOOpOWHAIIMOHHOTO YHCia 6.
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VBEJIMYCHUE paguyca MpH MEePEeXone OT KIS K PyOUIUIO U najee K LHE3UIO CBSI3aHO
¢ 3amnoTHeHUEM 3d- U 4d-TIOOYPOBHEH COOTBETCTBEHHO., DTO MIPUBOIUT K YMEHBIIIE-
HUIO 9KpaHUPOBAHUY SI7Ipa U YBEJIMYEHUIO €ro 3ddeKTUBHOro 3apsaaa.

HoHHbIe panuychl 1LEJIOYHBIX METAJUIOB CYILIECTBEHHO MEHBIIC METAUTUYECKUX,
YTO CBA3aHO C TIOTEPEii EAMHCTBEHHOrO BAJICHTHOTO JICKTpoHAa. OHU TAKXE 3aKO-
HOMepHO Bo3pacTaioT oT Li” k Cs*. Pa3Mepnl e THAPaTUPOBaHHLIX KATUOHOB U3Me-
HAIOTCA B IIPOTUBOIIOJOXHOM HaIlpaBJICHUHU, YTO OOBSICHACTCS B paMKax ImpocTeil-
I} 3IeKTpoCTaTHYeCKOoi Monenu. HauMeHbuni o pasmepy MoH Li* cunbHee apy-
THX IPUTITUBAET K ceOe TTOJISIpHBIE MOJIEKYJIBI BOIBI, 00pa3yst HauOOJIbIIYIO THAPAaT-
HyI0 060104Ky. PacdyeTsl mokasanm, 4to B pacTBope KaTuoH Li* okpyxeH 26 more-
KyJlaMH BOAH, U3 KOTOPHIX JIUIIb YETHIPE HAXOAATCS B NEPBOM KOOpAUHAIIMOHHOMN
chepe. HenapoM MHOTHE COMM JIUTHSI, B TOM YUCJIE XJIOpHH, TIEPXJIOpaT U cyibdart, a
TaKXe MAIPOKCHI BBHIACIAIOTCA U3 PACTBOPOB B BHAC KPUCTAUIOTMAPATOB. XJIOpHUL,
LiCl- H,O oGe3poxusaerca nnpu temreparype 95 °C, LiOH - H,O — npu 110°C, a
LiClO,- H,O — aump npu 150 °C. C yBeHueHUEM MOHHOTO panuyca KatuoHa M*
CHJIA €TO ICKTPOCTATUYECKOTO B3aMMOICHCTBUS C MOJICKYJIaMH BOIHI ocnabeBaet,
YTO MPUBOJUT K YMCHBIICHUIO TMAPATHOMK OOGOJOUKM U, CIENOBATEJIBHO, paguAyca

OcobennocT XUMHH JuTHA. MaJiblil pasMep aToMa JUTHS U, KaK CJIEJCTBUE, BhHI-
COKasl ITOBEPXHOCTHAS TUIOTHOCTB 3apsiia ¥ HU3KOE KOOPJANHALIMOHHOE YHCIIO ACAI0T
XMMMIO JIUTHUS OTJIMYHOMK OT APYTHX IIEIOYHBIX MeTaJUToB. [T0 MHOTHUM CBOICTBaM XH-
MHUSI JINTUSL OKA3BIBAETCSI ropasjio GiivXe XUMHM MarHHs.

1. JIurnit o6pasyer ycroiuuBslit ruapua LiH (£,., = 850 °C); g cpaBHenna: NaH
pasnaraercs npu 420°C, KH — npwu 400°C, RbH — npu 360°C, a CsH — npu
390°C.

2. JIutnit — eAMHCTBEHH B U3 1IEJIOYHEIX METAJUIOB, JAIOMMH YCTORYUBEINA HUT-
pun Li3N.

3. JIuruii pearnpyer ¢ yrieM, obpasyst kapéuas! Li,C,, LiyCs.

4. Tuapokcua jurusi npu temnepatype Bbiie 600°C HayuHaer pasjararbcsl Ha
OKCHJ ¥ BOZy, B TO BpeMS KaK FMAPOKCHIBI OCTAIBHBIX LEIOYHBIX METAUIOB HE pas-
JIAraloTcsl Mpy HarpeBaHUMU.

5. Ilpu cropanuu Ha Bo3ayxe JiuTHit obpasyer okcua Li,O.

6. JIuruit He o6pasyer KBacLOB.

7. Kap6ounar nurus npu HarpeBaHun (>800 °C) pasnaraercs.

8. I'mopokcun, KapooHar, oprodocdar u bropua JTUTHS MATIOPACTBOPUMEL B BOJE.

9. Xsyopun, 6poMuiI, HOIUA U TIEpXIopar
JINTUS PACTBOPUMEI B 3TAHOJIE,

10. JIurmit ob6pasyer Gonee ycTONYMBBEIE
KOMIUIEKCBI, YEM OCTAJBHBIE ILENOYHBIE Me-
TaJLIBL ‘ ‘

Bo MHOIMX COEIMHEHUSIX JINTUS XUMHYE-
CKasl CBSI3b HOCUT YaCTUYHO KOBaJIEHTHRIH Xa-
pakrep. HanpuMep, ruapar ruapoxcuna ju-
151 LiIOH - H,O B TBepaoM Bujie COCTOUT U3
JnnMepoB Li,(OH),, cBA3aHHEIX B 1IEMOYKY MO-
CTHKOBBIMH MOJIEKY/IaMu Bogbl (puc. 2.1). Cxon-
HBle JUMephl Npeobnaanaor ¥ B napax LiOH
npu 800 °C. Puc. 2.1. Ctpoenne LiOH - H,O
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Ipumenense menoanbix Metauios. [IporHosupyemsiit B XXI B. pocT NpOU3BOACTBA
JIUTHUS CBA3aH C CO3JaHMEM ATIOMUHUN-IUTHEBLIX CIUIABOB, UCIIONB3YEMBIX B aBHa-
UMOHHOK ¥ KOCMHUYECKOH TEXHUKe. JlernpoBaHue aIOMUHUS JIMTHEM ITO3BOJISIET HE
TOJIBKO CHU3HTh MacCy, HO M YBEJIUYMTh MIPOYHOCTH, & TAKXKe KOPPO3IUOHHYIO CTOM-
KocTh Matepuasa. BaxHoit 061acThi0 UCTONB30BAHUS JIUTHUS ABISETCA CO3aHKME HO-
BEIX MCTOYHUKOB TOKAa — JIMTUEBBIX aKKYMY/ISITOPOB. B 3aBHCHMMOCTH OT THIIA aHOAA
JIUTUEBBIE 3JIEMEHTHI CIIOCOOHBI CO3aBaTh HanpsikeHue ot 1,5 go 3,6 B, yro Bhile,

®Li oLi*

Puc. 2.2. Cxema pabGoThI IMTHEBOTO 3/IeMEHTA NIPH PaspsaKe (a); CTpoeHUe KpucTauia
KOOaLTUTa JIUTUS (6) (MOHBI IUTUSL PACTIONOXEHBI MEXIY CJOAMHU, 06pa30BaHHBIMU
okrasdapamu CoOy)

ruaparupoBaHHoro uona [M(H,0),] (tme » = 17, 11, 10, 10 gna M* = Na*, K*,
Rb*, Cs* cOOTBETCTBEHHO).

EnvHCTBEHHBIN 3J1eKTPOH Ha BHEIIHEM SHEPTETUYECKOM YPOBHE aToMa IlesIoy-
HOTO MeTajljia cjabo CBsi3aH C SAIPOM, 3TO MOATBEPXKIAIOT HU3KUE 3HAYCHUS DHED-
MM MOHU3AUMH ;. ATOMBI IETOYHBIX METAUIOB JIETKO MOHU3UPYIOTCS ¢ 06pa3oBa-
HHeM MOHOB M, BXOIALIMX B COCTAaB GONBIINHCTBA XUMUYECKUX COSIMHEHMI 3THX
9JieMeHTOB. 3HaueHus [, U1 BCEX IETOYHBIX METAJUIOB HACTOIBKO BHICOKH, YTO B
PealbHO OCYIIECTBHMBIX YCIOBUSIX MOH M>* He oGpasyercs. BDAEKTPOOTPUIATE b~
HOCTD IHENOYHBIX 3JEMEHTOB Mala, UX COCOUHEHHA C Haubojee 3IEKTPOOTPHIA-
TeJIbHBIMUA 3JIEMEHTaMHU (TATOT€HUIbI, HUTPUIOB! U T.T.) ABIAIOTCA HOHHBIMHM, BO
BCSAKOM CJiyyae B KPUCTAIIIMYECKOM COCTOSTHUM.

He6ob110it MOHHBIN pamuyc M BbICOKAs TUIOTHOCTb 3apsiia, XapaKTEpHbIE s
voHa Li*, MpuUBORAT K TOMY, YTO COENUHEHUS JIUTHS OKa3bIBAIOTCS GIM3KUMM TIO
CBOMCTBaM OJHOTUITHBIM COCIUHECHUSAM MarHusl (0uazonasbHoe cxodcmeo) U B TO Xe
BpEMA OTJIMYAIOTCS OT COSMUHEHUI APYTUX NIETOYHBIX METATIJIOB,
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YyeM y JIOGBIX APYTUX 31eMeHTOB. [TpocTeilunil TMTHEBBIH aKKYMYJISITOD COCTOUT U3
OTPUIIATEIBHOTO TPAOUTOBOTO 3JIEKTPOAA U MOJOXUTENBHOTO SNIEKTPOAa, colepxa-
uero cynbdua Tub0 OKCHI IMepeXONHOTO MeTajlia, HAIIpUMEp KOOAIBTUT JIUTHUA
(puc. 2.2). B nponecce pa3psiikyu 6aTapey MOHBI JIUTHS, TEPBOHAYAJIBHO HAXOAWBLIM-
ecq B IIyCTOTaX KPUCTAJUTHYECKOI peLIeTKH KOOAIbTUTA JIMTUS WU cynbduaa TUTAHA,
INDOYHINPYIOT B HAMpaBJIeHUH OTPHUIIATENILHOTO JIEKTPOJa, Iie MPUHUMAIOT JJeK-
TPOHBI, TIPEBPALIASsICh B ATOMBI M PACIIONATasich MEXIY CJIOSIMU B CTPYKTYpe rpadHra:

nLi* 2 nLi- ne-
Li,, ,C00, 2 nLi" + ne”+ Li,CoO,
Li,, TiS;, 2 nLi* + ne” + Li,TiS,

AXKYMYJISITOPBI TAKOTO TUIIA UCITOJNB3YIOTCH B KAPAUOCTUMYJISITOPAX, B TOPTATUBHLIX
KOMIIbIOTEpaX. OHY MMEKOT GONBIIYIO IUIOTHOCTE, YeM METAJUITUAPUIHBIE, M paboTa-
10T 6e3 TToa3apsaKH B IMOJTOPA pa3a A0JbLIE,

Jlutuii, HaTpuit ¥ Xuakue cruiaBbl Na— K NMpHMEHSIOT B Ka4ecTBe TEIUIOHOCUTE-
JIeH B AIEPHBIX PEAKTOpaX; HATPUI CIIY>KUT BOCCTAHOBHUTEJIEM TIPH MOJTYYEHUN KaJlUs,
TUTAHA, LIUPKOHUA M TaHTaNA. JHAYUTENBHOE KOJMYECTBO HATPUA (TIPUMEPHO OJHA
TPETh) MIAET HA MPOU3BOACTBO TETPASTWICBHUHIIA — AOGABKM, yaydllarouiei AeTOHa-
IIMOHHYIO YCTONYMBOCTE GEH3UHOB:

Pb + 4Na + 4C,H,Cl = (C,H;),Pb + 4NaCl

CoennteHNs HaTpus (KapOOHAT, cyNbGUT, cynbghaT, THIPOKCUI) UCMONb3YIOT B Oy-
MaXHOM, XMMHYECKOI TTPOMEBILIEHHOCTH, TP MTPOU3BOACTBE CTEKJIA, 4 TAKXKE B Me-
Tanyprud. ConMM Kalus IIpUMEHSIOT TJTABHBIM 0Gpa30M B BUIE MUHEPAJIbHEIX yaobpe-
HMii, MUpOBO€E NPOU3BOICTBO KOTOPHIX (B repecyete Ha K,0) Bo3pocio ot 320 TeiC. T
B Hauase XX B. 70 30 muin T B KoHle XX B. Lle3auit Haxoaut npuMeHeHue B porose-
MEHTax — OH 00JIajaeT caMOil HU3KOi cpeil METAJLUIOB SHEPryei BHIXOAA JEKTPOHOB.
PyOuanessie GOTO3/IEMEHTHI YCTYIAIOT LIe3MEBBIM ITO KauecTBy. MonuI 113U UCTTONb-
3yeTcsi B CHUHTWUISIIMOHHBIX CUETYMKAX.

2.2. HAXOXJIEHUE B ITPUPOJE. IIOTYYEHUE

W3 memouHbIX 3/1eMEHTOB HanboJiee IIMPOKO pacipoCTpaHeHBl B MPUpojie Ha-
tpuit (2,27 mac.%) u xammit (1,84 mac. %), nmpuueM Gnarofaps BEICOKOH XUMUYE-
cKOM aKTUBHOCTH OHHM BCTpeYaloTcA HCKIIOYHUTEILHO B Bue coequHeHUIT. OCHOB-
HBIMM MCTOYHMKAMH HATpUd M KalWg ABIAIOTCA KaMeHHas coJib (IIpakTH4YeCKH
yucteiit NaCl), rnay6eposa cosb win Mupadbunut Na,SO,4- 10H,0, cunssrn KCl,
cwibBHHUT KCl1- NaCl, kapranaur KCI- MgCl,- 6H,0 u ap. B orinune ot Hatpus
U Kanus coepuHeHus autus (1,8-107 mac. %), pyounua (7,8-1073 mac. %) u uesus
(2,6-10* Mac.%) B mpupoOJie BCTPEYalOTCA 3HAYMTENBHO peXe, MO3TOMY 3TH 3Je-
MEHTHI OTHOCAT K YHCJY PeIKMX W pacCedHHBIX. XOTA MO CONEPXKaHMIO B 3€MHOM
Kope pyOMIMii HECKOJIBEKO OIepeXaeT JHUTHI 1 1e3Hil, OH He 00pa3yeT CaMOCTOA-
TENBHBIX MUHEPAJIOB, 4 COMYTCTBYET KAJIMIO, YTO OOBACHAETCS CXOINCTBOM MX MOH-
HBIX paguycoB. JIMTHIt ¥ 1Ie3UiT BXOIST B COCTAB Pa3IMUHBIX CHJIMKATOB M aJIlOMOCH-
JIMKATOB. BaxHeIM MUHepaJIioM JUTHA aBigeTcsa criogyMeH LiAl(SiOj3),.
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Pacruias Bce MeTanabl nepBoii rpyIibl — CHJIBHBIE
M"—Cl? ﬂcb(r') DUeKTPONUT  BOCCTAHOBUTEINHU, IIO3TOMY MX TIOJTyYEHHE TPE-
4 OyeT BHICOKHX HepreTH4eckux 3arpar. Harpuii
MOJYYAlOT TJIABHBIM O0pa3oM 3JIEKTPOJIU3OM
pacruaBa NaCl (puc. 2.3). ITockonbKy YHMCTBIN
NaCl mnasutca mpu 800°C, TO musa mo-
HIDKEHUA TeMIlepaTypH TuasieHus 1o 580 °C
K Hemy nobasnsior CaCl,. KoHeTpykius amex-
Tposnm3epa (Hamuyue nuadparMbl, pasiens-
jouleil aHoHOe W KaTOAHOE MPOCTPAHCTBO)
Wenesnas  MCKJIIOYAET BO3MOXHOCTH B3aUMOICHICTBHSA 00-
ceTka Pa3yIoLIMXCs B IIPOLIECCE INEKTPOJM3a XIopa
Tpacdurossit \WKPYTOBAR) i yarpyg Ha mpou3BoxcTBo 1 KT HaTpus pac-
aHoll xonyercd 10 XBT 21€KTpO2HEPIHH.
JIuTHii MoyYaroT aHAJIOTMYHO HATPHIO U3
Puc. 2.3. CxeMa npomsiuniensoro nony-  LiCl, o6pasyrourerocs npu nepepaboTke CIio-
YEHUSI METANTUYCCKOTO HAaTpus JyMEHa.

e v e — s e e |
1

XKenesHbli
KaTox
(Xpyrosoii)

B NpOMBILIIEHHOCTH Pa3paboOTaHO HECKOJIBKO TEXHOJIOTHYECKHX CXEM NepepaboTKH CII0-
JyMeHa. [To oxHOM U3 HUX U3METBYEHHYIO PYY TIPOKAJIMBAIOT C U3OBITKOM OKCHIA KaJbIIUs
npu 1200 °C, a obGpa3youuiics IUIaB, COCTOSILIMI TIABHBIM 00pa30M M3 CHJIMKaTa KaJlbIHs
Ca,Si0,, amomMuHaTa autus LiAlO, u Hempopearuposapliero CaO, o6pa6aTeIBalOT BOXOM,
TIPH 3TOM TIDOTEKAET CJEAYIOWas peaKIus.

2LIAlO, + Ca(OH), = 2LiOH + CaAL,0,d

Ilpy ynapuBaHMHM pacTBOpA, ITOJYYEHHOTO TIOCJE OTHETEHMS OcafkKa alloMUHATa KalbLVd,
BBLIEJIAIOTCA KPUCTAJLIBI THAPATA THAPOKCHIA JIUTHS, U3 KOTOPOTO 3aTeM MOJYYaloT XJIOpUL.

OOHapyXeHHe IIENOYHBIX METAJLIOB. ATOMBI, HaxOAALUIMECSE B COCTOSHUU OOHO-
ATOMHOTO I1apa, NPU TEIUIOBOM BO3AEHCTBUM IEPEXOMSIT B BO3OYXXIEHHOE COCTOSIHUE:
BAJIEHTHBI 3JIEKTPOH C S-TIOAYPOBHs IEPEXOANT Ha p- WIN d-TIOAypOBEHb. TaKkoe co-
CTOsIHME KpaifHe HEYCTOMYMBO, M aTOM BO3BpANIAETCS B OCHOBHOE COCTOSIHME, UC-
MyCKasi KBaHT CBETa OIpeeIeHHOM JUTMHBI BOJHBI. EC/IM €ro 3Heprust OKa3eiBaeTCs B
BUIMMOM YaCTH CIIEKTPa M UMeeT BBICOKYIO MUHTEHCHBHOCTD, 3TOT IepeX0H IIPUBOIUT
K MOSBJIEHNIO OKPAcKU™,

Cony HaTpyst OKPALUUBAIOT IUTaMst B XapakKTepHbii XenToii 1BeT. Iliamst npencras-
JIeT cOGOM BBICOKOTEMIIEPATYPHYIO TUIa3My, B KOTOPO# ITPOTEKAIOT MPOLECCH aTOMHU-
saiuy. YacTs MOHOB HATPHSA HAa HUYTOXHBIE JOJU CEKYHIBI NMPEBPALIAETCS B ATOMBI:
Na* + e = Na. AToMBI HaTpusi, HAXOAMBLIMECH 3a CYET BO3OYXIEHHs B IUIAMEHU B
cocTostHuM 15*2522p%3p', NMpakTU4YECKU MTHOBEHHO IEPEXOAAT B OCHOBHOE COCTOSIHUE
15225*2p%3s!, McrmycKast KBaHTHI CBETA JUIMHOM BosHbl 589,6 1 589,0 HM. TTocrenxue
COOTBETCTBYIOT XEJTOH JIMHUM B CIIEKTPe UCITycKanus (nepexon 3p — 3s). MHTeHcHB-
HOCTB 3TOi IMHUM HACTOJIBKO BEJIMKA, YTO OHA JIETKO 3aMEeTHA HEBOOPYKEHHBIM TJIa30M.

Jpyrue wieoYHble METAJUIBI TAKXKe JIETKO OOHApYXXUTh 10 OKpALIUMBAHMIO ILUIaMeE-
HM: JIMTUI1 OKPAlUMBAET IUIaMst B KADMUHOBO-KDACHBIN I[BET, KAJIUi — B (HHOIETO-
BBIif, pyOMIUI M 1ie3Mii — B pO30BO-¢HoneToBblil. CleayeT, OAHAaKO, UMEThH B BULY,
YTO B IIPUCYTCTBUH HATPUSI MX OKpAacKa He3aMeTHaA.

* Ervawesus M.A. AToMHas U MoJleKylnsipHas crekrpockonus. — M.: YPCC, 2002.
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Kaymit v Gonee TsDKeINbIE LIETIOYHbIE METAUTHI TAKKE MOTYT GBITh IIOMYYEHBI IEKTPO-
JMTHYCCKH, OIHAKO Ha IPAKTUKE 3TOrO He JEJIaloT U3-3a MX BHICOKOM XMMHYECKOM
aKTUBHOCTH TIpH MOBHIIIEHHON TeMmepaType. [TocKONBEKY paciylaBleHHBIE LHEJIOYHBIE
MET/UTBI 3aMETHO UCITApAIOTCH B BAKYYME, UX MOXHO TIOYYaTh U3 COJIEHM WM OKCH-
J0B BOCCTAHOBJICHMEM MEHEE aKTUBHBIMM (1 MEHee JITyYMMHM) META/UTaMy, KOKCOM
win KpeMHueM. OOpasyiomuiicsa 1eIOYHOM MeTayul yXouuT u3 cdephl peaklun B
BUIE Mapa, 4TO IPUBOAMT K CMELICHUIO paBHOBecus BrpaBo. Kamuil momyyaror B
MIPOMBINUTICHHOCTH TaKKe JICMCTBUEM ITApOB HATPUS HA PACIUIaB XJIOpUA WK THAPO-
kenpna kanvs. Ilpu aTom obpasyetcs crutaB Na—K, KOTOpHIit pa3ne/sioT neperoHKoil.

PyOumuii u 11e3uit MosyJaror BOCCTAHOBIEHHEM XJIOPUAOB KANBIIMEM:

2RbCl + Ca 2P=¥S cacl, + 2RbT

B naGopaTopuu B KauecTBe BOCCTAHOBUTEJIS YACTO MCIIONB3YIOT IMPKOHMHL, a10-
WHH MCKITIOYUTESTHHO IIPOYHBINH OKCH

2Cs,CO; + Zr 22S 710, + 2CO,T + 4Cs?

BOCCT&HOBHTCJ‘IBHHC METOJBI N3BCCTHHI U JJI4 JIETKUX IIIEJIOYHBIX METAJUIOB:
. . 300°C, Bakyym . o
2Li,0 + Si + 2Ca0 /=¥ 41 it + Ca,SiO,

3N2,0 + 2A1 220G 2 nat + ALO,

Mo pa3paboTKy 3NEKTPONUTUYECKOTO IIPOLECCa HATPHIA IOMy4aIi BOCCTAHOBIIE-
HUEM COJ(H YTJIEM B 3a1<pmmx turax. ITapel MeTayia npu 3TOM KOHIE HCHPOBATIKCH
Ha KpPHIIIKE TUTJIA:

to
Na,CO; + 2C — 2Nat + 3CO?

Ha HexoTophix mpeanmpuaTusax Kajauit u ceifuac moayyaor 1o MeTony I'peitcxeit-
Ma: CIUTaBJIeHUEM GTopua Kauus ¢ KapOouaoM Kanbius mpu 1000 °C:
2KF + CaC, 55 CaF, + 2C + 2K?*

He6onpume xonuuecrsa Na, K, Rb u Cs MOXHO MOJTYyYuTh TepMUUECKUM pa3-
JIOXEHUEM UX COeAMHEHUI, HATIpUMep a3UOB:

_ 300°C
2NaN; — 2NaT + 3N,T
JIutuit 3TMM CIIOCOGOM MOMYYHTE HENB3S U3-3a BHICOKOI YCTONYMBOCTH HUTPHIA

Li;N.

2.3. ®USUYECKHUE CBOVICTBA

B cBOGOIHOM Buje 3JIEMEHTHI IIEPBOM IPYIINEI IIPEACTABIAIOT cO6OI JIerKOIUIaB-
Kue cepeOpucrto-Oenble (IUTHI, HaTpuil, Kajiwii, pyOMAMIA) WIM 30JIOTMCTO-XKEN-
Thie (LI€3MiT) METAUTHI, 06JIaIaoNne BEICOKO MSTKOCTBIO U TUIACTHYHOCTHIO. Hau-
Goree TBEpIBIM ABNSACTCA JIMTHIA, OCTAJIBHBIE IHETOYHBIE METALTH JIETKO PEXYTCS
HOXOM U MOIYT OBITh packaTaHbl B GONBIY. B KpUCTA/UTMYECKOM BUIE OHM MMEIOT
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Ta6nuna 2.2

CBoiicTBa NMPOCTHIX BELIECTB H HOHOB 3JeMeHTOB 1-ii rpynmsl

CsoiicTBO Li Na K Rb Cs
DHeprus aToMusanuu AH 5, 161 108 90 82 78
kIx/mons (298 K)
DHeprust AUccouuanuu cBsasn M—M 110 74 55 49 - 44
B M,, kIIx/Mons (298 K)
tm °C 180 98 64 40 29
s °C 1342 883 759 688 671
CraHoapTHas 3HTANbNUs JIaBIeHUA 3,0 2,6 2,4 2,2 2,1
AH},, x[Ix/Monb
CraHgapTHasi SHTaIbIIMs ruapatauu M* =519 -404 -321 -296 =271
AH ., KIx/Monb (298 K)
CraHaaprHast 3HTpONMs ruaparaguu M* -140 } -110 -70 -70 -60
AS} s, Jx/(K-Momb) (298 K)
CranpgaprHas sHeprust T'u66ca rupparanuu M*|  —477 -371 -300 =275 -253
AG:y1p, KIX/Monb (298 K)
CraHIapTHBIA MMOTEHI[HAT BOCCTaHOBJIEHUS -3,04| -2,71 -2,93 | -2,98 | -3,03
E°(M*/M), B (BomHBIi pacTBOD)
CraHaapTHBI TTOTEHIIHA BOCCTAHOBJIEHUS -2,10| -2,43 | -2,61 | -2,74 | -2,91
E°(M/M), B (pacruiag)
CraHaapTHBII TIOTEHIIHAT BOCCTAHOBJIEHUS -2,34| -1,89 -2,04 | -2,06 | -2,08
E°(M*/M), B (Xuzkuit aMM#aK)

06BEMHO-LIEHTPHUPOBAHHYIO KPHCTAUTMUECKYIO PELIETKY ¢ METAUIMYECKHM THUIIOM
XUMHYECKOI cBsis. Hanmuyue B aTOMAax 3JIEMEHTOB OJHOI0O BAJICHTHOTO 3JIEKTPOHa,
KOTOPBIIf OHM TIPENOCTABJISIOT B 00lIee MOIb30BaHUE, OOYC/IOBIMBACT HU3KUE 3Ha-
YeHUS HEPrUU KPUCTALTHYESCKONM PEIIETKH Y 3HEPrud aTOMHU3aUuM, MeTaInye-
CKHit 6JeCK, BBICOKYIO 3JIEKTPOIIPOBOMHOCTb, HU3KME TEMIIEPATYpPhl IJIABJICHUS U
KuneHus (1abn. 2.2). Tak, 3anasHHBIN B aMITyJTy HATPUI TIJTABUTCA B KMIISILEH BOJE
(t,, = 98°C), uesmit — ot Temwia pyk (4, = 28,5°C), a criaB 22,8 % Harpus u
77,2 % xanus — nipu Temmeparype —12 °C. CaMblit JIETKMIt METAT — JIUTHH, €TI0
mwiotHocTs (0,534 r/cM?) MeHbIIe IIOTHOCTH KEPOCHHA.

B ra3o006pa3HOM COCTOSIHMH 1IEJIOYHBIE METAIBI CYIICCTBYIOT B BHUJIE aTOMOB
WIN IBYXaTOMHBIX MOJIEKYJI, JOJISI TIOCJIEAHHX B T1ape YMECHbIIAETCH C POCTOM TEM-
nepatypsl (1 % Na, npu 350 °C). TIpoyHOCTE KOBAJICHTHOM CBSI3H B MOJIEKYJIaX M,
nmonuxaercd or Li k Cs (cM. Tabin. 2.2).

2.4. XUMHAYECKHE CBOMCTBA

Bce MeTayuibl TIEpBOif IPYIIIBI XMMIYECKH OYEHb aKTUBHBI, YTO OOYCIIOBJIEHO HU3-
KHMH 3HAYSHUSIMU SHEPIUi aTOMU3ALMK M HOHU3ALMK (CM. Tab. 2.1 1 2.2). 3nayeHus
CTAHZAPTHBIX AMEKTPOIHBIX oTeHuManoB E°(M*/M) orpuuaresbubie. BHU3 110 rpyn-
TIe pa3HOCTh CyMMAapHBIX 3HAUYEHHIT IHEPTHIA IPOLIECCOB aTOMU3ALMH, HOHM3ALIUHU 1
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TWIpaTallMi HUBEJIMPYETCS, YTO NIPUBOIHT K PaBEHCTBY IOTEHIUATIOB E ‘(M*/M) B
pacTBoOpe IS JIMTUA U LIE3Ud.

AHOMaNBHO HU3KWI CTAHAAPTHHIMH QIIEKTPOAHBIM ToTeHIMan napel Li*/Li, He cooTrer-
CTBYIOLIMIT €T0 PEATBHON XUMNYECKO AKTUBHOCTH, ABJISETCHA CIEACTBMEM BBICOKOH 3Hep-
TMM W SHTPONMHM TuApatauuu®. DHTanemms AH(Lit/Li) npouecca Li'(p.) + e~ = Li(rs.)
paBHa B3SATOI ¢ OOPaTHEIM 3HAKOM CyMMe SHEPruii aTOMU3ALMH, MOHNU3ALUM U M'MIPATAIIMH.
Braronapst BEICOKO# SHeprum ruapaTauy KaTHOHa JINTHS (AH,, = -520 k[Ix/MONB) 3HAYE-
Hue AH(Li'/Li) oxaseBaeTcst paBHBIM —159 KIDK/MONB, B TO Bpems Kak AH(Na'/Na) =
=-197 x/Ixx/Monb. [TockoneKy Li*, 061anast BEICOKOI TUIOTHOCTBIO 33psifia, CUJIBHO fedopmupyer
CTPYKTYPY BO/bI, €70 SHTPOIIHS TMAPATALINM OKAa3bIBAETCS CYLIECTBEHHO BBILLIE, YEM AHAJIOTUY-
Hast BETNUNHA 15t KATUOHA HATPUsi. DTO NPUBOKT K TOMY, 4T0 AG°(Li*/Li) = AH °(Li*/Li) -
~ TAS°(Li*/Li) > AG°(Na*/Na), a E°(Li*/Li) < E°(Na*/Na) (AG’= -nE°F).

Bee menoynsie Meranisn B3aUMOJICUCTBYIOT C BOIOM, BBHINEJISAA BOJOpOJI;
2M(1B.) + 2H,0 = 2M*(p.) + 20H (p.) + H,(r.)?T

DTa 3K30TepMHUYECKasi peakius TPOTEKACT OYEHBb OBICTPO, HATPMII YaCcTO BOCIUIA-
MeHseTcs, a Doyiee TSXebIe MeTalJTbl pearupyioT co B3pHIBOM. OTHOCHUTETBHO HU3-
Kasf aKTHBHOCTD JIMTHUS 110 OTHOWIEHHUIO K BOJE OIpeNeAeTcs TIPEX/E BCETO KUHE-
THECKHMH, a HE TEPMOIMHAMHYECKUMU TIIPUYUHAMHK: JIMTHIA HAauGosee TBEPABIN U3
LICJIOYHEBIX METAJIJIOB M MMEET CaMYIO BBICOKYIO TEMIIEPATYpy TJIABJICHUS, TIO3TOMY
OH MCJUIEHHEE IPOOHTCA Ha KaIUTM M PearupyeT cIIOKOiHee JPYTUX IECTTOYHBIX Me-
TAUIOB.

Jlutuit, HaTPUil U Kanuii XPAHSAT TIO/ CJIOEM YITIEBOAOPOJAHOrO PACTBOPUTENsA, Yalile BCe-
I'0 KCpOCHHA, sk NIPEAOTBPALIEHUS PEAKLIMM C KHCJIODOJIOM M BOOSIHBIM ITAPOM, OOHAKO C
HUMHM MOXHO paGoTaTh Ha BO3AyXe, COGIIOAsE COOTBETCTBYIOLIME MEDPEI NPEAOCTOPOXKHOCTH.
PaGota c pyGuamem u uesmem TpeGyeT NHEPTHOMN aTMOChEpHL.

Bce uienouHsie METaIB IETKO OKUCISIOTCS KHCJIOPOJIOM, TaJIofeHaMu, a Tpu
HaIpCBaHWHM B3aUMOJIEHCTBYIOT C BOZOPOIIOM, CEPOI, dbocdopom. C asorom nrerko
PEaTUpyCT JIMIUDb TUTUIN. XOTA 9Ta PeakIusi MEIIEHHO TIPOTeKaeT qaxe TIpU KOMHAT-
HOH TeMIiepaType, OGbIYHO €€ TIPOBOAAT npu 350°C.

Hutpuz mutus Li;N nmeer CJIOXHYIO CIIOUCTYIO CTPYKTYPY (pHC. 2.4): CJIOM, COCTaBIEH-
Hele u3 noHos N> u Li* s COOTHOIIEHMHM 1:2, yepeayloTcs cO cIosiMH U3 MOHOB Lit Takum
00pa3oM, YTO KaXIBIi1 aTOM a30Ta OKA3BIBAETCS B TeKcaroHabHO-GunupamMugansaom (K 8)
OKDYXEHMHU. B CTpyKType MMeEIoTCs IBa THMIIA MOHOB JINTHS: B nepsoM crnoe K9 Li* pasro
TPEM, a BO BTOPOM — aByM. CoeluHEeHKE O6MaNaeT BHICOKOH MOHHOIN MPOBOAUMOCTBIO.

Ilpy HarpeBaHWM IMTHA UM HaTpus C YIJIEM UJTH aeTUIIEHOM 00pasyIoTcs alie-
TuneHusl M,C,. Kanuit, py6uamit u mesuit KapOua0B He 00pa3yioT, OHAKO CIIO-
COOHBI BHEAPATHCA MEXY CIIOAMU rpacuTa, o6pa3ys coefMHEHUS BKITIOYEHHS THIIA
CM (n = 8, 24, 36, 48, 60).

CraBH 1IEOYHBIX METAJIOB CO PTYTBIO Ha3BIBAIOT amanseamamu. AManbrama
HaTpUsl (KUKas IpH MaJIOM CONEpXaHWH Na) — ynoGHBIIf BOCCTAHOBHTEND pu
TIPOBCACHUM CUHTE3a B BOXHOM PACTBOPE, TAaK KAK OHA JOBOJIBHO MEUIEHHO U CITO-
KOMHO pa3naraeTcs Bomoil. Q6bMHO aMajJibraMy Ir'oTOBAT, ITOCTCIIEHHO JO0ABISIA MEIKO
Hape3aHHBIA HATPUI K CYXOM pTyTH U OCTOPOXHO MEPETUPasA CMECh B CTYIIKE.

* Cm.: Jnconcon JI. TepMoqMHAMHUYIECKHE ACTIEKTHI HeopraHMYecKoit xumuu. — M.: Mup, 1985.
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0,388 HM

Crnoit 2

O N

Puc. 2.4. CTpyKrypa KpUCTAUIMYECKOr0 HUTPUAA JIUTHA:
a — yepenyoluecs cjliod HOHOB N* (coit 1) u Li" (cxoit 2); 6 — crpoeHkue cinos | (BMI CBepXxy)

B cucreme Na— Hg (puc. 2.5, a) HalA€HO HECKOIBKO XUMUYECKHUX coeguHennit (Na;Hg,
NaHg, NaHg,), KpUCTA/LIMYECKAA CTPYKTypa HEKOTOPBIX U3 HHX usydyeHa*. NaHg, (puc. 2.5, 6)
IIpY HU3KHMX TeMIlepaTypax oO/aiaeT MeTauiM4ecKoii NPOBOAMMOCTEIO, TaK KaK COAEPXHT
CBOGOIHEIE 3JIEKTPOHBI: Na*(Hgg)e‘. Tpy BEIZEPKUBAHUYM CMECH HATPHUS € PTYTBIO B COOTHO-
wreHuu 1:1 B 3amasHHO# amiryie npu 200 °C nomy4aloT XeaTbie ¢ METALTNYECKUM 6JleCKOM

hC | 00 % H. &L ©
' o0

Oo

300
e Ol 11
250 o 0
o° °0
200 NajHe; Na
150 aHg 6

NaHg, 97,5°

X 21,5°

1004

50

Na3Hg

-50 |

~100 1 1 1 | 1 ! 1 1
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Conepxanue Na, %

a

Puc. 2.5. /ilnarpaMma COCTOSHUSI CUCTEMBI Na— Hg (a); cxeMa ynakOBKH aTOMOB HaTpus 1
pryty B crpykType NaHg, (6) n NaHg (6)

* Deiseroth H.J. // Z. Anorg. Allg. Chem. 1988. V. 558. P. 128; 1991. V. 597. P. 41.
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PacTBopsI E109HBIX METAJLIOB B JKH/I-
KoM ammuake. HlenouHbie MeTawIb! npe- -
KPacHO PacTBOPSIOTCH B XKUIKOM aMMHa- 32
Ke C 06pa30BaHHeM OKPAIUEHHEIX PACTBO- g
POB, LIBET KOTOPBIX 3aBUCHUT OT KOHILIEHT- = 800f

5
@)
<

Na (Merasw)

| [Na*NH; + ¢ -NH]|

panynn. OKasanoch, YTO TIPH PacTBOPEHHUH
UIEIOYHBIX METAJUIOB OGBEM PACTBOPA YBE-
JIMYMBAETCS, @ IUIOTHOCTb YMEHBLUAETCS,

HoHHrle naps
(Na*-NHj) (e~ NH;)

4ero He GBIBAET Y BOAHBIX PACTBOPOB TBED- 200t

IbIX BELIECTB. 0 . X . .
Pa36arieHHBIE PACTBOPEI 11IEI04YHBIX Me- 105 10* 107 102 107! 10

TA/U10B B Xuaxom NH, conepxar conpBaTu- C, Mons/n

OBAHHBIE KATUOHBI METAUIA U 3JIEKTPOHLI N
P Puc. 2.6. 3aBUcCHMOCTE MOMSIPHOI 371eKT-

nNH; + M(1B.) = [M(NH;),_, 1"+ e xNH; ponpoBogHocTH A (A =0/C) pacTBOpa Ha-
TPYSH B XMIKOM aMMHUaKe OT KOHLEHTpa-

ConbBaTUpOBaHHbIE 3EKTPOHBI MPUIAIOT wu C HaTpUs

TaKUM pacTBOpaM KPacHUBBbIii CHHHUH LIBeT,

KOTOpEIH He 3aBUCHUT OT MPUPOIbI LIEMOYHOrO MeTaia. Ilomoca mormomeHus cBeTa
COJTbBATUPOBAHHBIMU JJIEKTPOHAMM HAXOmMTCs B OMIKHe# HMHQPaKpacHOi 061acTH
crextpa (A = 1500 HM), HO YAaCTHYHO MOMAAET U B KPACHYIO O6JACTb BUIMMOTO CrieK-
Tpa, YTO ¥ OOYCIOBITMBAET MOSABJIEHNE CHHEH OKPAcKH. OIHAKO 3TH 2NeKTPOHbBI HE MOIYT
CBOGONHO MEPEABMIATECS, TAK KAK CBA3IAHBI C MOJEKY/IAMK NH;, ¥ 103TOMy 371€KTPO-
NPOBOAHOCTb G TAKMX PACTBOPOB OKas3blBAeTCsi HM3KOM (MeHee 1078 Om~'.cm™!), uro
TUMAYHO U1 AIU3NEKTPUKOB. I1py 60siee BEICOKMX KOHLIEHTPALMSAX METAILIA 3EKTPOIIPO-
BOJHOCTb pacTBOpa CHAaYala He3HAYUTEIBHO YMEHBIIAETCs, 4 3aTeM Pe3KO BO3PacTaeT
(10 10*OM™"- cM™') 1 npuBMMKaeTCs K 3MEKTPONPOBOIHOCTH METATIIOB (puc. 2.6). Cu-
Hsist OKpacKa pacTBOpa CMEHseTCs Ha GPOH30BYIO. YMeHbLIEHHE 3TEKTPONIPOBOIHOCTH
CBSI3BIBAIOT C 00Pa3OBaHMEM B PACTBOPE MOHHBIX Iap:

[M(NHS)n—xr + e"xNH3 ? [M(NHS)n—xr [e‘-xNH3]'

nocienymouiee yBeJIMUYEHUE 3IEKTPONPOBOOHOCTH — C oGpasoaaxmeM CIINH-CNapeH-
HBIX JICKTPOHHBIX Iap:

e -xNH; + e=-xNH;3; 2 (e~ xNH,;),

KoHueHTpupoBaHHELit pacTBOp uTHst B xuakom NH; — camas nerkas TIPH OGBIY-
HBIX yCIOBUSIX XMIKOCTD: npu 20 °C ee r1oTHOCTE cocTabisieT 0,48 r/cM?, 4yTO BOBOE
JIer4e BOIBI, U B TO X€ BPEMsi 3TO CaMbiif JIETKOTUIABKUM «KUAKUI{ MeTallI», OH 3a-
Mep3aeT JIMIUB NP TEMIIEpaType CXKIXeHUst Kucaopoga —183 °C.

Pas6anneHHBIE PaCTBOPH! LIETOYHBIX METAUIOB B XXHAKOM NH; npu Temreparype
kunennst NH; (-33°C) u B OTCYTCTBHE KMCIOPOIA CYUIECTBYIOT HOCTATOYHO OO,
OnHako OHM MeTacTaGUIILHBI U MPU XPAHEHUH PACIadalOTCS:

Na’-NH; + e NH; = NaNH,- NH; +/,H,T

kpuctauiel NaHg. B Hux aTOMBl HATpUS HAXOmATCs MEXIY 3UI3arooGpasHBIMHU LEMSAIMU U3
aTOMOB PTYTH, YIIAKOBAaHHBIMH B CJIOM (puC. 2.5, 6).

AmasnbraMa HaTpHsi HAXOOUT LIMPOKOE MPUMEHEHHE B J1aBOpaTOPHOI NMPAKTHKE B Kaye-
CTBE BOCCTAHOBHUTENA. Ee MCHONB3YIOT, HAIPUMED, VIS ITONYYEH st TUMOHUTPUTOB — COJEi
HEYCTONYMBOI a30THOBATUCTOM KUCIOTHI:

2NaNO, + 4Na(Hg) + 2H,0 = Na,N,0, + 4NaOH
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[leTroyHble METAUTBL MOTYT BOCCTAHABIMBATE IPYTHe METAJUIBI U3 MX OKCHIOB U
rajioreHUOB. B3anMopeicTBIE XJTOpHUIA AIIOMUHUS C HATPUEM:

AICI; + 3Na £ Al + 3NaCl

ucrnonb3oBayioch elre B XIX B. is MoaydyeHus aTIOMUHHL.

[1leTo4HBIE METAJUIBI AKTUBHO PEATMPYIOT C KUCJIOTAMHU, HO TaK KaK 3TU peaklMu
MPOTEKAIOT OYeHh OYpHO, TO OHM HE MMEIOT NPaKTUYECKOro 3HAYCHUSI, MTOCKOJIBKY
COOTBETCTBYIOLIYE COJIM TOPA3Io MpPOLIe M0Iy4aTh HEUTpaIU3aLe THIPOKCHIOB.

2.5. COEIUHEHNA C KMCJIIOPOJOM

CocTaB ITPOAYKTOB, 00pa3yioluXcs ITpY CrOpaHuH 1HEJIOYHBIX METAJIJIOB HA BO3-
IyXe WIN B KHCJIOPOJE, 3aBUCUT OT IIPUPOBI MeTaya. Tak, muTHit obpasyer oKCy
Li,O, natpuit — nepokcun Na,0,, Kamuil, pyounauit u ue3uit — CyNepoOKCHUIBI
(magnepokcuasl) KO,, RbO,, CsO,.

Bce 3T BelecTBa UMEIOT MOHHYIO KpUCTAIHYECKYIO pemreTky. Ilepokcuakl co-
nepXaT JuaMarHUTHBIA MOH [02] a CyNepOKCUAb — MapaMarHUTHHIA [O,] .

Oxcuasl M,0 o6pa3yroTcs NpU TEPMUYECKOM Pa3ioXEeHHH TIEPOKCHIOB WK CY-
MEPOKCUIOB B BaKyyMe WM WHEPTHOW aTMocdepe, NpU B3AaUMOJICUCTBUM 11€JI0U-
HOT'O MeTaJIa WX ero a3uja ¢ HUTPaTOM WX HUTPUTOM:

10K + 2KNO; < 6K,0 + N,7T
5NaN; + NaNO; = 3Na,0 + 8N,t

HIX MOXHO TIOJIy4UTh TAKXKe MyTEM J03MPOBAaHHOIO OKUCJIEHUS METaJUIOB, OJHAKO B
3TOM cJlydae KOHEUHHIi TIPOAYKT GyneT comepXars npuMecu. IIBeT okcuaa uaMeHs-
ercs ot 6enoro (Li,O u Na,0) x xenromy (K,O, Rb,0) u opanxesomy (Cs,0).
V1106HBIM cITOcOOOM ITOJTyYEHUS OKCHA HATPUS SBJISETCA B3aUMOACHCTBUE HATPUS
C pacIUIaBJIeHHBIM €KUM HAaTPOM:

2NaOH + 2Na £ 2Na,0 + H,?

O6pasyromuiica Oenslit mopolok okcuaa Na,O Bo3roHaeTcs.

Tepokcup MUTHA TIOYYaloT M0 Peakiuy IEPOKCUIA BOAOPOAA CO CITMPTOBBIM
pactsopoM LiOH. OGpasyromuiics TuApaT rMAPONIEPOKCUIA JIMTUS pa3pyLIaloT Ha-
rpeBaHNEM B BaKyyMe:

2LiOH + 2H,0, + H,0 = 2LiOOH - 3H,0O
2LIOOH - 3H,0 225, 11,0, + 4H,0 + 1,0,
IIpu Temnepatype Bhile 350 °C rnepoKCHI JIUTHA paciianaeTcsa Ha OKCHUJ U BOJY.
YucThIA EPOKCHI HATPUs OecIBETEH, OHAKO Aaxe HeGobliasa npumech NaO,
IIPUOACT EMY XKEJTYIO OKPACKYy.
HM3BecTHH ruaporiepokcHan coctasa MOOH, obpasyoliyiecs NPY B3aUMOIEHCTBHY TIEP-
OKCHJIA IETOYHOTO METAJLIA C aGCOMIOTHBIM 3TUIOBEIM CITMPTOM Ha xomozy (pasa. 1.8). ITo-

nydeH Takke rugponepokcun ammonnss NH,OOH, Beumenstoniviics B Buie 6€0ro ocaaka
IIPH MIPOITYCKaHMM CyXOTO aMMMAKa 4Yepe3 KPENKMUil pacTBOp NMEPEeKUCH BOAOpoaa™.

* Vannerberg N. G. // Progr. Inorg. Chem. 1962. V. 4. P. 125,
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Puc. 2.7. Crpykryphi cy60KCUIOB:
a— Rb06; 6 — RbgOz, 8 — CS]|O3

TIpn YaCTUYHOM OKUCIEHMM TAXENBIX WEJOYHBIX META/LIOB Rb u Cs MPU HOHMKXKEHHBIX
TeMnepatypax obpasyrotcs cybokcunst RbgO, Rbg0,, Cs;0, Cs,,0;. Ux CTPYKTYpPa COCTOUT U3
CBA3AHHBIX OOLIMMM IPaHAMM OKTasapoB Mg (puc. 2.7), B LIEHTPE KOTOPBIX HAXOMATCS MOHBI
KUCIopofa. UToOs! MpaBUIIBHO OTPA3HTh CTENEHD OKUCIEHUS METAUIA B cybokcuze, MOXHO,
HarnpuMep, 3anucaTe popmyny RbsO B BUzE (Rb+)6(02')4e‘, MOAYEPKMUBasA TEM CaAMBIM HATH-
YHE B COENUHEHNHN CBOOOAHBIX 3JIEKTPOHOB.

JUTA BeeX 1eTOYHBIX METAIOB ¥ aMMOHHUS nomy4yeHsl 030HUAB MO;, B cocTaB
KOTOPHIX BXOAUT NapaMarHUTHHIX MOH [O;]". CorneoGpasurie KO, RbO;, CsO; no-
Ty4aroT ACHCTBUEM O30HA Ha MEPOKCHIBI, CyTIEPOKCUIBI WIH THAPOKCUIHI:

3KOH (18.) + 20, = 2KO; + KOH - H,0 + 1,0,
K02 + 03 = KO3 + 02

OGpasytomuiicas o30Hug SKCTParupyioT XHUIAKUM aMMHAaKkoM. Bce o3oHumw! mpen-
CTaBJIFIOT COOO OpaHXKeBO-KPaCHBIE KPUCTANTMYECKUE BellecTsa. OHU Ype3BhIYaii-
HO B3pBIBOONIAacHBI U HeycToMumBhl (KO; pasnaraercsa npu 20 °C 3a 11 JHER).

ITepokcumbl, HAIIIEPOKCUIB M O3OHUIMBI 1IeJIOYHBIX METAUIOR NPU HarpeBaHUH
pasnaralorcs:

M,0,(18.) £ M;O(18.) + 140, (r.)1

Wx TepMudeckas yCTONYMBOCTD YBENMYMBACTCS C POCTOM pamudyca KaTHOHaA.

IIpy B3auMONEHCTBIM NEPOKCHIOB M HANNIEPOKCHOB € YIIEKUCITBIM Ta30M po-
MICXOZUT BBIICJIEHUE KMCIIOPOZA, YTO UCTIONB3YIOT JUIA PEreHepaliiy BO3LYXa B 3aM-
KHYTBIX TIOMEI[EHUSIX:

2KO, + CO, = K,CO; + 340,71
HCpOKCI/IIIBI, HaAIIEPOKCUABI 1 O30HUABI ABJISIOTCS CWIBHBIMHU OKHCJIIUTCIISAMU
4N2,0, + PbS + 4H,S0, = PbSO,d + 4Na,S0, + 4H,0
Na,0, + CO = Na,CO,
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B npuCyTCTBHY BOIbI OHH Pa3/araloTcs o CIeIyIoluM CXeMaM:
M,0, + 2H,0 = 2MOH + H,0,
IMO, + 2H,0 = 2MOH + H,0, + 0,1
4MO, + 2H,0 = 4MOH + 50,1

2.6. THAPOKCUJBI DJIEMEHTOB 1- TPYIIIIBI

TuapOKCHabl 3MIEMEHTOB IIEPBOM IPYIIITHI (Tabr1. 2.3) ABAAIOTCA CUIBHBIMU OCHO-
BaHUAMH. OHH TIPEACTABJIAIOT cO0O0i GECLIBETHBIC THTPOCKOIMYHBIC BEIECTBA, JIET-
KO pacIUILIBAIOLIMeCs: Ha BO3MYXE M IIOCTEIIEHHO MpPEeBpAIN@omuect B KapOOHAaTHI.
TMAPOKCHIBI IETOYHBIX METAUIOB IIPEKPAcHO PacTBOPMMBI B BOAC, XOPOLIO pac-
TBOPMMBI B 3TaHOJE (PaCTBOPUMOCTD 3HAUUTEJBHO BO3pacTacT OT LiOH x CsOH).
CIiMpTOBBIE PACTBOPHI SBSAIOTCS CUJIBHBIMHM OCHOBAHHMAMM, TaK KaK B HUX IIpUCYT-
CTBYIOT 3TUJIAT-MOHH:

C,H;OH + OH™ 2 C,H;0™ + H,0

PacTBOpeHHe THIPOKCHIOB B BOIE CONMPOBOX/IAETCA BHUIEICHUEM OOMIBIIOTO KOMIU-
yecTBa TEIUTOTHI 13-3a BHICOKOI SHEPTUH THapaTanuy. Bee enxue menoyu o6pasyior
YCTOMYHMBBIE TUAPATH, HEKOTOPHIE M3 HUX BBIIC/ICHB! B TBEPIOM BUIC (puc. 2.8).

TeHIeHIMS K 0GPa30BaHMIO B BOIHBIX PACTBOPAX yCTOHYNBEIX 'MIPATOB HACTONBKO BEIN-
Ka, YTO AENAET OJAarONMPUATHHIM MPOLECCH AENPOTOHUPOBAHMS HEKOTOPEIX OYEHD cnabpix
kucnot, Harpumep 1ukionentanveHa CsHeg (pK, 16):

©+ 2KOH —» K+ + KOH - H,0

06pa3y10maﬂcsl KaJIMEBASE COJIb UCTIONB3YETCs AJIst IPUTOTOBJICHUA LUKJIOMECHTAAUEHWIb-
HBIX KOMIUTIEKCOB MHOT'MX METAJJIOB.

THAPOKCHIBI 37EMEHTOB MEPBO IPYIIE 00pa3yioT pasMyHBIC nosimMopdHsIe
monudvkauuu. Jng KOH u3BecTHa BHICOKOTEMITCpaTypHAd monuduxkanus, ImocT-
poenHaa mo tuny NaCl, rae mo3uuyuy XIOpHA-UOHA 3aHMMAET HOH OH’, 3a cuer

Tabnauna 2.3
CBoiicTBAa rHAPOKCHAOB INEJOYHBIX METALIOB
Irpoxen L o C : PactBoprMoCTS B Boge, r/100 r H,O AHS,
15°C 100°C xJx/Monb
LiOH : 473 924* 12 18 -484,7
NaOH 323 1378 42 337 —426,3
KOH 405 1320 107 179 -424,7
RbOH 385 180 980 -418,4
CsOH 343 386 OueHB BBICOKAS -417,1

* Pasnaraercs.
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CBOOOIHOrO BpalLEHUS TPHHUMAIOLIHI GopMy che-
pel. I'MIpOKCUIBl HATPUS, KAIHS, PyOUINS U Ie3Us
TIaBATCA 63 pas3jioXeHHs, B To BpeMs kak LiOH
I[TpH NTPOKAJIMBAHUU BEIACIISIET BOAY*:

2Li0H %S, 14,0 + H,0

Cpeny rMapOKCHIOB METAJUIOB IIEPBOM TDYIIITEI
HauboJIbllee TTPOMBIIIICHHOE IIPHMEHEHHE HUMEET
TUAPOKCUII HATPUS (€KW HATp, KayCTHYeCKas COa).
Ero nonyyaiot B GO/BIIMX KOJTMYECTBAX ITYyTEM BJIEK-
TPOJIM3a pacTBopa XJIOpHIA HATPHSA C MHEPTHBIM aHO- ¢ KOODIMHALIMOHHOE OK-
JoM U auagparmMoit, pasuensroneit KaToJIHOE ¥ aHOx- DYIKEHHE MOHA HATPHS B CTPYK-
HOE IIPOCTPAHCTBO. [ MOIydeHHs YUCTOM 1HETOYN Type NaOH - H,0
UCTIONIB3YIOT PTYTHBIN aHOM. I1py 3TOM aTOMBI HaTpus,
obpasylolyecst pY BOCCTAHOBIEHMH NOHOB Na', CBsI-
3bIBAIOTCA B aMmajibraMy, KOTOPYIO 3aT€M Da3pylLIaloT BOMOM, BBIAEISS TMAPOKCHI
Harpus. [Lnst 06e3BoXXuBaHusI (yHaJeHuUs] THAPATHOM BOMBI) 1I€JI0Yb PACIUIABISIOT,
3aTEM rpaHyJIHPYIOT, BbUIMBASI TOHKOM CTpyeH Ha Xeje3HbIE JTHUCTHL.

Tuppoxcunel pybumus u 1e3ust ynoGHee MOTy4ath U3 COJEH NPH MOMOIIM 06-
MEHHEIX Peaklvil, HalIpuMep:

Rb,SO, + Ba(OH), = BaSO,4 + 2RbOH

BsauMozaeicTBHE TUAPOKCHAOB IIETOYHBIX METAUIOB C KUCIOTAMH M KUCIOTHBI-
MU OKCHIAMH NPUBOAUT K 00pa30BaHMIO cojieil. IIpaKTHYeCKHM BaXHBIM SIBIISETCS
obpasoBanue (hOpMHMaTa HaTPHS IPU B3AMMOIEHCTBMHU YTAPHOTO ra3a ¢ pacryiaBoOM
€IKOT0 HaTpa:

NaOH + CO = HCOONa

TMApOKCHABI LIETOYHBIX METAJUTOB SIBJISIOTCS OBOJIBHO AKTHBHBIMU PEareHTAMHU.
Tax, Ipy HarpeBaHUH C LUETOYaMU MHOTHE HEMETAIUTBI AMCTIPOTIOPIIHOHMPYIOT: P, —
Ha PH;u H,PO;, S; — Ha S” u cMech cepacoaepXamux okcoannoHos, Cl, — Ha
ClI" u OCI” (wmn ClO3) B 3aBHCHMOCTH OT TeMmrniepatypsl, Hemerammsl (Si, As), He
00pasylomue yCTOHYMBLIX THAPHAOB, M HEKOTOpble MeTauTHl (Zn, Be, Al) pearu-
PYIOT ¢ pacTBOpaMH 1HENOYEH C BHIIEICHHEM BOLOPOAA:

Zn + 2NaOH + 2H,0 = Na,[Zn(OH),] + H,T

2.7. COJIA DJIEMEHTOB 1-M I'PYIIIIbI

BonbLIMHCTBO coseit 371eMEHTOB MEPBOM IPYIIIBI XOPOLIO PACTBOPHUMEI B BOJE, HO
(3a UCKIIOYEHHEM COTIEH JTTHUST) PaKTUIECKH HEPACTBOPHMMEI B HEBOIHBIX PACTBOPH-
TeNisX. MaJtoit pacTBOPUMOCTBIO B BOIE 06J1a1a10T COMTH JIMTHUST ¢ HEGOTBLUIMMK aHHOHAMM
(LiF, Li,CO;, Li,Si0;, Li;PO,), a Takxe conu K, Rb* 1 Cs* ¢ KpymHbIMH aHMOHA-
mu: ruapotaprpatel MHC,H,Og, xsopatet MCIOs, nepxioparsr MCIO,, rekcaxiopo-

* Peakuus HaunHaetcs npuMepHo npu 600 °C. JapieHKe napoB BOAH CTAHOBHTCH PABHBIM aTMOC-
depHomMy mpu 930°C.
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TiatiHaTeL M, [PtClg], comt pocopHOMOomuGaeHoBoI M;[PMoy,04] 1 KpeMHEBOB-
thpamosoit M,[SiW,04] xucior. 3 coneit HaTpyst HU3KO# paCTBOPHMOCTERIO 00/1aNaioT
TOJIBKO TekcarugpokcoaHTUMOHAT Na[Sb(OH)¢], marHuit- 1 UMHKypaHWIaleTaT
NaM(UO0,);(CH;COO)q- 6H,0 (M = Mg, Zn). OnHOo# 13 NPUYHH HU3KOH pacTBOpH-
MOCTH 3THX COJI€il SIBIIETCS BHICOKAs 3HEPTHsl KPUCTAIUTMIECKON peleTKH, 4TO 10C-
THUTAETCS TIPH CTPYKTYPHOM COOTBETCTBUHM (OJTM30CTH pa3MEPOB) KATHOHA U aHHOHA.

TepMudecKasd yCTOWIHUBOCTD COJIEH KHUCITOPOMHEIX KHCIIOT (KapboHAaToB, cynbda-
TOB, (pocdaToB) BO3pacTacT BHU3 IO TMOATPYIIE, U3MEHSIACH CUMOATHO POCTY pa-
IAYca U YCWJICHHIO CTEIICHH MOHHOCTHU cBsi3u. CBOMCTBa coyeil OymyT ONHMCaHEHI B
I71aBaX, TIOCBAIICHHBIX COOTBETCTBYIOIIMM KUCIIOTaM. 3[IeCh XK€ MBI pacCCMOTPHM TOJIb-
KO KapGoHaThl HaTpHsI, MMeole 60b1Ioe TpakTHieckoe 3HaueHne. CpenHuit Kap-
6OHAT HaTpHA (KaJBLMHUPOBAHHAS COMA) MCITONB3YEeTCS] B XUMHYECKOM, CTEKOIIb-
HOM M 6YMaXHOM ITpOM3BOICTBe, THApoKapboHar NaHCO; (numeBas cona) npu-
MEHSIEeTCs TIPH IIPUTOTORICHUH TN M B MEIHUITHE.

XoTs cona BcTpeyaeTcss B IPUPOAE B BUIe MuHepaia TpoHbel Na,CO;- NaHCO;: 2H,0,
yxe B XVIII B. BO3HMKIIAa HEOGXOMUMOCTD €€ JOTIOIHUTEILHOTO NIpon3BojcTBa. ITepBalit po-
MBILUICHHBIH criocob Gsu1 pa3paboraH JleGmaHom B 1791 r. OH 3akmiouaercs B IpOKaJIUBa-
HuM npu Temneparype 1000 °C 06€3BoXXKCHHOTO MUPabMINTA C YIJIEM U U3BECTHSIKOM:

Na,S0, + 4C + CaCO; £ 4CO? + Na,CO, + Ca$S

ITpn oGpaboTke IUIaBa ropsa4eii BoAoi cynbhul Kaabus THIPOIN3yeTcsl, 06pa3ys cepo-
BOAOPOA, U MAJTOPACTBOPUMSBII TMAPOKCUI KATLLIHS, a COAA OCTAcTCs B pacTBOpE.

B Hacrosmee BpeMs coxy ITpou3BoasAT 1ro Metoxy CollbBe, OCHOBAaHHOMY Ha HU3-
KOM pacTBOPHMOCTH T'MApoKapGoHaTa HaTpus B KOHIIEHTPUPOBaHHBIX COJIEBHIX pac-
TBOpax. B BoqHO-aMMHaYHbII HACHIIICHHBIA XJIOPHUIOM HaTPHsI pacTBOP MPOITyCKaloT
VIJIEKWCIIBINA Ta3, pu 3ToM obpasyomuiicss NaHCO;, Kak MeHee pacTBOpPHMMEINA B

CaCoO,
1000°C l
Ca0 + COy
HzO}
' Ca(OH), |

jmmmmm———————— Losan o A J mecddadccccccccccaony

[
Ca(OH),+2NH,Cl

N B

2NH;3+CaCl, +2H,0

CaCl 2NaHCO3-»N2,C03+CO, +H, 0

Na,CO;

Puc. 2.9. Cxema nosnydenus NaHCO; u Na,CO; (MeTon ConnBe)
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0,146 um 0,108 um 0,154 um g 0,125 1M

X ¥,
O H ; 0,107 um
OcC
a @ Y 6

Puc. 2.10. CrpyKTypsl TMApOKapOOHATOB:
a — NaHCO;; 6 — KHCO;,

3THX ycnmoBusx (pactsopumocts NaHCO; ipu 15°C: 8,09 r 8 100 r Bogst u 1,51 rB
100 r nacenuenHoro pacrsopa NH,CI), BrImagaeT B 0Cafnox:

NaCl + Hzo + COZ + NH3 = NaHCOyL + NH4C1

Cxema npornecca rokasada Ha puc. 2.9. Ins moigyyenus Na,CO; BBIIETCHHBIM
TUAPOKApOOHAT NMPOKAIUBAIOT (KAJIBIIMHUPYIOT):

2NaHCO; -2 Na,CO, + H,0 + CO,t

MupoBoe npon3BoACTBO COMBI cOCTaBIsAeT 0Komo 30 MJIH T B TOII.

W3 ¢unsrparta, ocraBiIerocs rocjae OTAENECHUS TMApPOKapOoHAaTa, meiiCTBHEM
ralliecHOM M3BECTH PEreHEPUPYIOT aMMHUaK. EMWHCTBEHHBIM OTXOIOM ITPOM3BOICTBA
SIBISICTCST XJTOPU KANBLIMA, YTWIH3ALHs KOTOPOTO ITPEACTABILET CEPhE3HYIO SKOJIO-
TYECKyIo npobnemMy. IlonsiTka HCnomb30BaTh XIIOPUIL KanbLust Juist 60pbOBI ¢ rojo-
JeOULICH MPUBOAMT K 3aCaIMBaHMIO TIOYBBI M YTHETEHUIO PACTHUTEIBHOIO ITOKPOBA.
Ceityac g ycrpaHeHUsT 06G/IeIeHEHHS TTPEMIOKEHO UCTIONb30BaTh 9KOMOTHYECKH
60j1€€ YUCTHII alleTaT AMMOHHS.

Merton ConbBe Hemb3st Hcnonb3oBarh Wi nonydenus KHCO; u3-3a ero 3Hauu-
TeTbHO Gosbluei pactBopuMoctH (22,7 1 B 100 r Bogs! nipu 0 °C), nostomy K,CO,
(TToTaI) MOMYYaroT APYTMMH CIIOCOGAMH, B OCHOBHOM KakK IMOGOYHBIA ITPOAYKT
repepaboTKy He(DETMHOBEIX DY, Ha TJIMHO3EM.

HnrepecHo, uro ente B Hayane XX B. Bo @paHunu 65U 3aIATEHTOBaH METOJ TPOU3BOICTBA
rnoraua no cxeme ConsBe, HO C 3AMEHOM aMMMaka Ha TPUMETWIAMUH. PacTBopuMocTs xtopu-
Jla TPUMETUIIAMMOHMS BO MHOTO pa3 IipeBocxoaut pacteopumocts NH,CI, moaToMy 1pH KoH-
HEHTPUPOBAHUHU PACTBOPA YAACTCS BHUICTUTH 3HAYUTEILHOE KOTMYECTBO THAPOKAPOOHATA Ka-
Jms, IIIMPOKOTO MPUMEHEHUSI METO/] HE HALIEN M3-32 BLICOKOM CTOMMOCTH TPUMETHWIAMIHA.

PaznnyHas pacTBOPHMMOCTE B BOIE I'MAPOKAPOOHATOB HATPUS M KAJIHS CBSA3aHA C
0COGEHHOCTAMH HX CTPOeHUSL. {151 0G0MX COeqMHEHMIT XapaKTePHO HATMYHE BOMO-
POIHBIX CBsSI3¢H MeXny aHMoHaMM, ogHako B NaHCO; oHM CBS3HIBAIOT IMApOKAp-
GoHaT-MoHBI B nuMephl, a B KHCO; — B GeckoHeunble nenu (puc. 2.10).

2.8. KOMILIEKCHBIE COEIUHEHUA DJIIEMEHTOB 1-M I'PYIIIIBI
B pa36aBieHHBIX BOTHBIX PACTBOPAaX KaTHOHBI IIIEJIOYHBIX METAJIIOB CYILECTBYIOT B
(dopMe akBaKOMIUTEKCOB. OHM OCOGEHHO YCTOMYMBHI [UTS JIUTHS, YTO CBS3AHO C €ro

MaJIbIM PagyCOM M 3HAYHUTENIBHON MoJieil KOBAaJIECHTHOCTH ¢Ba3u. Conn HaTpus TaKXKE

43



Kpunratsl. AJTKaaubl M 3JEKTPHAbL. B rocneHne roast 60obII0C BHUMAHHE YIIC-
NSETCs Kpunmamam — KOMIUTEKCAM HICTOYHBIX METAJUIOB € N-, O-IOHOpPHBIMH IIO-
JTULMKTMYECKMMY JIuranaaMu (xpunmandamu)*. Ha puc. 2.11, a mokasana CTpYKTypa
GULIMKIMYECKOTO KpUIITaHIA 4,7,13,16,21,24-rel<ca01<ca—1,10-nua3a6uuumo[8.8.8]-
FeKCaK03aHa, ero KpaTKoe Ha3BaHWE — KPUIITaH-222 (unpsi 222 yKa3bIBAIOT YUCITO
JOHOPHBHIX aTOMOB KHMCJIOPOJa B KaXHOW U3 TPeX wereit). Pasmep nonoctu (paguyc
0,14 HM) 3TOro KpHMITTaH/a COOTBETCTBYET paiMyCy MOHa Kalns (ta6n. 2.1). ITo cpas-
HEHHUIO ¢ KpayH-3(hMpaMK KpUITaHAk 6osee 3 PEKTHBHO OKPYXAIOT KATHOH METal-

(’o /_\o ~z
WY
__/

Puc. 2.11. CtpoeHue xpunranga-222 (a) M KaTMoHa B CTPYKTYpe alKaluia
[Na(xpumrann-222)]"Na™ (6)**

YyacTo KPHCTAUTM3YIOTCS B BUIE rMIPaTOB, HAIIPUMED Na,CO;- 10H,0 (xpucTayim-
yeckasi coma), Na,SO,- 10H,O (MupabuiuT Uin rnaybeposa conb) (puc. 2.12).
Kpucrammiueckas ctpykrypa Na,SO,4 10H,0 obpasosaHa OKTasapaMu [Na(H,0)s]"
(aToMBl HaTpUs pacroyaraiorcsi B IICHTPE OKTa3]pOB), OOBEANHEHHBIMU OOIINMHU
pebpaMH B IIETTH [Na(H,0),],"". IBe MoEKyIbl BOABI SIBISAIOTCA BHEITHeC(HEPHBIMH.
TakuMm o6pa3oM, cocTaB Iyay6epoBoil COMM ITPaBHIbHEC 3alTUCBHIBATEL B BHAC
[Na(H,0),],S0,- 2H,0*.

Tunpart rosapenHoit comx NaCl - 2H,0 ycToiiuB nNpy TeMIEpaType HAXE 0,2°C.
JI71s1 TSKEITBIX LIETOYHBIX METAUIOB TUIPATHI HE CTOJIb XapaKTCPHEL.

W3BecTHB aMMHAYHbIe KOMIUIEKCHI, HAIIpUMED [Li(NH;),]" & [Na(NH;)4]", ye-
TOMYMBOCTh KOTOPBIX MagaeT oT Li* k Na' B COOTBETCTBMM € POCTOM pamuyca M
ocTabIIeH IEM HoH-TUIOIBHOTO B3anMoaeicTBys. CHHTES 3THX COSAMHEHUH POBO-
AT B HEBOMHBIX cpelax.

C noJMIEHTATHBRIMHU JIMTAHIAMH (HApUMEp, ¢ [P207]4' 1 aHHMOHOM 3THJICHIM-
aMHMHTETPAayKCYCHOH KMCITOTBI Q%) ycToitunBOCTh KOMIUIEKCOB TAKKE YMEHBIIACT-
cs1 B pany: Lit > Na* > K > Rb" > Cs.

B macTosiiee BpeMs MoTy4eHO 60JIBIIOE YMCIIO KOMITTIEKCHBIX COETMHEHMI 1HEN04-
HBIX METAJUIOB ¢ KpayH-3¢hHpaMy — IUKITHYECKUMH ronapupamu. B xoMmiekce ¢
18-kpayH-6 (18 — o6I1ee YKCIIO aTOMOB YIJIEpPOZia M KMC/IOpOZa B IIUKIIC, 6 — yucio

* Rubens H. W., Templeton D. H., Rosenstein R. D., Olovsson 1. //J. Amer. Chem. Soc. 1961. V. 83, P. 820.
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JIa, IPOSAB/ISS MPU 3TOM GOJNBLIYIO U30UPATEALHOCTS (CEICKTUBHOCTD). Jpyriue Kpuir-
Tauast (-211, -221), umeroume paguyc monoctu 0,08 u 0,11 M, o6pasyior Haubonee
HPOYHBIE KOMIDIEKCH COOTBETCTBEHHO ¢ Li' 1 Na* (cM. 7, B Ta6n. 2.1). Kpunranast
4acTO UCIONB3YIOT /IS BHIACJICHUS HEYCTOHYUBBLIX COCAUHEHUM, HAIpUMED O30HMIA
nutus B Buae Komiuiekea [Li(kpunrann-211)][0;]. KpunraTe! HaTpus U Kajius siBJsi-
IOTCSI XOPOLIUMH MOACNIAMM OMOJIOTHYSCKUX MATCPUAIIOB UISI U3YYEHUST TPAHCIIOPTa
noHoB Na* u K* 9epes kineTounsle MeMOpaHbl.

Illenouynsie METALILI 00Pa3yIOT IPKO-OKPALICHHBIC PACTBOPHI HE TONBKO B XMI-
KOM aMMHaKe, HO U B IPYIMX TOHOPHLIX PACTBOPUTENSX, TAKUX KaK aMUHBI MU
adupsl (Terparnapodypat). OgHaKo 3TU pacTBOPUTENM B oTnuyue oT NH; ropasao

XyX€ COJNBbBATUDYIOT IJICKTPOHBI, MO3TOMY OHH BOCCTAaHABINBAIOT 1EJIOYHOM MeTaUT
JO0 aHHOHA — ajlKaluia.

M + e -solv = M -solv

Houst M~ ynanocs cTabMIM3UPOBaTh B a2KaAAU0GX — COCIUHCHUSX ¢ KpUMTaHIa-
My, HanpuMep [Na(xpunrann-222)]'Na” (puc. 2.11, 6). D10 coeAMHEHNE UMEET UOH-
HYIO CTPYKTYpPY, KOTOPYIO MOXHO PacCMaTPUBaTh KaK IUIOTHCHIIIYIO YITAKOBKY KOMII-
JIEKCHBIX KATHOHOB, B ITyCTOTaX KOTOPOI PaCITONIOXCHLI aHUOHB! HaTpus. IIpu BhicO-
KO KOHLIEHTpAuMM KpHUIITaHAa 00pasyloTcs asexmpuds’™* — B UX CTPYKType B ITyC-
TOTaX KATUOHHON MOAPCLIETKN HAXOAATCS COMbBATHPOBAHHEIC INEKTPOHEIL.

*Lehn J.-M. // Angew. Chem. Int. Ed. Engl. 1988.V. 27. P. 89.
** Tehan F.J. // J. Amer. Chem. Soc. 1974. V. 96. P. 7203.
*** Dye J. L. // Inorg. Chem. 1997. V. 36. P. 3816.
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Puc. 2.12, ®azosas auarpamma cuctemn! Na,SO,— H,0 (L — xuznkas ¢asa) (a); KpucTauiu-
yecKas cTpykrypa Na,SO,- 10H,0 (6)
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Puc. 2.13. CtpoeHre MaKpOMKIINYECKOTo monuadupa 18-kpayH-6 (@) u KaTHoHa
[K(18-kpayn-6)]"(6)

Buosnormyeckas poJb meaoYHbix MetawioB. Hatpuil v xanuit oTHocsaTcs K yucty
BaXHEHIMX OUO3EMEHTOB. B XXUBEIX OpraHU3Max OHHU HAXOIATCA UCKITIOYUTEIBHO B
BUIEC MOHOB. B opraHu3mMe yenoBeKa B cpeiHeM coaepxutcs 170 r kamusa u 90 r HaTpus.
Kamuii cocpemoroyeH B KIIETKaX, a HaTpUil — B MEXKICTOYHBIX XUIXKOCTAX. Tak,
KOHIEHTpauus uoHoB K' BHYTpU KIETKM IpMMEpPHO B 35 pa3 BhlLE, YEM BHE €€, a
conepxkanue Na* — B 15 pas nuxe. Mount K 1 Na* yuacTByIoT B nepenaye HEpBHBIX
UMIIyNLCOB, pabOTE MBI, CITOCOOCTBYIOT HOIICPKAHHMIO ITOCTOSHHOTO 06BeMa BOIH
B opranusme. HaTtpuesbie conm ¢ ¢u3uonornyeckd akTMBHBIMM aHuoHamu (Nal,
Na,S0O,, NaBr, NaF, NaHCO;) HepeaKO MCIONL3YIOT B KAYECTBE JIEKAPCTB, TAK KaK
MOHBI HATPpUs1 GE3BPEIHbI JUTST OpTaHU3Ma IAXKE B MIOBHIICHHBIX KOHLICHTpanusX. Exe-
JHEBHO C MUILIEH MbI IOTpe6lIsieM OKOJIO 5 T HaTpUsl B OCHOBHOM B BHIE NOBAapEHHOIM
conu. DTO B HECKOJIBKO pa3 MpPEBHIIACT UCTUHHYIO MOTPeGHOCTL OpraHu3Ma B 3TOM
coeAMHeHUU. M36BITOYHOE NOTPeONeHUE TIOBAPEHHON COMU BBI3LIBAET TMINIEPTOHUYE-
CKYI0 60n¢3Hb. MU30BITOK MOHOB KaIMs YTHETACT CEPACUYHYIO ACATCABHOCTD, [I03TOMY
TIpUEM IIpPENapaToB KU HEOOXOMUMO CTPOrO KOHTPOJINPOBATh.

st IpoMBIBaHUS paH, CIU3UCTOM 0BONOYKM HOCA, IJa3 MCIIONb3YIOT (PHU3HONO0-
runyeckuit pacteop (0,9 % NaCl), umeromuit 0CMOTHYECKOE AABJIECHUE, pABHOE OCMO-
TUYECKOMY ABJICHUIO KPOBH.

aTOMOB Kuciopoa B 1ukie) (puc. 2.13, a) voH K KoopaMHMpOBAH 1ECTHIO AaTOMaMU
Kkuciopona (puc. 2.13, 6). Pasmep «mosiocTvi» BHYTpM Koibia (pamuyc 0,14 HM)
3TOro KpayH-3dupa 61M30K K pa3Mepy uoHa Kaymus (paguyc 0,138 umM). KoHCTaHTBI
o6pa3oBanus KoMIuiekcoB [M(18-kpayH-6)]*:

M* + 18-kpayH-6 2 [M(18-kpayH-6)]*,

U3MepeHHBIE B alleTOHE, yMeHbILIaTea B psaay: K > Rb* > Cs'~ Na® > Li*. Ilo-
CKOJIBKY ITOJIOCTH Pa3IMYHBIX KPayH-3(hMPOB OTIMYAIOTCA 10 pa3Mepy, TO U KaX-
JOTo 1LEJIOYHOTo METajyla MOXHO ItogoOpath KpayH-a(hMp ¢ OJIU3KUM pasMepoM
ITOJIOCTH. DTO ITO3BOJISICT U30MPATENBHO CBA3BIBATH T€ WU WHBIE HOHHL.
KoMILTEKCh MOHOB LIEIOYHBIX METAJUIOB ¢ KpayH-3(hUpaMyu UMEIOT JoCTATOYHO
Gonblivie pasMephl U SBISIOTCS THAPOGOGHBIMM, II0ITOMY 06pa3yeMbIE UMM COJIH,
HECMOTPST Ha MOHHBII XapaKTep CBsa3U, PACTBOPUMBI B OPTAHMYECKUX PACTBOPUTE-
nsix. Harpumep, nepmaHraHar Kanus o6pasyeT ¢ 18-kpayH-6 kommuieke [K(18-kpa-
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yH-6)][MnO,], xoTOpEIit XOpowo pacTBopuM B 4 °C
GeHsonme. DTHM 4YacTo TOJB3YIOTCA B Npermapa- 140}

THUBHOM OpraHM4EeCKOM XHMHM. 120

KoHTpoabHBIE BOIPOCEHI 100k

1. Kak u3MeHsieTcs TeIutoTa ruipaTailid HOHOB
LIENOYHBIX MeTanoB? [Toyemy? 80
2. O6BsACHUTE OCOGEHHOCTH MAarHUTHOTO IMOBEE-

60
HHS NEPOKCHIOB U CYITEPOKCHUAOB LIECNIOYHBIX METAI-
JIOB € O3ULIMI METOAa MOJICKYJSIPHBIX OpOUTANICH., 40
3. YKaxuTe, KaKk U3MEHSAIOTCA B pALY NEMECHTOB

Li—Na—K— Rb— Cs paguycel ra3006pa3HbIx KaTH- 20r
OHOB, PaiMyChl TMIPAaTUPOBAHHBIX KAaTHMOHOB, IEp- of
Bhl¢ MOTCHIMAIb MOHU3ALMM, CTAHIAPTHBIE DJIEKT- Na + NayK
POAHBIC MOTCHUMAIBL! B BONIHOM pacTBOpe, CTaHOapT-  -20} NajK + K
HBIC 3MIEKTPOAHBIC NMOTCHIMAIL! B ra30B0il Qase. . . L .

4. IlepcrieKTUBHBIM CIIOCOGOM IMONYYEHUSA AUTHUS 0 20 40 60 80 100
SBJISIETCS [IPSIMOE BOCCTAHOBJICHHE CIIOAYMEHA ATIO- Conepxarue K, ar.%
MuUHUeM. FlogeMy BBIXO TUTHS 3HAYUTENIBHO BO3pac-
TacT B IPUCYTCTBUM U3BecTHsAKA? Hamuupivte ypas-
HCHHUE pCakKIMU. YKAXKUTE, KaKUe IIPUMECH MOXET
coAepKaTh METaJU1, TONYYeHHBIM TaKUM criocobom?

5. BoluMcnuTe aHeprIo KpUCTAUIMYeCcKoi peuieTku NaCl, ecnu U3BECTHO, YTO CTaHaap-
THas SHTANbNUS o6pasoBanusi NaCl(TB.) —411,1 kJIx/Monb, aHeprus guccounanuun Cly(r.)
242,6 x[Ix/monb, 3Heprus aToMu3auuu Hatpus 108,3 KJIX/MoJb, IHEPIUsI CPOACTBA K IMeK-
TpoHy xiopa —351,0 KJIX/Mob, 3HEPTHs UOHM3auMU HaTpus 495,8 kKJIX/MOJb.

6. B npo1IoM TMAPOKCH HATPUS TIOTYYATH KaycTHhUKALMEH COMbI — KUY HMEM COIbI C
ralieHo# U3BeCThIO. PaccunTaiiTe, KaKylo MaKCUMAJILHYIO KOHIIEHTPAIMIO LIETOYM MOXHO I10-
Jy4UTDb B IIPEATNIONIONKCHUY, YTO KUIITYEHUE HE IPUBOAUT K UCIIAPEHUIO BOAL (IIPOM3BSICHHUE
pactBopumoctu CaCO;s 4,8-10-2, Ca(OH), 5,5- 10-%).

7. O6vsAcHHTE, TOYEMY TEPMHYECKAst YCTOHYUBOCTb THAPMIOB, OKCHAOB ¥ HUTPUIOB ILE-
TIOYHBIX MCTAJUIOB YOLIBACT BHH3 110 IPYIIIE, 2 YCTONYMBOCTD IEPOKCUAOB, HAAEPOKCUIOB,
O30HUAOB U KapOOHATOB IIPM 3TOM BO3pacTacT.

8. MoueMy HarpueBast cenutpa GoNee TUIPOCKOITMYHA, YeM KU ifHas?

9. Usyuute anarpammy cucreMst Na,SO,— H,0 (puc. 2.11, a). Kaxast conb GyaeT Bbijie-
mATECS:: (1) MPU KMIISMMEHUM HACBIIEHHOTO pacTBopa Na,SOy; (2) MpU MeLUICHHOM HcIape-
HUU BOABI [IPH KOMHATHOM TeMIiepatype; (3) npu oxnaxaenuu o 0°C pacTBopa, HACHILECH-
HOro nipu 32°C; (4) mpy BHECCHNHM 3aTpaBKU INayGEpOBOit COMM B pacTBOP, HACHILLEHHDI npu
32°C? (C onucanueM $a30Boi AMarpaMMBl MOXHO [TO3HAKOMMTBCS B KHHIE Cmpombepz A. T,
Cemuenxo JI. I1. ®usuyeckasi xamus. — M.: Beicnn. nik., 1999. — C. 169.)

10. Usyyure nuarpammy cucteMet Na— K (puc. 2.14). K KakoMy THITy oHa OTHOCHTCS?
B KaKoM nanasoHe KOHUEHTPALMIA CIUIAB ABAETCS XXUAKIM 1pHu 20 °C? ITocrpoiite kpuByIO
OXJIaXICHUsI paclulaBa, coaepxauiero 80 ar. % kamus.

Na+L

Puc. 2.14, ®azoBas nuarpamMma
cucteMbl Na—K



T'aasa 3
XUMUA DIEMEHTOB 2- I'PYIIIbI

3.1. OBIIAS XAPAKTEPUCTHUKA

Bo Bropyio rpynmy Ilepromiaeckoit cUCTeMBI 3IEeMEHTOB BXOAAT 6epuimii ,Be,
MarHui ;Mg u 4eThIpe wenounosemenvroix memanra (ILI3M): xaneiuii ,0Ca, cTpoH-
LM 34St, Gapuil ssBa ¥ pamuit ggRa, OKCHIBI KOTOPHIX, paHbllle HAa3bIBAEMBIE «3¢M-
JISIMM», TIDY B3aMMOJIEHMCTBUM C BONOHM obpa3syior mieouu. Pamuit — pannoaKTus-
HBIH 371eMeHT, obpasylomumiics pu pacnane usorona 23U (*Ra, o-pacran, rnepu-
on nonypacrnana nipuMepHo 1600 ner).

DNIeKTpOHHasT KOHOUTYpalusl U HEKOTOPbIe CBOMCTBA 3JIEMEHTOB BTOPOM TPy~
1Bl IPUBENEHHI B Tab0. 3.1.

ITo 371€KTPOHHOMY CTPOCHMIO aTOMOB 3JIEMEHTHI BTOPOM TPYIITBI GIM3KYU wie-
JIOYHBIM MeTajulaM. OHM MMeIOT KOH(MUTypauio 6J1aropogHOrg rasa, JOOTHEHHYIO

Taonupga 3.1
CaoiicTBa 2;1€MeHTOB 2-i TpymnbI
CaoiictBO Be Mg Ca Sr Ba Ra
3apsn sapa Z 4 12 20 38 56 88

DNeKTpOHHAs KOHDUIYPaLs [He]2s? | [Ne]3s? | [Ar]4s?| [Kr]5s2 | [Xel6s2 | [Rn]7s2
B OCHOBHOM COCTOSIHMHU

MeTannuyeckuil paiuyc #...*, kM| 0,112 0,160 | 0,197 | 0,215 0,217 0,223
HouHkb panuyc £, **, HM 0,027 0,72 0,100 | 0,126 0,142 0,148

DHeprust MoHU3auH, KJIX/MOINb:
| 899,5 737,7 589,8 | 549,5 502,8 509,3
L 1757 1451 1145 1064 965 979
L] 14850 | 7733 4912 4138 3619 3300

ONeKTPOOTPUIIATE LHOCTE:
o TTonuury 1,57 1,31 1,00 0,95 0,89 0,90
o Oipeny — Poxosy 1,47 1,23 1,04 0,99 0,97 0,97

* Ina KY 12.
** JIna Be? K4 4, mna apyrux M* KY 6.
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Axkanemux A.B.Hosocenosa (1900 — 1986)

«C 1925 rona A. B. HoBocesioBa 3aHMMaIach UCCJICAOBA-
HUeM OepWUIusi, ero CBOMCTB, CTPOCHUS M YCIJIOBMI .
obpazoBaHusa cynnbaTa, HUTpara, XJIOpUAA, (TOpHAa
GepyLINSA U €ro KOMIUIEKCOB, MMEIOIIMX BaXHOe 3Ha-
YeHHUE B IPOLIECCAX U3BJICYCHUSA OcpUWLIUA U3 PYA U I10-
JIy4CHMSI YUCTBIX COeAMHEHUH. 3a HMKII UCCIeJOBaHMi
B 06JIACTH XMMHUM PeIKUX IJIeMEHTOB B 1948 rony
A.B.Hosocesnosoit 6buta npucyxuaeHa I'ocynapcTseH-
Hasg npemuss CCCP»*.

* Buobubnuorpadus ydeHsix CCCP. Cepust XUMHYECKHUX
Hayk. — M.: Hayka, 1987. — Boin. 7. — C. 8

JBYMS S-3JIcKTPOHAMH Ha BHEILITHEM YPOBHE. B To Xe BpeMsl OT 3JIEMEHTOB ITepBOMH
[PYIITB! OHH OTJIMYAIOTCS GOJIee BEICOKMMY 3HAYCHUAMHU 3HEPI UM NOHHM3AIINH, YOBI-
BalOIIMMHU B psaay Be — Mg — Ca— Sr— Ba. D1a TeHASHIIMS HAPYIIAETCS ITPH I1epe-
xoJe OT Gapust K panuio: rossnuenue I, u [, it Ra o cpaBHeHuio ¢ Ba o6bsicHsIeTCS
addekToM MHEPTHOM 65°-mapsl (cM. paszn. 4.1).

CremyeT OTMETHTh, YTO B TO BpeMs KakK I LICTOYHBIX METAUIOB XapaKTe¢pHa
3HauMTesbHAs pasHUna Mexay /; u b, Ijis 3JIeMEHTOB BTOPO# IPyNIBI TONOOHBIH
cKkavyoK Habmonaercs Mmexay I, u I;. UMEHHO MO3TOMY 1I€JI0YHBIC METAJLUIBI B CJIOX-
HBIX BELIECTBAX MPOSIBIAIOT TOJNBKO CTEMEHb OKUCIEHUS +1, a 37€MEHTHI BTOPOMH
rpynmsl +2. Hanudue eIMHCTBEHHOM ITOJIOXKUTETBHOM CTEIICHHM OKUCIICHUS M HEBO3-
MOXHOCTb BOCCTAHOBJIEHHSI HOHOB M?* B BOIHOI# Cpelie IPMAAET GOJBIIOE CXOACTBO
BCEM METaJIaM s-0J10Ka.

B ciyuae Gepusuius Gobuiasi pasHULa MexXay /) ¥ [, 103BOJISIET PEATIONIORKMTE BO3MOX-
HOCTB noyucHus coenunenuit Be(I). JeHcTBUTENBEHO, NCCIENOBAHHUE IIPOLIECCOB UCTIAPCHUS
GepuiUTHst B BAKYYME B THUIISIX U3 okcuaa Gepuutus BeO moarsepanio o6pasoBaHue JETyde-
ro okcuga Be,O B pe3yibTaTe CONPONOPIUOHUPOBAHUS BeO + Be = Be,0.

M3MeHeHUe CBOMCTB IO IPYIIiE CIEAyeT OOLIMM 3aKOHOMEPHOCTSIM, paCcCMOT-
DEHHBIM Ha IPUMEPE LIETOYHBIX METALUIOB. DJIEMEHT BTOPOTO Neprosa GepHiLTHA,
nomgo6GHO 3JIEeMEHTY IEPBOM TIPYIIIBL JIMTHIO, 3HAYUTEIBHO OTIMYAETCS IO CBOMM
CBOMCTBAM OT JPYTHMX 3JIEMEHTOB BTOPOM Ipynmnbl. Tak, HOH Be?* 61arozapst Ype3BhI-
yaifHo MasoMy HOHHOMY pamuycy (0,027 HM), BBICOKOM IUIOTHOCTH 3apsia, 6oib-
ILIMM 3HAYSHUSIM SHEPIUH aTOMM3alMK ¥ HFOHU3AIMH OKA3bIBACTCS] yCTOMYMBBIM JIMIIb
B ra30BO# (hase IIPH BHICOKUX TeMmiepaTypax. [103ToMy XMMUYECKas CBSI3b B GUHAPHBIX
COoeMMHEHMSIX OepWUIMS Jaxe C Haubosiee 3JEKTPOOTPHULATECIBHBIMH 3JIEMCHTAMH
(BeO, BeF,) obnamaeT BHICOKOI 0/l KOBaJEHTHOCTH. XMMHsI BOXHBIX PACTBOPOB
GepIULTHST TAKKE MMEET CBOIO CIieLMbUKY: B [IEPBOil KOOPIMHALMOHHOH cdepe bepu-
JIMS MOTYT HaxXOAMTHCS JIWIIb YETHIpE JIMTaHAa ([Be(H20)4]2+, [Be(OH)4]2'), YTO
CBA3aHO C MaJIbIM MOHHBIM pafHyCOM METAJUIa ¥ OTCYTCTBUEM d-OpOuTaseil.

Llenounosemenbasie MeTauiel (Ca, Sr, Ba, Ra) oOpasylor equHoe ceMeiCTBO
3JIEMEHTOB, B ITpeAeax KOTOPOro HEKOTOPBIE CBOMCTBA (IHEPrUsl TMApaTalMH, pa-
CTBOPHMOCTb ¥ TEPMHYECKAS YCTOMYUBOCTb COJIEH) MEHSIOTCS MOHOTOHHO C YBE-
JMYeHMEM MOHHOTO Paffyca, a MHOTHE MX COCNMHEHUS SIBIAIOTCS N30MOPQHBIMU.
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st I3M xapakTepHO 06pa30BaHME MOHHBIX CBS3eH M BBICOKHE KOOpJIWHAIIUOH-
HBIe yKcna: 6, 7, 8 — Ul KaJIblMs, CTPOHINS, 6apHst COOTBETCTBEHHO.

Marnuif 3aHUMaeT MPOMEXYTOYHOE MOJOXEHHUE, TAK KaK, C ODHOM CTOPOHHI,
BO MHOI'OM ITOXOX Ha IIETOYHO3EMEIbHBIE METAJUTBI ([TPEMMYIIECCTBEHHO MOHHBIE
CoeaHEHMs, 00pa3oBaHNe UOHA [Mg(H20)6]2+), a 110 psAly CBOUCTB (pacTBOPHUMO-
CTH COJIEit M THIAPOKCHMIA, OCHOBHOCTH I'MAPOKCHAA) — Ha GeprLIHiA,

OnektpoorpumatensHocTs [1I3M BhILIe, YeM 3]IEMEHTOB MEpPBOi IPYIIIH, IT0-
STOMY CTEIICHb HOHHOCTH CBS3EH B COJISAX M TMIPOKCUAAX MEHBILE, YEM B COCIUHE-
HUSX MIETOYHBIX METAJUIOB. BO MHOTMX Cityyasix cBsI3M B KpUCTAJUTHYECKOM CTPYKTY-
PE HACTOJNBKO NPOYHEI, 4To conu HI3M (cymwdarsl, KapGoHats, opTodochaTs)
OKa3bIBAIOTCA MajIopacTBOPUMBIMH. 1o pactBopumMocTH coneit III3M cribHO OTIH -
4ajoTCA KaK OT OEpUIUTHS M MarHHus, TaK M OT IHEIOYHBIX METAJUIOB.

3.2. HAXOXIEHME B ITPUPOJE. IIOJTYYEHUE

W13 251eMeHTOB BTOPOIH IPYIITEL B IPHPOZIE HAMGOIIEE PACTIPOCTPAHEHB! MATHMI 1
Kapuuit (1,4 1 1,5 Mac. % cootsetcTBeHHO). COepXaHNe CTPOHIUS (3,8-10"2mac. %)
1 Gapus (3,9-1072 mac. %) B 3eMHOM KOpe Ha nBa rnopanka Huxe. bepumimit
(2-10"* Mac. %) OTHOCAT K PEAKHAM 37IEMEHTAM — €My COOTBETCTBYET MHHHMMYM Ha

Huaronansnoe cxozcrso. [To MHOTMM CBOICTBaM GEPWLUIMIA HACTONBKO TIOXOX HA
ATIOMUHUM, 4T0 B XIX B. 3TOT 3/IEMEHT CUMTANU TpexBaneHTHBIM. B [Mepuonuyeckoit
cucreme 1. . Menneneesa GepwLiMit U aTlOMUHU I PacIioNOXECHb! Ha OMHOM AMAaroHaIM
Y TIPOSABJISIOT TaK Ha3bIBAEMOE JUA20HAAbHOE cX00cm6o. Tak, METALTMYECKUE GEpUILTHIA
1 QTIOMUHUH NTaCCUBUPYIOTCH KOHIIEHTPUPOBAHHOM a30THOM KUCIOTOMN. Kap6unnr Be
1 Al MMEIOT MOHHOE CTPOEHHE U ABMSIOTCS MeTaHunamu. O6a MeTaia pearupyiorT ¢
PacTBOpaMH 1LENOYCH C BIAENCHUEM BOJOPOLA, MX TMAPOKCHBI TAKXKE PaCTBOPSIIOTCH
B 11€/109aX, 06pa3yss KOMIUIEKCHL:

Be(OH), + 2NaOH = Na,[Be(OH),]

Conu Be u Al nerxko runponusyrorca. Ux cynbdarhl NposiBASIOT CXOIHYIO TEPMHU-
YECKYIO YCTOWYMBOCTb. BEe3BOMHbBIE TAIOTEHMIBI SIBSIOTCS KMCIoTaMy JIblouca:

BeF, + 2KF = K,[BeF,]

HuaroHanbHoOE CXOACTBO TPAIMIIMOHHO OGBSICHSIOT BIM30CTHIO MOHHBIX TIOTCHIIM-
aJ10B 0601 X 271eMEHTOB, MOHHBIM MTOTEHLIMAT TIpEICTaBIsIET COO0M OTHOLICHHE 3apsina
MOHa K €T0 paguycy U coctabiser 2: 0,034 = 58,8 um~! mna Be** u 3: 0,0535 = 56 um™!
st AP, VoHbl ¢ 61u3kumu 3HAYCHUSIMU MOHHEIX TIOTCHIIMAIOB CO3AI0T BOKPYT cebs
NPUMCPHO OIMHAKOBYIO IUIOTHOCTD 3apana. Mcronb3oBaHMe 3TOM MOAENN OrpaHUYe-
HO TeM, YTO GepuiUTHit HakTUIECKM HE 06Pa3yeT YUCTO MOHHHBIX COSAMHEHUH,

HraroHanbHOE CXOACTBO XapaKTEPHO TAKKE JUIS JIMTUS M MarHMs. O6a Mmeraia
TIpH CTOpaHUM Ha Bo3ayxe 00pasyior okcuabl Li,O u MgO, a takxe Hutpuas! Li;N u
Mg;N,, Torna Kak Apyrue uieao4Hble METaUThl IPEBPAIIAIOTCS B TIEpOKCHMABI U Hal-
NEPOKCHUIEL, & C a30TOM IPAKTUYCCKU HE pearupyrorT. PacTBOpMMOCTbh TMAPOKCHUAOB
JIUTUS 1 MarHus 3HAYUTEIIBHO MEHBLIE, YEM TMAPOKCUIOB UX 0O0JICE TSKEIBIX aHaI0-
TOB 1o rpynnaM. Kak u nutuii, Marauit o6pasyer maiopacTBopumsie GTOPHA, Kapbo-
Hart, oprodocdar. [Ipu HarpeBaHMN HUTPATHI IMTHS U MATHUS CPa3y PA3NaraloTcs A0
OKCHIOB, TOTNIA KAK HUTPATHl OCTAbHBIX METAUIOB 1-# U 2-1 rpynn cHavana oGpa3yior
HUTPUTEI, KOTOPLIC NMPEBPALIAIOTCH B OKCUILL JIMIUb NP JaTbHEHIIEM HarpeBaHMH.




KpUBOI1 pacripocTpaHeHHOCTH. Huskoe conep-
XaHUe ITOTO 2JIEMEHTa B 3eMHON Kope
ODBSCHSAETCS TEM, YTO OCHOBHBIE MNMpPOIIECCEH
00pa30BaHUs XUMIIECKHUX 3JIEMEHTOB B 3BE3-
JlaX TIPUBOMAT K CHHTe3y JIMLIb HYK/IWIa "Be,
KOTODHIi1 OBICTPO pacnajaeTcsi Ha ABE a-4ac-
THILIBL

BaxxHeH1MM MHHepaloM GepuUIUs SIBJIS-

eTcs 6epuint — amoMocKaT BesAl[SicO ¢l
(puc. 3.1). B HeM aTOMBI OepWILIHS PacIioo-
XeHHl B IEHTpe TeTpasapoB [BeO,], a aToMEI
ATIOMUHUSA — B IIeHTpe OKTasnpos [AlO]. Ter-
PadApBI ¥ OKTa3ApPBI CBA3AHEI OOWIMMH Pe6-  pyc. 3.1. Crpoenue Geprwoia Be,AL[SiO1s]
pamMu Ipyr ¢ ApyroM U ¢ KonbHaMu [SigOis],
KaXI0€ U3 KOTOPLIX COCTARJICHO U3 1IECTH KPeMHUM-KUCTIOPOIHEIX TeTpasapos. Kpym-
HBIE KPHUCTAJUTBI 6ep1mna SIBJISIFOTCSL AparolieHHEIMKM KaMHAIMU. M3o0MopdHOe 3aMelire-
Hue 4acT noHoB Al*" Ha noust Cr** MPUBOAUT K BOBHUKHOBEHUIO 3€JICHOH OKpacKu
(Takue OepwUIBI Ha3bIBAIOT U3YMPYAAMH), a4 Ha MOHEI Fe* — )KCJTI‘OPI (renruonopEl).
Tosy6oit akBaMapiH — 3To Gepwiut, comepxawmit mpumecu Fe** u Fe*. Tlomumo
ATIOMOCMJIMKATOB B IIPHPONE BCTPEYAIOTCSA CWIMKATHL ¥ aJIOMUHATHL OEpUUIHAs, Ha-
MPUMED 30I0TUCTO-XKENTHI Xpu306eput Be(AlO,), cO CTPYKTYpOit LIMHHETH.

Maruuii, Kanbuui, CTpOHIMI U 6apuit BXOMAT B COCTaB MUHEpAIOB, Hanubosee
BaXHBIMU U3 KOTOPBIX ABIAI0TCS J0A0oMUT CaCO,- MgCO,, marnesutr MgCO,, ou-
BuH (Mg, Fe),Si0O,, kapHauut KCl- MgCl,- 6H,0, kanpiur CaCO; (13 Hero co-
CTOAT MeJI, U3BECTHSIKU W Mpamop), runc CaSQO,-2H,0, ctpoHiuanur SrCO;,
nenectH SrSO,, ButepuT BaCO; u 6aputr BaSO,. B dhopMe pacTBOpUMEBIX coseit
MarHui ¥ KaJbIIuii CONEPXKATCSI B MOPCKHMX U TPYHTOBBIX BOAAX.

Cpenu MeTanioB BTOpPO# TPYIIITBI, UMEIOLIHUX IIPOMBILUIEHHOE 3HaYeHue, O0Jb-
1Ile Bcero nmpoussoauTcsa Maruug (6onee 400 Teic. T B ron). IIpokamuBaHHEM JOJIOMMU -
Ta IOJIy4aloT CMECh OKCHIIOB MarHusl ¥ KaJbIUsl, KOTOPYIO 3aT€M BOCCTaHABIUBAIOT
KOKCOM WK (heppOKpeMHUEM:

@ Al
QO O (awxnmii cnoit)
© O (sepxnuit cnoit)

2MgO + 2Ca0 + FeSi £ 2Mg? + Ca,SiO, + Fe

ITpouecc mpoOBOASIT B HUKENEBHIX peakTopax npu 1200 °C npu NMOHKWXEHHOM IaB-
JEHWH; B 3TUX YCJIOBUSIX MarHuil OTTOHSIETCSI B BUAE Napa M 3aTEM KOHIEeHCHUPYeT-
ca. JIpyruM croco6oM MorydeHusi MarHusl SIBJISIETCS JIEKTpou3 pacrutaBa MgCl,
(tia = 714°C) unu 06e3BOXEHHOTO KapHAJUIHUTA.

bepunnuit nonyyator u3 KoHueHTpata 6epuna. 110 ofHOMY M3 METOLOB OBOralUEHHYIO U
MEJIKO U3MeEJIbYEHHYIO OEPUILTIMEBYIO pyny CraBisiioT ¢ Na,SiFs. IIpu 06paboTke miaBa BO-
Roil pacTBOpuMEIi B Bone dropun BeF, ocraerca B pacTBope, a CoelMHEHUS KPEMHMS U
ATNIOMUHMS BBINAJAIOT B 0CAI0K. MeTasn BOCCTaHaBNIUBAIOT U3 GTOPKIA MATHUNWTE PMUYECKU
JM60 MOMy4YaloT 3JeKTpoiin3oM pacmnaBa BeCl, (¢, = 415°C) ¢ po6asnennem NaCl mis
TIOHMXXEHUS] TEMIEPATYPHI IUIABJICHUS] M YBEJIMYCHUS SJICKTPOIPOBOJHOCTH.

IlleroyHO3eMeNBHEIE METAUTBI MOIYYAIOT 3JIEKTPOIM30M pACIUIABIEHHBIX XJIO-
pyuaos (c nob6aBkoi GTopuIOB) JIUOO M3 OKCHIOB aTIOMOTEPMHUEH:

4Ca0 + 2A1'2°°C, 3Ca + CaALO,

51



IlepepaGoTka Gepunna. B Gepusite 1 HEKOTOPBIX IPYTUX MPUPOAHEIX COEIMHEHMSIX
OJHOBPEMEHHO IPUCYTCTBYIOT OCpWUIMA U ATIOMUHUNA — 3JEMEHTBHI ¢ GIM3KUMHU
cBoricTBaMu. VX pasneneHue — BaXHas TEXHOJIOTMYECKas 3a4a4a, NPH PelleHUM KO-
TOPOI UCHIONB3YIOTCSA PA3INyMs B XMMHYECKOM MOBEJEHMHU 3THUX METAJLIIOB.

M3BeCTHBI YeThIpe OCHOBHBIX METO/Ia NEPEBOa OePIILIa B PACTBOPUMOE COCTOSIHUE:
KUCJIOTHBIH, 1ETOYHONW, DTOPHIHBIN K XJIOPUIHBIM.

1. Ceprokucaomubsiii memod. Bepmiut 06paGaThIBAIOT KOHLEHTPUPOBAHHON CEPHOM
kucnoroi npu 300 °C, 3arem 06pa30BaBIUMIICS CIIEK BBHIILEJAYMBAIOT BOJIOM;

BC}Alz[SiGOlg] + 6H2804 = 3BCSO4 + Alz(SO4)3 + 6Si02¢ + 6H20

B nonyyeHHoM TakuM 06pa3zoM pacTBOpe CONEepPXKATCs CyNbdarhl 6epHIUIMS K ATIOMU-
HMs, PasnelnTh KOTOPhIE MOXHO, 100aBUB U3OBITOK KapboHaTa aMMoHUs1. TIpu aTOM
B 0CAIOK BBHINAAAET TMAPOKCH]L ATIOMUHMS, 8 6eplIuil ocTaeTcsl B paCTBOpE B BHIE
KapOOHATHOTO KOMILJIEKCA,

HUHorna 6epuit cHayada CIEKaloT C U3BECTHSIKOM:

BC:;A];[SiGOlg] + 6C3CO3 = BCA1204 +2BeO + 6caSIO3 + 6C02T

JIMLIB 3aTeM ClieK 06pabaThiBalOT CEPHOI KUCIOTOM:
BeAl,O, + 4H,S0, (KoHiL) = BeSO, + Aly(SO,); + 4H,0

CaSiO; + H,S0, (koHiL) = CaSO, + SiOyl + H,0

O6pasosasiuuiics ocagok (CaSO, + SiO,) otaensor. OCHOBHYIO MacCy alloMUHUs
MOXHO OCaIUTh B BUIE ATIOMOKAJIUEBBIX KBAaCiiOB, J0GaBUB B PaCTBOP CYJIb(MAT Kausl,
Takyio pa3sHOBUAHOCTb KUCJIOTHOTO METOJ@ Ha3bIBAIOT U3BECTKOBO-CYNb(ATHHIM Me-
TOIIOM.

3.3. ®PU3NYECKHAE CBOMCTBA

B cBobonHOM BUJIE 37€MeHTBI BTOPOM TPYIIIBI — cepebpUCTO-0eble METAUIEL
bepwinumit omiMyaercss OT OCTaJBHBIX METAJUTOB TPYIINBI BLICOKOH TBEPHOCTBIO M
CPaBHMTEIEHO HU3KOH ITACTUYHOCTRIO — OH JIETKO pacKajibIBaeTcsi Ha KycKu. Mar-
Huil 1 II[3M — KoBKkue M IIACTHYHBIE METAJUIBI, OTHOCUTEIBHO MSTKUE, XOTS U
CYILIECTBEHHO TBEPXKE IEJOYHBIX. B 11eJ10M MeTaIBI BTOPOi TPYIIIEI 10 CPaBHEHUIO
C WIEJIOYHBIMU 00JIaaI0T OONBILICH IUIOTHOCTBHIO, TBEPIOCTBIO, XapaKTepU3YIOTCs
6osiee BBICOKMMM TeMITepaTypaMy U SHTaJbIIUAMHU IUIaBneHus (tadn. 3.2). Tak, Oe-
pywinui 1wtaButcad Ha 1100 rpagycop BbIE JdUTHSA, a Oapuit — Ha 700 rpamycos
BBHILIIE 11€3Us1, IPEBOCXOIS €T0 IO IUIOTHOCTH OoJiee YeM B TpH pasa. Bee 3To cBupe-
TEJIBCTBYET O TOM, YTO METAJUIMYECKASI CBSI3b B METaJUIaX BTOPO TPYIINEI OKa3bIBa-
€TCsI CYILECTBEHHO MpOYHee, YEM B HIENOYHEIX MeTaytax. B ee obpa3zoBaHuu yda-
CTBYIOT 00a BaJICHTHEIX 3JIeKTPOHA, 2 YMEHBIIIEH)Ee aTOMHOTO paiuyca IPUBOIUT K
0onee MPOYHOMY IIEpEKPHIBAHUIO OpOUTANEH.

Crnenyer, 0THaKO, OTMETUTh Hepery/IIpPHOCTE B U3MEHEHUH TAKUX CBONCTB IEeMEH-
TOB BTOPOI I'PYIIIBI, KAK TEMIIEpATypa IUIABJICHHS U SHEPrus aTOMM3aLMH, YTO CBsI3aHO
C U3MECHEHUEM THUIIa KPUCTAUTMYCCKOM pELeTKU NMPU ABIDKEHWW BHU3 IO TPYIIIE.

B atomHpIX criekTpax 1113M npucyTCTBYIOT MHTEHCUBHEIE JIMHUHU B BUAUMOI 00-
JIACTH, BOCIIPUHUMAEMbIE HAMHU KaK okpacka. Coyi Kalblys OKPalIHBaIoT IUIaMs B
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2. llleaounoi Memod. Bepuin CrekaloT ¢ COI0M WIM MOTALLOM:
Be;AL[Sic0 5] + 10K,CO; = 3K,Be0; + 2KAIO, + 6K,Si0; + 10CO,T

O6pa3oBaBluKecs] ATIOMMHATHI M GepHILTAThl BHILUENAYUBAIOT BOAOH K MOJYYEHHBIN
PacTBOP MOAKMUCIISIIOT TSl OTACNEHUS] KPEMHEBOH KUCJIOTBI.
3. @mopudnsiii Memod. Bepunn criekawr ¢ rekcadropociukarom Hatpus (750 °C):

Be;AL[SicO 5] + 6Na,SiF = 3Na,[BeF,] + 2Na3[AlFg] + 3SiF,T + 9SiO,

PropUIHBI KOMIUIEKC GepIWLTUs B OTIIMYMe OT Kpuonuta Na;[AlFg] xopouio pactso-
puM B Boge. Ha atom u ocHoBaHo pasaenenue. JobaBka CObl MO3BOJSIET CUITBHO CO-
KpaTHUTh pacxojl rekcahTOpOCHIMKaTa 1 MOBBICUTE 3 (PEeKTUBHOCTD pasae/ieHust:

BC:;Alz[SiGOlg] + 2NazsiF6 + N32CO3 = 3N32[BCF4] + COzT + A1203 + 88102

4. Xnopuonsiii memod. Bepuwut HarpeBaloT B atMocdepe ra3006pa3Horo xJaopa B npu-
cyrctBum yoist (1000 °C):

Be,AlL[SicOy5] + 18C + 18Cl, = 3BeCl,T + 2AICI;T + 6SiCl,T + 18COT

MOCJIE YETO OOPA30BABILMECS XJIOPUIbI OEPUILTHSI, ATIOMUHIS U KPEMHUS PasfessioT,
HCIIOJIb3Ysl UX Pa3NIMYHYIO JIETy4eCTh.

JUtst pasaenesHss MOXHO UCIIOJIb30BATh TAKXKE CIOCOGHOCTD GepilIys 06pa3oBbI-
BaTh CYGIMMHPYIOLLHIICS 6e3 pasnoxeHus okcoaneraTHhIN kKomiuieke Be,O(CH;COO0),
B TO BpeMsi KaK OKCOALETaTHBII KomIieke amomuHus [AL,O(CH,COO0)q]"(CH;COO0),
HMEIOLMI MOHHOE CTPOeHME, MPU HArPEBAHUK HE MEPEXOUT B ra3oBylo ¢asy. Pacteop,
COEPXALLMIA CMECH THAPOKCOKOMILIEKCOB GEpIUIMS B AJIIOMUHUS, MOXHO PasiesuTh,
BOCIIOIb30BABILIKCH MX PA3IMYHOM TEPMUYECKOU yCTOIYMBOCTBIO. [1py pasbasneHuu Ta-
KOT'O PacTBOpa U ero HarpeBaHUK UOH [Be(OH)4]2_ paspyilaeTcs ¢ 06pa30BaHUEM 0CaKa
TMAPOKCHIA, B TO BpeMs Kak [Al(OH),(H,0),]” B aTux ycIoBUsiX OCTaETCH B pacTBOpeE.

Ta6nupa 3.2
CBoiicTBa NPOCTHIX BEIECTB H HOHOB 3/1IEMEHTOB 2~ rPymNmbI

CaoiicTBO Be Mg Ca Sr Ba Ra
Oueprusi aromusauun AH 324 146 178 164 178 | 130
kIx/monb (298 K)
CraHaapTHas HTATbNUS [JIABJICHUS 15,0 8,9 8,6 8,2 7,8 |(8,5)
AH;,, xIX/MOIb
t, °C 1289 | 650 842 769 729 | 700
toms C 2472 | 1090 | 1494 | 1382 | 1805 | 1500
CraHzapTHas 3HTAJbIUS TUApPATALUU M| -2500 | -1931 | -1586 | —1456 | -1316 |-1297
AH . XIK/Mone (298 K)
CraHaapTHas SHTPONUS FUApaTaiun M* | =300 | =320 | -230 | -220 | -200
AS Ty, KIIK/MONB (298 K)
CranpaprHas sHeprus ['ub6ca ruaparaiumn
M AGryp, XIX/Monb (298 K) -2410| -1836 | -1517 | -1390 | -1256
CraHapTHbli noTeHuuan BocctaHomnenus| —1,85 | -2,37 § -2,87 [ -2,89 | -2,90 |-2,92
E‘(M*/M), B
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IlpuMenenne MeTa/I0B BTOPOI IPYNNbI H MX COETHHCHMIA. bepunnuit — onun u3
CaMBIX JICTKUX METAJUIOB, IMaMarHeTHK, UMEET BRICOKYIO TeIIONPOBOXHOCTD U BBICO-
Kylo Temniepartypy miasieHus (1289 °C), ycToiuMB K OKMCTIEHUIO Ha BO3NyXE, Xapak-
TEPU3YCTC HU3KUM CEUCHMEM 3aXBaTa HEWTpOHOB. Biaronaps sromy Gepwuiuii u
CIUIaBBl Ha €ro OCHOBE (GepWUTMEBBIE GPOH3BI) MPUMEHSIOT B CAMONIETO- K PaKeToC-
TPOCHMH, ANEPHOI SHEPreTHKE, MPK MPOU3BOLCTBE PEHTIEeHOBCKMX TPYOOK M T. .

BaxxHoe npakTuyeckoe 3HaYEHUE UMEIOT MATHUIA 1 B MEePBYIO 0YepPElb ero CIUIAaBEI
C QJIIOMUHHUEM M HEKOTOPBIMU PEIKO3EMENBHBIMU MeTA/UIaMU. 11pUCYTCTBHE MarHus
TIPUJRET MaTepyaaM GoJIbLIYI0 MEXaHUYECKYIO IPOYHOCTb U YCTOHYMBOCTD K KOPPO-
3UM U B TO X€ BPeMsl WIEFKOCTb» (TUIOTHOCTb MarHus 1,74 r/cm®), NOsTOMY MarHuii-
AMIOMMHMEBHIE CIUIaBBl (MarHaiuid, SMCKTPOH U JpP.) UCHONB3YIOTCS [UIS M3TOTOBJIE-
HUsl IETaNel B CaMOJIETO- M aBTOMOGMIIECTPOSHMH, PasiMYHBIX HHCTPYMEHTOB. [Topo-
LIOK MarHysi UCIOJb3YeTCS B CUTHAIIBHBIX PakeTaX, @ HEKOTOPBIE €10 COSNMHEH NS —
XxeHas mardesuss MgO wnm ropekas conb MgSO,-7H,0 HaxomsT npuMeHeHue B
MEIULMHE,

Kanbuuit ciyXut BocCTaHOBUTENIEM B METATIIOTEPMMH, PACKHUCIIUTENEM MPHU BBIII-
JiaBke ctanu. OOpa3syloluuecs npu o6xure UsBecTHska okcun CaO (HeraweHas us-
BECTb) M MPU FMAPaTauMy nocienHero ruapokcun Ca(OH), (rawenas U3BECTb) LIU-
POKO HUCTIONIB3YIOTCSI B CTPOMTENBCTBE, METAJULYPriUM, XUMUYECKOH MPOMBILLIEHHOC-
TH, TP NPOU3BOACTBE CTEKJIa, caxapa, OyMaru, GeJIMIBHON M3BECTH M OTOEIUBAIO-
IMX NopolKoB. Jlo6aBineHnem oKCHIa Kabiids K KOHHEHTPUPOBAHHOMY pacTBoOpy
€IKOT'0 HaTpa rOTOBAT HATPOHHYIO u3BeCTh — cMeck Ca(OH), ¢ NaOH, ucnosne3ye-
MYIO B 1a00paTOpUAX 1Sl MOITOIUEHUs YINEKUCIOro rasa. Poopur CaF, cnyxur
CBIPBEM IUTsi TIOJIy4EHUsI MJIABUKOBOI KUCIIOTH 1 (PTOpa.

Beenenne HeGonbLIMX 106aBOK CTPOHLIMS B YYTYHB M TUTAHOBHIE CIUIABBI O3B0~
JISICT 3HAUUTE/IPHO YIYYILIMTE UX MEXaHUYECKHE CBolicTBa. OKCuil CTpoHuus addex-
TUBHO NOIJIOIMAET PEHTIEHOBCKOE U3JIyYEHUE, CTEKIIA Ha er0 OCHOBE MIYT Ha IPOU3-
BOICTBO KHHECKOIIOB LBETHBIX TEIEBU30POB. Bapnii ucnonbsyercs, Hanpumep, B Ka-
YECTBE FeTTepa (rasononIOTUTENsT) B BAKYYMHBIX TPYOKaX, TaK KaK aKTUBHO pearupy-
€T CO MHOI'MMHU rasaMu, BKJIIOYas KUciopon n a3oT. CynbdaT 6apusi NpUMEHSIOT B
KayecTBe GeJIOro MUFMEHTa, & TAKKE UCTIONB3YIOT B BHIE HAIOIHUTES! Mpy Npous-
BOICTBE CIIELUATBHBIX COPTOB GyMaru.

KUPNUYHO-KPACHEIA UBET (O/1eIHO-3€IeHBIN, eCIM CMOTPETh 4epe3 ronyboe cTek-
J10), CTPOHIMS — B KADMHHOBO-KPAcHbIi (4epe3 rony6oe cTEKIO — dbuoneTOBHII),
a 6apus1 — B XeNTO-3eIeHBIH (LBET 3eJIeHOTO s16J10Ka).

3.4. XUMHWYECKUE CBOVCTBA

CraHzapTHBIE 3IeKTPOAHEIE TTOTEHIIMAIEI BCEX META/UIOB BTOPO# TpyIINEI OTpH-~
HaTelbHBIE U I10C/Ie[0BATeIPHO YMEHBILIAIOTCS TIPU MepeXxoe OT Gepuilnus K Paguio.
Tem He MeHee GepWUIHIT M MarHMH IO CBOMCTBAM 3HAYMTETBHO OTIMYAIOTCSI OT
II3M, 370 06ycnOBIeHO, B MEPBYIO OYepelb, KHHETUYeCKUMHI dakropamu. Ecnu
II3M nogo6HO IMIEIOYHEIM MeTA/UIaM Ha BO3IyXe OBICTPO MOKPHIBAIOTCS MJIEHKOIM
OKculia U KapOoHaTa, TO GepWUIMI M MarHWi JOMTO COXPaHSIOT MeTAIMYecKHi
Oneck. IIpy KOMHaTHOM TemIlepaType OHM YCTOHYUBEI K JeHMCTBHIO KUCIOPOAA U
BoJIbI Oy1arofapsi HAMMYMIO TOHYaMIeit OKCHIHOM TUIEHKH.
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Ha Bo3nyxe Gepwuinii BOCILIaMeHsieTcsl IpU TemnepaType okono 900 °C, mar-
Huit — mpy 650°C, a III3M — okono 500 °C. Ilpu cropaHuu OepUIUTUS U MarHust
Hapsanmy ¢ okcunoM MO obpasyercs Hutpun M;N,. Bce 3TH MeTaiuibl Ipy Harpesa-
HMH Peardpylor ¢ rajoreHaMu, cepoif, a30ToM U GochopoM.

IIenoyHo3eMenbHbIe METAJIIBI IPY HArpeBaHuu B atMocdepe Bogopoaa o6pasyloT coe-
nono6uble ruapuael MH, — cepble MOPOLIKM, JIETKO B3auMopeHcTByoue ¢ Bopoil. Ilpu
MOKMTAaHUK Ha BO3NYXE THMAPHIBI Cropaior, obpasys okcuanl, a ¢ okucinureysaMu (KClOs)
o0pa3yioT B3pbIBYaThe cMecH. TepMuyecKas quccouumanus ruipuioB HAYNHAETCS MPU TEM-
neparype okono 600 °C.

Maruuii BCTYIIaeT B peakuuio ¢ BOLOPONOM JIMIUB MPK BHICOKOM AasneHuu. I1pu sToM
obpasyercsa ruapun (MgH,),, uMmetorumii nonumepHoe crpoeHue. [lonuMepHoe CTpoeHue UMeeT
¥ rMapuI 6epuiys, KOTOPBIH MOJMYYaloT KOCBEHHBIM MyTeM — B3aUMOIeHCTBUEM 6Ge3BOj-
HOTO XJiopuia Gepuuiys C THOPUAOM WM aJTIOMOTMIPUIOM NUTHs B adupe:

2BeCl, + LiAlH, = 2BeH, + LiCl + AICl,

BsauMozeiicTBIE METAJLIOB BTOPOM IPYIIIEI C YIVIEPOAOM IPUBOIUT K oOpa3oBa-
HUIO Pa3IMYHEIX MponyKToB. Tak, 6epwiuiuit obpasyer Kapoun Be,C co cTpyKTypoit
anTudII00pUTa. OCTaJ'ILHLIC MeTAJUTH 00pa3yioT Kapouasl coctasa MC,, cogepxa-
e uoH [C= C] (puc. 3.2). Kap6un Be,C pearupyer ¢ BOROH C BEIIEIECHUEM Me-
ta"a, a MC, (M = Mg, Ca, Sr, Ba) — aneTHjIeHa. s MarHusi M3BeCTEH TaKXKe
Kapounx Mg,C; ¢ aHuoHOM cocTaBa [C=C= C] , KOTopHIM 00pa3yeTcst Ipu MpoKa-
nuBaHuu MgC, nu6o npu HarpeBaHuu Mg c neHTaHoM rpu 650 — 700 °C.

Bepuiumii He monBepXeH BO3ACHCTBHMIO BOITHOrO Tapa jJaxe IpU TeMIepatype
KpacHOTo KaJieHusi, OJHAKO OH JIETKO pacTBOPSIETCS B KOHIEHTPHPOBAHHOM pac-
tBOpE PTOpPUAA WM TMAPODTOPHAA aMMOHUS BCJIENCTBHE 00pa30BaHUs MPOYHOrO
(pTopumHOrO KOMILIEKCA:

Be + 4NH4F + 2H20 = (NH4)2[BCF4] + 2NH3 Hzo + HzT

MarHu#t pearupyer ¢ ropsiyeil BOIOH U BOLSIHHIM ITapOM:

Mg + 2H,0 £ Mg(OH), + H,?

L
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Puc. 3.2. Kpucrawmmuaeckasa crpykrypa kapbuna kanbsuus CaC, (@) u nepokcuna 6apus BaO, (6)
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a C pacTBOpaMH COJlel aMMOHUsI — JjaXe NPU KOMHATHOM TeMIlepaType:
Mg + 2NH,CI + 2H,0 = MgCl, + 2NH;- H,0 + H,t

Bce MeTaibl BTOpOIt IpyTIIIBL JIETKO paCTBOPSIIOTCS B KHCIIOTaX-HEeOKHU CIIHTEISIX,
HO MarHu# He peardpyeT C IUIABUKOBOM KHCIOTOW U3-3a2 HU3KOH PacCTBOPHMOCTH
MgF,. KoHlieHTpupoBaHHast a30THAas KUCIOTa NacCUBUpYeT OepUIUTHIA.

Marnuit u II3M He B3aUMOAEHCTBYIOT CO 1IEIOYAMH, TOTA KAK Sepwuit pa-
CTBOpsIETCS B HUX C 00pa30BaHUEM TUAPOKCOOEPUILIATOB:

Be + 2NaOH + 2H,0 = Na,[Be(OH),] + H,?

II3M nomoGHO HATPUIO pACTBOPSIIOTCS B XHUOKOM aMMMaKe C o0pa3oBaHUeM
CHHHX pacTBOPOB, COAEPXKAILHUX CONbBATHPOBAHHEIE 31IEKTPOHEI. M3 3TUX pacTBOpOB
MOXHO BBIUIEJIUTh HEYyCTOMYHBbIC KOMIUIEKCHbIE aMMHAKAaTHI 30JI0THCTOIO IIBETA CO-
craBa [M(NH;)] (M = Ca, Sr, Ba), KoTopble MeIeHHO pa3jiaralorcs 10 COOTBET-
CTBYIOILIUX AMHJIOB;

[M(NH3)6] = M(NHz)z + 4NH3T + HzT

3.5. TAIOTEHHbI METAJUIOB 2-M I'PYIIIIbI

Be3somnbie raToreHUIBI GePIUTHS SBIISTIOTCS KOBATEHTHBIMK COeMHEHUSIME, OHU
TIPEACTaBISIIOT OO0 GeClBETHRIE BELECTBA, JIETKO PACIUIBIBAIOILUECS MIpU XpaHe-
HHUHU Ha BO31yXe BCIENCTBHE THAPOIM3A.

AMopbHEIf (cTextoobpa3sHbiit) BeF, (fcysn = 800 °C) momy4aroT TepMHYeCKUM
pasnoxeHueM teTpadTopbepuiiata ammoHus (NH,),[BeF,]. Pactias BeF, siBnser-
Csl IUBNICKTPUKOM M MMEET CTPYKTYpY B-KpHCTOOATUTA, YTO XapaKTepPHO IS CO-
SMHEHUH C KOBAICHTHBIM TUIIOM CBSI3H. B BoxHEIX pactBopax BeF, npucyTcTsyior
aKBa-HOHBI [Be(H20)4]2+; TaKOW MpoLieCC ruApaTaliii BHIrOAeH TepMOIMHAMUYEC-
KU (AGY,,, =-2410 xIx/Moinb (cM. Tabm. 3.2)).

Bessonnsiit BeCl, (1, = 415°C, ty = 520 °C) MOIYYalOT BOCCTAHOBUTEIbHBIM
XopuposaHueM okcupa docreHom COCI, nmpu 600 °C, nmapamu CCl, mpu 800 °C
6o NpokanuBaHueM cMecH BeO c yrieM B Toke xiopa:

2BeO + CCl, £ 2BeCl, + CO,

AHAJIOTHYHO TIONYYaIOT U XJIOPUABI APYTMX METAUIOB B TOM C/IyYae, KOTIa 00e3-
BOXHMBaHUE COOTBETCTBYIOLIETO KPUCTAJUIOTHAPATA CONPOBOXIAETCS HeOOpaTUMBIM
FHAPOIU30M:

[Be(H,0),ICl, £ BeO + 3H,07 + 2HCIt

B ra3006pa3sHoM cocTosiHUM Tpu TeMmriepaType Bbiie 800 °C BeCl, cyiecTyeT B
BUJie JTMHEHHBIX MOJIEKYN (puc. 3.3, @), mpu Gojiee HU3KOH TeMIlepaType B nape
TIOSIBJISIIOTCA ¥ AMMephl. O6pa3soBaHue CBs3el B IMHeHHON Monexyte BeCl, MOXHO
omucath Ipy noMowy sp-rubpunusanuu. M3 mapa KoHAEeHCUPYIOTCS Npo3payHble
THTPOCKONUYHBIE KPUCTAJUIBI, COCTOSIIIME U3 OeCKOHEeYHBIX 1emneit (puc. 3.3, 6), a
npu TeMnepartype Hike 405 °C — tpuMepnr*. B 3Tux BelecTBax kaxmbiii atoM Be

* Spundflasche E., Fink H., Seifert HJ. // Z. Anorg. Allg. Chem. 1995. V. 621. P. 1723,
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Puc. 3.3. CrpoeHue xjiopuaa 6epuius:

a — B ra3oBoit (Qaze; 6 — B TBEPIOM COCTOSHHM -— NONMMepHas MoauduKauus; ¢ — oOpasoBaHHe
cBs3eii B monmuMepHoM BeCly; 2 — MoneKynspHas MoandHKauus, o6pa3ylolliascs 13 napa npH T<405°C

HAXOIWTCS B TETPasIPUYECKOM OKPYXeHUH U3 aToMoB xiopa. Cessu Be—Cl 3nech
UIHHHee, 4eM B MOHOMEpPHOM Monexyte. B monuMepe u TpuMepe aToMBl Be paccMar-
PUBAIOTCS KaK sp°-TMOPHIM30BAHHEIE, M KaXIBII aTOM XJI0pa, UMEIOLIUH TPH HEMo-
JeIeHHbIe 3TeKTPOHHBIE Taphl, JaeT OHY W3 HUX Ha IyCTyIo THOPUIHYIO OpOUTATh
cocequero atoma Be (puc. 3.3, ). C 3TuX Xe MO3ULMH MOXHO OOBSICHUTE U TIOBEAE-
HHe TaJOreHUIOB OepWIUIMS Kak KHUCIOT JIbloHnca: oOpa3oBaHHe HOHOB [BeF4]2“,
[BeCl4]2" u agnykros BeCly 2L, rae L — 3¢wup, anbaerua WM KETOH.

Xnopun BeCl, siBnsiercss momo6Ho AICl; Katanu3atopoM B peakuuu Ppunensi—
Kpadrca.

Besponubie dTopuabl Marius u II[3M sBIAIOTCS MOHHBIMU COCAWHEHHMSIMH C
BEICOKMMH TeMIlepaTypaMu ItaBienust. Kpucrammudeckuit MgF, uMeer cTpykTypy
pYTHIIA, OCTANIbHEIE (PTOPUIE! KPHCTALIM3YIOTCS B CTPYKTYDHOM THIIE (IIIOOpHTA. B
ommuue oT BeF, 5T BewecTsa He sBysiiorcst Kucnoramu JIslonca. Oy Maio pac-
TBOPUMHI B BOJEe, HO PACTBOPUMOCTE HECKOJIBKO BO3PACTaeT C POCTOM pa3Mepa Ka-
THOHa (Tpou3BeneHue pactsopumoct MgF,, CaF,, StF,, BaF, coctapnser coor-
BeTcTBeHHO 7,42-107!", 1,46-107'°, 4,33.107°, 1,84.107).

Xsiopuz, 6pOMUI ¥ HOTUI MarHusl BEIAEIAIOT U3 BOAHBIX PaCTBOPOB B BUIIE KPHU-
CTAJUTOTHAPATOB, 00€3BOXMBAaHUE KOTOPEIX CONPOBOXIAETCS YaCTUYHBIM THAPOJIU-
30M, noatoMy 6e3sogusie MgCl,, MgBr,, Mgl, mony4aior B3aMOACHCTBHEM NPO-
¢THX BemecTB. be3ponubil MgCl, CHHTe3UPYIOT TakKe JeHCTBHEM XJIOPOBOAOPOaa
HA MAaTrHM# B cpeae abCOIIOTHOTO CITMPTA.

Be3BoHEIE XJIOPUAE, GPOMUAB U MOTUABI KATBLNS, CTPOHLIMS U Oapusi MOXHO
JIETKO MOMY4YHTh AerHpaTalyeil COOTBETCTBYIOIIMX KPHCTAUIOTHIPATOB MDY HATPEBa-~
HUH. DTH Ge3BOAHBIE rATOTEHUIE TUTPOCKONUYHEL, oaToMy CaCl, yacTo ucmosb-
3yIOT B KayeCTBE OCYIIUTeJIs B JaGOPaTOPHOH NMPaKTHKeE. B KpHCTAJUTHYE€CKOM COCTO-
SHUM MHOTHE U3 Ge3BOIHEIX TAJIOTeHMAOB UMEIOT CIOMCTYIO cTpYKTypy Thna Cdl,.

MHuOrue raloreH|IBsl METALIOB BTOPO# TPYIINBI paCTBOPUMEI HE TOJIBKO B BOJE, HO U B Ta-
KHX MOJISIPHBIX PACTBOPHTESIX, KK CIIUPTHI, a¢uphl, mupuaut (Py), rerpariapodypar (Thf).
U3 3THX pacTBOPOB BBUIE/IEHBI COBBATH, Hanpumep mpanc-[MgBry(Py)l, mpanc-[MgBry(Thf),].
B kommuekce mpanc-[MgBr,(Thf),] okrasnpuyeckas KoopauHauus Mg peajiusyercs 3a cuer
06pa3oBaHMs HENMOYEYHOM CTPYKTYpPHI (pHc. 3.4, a). C yBenueHueM pasMepa LiEHTPAIbHOTO
HOHa& BO3pacTaeT ero KOOpAUHaiIMOHHOE YUCJIO, HAllpUMED B mpanc-[SrBry(Py)s] xoopau-
HapUsl MEeHTarOHAIbHO-GUNMpaMUIaibHast. B u3bbITKe pacTBOpUTE/s 06pa3yloTCsi HOHHBIE
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Puc. 3.4. CrpoeHue ralore HUI0B MarHusI:
a — mpanc-[MgBry(Thf),]; 6 — [Mg(EtOH)4]Cl,

KpucTauiel. Hanpumep, npy peakuuu Mar€usi ¢ XJIOpOBOJIOPONOM, PAacTBOPEHHOM B a6Cco-
JIOTHOM 3THJIOBOM CrUpTeE, 06pa3yloTcs KpHCTawnsl conbBata [Mg(EtOH)]Cl,, B KoTOpoM
aTOMBI MarHusi HaXOASTCsl B OKTa3JAPMYECKOM OKDYXCHHUU M3 LIECTH MOJIEKYN STHIOBOIO
crmpta (EtOH) (puc. 3.4, 6)*. Ilpu HarpeBanuyu B Bakyyme 10 200 °C cosibBaT pasiaraercs
Ha CIMPT U Ge3BOAHBIN raJoreHun. D10 yno6GHBI MeTOx nojiyyeHus 6e3BOJHOTO XJIOpuaa
MarHus.

3.6. COEITMHEHHMA C KUCJIOPOJIOM U I'NIPOKCHIbI

Oxcup Gepwimust BeO — Geltblit KpUCTAINYECKUI TTOPOLIOK (1, = 2580 °C) co
CTPYKTYPO#M BIODLIMTA, IUIOXO PACTBOPHMEIN B Bode. OKCUIBI OCTANTBHHIX METAJUIOB
BTOPOM IPYIINB UMEIOT CTPYKTYpy THna NaCl. TeMneparypHl rutaBieHUs uX MOHH -
XaioTcs BHU3 1o rpymre (ot 2800 °C mra MgO 1o 1920 °C s BaO), mocKONBKY ¢
POCTOM HOHHOTO pajiyca ociabeBaeT KyTOHOBCKOE B3aMMOIENCTBHE U YMEHBIIIACT-
Cs 3HEPTHsI KPUCTAJUIHYECKOH pelLeTKH.

Oxcup MarHust MeJUIEHHO B3aMMOZEHCTBYET C BOAOM, MOCTENEHHO MPeBPaIasch
B IUI0OXOpacTBOpUMBINA ruapokcun Mg(OH),. T'unpatauus okcupos 1113M, Hanpo-
TUB, NPOTEKAeT 3HEPIUYHO U COMPOBOXAAETCS BHIEIEHUEM OONBIIOrO KOJMMYECTBA
TETUIOTHI.

Hist Beex aeMeHTOB, KpOMe Ge pUILTHSI, TIOYYeHbl TAKKe TlepoKcHuaH. C pocToM
pajiyca KaTHOHA Pa3sHOCTb SHEePruii KpUCTa/uM4eckoit petetkt MO u MO, yMeHb-
LIaeTCsA, YTO NMPHUBOMUT K IMOBBIIEHHIO TEPMUYECKON YCTOMYMBOCTH MEPOKCHUIOB
BHM3 TIO TPYIIIIE. .

ITepokcuabl MarHus u I1[3M 06pasyioTcss B BHie TMApPATOB NPH B3aMMOMEM-
CTBUM OKCHJIA WJIK TMAPOKcHIa MeTaina ¢ H,O,:

* Valle G., Baruzzi G., Paganetto G. et al. // Inorg. Chim. Acta. 1989, V. 156. P. 157.
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Ba(OH), + H,0, + 6H,0 >S5 BaO,- 8H,0!

ITpu NoMEITKE 00€3BOXUBAHUSA COeqMHEHWS MarHusi ¥ Kaublusi pa3naratorcs. Ile-
POKCHIBI CTPOHIMS ¥ 6apus MOTYT OBITh IONY4YeHBI M B O€3BOAHOM BUIE Harpena-
uueM SrO (300—350°C) wiu BaO (550—600°C) B kucnopone (cM. puc. 3.2, 6).
IIpy NOBBILIEHHH TEMIIEPATYPhl MPOLIECC NMPOTeKaeT B OOpaTHOM HalpaBJicHHH,
YTO paHee MCIOIb30BaJM IS BHIIEICHHU KUCIOPOAA U3 BO3MyXa.

TIpu B3aUMOAEHCTBUM BCEX MEPOKCHIOB ¢ KucioTaMu Bhipensiercsas H,O,:

SrOZ + 2HCl = SrCIZ + HzOz

Bce nepoKcubl SBJISIIOTCS CHJIBHBIMY OKMCITUTENSAMU, 0J1arofapsi 4eMy UX CMECH C
AKTUBHBIMU MeTa/UTaMut (Mg) HaxoosT IpUMEHEHHE B IIMPOTEXHMKE. Peakimio nepokcuna
6apust ¢ KpacHOM KPOBSAHOM COJBIO PaHbILE HCITOIB30BAM UL ITONYYEHMST KUCIOPOa:

BaO, + 2K;[Fe(CN)g] = K4[Fe(CN)¢] + K,Ba[Fe(CN);] + 0,1

B psimy rTHAPOKCHAOB 2~ rpynIbl OCHOBHBIE CBOMCTBA BO3PACTAIOT C YBEJIUICHH -
eM ropsinkoBoro Homepa: Be(OH), — cna6oe ocHopanue (K, = 5,0 107'"), Mg(OH),
SBJIsIeTCS] OCHOBaHMeM cpenHel cunbl (K, = 2,5 107%), a ruapokcums 113D — cuib-
HbIE OCHOBaHUSI.

PacrBopumMocTs Be(OH), B Bone ~4 - 108 monp/n. B psmy M(OH), (M = Mg, Ca, Sr,
Ba) pacTBOpMMOCTb B BoA€ yBenuuusaercs (2-1074, 2-1072, 6-1072, 2-107" mone/n
COOTBETCTBEHHO); B 9TOM X€ DSy BO3PAcTaeT U TEpMUYECKAsA YCTOMYMBOCTD K pa3-
JIOXEHUI0 Ha OKCH U BoAy. TaK, ruApoKcu OepuJUThs pasiaraetcs yxe rpu 140°C,
MarHusi — npu 350°C, xanbuuss — nipu 580 °C. Tuapokcuabl cTpOHUUs M Oapust
IIaBsATCs 6e3 pasyioXeHUsl, MONOOHO €IKUM IIEN0YaM.

Tunpoxcu 6epuInsT — TUNMYHBINA MpuMep amdoTepHoro ruapokcuia. C Kuc-
JIOTaMU OH JaeT CoMu Oepuuivs, HarpuMep cyibdhar BeSO,. B nmpucyTcTBUY U30BIT-
Ka menoqn Be(OH), pactsopsiercsi ¢ 06pa30BaHIEM TETparuapokcobepuiaT-uoHa
[Be(OH)4] , UMeromero ¢opMy Terpasipa. B KOHIIEHTpPHPOBaHHEIX PACTBOPAX ¥ pac-
TUIaBax 1esIoueil IMpUCYTCTBYIOT OepWiuiaThl coctaBa M,BeO,, M;BeO,. B Boxe oHn
HEOOPAaTUMO THUAPOIU3YIOTCS IO MMAPOKCUIa OepuIUIHSL.

Ocaznok Mg(OH), npakTuyecky He pacTBOPAETCS B MIENOYAX; TOJIBKO [UTMTENb-
HOE ero KuIsueHue B 65 %-M pactsope KOH nmpuBoIuT K 00pa3oBaHUIO KOMILIEKCA
K,[Mg(OH),]. B To e BpeMsi OH pacTBOpsI€TCs B paCTBOpax Cojieit aMMOHMSI 32 CUET
obpasosaHusa craboauccomuupylomiero NH;- H,O.

3.7. COJI1 OKCOKHCJIOT U KOMILTEKCHBIE COENUHEHUA

BonelHCTBO cojieit 6epuinst, 00pa30BaHHBIX CUJIBHBIMU KUCJIOPOACOAEpXa-
UMM KHCJIOTAMH, KPUCTAJUTU3YIOTCS U3 BOAHBIX PACTBOPOB B BUIIEC KpHCTAJUIOrW-
paToB, B CTPYKTYpe KOTOphIX npucyTcTByeT HoH [Be(H,0)4]*, uMetommit dopmy
TeTpasfapa (puc. 3.5, a). B cmabokucnoi cpesie ruipaTUpOBaHHbIE HOHBI [Be(H,0),]*
BBICTYTTIAIOT KaK KKHCJIOTa BpeHcTea Mo OTHOIIEHUIO K MOJIEKYJIaM DACTBOPHUTES:

[Be(H,0),4]* + H,O 2 [Be(H,0)3(OH)I* + [H;0]*
TTpouecc ruapoiu3a COMPOBOXKAAETCS KOHACHCAMEN! U MOIMMepU3aLuei:
[Be(H,0)41** + [Be(OH)(H,0)3]" - [(Hzo)sB("‘v‘“I(_I)—Bf?(Hzo)sl3+ + H,0
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HauGonee ycTOHYMBBIME SIBISIIOTCS LIMKJIMYECKUE TPUMEDHI, MTPeobIafalomlie,
HanpuMep, B c1abDOKMCIIBIX PacTBOpaXx MepxjiopaTta OepUIUIHS:

~ -3+

H,0___OH,
HO" “OH
3[Be(OH)(H,0),I'~» B0~ | | _om| +3mH,0

. PEX
H,0~ (})1 OH,

Kpucrananyeckas cTpyKTypa TaKOro TpuMepa B BUIE COMY IMUKPUHOBOM KUCITO-
ThI I0Ka3aHa Ha puc. 3.5, 6. Co BpeMeHeM pacTBOP CaMOIOAKMCIISIETCS 34 CUET Ipe-
BPAIEHUS YAaCTH MOCTUKOBBIX THIPOKCIIBHBIX IPYIIN B OKcoMocTUku Be—O—Be.
Takue nmponecchl Ha3BIBAIOT B XUMHH «CTapeHHeM». IMEHHO «CTapeHUeM» OGDBSICHS-
€TCs TOT (PaKT, YTO CBEXEOCAKACHHBIE (POPMBI THIPOKCHUAOB OKA3hIBAIOTCS TOPa3io
Oonee peakIIMOHHOCIIOCOOHBIMHU, YEM Te X€ TMAPOKCHABI, IMOABEPTHYTHIE XpaHe-
HUIO, JaXe TOJ CJIOEM pacTBOpA.

Ecnu aHMOH NposiBIIsieT CBOUCTBA JTMTaHa, OH TAKXKE KOHKYPHPYET C MOJIEKY/a-
MM BOABI ¥ THIPOKCUI-HOHAMH 32 MECTO B KOOPAWHAIMOHHOM cdepe meTauta. Ha-
NpUMEp, B BOTHOM pacTBope (GTopuaa GEpWLIus IPUCYTCTBYIOT CMEIIaHHBIE HOHBI
[Be(H,0);F]", [Be(H,0),F,], [Be(H,0)F;]". ITpi pacTBOPEHMY rMIPOKCHIA 6epuir-
JIMSL B KPETNIKOH IUIABUKOBOM KUCIOTE B IIPUCYTCTBMM aMMMaKa B OCaJOK BBIIANacT

Puc. 3.5. CrpoeHue HOHOB:
a — [Be(H,0)"*; 6 — [Bey(H,0)(OH);I****

* Robl C., Hentschel S. // Z. Naturforsch. Teil B. 1990. V. 45. P. 1499.
** Cecconi F., Ghilardi C.A., Middini S., Orlandini A. // Inorg. Chem. 1998. V. 37. P. 146.
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rerpacdropbepmnar ammonust (NH,),[BeF,] — comb cUIbHOMN, HO HOYCTONYMBOH
terpadTopbe pUILTMEBO KUCIOTHI.

KOHIIEHTPUPOBAHHBIE PACTBOPHI XJIOPHIOB MarHus CIMOCOGHBL PacTBOPSITE 3HAYUTE/IBHBIC
KonuyecTBa okcuna MgO, o6pasys TecTooGpasHylo Maccy, NMpeIcTaBIAolylo coboii nou-
Mep, B KOTOPOM aTOMBI MarHUsI CBSI3aHBI JIPYT C JIPYrOM IOCPEACTBOM TMAPOKCO- M OKCOMOCTH-
koB. IIpH cTosiHMM 6r1aroaaps OKCOJSILUH, T.€. IPEBPAILEHUIO TMAPOKCOTPYIIIT B OKCOTPYTIIEL:

o

AN

Mg Mg - —Mg—O0—Mg— +H;0

/

/

H

COMPOBOXIOAIOLIEMYCH BbIACJICHUEM BOJbI, 06pa3ye'rc;[ HpO‘{HbIﬁ Marepyan — MarHesvajib-
HBIA OEMEHT, €r0 UCIOJIB3YIOT IJIsI USTOTOBJICHUS MOJOKOHHHUKOB U CTyHCHCﬁ JICCTHHMII.

TIpy HEHTpaIM3aUMy THAPOKCHAA GepuuHs Claboit KUCIOTOM B PAZE CIy4acB
He yaeTcsl H30IMpPOBaTh CPEIHIOI COMb BCIGACTBHE €6 THapo3a. HanpuMep, Ipu
B3aMMOJENHCTBUM THAPOKCHAA GepUIUHSI C KOHIEHTPUPOBAHHOM YKCYCHOH KHUCIIO-
Toi obpasyromuiica B pactsope Be(CH;COO), npu cnaboM HarpeBaHMH TIpEeBpa-
IaeTCs B yCTOMUMBYIO OKCOCcoib [Be,(py-O)(n-0,CCH3)6] (puc. 3.6, a). B crpykType
[Be,(ps-O)(n-0,CCH;)g] leHTPaJIbLHBIA aTOM KHMCJIOPO/ia CBS3aH C YETEIPbMST aTOMaMH
OeprWUIHS, KaXIBI U3 KOTOPBIX UMEET KOOPIUHAIMOHHOE YUCIIO 4. AHaAJIOTUYHOC
CTPOEHME UMeeT ¥ OCHOBHO#M HuTpat 6epriunst [Bey(uy-0)(p-O,NO)¢] (puc. 3.6, 6),
KOTOpBI 06pasyeTcst IpU HarpeBaHWHM 0€3BOJIHOTO HUTPATa B BAKYyME 1O 125°C*.

Be3BonHBIe HUTPATH HEPIIUTNA Y HEKOTOPBIX JAPYTHX METAJIOB HEBO3MOXKHO NMOMYy-
YUTH ETMIPATALFEH KPHCTAUIOTMIPATOB BCIEACTBIE HeoOpaTiMoro runposmsa. O6srd-
HO MX TIONY4YaloT U3 GE3BOIHBIX XJIOPUIOB B3aUMOIEWCTBUEM C JAMOKCHUIOM a30T1a,
06pa3yIoLLyIOCs COMb HUTPO3OHHMS Pa3aralor B BAKYyMe TIpH C1a60M HarpeBaHWH:

BeCl, + 4N,0, = [NO],[Be(NOs),] + 2NOCI

[NOJ,[Be(NO3)s] 2S5 Be(NOs), + 4NO,T

Puc. 3.6. CTpoeHue okcoareTara (a) ¥ OKcoHuTpata (6) Gepuius

* Tposnos C.H., Tuxomupoe I. A., 3namenxoe K. O., Moposoe H.B. // XKypH. neopran. xumuu. 2000.
T. 45. C. 1941,
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CpenHuit aneraT 6epUUTHS TIONYYAIOT PACTBOPEHUEM GEPUIUTHS B JIEASTHOM YKCyC-
HOH KUCJIOTe WY HarpeBaHHeM OKCOaneTaTa ¢ aneTWIXJIOPHAOM B JIEASTHOMN YKCYCHOM
KHCJIOTE.

B BOAHOM pacTBOpe MOHBI MarHUsl M KaJIbLIUS TAKXKe THAPATUPOBAHHBI, UX KOOp-
JVHAIMOHHOE YMCIIO paBHO 6. OKrasnapuyeckas KOOPOWHANMS YCTAHOBJIEHa IS
[Mg(H,0)¢]** u [Ca(HZO)(,]2+ B PSiZle TBEPABIX KPUCTAIOTHIPATOB.

ITpu mepexone OT GepUILTHST K MATHUIO CKJIIOHHOCTD K THAPOIU3Y YMEeHBLIAETCS,
a COMM KaJlpLUsl, CTPOHUUA ¥ 6apysl ¢ CUIBHBIMUM KHUCIIOTAMH BOOOIIE He THAPOIIH-
3yI0TCSL.

PacrBopuMocTs cynbdaToB mocnenoBarebHO yMEHBINAETCS BHU3 TI0 TPYIINe, a
WX TEPMUYECKAS YCTOMUMBOCTE BO3PACTAET.

MajtopacTBopuMBIii B Bofie cybhAaT KaTbUUs BHUIENSETC M3 BOMHBIX PACTBOPOB B BUIIE
muruapara CaSQO,- 2H,0 — runca. IIpy HarpeBaHUY OH MOCTENEHHO OTILEILIAET BOlly, Iepe-
Xolst B anebacTp, a 3aTeM B aHTMAPUT, KOTODHIA NP CHJIBHOM OGXWre MpEeBpalaeTcs B
OKCOCOJIb, @ 3aTEM — B OKCHI:

100°¢ 160°C 900°C 1200°C
CaSO,-2H,0 &= CaS0,-'/;H,0 = CaS0O, — xCaS0,- yCaO — CaO
THIIC anebactp aHTUAPUT THApaBINYECKU
. THUIIC

TUnc MMeeT CIIOXHYIO CTPYKTYpY: B HEM CJIOM, 0Gpa3soBaHHbIE HoHaMu Ca’® u SOZ',
CBSA3AHBI IPYT € APYTOM MOJIEKY/IaMH BOJbL. AslebacTp MMEET CXOMHOE CTPOEHUE, HO B HEM
OTCYTCTBYIOT cjiod M3 MoJiekyn H,O. B npucyTcTBUM Bosibl asteGacTp GLICTPO NMpEBPalacTes B
KpUCTAJUILI TUIICA, KOTOPHIE, MEeperuieTasich, ObICTPO CO3JAI0T MPOYHYIO CTPYKTYPY — [HMIIC
3aTBEPACBACT B TEUEHUE HECKOJIBKUX MHUHYT, NpM 3TOM pacluupssack B obbeme. Ha 3ToM
OCHOBAHO M3TOTOBJIEHUE TUIICOBHIX CJIETIKOB U OTIICYATKOB.

MasopactBopumslii B Bofie CynbdAaT KATbLHS JIETKO NMEPEXOAMT B PACTBOP NpH A06aBiIe-
HUM CylbGaTa aMMOHMS MW KOHIEHTPUPOBAHHOM CEPHON KUCAOTHL. DTO 06bACHIETC 06-
pasoBaHHeM KOMILTIEKcHOI KucnoTel H,y[Ca(SO,),] uiu ee aMMOHUITHOI conu.

l'unc ucnonbayioT B NPOM3BOACTBE LEMEHTA, B KAYECTBE BSIKYLIETO MaTepUaia B
CTPOUTELCTBE, MEIUIIUHE, APXUTEKTYPE. BONOKHUCTLI TUIIC (CeIeHUT) — NEHHBL mofe-
JIOYHBIN MaTepuait.

BaxHoe 3HaueHMe B XMMHUH METaJUIOB BIOPO# TPYTITIB 3aHUMAIOT MX KapGOHATHL.
ITpu noGaenennu k pacrsopam BeCl, 1 MgCl, pactBopa Kap6oHata aMMOHHs 0Gpa-
3y10Tcs Oenble 0caaKl OCHOBHEIX COJeif;

2BCC12 + 2(NH4)2CO3 + HZO = BC(OH)2 : BCCO3 ~L + 4NH4CI + COzT
SMgCl, + 5(NH,),CO; + 2H,0 = Mg(OH), - 3MgCO;d + 10NH,Cl + Mg(HCO;),
PeanbHbIil cOCTaB OCHOBHOTO Kap6oHara GepWUIMS ONpENeNnsieTcs] YCIOBUSIMU CHHTE3A
(TeMIIepaTypoif, COOTHOLIIEHHEM PEareHTOB, MOPSIKOM MX cMelneHuUst). OMUCAHb COEaUHE-

Hus (Be(OH),),- BeCO; -mH,0, tne n = 2, 3,4, 5,7, m= 1, 2, 3. OcHoBHOIi KapOoHar
MarHus: uMeet NpuMepHeiit cocras Mg(OH),- 3MgCO; - 3H,0.

Ecny o1nenuTs ocanok OCHOBHOTO KapGOHaTa MarHMsI, a TIONY4eHHbIH pacTBOp
HarpeTh, TO U3 HeTO BBLIENSAETCS CPeaHUl KapOoHaT:

Mg(HCO,),(p.) £ MgCO4l + H,0 + CO,t

OcHoBHOI# Kap6oHaT GepHIUTHsI pacTBOPsIETCS B BOXHLIX PACTBOPAax KapGOHATOB
LIEJIOYHBIX METAIOB, OCOOEHHO JIETKO — B PacTBOpe KapBoHaTa aMMOHMS, KOTO-
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pHIit UMeeT C1aboIeIouHyI0 peakinio (THIPOKCHI-UOHE KOHKYPUDYIOT ¢ Kapbo-
HaT-MOHAMM 3a MECTO B KOOPAMHAIMOHHOH chepe 6epuwmius). Ha xonome U3 Hero
yHaeTcs BhIIEIUTH KpUCTaIbl KapGoHaTHOTO KoMruiekca (NH,),|Be(COs),]. Bxons-
IIUHA B ero cocraB aukapOoHaroGepuIaT-uoH uMeer (opMy TeTpasipa C ABYMs
OuIeHTaTHBIMM KapOOHATHBIMHU JIMTAHAAMH, KOOPIWHUPYIOHIMMH aTOM OeprIIvs.
D10 coenquHeHHe SIBJISIETCS HEyCTOMYMBBEIM M MPY HArpeBaHWU BHOBb JaeT OCaTOK
OCHOBHOTO KapOoHara:

2(NH,),[Be(CO;),] L Be(OH),- BeCO3l + 4NH;T + 3CO,T + H,0

O6paTuMoe pacTBOpeHHe ocanKa THApokcuaa 6epriuis B U30bITKEe KapboHara am-
MOHMS ¥ BO3MOXHOCTD €TI0 JIETKOI pereHepanyy MMeEIOT OOJBIIoE MTPaKTUYECKOE
3HAaYeHMe, TaK KaK ITO3BOJISIIOT OTIEATh OePIUIINIA OT aAJIIOMUHUS U Xejie3a, THIPO-
KCUBI KOTOPBIX HE pearupyioT ¢ KapdoHar-uoOHaMHU.

B ormiunte or 6eprwynmisg KapGoHATH MarHHs 00pa3yroT KOMIUIEKCH JIUIIL B KOHIIEHT-
PUPOBaHHBIX pacTBOpax KapOOHATOB 1LEOYHBIX METAIUIOB. B3auMOIeicTBUE OCIOXK-
HsleTCSI TE€M, uyTo oOpasyoluecs coenuHeHus, Hampumep K,[Mg(COs;),], mano-
pacrBopumMbl. HU3Kasg pacrBOPUMOCTD 3THUX COJIEil SIBJIIeTCsl CIIEeICTBUEM WX TIONHU-
MEPHOMN CTPYKTYPHL: aTOMbBI MarHUs CBA3aHEL IPYT C APYTOM B CJIOM MOCTUKOBBIMH
KapOOHATHBIMY TpyriaMu (puc. 3.7). Kaxmplit aToM MarHUs OKa3bsIBaeTcs B OKPyXe-
HMH LIECTH aTOMOB KHMCJIOPOLA, NpMHAWIEXAIUX LIECTH pa3NNYHBIM KapOoHar-
MOHAaM, a MOHBI KA 3aHUMAIOT ITyCTOTHL B KpUCTAUTUYECKOl pernerke. K coemqu-
HEHWSM TAKOTO THIIA OTHOCHUTCS W IIPUPOIHEII MUHepan gonoMut CalMg(COs),].

Cpenuuif kapboHar Oepwutds ymaeTcsl MOMYyYUTh JUIb B dopMe ruapara, mpomyckas
cwibHbIM TOK CO; yepe3 cycneHsuwo Be(OH), B Bone:

Be(OH), + CO, + 3H,0 = [Be(H,0),]CO;

IIpu mombITKE meruapaTanuy OH TMAPONU3YETCsl ¢ OOpPa30BaHUEM OCHOBHOM COJM.
CpenHuif KapOOHAT MarHUs OCaXAAT B HEUTPATLHOU WIM c/aboIIeNIoOyHoMi cpene:

MgCl, + 2NaHCO; = MgCO3d + H,0 + 2NaCl + CO,t

Temniepatypa pasfioXeHHUs1 CpeIHUX KapOOHATOB (pco, = 1 aTM) 3aKOHOMEPHO BO3-
pacraer or 540 °C mnss MgCO; o 1360 °C st BaCOs;, uTo 00BsICHSIETCS YBETUUEHHU-
€M B 3TOM pSIIy 3HepTHUH KPUCTAUINYECKOM pellleTki. PacTBopUMoOcCTh KapOOHATOB
MarHus, KaTbLUs, CTPOHIUS ¥ 6apus 1o-
BBILIIAETCS TIPY HACHITIIEHUH pacTBoOpa yr-
JIEKHUCJIBIM Ta30M BCIIEACTBUE oOpa3oBa-
HMSI KUCJIBIX COJIell — TUAPOKApOOHATOB
M(HCO;);, yCTONYMBBIX B PaCTBOpE, HO
HEU3BECTHLIX B TBEPIOM BUJE.

TIpycyTcTBME B Boxe MOHOB Mg®* u
Ca** ompenensier ee acecmkocms. Takast
BOJIa UMEET HEeNPUSTHEIA BKYyC U He To-
JIUTCS IJIs1 MHOTHX TEXHMYECKUX 1ejeil.
Pazmrgalor epementyio scecmxocms, 00yc-
JIOBJICHHYIO NPUCYTCTBHEM THApOKapbo-
HaT-UOHOB, U HOCMOAHHYIO HecmKocmb, Puc. 3.7. @parMeHT CTPYKTYPbl KOMIUIEKCHOM
00YCJIOBJIEHHYIO TIPEUMYILIECTBEHHO CYJTb- comu K;[Mg(CO;),]
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P, kbap KapOonatsl kanbuust. B Hacrosiiee BpeMs
30 F Kansmur 111 U3BECTHO IATh MOJAMMOPMHBIX MOIU UKALIM I
KapOoHara KaJbliMsl, 1BE U3 KOTOPBIX — KaJlb-
LUT U aparOHUT — BCTPEYAIOTCS B IpUpOE
(puc. 3.8). Haubonee pacmnpocTpaHeH Kajlb-
Kanbuur LIMT — TJIaBHas COCTaBHas 4yacTb MPaMOpPOB,
(p=2,72 riew’) U3BECTHAKOB, Ty(da u Mena. OH TepMOAMHA-
“1odt02s 100 200 300 400 500 600 71, c  Muuyecku 60Jiee YCTOHYMB IPM YMEPEHHBIX U
BBICOKMX TeMilepaTypax B 06JlacTH CpaBHU-
TeJIbHO HU3KUX JaBieHUi. [Ipyu HU3KUX TeM-
riepaTypax v BbICOKHMX JIaBJIEHUSIX KAJIbIIUT ITe-
Puc. 3.8. ®azosas nuarpamma CaCQO; peXOauT B aparoHUT, OMHAKO 3TOT Mepexoln
(c yNIpOLIEHUSIMH) KUHETHUYECKM 3aTPYIHEH. APaTOHUT BCTpeya-
€TCs B IPUPO/Ie 3HAYMTENBHO pexXe KATbLIMTA.
Ha moBepxHocTU 3eMyiM OH MEUIEHHO IEPEXOAMT B KATBIUT. MpaMop, a TAKXKE KEM-
YyT YU EPAAMYTPOBBIA CJIOI Ha PaKOBUHAX MOJUTIOCKOB IIPEACTABISIOT COB0I CIIOX-
Hbl€ CMECU 3THX IABYX MMONUMOPGhHEIX MOAM(pUKALIHIA.

Kanbuut ¥ aparoHUT UMEIOT CXOAHOE KPUCTAUUIMYECKOE CTPOECHHUE: ATOM Kalb-
LM HAXOAUTCS B OKPYXEHMU 1IE€CTH KapOOHATHEIX rpyIn. OQHAKO eclIU B KAJIbLIUTE
(puc. 3.9, a) kaxnas rpymnma CO§' cBg3aHa ¢ aToMOM Ca uepe3 OJUH KMCIOPOAHbIM
atom (KY Ca™ 6), 1o B aparonute (puc. 3.9, 6) 3a cyeT IOMONHUTEIbHOM KOOPAUHA-
MM TpeX aTOMOB Kuciopoaa nocturaercd KU 9 1 BosHuKaeT Gosiee MIOTHASA KpUC-
TaUIMYecKas cTpykrypa. OmMcaHO HeckoJbKOo ruaparoB CaCO;-nH,0 (n = 2, 5, 6),
06pasyolMXcs IpU MEJUIEHHOH KPHCTaJUTU3aMK CO/IM M3 PACTBOpA 'MApOKapOoHara.
Bce OHM JIETKO TEPSIOT BOAY.

Puc. 3.9. ®opMa KpUCTALIOB MU OKPYXEHUE aTOMa KAIbLMA B KAIbIUTE (@) U aparo-
Hute (6)

dataMu ¥ xsopuaaMu. BpeMeHHYIO XKeCTKOCTh YCTPaHAIOT KUNITYEHWEM JTHU6O 110-
6aBieHHeM Ca(OH), (paBHOBeCHe CABUTaeTCH 3a CYET O6pa3oOBaHMUS OCAmKa):

Ca(HCO,),(p.) £ CaCO4l + CO, T+ H,0
Ca(HCO,),(p.) + Ca(OH),(p.) = 2CaCO4l + 2H,0
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Buoaoruyeckas pojb MeTajiaoB 2-it rpynmbl. Maruuif ¥ KaibIuii BXOAST B YMCIIO
OUOTEHHBIX 3MIEMEHTOB. B OpraHu3Me YeloBeKa B CPEAHEM COAEPXKMUTCI 0Kojio 20 r
MarHusl 4 1 Kr Kanbnus. Kaneuuit dopMupyeT cKelleT yeioBeKa M 3yOHYIO TKaHb.
KocTH cOCTOAT HMpeMMYIIECTBEHHO M3 rHapokcoamnatuta Cas(PO,);(OH), obpa3sy-
IOLLETOCS B OpraHM3Me IIPU B3aUMOIEHCTBUM MOHOB Kanbiusa ¢ docdaT-uonamu. MoHbl
KaJIpLIMs, CBA3aHHbIE C 6eJKaMU KPOBU U JTUMOEI, IPMHUMAIOT Y4acTUe B Iepeaaue
HEPBHBIX MMIIYJIBCOB, COKPAIICHMH MBILILI,

HMoHbI Maruusi BXOASAT B cOCTaB (bepMEHTOB, BhI3LIBAIOLIMX THAPOIU3 MOJUIIEITH-
JIOB, JTUIIUAOB, YYacTBYIOT B ruaponuse AT®. CoenuHeHUs MarHusl COAEPXATCS B
3yOHON SMaiM, KOCTAX, MbIIAX, NeyeHU. Maruuii HeoOXOaUM 3eJIeHbIM pacTeHU-
SIM, TaK KaK BXOAHUT B COCTaB XiIopoduina.

CyTtouHast noTpeOHOCTL B Maruuu coctasisieT 0,7 1, a B Kansuud — 1 r. Heobxo-
JIUMO€E KOJIMYECTBO 3TUX 3JIEMEH10B YEJOBEK MOJYYAET C MOJIOUYHBIMM IIPOJYKTaMH.

CoenuHeHusT GepWUIHS, CTPOHIIMSA, OApHS M padusi BEICOKOTOKCHUHBI, CMEPTEIb-
Has m03a xiopuaa 6apust, Harmpumep, coctapiseT 0,8 r. HauGonpiueil TOKCUYHOCTHIO
obnaparot coemuHeHUs Geprutusi. CTpOHLMH, TTOXOXUI IO CBOMCTBAM Ha KaJIbIUH,
YaCTHYHO 3aMeuIaeT ero B KOCTAX. OOpasyiouuiicss Ipu SIIEPHBIX B3PHIBaX pamuo-
AKTUBHBIHA M30TOMN ~ St (mepuon nonypaciiaga 29 JieT) nIopaxaer KOCTHBI MO3T, CIIO-
CODCTBYET pa3BUTHIO paka KocTeil. OH yIepXKUBaeTCs B KOCTAX M BBI3LIBACT JUIUTEN b-
HOE BHYTpeHHee 0o0iyvyeHUe TKaHel Tena. s BbIBEAEHUS %Sr u3 OpraHu3Ma uc-
MIONB3YIOT KOMIUIEKCOHATH HATPHUSA M KaTbius. Paguii nIpeacTapiseT OIAaCHOCTb KaK
o-U3JTyyaTens.

ITocTOSIHHYIO e CTKOCTh MOXHO YCTPAHUTh TOJIBKO XMMUYeCKUMU peareHTaMu. Pa-
Hee 100aBJISIIM cOJy, TeTeph XKe UCIONB3YIOT KaTHOHOOOMeHHbIE cMOJTBL. C 3TOMH Xe
LebI0 B CTUPATBbHBIE TTOPOILIKH H00ABIAIOT dhochaThl JTMGO 11E0TUTEL

YcroitunBocTh KOMIDIeKCOB Maraus U I1I3M Bo MHOTOM ompelieisieTCsl IPUPO-
noii muranna. MccienoBaHus NoKa3aiay, YTO KOHCTAHTH YCTOMYUBOCTH KOMIUIEKCOB
C aHMOHHBIMU JIUTAHIaMHU HeOONBIIOTO pa3Mepa YMeHbIIAlOTcsl OT MarHUsI K Oa-
pHIO, a B clyyae KOMIUIEKCOB ¢ aHMOHAMU KUCJIOPOHCOMePKAIIUX KUCIOT (CY/b-
tar-, HUTpaT-, MoHaT-, THOCYNb(dhaT-UOHAMM) YBEJIWYMBAIOTCS BHU3 MO TPYIITE.
OTnenbHO CTOSAT KOMIUIEKCHI ¢ KOMIUIEKCOHAMU — IIOJTMaMHUHONOIUKAp6GOHOBEIMHU
KMCJIOTaMH. Y CTOMYUBOCTD TaK1X KOMIUIEKCOB H3MEHSAETCSl HEMOHOTOHHO: Mg< Ca>
> Sr > Ba*.

Conu stuneHauaMuHTeTpayKcycHoi kucnotel (DA TA, H,Q) (puc. 3.10, a) cro-
coOHBI MEePEBOUTL B PACTBOP MajlopacTBOpuUMEBle coequHeHUs III3M, HanpuMep
KapOOHaTBI. 9TO UMeeT BaXHOe TeXHHeCKOe 3HaUeHHe NIPH yIIAICHUN HaKUTIL.

B o6pasyiomeMcst Komruiekce Ca’* nmeer KOOPAWHAIMOHHOE yucio 6 (puc. 3.10, 6).
AHa.nomqm;m KOMIUTEKC MarHusi OKa3pIBaeTcsl MeHee YCTOMYMBBIM, TaK KaK pagu-
yc MoHa Mg?* oKa3bIBaeTcst HelOCTATOYHBIM IS 00pa30BaHUS MPOYHBIX CBA3EH CO
BCeMU YETHIPbMSI Kap6OKCI/UII>HI>IMPI rpynmamu S TA.

Housr Mg*, Ca®™, Sr™, Ba®*, Kak ¥ HOHBI 111eJIOYHBIX METaJUIOB, 06Pa3yioT YCTOMH-
YUBBIE KOMIUIEKCHI C KpaYH-S(l)PIpaMPI ¥ KpUNTaHIaMH, IIPY 3TOM Takoke HaGJmoona-
eTcsl ceJleKTUBHOCTD, CBA3aHHasA C COOTBETCTBUEM pa3Mepa KaTUOHa U TOJIOCTH JIU-
raHaa.

*Aruga R. // Inorg. Chem. 1980. V. 19, P. 2895.
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Puc. 3.10. CtpoeHue 3THWIEHIHAMUHTETPAYKCYCHOM KUCIOTHL (@) U KOMILTEKCca [CaQ]2' (6)

BaxxHBIM KJTaCCOM MakpOIMKIMYECKHX JIMTAHIOB SBASIOTCS NOPOUPHUHBL U HX
MIPOU3BOIHBIE, BAXKHENIINI U3 KOTOPHIX — XJI0pOdUIUT — 3€JeHBII MUTI'MEHT pacTe-
HUI, OTBETCTBEHHBIH 3a mporecc GOTOCUHTE3A:

7

CO,CyoHye

B HacTosee BpeMsi XMMUS KOMIUIEKCHBIX COeIWHEHUN 3JeMEHTOB BTOPOH
TPYIIIBEI AKTUBHO pa3BUBaeTcs. 3HAYUTEIIHBHO BO3POCIIO YUCIIO U3YYEHHBIX KOMII~
nekcoB ¢ O- ¥ N-1OHOPHBIMHU JIMTAHIAMH, B TIEPBYIO O4Yepenb aMAIHBIX, aTKOK-
CHIHBIX M AUKEeTOHAaTHHIX. MHTepec K HUM OOBSICHSIETCA TEM, YTO, HAlpUMED,
ATKOKCHIH U auKetoHaTsl I1I3M MOTryT 1OCTaTOYHO JIETKO MEPEXOAUTH B ra30BYIO
da3y u, TakuM 06pa3oM, UCMOIB30BaThCsl I Ta3o(a3HOTO OcaXIeHUS TOHKHUX
TUTEHOK.

KontpoJbHnbie BOIpocs!

1. TToyeMy MarHuii pacTBOpPSIETCS B BOAHOM PAacTBOpPE XJIOpHIa aMMOHUS, a 6epyutuil —
B BOJHOM pacTBope dropuma aMMoHUA?

2. Kakue HOHBI CYILECTBYIOT B BOIHOM pacTBope dTopuaa Gepwuius, dropuna Maraus?

3. IIpu ruaponuse kapObuma marHus Mg,C; obpasyerca CMeCh ABYX M30MEpPOB COCTaBa
C;H,. 3anuinuTte ypaBHEHUE PEaKIMHU.

4. Kak o6HapyXUTh HUTPUI MAarHusi B NpOAYKTaX CropaHust MarHus Ha Bo3myxe?
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5. Cynbat 6apus He pacTBOPMM B BOJle M Pa3BaBIE€HHBIX KHCIOTaX. B TO Xe BpeMs oH
MEUICHHO PacTBOPSETCS B KOHIEHTPUPOBAHHOM cepHoif kuciote. [Touemy?

6. OBLUIHOCTE KAKUX CBOMCTB IMO3BOJISET FOBOPHTbL O AMArOHANBEHOM CXOACTBE JMTUS M
MarHus; 6epuwuMsa U aTioMUHUA?

7. INoyeMy pactBopuMocTs MgO B pactBope MgCl, BhILie, UeM B UUCTOH Bome?

8. Kak u3MeHs€eTCsA pacTBOPUMOCTS GE3BOIHBIX FAJIOTEHUIOB 3JIEMEHTOB BTOPO#i IPYIINHI B
STWIOBOM CITUPTE MPU ABUXEHUM BHHU3 IO rpyrne?

9. Ipu 400 °C ruapoKcu KatbLus pearupyeT ¢ yrapHbIM ra3oM, KakoBbl PORYKTH 3TO
peakuu?

10. Coenunenus BaHCI, CaHCI, BaHI UMeIOT HOHHYIO KPUCTAIUIMYECKYIO PELIETKY, a C
BOJIOH pearupyioT ¢ BbieJIeHUEM ra3a. K KakoMy Kiaccy cOeIMHEHUI OHM NMpPUHALIEKAT?
Mpennoxure MeTon UX cUHTE3A.



IF'anasa 4
XUMMUSA DJIEMEHTOB 13-M1 I'PYIIIIbI

4.1. OBIIIASY XAPAKTEPUCTHUKA

DneMmeHTH 13-i rpynmsl: 60p sB, amoMuHuit ;Al, raumit 3 Ga, UHIVHA 4»In U
Ta/umi g Tl — UMeEIoT Mano cTabWIBHBIX U30TOIIOB, YTO XapaKTepHO JUIS aTOMOB C
HeyeTHLIMH MOPSIKOBEIMA HOMEpaMHU, DIIeKTPOHHAA KOHMUIypaluus OCHOBHOTO CO-
CTOSIHUS ns’np! XapakTepu3yeTcsi HAIMUMEM €IMHCTBEHHOTO HECIapeHHOTO 3JIEKT-
poHa. B Bo36yXIeHHOM COCTOSIHUM OHM conepxaT TpH HecrapeHHBIX 3JIEKTPOHa,
KOTOpBIE, HAXOJACh B Sp*~TU6PUAN3AIIMY, YIaCTBYIOT B 06pa3oBaHMUU TPEX KOBaJIEH-
THEIX cBsI3ei. TIpY 3TOM y aTOMOB 3J1eMeHTOB 13- TPYIIIEI OCTaeTCsl OfHA He3aHsI-
Tass opOGUTAIb, M YUCIIO BATEHTHBIX 3JIEKTPOHOB OKa3BIBAETCS] MEHbIIIEe YMCIIa I1o-
CTYITHBIX 110 3HepTUH opOutaneil. [ToaToMy MHOTHE KOBAJIEHTHBIE COETUHEHUS 3T1e-
MEHTOB 13-i1 TpyIIns! ABASIOTCH KACIoTaMu JIpiorica — aKuenTopamMy 3JIEKTPOHHOM!
napsl, Iprobperass KOTOPYI0, OHU HE TOJIBKO MOBBIIAIOT KOOPOIWHAIUOHHOE YHCIIO
JI0 YETBIPEX, HO ¥ U3MEHSIOT TEOMETPHIO CBOETO OKPYKEHUsI — OHa U3 IUIOCKOH
CTAHOBUTCS TETPA3IPUUECKON (COCTOSHUE Sp*~-TUOPUIU3AIIIT).

Bop CIWIbHO OTIIMYAETCA IO CBOMCTBAM OT APYTHX 3J1eMeHTOB 13- rpynmsl. OH —
eIVMHCTBEHHEI HEeMeTaUl, XMMHUUYECKH WHepTeH M 00pa3yeT KOBAIEHTHEBIE CBA3U
B—F, B—N, B—C u T.1., KpaTHOCTb KOTOPBIX 4acTO IMOBBIIIEHA 3a CYET PR — Pr-
cBA3bIBAaHUA. XUMHUS 6opa O6ojiee OIM3Ka XMMUM KPEMHHSA, B 3TOM IPOSBISETCS
JIMaTOHAILHOE CXOACTBO.

Y aTOMOB ATIOMUHHS U €TO TAXKEbIX aHAIOTOB MOSBIISIIOTCSI BAKAaHTHBIE d-0pOU-
TaIY, BO3PACTAET PAIUyC aToMa, IO3TOMY KOOPIWHAIMOHHOE YHUCJIO YBEJTUYMBAET-
cs 1o urectd (11 Gonee).

Tayumit, MHIMIA ¥ TAUIMA pacriofioxeHsl B IlepHonuyeckoil cucTeMe cpasy 3a
MeTaJUlaMH d-6J10Ka, TTO3TOMY MX YacTO Ha3bIBAIOT HOCMINEPEXOOHbIMU INEMEHMAMYU.
3anonHeHue d-o60I0UKM COMPOBOXAAETCS MOCIEI0BATENbHBIM CXKAaTHEM aTOMOB, B
3d-psimy OHO OKa3bIBAETCS HACTOIBKO CHILHBIM, UTO HUBEJIMPYET BO3pacTaHUeE panny-
ca TpH TOSIBJIEHUH 4eTBEPTOIO 3HEPreTHYecKoro YpoBHs. B pesynprate d-cocamus
MOHHBIE PagUyChl ATIOMWHUS M TAUIHs GIU3KKA, a aTOMHBIN paauyc TAUIMS gaxe
MeHbIIle, YeM aATIOMUHUSL.

DHepIYs MOHM3ALIMHN aTOMOB 37IEMEHTOB 1 3-11 TPYTIIhI 6onee BBICOKAS, UEM DJIEMEHTOB
3-# rpynmsl (puc. 4.1), 4To CBSI3aHO C YCWIEHUEM B3aUMOLEUCTBUS Hs- U np-3J1eKTPO-
HOB C SI[POM 3a CUET 3aMoJIHeHUs d- 1 f~060JI0ueK 3J1eKTpoHaMH, cJ1abo 3KpaHUpYIO-
MU 3apsif sipa. DTo NPUBOIUT K CKATHIO 3JIEKTPOHHBIX 000JI04€EK U MOBBIIEHHIO
addexTrBHOrO 3apsiaa siipa. HeMOHOTOHHBIH XapakTep U3MEeHEHMs 3Ha4eHUH /) BHU3
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I10 TpyIHIE C TOKaNIbHBIM MaKCUMYMOM JUISI Tall-
JIUs1 OOBACHSETCS 3aBUCHMOCTBIO SHEPTUH UOHU-
3aldy Kak oT 3deKTUBHOIO 3apsna snpa, Tak
M OoT paauyca atoMa. [Ipu niepexone ot Al k Ga
pocT 3¢ deKTUBHOTO 3apsifa siApa OKas3biBaeTcs
Gosiee 3HAYUTENBHBIM, YeM U3MEHEHHE panuyca
aToMa, TI03TOMY 3HePIrvs MIOHU3aIlUH ITOBbILIIaeT-
cs. YMeHbllIeHHe 3HepTnH noHu3amy or Gak In
06yC/IOB/IEHO POCTOM aTOMHOTO panuyca ¥ 3d-
(peKTMBHOTO 3apsama sapa NP CXOICTBE 3JIEK-
TPOHHOH KOHburypanuu (n — 1)d'ns?np!.

Pocr sHepriit MOHM3aHWM TIPY TIEPEXOAE OT
In x Tl aBnsercs pe3ynbTaToM d- M f-cXaTvs,
NPUBOIAIIETO K YCHJIEHHWIO B3aMMOIEHCTBUSA
BaJIEHTHBIX 3JIEKTPOHOB C AIPOM aToMa. YBenn-
YeHHe SHEPTHH CBA3U 65°-371eKTPOHOB TALTUS
¢ gaapoM (Tabn. 4.1) 3aTpymHsieT UX ydacTHe B
00pa3oBaHMM XMMUYECKHX CBsI3ei. DToT 3¢bdexT,

11073,
xIX/Mons

10 20 30 40 50 60 70 80 Z

Puc. 4.1. U3sMeHeHUEe CYyMMBI TIEPBLIX
TpeX SHepruil HOHU3aUM U JIEMEHTOB
3-it (Sc, Y, La) u 13-i1 (B, Al, Ga,
TI) rpynmn Iepuoauyeckoit cucTeMbl

Ha3bpIBaeMbIdl B IMTepaType «3dGbeKTOM MHEPTHOM Napsl 65%, POSBIASAETCS Y TIOCT-
MEPEXOAHBIX 37IeMeHTOB 1necToro nepuona (T1, Pb, Bi, Po) u npuBonur K nmoHuxe-
HUIO CTaOWUIIBHOCTH UX COEIMHEHUI B BHICIUEN cTeneHH okucaenus. Tak, ms Tai-
JIMsl, CBUHIIA, BUCMYTa ¥ IOJIOHUA Haubojiee yCTOWIUBE COENMHEHUS CO CTEMEHBIO

oKMcneHUs +1, +2, +3, +4 COOTBETCTBEHHO.

Tabnupa 4.1

CaoiicTa anemenToB 13-it rpynmnsi
CaoitcTBo B Al Ga In Tl
3apsn sapa Z 5 13 31 49 81
OnektponHas koH-  |[He]2s?2p'| [Ne]3s23p'| [Ar]3d'%4524p!| [Kr]4d'05525p!| [Xe]4/145d'%6526p"
durypanus B 0CHOB-
HOM COCTOSTHUM
ATOMHEIIA panyc, HM 0,083 0,143 0,122 0,163 0,170
DHeprus MOHU3ALMH,
x/Ix/Monb:
I 801 577 579 558 589
L 2427 1817 1979 1821 1971
Ly 3660 2745 2963 2704 2878
HonHrlit paguyc M*, (0,027) 0,054 0,061 0,080 0,089
HM
DNEKTPOOTPULIATE T b-
HOCTB!
no [onuury 2,04 1,61 1,81 1,78 2,04
1o Onnpeay—PoxoBy 2,01 1,47 1,82 1,49 1,44
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Tabnuna 4.2

Cpennne 3navenus anepruu (k/Ix/monb) csseit M—X B kpucTaummyeckux MX;

M MF; MCl; MBr; MI;
Al 690 460 380 319
Ga 560 379 340 279
In 555 374 333 270

OnHUM U3 00BSICHEHHI XMMUUECKONH MHEPTHOCTH Taphl 652 MOXKET CIIYXKHUTb PEIATUBUCT-
ckuit 3¢deKT. B COOTBETCTBUU € TEOpUET OTHOCUTENLHOCTH Macca m YaCTHLIb! YBEJIMYUBAET-
csl TIO CPAaBHEHUIO C MAacCCOif TTOKOST mg 10 Mepe NPUOIUKEHUS CKOPOCTU €€ ABUXKEHUS V K

2
CKOpOCTH CBETA C: m = my / 1-(V/e)* . (CxopocThb NBIDKEHHS 3JIEKTPOHA ONpE/ENseTcs 3a-

pPSAOM s1Ipa Z U TJIaBHBIM KBAaHTOBBIM YUCIOM A.) JJIST TSKENBIX 3JIEMEHTOB, HarlpuMep, TIpH
Z = 80 umeeMm V/c ~ 0,58, Torna m ~ 1,2m,. YBenuueHue MacCHl 3JIEKTPOHA m IPUBOAUT K
YMEHBIIEHHUIO paaryca 6OpOBCKOM OpOUTHL 7 U cKaTHI0 s-0pOuTanu Ha 20 %. B coOTBETCTBUMU
C 9TUM DHEPTHUS NPUTIKEHHS JIEKTPOHOB 652 K AAPY U UX 3HEPIUsl MOHU3ALIMM BO3pacTaoT*.

Jnst coepyiHeHMI 351eMeHTOB 13-i1 TpyNITeI HauGoJjiee XapakTepHa CTENeHb OKHCIe-
Hus +3. B psany B— Al— Ga— In— T1 ycTORIMBOCTE TAKMX COeIMHEHUI YMEHBIIAET-
Cs, a yCTOMYMBOCTD COEIUHEHUH CO CTENEHBIO OKUCIIeHUs + 1, HAaIIpOTUB, YBEITUYM -
BaeTcsA. OHeprus cBsi3u M—X B TaJIOTeHUIAX M JILIOMCOBA KUCJIOTHOCTD MOCHTEIHUX
MIpH TIepexXolie OT JIETKUX K 00Jiee TSLKEIHM 3jleMeHTaM M ymensbliaTes (1abi. 4.2),
aMmdoTepHBie CBOWCTBA OKCHAOB M TMAPOKCHAOB CMEILAIOTCS B CTOPOHY GOibIeit
OCHOBHOCTH, THAPOJIN3 aKBaKaTUOHOB ocnabeBaeT. Tak, 3HayeHWe pK, mpouecca
[M(HZO)(,]3+ + H,O 2 [M(HZO)S(OH)]2+ + H;0" ma Al pasHo 5, misg Ga — 3, ma
In—4, i T1 — 1.

XuMHUsT MHIUSI U OCOGEHHO TALTUA BOOGIEe OYeHb OM3Ka XMMHWHU aIOMUHUS.
CoenvHeHUs 3TUX METAUIOB B HU3IIUX cTemneHsax okucienus (Ga,O, Ga,S, InCl,
In{InCl,] u ap.) B BogHBIX pacTBopax aucnponopimonupyioT: 3InCl = InCl; + 2In.
g tannvs cocrossHue +1, HalpOTUB, SBISIETCS HauboJee YCTOWYUBBLIM BCIEl-
CTBHE WHEPTHOCTH 3JIEKTPOHHOM mapsl 652,

4.2. HAXOXJIEHHUE B INIPUPOJE. ITOJTYYEHUE

Bop cpaBHUTEILHO MaJIO paclpOCTPaHeH B 3eMHOM Kope (9 - 10~ mac. %), rie oH
BCTPEYAETCS B BUAE KUCIOPOIHBIX COEIUHEHUI: GopaToB U GopocinKaroB. OT Ha-
3BaHMA OOHOTO U3 HMX — Oypsl Na,B,0;- I0H,O (;ar. borax) — ¥ mpoucxomauT
Ha3BaHUE 3JIEMEHTa.

AJIOMMHUI TIO coMiepKaHUIO B 3eMHOH Kope (8,3 Mac. %) 3aHUMaeT TpeThe Me-
CTO, ycTymnasi TOJIbKO Kucnoponry (45,5 Mac. %) v kpemuumo (25,7 mac. %). AlmoMu-
HUi — HauboJjiee paclpoOCTPaHEHHbBIN METAUI, €r0 BaXXHEHIIUMHU pydaMH U MUHE-
pasamu siBnsioTcst 60KeuTel Al,O5- 2H,0, kopyuz Al,O; 1 HedenH Na;K[AISiO,],,
TaKXe OH BXOJUT B COCTaB MOJIEBBIX IINATOB, CIIOM, TJIMH U .

* O pensarusuctckoM 3ddekre cm.: Pyykké P. // Chem. Rev. 1988. V. 88. P. 563; Pitzer K.S. // Acc.
Chem. Res. 1979. V. 12. P. 271.
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Tammmit (4,610 mac. %), wHmnit (2107 mac. %) w tawmit (81077 Mac. %)
OTHOCAITCS K PEIKUM 3JIeMeHTaM. BeiencTeue 61M30CTH MOHHBIX pafuyCcoOB TajUTvii
COTYTCTBYET aIIOMUHHUIO B GOKCHTaX, a TAUTUH — KaJIMIO B aJIIOMOCHIMKATAX.

AMOpOHBIH 60p, CIIBHO 3arpsi3HEHHBI GOPHIAMM METAUIOB, MOJNYYalOT Me-
TAJUIOTEPMUYECKHM BOCCTAHOBJIEHHEM OKCHIA WIH 00e3BOXEHHOM GYpHI:

B,O; + 3Mg = 2B + 3MgO

Bonee yucTIi MPONYKT 06Gpa3yeTcss Npy BOCCTAHOBIECHUH JIETYYUX COSTMHEHMH
6opa BogoponoM Ha Harpeto# no 1150 °C TaHTanoBo# MPOBOJIOKE:

2BBr; + 3H, = 2B + 6HBr?
WA TIPY MX TEPMUYECKOM Pa3TOXKEHIH:

2BL 2%, 2B 4 31,1

W3 GoKcUTOB amoMMHMIA BBIIESIOT METOIOM 3J1eKTpoi3a. I1peaBapUTe-HO GOK-
cut Al,O3- 2H,0 pacTBopsIoT NOA naBieHHeM B ropsdyeM pactBope NaOH. O6paso-
BaBUIMHCS ruapoKcoanomuHar Na[Al(OH),(H,0),] pacTBopuM B Boze, €ro otae-
NS0T GUIBTPOBaHHEM OT 'MIPOKCHIA XKejle3a U APYTUX HEPACTBOPHMEIX IIpHMecei.
Hanee B pactBop nporyckaior CO, ¥ BHOCAT 3aTPaBKy LIS MOTYYeHNST KPUCTAUTH-
YECKOTro, XOpouio ¢GWIbTpYIOmErocs: ruapokcuna amomuans Al(OH);, Kotopsrit
3aTeM 00€3BOXUBAIOT.

MosnmyyeHHbIN OKCHI ATIOMUHIS PACTBOPSIIOT B PACIUIaBIeHHOM KproymTe Na;AlF,.
KpHOIUT CHHTE3UPYIOT IO CxXeMe

12HF + 2AI(OH); + 3Na,CO; = 2Na;AlFd + 9H,0 + 3CO,1

OBrekTHYecKuit pactuiaB Al,O;— Na;AlF, MpoBOAALIMIA 3MeKTPHYECKU TOK, ITOJ-
BEPraioT 3JIeKTPONU3Y ¢ rpadUTOBBEIM aHOMOM IIpH TeMItepartype oKosno 930 °C. Ka-
TOJIOM CJTYKUT CTAJILHOU KOPITyC 37€eKTPONN3epa, Ha KOTOPOM BEIIENSETCS XUIKUIL
AMOMHMHUH (1, = 660 °C). IIIOTHOCTD XMIKOTO METa/UIa OKa3bIBAaeTCs GOJbLIE TUTOT-
HOCTH pacIuiaBa, II03TOMY OH CoOMpaeTcsi Ha [He 3NeKTposiu3epa. Ilox nelictBueM
BBIIEJISTIOLIETOCS KUCI0poAa rpadUTOBBIM aHOM BHITOpaeT, NpH 3TOM o6pasyercs
3HaYMTENBHOE KOJWYECTBO BPENHBIX BEHIECTB — YIVIEKMCIIOTO M YTapHOrO rasos,
YIJIEBOXOPOAOB U MX GTOpNpon3BonHbIXx. Ha mpousBoacTso 1 T MeTaswia pacxoayercs
okoyio 550 xr anona. HecMoTps Ha 3ro, apyroro (6oee yno6HOIo) Marepuaia mis
aHona MokKa He HaijieHo. AIOMMHUN YuCTOTH 99,9999 % (¥ BhIlE), HEOGXOAMMBII
IJIST JIEKTPOHUKM, TOJIy4aroT METONOM XHMMHMYECKOTO TPaHCIIOPTa.

layuit, vHOMH ¥ TAUIHA BBIEENISIOT MEKTPOIUTHYECKH M3 000TaImeHHbIX pa-
CTBOPOB WX COJIeH, MOJYyYeHHBIX KaK MoGoYHEIe MPOAYKTHI IIPH NepepaboTKe amio-
MHHHEBBIX, HIUHKOBEIX ¥ CBMHIIOBLIX DY,

Tannuit sBnsgeTcs MOGOYHBIM MPOAYKTOM B MPOM3BOACTBE amioMMHUS. IIpH 1enouHoit
06paboTke 6oKkcHTa TLTHt B GOPME ra/IaTOB NEPEXOAUT B PaCTBOP, KOTODHI MOXBEPraloT
3NeKTpoNu3y. CBEPXUMCTHI METAUT MONY4YaloT HalbHeHlIel XMMHUYecKoit o6paBoTKOil,
KpUCTAUIM3aUMeN! U 30HHOM TuTaBKOH. MHAMI BHIIENAIOT 3NEKTPOJIM30OM PacTBOPOB HOCHE
HMEPBUYHOIO KOHIECHTPUPOBAHUA U OTAEICHHUS IPYTHX JIEMEHTOB, B IIEPBYIO OYEPEIb CBUH-
Ua ¥ uuHKa. [ToaydeHHDIH 2/1EKTPOIM30M TEXHMYECKH YUCTHINA TAUTMM OYMILAIOT pacTBOpE-
HUEM METalUla B pa3baBiicHHOM CEPHOI KUCHOTE. DTO MO3BONAET U3BABUTLCA OT MpUMeECeit
CBMHLIA, T€pMaHus, MHIILAKA, ceicHa. JlanbHeRas OuMCTKa JOCTUIaeTCH 3JIEKTPOIM30OM
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T1,S0, B pa36aBIeHHON CEPHOI KMCIIOTE M NEPEIIaBKON METAUTMYECKOrO TAJUIUA B BOLZOPO-
e mpu 380 °C.

Bop 1 ero coenHeHUS IPUMEHSIOTCS B IPOU3BOACTBE TEPMOPE3UCTOPOB, Oy~
MPOBOAHMKOBBIX CYETYNKOB TETUIOBLIX HEUTPOHOB. bop ABNsIeTCS OCHOBOM HEHTpO-
HOMOMIOLIAIOILMX MATEPHAJIOB, BXOJUT B COCTAB CIUIABOB, abpa3nBOB, CTEKOJI, IMa-
Jed, KepaMUKHU.

AJIOMHHHN N0 00beMy NMPOM3BOACTBA 3aHWMAaeT OJHO M3 NEPBBIX MECT Cpeau
MeTaIoB (MUpOBOE NMpou3BoACTBO 20 MIH T B rom) Onaromaps JerkKoCTH (TUIOT-
HoOCTb 2,7 r/cM?), IPOYHOCTH ¥ YCTOMYMBOCTH Ha BO3IyXe. AJIOMIHUEBBIE CIUIaBhI
(TypaliOMHH, CHJIYMHH, aBHaJIb) C BBHICOKMMH NPOYHOCTHBIMH, XapOCTOMKHMH,
AHTHKOPPO3HOHHEBIMH XapaKTEPHCTHKAMH IIMPOKO HCMONL3YIOT B aBUAIMOHHON U
KOCMHMUECKOH TeXHHKE, aBTOMOOWIIe- ¥ CYIOCTPOEHWH, a TaKXKe ST U3TOTOBJIEHUS
XMMMYECKO alnaparypbl, MeKTPUUECKHUX Kabeneil. AmoMuHNEBY0 GONbry (Tol-
WHHOK 1o 0,5 MKM) MCHOJB3YIOT KaK YITAKOBOYHBIM MaTepHal B NUILUEBOM Ipo-
MEIIUTEHHOCTH ¥ (papMakoyiorud. B mocieqHee BpeMsi TOCTOHHYIO KOHKYPEHIIMIO
WU3BECTHLIM TOJIYIIPOBOAHHMKAM (KPEMHHIO H F€épMaHHIO) COCTaBISIOT HOBHIE IOITY-
NpOBOTHNKOBhIe coequHeHus Tuna A'"BY — uurpunst, docduast u apceHums! Al,
Ga, In. Ux npMMeHSIOT B Ka4eCTBE TPaH3UCTOPOB, Npeobpa3osaTelieil aNeKTpude-
CKOM 3HEPrMM B CBETOBYIO (J1a3ephl, JJIOMHUHECIEHTHbIE MICTOYHUKH CBETA), TEPMO-
1 POTONEKTPUYECKHX reHepaTopoB. M3 raloreHMaoB TA/LTUS U3roTaBInBaloT GoTo-
monbl. Ucnosnb3oBaHKe TALIHS OrpaHHYeHo Mo NMPUYUHE ero TOKCUYHOCTH.

4.3. ®PU3NYECKUE CBOMCTBA

CBOMCTBA MPOCTHIX BellleCTB MPeACTABNEHH! B Tabl. 4.3.

Bop — TYrorutaBKMii [MaMardUTHEIN MOPOLIOK YePHOTO (KPHCTAUIMIECKHUH) WIIH
6yporo (aMophHBI) 1BeTa, MUIOXOM NMPOBOTHUK TeIUIA U 3NIEKTPUYECTBA. ATIOMM-
HWH, TAUTHH, MTHOWHA U TAUIMH — cepeGpHCThle MeTauTbl ¢ XapaKTepHBIM 6J1ECKOM
¥ BBICOKOM 9JIEKTPO- M TEIUIONPOBOXHOCTHIO. IIpM XpaHeHNH Ha BO3AyXe TaJUIUi
GBICTPO TEMHEET, TaK KaK MOKPHIBAETCS IUIEHKONH OKCHIA.

Tabnuma 4.3
CroiicTBa MPOCTHIX BEIECTB

CBoiicTBO B Al Ga In T1
DHeprus aToMM3anuM, KIx/Moib 560 330 286 243 182
fom, °C 2092 660 30 157 | 303
tem, C 4002 | 2519 2204 2073 1473
OHTANLNUA [UI1aBJIeHUS, KIX/MONb 50,2 10,7 5,6 3,3 4,2
E°, B:M* + 3¢ =M° -0,89** -1,68 -0,55 | -0,34 | 0,72
E°,B:M"+ ¢ =M (PH 0) -0,8 | -0,18 | -0,34
IInoTHOCTD, T/cM® 2,35* 2,70 5,90 7,31 11,85

* Jtsi a-poMmGoaapuyeckoro 6opa.
** Jlns nonypeakuuu H;BO; + 3H' + 3e” = B(1B.) + 3H,0
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Puc. 4.2. Ukocaazp B}, ¥ 4acTh cjios 6eCKOHEYHOM TPEXMEPHOI PEILIETKH 0-POMOO3IPUYECKOTO

6opa (a); hparMeHT CTPYKTYpH B-poMbGo3apruecKoro 6opa (6) (okasaH HEHTPAIbHBIH KO-

casnp By, HaxomguMCA B MKOCA3pe M3 MKOCA3JPOB; BCE OHM, 3a UCKIIOUEHUEM OTHOTIO,
MOKAa3aHHl JIUILE YaCTUYHO)

Kpucramnnyeckuit 60p NOCTPOEH U3 HKOCA3IPOB — ABAALIATHIPAHHHUKOB, 00pa-
30BaHHbIX IBeHaANaThbio aToMaMu Gopa. bop o6pa3yer HeCKOAbKO MOxUdUKaIMI,
KOTOPBIE OTIMYAIOTCS CIIOCO0AMM IPOCTPAHCTBEHHOTO PacCIOIOXeHUI U cowleHe-
HHUS UKocasapoB (puc. 4.2). Kaxnas BepliimHa WKocasapa NPUHAIEXUT MATH Tpe-
YTOJIBHUKAaM, CBSI3aHHBIM OOLIMMM CTOPOHAMH, M XapaKTepU3yeTCs OChbI0 CHMMET-
puu ngroro nopsaka. Hamwmaue takoit cCMMMeTpHN He o0GeCTIieYnBaeT TUIOTHOM yria-
KOBKH B KPHUCTaJUIE, IO3TOMY B CTPYKType 00pa MMEIOTCS OONbLINE ITYCTOTHI, THE
MOTYT IOIOJHUTEIBHO Pa3MeEIaThLCS aTOMBI KaK caMoro 6opa, Tak ¥ APYroro sjie-
MeHTa. Jlaxe B caMOil IUIOTHOM o-poMGO3ApWIECKOi MOAU(PUKAIIMH 3aH MMaeMbIi
atoMaM# 6opa 06veM coctaBnsieT Bcero 37 %, 4To BABOE MEHBLIE, YEM B IUTOTHEH-
HIeil MapoBOil yIIaKOBKE.

Crpykrypa o-pomM003apuueckoro 6opa (puc. 4.2, @) cocTaBleHa M3 MKOCa3IapoB Bi,,
oBpa3yolux claboUCKaAKEHHYI0 KyGHUYECKYIO YITAKOBKY. MeXaTOMHEIE paccTogsHus B—B
n3meHs1otes ot 0,147 go 0,203 um. Kaxneiit nxocasap COeqUHAETCS C ILIECThIO COCEAHMMMU,
obpasyd cnoil. OTaeabpHEE CJIOH OGBEIMHEHBl B OOBEMHYIO CTPYKTYPY TaK, YTO KaXIBIil MKO-
Casfip HOMOJHUTENBHO COEAMHEH ILECTHIO CBA3AMU C TPEMA BEPXHUMH M TpEMS HMXHUMH
MKOCa3IpaMH.

Boneinas sHeprus cBsizeit B—B (286 xJIxX/Moib) MeXIy MKoca3apaMHy olpene-
JIIET BBICOKME 3HAYEHUs TBEPOOCTH, TEMIIEPATYPHl ¥ 3HEPIUM (ha30BbIX NEPEXOIOB
(cM. Tabi. 4.3), a TakKe XMMHWYECKYIO MHEPTHOCTDL KPHUCTAUIHIECKOro 6opa.

Kaxneiit aTom 60pa B MKOCa3ApE UMEET MATh GIMXANIIMX COCENEH, PACIIONOXEHHBIX OT
HEro Ha paBHOM paccTOsHMU. OmgHako jig 00pa3oBaHUA MATH ABYXIEHTPOBHIX IBYX-
3JIEKTPOHHBIX CBA3Ei aTOMy B He XBaTaeT 3JIeKTpOHOB. M3 06111ero YHCia BAJICHTHBIX 3JIEKT-
poHOB (3 - 12 = 36) 11a o6pa3oBaHus 13 oguHapHRIX cBs3et B— B TpebyeTcs 26 3JIeKTPOHOB.
OcTaBuirecs 10 3JIEKTPOHOB y4acTBYIOT B 00pa30BaHUM CBA3EM MEXIY OTAEBHRIMU MKOCA-
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sgpamMu. M3 HUX LIECTh 3JIEKTPOHOB Y4aCTBYIOT B OOpa3OBaHHM IIECTH IBYXLEHTPOBHIX
IBYX3JIEKTPOHHBIX CBS3€H C HPUBJICYCHUEM LIECTH 3JIEKTPOHOB OT LLIECTH COCEIHUX HKOCa-
3IpOB. DTU CBA3H, HANlPaBJICHHBIE BIOJb OCEH MATOrO MOPSAAKA, CAMEIE MPOYHEIE U KOPOT-
kue (0,147 uM). OcTaBUIMECH YETHIPE BACHTHBIX JIEKTPOHA HIPUHUMAIOT y4acTHE B 06pa-
30BaHMU LIECTH TPEXLEHTPOBBIX IBYX3JIEKTPOHHEIX CBA3€H C LIECTBIO COCEAHUMHU HKOCaA-
3apaMu Toro xe cios (6-2/3 = 4). Kaxnas Takas cBg3b BO3HHKAET MEXIY 3KBAaTOPHAJIBHEI -
MM aToMaMH Oopa: OIHMM M3 HaHHOTO HKOCa3Apa M OBYX COCEIHHUX HMKOCA3APOB TOTO XKe
cnos. UMeHHO atH caMile MHHEE (0,203 HM) U HENMPOYHHIE CBA3M ONPEICNAIOT HU3KYIO
TEPMHUYECKYIO YCTOMYMBOCTE a.-poMBO3apruecKoi Mogudukanuu 6opa. B B-poMGoaapuye-
ckoit MomuduKanuu (puc. 4.2, 6) HEHTPAILHEIA UKOCadap B ; OKpyXeH HECKOJIBKUMH HUKO-
casipaMi.

Kpucravimueckuit 60p 1 MHOTHE €ro coefHeHns (60pHabl, 60paHbl) OTHOCST-
¢sl K YMCITY 3NeKTPOHOAE(PUIIMTHEBIX, TAK KaK COEPXKAIMXCSA B HAX BAJICHTHBIX 3JI€K-
TPOHOB HEAOCTATOYHO /It 00pa30BaHUS NBYXLIEHTPOBEIX ABYX3JIEKTPOHHBIX CBA3€i.
CrpoeHMe TaKUX BelleCTB OOBSCHSIOT HAa OCHOBE NPEACTaBJIEHHH O TPEXIIEHTPOBHIX
IBYX3JIEKTPOHHHX CBS35iXx B—B—B. YMeHbllleHHe SHEPTUH CBA3H D—3 C pOCTOM
pa3mMepa aroMoB ot 286 (B) mo 168 (Al) x[IX/MoNb IPHUBOIUT K IEPEXOLY OT MOJe-
KYJISIPHOM HKOCa3IpUYECKOM CTPYKTYDPHl KOBAJEHTHOro 60pa K KyOM4eCKOH TUIOT-
Helilllell ymakoBKe aTOMOB B META/UTHYECKOM AJIIOMUHHH. DTHM OOBSICHSIETCS pe3Koe
MOHWIXEHIE SHEPIUii aTOMU3aIUM U SHTAIBIIHUHA (pa3oBBIX EpeXonoB (TUIaBJIEHUA U
Kunenns) ot B x Al

Poixiiag crpykrypa METAUTHYECKOTO Ta/UIHS MOCTpoeHa u3 nuMepoB Ga,, CBA-
3aHHBIX IPYT C APYTOM CIabbBIMH BaH-Aep-BaaJibCOBRIMI CWJIAaMM, U OYEHBb MOXOXa
Ha CTPYKTYPY M0Ja C JUCIIEpCHOHHO B3aUMOAEHCTBYIOIIMMHI MoJteKyiaMH I,. C aTimMm
CBSI3aHBI HM3Kas TeMIlepaTypa IUIaBJICHUS TAUTHSA M YHUKAJIBHO LIMpoKas ob1acTb
xKunkoro coctostHUs (30 — 2204 °C). I1pu nnapiieHUH TADIHS IVIOTHOCTE BO3pacTaeT
(aHaJIoTMYHAsE aHOMaJIMS XapaKTepHa Ui Boxbl (CM. pasn. 1.7)). Ins paspyiueHus
VIUIOTHEHHOM CTPYKTYPHI pacIiuiaBa TpeOyeTcsl MOMOJTHUTEIbHAS SHEPTHS, YTO NIPH-
BOJIUT K BHICOKO! TEMIIEPATYPE KUIICHUS TAUTHS.

MHauii ¥ TaJummii KpUCTAUTU3YIOTCS B IJIOTHOYTIAKOBAHHBIX METAJUTMYECKMX CTPYK-
Typax (KyOMuecKoil ¥ T'€KCaroHaTBbHON COOTBETCTBEHHO) C BBICOKHUMH KOODAMHA-
IIMOHHBEIMHA yncnamu (12).

ITo Mepe pocra pa3Mepa aTOMOB I€pEKpHIBaHUE p-OpOMTaNeii, IPOYHOCTh Me-
TAUUTHYECKHUX CBS3€il M COOTBETCTBEHHO SHTAIBIIMU aTOMU3AINH, TUIABJICHUS, TEM-
MepaTypHl KUTIEHH MPOCTHIX BewecTB B psany oT Al K Tl ymenbluarorcs (cM. Tabit. 4.3).
HeMOHOTOHHOCTE B MI3MEHeHUH TeMIlepaTyp miasieHus Ga u In o6ycnoBieHa pac-
CMOTPEHHBEIMHI paHee OCOOEHHOCTSIMH MX CTPYKTYPBI.

4.4. XUMWYECKUE CBOMICTBA

Kpucrammmueckuit 60p XuMmdecK HHepTeH. C KUCIIOPOJIOM OH pearupyeT MNLib
okono 750 °C ¢ obpazosanmeM okcuua B,0;. Kunsinue KoOHIeHTpHpOBAaHHEIE pac-
tBOopEl HF, HCl 1 NaOH Ha Hero He aeicTBYIOT. AMOPGhHBINH 60p XUMHUYECKH Dosee
aKTHBEH U MEIUVIEHHO OKUCJIAETCH TOPIYMMH KOHIIeHTpupoBaHHeIMH HNO;, H,SO,,
XPOMOBO#M CMECHIO, KOHIIEHTPUPOBAaHHBIMHU pacTBopamu H,0, 1 (NH,),S,04:

B + 3HNO, = H;BO, + 3NO,!
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pearupyer ¢ paciasieHHEMHA Na,0, 1 KNO;/Na,CO;, a B IpUCYTCTBUH OKHCIH-
TeNsl — W ¢ HIEJIOYaMMU:;

4B + 4NaOH + 30, £ 4NaBO, + 2H,0

Cmecu amopdHoro 6opa ¢ KMnO, u PbO, npu pactMpaHuM 3aropaiorcs, a
cMecu ¢ HIO; B3priBatores. IIpu BBICOKMX TeMIleparypax GOp pearupyer ¢ 60Jb-
IUMHCTBOM IPOCTHIX BEHIECTB, 3a MckmoueHneM H,, Ge, Te, MHepTHHIX ra3oB U
PTyTH.

AJIIOMVHMH, Ta/JUIMA W WHIMN B3auMoAeWcTByoT ¢ HeMeTamamu (O,, N,, S,
rajjoreHaM¥ X, U Ap.), 00pa3ysi COOTBETCTByIoLHe OKCHABI M,0;, Hutpuasl MN,
cynbdunst M,S;, ranoreHuns MX;. B 130bITKe MeTa/uia MOTYT OBITh MTOJIyd€eHbI HU3-
e cynbdumsl (GaS, InS) u ranorenuas (InBr, In[InBr,]). Tawuit B aTux ycio-
BHAX 00pa3yeT CoefHEHM CO CTeNeHbI0 OKHCIeHH +1.

W3-3a BHICOKOTO cpofcTBa K Kucnopony (AG(Al,0;) = ~1580 k/Ix/Moinb) peak-
M OKUCIIEHUS ATIOMHUHUA KUCIOPOAOM CONPOBOXIAETCH BBIAEIEHHNEM GOJIBIIOTO
KOJIMYECTBA TETUIOTH M MCIIONB3YeTCs I BOCCTAHOBIEHUSI MHOTHX METAJUIOB U3 HX
OKCHIOB, HallpUMep:

2Al1 + F6203 = A1203 + 2Fe

OTOT NpoIIECC, HA3BIBAEMBIA aaloMOmepmuell, B HEKOTOPEIX CIIY4asiX CAYXUT Ul HONyde-
HMA CIUTaBOB XeJie3a (¢eppocIiaBoB), Mapraiia, XxpoMa, BaHagus U Jp.

AHAJIOTUYHBIE TEPMOAMHAMUYECKUE MPUHIIMITEL JIEXAT B OCHOBE Memoda camopacnpocmpa-
HAIOWEe20CA 8bICOKOMeMnepamypHoeo cunmesa. MeTOx 3aKovaeTcss B MHUIIMMPOBAHUM 3K30Tep-
MHYECKOM peakuMy B 3apaHee HPUTOTOBICHHON CMECH MeTalia (MJIM €70 OKCHAA) € YIJiepo-
IIOM, KpEMHMEM, 60pOM M IpYTUMH HeMeTaLtaMu. HavaBuiasics peakiiMs caMOIPOU3BOJILHO
MOMICPXHUBACTCA M PacCHpOCTPAHAETCS 3a CYET BhUICIAIOLIECHCA TEIUIOTH. [IpH 3TOM MOXHO
HOJy4aTh HOPOLIKHM TYFOIUTABKMX TBEPABIX KapOMIOB, CHITMIMAOB, GOPUIOB U JaXe TOTOBLIE
M3IeNUA (pe3nbl, CTEPXKHU, KOJNbLA) U3 HUX, HE TPEGYIOIIME AOMOJIHUTEILHON 00paboTKU.

Co MHOTMMH MeTaJUIaM{ aJTIOMHHHI U €ro aHaJoTH 06pa3yloT XUMUYECKUE CO-
eqUHEeHUsS — unmepmemanauds, Hanipumep CuAl,, ALL,CuMg u ap.

Meramnsr Al, Ga, In, Tl pacnonararoorcs jeBee BOZOpoaa B pamy HalpsDKeHUH,
H MX OKHCJIEHME BOJOH M KUCIIOTaMU-HEOKHCIHUTEIIMI TEPMOIMHAMWUYECKHA BO3-
MOXHO:

2Al + 6H' + 12H,0 = 2[AI(H,0)¢]** + 3H,?T

OnHako ecny pacTBOpeHHMe AIIOMHUHHS B KHCIIOTaX-HEOKHCIUTENIAX IIPOTEKAET C
3aMETHON CKOPOCTBIO, ¢ BOIOH B OOBIYHEIX YCJIOBHSX OH IIPaKTHUYECKH HE B3aMMO-
IeHcTBYeT U3-3a 06pa30BaHMS Ha IOBEPXHOCTH ATIOMUHMS TOHKOH (1076— 10~ Mm)
OKCHITHOM IIEHKH, NIPEOXpaHsIolei MeTayul OT najbHellero okucnenus. ITo o
Xe MpUIHHE ATIOMUHUN YCTOMYUB K AeHCTBHIO KOHIEHTPHPOBAaHHBIX PacTBOPOB
HNO; u H,SO,, 4T0 Mo3BossieT UCIIONb30BaTh AlIOMUHMEBEIE EeMKOCTH JUIST TPAaHC-
TIOPTUPOBKH KM CJIOT. '

Ecny MexaHMYecKUM ITyTeM WX aMajlbTaMHPOBAHHMEM YAAIUTH 3aIUTHYIO OK-
CHIHYIO IUIEHKY, TO QIIOMAHUWH ¥ TA/UIMI pearupyioT ¢ BOIOM:

2Al + 6H,0 = 2AI(OH),*! + 3H,T

* CoctaB amopdHoro ocanka Al,0;-xH,0 (cm. 1. 4.7.2).
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It aMayTbraMMpOBaHUS IOBEPXHOCTD allIOMMHUSA 0GpabareiBaloT pactBopoM Hg(NO;),.
PryTh, BhIIENUBINAsICS B pe3yJibTaTe peakly

2Al + 3Hg* = 2A1* + 3Hg

PacTBOpSIET ATIOMHUHMI 1 00pa3yer amanbraMy — ciutaB Hg u Al. I1pu aToM Hapyira-
€TCSA 1EJIOCTHOCTh OKCHIHOM IJIEHKH, MOKPHIBAKOIIEl METAIUI, H aTIOMUHUI JHep-
THYHO peardpyer ¢ BOHOH, KHUCIOPoaoM U ap. Bo3HuKaromas raibBaHN4ecKas napa
Al— Hg Taxke BHOCHT BKJIAA B YBeJIMYEeHHE CKOPOCTH PeaKlIfH.

WHmmit ¥ Tayminii Takke pacTBOPSIOTCS B KMCIOTaX, HO TAUINMA (M3-3a [TOHMIXe-
Hus yeroitunBocTH coequHeHni TI(I11)) npu B3auMomeCcTBIH ¢ KMUCIIOTAMH - HEOKHC-
nurensiMu obpasyer conu TI(T). Peakuust Tajumis ¢ raioreHOBOIOPOIHBIMU KACIOTAMK
HX (X = Cl, Br, I) TopMo3UTCa BCIIEACTBHE HU3KOM PaCTBOPUMOCTH TAJIOTeHUIOB.
TIponssogubie TI(IIT) o6pasyiores npu geiicteun Ha Tl «iapcKoit Booku» (TpH 06be-
ma HCl (xoH1.) + ognH 00peM HNO;(KOHII.)) ¥ IPYIMX CWIBHBIX OKUCTUTENEH.

OCHOBHBIE CBOMCTBA CoequHeHM Bo3pacTaioT B paay Al— Ga—In—TI, a kuc-
JIOTHBIE CBOMCTBA YOBIBAIOT. AJIIOMUHMHA M T/UTHI TOA00OHO HEKOTOPBHIM THUITHYHBLIM
HeMETaUTaM pearupyloT €O IIEI04aMM, KOTOPhIE PACTBOPSIOT 3AIUTHBIA OKCHI-
HBII CJIOIA:

2Al + 2NaOH + 10H,0 = 2Na[Al(H,0),(0H),] + 3H,T

ITo maHHBIM CIIEKTPOCKONUH SIIEPHOTO MAarHUTHOTO Pe30HaHCa KOOPAWHAIIMOHHOE
yucino Al B TaKHX PacTBOPax PaBHO 6, TO3TOMY COCTaB PACTBOPUMBIX THIPOKCOANTIO-
MMHATOB COOTBETCTBYET NpUBeAcHHOM Boillie ¢dopMyne. MHanii ¥ tauimii Nposs-
JISIIOT OCHOBHBIE CBOMCTBA U B omiure oT Al 1 Ga B ieoyax He pacTBOPSIOTCS.

4.5. BOIOPOJHEIE COEIUHEHUNA BJEMEHTOB 13- I'PYIIIIBI

4.5.1. I'mnpuap Gopa

Tunpunst 6opa (MK Gopaust) — OOWH U3 caMbIX HEOOBIYHBIX KJIACCOB HEOPraHM-
YeCKHX COETMHEHHM ¢ OCOOBIMHM CTPYKTYPHBIMHM NPHHIMIIAMH OPraHu3any Xu-
MHYECKHMX CBSI3€H, CIIOXHOM CTeXHoMeTpHeii, GONbIIMM pa3HoobGpa3ueM XiuMHuJec-
KHMX PeaKiUi. )

BopaHb — smOBUTbIE, HEYCTONYWBLIE MOJIEKYJISPHBIE COEOWHEHHS C KpaiHe
HETPUSITHBIM 3allaX0M, XOPOLIO PAaCTBOPUMble B OpraHM4YecKux pactsopureisix. C yse-
JIMYEHHEM MOJIEKYJISIPHOH MacChl pacTyT HX TEMIIEpaTyphl IJIaBIeHUs ¥ KUIIeHUs:
MpH KOMHAaTHO# Temmneparype nubopaH B,H; — ra3, nmenrta6opan BsH, — xwun-
KOCTh, a mexkabopaH BgH;, — TtBepmoe BemecTBo. bopaHbl XMMHUeCKHA aKTHBHHI,
JIETKO OKHCJISIOTCS Ha BO3MyXe M Pa3jiaralorcsi BOLOH.

MouHo6opan BH; HeyctoitunB. WU3-3a Hammumst Tpex cBsi3elt B—H u yerbipex op-
ouTtanelt atoM Gopa B BH; KoopanHannoHHO HeHachlieH, 1 Mosnekyna BH; nerko
MPHCOEOHHAET MOJEKYIBl WIH MOHBI ¢ HeMOomeJIeHHBIMI 3JIEKTPOHHBIMM NapaMHu,
HalpuMep MOJIEKYTy aMMHaKa, o6pa3ysl IpoYHble MOJIEKYISIPHbIE COeIMHEHHUS:

H3B + NH3 = H3B:NH3

Mono6opad BH; BeIenes KoHneHcanyei napoB TakKux COEqUHEHUH NP TeMIlepa-
Type XHUIKOro a3oTa.
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Ocoboe MecTo cpeau THApPUIOB Gopa 3aHuMaeT mubopaH B,Hg, sBnstomniics
HUCXOMHBIM BEILIECTBOM LIS MTOMYYeHHS BCEX OCTANBHEIX 60paHOB. Ero CHHTE3UPYIOT
BOCCTaHOBJIEHHEM COeTMHEHMI Gopa rupuIoM HaTpus npu HarpeBaHum (175 °C):

2BF;(r.) + 6NaH(tB.) = B,H¢(r.)T + 6NaF(18.)
WM TIOMOTHAPUIOM JIUTUA B 3(MPHOM pacTBODE:
4BCl, + 3LIAIH, = 2B,H,T + 3LiCl + 3AICLL

Mosekyna qubopaHa MmocTpoeHa U3 ABYX pparmeHToB BH; (puc. 4.3, a) Takum
oGpa3oM, 4TO ABa aToMa B 1 (Ba coenmHsIOIMX X MOCTHKOBBIX atoMa H, pacno-
JIOXEeHHBI B OXHOM IUIOCKOCTH (IVIOCKOCTH PMCYHKA), a 4eThIipe KOHIEeBbIx aToma H,
(o mBa ;s Kaxmoro atoMa B) — B nepneHIuKyasspHO# IIOCKOCTH. XHUMUYeCKas
CBsI3b MEXAY aTOMaMM 60pa oTcyTrcTByeT. Kaxawiit atToM B uMeeT 1o Tpy BaJIEHTHBIX
9JEKTpOHA, IBa M3 KOTOPHIX YYACTBYIOT B 00pa30BaHMH OOBIYHBIX IBYXIEHTPOBBIX
JBYX3JIEKTPOHHEBIX CBA3¢ei ¢ KOHLIeBHIMHA atomMamut H,. Takum o6pazom, Kaxxaas rpynia
BH, Ha cesspiBadue B pparmMente BH; MOXeT nmpemocTaBUTE TONBKO MO OJHOMY
3NeKTpOHy. O4eBUIHO, YTO LI 00pa30BaHWA aHAIOTHYHEIX CBsA3€eil C IBYMS MOCTH-
KOBBIMM atoMaMy H, BaIeHTHBIX 3/1EKTPOHOB He XBaTaeT — 6OpaHbl ABNAIOTCS /€K~
TPOHOJAEMUIUTHBIMUA COeIMHEHUSIMU.

Jns onmMcaHusA TaKHUX CBA3EH IIPEUIOKEHA CXEMa TPEXLEHTPOBOM ABYX3JIEKTPOHHON CBH-
31 B—H—B (puc. 4.3, 6). B MeTOoe MOJIEKYIIPHBIX OpOUTaNeit CMEIUMBAaHUE IBYX aTOMHBIX
opburaneit 6opa y(B,) u y(B,) ¢ opburansio Bogopoaa y(H) npuBOoIUT K 0O6pa3oBaHMIO
tpex MO: ceasuiBalonieit ¥, HecBa3bIBalowEit ¥, U paspeixsatonicit ¥y, Ilapa 3JIeKTpOHOB
(oouH oT aToMa B u BTOpO# OoT atoMa H) 3aHuMaeT cpsasbiBatontyio MO, co3napasi ycToiuu-
BYIO MOCTHKOBYIO TPEXLIEHTPOBYIO IBYX3JIEKTPOHHYIO CBsi3b B—H—B B 60paHax (puc. 4.3, 6).

H0,133 1

121.5¢ 0,119 am
: + +
& §S)
¢ 6
E}L AO : MO { AO
(2B) : (BHB) : (H)
I [
o
1 7 \ |
1,7 N
v(By) w(By) /f P, \ :
I ] e
+ 4 |
AN } :\ y(H)
\ \
N : //\4- Puc. 4.3. Crpoenue Monexyin B,Hg (a)
NI E ///}’ M 06pa3oBaHue (6, §) TPEXLEHTPOBOMH IBYX-
PN - | 3JIEKTPOHHOM CBA3BIBAIOLIEH MOJIEKYJISIp-
! ! HO# opbutanu ¥, U3 TMGPUAHBIX Op6UTa-
e neit y(B)) + y(B,) nByx atromoB B, u B,
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AHaJIOTHYHBIM 06pa3oM B GOpHAAX U APYTHX COCAMHEHHAX (GOPMHUPYIOTCH TPEXLEHTPO-
BBI€ IBYX3JIEKTPOHHHE CBA3M B—B—B nByx THIIOB:

w (D

BBBB

Heduur 3NeKTpOHOB GaronpusaTCTByeT B3aumoneiictsuio B,Hg ¢ ocHoBaHMsI-
mu JIbtonca — MOHOpPaMH 3JeKTPOHHEIX Nap. IIpyM 3TOM MOXeT MPOMCXOMUTh KaK
TOMOJIMTHYECKOE pacCLIeIUIEHHE MOJIEKYNHl Ha paguKansl BH;:

Buiciune 6opannl. Briciine 60paHbl — 6ECIBETHBIE, HEYCTOHYMBBIE MOJIEKYJISIPHBIE
COCAMHEHMSI, TEMIEPaTyPhl KAIIEHHUA MX GIIM3KH K TEMITEpaTypaM KHIIEHHS yIJIEBOIOpOLOB
€ aHAJIOTHYHOI MOJEKY/IspHON Maccoil. I1o CTPOEHHIO M COCTaBY MX pa3messaioT Ha He-
CKOJIBKO THHOB. K1030-60opans: [B,,H,,]z‘, n=6- 12 (or rpev. kKAwpds — KJIETKa), NIPENCTAB-
JIS1I0T OO0 aHHOHHBIE KITAaCTEPH (puc. 4.4, a); HelTpaTbHEE MONEKYH B,H,,, moka
He noyy4eHsl. Hudo-6opanb: (OT naT. nidus — rHe3no0) COHEPKAT HE3AKPHITHIE C OMHOI
CTOPOHBI, HEHTpaIbHBIE, Hanpumep BsHy (puc. 4.4, 6), B\gH 4 (puc. 4.4, 2), viam aHHOH-
HBIC MONUAAPHI 0611ero cocTaba B,H,,, 4, K ux unciy otHocuTes u gubopaH B,Hg. Apax-
HO-60panbi (OT IPEY. apayvn — MayTHHA) NPEACTABIAIOT COGON HOMMAAPHL C ABYMS
cBOGOAHBIMU BepIIMHAMU. OHH COCTOST M3 OTKPHITHIX KITACTEPOB, COOTBETCTBYIOLMX
(bopmyne B,H,,¢, HanpuMmep B.H,q (puc. 4.4, 6), BsH,|, BgH 4. Tugo-6opannv: (0T rpey.
b1 — CETh) comepKaT Haubonee OTKPHITHIE KJIACTEPHI, B KOTOPHIX YHCIO CBOOOIHBIX
BEpPIIKH paBHO TpeM: B,H,,s, Hanmpumep BgH ¢, BgH,3. Haubonee cinoxHeM cTpoe-
HHEM 061121210T KOHHCYHKMO-60pans: (OT JIaT. CONjUNCcto — COEMMHATD BMECTE), COCTOS-
e U3 COCAMHEHHBIX APYT C APYTOM (PparMEHTOB MEPEYMCIEHHBIX BHIILIE THIIOB.

IpuHaTE Ha3BaHKA 6GOPaHOB C YKa3aHMEM YKCIIA ATOMOB GOpa B BUAE JATHHCKOI
NPUCTAaBKU M YKMCJia aTOMOB BOXOpona apabckoil nudpoit B ckobkax: B,Hg — mubo-
pan(6), BsHy — nenraGopan(9), B¢H,y — rexcabopan(10). Ha3BaHusi aHHOHOB 3a-
KaHYMBAIOTCA Ha -aT, YHUCIIO aTOMOB BOAOPO/IA YKa3bIBAlOT O-JaTHHCKH MEPEM, «TU-
po»: BsHy — oxraruaponenrabopar, BlOHfZ — TeTpajeKaruapoaekabopar.

BopaHbl — COEIMHEHMS C BBHICOKOH PEAKLIMOHHOM CHOCOGHOCTHIO, X aKTHBHOCTD
0c1abeBaeT ¢ POCTOM MOJIEKY/ISIPHON MacChl M 3aBUCHT OT CTPOEHHMS MOJIEKY)I. Bbicokast
XUMMYECKas! YyCTOMYHUBOCTD KJI030-00paHOB OOBSCHSIETCH CHIBHOM IEJIOKATU3AIMEN SMeK-
TPOHOB, KOTOPYIO MHOIZA Ha3bLIBAIOT «TPEXMEPHON apOMaTHYHOCTBIO».

Hon B;Hg (puc. 4.4, 0) npeacrasisier cob0it TpeyroNbHBIt KIACTEP C ABYMS MO-
CTHKOBHIMHK aToMaMH H B rutockocty TpeyronsHnka. TepMuHansHbie aToMsl H pacrio-
JIOXCHBI HUXE U BHILIE 3TOM [UTIOCKOCTH. AHMOH YCTOMYMB MpH KOMHATHOM TeMHOepa-
Type€, 00J1a/laeT CUIBHEIMH BOCCTAHOBHTENBHBIMHA CBOHCTBAMHU M CIIYXHT HHTEPMEIH-
aroM npu nonyyenuu B gH 4. B xoMIiekcax nmepexogHsix METaLTOB aHNOH B;Hj neit-
CTBYET KaK OM- M TPUACHTATHHII JIMTaH/.

Cpenu 60paHOB IPOMEXYTOYHBIX PA3MEPOB J41LIE€ OCTAJILHBIX M3y4eH MeHTabopaH(9)
(Hnpo-BsHy) (puc. 4.4, 6), monyyaeMblit HarpeBaHMEM CMecH AMGOpaHa ¢ BOIOPOIOM
npu 225 °C. BsHy — 6ecuBeTHast eTydast KUAKOCTb (= 60 °C), TEpMUYECKH YCTOMYHB,
HO XMMHUYECKH OYEHb aKTHMBEH — CaMOMPOU3BOJIBHO 3aropacTcs Ha Bo3nyxe. Monexyna -
umeeT GopMy KBaZpaTHOI HUpaMUIbI, COCTOALIEH U3 aTOMOB B, OCHOBaHHE KOTOpOu
(B—B 0,178 HM) ckpermieHo YeTHIPbMS MOCTHKOBBIMU CBA3SMH B—H—B. TToMuMo
3TOro, Kax/bli aToM 60pa obpasyet mo ogHo ez B—H. BsH, apiseTcs zoHOpoM
SJIEKTPOHHOM Maphl, HO MOXET ACUCTBOBATh M Kak Cjabas JBIOMCOBAa KUCIOTA,

U3 nonnaapuyecknx 6opanos Hanbonee u3yyeH aekabopan(14)* (uumo-B oH,s) —
GecuBeTHHE KPUCTAUIBL (1, = 100 °C), HepacTBOpUMEIE B BOJE M PacTBOPHUMBIE

* Greenwood N. N. // Chem. Soc. Rev. 1992. P. 49.




B,H; + 2:CO = 2H,B:CO

TaK 1 TeTePOJIMTUUYECKHI paclian ¢ 00pa3oBaHueM TeTparuapoboparos:

B,H, + 2LiH 2% 2LiBH,

TerparuapobopaTel — THIIMYHBIE BOCCTAHOBUTENH. Cpei HUX HauboJiee yCTOMYUBBI COJTA
weaoyHbX MeTawtoB MBH,. Ux nony4aioT B3auMomeicTBHeM TBEPAOIO TMIAPUAA HATPHA C
rajjoreHuaaMu 6opa ik apupaMmu 60pHOMA KUCIOTHL:

B OpraHMYeCKMX PacTBOPUTENSIX (pHUC. 4.4, ). B BOZTHO-CHUPTOBOM pacTBOpPE OH TUTPYET-
¢ Kak OqHOOCHOBHad Kucnota (pK, 2,70) ¢ moTepeit MOCTHKOBOIO 1iPOTOHA:

B10H14+ OH = B10H1_3 + H20

TlepcneXTHBHO MCIOJb30BAHKE IPOM3BOIHBIX BhicIINX 6opanos Na,['°B,H, SH],
o0oralleHHEIX M30TONOM B, i JieyeHUS PaKOBBIX OMYyXOJieil TOOBHOTO MO3ra B
060p-HeNTpOHO3aXBaTHOM Tepanuu. [Ipyu BBeJeHHHM B OpraHU3M 3TO BELIECTBO CEJIEK-
THBHO HaKaIUIMBAeTCHA B paKOBBIX KJIeTKaX. I30Tonm B MMeeT BHICOKOE CeueHHUE 3aXBa-
Ta* TEIUIOBBIX HEUTPOHOB, U HPH €ro 00/JlydeHUH 00pa3yloTcs HePaauOaKTUBHbIE Ya-
CTHIIBI ‘;He, ;Li U MATKHE ramMma-(OTOHBI:

"B+ on—> [4B] > *He + JLi+ v

Bce 3TH yacTHIB XapaKTEepHM3YIOTCS BBICOKON JIMHEHHON MOTeped 3HEPrUH
B TKaHAX ¥ HeGOJBIIMM CYMMAapHBIM MpOGEroM, COM3MEPUMBIM C PAa3MEPOM KIIETKH.
TakuMm 00pa3oM, JOCTHraeTcs M3GHpaTeIbHEIN pagdanuoOHHbI addexT, Korga 3mo0-
KayeCTBEHHEIE KIIETKH pa3pyllaloTcs 6e3 HOBPEXICHUS COCEIHUX 3T0POBBIX TKAHEH**.

@es
o H

2 d

Puc. 4.4. CrpoeHre HEKOTOpHIX 60paHOB:
a— moao-[B(,H(,]z'; 6 — Huno-BsH,; ¢ — apaxHo-B4H,g; ¢ — Hupo-BoH,; 0 — B;Hg

* CeyeHMe 3aXBaTa — BEPOATHOCTDb 3aXBaTa YACTHULBI SAPOM aToMa, u3Mepsercs B GapHax
(1 GapH pasen 1072 m?).

**Frontiers in Neutron Capture Therapy / Ed. M.F. Hawthorne. — N. Y.: Kluwer Academic.
Plenum Publ., 2001. — V. 2. — P. 1027.
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KapOopanbl. Kapbopanbsi, KOTOpHE NpaBUIIbHEE HA3HBAaTh Kap6oOGopaHaMu, — 3TO
KJIacC COCAMHEHHMI CO CTPYKTyPaMH, POICTBEHHBIMH M303JIEKTPOHHHM MM O6OpaHaM.
AToMBEL 6Opa M YIiepoia paciolOXEHH B BEPLUIMHAX MOJM3IPOB C TPEYTONBHBIMH
rpansamu. Hanpumep, ctpykrypa 6opaHa HuA0-B¢H ¢ ¢ 4ETHPBEMSA MOCTUKOBLIMY CBS-
3amMu B—H—B nexur B ocHose ueThpex KapGopaHos: CBsHy, C,B,Hj, C;B;H;, C,B,H,.
O6pa3oBaHie KapGOPaHOB MOXHO MPEACTABUTE KaK MPOILECC MOCHEI0BATEIBHOTO 3a-
MELICHNS aTOMOB 60pa B GopaHe Ha aTOMBL YTJIEPOLa. ,

Kap6opaHbl, HanpuMep KI030-
1,2-C,BjH,, (puc. 4.5, a), obpasy-
I0TCA MIPU HarpeBaHUU CMECH COOT-
BETCTBYIOWIETO HopaHa ¢ alleTHIICHOM:

200°C
BoH,; + G;H, — C,BH; + H,

B 3aBHCHMOCTH OT MOJNIEKYJISIPHOM
MacCH KapBopaHBl MpeJCTaBIAgIOT CO-
6011 JleTy4yne XUIKOCTH WJIH TBEPABIE
BelecTsa. [t HMX XxapakTepHH peak-
LA HOPUCOCIMHEHHA, 3aMELIEHHA,
KOHIEHCaN MU, BHYTPUMOJECKY/ISIpDHEIE
MEpECTPONKH.

AHHOHHBEIE HUIO-KapbopaHkl MO-
TYT BHICTYIIaTh B Ka4€CTBE JIMTaHAOB
[0 OTHOLLIEHHUIO K KATHOHY HEPEeXO/I-
HOro MeTajula, HampHMep Xeje3a
(puc. 4.5, 6):

2C,BgH{T + Fe’* = [Fe(C,BH,),1>

OOGpasyromuecs pu 3TOM Memdn-
A0KapbopaHsl CIIOCOOHBL CTabGHIIM-

OB
ec

o H
o-

Puc. 4.5. Crpoenne monexyn: 3MPOBATH ATOME METAILTOB B HEOGELY-
a — xap6opaHa C,BjoH,y; 6 — g{erajmoxapﬁopaﬂa HBIX CTENEHAX OKUCIEHHUSA (Cu+3, Ni,
[Fe(C;BoH ), Ti*%).

4NaH + BCl; = NaBH, + 3NaCl

B(OCHy3); + 4NaH = NaBH, + 3NaOCH,

TerparuapoGoparbl® — GeCUBETHbIE KPUCTATMYECKHUE BELIECTBA, PACTBOPHMBIE B BOJE,
KUIKOM aMMHMaKe, aMHMHax, a 6oporuapun nutusa — B adupe. LiBH, TepMuyeckn pacnama-
erca Brille 380 °C, ocTanbHBIE BHAEPXUBAIOT HarpeBauue 10 580 °C. NaBH, apiseTcs Msr-
KHM BOCCTaHOBHTEIEM. DTO HOHHOE COeIMHEHHE, IUTaBsALIcecs 6e3 paanoxeHus nmpH 505 °C.
Ero npHMeHSIIOT B LIeJUTION03HO-6YMaXHOM NPOM3BOICTBE WIS OTGENNBaHUA GYMaXHOM MacChl
Gnarogapsi TOMy, YTO NPY B3aMMOJENCTBUHN ¢ CEDHUCTHIM ra30M B 1EIOYHOI cpeme obpasy-
€T CWIBHBIN OTOCTMBAIOLIUI aT€HT — AMTHOHMT HaTpus Na,S,0,:

Na[BH,] + 8NaOH + 850, = 4Na,S,0, + NaBO; + 6H,0

IlenoyHbie TETparnapo6OpaTH UCHONB3YIOTCA VIS HAHECEHHS METAJUTMYECKUX MOKPHTHI U
CO31aHUsl KOHTAKTOB B 3JIEKTPOHHBIX NpHOOpax.

* Manvyeea H. H., Xaun B. C. Boporuapua Hatpus. — M.: Hayka, 1985.
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KoHueHTpUpOoBaHHAs CepHasd KUCJIO0Ta pasjiaraet GoporuapuabL:
2Na[BH4] + 2H2$O4 = 2NaHSO4 + BszT + 2H2T

Peaxkuys NpoTeKaeT HACTOIBKO SHEPTUYHO, YTO PEAKLMOHHASI CMECh YAaCTO BOCIUIAMEHSCTCS.
BaxHoe KOMIUIEKCHOE coeuHeHne — Goporumpua amoMmuHus Al(BH,); npeicrasnser
c06oit BECLIBETHYIO XHIKOCTh (fy, = —65 °C, t,, = 45°C), ero CUHTE3UPYIOT IO PeaKLHUH

3NaBH, + AICl; = Al(BH,); + 3NaCl

XJIOpI/IpOBaHI/Ie 60paHOB TIPUBOOUT K pPa3pLIBY CBS3H B—B:
B2H6 + 6C12 = 2BC13 + 6HCI

a B3aUMOIIEHCTBAE C aMMHAaKOM — K 006pa30BaHHIO IIUKJIHYECKUX TPUMepPOB: 6opa-
su"a (HNBH); wim 6opaszona (BNH),.
Ha Bo3myxe muGopaH JieTKO BOCIUIAMEHSIETCS:

B2H6 + 302 = B203 + 3H20

a TIDY HarpeBaHUU 6€3 JOCTYNa BO3yxa pasjiaraeTcsi Ha CMeCh BBICUIMX GOpaHOB.
Pa3noxeHHe MpoTeKaeT yepes HeycToiuuBble uHTepMenuatsl BH;, BsH; u op. (pu-
BeJIEHBI B (DUTYPHBIX CKOOKax):

B,Hg = 2{BH;}
{BH3} + B,Hg = {B;H;} + H,
{BH;} + B;H; = B4H,o
B,H,, + {BH3} = BsH;; + H,

Ha nociemyromux cranusx obpasyiorcs 6opansl BsHg, BgH o, B¢H;, 1 Hanbomnee
ycroituuBhlit iponykt B,gH s Hapsmy ¢ monumepHsM (BH),.

4.5.2. Crpoenne H cBOiCTBa 6OPHIOB METAJLIOB

Ipu B3auMOAEHCTBUM Gopa C MeTAUTaMHi 00pa3yloTCs pa3HOOOpa3HbIe 60PUIHL,
B KOTOPHIX G6op mpogsisaeT thopMaIbHO OTPULATEbHEIE CTEIIEHH OKUCIICHMS.

B Gopuzax ¢ MOBBIIIEHHEIM comepxaHueM metaia [Mn,B, M;B (M = Co, Nj,
Pd), M;B; M = Tc, Re, Ru), M,B (M = Na, Mo, W)] aTtoMEl 60pa H30IMpOBaHbl
M PACIOJIOXEHH MPEUMYIICCTBEHHO B LIEHTpaxX TPUTOHAJIBHEBIX MPH3M H3 aTOMOB
MeTaJUIOB.

B 6opunax CrsB; u M;B, (M =V, Nb, Ta) npuCyTCTBYIOT H30JTHPOBaHHBIE TTAphI
B—B. Bopunst MB (M = Ti, Hf, V, Cr, Mo, Mn, Fe, Ni) 06pa3oBaHbl H30IHPO-
BaHHBIMHK LIETISIMH U3 aTOMOB 6opa. B crpykTypax 6opunoB M;B, (M =V, Nb, Cr,
Mn) HaiigeHbl JBOMHEIE IIEMHM U3 aTOMOB 6opa.

Bopunet MB, (M = Mg, Al) u M,;B; (M = Ni, Mo, W) o6pa3oBaHbl IByMEPHBIMH
cTosiMH, a 6opuabl THra LaBy (puc. 4.6) — TpeXMEepHBIMI KapKacaMK M3 aTOMOB Gopa.

B cTpykTypax 60puIoB ¢ BEICOKMM comepxaHueM 6opa (MB,, MB;,) coxpaHsi-
JOTCSL TPEXMEPHBIE (hparMEHTH HKOCA3APOB (CM. puc. 4.2, a), B IMyCTOTax KOTOPBIX
pasMeILaloTCs] aTOMbl METAJUIOB. _

HecMotps Ha Gosnbllide pa3TvyUs B pa3Mepax aTOMOB, BXOISIINUX B COCTaB pa3-
JIAYHBIX 60PUIOB, MEXATOMHEIE pacCTOSTHUS B—B IMOYTH IOCTOSIHHEI M ONPENes-
J0TCSI TIPOYHEIMH CBsI3sIMH B—B.
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% 6) Bopunpl — uckimounrenbHo TBep-
Ible, XUMHUYECKH HHEPTHEBIE, OTHE-
VIIOPHBIE MaTepUasIBl C TeMIIEpary-
PO TIABIIEHUS U 3JIEKTPOITPOBOIHO-
CTBIO, YAacTO TIPeBHILIAIOIIKMHU aHa-
(b . . ) o0 JIOTUYHEIE CBOMCTBa MCXOJHBIX Me-
i G TayuioB. Hanmpumep, mn6opun mmpko-
Hus ZrB, miaButcs Boime 3000 °C,
v TOIJA Kak TeMIepaTypa IUIaBIeHUS
LUpKOHUs paBHa 1670 °C. TTo smek-
© o I Al © TpoTnipoBogHOCTH 6opux TiB, B maTh
pa3 MpeBOCXOANT TUTAH. TBepooCThb
Kapbuna 6opa B,C Blille TBeprocTH
Kapbuaa KpeMHUS U IPUOITIKAETCS

K TBEpIOCTH ajiMasa.
Bopunsl MeTamioB MCHONB3YIOT
8 % IUISL CO3MaHUsI BBHICOKOTEMIIEPATYP-
HBIX P€AKTOPOB, 3aIIUTHBIX TOKPHI-
Puc. 4.6. Ctpoenne LaBg (oktasaps u3 atoMoB 6opa  THIi PEaKTUBHBIX IBUTraTesIcii U JIO-
COEIMHEHBI B TPEXMEPHBIN KapKac) MAaTOK ra3soBLIX TYPOUH. DbdhekTUB-
HOCTb 3aXBaTa TeIUVIOBHIX HEHTPOHOB
m3oTornom °B (omepeyHoe ceyeHue 3axBata 3835 GapH) Gornee BBICOKAsI, YeM ¥y
TOGBIX Opyrux sinep. Braronaps sToMy Gopuasl u KapO6uabl 60pa cayxaT MaTepua-
JIOM JUIS1 PeTYTUPYIOINHUX CTEPXHEN B SIAEPHBIX peakTopax. B 2000 r. SMOHCKAMU
NCCNICIOBATENISIMU OTKPBITH HOBBIE CBEPXIPOBOIHHKM HAa OCHOBE OM60OpUIA Mar-
Hust MgB; ¢ kpuTtnyeckoit TeMneparypoii ¢, = ~233 °C. Kapbun 6opa B Bune Bono-
KOH HCTIONIb3YCTCS VISl YIIPOYHEHHUS PAa3NUYHEBIX MaTepHasioB. Takie BOJIOKHA TO-
AyqalT B3aumoneicTBueM cmecu BCl; + H, ¢ ymiepogHbIMH BONMOKHAMHU npu

1630 °C:

4BCl, + 6H, + C £ B,C + 12HCIT

BopuIBI METAIOB CUHTE3UPYIOT BOCCTAHOBJICHHEM CMECH B,0; ¢ okcugamu Me-
TAJUIOB yriepoaoMm rpu 2000 °C:

V,0s5 + B,0; + 8C £ 2VB + 8COT

B3alMOIeCTBHEM TIPOCTHIX BEHIECTB, & TAKXKE BOCCTAHOBJICHUEM CMeceil JCTYYHUX
TaJIOTCHUJI0OB METAJJIOB U 60pa BOOoOpoaoM.

TiCl, +2BCl; + SH, = TiB, + 10HCIT

HexkoTopble Gopuapl aKTHBHBIX MeTAIIOB (MgB,, AlB,) pasnaraiorcs Bomoif,
o6pasys cMech pasIMYHBIX 60paHOB. BONBIIMHCTBO Gopunos (AIB,,, CaBg, ZrB, u
Ip.) BOIOI He pa3maraioTcs.

4.5.3. THApHAbI ANMIOMHHESA, FAJLTHA, KHIHS K TAJUIAS

TTpouHOCTH KOBaIEHTHBIX CBsizeit M— H runpunos sneMenToB 13-it TPYIINEI yOBI-
BACT M3-3a YBETUYCHHS MX ATOMHBIX PAQUYCOB W YMEHBIIECHHS CTETIEHH TIepPeKpHI-
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BAaHKHS ATOMHEIX opbutaneit M u Bomopoma. CBoiiCTBa THIPUIOB METAIOB CylLIE-
CTBEHHO OTJIKYAIOTCS OT THAPUIOB 60pa. B 06EYHEIX yeaoBuax ruapuas Al, Ga,
In, Tl — TBepaBle HeNeTyYHE BEIIECTBA, HEPACTBOPUMEIE B ITOJSIPHBIX pAaCTBOPH-
TETSX.

CTpyKTypa KpUCTa/UIMYECKOTo ruapuaa amomMuuusa (AlH;), moctpoena u3 oxra-
sapoB AlH¢, 06beIMHEHHBIX LIECTHIO TPEXUEHTPOBLIMU IBYXIJTEKTPOHHBIMY CBSI35-
Mu Al—H—AIl B 6eckoHeuHBl Kapkac. CoeqnHeHHe HeycToiunBo U Bhe 150 °C
pasnaraercsi, aKkTiBHO pearmpyeT ¢ BoIoil C BHIENIEHHEM BoIdopoda. I'MIpua amo-
MHUHHUS 06pa3yeTcs MpH B3aWMOIEHCTBUM U36HITKA amomoruapuna nutus LiAlH, ¢
AlICl; B 6e3BomHOM austuioBoM 3dupe (Et,0):

3nLi[AIH,] + nAlCl; = 4(AlHS), + 3nLiCl

C MOCIEAYIOIKM J00aBJIeHUEM O€H301a U OTTOHKOHM pacTBOPHUTENs Ul paspyuie-
HHS [IPOMEXYTOUHBIX ITPOAYKTOB — 3(hHpaToB nepeMeHHoro cocrasa AlH;- (Et,0),,.

CrpyxTypa razoobpasHoro rajuiana Ga,Hg moxoxa Ha crpykrypy 6opana B,Hg (cM. puc. 4.3).
B tBepnom ruzpune rama dparMentst GaH; COSIUHSAIOTCS TPEXLIEHTPOBBIMHU JIBYX3JICK-
TPOHHBIMH MOCTHKOBBIMHU CBA3IMU Ga—H—Ga B nonumep (Gallsy), (n < 4). Tunpun rawms
CHHTE3NPYIOT AHAJIOTHYHO FHAPHAY aTIOMUHUS.

Tuapyabl rajuIvs, MHAMSA W TAJUIMS MaJoyCTOMYMBEL, JIETKO pa3fiaralorcsl yxe Nnpu KoM-
HATHOM TeMmnepaTtype, o61aaloT BBICOKOH peakiIMOHHOM CIOCOOHOCTHIO!

Ga,H + 6HCl =5 Ga,Clg + 6H,1

Baxnoe 3HayeHNEe UMEIOT KOMIUIEKCHHBIE THIPAILI M'MH4, roe M! — wemnou-
Hoit Metai, M = Al, Ga, In, Tl. U3 Hux HauGonee BaxHbl 6oporuapun LiBH,
(cm. 1. 4.5.1) 1 amomorunpun LiAIH, mutus.

TerparuxpoanioMUHaT JuTHs (win autuitamoMoruapun) LiAlH, — 6enoe Hene-
Ty4yee BELIECTBO, JErKO pa3iaralmimeecs B IPHCYTCTBHHU CIIEIOB BJIAru:

LiAlH, + 4H,0 = LiOH + Al(OH);{ + 4H,1

YTO UCIOJNIB3YETCH Il OCYIICHUS OpraHmYecKux pactBopureneii. Ero nomyyaror re-
peMeimInBaHueM cycrensnu ruapuna LiH B aupHOM pactBope AlCl;:

4LiH + AICl; = LiAIH, + 3LiCl

LiAlH, — xoBaJieHTHO€ COCIMHEHHE, MOCTPOCHHOE U3 TETPA3APUUCCKUX TPYIIIH-
poBok AlH}, coenMHeHHBIX MOCTUKOBBIMU aroMaMu Li. BTo coeauHeHne — CHIIb-
HEHMLIWI BOCCTAHOBHUTEND, €ro MCIIONB3YIOT IpHM CHHTe3e rumpumos Si, S, P, C,
Ge, Sn u np.:

LiAIH, + SiCl, 2% SiH,? + AICl, + LiCl

C 1OMOIIBIO ATIOMOTHAPK/IA AJIKEHEI BOCCTAHABRIMBAIOT B aJTKaHbI, KeTOHH! R,CO —
B cniuptel R,CHOH, nutpocoenunenus RNO, — B amunsl RNH,; u 1.1

TepMudeckast yCTOMYMBOCTL TMAPUIOB ocinabepaeT B psaxy B—Al—Ga—In—TI,
a CKJIOHHOCTD K TMAPOJIM3Y YCUIHUBAETCH IS MPOCThIX DH 3 1 KOMIUIEKCHBIX THIPH-
noB. HanpumMep, TeMriepaTypa pa3ioXXeHUs] B YKa3aHHOM DPSIAY IMOHMXKAETCS:

LiBH, (380°C) > LiAlH, (100°C) > LiGaH,(5°C) > LilnH, (0°C) ~ LiTIH, (0°C)

83



4.6. TAJIOTEHUIBI DJIEMEHTOB 13-I1 I'PYIIIBI

TanoreHunsr 6opa MO CTPOCHHMIO U CBOMCTBAM CYLIECTBEHHO OTTHYAIOTCS OT ra-
JIOTCHUAOB JAPYTHX 3IEMEHTOB 13-if rpymmsL.

Tanorennnpl 6opa. V3BeCTHBI YeTHIPE BHICLIMX TANOrEHIA 6opa (tabi. 4.4). Bce
OHHU COCTOAT M3 Monekyn BX;, umerommx ¢opmy MpaBUIBHOTO TpeyroabHHMKa, B
LUEHTPE KOTOPOTO PACTIONOXEH aTOM 60pa B COCTOSIHMM sp2-ruopuamu3anuu. CBsa3u
B—X okxasbIBalOTCS KOpOYE PACCUMTAHHEIX IS OOWHApHOU G-CBSI3H. DTO 0OBSIC-
HSCTCSl B3aMMOAEHCTBUEM BAKAHTHEIX p,-OpOHTANIEl aTOMOB 60pa W 3aIOHEHHBIX
p-opbuTaineii aToMoB ranoreHa (puc. 4.7, a), KOTopoe HPUBOOUT K OOpa3oBaHUIO
ACTOKATM30BAHHON MOJIEKY/ISIPHOM opbuTamu (puc. 4.7, 6). FanoreHuas1 60pa MOHO-
MCPHBIC B OTIMYHMC OT MONMMEPHBIX TpuraioreHunoB Al, Ga, In, Tl, yTo 06ycnoB-
JICHO TIOBLIIIEHHOH KPaTHOCTHIO CBsi3u B—X. C yBenmuenneM pa3mepa aToMOB rajio-
TCHOB TIEPEKPBIBAHUE p-OpOUTAICl YMEHBINAETCS, CTENEHDb RN-CBA3BIBAHUS MOCTE-
TICHHO OC/IabeBaeT, MO3TOMY MPOYHOCTDL CBsA3eit B—X 1 ycTONYMBOCTS MOJIEKYJT
BX; manaior (cm. TaGx. 4.4), a IBIOMCOBA KUCTOTHOCTb BO3pacTaeT.

B psinty raorenunoB 6opa ot GhTopuaa K HOTHIY MEXMOJIEKYISIPHEIE B3aUMOIEH-
CTBUsI YCHITUBAIOTCS, G1arofapsi 4eMy pacTyT TEMIIEpaTyphl IUIABJIeHUsI ¥ KUTICHHUS
(cM. Tabn. 4.4). TIpu 06EYHEIX yenoBusix BF; u BCl; — rassl, BBr; — xugkocTs, a
BI; — neryuee TBepmoe BemecTBo.

Tpudropun BF; monyyaior dbropupoBanmeM 60patos:

6CaF, + Na,B,0; + 8H,SO,(xoH1.) = 4BF;1 + 2NaHSO, + 6CaSO,! + 7H,0
GOPHOIT KMCIOTH WK €€ aHTHAPUIA;
B,0; + 6NaBF, + 3H,SO,(xonn.) = 8BF;1 + 3Na,SO, + 3H,0

a BCl; u BBr; — mpsiMBIM CHHTE30M, TaJOTEéHHPOBAHMEM CMECH oKkcuga 6opa c
YIJIEPOTHOM caxeii:

B,0; + 3C + 3Cl, (Bry) =S 3CO + 2BCl, (BBry)

WK TMPOTYCKaHWEM TpudTOopuaa 60pa Haj TaIOTEHUIOM ATIOMUHMS:
AlBr; + BF; = BBr; + AlF,

Tabnuna 4.4
CroiicTsa Tpuranorennaos Gopa
CaoiicTBo . BF, BCl, BBr; BI;

JivHa cBasu B—X, um 0,130 0,175 0,187 0,203
Bueprus cessu B—X, xlx/Monb 646 444 368 267
OHranbnus o6paszopaHus AHj, KIX/Momb -1137 —427 -243 -38
(298 K)

t, °C -128 -107 —46 =50
ton, °C -100 13 90 - 209+

* Paznaraercs.
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Puc. 4.7. CxeMa 06pa3oBaHug pr-pr-CBg3eil B TpUrajioreHuax 6opa:

a — B3aUMOJEHCTBUE YeThIpex p-opbutaineii; 6 — 00pa3oBaHUe AETOKATU3OBAHHON MOJEKY/SPHOM
op6uranu

Tpunonun BI; ob6pasyeTcs ripu B3aumoaeiHcTBiM Goporunpuaa autust LiBH, ¢
womoM rnpu 78 °C:
LiBH, + 41, = BI; + 4HI + Lil

TpuranoreHuIs 60pa — CHIbHBEIE KMCIOTH JIbionca (aKLENTOPE! 3IEKTPOHOB)
M JIETKO B3aWMOJIEiCTBYIOT C MOJIEKYJIaMH — IOHOPAMU JIEKTPOHOB, T.€. OCHOBA-
uuamu JIpiouca:

BF; + NH; = F;B:NH;
BF; + O(C,Hs), = F3B:O(C,Hj),

IPY 3TOM sp*-TUOPHAM3ALKs OpOUTaAlIeli MIEPEXONUT B sp>-THOPUIN3ANHUIO, TUTIOCKAS
MOJIEKYJIa MpHOOpeTaeT MUpaMHUIATLHYI0 KOHOUIYPAIHIO, ¥ KOOPIWHAIHOHHOE
YHCJI0 aTOMa 60pa MOBHILIAECTCS A0 YETHIPEX.

KucnorHocTs coenuHeHuii BX; MposiBiIseTcs ¥ B MX CKIIOHHOCTH K THAPOU3y. XJ1o-
pyI, GpOMII 1 HOUJT IEIMSIT Ha BIIAXKHOM BO3IyX€, a BOAOI MTHOBEHHO pa3JiaraioTcs:

BX; + 3H,0 = H;BO; + 3HX (X = Cl, Br, I)
DTopu MEIICHHO B3aMOACHCTBYET C BONOM:
4BF; + 3H,0 = H;BO; + 3HBF,
IIpu mpomyckanuu BF; uepe3 neassHylo BoOy MOXET OBITL BBHIOEACH THIpaT
BF;-2H,0, uMerouuii nonHoe ctpoenue: H;O'[BF;0H]".
TerpadTopobopHas kuciota HBF,, o6pasyromasics npu rugponuse BF;, ropas-
IO CWJIBHEe IU1aBHKOBoi (pK, paBHa—0,2) u nomobHo eif ssnoBuTa. OHAa CYIIECTBYET

TOJIBKO B PacTBOpaX, KOTOpEIE TOTOBSIT, pacTBOpsAs GOpHYy1o Kucnory B 40 %-M pa-
ctBope HF:

H,;BO; + 4HF = HBF, + 3H,0
Heitpanusanueis pacTBopoB TeTpadTOpOOOPHONR KHUCIOTHI IIOTYYaloT €€ COH —

TerpadTopobopatsl. OHU Goylee YCTOMYMUBLI, Y4€M KUCIIOTA, U IUIABATCS 6€3 pasyo-
xeHus. Na[BF,] yno6Ho nmoiy4yats ¢TopupoBaHUEM OypHL:

14HF + Na,B,0, + 2NaF = 4NaBF, + 7H,0

CBeXEIPUTOTOBJIEHHBIE pAaCTBOPHI TeTpadTOpOGOPATOB IIETOYHBIX METAIJIOB HMeE-
IOT HEATPAIbHYIO Cpedy, OMHAKO MPH XpaHEHWH OHU MOCTENEHHO MOMeaaqynBa-
JOTCS 32 CYET CIaboro TMIPOIM3a.
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Kucnory HBF, u ee conu MCHoONb3yioT B Ka4eCTBe KOMIIOHEHTOB aHTHKOPPO3H-
OHHBIX MOKPBITHH, IJIsi HAHECEHHs! 3AIIUTHEIX METAUIMYECKUX IUIEHOK, B IPOM3-
BOJCTBE HOHOOOMEHHBIX M HOHOCETIEKTUBHEIX MEMOPaH, B METALTYPTHH [UIS MoJy-
4yeHus cTiaBoB Al— B u Hepxaselomeii cranmu. HekoTopsie TeTpadTOpobOpaTH aK-
THBHBI B KaUeCTBE KaTaJTM3aTOPOB OPraHUYECKUX peaKLUi.

Mst Gopa U3BECTHBI TaKXe HU3ILMe ranorenuan B,X, (X = F, Cl, Br, I) u B, X, (X=Cl,
n=4,7,12). Ouu cogepxar cesisu B—B U Bce, 3a uCKTIOYeHYEM B,Cly, Mano ycToiiuussi:
CaMONpOU3BOJIBHO 3aropaloTcsi Ha BO3AYXe, a MU KOMHATHOM TEMIepaType pasiaraiorcs.

Xnopua B,Cl, npeacrasisieT co60oit GeCLBETHYIO HEYCTONYMBYIO XUIKOCTb (t=-93°C),
pasnararolyrocs np1 KOMHATHOI TEMIIEpaType; €ro CHHTE3UPYIOT B3aMMOEUCTBUEM MTApOB
BX; ¥ pTyTH B anexTpryecKoM paspse:

2BC13 + 2Hg = B2C14 + ngClz
Ipu B3aumoneiicrun B,Cl, ¢ Booit o6pasyercs HeycToiuMBast runo6opHas Kuciora B,(OH),.

Tanorennanl aNOMHHNSA, TAJUIHA, HEARA B TaXms, s ATIOMUHUSI, TAJUTNS, UH-
WS ¥ TaJIJIMsl U3BECTHEI TaJIOTeHUIE cocTaBa MX;, MX, u MX. Haubonsiuee 3Ha-
YCHHE UMEIOT TPUTATOTCHUIE, HEKOTOPEIE WX CBOMCTBA IIPEACTABICHH B Ta6. 4.5.

TpudTOPUAB CYIIECTBEHHO OTIMYAIOTCS MO CBOMM CBOWCTBAM OT APYTHX
TPUTATOTEHUJIOB: OHHM XapaKTEPU3YIOTCSI BHICOKMMH TEMITEPATypaMH TUIABJICHUS U
SHTAIBITUAMHU 06pa3oBaHusl. TpudTOpUI TAUTHS MeHee YCTOWYUB U NPH TUIABIEHHN
pa3naraercsi. Bce ocranbubie TpudTopuast MF; uMeloT HM3KOe [aBlieHHe 11apa U B
NapoBoii (hase HAXOMATCS B BUIE MOHOMEPHEIX MosiekyT MF;. Bce onn MaJiopacTBO-
PUMBI B BoAie 3a uckmoueHueM TIF;, KOTopEIit MOMHOCTHIO THApPO/H3YyeTCcs ¢ 06pa-

Taé6nupa 4.5
CroiicTBa TPHraAOreHUAOB AMOMHRHSA, TALTHS, HHIAA W TALIHS
MX; KY* ts °C AHj, xIIx/Monb
AlF,; 6 1290 1498
AlCl, 6 193 707
AlBr; 4 98 527
All, 4 190 310
GaF, 6 >1000 1163
GaCl; 4 78 523
GaBr, 4 122 385
Gal, 4 212 213
InF, 6 1170 1029
InCl, 6 586** 537
InBr, 6 420** 418
Inl, 4 199 343
TIF, 6 550** 573
TIClL;*** 6 155** 359

* KoopauHauuoHHOe YUCIO 3MeMeHTa 13-it rpymmsl.
** Paznaraercs.
*** B coeannenusx TIBr; u TII; xoopanranuonsoe yncio Tl paBHO LiecTH.
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3oBaHHeM ocagka ruapokcuna Tauma(I1l). beasomHble TpUGTOPUIL COCTOST U3
oKkTasmpoB MF,, coeIHEeHHBIX OGIIMMHU BEPLIKMHAMYA B GECKOHEUHEIE TPEXMEPHEIE
KapKachl. 9T1a cTpyKTypa poactBeHHa ReO;. ITogo6Ho dropuny 60pa OHU SIBISIOTCS
Kuciaotamy JIbIoMca, XOTs MX aKLEIITOPHBIE CBOMCTBA PE3KO YOBIBAIOT BHU3 110 FPYIIIIE.
CaoiicTsa abioMcoBoil kKucaoTsl AlF; mpossisieT npd oO0pa3oBaHUK KOMIUIEKCHEIX
dTopuIoB, HanpuMep KpuonuTta Na,AlF,.

XJ10pMIbI, 6POMMIB ¥ HOTUIE B OTIHYHE OT PTOPUAOB UMEIOT JTUOO CIOUCTYIO
160 MOIEKYNSPHYIO cTpyKTypy. TBepasie AlCl;, InCl;, TICl;, T1Br3, TlI; noctpoe-
HBI U3 OKTa3IpoB MX,, coeIWHEHHBIX BEPIIMHAMHU B TPEXMEPHYIO CeTKy. OcTanb-
HBEIE TPUTAIOTEHMIH B TBEPAOM BMIE COCTOSIT M3 AUMEPHBIX MoneKyn M,Xg, co-

Bespoxnblii xi0opua amomunnsa. Cpeay raloreHUAOB MeTaUIoB 13-i rpynmnsl Hau-
GoJiee BaxeH TpHxIOpUA anoMuHus. Bessoanerit AlCl; npencrasnger coboii 6ecuBeT-
HBIE GiecTAlIME YelIYHKM, obpa3ylolyecs NMpH XJIOPUPOBAHHH WIH TMIPOXIOPHUPO-
BaHUM METaJUIa, a TAKXKE IPU MPONYCKAHHUM XJIOpa Hal CMEChIO KOPYHAA C YIJIEM:

800°C
A1203 + 3C12 +3C — 2A1C13T + 3COT

Mpu HarpeBanuu no 180 °C AICl; BosroHseTcd. Xiopua aJIOMHHHSI XOpOLIO pa-
CTBOPHUM B S3TIJIOBOM CITMPTE H Bojie. I1py oxi1aXaeHMH KOHI[EHTPH POBAHHOTO BOJHO~
ro pacTBOpa MOXET ObITh BhldeNeH Kpuctawtoruapar [AI(OH,)g]Cls.

Xnopun AICl; ucnionb3yeTcs IS TONy4eH s APYTUX 6e3BOIHBIX raJIOTeHUIOB:

AIC; + 3LiX = AIX, + 3LiCl (X = Br, )
a TaKK€ KOMIUJIEKCHBIX aMHJIOB U MCTAJJIOOPraHM4YEeCKUX COGIIPIHCHPli;Il
AICL; + 4LiY = LiAlY, + 3LiCl (Y = NH,, R)

Besonnbrit AICl; HaxomuT MpUMeEHEHHE Kak Katanusatop B peakivsix Opunens —
Kpadrca.

TBepablit TPUXIOPH ATIOMUHUSI COCTOUT M3 CJIOEB, 00pa30BaHHLIX OKTasapaMHu
AIClg, coeMHeHHBIMM OGIHMMU peGpaMu (puc. 4.8, 6, 2). KoopiMHAIITMOHHOE YHCII0
AMIOMHMHMS paBHO LecTd. [Ipu HarpeBaHUHU U MMOBBILLIEHHOM JaBJIcHUH BEILIECTBO IUIa-
BHTCSA, TTPEBPALLASACh B TOABHXHYIO XUAKOCTh. JKMAKOCTS U Mapkl Hax Hell COCTOAT U3
Mosekyn AL Clg (puc. 4.8, 6), HaTOMMHAIOLIUX MOJIEKYJIEl gubopaHa. KoopauHanuoH-
HOE YMCJIO aTOMa AJIOMHUHUS [IPU 3TOM
TIOHUXKAETC 110 4, yIeabHbIN 06bEM MOY-
TH YIBaWBaeTCs, 3JIEKTPONPOBOJHOCTh
npakTuyecku ucyesdaer. Jumepnl Al,Clg
ycroitumsel B nape g0 230 °C, BhIlle 3TON
TEMIIEpATyphl Map COCTOMT U3 MOJIEKYJ
AlCl;, uMeromux $HopMy IUIOCKOTO Tpe-
yronbHuKa (puc. 4.8, a). '

Puc. 4.8. CtpoeHue XJIopyaa anioMUHUS
B nape (a), pacrase (6) M B KpUCTal-
ne (e, &)

6 — OfIMH W3 CJIOEB, BUA CBEPXyY (C0# cocTo-
WUT U3 Tpex psaoB atomMoB — BepxHero (Cl),
cpearero (Al) u HikHero (Cl)); ¢ — oxpyxe-
HHE OJHOr0 U3 aTOMOB ATIOMHUHUS
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CTaBJICHHBIX U3 IBYX HCKaXCHHBIX TETPasnpoB MX,, 06beIMHEHHBIX 061MM PEOPOM.
OHyn HcnapsioTCsl TakKe B BHAEC IUMEPOB, KOTOPHIE IPH CHIBHOM MOBBILICHHH
TEMIIEPATypBl TUCCOITMMPYIOT HA MOHOMEPEI MX;.

B otimune ot ranoreHumoB 60pa XIOPHAE, GPOMUAB ¥ HOTMIL METAIOB 13-if
TPYNILL HE MIOJTHOCTBIO TMAPOMU3YIOTCS BOIOM, a 06pa3yloT pacTBOPHI, W3 KOTOPHIX
OHH BBUICNISIOTCS B BUIE KPUCTAUIOTHAPaTOB, Hanpumep AlBr;- 6H,0, TICl;- 4H,O0.

IlposBiisist cBoiicTBa KUCHOT JIBIOMCA, TPUTATIOTEHUIEI MX; o6pasyior pasHo06-
Pa3HBIC KOMIUICKCHBIE coenHeHus1, Hanpumep Al(NH;);Cl;, InCl;(H,0),. B Box-
HBIX pacTBOpax XJIOPUIOB 3THUX METAJIJIOB IPUCYTCTBYIOT KOMIUIEKCH], B COCTaB KO-
TOPBIX BXOISIT XJIOPUI-HUOHBI, HanpuMep [InClg]™, [InCls(HZO)]Z’, [InCl4,(H,0),]". B
Psily ONHOTHUIIHEIX TpUrajoreHunoB (MF;, MCl;, MBr;, MI;) npu nepexome ot Al
K Tl ycTOHYMBOCTE 6€3BONHEIX TPUTAIOreHIIOB IIOHIDKAETCS, O YeM CBHIETEILCTBY-
€T U3MCHCHUE MX TEMIIEPaTyp TUIAaBIEHHSI ¥ SHTABINIT 06pa3oBanus (cM. Ta6r. 4.5).
DTO OGBSACHSETCS YMEHBIICHHEM SHEPIMH KPUCTALTHIECKOM PELIETKH MpPH YBEITH-
YCHHUH Pa3MepPOB COOTBETCTBYIOINMX KATHOHOB U AaHUOHOB.

TpuranoreHuabl Ta/Mg MeHee CTAGWIBHBI IO CPABHEHHIO C TPUrATOTeHUIAMHU ApYyrux
MeTauIoB 13-1 IpyNIbl M OTIMYAIOTCS OT HUX XMMMYECKMMH CBOMCTBAMM, Taxk, TICl; yxe
nipu 80 °C orieruiger xiop:

2TICL, £ TITICL,] + Clyt

a ipu 180 °C o6Gpasyer MOHOXIOpHL;

TI[TICL] £ 2TICI + CL,?

AHanornyHad nuccoumauusi GaCly HaunHaetcs aus npu 1030 °C.

TICl; u TIBr; pacTBOPUMBI B BOJiE, CIIMPTAX U SBISIOTCH CHIbHBIMH OKMCTMTENSIMH. Yep-
Hbid Tpunonun TIl; uzoMopded TPUMOOUIAM OLHOBANEHTHBIX KATHOHOB NH,I; u Csl; u
COINEPXUT NMHCHHEIH noH I;. Takum o6pasoM, TlI; npeacrasnsier co6oit coeauHeHUe T, a
e TI'M. OnHako B IpUCYTCTBUM M36bITKa HOHOB I~ coctognue TIM cTabwinsupyerca 6aaro-
Jiapg 06pa3oBaHUI0 KOMILUIEKCOB:

TI'3(tB.) + I"-aq = [TI"'L,] -aq
BCBBO)IHBIC TPUTATTOTCHUIEI HENL3S1 IOJIYYHUTH 00€3BOXUBAHUEM THApaToOB U3-3a
IPOTCKaHUS HCOﬁpaTI/IMOI‘O TUAPOJIN3a; UX CHUHTC3UPYIOT U3 IIPOCTHIX BELIECTB:
R
M + 3/,X, = MX,

raTOrCHUPOBAHUEM OKCHUIOB:

2T1,0; + 3SF, £ 4TIF, + 380,71
a TaKkKxe 0663B0)KI/IBaHI/ICM KpI/ICTaJUIOFI/IleaTOBI
TICl;- 4H,0 + 4SOCl, = TICl; + 4SO, + 8HCIT

Tpunonun Taiaus MONy4alOT MCHapEHHeM SKBUMOMSIPHOTO PacTBoOpa COJH TI(D)
u I, B KoHueHTpupoBaHHoit HI.

Tajunit B oTIMYKE OT OCTATBHBIX 3IEMEHTOB IPYMITHI 0GPa3yeT YCTOHYMBbIE KOM-
TJIEKCH C XJTOpUI-HOHaMU. KoopmrHAaIMOHHOE YHCIO METAIa B HUX MOXET OBITh
PaBHBIM KaK YETHIPEM, TaK ¥ 1IeCTH. [IpK 0CTOPOXHOM yriapMBaHWK pacTBOpa TPH-
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XJIOpHOAa TaJVIUS B KOHHCHTpHpOBaHHOﬁ COJISTHOM KUCJIOTE 06pa3y10Tc;1 UTONIBYATHIC
KpHUCTaJUIbL TCTanJIOPOTaJUII/ICBOﬁ KHUCJIOTHI:

TICI; + HCI + 3H,0 = HTICl,- 3H,0

U3 BoaHbIx pactBopoB xiopuaoB TawMA(Ill) ¥ Kamus KpUCTAUIM3YIOTCS! KOMIUICKCHI
K;TICls, K T1,Clyo. B mocnenHeM KoMIUIEKCE aHHOH 06pa30BaH AByMsl OKTas[paMHt [TIClg],
CBA3aHHBIMH OOLIMM pEGPOM. .

Inst MeTawioB 13-i rpymibl NOMyYeHbl PA3IMYHBIC TUITEI HU3LIHWX TaXOTreHUAOB.
Ui amoMHHKHS MoOHoranoreHuAbl AlX oOHapyXeHBl MacC-CIEKTPOMETPHYECKH B
ra3oBoit pase ¥ KOHAeHcaueH Mpy TeMilepaType XHIKOT0 a30Ta BEIIEJICHE B TBEP-
noM Buze. HeycToyuBOCTE MOHOTAIOTEHUIOB AlX B TBEpIOM COCTOSIHMY CBSI3aHA C
JIETKOCTBIO KX JUCITPOIIOPLIMOHUPOBAHUS:

3AIX = 2Al + AIX;

U3 pactBopa AlBr B Tetparunpodypate BbieIeHbl KpUCTALTH Kiactepa AlyyBryp, B KO-
TOpOM aTtoMsl Al JiexaT B BeplIMHAX MeHTaroHzoaeKasapa”.

VYCTOMYMBOCTE COeTMHEHUH B HA3LIEH CTEIIEHW OKHCIIEHHMS BO3pacTraeT BHU3 110
TpyTIIe, IS TAJUIMS CTelleHb OKUCIeHus +1 Hanbonee XapakTepHa. CBOMCTBa CoeIMHeE-
Huit TI(I) moxoxu Ha CBOMCTBA COOTBETCTBYIOIIMX TAJIOTEHUIOB cepebpa. Ximopun
rawmia(I) TICl CIyXHUT MCXOOHBIM BEIECTBOM JUISI CHHTE32 MHOTHMX COCAWHEHHMH
tayuist. OH MpPeICTaBIsieT co60i GeCiBETHBIE KPUCTAUTH co cTpykTypoi CsCl, ma-
nopactBopuMbie B Boge (0,33 r B 100 r H,O mpu 20°C). Ha cBeTy 3710 BemecTBo
TEMHEET, TaK KaK pa3yaraeTcsl Ha TAUIMA W XJIOp.

ITomumo mMoHoranoreHunoB MX g Ga, In 1 Tl BeizeJIeHBI U TUraJdOTeHUIBI
M,X, (X =Cl, Brg, MpeacTapigoIKe coboil coeTMHeHNUs CO CMELIaHHBIMU BaJIEH-
THOCTSIMH Ml[Ml X,4]. OHM HeyCTONUMBEI K TAKXKE JETKO JUCIPONOPIHOHUPYIOT.

4.7. OKCUIbl, OKCOKHCJIOTBI, OKCOAHHOHBI 1 THJPOKCHIBI
BJIEMEHTOB 13-U I'PYIIIIBI

J11s1 Bcex 97EMEHTOB 13-1i TPYIIITBl XapakTepHO 06pa3oBaHMe OKCHIOB U UX TPOU3BOA-
HEIX B BBICIIIEEH CTENIeHU OKUCIIEHMS +3. JUTA TaTUTisl yCTOMYUBEI COEIWHEHHUS CO CTelle-
HBIO OKHCIICHUS +1.

4.7.1. Kucnopoausie coeaunenns 6opa

K BaXHeHIINM KACIOPOIHBIM COeIMHEHUSIM Gopa OTHOCSTCs oKcun 6opa B,0;,
GOpHBIE KMCIOTHI M UX COMU — OGOpaThl.
Oxkcnyn 6opa B,0;. ITonyyaioT OKUCIEHHEM 60pa KHCIOPOAOM:
630°C
4B + 302 —_—> 2B203
WIN TIaTedbHLIM 06€3BOXKBaHWeM pacruiasiieHHo# H;BO;:

2H,B0, 225 B,0, + 3H,0

* Klemp C., Koppe R., Weckert E., Schnockel H. // Angew. Chem. Int. Ed. 1999. V. 38. P. 1740.
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Kpucrannmuuecxuit B,O; (#,,= 577 °C, tyyn= 1860 °C) OCTpOEH M3 IIIOCKHX Tpe-
YroJbHUKOB BO;, COeTMHEHHBIX 06MMMH BepIIMHAMY B TPEXMEPHYIO CTPYKTYpPY.
PacniaB B,0; cKIIOHEH K NepeoxIaxkaeHHIO. OO6pasyomascs U3 Hero CTeKJIOBHI -
Hasi Macca COCTOMT U3 YACTUYHO YIIOPSINOYEHHBIX TPEYTONIbHUKOB BO;, coennHeH-
HBIX B LMKJIEL. B pacmiaBneHHOM B,0; IerKo pacTBOPSIIOTCS OKCHIE MHOTHX METaJI-
JIOB, YTO MCITOJIB3YIOT JUISl MOJIYYEeHHUSI OKPALIEHHBIX CTEKON (HalpuMep, CHHUX C
CoO0), a Takxke NpH naiike 11 OYUCTKH MOBEPXHOCTH METATIOB OT MX OKCHJIOB.
BopaTHEIe cTexi1a YacTo MCHONB3YIOT B KAYECTBE CIOEB M MOKPBITHH, 3anHINA0-
KX ITOBEPXHOCTD U3/l OT OKUCIeHUS. I1pu HarpeBanuu Boie 1450 °C okeun
Gopa ucrnapsieTcst B Bujie MOHOMEPHEIX MOJIeKyl. JleTyuecTs B,0; 3HauynTenbHO 110-
BEILIACTCS B MIPUCYTCTBUM BOISTHEIX MAPOB U3-3a 06pa3oBaHus JIETy4eii METAGOPHOM
KUCJIOTHI:

B,0,(18.) + H,0(r) 222°S 2HBO,(r)
Ilpu noBEILEHHBIX TeMiiepaTypax B,0, BoccTaHaBIMBaeTCs 10 60pa MmEeToYHLIMU
METaJIaMH, MarHueM, aJlOMUHHUEM, a TaKKe YIJIEPOIOM.

AmopoHuuit B,0, pacTBopsieTcst B Bozie ¢ 3aMeTHEIM pasorpesaHueMm (AH° =
=-76,3 XJIX/MONb), NPeBPAIASCEL B CMECh GOPHBIX KHUCIIOT.

OproGopuan (6opuas) kuciora B(OH); (H;BO;). D10 KOHEUHbIH NMPOAYKT THI-
POJIM3a PaCTBOPUMEIX COeAUHEHHIA 60pa, Hanpumep Gypel Na,[B,05(OH),] - 8H,0:

Nay[B,05(0OH),] - 8H,0 + H,SO, = 4B(OH), + Na,SO, + 5H,0

BopHast kucnoTa npeacTasiser co6oii XKUPHbIE HA OIIYTIb YeUIyuaThle KpucTai-
JIEL, B CTPYKTYPE KOTOPHIX (PUC. 4.9, a) monexynsl B(OH); cBsi3aHEI B miocKue clon
3a C'i2T BOMOPOIHBIX CBsA3eit —OH..-O. OtnenbHbIe clou coemMHEHE IPYT C IPYIOM
CNTaGbIMU MEXMOJIEKYISIPHBIMU CBSI3IMU M HAXOMSATCS HA 3HAYMTEILHOM paccros-
HHUH JIPYT OT ApYra.

H;BO; pactopsiercst B Bone (4,3 r B 100 T Boxs! ripu 20 °C) u sBnsgeTCS CNaboii
OIHOOCHOBHOM KHUCJIOTOM. B OT/IHYME OT 0BGBIYHBIX KMCIIOT ee KUCIOTHLIE CBOLCTBA

Puc. 4.9. Yactu cniost opro6oproit B(OH); (a) u Meta6opHoit HBO, (6) kucnoThl (CIUIOLIHBIMUA
JIMHUSIMH TOKA3aHbl KOBAJICHTHBIC CBS3W, TYHKTUPHBIMM JIMHUSMU — BOJOPOAHHIE CBS3M)

90



O6YC)'IOBJICHI>I He OTIIEIUIEHWEM WOHa BOAOpOAa, a IIPUCOCANHEHUEM TUIPOKCHUIIb-
HOW TPYIIBI MOJIEKYJIBI BOIHI, BBICTYNAOIIEH B pOJIM OCHOBaHUA JIsrouca:

B(OH), + H—OH & [B(OH),] + H, pK, 9,25 (25°C)
Kucnorusie coitictea H3;BO; posIBNAIOTCA B TOM, YTO B IPUCYTCTBMM KOHLEHTPH-

poanHoit H,SO, (KaK BOJOOTHMMAIOILETO CPENCTBa) CO CITMPTaMU oHa o6pasyeT
3¢UpHI:

B(OH), + 3CH,0H —22% (CH,0),B + 3H,0

Bnaropapss BBICOKO MPOYHOCTH KOBIEHTHOH cBsi3M B—O BHYTPH MOJIEKYJIHI U,
Hao60poT, c1aboMy MEXMOJEKYIPHOMY B3aUMOAEHCTBHIO 3TH 3dupsI aeTydu. Mx
TIaphl TIPY TTODKUTaHNU Ha BO3IYXe CrOpaloT 3eJIEHbIM TUIaMeHeM. DTa peakuus Cy-
XWT JUIs1 KaYeCTBEHHOTo OGHApyXeHUsI COeMMHEeHMI 6opa.

B3auMoneiicTBHe ¢ NIMLEPHHOM MIPHBOIUT K 06Pa30BaHMI0 KOMIUIEKCHOH KHUCJIOTHI, O
cWjIe NpeBOCXofsIeil GOpHYIO:

" nepegn]
O O OH
B(OH), + HzEH I E? - H* >B< + 3H,0
wf Y
H,C—CH—CH,

Tpu yactnuHoit neruapatauuy seize 100°C u3 B(OH); o6pasyrorcss MeTaGopHBIe
xucinotsl (HBO,),. Hanpumep, B puMetaGopHoit kucnote (HBO,); (i B;0;(0OH)3)
Tpu Tpynnkl BO; 06beIMHEHBI Yepe3 aTOMBI KUCIIOPOAa B 3aMKHYThIE IUKIIBL.

no’ 0~ TOH

KOTOpBIE 06Pa3yIoT CJIOU 3a CYeT BOLOPOAHBIX cBsA3elt (puc. 4.9, 6).

o cpasuenuio ¢ MoHomepHoit B(OH); B TpuMeTabopHOIl KMCIOTE B TPH pasa
yMeHblIaeTcs KonuuecTso —OH-rpymm, npuxoasiiuuxcst Ha ofMH atoM 6opa. Moc-
THKOBBIE aTOMBI KHUCJIOPOAa OTTATUBAIOT Ha ce6s1 4aCTh 3JI€KTPOHHOMN IUIOTHOCTH OT
ceaseit B—OH, nenas csa3n H—O Gojee MOJSIPHBIMU M YBEJINYUBAsA TEM CaMBIM
CUITy MeTaGOPpHOI KMCIIOTHI 33 CUeT MHAYKIIMOHHOro 3ddeKra.

B ¢B0o6OIHOM BHIE BBIIEIEHBI Y APYTrHe GOPHBIC KUCIOTHI, HAIpUMep TeTpabop-
Hag kucnorta H,B,0;7 (pK,, 4,1, pK,; 5,1). OHU 06pa3yloTcs B pe3ynbTaTe IpOLecCoB
TIOJIMKOHACH CAITNH:

2B(OH); + [B(OH),l” 2 [B;05(0H),]” + 3H,0
2B(OH); + 2[B(OH),]” 2 [B,05(OH),}* + SH,0
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Puc. 4.10. Crpoenue 60par-aHHOHOB:
a—BOy; 6— BsO;; 6 — B(OH);; 2 — (BO,),"; @ — B;sOg(OH);; e — B,05(OH);; o — B,O5(OH)”

Boparbi. D10 cony GopHbIx KucnoT. Brarogaps nerkocTu nepecTpauBaHms CBSI-
3eit B—O—B 1 pasnuuHpIM KOMOMHALIMAM Gopa ¢ KOOpAMHALIMOHHEIMM YHCIaMK
3 ¥ 4 CylmIeCTBYIOT MHOTOYMC/IEHHBIE BAPMAHTHI CBA3BIBAHMU TPEYTOJIBHBIX BO?“ )¢
TeTpasapudeckux [B(OH),]” rpynn B MHOrosinepHete monu6oparHbie aHHOHEL B 5ToM
CMBICTIe GOpaThl NOJOGHEI CHIMKaTaM 1 docdartaM.

CrpoeHne HEeKOTOpPHIX 6OPaTHRIX aHUOHOB npeacTaBieHo Ha puc. 4.10. O6mmit
3apsAll aHMOHA OTPeAeIACTCA YHUCIOM KOHIUEBBIX aTOMOB KHCIOPOAa M TeTpasapH-
YECKMX aTOMOB 60pa, KaXIBIi U3 KOTOPHIX HECET ONMH OTPULATENbHBII 3apsia. Mo-
HOMEPHEIC TpeyrobHele rpynmnel BO; (puc. 4.10, a) cymectsyior B optoGopate
Jmrtusa Li;BO;, nuknnyeckue rpynmer B302' (puc. 4.10, 6) — B MeTa6opaTe HaTpus
[NaBO,];.

Terpasaper B(OH); cymecTsyioT B TeTparuapokcoaHnoHe (puc. 4.10, ), a Taicke
B TiepokcoGopate Na,[B,(0,),(OH),] - 6H,0, koTophit TIOJIy4aloT TP B3auMoaeii-
crBun H;BO; ¢ mepokennom H,0, B enouHoi cpeae. IlepokcoGopat (M3BecTeH
TIox Ha3BaHMeM NepGopaTt) — BaKHasi COCTABHAS YaCTh MOIOLIMX cpeacts. Ilpu rua-
ponuse nep6opara obpasyercs H,0,, neitcTBYIOmAs KaK MATKOe orbenrBaonee
CpeACTBO.

HanGosnee cioXHEIMI 0Ka3BIBAIOTCS MHOTOSIIEPHEIE aHUOHEI, 00pa30BaHHEIE CO-
CAMHCHUCM OHOBPEMEHHO TpeyroisHeIX BO; 1 Terpasnpuueckux BO, equumn. Onu
MOTYT OGBEMHATECS B GeCKOHEUHBIE LeNy (TaK MOCTPOEHBl MHOTHE MeTtabopaThl,
Haripumep AgBO, (puc. 4.10, 2) 6o B uukis (puc. 4.8, 9, e, o). MuHepan 6ypa
Na,B,0;- 10H,0 conepXuT YeThIpexbsinepHEIE aHHOHE] [B,Os(OH),J* (pwc. 4. 10, ),
B KOTOpRIX uepenyommecs equHuusl BO, n BO; cBsizaHB! 061mmMu BepiunHamu. Ta-
KuM 06pa3oM, GopMyity Gyphl TipaBITbHEE 3aMCHIBATE B BUJIE Na,[B,05(OH),] - 8H,0.

92



CocTaB BOAHBIX PaCTBOPOB GOpaToB 3aBUCHUT OT PH, KOHIIEHTPAIUU U TEMITEpa-
Type. Hanpumep, npu neirpanusauuu 0,4 M pactsopa B(OH); n3brTkoM menoyun
TMPOUCXOIUT TIPOLIECC TIONUKOHAeHcAaun* ¢ o6pa3oBaHueM HM30TIOTMOOPATOB C Xa-
pakrepHeIMHU cBI3aMU B—O—B (cMm. puc. 4.10):

OH _ OH _ ) OH _
B(OH), f’—r [BsOs(OH),]™ & [B;03(OH),]™ + [B4Os(OH),]™ 2 B(OH),
H H

IIp® moaKMCIeHUN TTOJYYEHHBIX PACTBOPOB IIPOIIECC NIAET B 0OpaTHYIO CTOPOHY U
BBLIEIAETCST OpTOGOpHAs KUCIIOTA.

B cWIBHOIIEIOUHEBIX pacTBOpax npeobianaeT TeTparuapokcobopar-uoH [B(OH),] .
OH MoXeT GBITH BRIACICH B BHAEC HaTpHUeBOl WM KaTUEBOW CONM MPU JeiicTBUM Ha
GOPHYIO KMCIOTY KOHLICHTPUPOBAHHBIM PaCTBOPOM ILENI0YM. B HEMTpalIbHBIX U cnabo-
ILETOYHBIX BOAHBIX PaCTBOpax GopaToB PeaIM3YIOTCS CIIOXHBIC PABHOBECUS MEXIY
pasTNIHBIMHA aHMOHHBIMU opMaMi. TTonoxeHue paBHOBECHS 3a8BUCUT OT TIPUPOIEI
KaTMOHa — €ro 3apsiga U panuyca. HampuMep, Helrpanu3anyst 60pHOi KMCIOTH 2 M
pacreopoM LiOH npusonut K Kpucrammsaimu oprobopara [Li(H,0),][B(OH),]- 2H,0,
2 M pacrtBopom NaOH — 6ypu Na,[B,Os(OH),] - 8H,0, 2 M pactBopom KOH —
neHTabopata K[BsO4(OH),] - 2H,0, a HachlIeHHBIM pacTBOPOM TMAPOKCHUAR Kallb-
o — Ca3[B3O3(OH)6]2' 2H20**.

Bypa npexacrapiser coboii 6ecrBeTHBIE KPMCTAUIBI, XOPOLLIO PaCTBOPUMEIE B BOIE
(2,5t B 100 r H,O npu 20 °C). IIpu 60,8 °C miaButcsa, NpeBpaiiasich B THAPAT
Na,[B,05(OH),] - 3H,0, npu 161 °C moaHOCTHIO OTAAaeT BHELIHECHEPHYIO BoAdy, a
npu 380 °C ToNHOCTRIO 06€3BOXHUBaeTCsI, 06pasys cTekioo6pasHBI TeTpabopar
Na,B,0,. bypa Bxoaut B cocTaB uiocoB Jii1 CBapKU Y MailKu METAINOB, CPEACTB
3aIMUTH OT KOPPO3MH M THUEHHA, LIIMXTH [UIs aMaiteil u riasypeit. Ilpu cruianieHun
C COJIAIMH WM OKCHAAMU METANIOB 06pa3yeT oKpallleHHbIe CTEK/Ia — TEPIBL:

2N32B4O7 + 2CO(NO3)2 ; 2CO(B02)2 + 4NaB02 + 4N02T + OzT

4.7.2. OKcHAB H TMIPOKCHABI ANIOMHHHAA, HHOAMA H TAJLIHSA

H3BecTHRI pasTnyHBle KpUCTALUIMYECKHEe (OpMBI OKCHIA, TUAPOKCHAA U OKCO-
TUAPOKCHNA AIOMUHUS: KOpYHI a.-Al,Os, mnactiop a-AlOOH, 6Gaitepur a-Al(OH);,
6emut y-AlOOH, ru66¢cut y-Al(OH),;. Hekotopsie M3 HUX CYIIECTBYIOT B NIPUPOIE
KaK MHUHepaIbl 1 AparoucHHbe KaMHW — pyOuH, candup, aMeTUCT.

KopyHn a-Al,O; nipeacraniser co6oit Genblit TyroruiaBkuit (4, = 2045 °C) nopo-
ILIOK TUIOTHOCTBIO 4,0 1/cM3, TI0 TBEpAOCTH GIM3KHIA K a7IMa3y, XMMUYECKA MHEPTHHII.
OH He B3aMMOJEMCTBYET C pacCTBOPaMM KUCJIOT U 1IE04el M1 MOXKET OHITH paCTBOPEH
JIMIIB B pacTUIaBJICHHOM 1e1ouy. Bricokas yeTroiYMBOCTE KOPYHAA OOBSICHAETCS IPoY-
HOCTBIO €10 KPHCTAJUTMYECKOIN CTPYKTYDHI, NPeACTaB/Isomeil coboi ABYXCIONHYIO
IUTOTHEHIIYIO IIAPOBYIO YITAKOBKY M3 MOHOB KHCIOPOAd, B OKTa3ApUYECKHUX ITyCTO-

* TIpoLecc NMOMMKOHAEHCALMM HauMHaeTcs ¢ o0pa3oBaHMst TeTpasapudyeckux uoHoB B(OH),:
B(OH); + HOH - B(OH),+ H' (cM. puc. 4.10, @), xoTophle nanee BzauMopeicryior ¢ B(OH); ¢
BBIICJICHNEM BOABI.

** Ycrionb3ys KpyNHble OPraHMYECKHE KATHOHEI, HANPUMED TYaHUAMHMH, YIAeTCS BHLIENHTD elle
Gonee croxHule aHMOHE: [C(NH,);3]5[By02(OH)gl, cm.: Schubert D. M., Visi M.Z., Knobler C.B. [/
Inorg. Chem. 2000. V. 39, P. 2250.
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TaX XOTOPO¥ pa3MelIeHBl NOHBI ATIOMUHUS (puc. 4.11). IMomy4aror xopyHn TepMuye-
CKHUM DA3lOXCHUEM TUAPOKCHIA aMOMUHUsL WM kBacuoB (NH,)AI(SO,),- 12H,0
niput 1000 — 1200 °C. KopyHI MCIIONB3YeTCS B Ka4eCTBE BBICOKOTEMITEPATYPHBIX HHEPT-
HBIX BOJIOKOH ISl YIPOYHEHUsI METAUIMYECKHUX CIUIABOB M KEPAMUKH, CO3MaHUA
XUMHYECKU U TEPMHYECKH CTOWKHUX QWIBTPOB, TEIUTO3AIIMTHEIX TIOKPBITHI KOCMH-
UeCKHX anmnapatoB. CuiIbHO NPOKaNeHHHIH Al,O3, Ha3BIBaeMBI TYHIOM, WAET Ha
U3rOTOBJICHNE TUIJIEH M OTHEYTIOPHEIX MaTepUaioB.

IIpn ocropoxwoit xeruaparanuu y-Al(OH), Hizke 400 °C obpasyercs y-Al,0; —
Apyrasi KpUCTaIMYeCcKas MOOUbUKanHs oKeuaa amoMuHus, OHa o61anaeT MeHb-
IIeH, YeM KOPYHI, IUIOTHOCTBIO 3,5 r/cM® M SBNSIETCS XMMMYECKM aKTUBHOM —
PacTBOPSETCA B U3OBITKE IIETOUHU:

'Y"A1203 + 7H20 + 2NaOH = 2Na[Al(OH)4(H2O)2]
W B KUCJIOTAX
1-ALO; + 9H,0 + 3H,80, = [Al(H,0)6],(SO,);

IIpu tTemnepatype Beiure 400 °C y-Al,O, npeBpaniaercs B KOPYHII.

Oxcun ramms Ga,0s (f,, = 1795 °C) o CTPYKTYpe U CBOICTBaM NoxoX Ha Al,O;.
Oxeun naus In,yO; (£, = 1900 °C) — XenToe KpHUCTALTHYECKOE BEILIECTBO C KyGuue-
CKO# CTPYKTYpOW.

Puc. 4.11. Kpucrammeckas crpykrypa KOpyHAa (MoKasaHBl okTa’apel AlOg, B BepluMHax
KOTOPBIX HaxonsiTcs aToMel O)
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IInenku Ha ocHoBe okcuIoB In,O; u SnO,; (MHAUIA-ONOBIHHOTO OKCHAA) obna-
Jal0T YHUKAJTBHBIMM CBOMCTBAMM: BEICOKOI MTPO3PaYHOCTHIO, 3JIEKTPOIIPOBOAHOCTLIO,
CITOCOBHOCTBIO OTpaxkaTh MHPpaKpacHoe rydeHre. OHU UCTIONB3YIOTCS IS CO3/a-
HUS TUIOCKUX JUCIUIEEB KOMITBIOTEPOB, 3JIEKTPOXPOMHBIX YCTPOICTB, HarpeBaeMBbIX
CTEKOJI CaMOJIETOB M aBTOMOOWIIeH, ClielIMaIbHEIX TTIOKPBITHIA, HE OTpaXKaloluX 13-
JIy4eHUE pagapHBIX CTaHIIUHA.

Oxcun Tawms T1L,0; (¢, = 716 °C) Briensercs B BUIEC YEPHO-KOPUYHEBOTO
ocazka TIpH OKHCHIeHWH cojieil Taumus(l) B meslouHo# cpene:

2TINO; + 6KOH + 2Cl; = TLO3d + 2KNO; + 4KCl + 3H,0

WM Tipu Herpanmnsanviu coneit Tamnus(111). O6pasylonuiics ocaxoK COOepKUT NMPHU-
MepHO 0,5 Mo rHApaTHOM BOIBI, KOTOPas MOXeT OBbITh ylajleHa OCTOPOXHBIM Ha-
rpeBaHHeM B BakyyMe. ['mapokcun TI(OH); Hen3secTeH.

TMApOKCHIBI AMIOMUHHS, TAJUTHS U MHAWS BBIIEIAIOTCS B Buae aMopdHBIX ocax-
KOB TIpU JeiiCTBUM aMMHaKa Ha BOIHBIE PAaCTBOPHI UX cojieil:

Alz(SO4)3 + 6NH3 + (x + 3)H20 = A1203'XH20~L + 3(NH4)2$O4

Eciv B citydae rajuiis M MHAWS TTPH KPUCTAIUIM3AIMM OCAIKOB 00pa3yloTcs M-
poxcuasl M(OH);, 1o ocamok Al,0;-xH;0 nipu crapeHuM npespainaeTcs B 6eMUT
v-AlOOH, nMeMii CIONCTYIO CTPYKTYPY, COCTOsAIIyI0 M3 oKTasnpoB AlOg, cBi-
3aHHBIX peGpaMM B JBOMHEBIE ¢jiou. Takue Cjion coeAMHEeHBI IPYT € IPYroM BOLOPO-
HBIMHU CBA3IMMU (puc. 4.12, a)*.

Kpucrammyeckuit rmapoxcun AI(OH); moxuo monyuuts, niponyckas CO, ye-
pe3 1UeJIOYHEBIe pacTBOPH AJTIOMHHATa HaTpWs;

2Na[A(OH),(H,0),] + 2CO, = 2AI(OH),! + 2NaHCO; + 4H,0

Puc. 4.12. CtpoeHue MOJeKy:
a — Gemura y-AlIOOH; 6 — ruG6cura (ruapapriwuiura) y-Al(OH),

* Yaawmi B. IT. Tuppookycy MetawioB. — Kues: Hayk. nymka, 1972.
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HHTepecHo, 4TO cTpOeHME BHIAEIISIOICIOCS OCANKa 3aBUCHT OT TEMITEPATyphl —
Ha xojone obpasyercs GaitepuT a-Al(OH);, a Ipu ocaXXaeHUH U3 TOpIYero pacTBo-
pa — ru66cut (ruapaprivumr) y-Al(OH);. OGa BemecTsa UMEIOT CJIOUCTYIO CTPYKTYPY,
COCTOAINYIO M3 CBA3aHHBIX 001iMMH pebpaMu okTasapoB Al(OH)g (puc. 4.12, 6).

B psany Al—Ga—In—TIl ycunuBaoTCa OCHOBHEIE CBOMCTBA OKCMIAOB U THAP-
OKCHIOB. Tak, eCy TMAPOKCUIEI ATIOMUHUA U TAJUINA CPaBHUTENLHO JIETKO PacTBO-
PSIOTCS B HIeNIoYax, TO TMAPOKCOMHAATE obpasylorea nviiub ipu pH > 13, a T1,0,
pPacTBOPUM TOJIBKO B KHUCJIOTax.

I'uapokeun ramus Ga(OH), npencrasnser co6oit pekuit ciydait aMGOTEpHOTO COeMHE-
HUS C MPaKTHYECKH PABHEIMM KOHCTAHTAMM JUCCOLMANMH MO KUCIOTHOMY M OCHOBHOMY TH-
ny: Ky=1,6-107, K3 =5-107", K;3=2.10"2, K3, = 1,2:107, K, =2- 107", K3 =4- 10712,

Tepmuyeckasi cTabWIBHOCTb OKCHAOB ¥ THIPOKCHAOB YMEHBINAETCS BHU3 TI0 IPYII-
Te, a OKMCIUTENbHBIE CBOMCTBA yBeauMuuBatoTed. Oxkeun T1,03; B OTINYHE OT CBOMX
aHaJIOroB pa3naraerca yxe npu 100 °C:

TLOs(18.) < TLO(TE.) + O,
U oxucnser HClI no Cl,:
T1,0; + 6HCI = 2TICH + 3H,0 + 2CL,T

KucnoponHsle coenMHEHUST B CTETIeHM OKUCIEHUS +] MOApO6HO U3YYEHB! JIUID
JUIS TAJUTUA.

YepHslit TBepaplit okcua Tayumg TL,O momoGHO oKcHaaM LIeJOYHBIX METAIIOB
pearupyeT ¢ BoAoi ¢ obpazoBaHMeM T'MIPOKCHAa. [IpH KOHUEHTPHPOBaHNN BOIHBIX
pactBopoB TIOH BeIIesNsIeTCS B BUIE XEATHIX UIJI, TEMHEIONMX TIPH XpaHeHuu. ITo-
N06HO THAPOKCHIAM LIEIOYHBIX METAJUIOB TUAPOKCUL TAIMS — CWIBHOE OCHOBa-
Hue. OH xoporo pactBopsiercss B Boge (34,3 r B 100 r Boasl nipu 18 °C), criupte,
pazbenaeT CTeKiIo, MOIJIoIIAeT YIJIEKUCHBIN ras:

2TIOH + CO, = TL,CO; + H,0
TLCO; + CO, + H,0 = 2TIHCO,

ITpn He3HauuTenbHOM HarpeBaHuU (> 47 °C) merunpatupyercs. TIOH nonyyarot o
peakiun oo6MeHa T1L,SO, ¢ rmupokcuaoM Gapus.

Tomy6s1e KpHcTaUTEI HU3IHETO OKCHAa amoMUHUs Al,O 06pasyioTcs py BoccTa-
HOBJICHUM KOPYHIa aJIOMUHHUEM WM kpemHueM npu 1830°C. OHM yCTOMYMBEI K
JAEHCTBUIO KHMCIIOT, HO MEUIEHHO PAacTBOPAIOTCA B HIETOYHBIX pacTBOpax. Boccra-
HoByeHHe Ga,0; 1o Ga,O MeTaIM4ecKUM raJuiieM TpoTexaeT yxe rpu 500 °C, a
In,O MoxXeT GBITH MONYYEH MO PEaKUWH BHICIIETO OKCHUAA C BOLOPOIOM.

4.7.3. Coan H KOMILIEKCHbIe cOeJuHeHHs 3aeMeHToB 13-ii rpymmbi

ATtoM Gopa, UCITONIb3ysl BAKAHTHYIO 2p-Op6UTaNTh, 06pa3yeT KOMIUIEKCHEIE CO-
COVHEHNA C JUTaHIaM¥, o0JanaoIMHI HETTOAEICHHEIMH 3JIeKTPOHHKMH Tapa-
Mu. K nx yucny npuHamiexar terparmapokco6opar-uon [B(OH),]", terpadro-
po6opart [BF,]”, rerparuapoGopar [BH,]™ 1 T. 1. XMMHMYECKHE CBI3M BO BCEX KOMII-
JIEKCHBIX COEMHEHHX 60pa ABISIOTCS KOBAICHTHBIMH, T. ¢. MOH B” B HUX oTCyT-
CTBYeT.
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Docdar Gopa BPO,, o6pasyiowmuiicss pu HarpeBaHUK 9KBHUMOJISIPHBIX KOJIHUYECTB OPTO-
GbocdopHoit M GOPHOI KUCIIOT, TAKXKE SBJISETCS KOBAJIEHTHBIM. DTO BELECTBO MPECTABISET
coGoit aBoiiHOI okcun 6opa u ¢ocdopa.

B cuy Toro, yTg GoJIbliias SHEPrys OTPHIBA TPEX SJICKTPOHOB He KOMIIEHCUPYeTCS
SHepruei cBsis M ¢ BO3MOXHBIMU JMra’aaMy (M. tabi. 4.2), B MPOCTHIX ¥ KOMII-
JIEKCHBIX COCAMHEHUSIX 3JICMEHTOB 13-i TPy He TIPUCYTCTBYIOT OTAEIBHEIE MOHBI
M™, CBA3M HOCAT 9aCTHYHO KOBAIEHTHBIN xapakrep. [IpeuMyIiiecTBeHHO MOHHBIH
THIT CBSI3H XapaKTEPEH JIMIIb 11 GMHAPHBIX COETUHEHHIA ATIOMUHUA C 3JIEKTPOOT-
PULIATEIBHBIMU 3JIEMEHTaMu: GTOPOM, KHCIOPOIOM.

AMdoTepHbIe ATIOMUHHM, TAUTMIA ¥ UHAME o6pa3yloT 1Ba psAaa coneil; KaTHOH-
HBIC M aHUOHHBIE. [IJIs1 XMMMH TAUTNS aHUOHHBIE HGOPMBI MEHEE XapaKTepHHL.

IIpu pacTBOpeHNM METAUIOB B CHIIBHBIX KMCIIOTaX 06PA3yIOTCS COMM: HUTPAaTHI,
cynbathl, ratoreHunbl. V3 pacTBOpOB OHY BBINENSIOTCS B BIIE COOTBETCTBYIOILINX
KpucTamorunpatos, Hanpumep Al(NOs);- 9H,0, TIPO,- 2H,0 u 1. 1. [Togo6HO co-
JISIM IIETTOYHBIX 1 IEJIOYHO3EMENBHBIX METAJUIOB OHM He UMEIOT OKpacKu. J{BOifHbIe
cymsdaret M'M"(SO,),- 12H,0, rre M! = K, Rb, Cs, NH;; M'" = Al, Ga, In, TI,
Ti, V, Cr, Fe u 1.1., Ha3KBaIOT keacyamu. B CTPYKTYpE€ KBacClLIOB OKTa3pHyecKie
KATHOHH [M"l(HZO)(,]3+ " [MI(HZO)(,]* CBA3aHE! ¢ CynbdhaT-aHMOHAMU 3& CUET BO-
JOPOIHEBIX CBsA3eH. AmoMokanueBsle kBacubl KAI(SO,),- 12H,0 (puc. 4.13) npu Ha-
IrpeBaHuy 10 65 °C TepsIoT AeBATh MOJIEKYJ BOIH, a nipu 6osiee BHICOKOI TeMIepa-
TYpe MOJIHOCTBIO 0GE3BOXMBAIOTCS, MPEBPALIASsICH B «KKeHble» kKBacubl KAI(SO,),.
KBacup! MCTIONB3YIOT AJIst OYMCTKA BOIH ¥ TIONYYEHMS MCKYCCTBEHHBIX JparoueH-
HBIX KaMHell — py6uHOB Al,O;.

Cout TpexBaneHTHBIX KATHOHOB B PACTBOPAX CHITBHO TMAPOIM30BaHbl. CONM ATIOMMU-
HUS U TAJUTHSE CO CIabbIMU KMCIOTAMU: CePOBOIOPOIHOM, CEPHUCTOM, YTONBHOM —
HE MOTYT GBITb BBIICJIEHBI U3 BOXHBIX PACTBOPOB BCIEACTBHE IIOJHOTO HEOBPATUMOTO

H,0
K+
Al(H,0)¢"

SO;”

Puc. 4.13, CTpoeHue alIOMOKaIMeBBIX KBACHOB (OKTA3/PbI [Al(H20)6]3+ u [K(H,0)¢]" uepemy-
Iotcs ¢ Terpasapamu SO;Y)
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TUOPOaAN3a, TIPUBOIALIETO K o6pa3013aHmo TUAPOKCHUIA, XOTSI U COLAEPXKallero He-
KOTOPOE KOJINYECCTBO aHCOP6PIpOBaHHI>IX WOHOB KHCJIOTHOI'O OCTaTKa:

2GaCl; + 3Na,S + 6H,0 = 2Ga(OH);! + 3H,ST + 6NaCl

B3anMOIEHCTBHE COJeH ATIOMUHHSA ¢ PACTBOPAMHU CWIMKATOB NMPUBOAMT K 0GPa30BaHHIO
Pa3sNMYHEIX AJIIOMOCHIMKATOB®, :

Hpn JIBVDKEHVH BHU3 T10 TOATpyNNe ¢ pOCTOM OCHOBHBIX CBOICTB THAPOKCHAOB
CKJIOHHOCTB COJIEM K TMAPONIN3Y MOCTETICHHO ocnabenaet. Tak, CyJ'II:(I)I/IJII:I HHOIUA U
TAJUTUS MOTYT OBITH OCAXIECHBI CEPOBOIOPOIAOM:

Iny(SO.); + 3H,S + 3CH;COONa = In,S;l + 3NaHSO, + 3CH;COOH

CoctaB KaTMoHHBIX GopM Al, Ga 1 In B pacTBope HOCTATOYHO CIIOXHBIN. Brico-
Kasd IUIOTHOCTB 3apdia Ha aroMe MeTauia OObACHAET OTPHIB MOHOB BOAOPOJA OT
Moinexkyn H,O ¥ runposin3 rekcaakBanoHOB!

[M(H0)s]* 2 H' + [M(H,0)s0H]*

-5 - -4 1
KoHCTaHThl 3TOTO paBHOBecHs coctapisor 107, 10 3, 107,107 ma Al, Ga, Inn
Tl cooTBeTcTBeHHO. IToBEIueHNe pH mpuBoauT, HaNpUMep B ciIyyae Al, k cMelle-
HUIO paBHOBECHS,

[AI(H,0)]** 2 H' + [AI(H,0)5(OH)]”" 2 H' + [Al(H;0),(0H),]" 2 ...

BIPaBo, OTpEIBY MosieKys H,O oT akBaruapoKCOKOMIUIEKCOB M ITOTMMEPHU3aLMH 3THX
KOMITTEKCOB 4epe3 MOCTHKOBHE Tuapokco- (Al—(OH)—Al) n okco- (Al—-0O—Al)
TPYNITH B MHOTOsIiePHBIE KOMIUIEKCHI (PHC. 4.14):

H,0 * [H_ H,0 > OH, H OH, o
OH, | OH Jo_| OH HO_ | O] ~OH
AL H| | H A 2 AN NI +2H,0
Ho | Yol HO” | “H,0 o~ | 0" | “oH,
H0 Ny H,0 OH, H OH,

YacTULbl [Alz(OH)z]z" (MoNeKyTB Bosl B GOpPMyJIax OMyIIEHBI) HAiACHH M B
TBEpIBIX COMsAX**. B pacTBOpax CymIeCTBYIOT OTMIOMEDHBIC YaCTHLIBI [Alz(OH)2]4+,
[AL(OH)* (puc. 4.15, @), [Alg(OH)5]™, [Alg(OH),,]"". ITpn pH 4—5 B pacTsOpe
npeobIaaeT KaTMOH, COCTOSILUMI M3 13 aTOMOB aTIOMUHNS, CBA3AHHBIX IPYT C APYroM
OKCO- ¥l THIPOKCOMOCTHKaMH. B 3aBMCHMOCTH OT yCIOBHI1 OH TPOTOHHUPOBAH B pasHoit
CTCTICHH: [A1|3(OH)32]7*, [A113(OH)35]4+ ¥ T.0. HeckosbKo conell ¢ 3TUM KaTHOHOM
BhieeHo B Bume KpuctamioB Na[Al;;04(OH)(H;0)151(S04)s- 13H,0. Hon
[AlO4(A13(OH)6(H20)3)4]7* (puc. 4.15, 6) nmeeT cTpyKTypy KerrnHa, Xxopolno u3se-
CTHYIO TS TeTeporoucoeqHeHuit Mo 1 W: UCHTpalIbHEIH TETPasap AlO,4 oKpy-
XeH YeTHIpbMs TpoilkaMH M3 OKTasapoB AlOg, COWIEHCHHBIMU MEXIY coboii 1o
BepluMHaM ¥ pe6pam. TOYHBIH MexaHU3M 06pa30BaHMs TAKOTO MOHA HCH3BECTCH,
HO TIpeATIoNaraeTcs, 4To oH GopMHUpyeTcs TPH KOHACHCALUK YETHIPEX TPEXANCP-

* Swaddle N.W. // Coord. Chem. Rev. 2001. V. 665. P. 219.
** 3 pacTBOpa, 0Gpasylolierocs px pacTBOPeHNH aNIOMHUHHS B 20 %-#1 H,SO,, KpucTaJUIN3YeT-
cs conb [AlL,(OH),(H,0)5](SO,),- 2H,0.
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Puc. 4.14. Comepxanue pa3mvyHbIX

KaTHOHHEIX ¢opMm B BomHoM 0,02 M

pacTBOpe NepXJIopara aIlOMUHUA TIpH
pH 3-—5

MonbHas nonsa
wo uo -
- [=,%
T T

L
)

34 36 38 40 42 44 46 pH

HBIX KaTMOHOB (PHC. 4.15, @) ¥ TeTparMApOKCOANIOMUHAT-MOHa, 06pa3yloIerocs
NpY OTWIEIUIEHUH IBYX MOJIEKYN Boabl ot [Al(OH),(H,0),]™*:

4[AL(OH)g]* + [AI(OH),]” 2 [ALO,(Al;(OH)g),]™ + 4H'

HenaBHo nomyyeHa cosb eme 6osee CIOXKHOTO COCTaBa [Al3;05(OH)s6(H,0)g6] x
x (804)9- 27TH,0, comepXamasi aBe TPYIIHUPOBKU [Al;304(0H),,(H,0),,]7*, coenu-
HEHHBIC MEXIY co60it YeThipbMs oKTasapaMu [AlOg] (puc. 4.15, 8)**. IIpu nansHeii-
eM noBbltueHMK pH pacTBopa BeIIENsieTCA r’MAPaTUPOBAHHBINA OKCHI ATIOMUHMS.

IlepBoHaYabHO 06Pa30BABIUMIACS OCAXOK OTIMYAETCH BBICOKOW PeaKIMOHHOM
CnoCoGHOCTBIO, TaK KaK COAEPXHT GONBIHOE KOJIUUECTBO ruapokcorpynmn. Co Bpe-
MEHEM YHMCJIO TAKHMX THAPOKCOTPYIIN YMEHBINAETCS, TaK KaK YaCTh M3 HUX JETPOTO-
HUPYETCs, IIPEBPAIAsiCh B OKCOMOCTUKM, U PeaKIMOHHAsI CIIOCOOHOCTh OCanKa Ia-
naert. IIponecch! HONMMKOHAEHCA MU IIPUBOLAT K CTAPEHHMIO TEPBOHAYABHO 06Pa30-
BAaBIHETOCSA THAPOKCHAA — YMEHBINEHHUIO PAaCTBOPMMOCTH M PEaKIIMOHHOM crioco6-

Puc. 4.15. CTpoeH1e ruaIpOKCOKATHOHOB:
a — [Al(OH)¢]™; 6 — [Al;3(OH)x]*" (B uewtpe Terpasnp AlO,);
8 — [Al3O3(OH)se(H,0)g6]'"** @

* Salvatore F., Trifuoggi M. //J. Coord. Chem. 2000. V. 51. P, 271.
** Allouche L., Gerardin C., Loiseau T. et al. // Angew. Chem. Int. Ed. 2000. V. 39, P. 511; Rowsell J., Nazar
L.F. //J. Amer. Chem. Soc. 2000. V. 122. P. 3777.
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Hoct. KoHeuHo# cTagueil JeruapaTali B BOMTHOM pacTBoOpe siBiIsieTCs o6pa3oBa-
Hue ¢a3sbr okcornapokcuna AIOOH.

OKCOTUIPOKCHIHBIE coequHeHMss U u3BecTHble MUHepaibl KAl (SO,),- (OH),
AlL(SO,)(OH),- 7H,0, Al;(OH)3(CO;)-5H,0 MoxXHO paccMaTpUBaTh KaK OTHEJb-
HBIE CTAAUM MOCTETTEHHOTO THAPOJIUTHYECKOTO TIEpexoa OT CPeIHUX COJIEH alloMu-
HMS K €T0 THAPOKCHAY.

UccnenoBaHud TOCHAEIHUX JIE€T TIOKa3aIH, YTO TaJ/IMit 06pa3yeT THAPOKCOKOMII-
JIEKCHI, CXOMHBIE C amoMUHKUEM. TIponeccsl, Iporcxoasune Mpy THAPOIN3E COoNe
VHIUSA M TAUIMs, IPAaKTUYeCKH He W3y4yeHHl. M3BeCTHO NUIUb, YTO TPH XpaHEHUH
KOHLIEHTPUPOBAHHBIX PaCTBOPOB cojieit Talus obpasyeTcs ocanoK YaCTUYHO TH.-
patHpoBaHHOTO oKcuaa T1,0;.

HurepecHo, uro cpeanue cynbdarel nHAuA(III) u tanusa(I1l) o6pasyrorces nMiUb B y3-
KoM uHTepBane pH. Jlaxe nmpu He3HaYMTEIBHOM MOAKUCIIEHUH OHH MpPEeBPAlLAIOTC] B KHC-
Jble coM, Hanpumep In,(SO,);- H,80,-8H,0 — u3 Takoro pacrBopa n00aBIe€HHEM COJIH
LE3MSI MOXHO OCaJMTh KBAaCUBL [MAPONHM3 CPeAHHX CYNb(daToB, JEerko MpOTEKAIOWHA TPH
HATpeBaHWH, NPUBOINT K OCHOBHHIM coJiaM, Hampumep In(OH)SO,, B cTpykType KOTOPBIX
aTOMBI MHAMS coenuHeHBl MOCTHKOBEIMM OH- u SO,-rpynnamu B 6€6CKOHEYHEIE LIEMH.

AlleTaT aTIOMMHMA MOXET OBITh MOJIy4eH JIMIIb B HEBOJHON cpene AeilcTBUEM
YKCYCHOTO aHTHUApuAa Ha Ge3BOMHBIN xiopuA. VI3 BOZHBIX paCTBOPOB BBINEJIAIOTCS
THIPOKCOCOJHN, KOTOPhle TIPH HEGOJIBIIIOM HarpeBaHUM MPEBPAIaoTCs B OKCOare-
TaT. B oT/iMyMe oT oKcoareTara GepHUIMS aLeTaT alTIOMUHUS UMEET MOHHOE CTpoe-
nne [ALLO(CH,;CO0)4(H,0);]" [CH3COO]™ (puc. 4.16), HeneTyd M HEPacTBOPUM B
xsopodopMe.

Conu tamnmusa(11]) B BOTHBIX pacTBOpax SIBJISIOTCS CUJIBHBIMU OKUCIUTEISAMU:

TI(NO3)3 + K2SO3 + H2O = ﬂNO3 + K2SO4 + 2HNO3
2TICl; + 3Na,S = TLS! + 28! + 6NaCl

HX TIONYYaloT OGBIYHO M3 COeAWMHEHUH
tamus(l):

TINO; + 4HNO;(koHL.) = TI(NO3); +
+ 2NO,T + 2H,0

Conu tamnua(l) mo cBoiicTBaM Haro-
MMHAIOT COeOUHEHUs cepebpa M Kanus.
Honsr TI' u K* umeror 6113K1ie panuychl
(K* 0,133 um, TI* 0,136 um). U3 coreix
TaJTUs B BOJIE XOPOIHO PaCTBOPUMEI PTO-
pun, TepxiopaT, cynbdar, HUTpaT, Kap-
6oHaT, oprodochaT, OTHOCHUTENBHO MaJlo-
pacTBOPUMBI CYIbHI, OCTAIBHBIE Tajio-
reHUIs! ¥ a3un. Ilomo6HO Kanuio MoH Taj-
JIKsI 06pa3yeT XpOMOBBIC KBACLIbI. Y YUTHI-
Basi MHEPTHOCTh 3JIEKTPOHHOM Taphl 652,
JIEFKO 3aMETHUTh CXOACTBO B 3JIEKTPOHHOM
Puc. 4.16. CTpoeHHe KaTHOHA CTpOCHNH HOHOB TI" (4d"%s) n Ag" (5d"°).

[AL;O(CH,;CO0)¢(H,0),]" TanoreHunp! Tamnusg Mogo6HO raJoreHu-
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Ilement. LleMeHT MOMYYaIOT QGXUIOM M3-
BECTHAKA, IJIMHBI ¥ KBapLIEBOrO IECKa B CIIEIIU~
IBbHBIX BpallatoLmxcs nevyax npu 1430 — 1530 °C.
Ilpu 3t0it Temreparype o6pasylowMecs OKCH-
Abl KaJIbUMsI, aIIOMMUHUS U KPEMHMS B3aHMO-
AEHCTBYIOT MEXAY OGO ¢ 0Bpa3soBaHHEM CH-
JIMKaTOB M aJiOMUHaToB: Ca;SiOs, Ca,Si0,,
CaAl,0,, Ca;Al,04. Uccnenobanme KpucTaLH-
YECKOH CTPYKTYpHI anmioMuHara Ca;Al,Oq roka-
3aJI0, YTO B HEM COIEPXKATCA LIMKIMYECKHE aHU -
OHBI [Alsols]ls_, TIpeCTaBsoMmMe COBOl LecTh
TeTpasapoB AlO,, cOeIMHEHHHIX B IIMKA 00- o A
My BepwMHaMu (puc. 4.17). LIuxnas
OOBENMHSAIOTCS. B TPEXMEPHBIH KapKac HOHAMM
Kajipuus. Oxrasaper CaOg HeMHOTO cxathl, Ta-
KHE HalPSDKEHUS, a TAaKKe GONBILHE [yCTOTH B Puc. 4.17. Crpoenne anvona B
CTPYKTYpe CrtoCOOCTBYIOT IPOTEKAHMIO GLICTPOIl CayAl 05
peakuinH ¢ BoLoH. MOHb! KaILLUSA 3aHUMATOT ITy- ’

CTOTBI B KATHOHHOM NoapewieTke. CBA3BIBAHNE LEMEHTHOTO PACTBOPA BBI3BAHO obpa-
SOBaHHEM Pa3NIMIHBIX TUAPATOB, HanpuMep Ca;Al,04- 2H,0, 2Ca0 - AL,O;- (5— 9)H,0
H Ip.

DopMyJIH, TOLOOHBIE 3TUM, BRIPAXAIOT JHIIb CYMMapHH COCTaB MPOAYKTOB M,
Kak IMpaBUJIO, HE COOTBETCTBYIOT PealbHBIM COeqMHeHHsAM. TTpoliecc ruapaTanum co-
TIPOBOXNACTCS THAPOJIM30M M 06Pa30BaHUEM CIOXHBIX [TOJIMMEPHBIX CTPYKTYP, B KO-
TOPEIX aTOMbI METAJIIOB CBSI3aHbI APYT C APYTOM MOCTMKOBEIMM MOJEKYJIaMH BOLBI M
ruapokcorpynnamMu. OLHO M3 BEIUECTB, BHUAEJEHHBIX IIPH TMApaTalMy ILITHHEIH
CaAl,0,, umeer cocras [CaAl,(OH)g(H,0),]*

* Guirado F., Gali 8., Chinchon S., Ruis J. // Angew. Chem. Int. Ed. Engl. 1998. V. 37. P. 72.

Jlam cepebpa Ha CBeTy pasnaraiotcst. COM TAJUIHS C CHIBHBIMHI KHC/IOTaMU nono6HO
CoJIsIM cepebpa B BOMHBIX PacTBOPAaX NMPAKTHUECKU HeE TUAPOJIN3YIOTCA.

AHHOHHBIE (HOPMBI 06PA3YIOTCS IIPH PacTBOpeHNH coeuHeHu Al, Ga 1 In B u36bITKe
mieioved B BUIE THAPOKCOIPON3BOMHBIX THUIIA [Al(OH),(H,0),]", [Ga(OH),(H,0),T,
[In(OH)6]3". Ilpu crinaBneEny ux oxcunos M,O; ¢ OKCHIaMu WIH kapboHaTaMu
IETOYHBIX MeTAUIOB M

M;"'0, + MiCO; = 2M'M"0, + CO,1

00pa3yIOTCA LIEOYHBIE ATIOMUHATEI, TAJUIATH X MHAATH COOTBETCTBEHHO. B 1x CTPYK-
TYpax HeT M30IMPOBaHHBIX aHMOHOB THna [M'™O,]", u3-3a yero onu MHorma pac-
CMaTpMBAIOTCST KaK CMELIAaHHBIE OKCHABI. AHAIOTMYHbIE COEIMHEHMS] IBYXBATEHT-
HBIX METaJUIOB M"M§"04, roe M" = Mg, Ca, Sr, Mn, Fe u t.n.; M = Al, Ga, In,
Ha3BIBAIOT WNUHeASMU TIO HA3BAHHMIO PUPOJHOTO MUHepana MgAl,O, (bmaroponHas
LIMHHEh). M3BECTHHI alIOMMHATHI 1 GoJTee CIIOXHOTO cocTaBa*. B CTPYKTYype aTlOMU-
HATOB INPHCYTCTBYIOT LM WIM KOJbLA U3 TeTpasnpoB AlO, u okTasnpos AlOg.

* Hanpumep, Na;AlO;, Na,ALO,;, Na,Al0;6, Na;;ALO .
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BoKy IINHHEN

10,97 um

Puc. 4.18. CtpoeHse B-riMHo3eMa

K mnuHeNstM 61m3Ka CTpyKTypa B-rmmHo3ema Na,O- 11A1,0; (puc. 4.18), KoTo-
pBIli OTIIMYAETCS aHOMAJIBHO BBICOKOH CKOPOCTBhIO M dy3rH HOHOB Na'. Harpue-
BBIM (-IJIMHO3EM OTHOCHTCS K TBEPIbIM JIEKTPOJIMTAM, JIEKTPOITPOBOAHOCTDL KO-
TOPBIX B TBEPAOM COCTOSTHUM OJIM3Ka K 3JIEKTPOIIPOBOXHOCTH BOAHBLIX PacTBOPOB
3JIeKTPOJIMTOB, ¥ UCIIONB3yeTCs] B TOIUIMBHBIX 3MeMeHTax. Ero CHHTe3MpYIOT Harpe-
BanneM ALO; ¢ Na,CO;, NaNO; wm NaOH npu temneparype 1500 °C.

KpoMe KOMIUIEKCHBIX aKBa- M THAPOKCOCOENMHEHUH Al, Ga, In, Tl n3BeCTHHI
KOMITJIEKCHBIE TaJIOreHUObI, THIPUIbI 1 aMMHUAaKaThl.

AMMMAKaTbL [M”l(NH3)6]3+ (Mlll = Al, Ga, In) MeHee yCTOWYMBHI 110 CpaBHE-
HMIO ¢ aKBaKOMILIEKCAMU [MIH(HZO)6]3+, 410 0OYCIIOBIEHO OOMbIICH TPOYHOCTRIO
CBSI3U M“l—OHz 110 CpaBHEHHIO CO CBSI3BIO M —NH,;. XapakTepHO, HalpuMep,
YTO TMIPOKCHI ATIOMUHMS, JIETKO PAaCTBOPSIOUIMIACS B M30BITKE LIEJIOYH, B IIPUCYT-
cterm H,O He B3auMoneicTBYeT C aMMHuakoM. [ToaTomy U1 ocakneHUA Al(OH); u3
pactBopos coneit Al(I1T) ucrons3yror BoxHEI pactBop NH;. KoHuUeHTpamus OH -
HOHOB HeJOCTATOYHA T obpa3oBanHms ruapokcoamomunaToB [Al(OH)(H,0),], a
Mouexy/asl NH; He MOTYT BBITeCHHTh MosieKyisl H,O u3 KOODPAMHALIMOHHON cepsl
Ut 0Opa3oBaHUS aMMHMaKara,

4.8. COEIUHEHUA DJIEMEHTOB 13- I'PYIIIIBI C A30TOM

IMockonbKy cBsA3b B—N n3oanexrpoHHa casyn C—C, a pamuyc 1 3IeKTpOOTPH -
LATEIBHOCTh aTOMa YIJIepoJa NMPaKTHYeCKU PaBHBI IOJIyCYMME COOTBETCTBYIOLIHMX
BeJJMYMH JUIs aToMoB B 1 N, TO CTPYKTypa M CBOICTBa COeIMHEHMH Gopa ¢ a30TOM
HATIOMUHAIOT aHAJIOIMYHbBIE COeAVMHEHHS YIIepoaa.

Hutpun 6opa BN nonobHo yriepony CylieCTByeT B BUIE TEKCaroHaJIbHOM (I10-
noGHoi TpaduTy) M Ky6m4eckoi (monobHoN anMasy) MonvQHKaLHi. ITepBas u3
HUX — «Bebli rpaduT> — ToydaeTcd npu HarpeBanuu 6opa go 1000°C B atMO-
ctepe a3oTa, Py TEPMOJTH3e aIyKra ¢propuna 60pa ¢ aMMHaKOM:

4BF,NH,XS BN + 3NH,BF,

WM IIpH B3aMMOJEUCTBUM OKCHIA C aMMHAKOM:

B,O, + 2NH,*%S 2BN + 3H,0
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I'padurononobHErit BN GeciiBeTeH, He pOBO-
JUT JIeKTPUYECKUI TOK ¥ XMMIYECKH Oojiee UHep-
TeH, 4eM rpadut. I1oaTOMy ero MCHOJIB3YIOT KaK
KOHTEWHEPHBI MaTepHasT MPY BRICOKOTEMIIEPATYp-
HOM CHHTE3€.

ITpu BeIcOKMX Temmeparypax (2000°C) u naB-
JeHnn (60 x6ap) «Gesblii TpaduT> MpeBpallIaeTcs
B anMazonoaobHeI BN, HazsiBaeMEIil 60pa3oHOM.
bopazoH 1Mo TBepmOCTH aHAJIOrM4YeH ajamasy, HO
XUMMYecKH Oosee ctoek. bopazoH — BakHeWIINiA
abpa3sWBHEI MaTepual, peXeT ajMas.

Puc. 4.19. CtpoeHue MOIEKYIbI
6opasona (pacrpeneseHue 31eK-
- TPOHHON TJIOTHOCTH COOTBET-

ctByeT 3(pdEeKTUBHBIM 3apsiiaM
ITpu HarpeBaHnuH nuGopaHa B,H¢ ¢ ammuakom: 5~ B+ b~ B+
) N—B, N—H)

3B,H, + 6NH, 2% 2B,N,H, + 12H,"
ob6pasyercs 6opa3on B;N;Hg — GecuBeTHas neTyyast XMIKOCTh (£, = 55 °C). Bopa-
30J1 U303JIEKTPOHEH OeH30my. ITono6HO GeH30/Iy OH MMeeT HMKIMYECKYIO CTPYKTY-
pY, B KOTOPOI 3aM0JIHEHHEIE 3JIEKTPOHAMH 2p,-OpOUTAIM aTOMOB a30Ta W BaKaHT-
HBIe OPOUTAIM aTOMOB 60pa O00Pa3yIOT CUCTEMY CONPSIKEHHBIX JIETOKATN3OBAHHBIX
n-CBsi3eit (puc. 4.19).

PeaxiioHHast criocobHOCTh 60pa3ojia ropaso BeIe, yeM GeH3oma. OH pa3iara-
€TCsl IPM HarpeBaHWM Ha BO3AYXe, B BOIE M IPH AEHCTBUM KHCJIOT, MCIIOIb3YeTCS
KaK MPOMEXYTOYHBIN MPOIYKT IpH CHHTe3e 60pa3oHa.

Al, Ga, In ¢ asorom obpasyor Hurpuasl MN. Atomel M u N Haxomarcs B
COCTOSTHUM sp3-TMOPUIM3ALMH M KPUCTA/UIM3YIOTCS B PELIETKE THMA BIopuuTa ZnS.
OHM MMEIOT BRICOKHE TeMIIEpaTyphl TUIABJIIEHWS, OTIMYAIOTCS BBICOKON XHMMMYe-
CKOH YCTOWYMBOCTBIO K NEHCTBUIO BOJBI, KUCJIOpOAAa M MIEJIOYEeH, objanaior
MOJIYIIPOBOAHUKOBBEIMUA CBOWCTBAMH W MCITOJIB3YIOTCS IUJISA CO3JaHUSI CBETOMMOIOB,
MHXEKIIMOHHEIX JJa3ePOB Y Npeodpa3oBaTesieli COTHEYHOU SHEPTUU B JIEKTPUUYECKYIO,
Hurpuner MN ynoGHO CHHTE3WpOBaTh B3aUMOAEHCTBMEM IIPOCTBIX BELIECTB WA
ra3o000pa3HbIX METALIOOPraHUYECKMX COEeAUHEHM, HalpUMep TPUMETWITAIUIIS, C
aMMHaKOM:

Ga(CH,); + NH; 225, GaN + 3CH,

KoHTpoIbHBIE BONPOCHE

1. Ucnone3ys TepmoauHammudeckue qaHHeie (A Gy, kIhx/monb: —1582 (AL 0,), -1194 (B,0,),
-998 (Ga,0,)), onpenenure, BO3MOXHO JIM ITOJIy4eHHe 60pa U rajuiusi H3 UX OKCUJOB METO-
IOoM anoMoTepMuu. CornocTaBeTe M OOBSICHHTE MIPOYHOCTH cBs3eit AlI—O, B—0O, Ga—O.

2. Kakue cBoiicTBa WJTIOCTPHPYIOT KOOPAMHAIIMOHHYIO HEHACHILIEHHOCTh MOJIEKYJIBI
BH,?

3. IToyemy gubOpaH JIErkKOo JUCCOIMHPYET Ha MOHOMepPHBIe MOJieKynsl BH;, Torma Kak
cam BH; 3HauMTenbHO TpygHee pacrianaercs Ha MpOCTHiEe BellecTBa?

4, TToyeMy 3aMelieHUEe YacTH aTOMOB B B 60poBogopoaax Ha aroMbl C 3HAUMTEIBLHO ITOBbI-
IIAeT TEPMUYECKYIO YCTOMYHMBOCTh 0Opa3yloLMxcs: 60paHOB?

5. bop — TBepaoe BeuecTBO. OMHAKO MOXHO ITOBBICHTB €10 TBEPAOCTh 10 TBEPIOCTH ajIMa-
3a. Kakyio xuMHyeckyo n06aBKy MOXHO PEKOMeHAOBATh LI 3Toro? M3MeHSIOTCS JIU TIpU
STOM CTPYKTYpa U XMMHYECKHE CBSI3H?
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6. Ipu nponyckauuu TpudTopuaa 6opa Yepe3 BOAHBIA pacTBOp GOpHOIT KUCTOTE! OblIa
ToJydeHa XuakocTs coctaBa HBF,(OH),. [pupesute ypaBHEHUS! PEakUHi, HIUTIOCTPUPYIO-
L{Me ee XUMHYECKHE CBOMCTRA.

7. Kak u3MeHseTCsS TEPMHUYECKas YCToHYMBOCTE annykTos BX; - NH; py nepexone ot X=F
K X = I? OTBeT NOSICHUTE.

8. Tpu nozie1a4uBaHUH PacTBOPOB COJIEN AJIIOMUHUS OORIYHO OCaXIaeTCsA 0ObEMHBIN
amMOp(]HBIN 0CATOK TMAPOKCHIA, CONEPXKALMA MepeMEHHOE KOMIUYECTBO BOIBL. Kak nomay-
yuth KpucTauinyeckuit AI(OH),? :

9. PaccMOTpUTE 3JIEKTPOHHOE CTPOEHHE HOHOB TI" 1 Ag". Ha ocHOBe BbISIBIEHHOM aHaso-
MM TpeacKaxute manopactBopumeie comu TI(T).

10. TToueMy IIpH 3aTBEpIACHUM pacIUlaBoB okcuaa B,0; nerko obpasyloTcs cTekia, Toraa
Kak B ciayyae Al,O; 3T0 IpakKTHYECKH HEBO3MOXHO?

11. Conp Tauius umeet coctas TISO,-6H,0. KakoBo ee cTpoeHHE?

12. CpaBHUTE OTHOCUTEIBHYIO YCTOMUHBOCT (DTOPUAHBIX U XJTOPUAHBIX KOMILIEKCOB al10-
muHus ¥ tauua(111). O6wsicHUTe pas3jiHiue.

13. U3o6pasute usoMephl auaksatetpaxiopuniara(lll) xamus. Ipeanoxure MeXaHU3M
MX B3aMMOIIpEBpALIEHMIA, MpeAroaras, Y7o Mpouecc MpoTeKaeT JUCCOUNATUBHO.

14. B ueM NpUHIMIIMANBHOE OTIIMYME CTPYKTYPHl GOPaToB OT CUTMKATOB H dbocdaros?



I'naBa 5
XMHUS DJIEMEHTOB 14- T'PYIIIIBI

5.1. OBIIAA XAPAKTEPUCTUKA

K snemenram 14-if rpynmnel oTHOCsATCS yriepon ¢C, KpeMHMit ,Si, repMaHmit
1(Ge, 0110BO 5,Sn U CBUHeI g, Pb. B OCHOBHOM COCTOSIHMM MX aTOMBI MMEIOT 3JIEKT-
POHHYIO KOHbUTYpaLmIo ns’np? (tabi. 5.1).

CeoiicTBa 31emMenToB 14-ii rpynnu

TaGauuma 5.1

CaoiicTBO C Si Ge Sn Pb
3apsg sgpa Z 6 14 32 50 82
OinekTponHas KoH- | [He]2522p%| [Ne]3s23p?| [Ar]3d'%s24 2| [K1]4d'%5525p% [Xe}4 454! %6526,
durypaums B oCHOB-

HOM COCTOSSHUHM
ATOMHBIN paguyc*, 0,077 0,117 0,122 0,140 0,146
HM
Hounwtit pagnyc**,
HM:
4 0,015 0,040 0,053 0,069 0,078
M2 — — 0,073 0,118 0,119
DHeprust HOHU3ALIUH,
KX /MOJB;
I, 1086 786 760 707 715
L] 2360 1575 1540 1415 1450
DHeprust CpoaAcTsa 122 134 116 116 35
aToMa K 3JIeKTpOHY,
KX /MOJTB
DNeKTpOOTpHLIATE b~
HOCTb:
nio ITosuury 2,55 1,90 2,01 1,96 2,33
o Omipeny— 2,50 1,74 2,02 1,72 1,55
Poxosy

* Jing cTpyKTyphl TMNA anmasa.
** Jina XOOpAMHALIMOHHOTO YMcia 6.
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ArtomHEIe pannychl B psiny C—Si—Ge—Sn—Pb yBenmnuyusatorcst. HepaBHoMep-
HOCTh X M3MeHeHUs IIpH 1epexone oT Si Kk Ge u ot Sn K Pb 00ycnoBieHa BIMSIHU-
eM BHYTpeHHUX (3d 1 4f) 3/IEKTPOHHBIX 000JI0Y€K, 3JIEKTPOHBI KOTOPHIX C1abo 3K-
PaHMPYIOT 3apsAl AAep aTOMOB. DTO TIPUBOIUT K CXKATHIO JIEKTPOHHBIX 060104ek Ge
u Pb u3-3a noBellieHUsA 3G HEKTUBHOrO 3apsiaa siapa. 3HayeHUs SHepIuid MOHM3a-
MM aroMa yriepona I,— I, HaMHOro GOJIbllie, YeM OCTAJTbHBIX 3JIEMEHTOB.

ITpu nepexone oT yriepona K CBHUHIYY 3HEPIHMM MOHU3ALMH 3JIEMEHTOB B LIEJIOM
TIOHWKAIOTCS, YTO TIPUBOIMT K YCHJIEHHMIO MX METAJUIMYECKHX CBOMCTB, T. €. K POCTY
OCHOBHOCTH KaTHOHOB. YCHJIEHHE B3aMMOMEHCTBUSA 6s2-3IEKTPOHOB C SOPOM JUIST
CBMHLIA CBSI3aHO C PEIITUBUCTCKUM 3 deKTOM («MHepTHAs Tapa 6s%, cM. pasz. 4.1).
CnencrBieM 3TOro SIBJISETCS BOo3pacTaHME SHEpTUil MoHM3auuu [;, I, npu repexone
OT 0JIOBa K CBUHILY.

B xuMuyecknx coeTMHEHMSX 3JIeMEeHTHI 14-if TPYIITEI IIPOSIBIISIOT CTENEHM OKMC-
nenusn -4, 0, +2, +4. K coeqHeHUAM CO CTEIEHBIO OKUCIEHUS —4 OTHOCATCS I'MI-
pUIE (cM. pasm. 5.4). JInst yriepoga M3BECTHRI TaKXK€ COEIUHEHMSI, COAEPKalllue yr-
nepon C*, xap6en :CH, M ero aHaJIOrH.

Kapben* nonyqaior npy GoToaM3e qMa3oMeTaHa:

CH,N,"™ :CH, + N,

BaexTpoHoge GULMTHBIE pEAKLIMOHHOCITOCOGHBIE MOJIEKYJIBI KapOeHa UCIIONB3YIOT JUIST CHH-
Te3a HATIPSDKEHHBIX HEYCTONYMBBIX MOJIEKYJI THIIA LUKJIOIPOIIAHA:

Hzc\_"/CHz
C
H,

YeroiunBOCTE COEIMHEHMM C BBICHIEH CTEIIEHBIO OKUCIEHMSI MAKCUMAaIbHA IS
KpeMHUA U TIOCTeTIeHHO TIoHWXKaeTcs1 B psany Ge — Sn— Pb. JlefiCTBUTENHEHO, SHEPTUH
auccourauni (kJIx/mMoin) TeTpaxiuopunoB coctaBisiior 327 (C), 381 (Si), 349 (Ge),
272 (Sn), 249 (Pb). B0 CBA3aHO C T€M, YTO 3aTpaThl SJHEPI'UH Ha MOHM3ALMIO WIN
BO30YyXIeHHe (IIPOMOTHPOBAHUE JIEKTPOHOB) /S —> np HE KOMIIEHCHUPYIOTCS 3HEP-
rvei obpasyrommxcs csasei (tabi. 5.2). Hanportus, ycToiYMBOCTS BELIECTB CO CTe-

H2C=CH2 + :CHZ -

Tabnuua 5.2
Ounepran (xIx/monp) cBasn M—X snemenroB 14-if rpynmni

Cas3b C Si Ge Sn
M—M 347 205 188 151
M=M 611 310 270 190
M=M 841 — — —
M—H 411 323 285 251
M-—F 490 598 473 —
M—Cl 326 402 339 314
M—Br 272 331 280 268
M-I 216 248 213 187

* Hegedos O.M., Hopgpe A.H., Menuuroe JI.I. Xumus kap6ero. — M.: Xumus, 1990.
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TIEHBIO OKUCJIEHUS +2, OCOGEHHO B 9TOM DSy, BO3pacTaeT, IIO3TOMY HeOpraHu4yec-
kue coequHeHMs1 Pb(IV) oxasbiBaloTcs CHJIBHBIMHU OKHMCIMTESIMH, B TO BpeMsI KaK
COeIVTHEHNSI KPeMHUSI TIPAKTUYECKH He TIPOSIBIISTIOT OKHMCIIUTEIbHBIX cBo¥icTB. Ha-
npotus, coequHeHust Si(11), Ge(Il) u Sn(Il) sBASTIIOTCA CHJIBHBIMM BOCCTAaHOBUTE-
jisimu, Torna kak misg Pb(1l) BoccTaHOBHUTE/IbHEIE CBOMCTBA HE XapaKTEpPHBI.

O6pa3oBaHue 371eMeHTaMHU 14-i1 IPYTINTBI COEMHEHUI C YETHIPBMS KOBAJIEHTHBIMM CBSI35-
MH, HaripuMep MF,, conpoBoxnaeTcsa nepexonoM 3/JeKTpoHa ¢ s-opOUTanu Ha p-opOUTAIb
- M BOSHUKHOBEHMEM Sp>-THOpUIN3alIMH, DHEPrHsl TAKOTO NEPEXO/A CYLUECTBEHHO BO3pAcTaeT
NpY IABMXXEHUM BHM3 I10 IPYIIIie, ¥ Ul CBUHIA — 3JIEMEHTA LIECTOro Mepuoja — OHa YXe
MPEBLINIAET SHEPTHUIO, BBUCSIOWYIOCS TIPH 00pPa30BaHUM YETHIPEX KOBAICHTHBHIX CBSA3CH.
YBeanyeHMe MOJOXMUTENBHOTO 3apsiia Ha aTOMe CBHHNA (HAanpuMep, TPU TOCIEI0BaTE -
HOH 3aMeHe MetwisHoi rpynnel B Pb(CHj), Ha ¢Top) BH3BIBaeT CKaTrve ero opoOuraeit,
NpuYeM s-OPOUTANIL CKUMAETCS T'OPa3llo CUIBHEE p-OpOMTANIH, 4TO HeNaeT sp -rubpuinsa-
LIMIO 3HEPreTHYECKU HEBHIroaHOH. ITostoMy coeauHenuss Pb(IV) ¢ snekTpooTpMuaTeTbHE -
MU 3JIEMEHTaMHU: QTOPOM, XJIOPOM, KUCIOPOLOM, a30TOM — OKAa3hIBAIOTCA HEYCTONYHBBIMM.
B To xe BpeMs coeiMHEHMS cO CBS3bl0 Pb—C, HampoTrus, ropa3go 6ojee YyCTOHYMBEL B
cnyqae Pb(IT), wem Pb(IV)*.

Ilpy ABMKEHMHN CBEPXY BHU3 IO TPYIIIE TIPOMCXOMNT IT0C/IeA0BaTe IbHEIA Tiepe-
XO[l OT 3JIEMEHTOB-HEMETAJJIOB K 3JIeMEHTaM-MeTajlylaM, OKMCIINTE/IbHbIE CBOMCTBA
COeITHEHUH C BHICIIel CTENEHBIO OKUCIEHHS YCWIMBAIOTCS, @ BOCCTAHOBUTEIbHBIE
CBOMCTBa COEUHEHWI C HU3KOM CTEeIIeHbhIO OKHMCJIEHUS OCJIabeBaloT.

B arome yriiepona YvciIO BIEHTHBIX 3IEKTPOHOB PaBHO YHMCITY BAJIEHTHBIX OpOMTa-
nett u cBsI3b C—C oKa3pIBaeTCA NMPOYHOMU. Y IBOEHHBIE M YTPOEHHBIE 3HAYEHHSI SHEP-
run oarHapHBIX E(C—C) o-CBsI3eil CyLIECTBEHHO TIPEBBIIIAIOT S3HEPIMHA IBOMHBIX
E(C=C) n tpoitnbix E(C=C) (o + n)-cBsi3eil (cM. Tabi. 5.2). ITo 3TOi mpu4mHe
VIJIepO CKJIOHEH K KaTeHAaiMM, T.e. 00pa3oBaHMIO F'OMOATOMHEIX LIETIHEIX, JTUHEH-
HBIX, Pa3BETBJICHHBIX ¥ UMKJIMYECKMX MoJieKya1. O6pa3opanue Lernei Habmoaaercs 1
B coennHeHUAX Si, Ge, Sn, Pb, oqHako ¢ pocTOM aTOMHOIrO paguyca pr— pr-Tiepe-
KpBIBaHUE OCJlabeBacT, a MPOYHOCTh CBSI3M M—M u minHa uerneil M, yMeHbIIa-
1otest. Hanipumep, n = 14 nia Si, n =9 ms Ge, n = 2 a1 Sn. B 31oM e HanpasieHAN
M3MEHSIETCS] YCTOWYMBOCTD KPATHBIX CBsI3et M=M, M=M (tabm. 5.2). Tak, y KpeM-
HMSA U CIEeAYIOUIUX 32 HUM 3JIEMEHTOB OTCYTCTBYIOT MOIM(HKALHUN CO CTPYKTYPOid
rpadUra ¢ CONPSKEHHBIMM 7-CBSA3SIMM, a TaKXe COeIMHEeHMs THIa aneTwIieHa
HC=CH wu stniena H,C=CH,.

Jns yrnepona Hanbojee XxapakTe pHO COCTOSIHME C YeThIPhbMST 3KBUBAJIEHTHBIMU
sp*-TU6PUAHBIMA OpPOUTANSAMH. B TaKOM COCTOSTHMM €ro KOOPAMHALVIOHHOE YHCIIO
paBHO yeTbipeM. [TOBBILIIEHHE KOOPAMHAIMOHHOIO YHCIa APYTUX JIEMEHTOB 14-ii
TPYIIIEL OOBSICHAETCS] BO3PACTAHMEM aTOMHOIO pajnyca, a Takxe HeKOTOPBIM yda-
crveM d-opbutaneii B 00pa3oBaHUM XMMHYECKUX CBsI3eil, BO3MOXHOCTD TTOBBILLIEHUS
KOODPIMHAIMOHHOrO Y/ACIIa B TPOMEXYTOYHBIX COETUHEHMSIX (MHTEpMeINaTax) IpH-
BOIMT K YBEJIMYEHHIO CKOPOCTEH XmMHU4Yeckux peakimii. Hanpumep, CCl, npakth-
YecKH He pearmpyer ¢ BOJIOM Ipu KoMHatHOM Temnieparype. Hanporus, SiCl,, HecMmor-
ps Ha 66bLIYI0 3Hepruio cBsI3U Si—Cl (402 K[IX/MOJIb) 110 CPABHEHHUIO CO CBSI3BIO
C—Cl (326 k[x/MoOib), HACTOJNBKO 3HEPrMYHO B3aMMOIEUCTBYET C BOLOM, YTO
XpaHUThL €r0 Hago B 0aHKaX C MPUTEPTONM MPOOKON — Ha BIAXKHOM BO3IYyXe OH
JBIMUT.

*Kaupp V., Schleyer P.R. // J. Amer. Chem. Soc. 1993. V. 115. P. 1061.
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Crepeoxumuio MHorux coeagrnenmii onosa(Il) u ceunua(ll) onpenensier Hanuyue y atoMa
MeTalIa HEMOAEIeHHOM 3JIEKTPOHHOIM naphl. [T03TOMY B BOOHBIX PACTBOPAx LISk HUX Xapak-
TepHEl HM3KHe KOOPAMHAalMOHHHE yucnaa: 3 (Sn) u 4 (Pb). Hampumep, uon [Sn(OH),]”
MPEeACTABIAET COGOM TPEYTOAbHYIO TMPaMUIY, OOHY U3 BEPIUIMH KOTOPOI 3aHUMaeT Heroae-
JIeHHast HHepTHas napa (tun AB;E,, kak B aMMHake).

5.2. HAXOXJIEHHE B IIPUPOIE. ITOJYIEHHUE

VYraepon (ot jat. carbo — yrojb) HaXOmWUTCA B NMPUPOAE B BUIE CTAOMIIBHBIX
n3oronos >C (99,89 %) u *C (1,11 %) u pagmoakTuBHOro M3otona '“C, obpasyio-
1IErocs B BEPXHUX CJIOSX atMocdephl TIpH B3aMMOIECTBAN aTOMOB a30Ta C HEUTpO-
HaMM KOCMMYECKOT0 HU3TydeHM:

1 14 1
I;N"}"On: 6C+ |H

ITo comepxaHHIO U30TOIA I'éC (mepuon nosiypacnaga 5715 j1eT) B paCTUTENBHBIX U
>KMBOTHBIX OCTaTKaX OINpE/EISTIOT NX BO3PaCT.

B nipyipone yriiepona BcTpeuaeTcs B BUJIE MPOCTHIX Bewects (rpadur, anmas, yi-
Jnepenn), okcunoB CO, n CO, xapoonatoB CaCO; (Mpamop), MgCO; (Maraesur),
FeCO; (cunepur), MckornaeMoro Tormea (yroib, HedTh, raz). XoTs Mo colepxa-
HHMIO B 3eMHOIM Kope yriepon 3aHuMaeT 17-e Mecto (0,048 mac.%), ero nons B
KHBBEIX OpPraHM3MaxX 3HAYWTEJLHO BRI, UYeM B CpeflHEM B HeXHBOW mpuporne. B
opraHm3Me 4yejoBexa mMaccoil 70 KT comepXuTcs 16 Kr yriiepoaa, YToO COOTBETCTBYET
22,9 mac.%, a B ApeBecuHe colepxXaHue yriaepona mocruraer 40 %.

I'padur BcTpeyaeTcs B OCATOYHBIX CHUIMKATHBIX NTOpoaax (KBapil, CIIOLbI). AIMa3bl Haxo-
IATCS B KUMOEPJIMTOBBIX ITOPOax APeBHMX ByJKaHUYeCKUX TpyOoK (FOxHas Adpuka, SAky-
THS, ApxaHrejnscK). [IpupogHbie dymiepeHsl o6HapyXeHbl B ABctpanuu, Hosoit 3enanimn,
CIHIA u Poccum, a xapOMH HailieH B METEOpUTAX.

KpeMHMiT — caMsblif pacrpoCTpaHEHHBIH IOCJE KMCIOpoAa 3JeMEHT B 3¢eMHOU
xope (25,7 mac.%). OH Bxomur B coctaB KBapiia SiO,, CHINKAaTOB U aIIOMOCWIHKA-
TOB, CJIaralouUMX 3¢ MHYIO KOpY.

KpeMHMIi TOTy4aloT BOCCTAHOBJIEHMEM KBapIIa YIJIeM Wik MetajuiaMu. Kpucra-
JIBI BBICOKOM CTEIIEHH YMCTOTHI 00pa3yioTCs IpHU BOCCTAHOBJIEHUM I1apOB TETPAXJIO-
pUIa KpEMHHS IMHKOM MJIM BONOPOIOM:

SiCl, + 2Zn £ Si + 2ZnCl,

a TakXe IpH TepMHUUECKOM Pa3/IOKEHUM CUIAHA.

T'epmaHMii ¥ O/IOBO OJM3KHM MO PacNpOCTPAaHEHHOCTH B 3¢MHOM KOpEe — OHH
3aHMMAIoT 48-¢ 1 53-¢ mecro (2,1-10*u 1,5 10*Mac. %, coorBeTcTBeHHO). ONHAKO
€CJIM OJIOBO BCTPEYaeTCs [VIAaBHBIM 00pa3oM B BUie MHMHepaia Kaccurepura SnO,,
TO TEpPMaHMil IPEeMMYNIECTBEHHO pacCesiH, COMYTCTBYeT CYIbMUIHBEIM pynaM, CH-
jmKaraM. J1oBOJIbHO MHOIO repMaHus (mo 1 %) comepXUTCST B HEKOTOPHIX COpTax
KaMEHHOI'0 ¥ Oyporo yrjieu.

JI1s1 TIOJTy4eHUSI 0JI0Ba KaCCUTEPUT BOCCTAHABIMBAIOT YIJIEM:

Sn0, + 2C = Sn + 2CO*
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3HauMTENBHO GOJBIIAs pacpoCTpaHeHHOCTD CBUHIA (1,3 - 10-*Mac. %) no cpas-
HEHHIO C repMaHMEM M OJIOBOM CBsI3aHa C TEM, 4YTO TpH (zgsz, 2g;Pb, 2gng) u3
YETBIPEX €ro CTaOMJIbHBIX M30TOMOB O0Pa30BATMCh KaK KOHEYHBIE MPONYKTHI pa-
MAOAaKTUBHOIO pacraga MpUPOJHBIX ypaHa ¥ TOpHs. TOJIbKO M30TOII 28§Pb (1,4 mac. %)
MMeeT HepaaJHoreHHoe MporcxoxneHe, OCHOBHAsI CBUHLIOBasI pyaa — rajaedur PbS.

CaunnoBbie aKKyMyasTopsl. CBUHLIOBBIE AKKYMYISTOPHI (OT J1aT. accumulare — Ha-
KalIMBaTh) — XMMHYECKHUE UCTOYHHMKHM TOKA MHOTOKpATHOro aeiictBus. Ilpu 3apsime
OT BHCIIHETO UCTOYHMKA SJIEKTPUYECKOTO TOKA B HUX HAKAILTHBAETCS SHEPIUS, KOTO-
pasi px paspsilie NPeEBPAUIAECTCS B 3IEKTPHYECKYIO M BBIAEIAECTCS BO BHEUIHIOK LEMND.
HeicTBME CBUHLOBEIX aKKYMYJIATOPOB OCHOBAHO HAa 06PaTHMOIl peakinH

paspsn
PbO, + Pb + 2H,SO, ——= 2PbSO, + 2H,0

3apsn
B 3apsDKeHHOM COCTOSIHMM aKTHBHBI MaTepual KaTtoa COCTOMT U3 PbO,, a aHona —
u3 Pb. Ilpu paspsiie peakuMsi MpoTeKaeT cje€Ba HAIpaBo. DJIEKTPOJIUTOM SIBISIETCS
28 %-s H,SO,. I1pu 3apsise peakums poTeKaeT B 06paTHOM HarpasieHuu. Hanpsoke-
HHe Pa3OMKHYTOM LIETN 3apSDKEHHOTO 3JIEeMEHTa COCTAaBIsAET OKoIO 2 B, eMkocTh 2 —
5000 A4, ynenpHast sHeprust 25—40 Br.u/kr. Bnarogapst HU3KUM CKOPOCTSIM M BHI-
COKOMY NepeHanpsokeHHio H,O He okucnsiercst Ha xaroge (PbO,) 1 He BoccTaHABIM-
Baetcst Ha aHoge (Pb).

Ounopsanneie 6ponsel. OTOBSIHHEIMH GPOH3aMH HA3LIBAIOT MEIHAIE CILIABH, COEPXa-
ume 10 30 % onoBa. Brarogaps KpacHBOMy BHELIHEMY BUAY, BHICOKMM JIMTEHHEIM
CBOMCTBaM, KOPPO3HMOHHOI CTOMKOCTH GPOH3E HAXOAT LIMPOKOE ITPUMEHEHHE B
TEXHHKe U ObITY. MalllMHHasA WM MyllleyHas 6poH3a (10 10 % o10Ba) uieT Ha M3TOTORIE-
HHE MOJUIMITHUKOB, MIPYKMH, apMaTypsl. OHa ycTOMYMBA HE TOJILKO Ha BO3AyXe, HO U
B MOpPCKO# Boge. XyaoxecTBeHHass 6poH3a (5% 0710Ba) MCNOab3yeTcs LISl OTJIMBKHU
cTaryit u Meganeil. Han6onee 6orara 010BoM KOJOKOJIEHAS 6pOH3a, MAyLIas HA U3F0-
TOBJIEHHE KOJIOKOJI0B. OHa npeacTasisieT co60it CMECh TBEPIOTO PacTBOPA HA OCHOBE
Meau ¥ MHTepMeTauiuiaa Cus; Sng (8-a3ssl), KOTOPHIA ¥ OTBEYAET 32 BHICOKME aKyCTHYe-
CKMe cBO¥cTBa MaTtepuana (puc. 5.1). B unctom Bune Cu,,Sng — BelecTBO GeJIOTO LBETa
C cepeOPHCTEIM OTTEHKOM. BrICOKasi XpynKOCTh He MO3BOJISIET UCTIONB30BATh €0 B KO-
JIOKOJIBHOM J€JI€ B YUCTOM BUJIE: TAKO KOJIOKOJ pa3OuiICs GBI OT MepBoro yaapa. B pas-
JIMYHBIX COPTaX KOJIOKOJIBLHOM OPOH3H coaepXuTcs ot 15 1o 49 % Cu,,Sng (puc. 5.2)*.

v 102, m/c a, HII/M
1,8t
36t Cucs
L U 41
34 1,6 31911g
32 L2
30 0,81
%9520 25 30 35 40 04520 25 30 35 40
Conepxanme Sn, Mac. % : Conepxanue Sn, Mac. %
Puc. 5.1. Ckopoctb v pacripocTpaHe- Puc. 5.2. Koabduumenr o 3aryxanus
HHA 3ByKa B crutaBax Cu—Sn 3Byka B crutaBax Cu—Sn

* Hlawkuna T.b. KonokonbHas 6poHsa // Konokona. VicTopust B cOBpEMEHHOCT, — M.:
Hayxka, 1985. — C. 238.
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CBHHell BBIIEISIOT U3 TAJIEHUTA ITYTEM €I0 o0xura ¢ IMocaeayollMM BOCCTAHOBIE-
HHUEM OKCHIA YTJIEM:

2PbS + 30, £ 2PbO + 250,71

-
PbO + C=Pb + CO
TonydeHHBIN METaMT OYMILAIOT JIEKTPOIMTHYECKIM papHUPOBaHUEM.

I'padmr Mcrionb3yeTcs LJIst H3TOTOBJIEHHUS SJIEKTPOLOB, B SIIEPHBIX peakTopax Kak 3ames-
JINTENIb HEUTPOHOB, IS TIOJy4eHUS JIETKHX YIJIepONHEIX u3nenunit. MckiountenbHas TBep-
NOCTh M BHICOKMIT KO3GhdOHUIMEHT Npe/IoMIeH!sT aiMa3a OOYCIOBJIMBAIOT €ro MPUMEHEHUE B
pexXyumx ¥ abpa3suBHbIX Marepyanax. Oco0e HHO BLICOKO HEHATCSA OPWUIMAHTH — IpaHeHbIe
# uutdoBaHHHE KPUCTAUIBL ajiMasa.

Caxa CJIyXMT HAllOJIHUTEJIEM B IPOU3BONCTBE PE3UHEL, MAET Ha MOJyJeHUE KPacoK; CTeK-
JIOYTJIE PO, MCIIONIB3YETCS B aTOMHOI SHEPIeTHKE, CIYXHT LIS CO3NaHUSA TEPMOCTOMKHUX I10~
KDPHITHI KOCMHYECKHX AIapaToB H caMojeToB. KpeMHMIT 1 repMaHUil — BaXHeHIMe MOJTy-
NPOBOAHMKH, KOTOpBIE SBJISIOTCS OCHOBOM MHOTHX 3JIEKTPOHHBIX IIpUOOPOB — TPaH3UCTO-
poB, Mpeobpa3oBaresicii CBETOBON SHEPTHH B 3IeKTPHYECKYIO (DOTOSNEMEHTOB) WM, Ha-
06OpOT, SJEKTPHYECKOI SHEPTUH B CBETOBYIO (JIa3epOB), HHTETPAIBHBIX CXEM B MHKPOJIEK-
TpoHMKe. OIOBO M CBHHEL BXOISIT B COCTaB MPAKTUYECKH BAXHBIX JIETKOIUIABKUX CILIABOB:
6pou3 (Sn + Cu), npumnoes (Sn + Pb). CBuHe NpUMEHSIETCS IJIs1 U3TOTOBJIEHUSI aKKYMYJIsi-
TOPOB M 5KPaHOB, 3aLMLIAIOLMX OT PAIHOAKTUBHOTO U PEHTTEHOBCKOrO M3JTy4eHHSsL.

5.3. ®U3NYECKUE CBONCTBA

3aKOHOMEPHOCTH B M3MEHEHHH CBOMCTB ITPOCTBIX BELECTB O0YCIIOBJIEHEI OCOOEH-
HOCTSIMU MX CTpOEHMS. YIVIepoa (anMa3) ¥ amMa30noJO0HEIE KpeMHUH, repMaHui
1 0.-0JIOBO 0Opa3yloT 6ECKOHEYHBIE TPEXMEPHBIE M30TPOITHEBIE CTPYKTYpH. C pocToM
pagyCcoB aTOMOB IepeKpPhIBAHHE aTOMHBIX OpOMTaNeH, IPOYHOCTH XUMHYECKHX CBSI-
3eif, SJHEPruy aTOMM3ALMHU, TEMIIEPATYPHI IUIABJIEHUS Y KMIIEHUA yMEHBIIAIOTCS, a
pasMep aaMa30Moao0HOIM KyOHYeCKoii 3/leMeHTapHOM sTYe KU ITOCIEA0BATEIBHO YBE-
muuuBaetcs (tabi. 5.3). B-Sn MMeeT TeTParoHaJbHYIO CTPYKTYPY € KOOpAMHALIMIOH-
HBIM unciioM 8 (puc. 5.3), a cBHHelr obpa3yeT KyOHUueCcKyIo IUIOTHEMIIYIO YIIAKOBKY.

VYrepon o6pa3yeT HECKOJBKO aJUTOTPONMHBIX Moaudbukaumil: rpapur, aamas,
KapbuH, QyniepeHsl. M3 HUX TepMOIMHAMWYECKU Hanbosee CTabMIBHBIM ABIISIETCS
rpadur. OH uMeeT CIIOUCTYIO CTPYKTYPY (pHUc. 5.4). Kaxablid CJ10M MOCTPOeH M3 1lec-
THYIEHHBIX KOJIEL] (TUIA 6EH30/IbHBIX), B KOTOPEIX TPH 3JIEKTPOHA Kaxnoro aroma C
00OpasyIoT TpH Sp>-TUOPUIHBIE G-CBI3H B IUIOCKOCTH CJIOSI. UeTBepThIi 3/IEKTPOH aToMa
C HaxomuTCsS Ha opOUTaNu 2p,, IEPIEHANKYIIPHON CI0I0. B3auMoneicTBue 3THX
3JIEKTPOHOB CO3/IAeT IIPOYHYIO CHCTEMY JIeIOKATM30BAHHBIX nt-CBsA3el. Takas cucrema
cBsi3eil OOBACHSET XapaKTepHHBIH 0JIeCK, BRICOKYIO TEMIIEPATyPy TUIABJIEHUS M BBICO-
KYIO 3JIEKTPOIIPOBOAHOCTE rpacuta. ['excaroHaabHbIE CIOM rpaduTa CBA3aHBI MEXIY
coboii cmabbIMHA BaH-Aep-BaalbCOBBIMU CHJIAMU, MPUUYEM IIPOYHOCTh XHMHYECKHX
cBsi3eit B cinoe (716 kIIX/Moib) ropasiio Bhile, 4yeM Mexay cinosiMu (17 xJIx/Monb).
ITosroMy rpaduT JIETKO pacCIaUBACTCst, UTO ITO3BOJISIET UCMOIb30BATh €I'0 KaK TBEP-
JyI0 CMa3Ky M MaTepuai Ut rpudeneil kapaHgalen.

AnMa3 o6pasyeT 6eCKOHEUHYIO TPEXMEPHYIO CTPYKTYPY, B KOTOPO#M KaXKIbIil aTOM
YIJIEPONa, HAXONSLIMICS B COCTOSTHUM Sp -TMOPUIN3ALMHA, COENMHEH PaBHOLEHHDI-
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Ta6numa 5.3
®Du3nyecKHe CBOMCTBA MPOCTHIX BEIECTB

CaoitcTBO C Si Ge Sn Pb
DHeprust aroMu3auuu, KIx/Momne 710 (amMa3) | 452 372 301 197
715 (rpacdur)
ts °C 3827 (anmaz)| 1423 945 232 327
(200 k6ap)
tons C 4827 3300 2850 2623 1744
Mnorxocts, r/em? (20 °C) 3,51 (amma3) | 2,53 5,32 1577 (a)]| 11,34
2,27 (rpacdur) 7,26 (B)
MIupuHa 3anpeiieHHOR 30HEL, 3B 5,2 (anma3) 1,1 0,67 |0,08 (o) 0
E°, B:
M™.aq +2¢ =M 0 -0,14 | -0,13
M* 4+ 4e =M|  +0,47 -0,45 | -0,13 | +0,01 | +0,78
IiuHa pebpa a/eMeHTapHON sTueiiku 0,357 0,543 0,566 0,649 ()] —
B aIMa30NOAOOHON CTPYKTypeE, HM

MH KOBJIEHTHBIMM G-CBSI3AMM C YETBIPEMS COCEJHHUMH aTOMaMH, 0OpasylolIUMHU
TeTpasap. DiieMEeHTapHbBIE TeTPasAphl 00beIUHEHBI B G6ECKOHEUHBII M30TPOIHBIA Ky-
oudecKuil KpucTaLT® (puc. 5.5). braronapss cHMMETpUYHOMY paclipeiesieHUIo 3JieK-
TPOHHOM TUIOTHOCTH OTTAJIKWBAHWE MEXAY BaJICHTHBIMU BJIEKTPOHHBIMH TIapaMu
MHMHHMAIBHO, 4 KapKacHas aToMHasi CTPYKTypa ajiMasa OTIMYaeTcsl Ype3BbIYaiHON
9HEPIeTUYECKON YCTOMYUBOCTBIO.

W3-3a pasnnyHoro KpUCTaUIMIECKOTO CTPOeHUS TpadUT U aliMas pe3ko OT/INYa-
10TCd 110 cBoMcTBaM. TIIIOTHOCTh aiMas3a 3HAYUTEIBHO MPEBHIIIAET IUIOTHOCTD Ipa-
dwuta (cM. Tabn. 5.3). ITo TBEpIOCTH IpapUT OTHOCHUTCH K CAMBIM MSATKHUM BEHIECTBaM,
TOIma KaK aiMa3 BEICTYIIAeT B POJIM 3TajIOHA MaKcUMaibHOM TBepaoctH (10 6ayos
o mkane Mooca).

Croucroe cTpoeHHe rpaduTa OnpenesiseT aHU30TPONUIO ero cBolicTs. Harpu-
Mep, BIOJBb CNOSA 3JeKTpolipoBoaHocTh B 5000 pa3 Gonbine, yeM B IIONEPEYHOM
HaNpaB/IEHUH,

0,142 uM

Puc. 5.3. Crpoenue B-Sn Puc. 5.4. CtpoeHue rpacura

* U3sBecTeH TakXe reKcaroHaJIbHBIN ajyiMa3 — JIOHCIACIIUT.
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0,357 um

Puc. 5.5. CtpoeHue anMasa:
a4 — KPHUCTAJUTHYECKasi pCICTKa, 6 — Kapkac

IIpn atMochepHOM HaBIeHUM U JIOOBIX TeMIlepaTypax rpaduT sBisercda bolee
ycroiuuBoit Mogudukanme, yueM ajiMas. biarogaps MeHbIIEMY yaeIbHOMY 0ObeMY
ajiMasa 1o CPaBHEHHIO C rpadMTOM INpH BHICOKMX naBieHusAX (Boime 4 I'Tla) u
teMitepatypax (Boiize 1500 °C) rpaguT npeBpaiiaercd B aiMas (puc. 5.6). Dot npo-
LIECC YCKOpsieTcs B NMPUCYTCTBUM paciuiaBieHHBIX MetauioB (Cr, Fe, Ni) u Heme-
TaJUI0B (KpacHBIM ¢Gocdop). [TomydaeMble TAKUM CIIOCOGOM ajiMasbl 4acTO UMEIOT
YepHBIN IIBET M3-3a BKIIOUeHMI reTepoaroMoB. [IPHHITMTINATEHO HOBBIM METOIOM
CHHTE3a KPUCTAUIOB MCKYCCTBEHHBIX 2IMAa30B SIBJIsIeTCS BhIpAlIMBaHME WX M3 pa-

Jasnenue, I'Tla
Lt Lt
(=] Lh
L] 1

(%)

Anmma3s

C(x)
(c BBICOKO#
IUIOTHOCTBIO) A

C(x)

Puc. 5.6. ®a3oBag nuarpaMMa yrjiepona

I'padur (c HM3KOIL
TUIOTHOCTBIO)
1 1 1 1
2000 4000 6000 8000

Temmnepartypa, *C

(A — KpUTHYeCKasl TOYKa)

CTBOpa YIJIEPOIA B pacIUIaBIeHHBIX KapboHa-
Tax HIEeJIOYHO3eMEeJIbHBIX MeTAJUIOB TIPH BBICO-
KHUX TEMIIEpATypax M JaBJIEHHUSIX. DTUM CIIOCO-
60M BBIpANIMBAIOT TIPO3payHbie KPUCTAJIBI
CaHTUMETPOBBIX PA3MEPOB.

Hosrle Mogudukanuy yriepoaa — dysuie-
peHEBI OOHAPYXEHEI B TIPOIYKTAX KOHAECHC Al
napoBs rpadpura*. 3a OTKpHITHE (QYJIIEPEHOB
X.Kporo (Benukobpuranus), P.Cmomin u
P.Kepn (CIIA) B 1996 r. omyuminu HoGe-
JIEBCKYIO MpeMuio 1o xuMuu. Monekyna dyin-
nepeHa Cq (OakMuHcTepdyIiepeHa) umeer
cepuyeckyio ¢popMy. OHa TOCTpOEeHA U3 CO-
eIMHEHHBIX MEXITY COO0M IISITH- ¥ IIeCTU3BEH-
HBIX IMKIIOB (puc. 5.7, a), comepXalux yrie-
PO KaK B COCTOSIHUU Sp*-, TaK U B Sp>-Tu6pu-

* Boavnun M.E. ®ynanepenbl — HoBasgs dopMma yrnepoda // BectHuk PAH. 1993. Ne 1. C. 25;
Coxoaoe B. H. Xumus dyinepeHOB — HOBBIX aJUIOTPONHBIX MoguduKaluit yrnepoaa // U3s. PAH. Cep.
xum. 1999. Ne 7. C. 1211, .
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Puc. 5.7. CtpoeHue MOJNEKYJHL:
a — OakmuHcTepbysUiepeHa; 6 — dropdyiepeHa CqF g

musanun. Kpome Cgq BhueNeHBI u apyrue ¢ysuiepeHbl: ¢ 6onpmmM (Cyy, Cr) ¥ C
MeHbIM (C;6) YMCIIOM aTOMOB YIIEPOAAa B MOJEKYIIE.

CyluecTByer ¥ YeTBepTast MOIM(UKAIUA YIIlepona — KapOuH*, KoTopast Ioay4eHa
JETHIPUPOBAaHUEM alleTHJIeHA B TIPHCYTCTBUM KaraTu3aTopoB Ha OCHOBE COJIeil Menu:

2+
nHC=CH -2, (—=C=C—C=C—), + nH,

ATOMEI yIiiepona oObeJHHAIOTCH B JIMHEMHBIE IETIOYKH 32 CUET Sp-THOPUAHBIX CBSI-
3eil. Kap6uH xuMudecKy HHEPTEH U He B3auMogecTByeT ¢ BogoponoM. IIpu Brico-
KHX TeMIlepaTypax ¥ JaBleHHAX 6e3 Kartaau3aropa KapOWH IpeBpaliaercs B ajiMas.

B aMop¢dHBIX dopmax yriepona: yrile, caxe, CTEKJIOYIlepoae — IPUCYTCTBYIOT
aroMbl C B pasIMYHBIX TMOPUIHBIX (sp, sp?, sp’) cocTosHUsX. CTEKIIOYTIIePOI — YHU-
KAJILHBIN TYTOIUTABKMH MarepHal ¢ BBICOKOM MEXaHW4YECKOM IPOYHOCTBHIO, 3JIEK-
TPOTIPOBONHOCTBIO, YCTOMYMBOCTBIO K arpeCCUBHBLIM CPeJlaM: PacIUiaBIeHHBIM Iiie-
JlouaM, COJISIM, KHCJIOTaM, OKUCIIUTENISIM.

KpeMHU KpUCTAIN3yeTCd B KyOMUecKoM CTPYKType THIa anMasa. Kpucramm-
YeCKU KpeMHUH TpecTaBiIser co60M TeMHO-Cephble KPUCTAJUTBL, TBEPABIE, HO XPYII-
xue. [Toce rmonMpoBKY OHM TIPHOOPETAIOT CHHEBATO-CePblit 6ileck. AMOPGHLINA KpeM-
HUH TIpencTaBiasAeTr coboi OypBIil TTOPOIIOK Ha OCHOBE CWJILHO Pa3ynopsaodyeHHOM
aIMa3onogoOHOM CTpYKTYpH. KpeMHMI — TOJIYyIIPOBOJHUK: €I0 COIIPOTUBIIEHUE
TIOHWXaeTcs TIPY MOBHIIIEHUY TeMIepaTypbl. KpeMHuit 6oiee JieTyd, YeM yIiiepox
(cM. Tabn. 5.3), Tak Kak cBa3b Si—Si xapakTepusyeTcsl MeHbIIEH ITPOYHOCTBIO IO
cpaBuennio ¢ C—C.

T'epMaHMii 06pa3yeT XpyTIKie 6necTsime cepeopucTo-06eble KpUCTaUTBL CO CTPYK-
Typo¥ Tima anmasa. Kak ¥ KpeMHUi, repMaHuid — IOJYIIPOBOAHKUK, HO IIUPUHA
ero sanpenieHHo# 30HBI (0,67 3B) Menbine, yeMm Si (1,1 3B). B pacruiaBneHHBIX
TepMaHUU ¥ KPEMHUHM peausyeTcs Ooee IIOTHAS YIIAaKOBKA aTOMOB, IIO3TOMY IIPH
IUTABJIEHWH UX TUIOTHOCTD YBEJIMYUBAETCH.

* KapbuH Kpucrauiusyercs B IByx ¢dopmax: nonunHoBoit (—C=C—C=C—) u KymyneHOBOI
(=C=C=C=C=). [Nocnennss ycroilunsa npu nasjieHuu cBbilie 9 MIla u Temnepatype 1800 °C.
IMonpo6no cm.: Cradkoe A. M. Kapbun — TpeThbs aJuloTponHas dopMa yraepona. — M.: Hayka, 2003, —
150 c.
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Hanorpy6kun. Hanompy6kamu* Ha3bIBAIOT MOJIEKY/ISPHBIE CTPYKTYPhI M3 rpabUTOBBIX
CJI0€B, CBEPHYTHIX B TPYOKM fuaMeTpoM OKosio 1 HM. OHM 06pa3yioTcst Ha ITOBEpXHOCTH
rpaUTOBOrO KaTona B AJEKTPUYECKON JIyre MeXay rpadUTOBBEIMU NIEKTPOJAMM B ar-
Mocepe renust. OTaenbHble HAHOTPYOKM pocTuraior B auaMetpe 100 MxM. Pasnuyalor
OTKDBITBIE ¥ 3aKpBIThle HAHOTPYOKM, KOTOpHIE C OJHOIO WJIM OGOMX KOHIIOB 3aKpBITHI
nonycdepoi, HaltOMUHAIOLLEH TONOBUHY MOJNEKYJIH dyiuiepeHa. [Inockuii rpaduToBbIit
CNIOM MOXHO «CBEpHYTE» B HAHOTPYOKY JAByMs criocobamu (puc. 5.8). HaHoTpy6Ka, 11osy-
YeHHasi CrocoboM (a), Oyner obiagarh MeTAUTMUECKON ITPOBOAMMOCTBIO, CITOCOGOM (6)
— MOJIYIIPOBOAHUKOBOM. Pa3BUTHE TEXHOJNOTMM TaKUX HAHOTPYOGOK MOXeET B Oiauxkaii-
1IeM OYIyILEM PUBECTH K PEBOJIOLIMU B MOJIEKYJISIpDHOM MUKDO3JIEKTPOHUKE. JIBe nepe-
CeKalomecss HAPOTPYOKH, HarpuMep, CIOCOOHBI paboTaTh B POJIM BBEITPAMUTENS TOKA.

IToMuMO (y/IIeEpEHOB M HAHOTPYOOK M3BECTHBI TAaKKe JYKOBUYHBIE CTDYKTYDBI,
COCTOSILIIME M3 HECKOJIBKMX KOHIEHTpUUeCKHX cep, OpraHu30BaHHBIX HAMoxo6ue Mo-
JeKyJbl ¢yJUiepeHa.

B3 ©q g b3
0 a.. a.r -.: q

-

Puc. 5.8. Cxema 06pa3oBaHUst HAHOTPYOKH U3 rpapUTOBOTO CIIOS:

a — HaHOTpYyOKa ¢ METANINYECKOU NMPOBOJUMOCTBIO; §f — HaHOTPYOKa CO CBONCTBAMH IOAY~-
TPOBOJTHHKA

* 3oaomyxun H. B. YrneponHsie HaHOTpYOKH // CopocoBckuil oGpa3oBaTeibHbIi XypH. 1999.
Ne 3. C 111,

Onogo uMeer aee MoaguduKanuu. IIpu KOMHaTHO TeMIlepaType YCTOWYMBO Oelioe TeTpa-
TOHATBHOE B-0JI0BO (CM. pHUC. 5.3), KOTOpOE NpH NMOHMXKXEHHU TEMITEpaTyphl MeIJIEHHO Tpe-
BpAlllaeTCs B Cepoe a-OJIOBO ¢ KyOMYeCKOH anMasHoil CTpyKTypoil (TeMneparypa nepexoaa
13°C) u cBolCTBaMM MONYNIPOBOAHMKA (LIMpUHA 3anpelueHHoM 30HH 0,08 3B). IIpu stom
ero obbeM yBeqMyMBaeTcs Ha 26 %, 103TOMY KOMITAaKTHBIE OJIOBSHHBIE U3[E/US pPacChIna-
I0TCSI B HOPOILLOK {«OJIOBAHHASA YyMa»).

AHaoTUYHBIE (a30BBIE TIEPEXOABI B TETPATOHAIBLHYIO METAUTHUECKYIO MOTU (U -
KallMIo B CJiydae KpeMHUS ¥ TepPMaHUs TPOUCXOIST TOJABKO MO HaBJICHUEM: TIPU
200 (Si) u 120 (Ge) k6ap.

CBUHEI — CHHE-CEPBIit KOBKUM HU3KOIUIaBKMI METAJLI, MATKHI M TIACTHYHBIN
(cM. Tabm. 5.3).

5.4. XUMHWYECKHUE CBOVICTBA

VYrnepon obnanaer HU3KOM peakMOHHOM criocobHoCThIO. Tak, U3 rajioreHoB OH
B3aUMOIEHCTBYET JIULIB C GTOPOM, HE BCTYTIAET B PEAKIIUIO ¢ a30TOM M HochHOpoM.
HawnGonee nHeprHO# (opMOil yriepoga ABISeTCS ajiMa3, obNamaloldif mpoy-
HOW KPHCTAJTNYECKON cTpyKTypoi. B atMochepe kucnopona (1w ¢pTopa) OH cropaer
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b nipu TeMmmepatype Bbine 730 °C ¢ o6pa3zoBanueM auokcuma CO, (terpagro-
puna CF,) yrnepoga. AiMa3 HHEpTEH MO OTHOILHEHWIO K KMCIIOTaM ¥ IeIo4YaM.

B otnmume oT ajiMasa TpaduT B3auMONENCTBYET ¢ KUCIOPONOM U GTOPOM MNpH
foJee HU3KUX TeMITEpaTypax, paCTBOPAETCS B KOHIIEHTPUPOBAHHBIX PACTBOPaX KHC-
JIOT-OKHCNUTENEH — CEPHOU U a30THOM:

C + 4HNO;(koHIL) = CO,T + 4NO,T + 2H,0

AMopoHBII yriepon (YTonb) npu HarpeBaHMM BBICTYTIAET KaK aKTHBHBIM BOC-
CTaHOBHUTEJIb, HaITpUMep:

ZnO0 + C £ Zn + CO?®

ITpy mporycKaHuy BOOSHBIX MApOB HaJ PacKaIEHHBIM YITIEM 00pa3yercs 6004HOU
eaz — cMmecb H, + CO.

IIpuHLMIHATBHOE OTNHYME XUMMHM aJIMa3a OT XUMHUU TpaduTa COCTOUT B TOM,
4TO B pe3yJIbTaTe XUMUYECKUX B3aNMOMENCTBU I KpucTaJUINYeCKad pellleTka aiMasa
paspyiuaerca. I'paduT Xe B XMMAYECKUX PEAKIUAX MOXET COXPAHUTh CBOIO CJIOUC-
TYIO CTPYKTYpY ¥ 00pa30BaTh KaueCTBEHHO HOBBIE COEIMHEHHUA.

Hau6ombinyit yHTEpec TPEACTaBASIOT peakuuyd OOpa3oBaHUS coeduHeHull 6He-
Operust WIY TaK HAa3BIBAEMBIX UHMEPKAAUPOBAHHBIX COeOUHeHUl epaguma, B KOTOPLIX
BHEPSIEMOE BELIECTBO PACITIONIaTaeTCs MeXIy YIIEPOAHBIMU criosiMu (puc. 5.9).

XuMuyeckoe IoBefeHre (QYUIEpEHOB CBA3aHO C HaJMYUEM JIOKAIM30BAHHBIX
IBOMHBIX ¥ OMUHAPHEIX CBA3EH, MTO3TOMY IUISI HUX XapaKTEPHBI PEAKIINY BOCCTAHOB-
JeHus u ripucoenuHeHus. I1pu anekTpoxuMuyeckKoM BoccTaHoBIeHUU Cgy 06pasy-
fotcst noHbl Gymnepunos [Cel” (n = 1—6). Illenounbie METAUTBI TAKXKE BOCCTAHAB-
JUBAIOT Qy/UIEpeHBI ¢ 06pa30BaHUEM COJIEO0PA3HBIX KPHCTAUINIECKUX PyIUIEpUIOB.
B ux CTpyKkType aTOMBI HIEIOYHBIX METAJJIOB 3aHUMAIOT IyCTOTHl B mlomemnen
FPaHeleHTPYPOBAHHOM KyOMUYECKOM yMakoBKE, OOPa3OBAaHHONM 4YacTUIIAMHU (C60)
(puc. 5.11). ®ymnepuabl HEKOTOPHIX 1EIOYHBIX METANIOB IPY HU3KHUX TEMIIepary-
pax, HanpuMep Cs;Cg Huxe —233 °C, CTaHOBSITCA CBEPXNPOBOTHMKAMH. B3anMo-
JeiCTBIE QYIUIEPEHOB ¢ TAIOreHaMK TTPHBOIUT K 00Pa30BaHUIO IIPOIYKTOB IIPHCO-
COMHECHUA THHA C60F183 C60F20, C60F46>
CgFa3 ¥ T.11I. BIUIOTH IO NEepGTOpUPO-
BaHHOro OakMuHCTepdyepeHa CqyFgp.
B crpykType CqF) 3 Bce atroMsl ¢Topa
TPYITIUPYIOTCS Ha OMHOM cTopoHe Qyn-
JiepeHa, BBI3bIBas gedopManuio chepu-
YeCKOM MOJIEKYIHI (CM. puc. 5.7, 6).

PeakimonHast crtocOGHOCTB IMPOCTHIX
BerecTB B psity Si— Ge— Sn— Pb Bos-
pactaer o Mepe YMeHbILIEHUS SHEPTUH
CBS3M MexXIy aroMamu (cM. Tabi. 5.2).
IIpu HarpeBaHUM OHM B3aMONEIICTBY~-
10T ¢ OONBINMHCTBOM HeEMeTasuioB. [ep-

9 Puc. 5.9. Crpoenne uHrepkanara KCg (aromsl
MaHUii 1 0JI0BO 00Pa3yloT COEMMHEHUS  yanug CHMMETPUYHO DAcCIIONOXKEHB! MEXIY

B BbIciell crenienn okucieHus: MO,,  cnosvu rpadura Tak, YTO KAXKIBIA U3 HUX MMEET
MX, (X — rajsioreH) u T.JI., B TO BpeEMSI 8 coceneit (aTOMOB Kaus) B ¢JIOE U 110 6 coce-
KaK CBUHEL] OOBIYHO OKHCIISIETCS 0 +2. Jeil (aTOMOB yIiiepojia) CBEPXY M CHM3Y)
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HnrepkanupoBannblie coenunenns rpagura, CyliecTBYIOT {Ba OCHOBHBIX TUI1a HHTEP-
KaJsiTOB:

1) coeauHeHus, B KOTOPHIX YIJIEPOJHEIE CJIOU COXPAHSIOTCS, HO Je(pOpMUpYIOTCH
M3-3a Pa3pylIeHUS CUCTEM JEJIOKATM30BaHHBIX n-CBA3eil. Takue BeniecTra Iioxo npo-
BOJAT JIEKTPUYECKUI TOK;

2) coeAuHEHUS, B KOTOPBIX COXPaHSIOTCS INJIOCKHE YIIIEPOAHBIE CIOU U 7-3JIEKT-
POHHAA CHUCTEMA, HO CJIOM Pa3JBUralOTCS APYr OTHOCUTEIBHO ApPYra Ha pacCTOSHUE
10 1 HM (B yucToM rpadure paccTossHue Mexny ciaosiMu 0,335 HM), UMEIOT BBICOKYIO
3JIEKTPONPOBOMHOCTE M XapaKTEPHYIO OKPackKy.

K coesuHeHMSM MEepBOro TUIA OTHOCATCS, HarpuMep, MONMMEPHHE (TOpUAH
yrepona (CF,),, o6pasyrouuecs Mpu B3auMoaeicTBum rpadura c dropom (7> 430°C).
Henokanu3oBaHHas CUMCTEMA <m-CBSI3€HM MpPH 3TOM pa3pylIaeTcs, BO3HMKAIOT JIBYX-
anekTpoHHble cBst3u C—F, a aToMbl C NepexoasT U3 sp?- B sp°-rubpUIHOE COCTOSTHHE.
ITockoneky Bce CBA3M JOKaMM30BaHH, dropun rpadpura (CF,), okasHBaeTcs xUMU-
4eCKH MHEPTHEIM AuaNeKTpuKkoM. IIpu rnybokoM dropuposanuu (CF,), npespaitaeT-
ca B CF,. OTMeTHM, 4TO anMa3 He oOpa3syet nonuMepHeix ¢ropunos (CF,),, a okuc-
nsiercsa HenocpeacTBeHHO 10 CF,. Ha aToM ocHOBaHO oTaelieHue rpaduTa OT anmMasa,
nosy4aeMoro u3 rpadura.

Ko BTOpoMy TUITy MHTEPKAISATOB OTHOCATCS NPOAYKTHl B3aUMOAEHCTBUSA rpaduTa
C LIEJOYHBIMU MeTaulaMu, KuciotaMu-okucaurenasmu (HNO; + H,SO,), ramore-
Hamu (Cl,, Br,, 1) 1 gpyrumu peareHtaMu. OTIUYUTENBHONW YEPTON TaKUX BEILECTB
SIBJIIETCH HAJIMYME CTPYKTYPH € YITOPSHOYEHHEIM YePEJOBAHUEM CJIOEB BHEAPEHHOTO
BEILECTBA U YITIEPOAHEIX CjIoeB. OHM pa3nyaloTCs 10 HOMepaM CTyIeHe, paBHBHIM
yycay rpadUTOBHX CI0EB MEXAY OJMXKaWlIMMU CIOSAMU BHEAPEHHOIO BEIMECTBA
(puc. 5.10).

B uHTEpKanmaTax MeTaIOB YIJIEpOAHBIE CJIOM BOCCTAHOBJIEHB M HECYT OTpuUIa-
TeNbHBIN 3apsan. HO 5TH yrilepOfHEIE CIOM MOTYT U OKMCIATECH, T. €. TEPATD 3JIEKTPO-
HHEH M npuobpeTaTh MOJOXUTENBHHN 3apsj, Kak, Hanpumep, B Truapocyibdare
[Cr] [HSO,] - 24H,0, nony4eHHoM npu obpaGoTke rpadura KOHLEHTPUPOBAHHOM
H,S0, B npucyrcreuu CrO; unu HNO;. ITpu HarpeBaHuM Takux OKUCIEHHBIX COEAU-
HEHUH NPOMCXOAAT MEXMOJIEKYJIIPHEIN B3PHIB M BCIEHUBaHUE rpaduTa: BHyTpU Irpa-
(DUTOBEIX CJIOEB PAa3BUBAETCS JABJIEHHE 10 HECKOJIBKUX ThICAY atMocdep, u obpa3syer-
C MEJIKOAMCITEPCHEIi YIIEPO ¢ ouyeHb HU3Koit (MeHee 0,01 r/cM?) muoTHOCTHIO (IU1st
CpaBHEHMS: IIOTHOCTD TpacduTa cocTarnset 2,27 r/ecm’) u Beicokoit (100—300 M2/r)
yaeabHOM MoBepxHOCThIO. M3 Takoi rpadUTOBOMH «I1EHBI» METOLOM IOPSYEro MPecco-
BaHUs [OJIY4AIOT YIVIEPOAHBIE M3enus (MPOKIagKu, CambHUKM, GOJBry U Ap.) HU3-
kot (0,05—0,5 r/cm®) mnotHoCTH.

KCy6

©cC
OF

a 173

Puc. 5.10. CTpoeHue MONEKY:
a — ¢ropuna rpapura (CF,),; 6 — HHTepKaJIATOB
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Puc. 5.11. CtpoeHue dyuiepuia
Kanmus KgCego

PacIUIaBeHHbI CBUHEI OKUCIsETCS Ha Bo3myxe no rera PbO, a mpu 500 °C B
M3GBITKE KHclIopona — Ao cypuka Pb;O,.

XuMHU4YeCKasd aKTUBHOCTD BEILECTB CHJIBHO 3aBUCHUT HE TOJIBKO OT TEMIEpaTyphbl, HO U OT
pasmepos 06pa3uoB. AMOpGHBIE U METKOKPUCTA/UTUYECKHE BEILECTBA 60J1ee aKTUBHEI U BCTY-
MAIOT B peaKuuu 1pu Gojiee HU3KHUX TEMIlEpaTypax.

B COOTBETCTBUHM CO 3HAUEHHUSIMH CTAHIAPTHHIX 3JEKTPOMHBIX MOTEHIMANOB E°
(cM. Ta671. 5.3) 010BO M CBMHELL pacIoiaraloTcst 10 BOAOPOIa, a repMaHMii — 1ocie
Bomopoza. I103ToMy ¢ KHC/IOTAMH-HEOKHCITUTESISIMU PearupyioT JIUILb OJTOBO ¥ CBIHEII.

KpeMHHIt B KUCIIO# cpesie TOKPBIBAETCS HEPACTBOPUMOMN IUIEHKOMH SiO, u nac-
cuBupyercs. KpeMHuMii, a Takke TepMaHUi PACTBOPSIIOTCS B CMECH KOHUEHTPUPO-
paunubx kucinoT (HNO; + HF, HNO; + HCI), npy 5TOM OIHa U3 HUX IEHCTBYET KaK
KOMILIEKCOO0Opa3oBaTeb:

3Si + 4HNO; + 18HF = 3H,[SiFg] + 4NOT + 8H,0
3Ge + 4HNO; + 18HCI = 3H,[GeClg] + 4NOT + 8H,0
OJ10B0 JIerKO pactBopsieTcst B pas6asnennbix kucnorax (HCI, H,SO,):
Sn + 2HCI = SnCl, + H,T

W3-33 HEBBICOKOTO 3JIEKTPOTHOrO MoTeHnuana (cM. Tabi. 5.3, puc. 5.12) mporecc
pacTBOpEHMs MIPOTEKaeT MeUIeHHO. Peakius ¢ KOHIIEHTpUPOBaHHOM (60 %-11) a30T-
HOM KHMCJIOTOM IIPUBOIHT K 06Pa30BaHHUIO 0CaKa B-OJOBAHHON KUCIOTBI Sn0O,- xH,0O:

Sn + 4HNO;(koHi) = Sn0,-xH,0¢ + 4NO,T + (2 - x)H,0

a C TOPSYMM OJIEyMOM — K KOBaTeHTHOMY cynbdaty Sn(SOy),.
Hutpar onosa(Il) o6pasyercd NnpH B3aMMONEWCTBUU METaIa C OYCHb pasbas-
neHHo#M (3-—5 %-ii) a30THOM KHUCIIOTOM:

4Sn + 10HNO,(pas6.) = 4Sn(NO;), + NH,NO; + 3H,0
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oSiH, [Pb(OH)g]2-
~

-4}
[Ge(OH)4)>

[Sn(OH)e]*- \
-6f Co%- \\

Si05”
-4 -3 -2 -1 0 1 2 3 4 -4 -3 -2 -1 0 1 2 3 4

CreneHb oxucaeHus CreneHb oKVC/IEHUS
a 6

Puc. 5.12. iuarpamma BOJBT-9KBUBANIEHT — CTENEHb OKUCIEHUS IS 31€MeHTOB 14-ii rpynmnel
B kucnbix pH 0 (a) u wenounsix pH 14 (6) pacrsopax

PacTBOpeHue CBHHIA Jlerde Bcero MPOMCXOIMT B XJIOPHOM M pa3baBieHHOH
(30 %-i1) azoTHOM KHCIOTE:

3Pb + 8HNO;(pa36.) = 3Pb(NO;), + 2NOT + 4H,0
4 B TPUCYTCTBUH OKHCJIHUTENS — U B YKCYCHOM KUCIIOTE:
Pb + 2CH,;COOH + 1,0, = Pb(CH,COO0), + H,0

Peakuus ¢ constHO#M KUCIIOTOM NpOTeKaeT UL ITPY HATPEBAHMH, TAK KaK obpasy-
tomuiics xnopun PbCl, Ha xonone MasopactBopuM. C cepHOM KUCIOTOM CBHHEL
NMPaKTHYCCKH HE pearupyeT, MaCCUBUPYET €T0 U OYeHb KpelKas a30THas KHUCIIOTA.

Kpemumuit TCpMOIMHAMUHECKH HEYCTOMYHUB K IUCITPOTIO PLIMOHUPOBAHUIO HA CUJTH-
Kar-uoH SlO3 v cunad SiH, (cM. puc. 5.12). Ognako SiH, B menouHoM pacTBope
JIETKO OKHCJIETCST ¢ 006pa3oBaHMeEM Bojoposa. TakMM 06pa3oM, KpeMHMH, 0COBEH-
HO MEJIKOAUCIIEPCHBIN, pacTBOPAETCA B LIEIOYAX;

Si + 2NaOH + H20 = NaZSiO;, + 2H2T
Peakuus repManus ¢ 1eno4aMu NpoTeKaeT IMIIb B TIPUCYTCTBAM OKUCIIUTENEH:
Ge + 2KOH + 2H,0, = K,GeO, + 3H,0

OnoBO MO CpaBHEHMIO C TEPMAHUEM 6oJiee aKTHBHO M OKMCISETCS TOPSTYUMH
PacTBOpaMH 1uesoyeit 1o rekcaruapokcoctanHata(Il):

Sn + NaOH + 2H,0 = Na[Sn(OH);] + H,T

CsuHer C 11ET09aMM He B3aMMOJEHCTBYET.

118



5.5. BOOOPOIHBIE COEAUHEHUA DJIEMEHTOB 14-H TPYIIIIBI

CBOWHCTB2 YIVIEBOIOPOIOB PACCMATPUBAIOT B KypCe OpraHMYeCcKOH XUMHH. Bonopon-
uble coequHeHus Si, Ge, Sn u Pb HasbIBalOTCA CHIaHAMU, repMaHamu, CTaHHAHA-
MU ¥ TUTIOMGaHAMM cooTBeTCTBeHHO. 10 COCTaBy, CTPOEHHIO 1 HU3NYECKUM CBOK-
cTBaM CiwiaHbl ¥ repManbl D, H,,., (B = Si, Ge) HanoMUHAIOT FOMOJIOFMYECKU I pAT
yIiIeBonoponoB. DHepruu cesseit 9—3 u O—H B psuty C—Si— Ge — Sn— Pb noHu-
XaroTes (CM. Tabi. 5.2), MO3TOMY YMEHBIIAETCSl KONIMYECTBO BOXOPONHBIX COCNHE-
Huit (n = 14 wia Si, n =9 mis Ge, n =2 o4 Sn, n = 1 g Pb) 1 moHmxaeTca ux
YCTOUYHUBOCTb.

MeéTaH ¥ Opyrue Hu3lpe aJKaHbl MOTYT GBITb ITOJYYEHBI DU TMAPUPOBAHHUU
YTJISI, OMHAKO 3Ta peakiys He MMeeT NMPAKTUYECKOro 3HAYeHHUS. KpeMHunii, repma-
Huif, OJIOBO ¥ CBUHEI[ HEITOCPEACTBEHHO C BOIOPOIOM He B3aUMOIEHCTBYIOT, I0-
3TOMY MX THAPHIBI TTOJMYYaloT JEHCTBHEM TETPAruapOaTIOMUHATA (amoMorupuaa)
JIATUS HA TETPaXJIOPUALI, HanpuMep:

SiCl, + Li[AlH,] = SiH,T + LiCl + AICl;

Kpome ruapunos 9,H,,., M3BECTHB TMAPUIBl HEHACBIUEHHOrO psifia — IMOIMCHIICHM
(SiHy),, monurepmenst (GeHy), (2 < n < 10) n 1A KPEMHMA — LMKIMYCCKUE CHIIEHBL
SiCsH g u SiC¢H 5, KOTOpbIE 1O COCTABY U CTPOEHUIO aHAIOTMYHBI COOTBETCTBYIOLIUM yIJIe-
BOAOPOAAM.

HawuGonee u3ydeHsl npocreifiie ruapuasl DH,, CBOMCTBAa KOTOPBIX TPUBEACHBI
B Tabn. 5.4. Monexynsl DH, npencrapisior CO60# TeTpasaphl, UX IUTIONBHBIA MO-
MEHT PaBeH HyJII0. MeXMOJEKyISIPHOE B3aUMOIeHCTBIE OTPeNe/IIeTCsT HABCACHHBIM
JIVTTONIEM XMMUYECKOM CBA3M, [TOITOMY C YBEIMYEHHEM pasMepa MOJIEKY]l TEMIIEpa-
Typhl TwiaBteHns u kunenus B psaxy CH,—SiHy—GeH,— SnH, Bo3pacTalor.

C pocToM paznyca aToMa dHeprus cBasd O—H nocTerneHHo yOBIBAET, YTO NIPH-
BOJUT K YMEHBIIIEHUIO TEPMUYECKON YCTONYNBOCTH BOTOPOIHBIX coequHeHu. ITmoM-
6aH PbH, 6bUT MOTyYeH JUIIb B CIENOBEIX KOJIMYECTBAX M MPAKTHYECKH HE OXapak-
TepHU30BaH.

B psiay 271€KTPOOTPHUIIATEILHOCTH BOJOPO PaCITOIOXEH MEXIY YI/IepoNoM 1 0C-
TATbHBIME 3JIEMEHTaMK 14-i TPYIIIHL, TTO3TOMY B yriieBogoponax atoM C Hecer 4a-
CTUYHBII OTpHILIATE/IBLHBII 3apsizt 8—, @ B BOMOPOIHBIX COEIMHEHUSAX OCTATBHBIX 3¢~

Tabauua 5.4

Crpoenne u cpoiicrsa ruapnos MH, anemenTos 14-i1 rpynns

CsoitcTBO ’ CH, SiH, GeH, SnH, PbH,
AH}, KIx/Monb -75,2 33,4 90,2 163 250
JnuHa ceasu O—H, uM 0,109 0,148 0,153 0,170
DHeprus cea3u D—H, kx/Monb 414 318 309 297 205
tan, °C -182 -185 -165 -146
teuns "C -162 -112 -88 -52
[LioTHOCTD, T/cM3 0,242 0,680 1,52

(-164°C) | (-186°C) | (-142 °‘C)
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MEHTOB — YaCTUYHBIN IOJIOXUTENIbHBIN 3apsy &+ KpoMe Toro, Bo3pacTaHue aToM-
HOro panuyca BHU3 IO TPYIIE CO3AAET BOZMOXHOCTD MOBBIILIEHUST KOOPINHALIMOH-
HOTO YKCIa 1 06pa30BaHms NIPOMEXYTOYHBIX COeNMHEHHH, TOHMXAIOIIMX SHEPTHIO
aKTUBALMK |, CIENOBATENIBHO, YBEIMYABAIOMIUX CKOPOCTh COOTBETCTBYIONINX peaK-
M. Bee 3To menaer neHTpaibHBIN aTOM B CWiaHe, repMaHe U CTAaHHaHe HeoObIYai-
HO YYBCTBUTEJIBHBIM K HYKJIEOQWIBbHOM aTake. PeakioHHast CIIOCOGHOCTD 3THX CO-
EIMHEHUH CYIUeCTBEHHO BbIllle, YeM ajikaHoB. HampuMep, MeTan pearupyer ¢ XJio-
POM JIMIIB HA CBETY 110 CBOGOIHO-PaINKATBHOMY MEXaHU3MY, B TO BpeMs KaK XJIO-
PUPOBaHKE THIPU/IOB KPEMHUS M OJI0BA IIPOTEKAET OYeHb MHTEHCHBHO U B TEMHOTE.
MeraH ycToit4mB K ruspousy, Torna Kak SiH, u GeH, aKTHBHO B3aNMOIENCTBYIOT
C BOJOH, NIPUY€EM THAPOJM3 CYIIECTBEHHO YCKOPSIETCH LIENOYAMU:

SiH, + 2NaOH + H,0 = Na,Si0, + 4H,T
CI/I.TIaH, repMaH M CTaHHaH SABJIFIOTCI CHJIBHBIMU BOCCTAHOBHUTENSAMH .
SiH, + 2AgCl = SiH;Cl + HCI + 2Ag
NIpY HaTPeBAaHUU OHM Pa3/IaTaloTCS:
MH, £ M + 2H,

B PE3yNbTATe YETO0 MOXHO IOJYYaTh METALTBl BBICOKOM YMCTOTHL

IIpu koMHaTHO# TemnepaType MeTaH CH, 10 KHHETHYECKMM TIPHYUHAM He pe-
arupyeT ¢ O,, XOTS TepMOAMHAMHMYECKH 3T PEAKIMS BO3MOXHA. CIUIAH e CaMo-
TIPOM3BOJIBHO 3aropaercs Ha BO3yXe:

SiH4 + 202 = SiOZ + 2H20

IIpy 3aMenmieHrn Bonopoaa Ha METAJUT B COOTBETCTBYIOLIMX FUApUIIaX 06pasyloT-
Csl X TIDOU3BOIHbBIE — KapOMAB, CUIMLIUABL, TePMAHUIBI, CTAHHUIb! U TUIIOMOUIIBL.
Hx cocTaB He MOTYMHAETC POCTBIM TIPABHIIAM BJIEHTHOCTH, 4 XUMHYECKAs CBI3b
HU3MEHSAETCS OT MOHHOM M KOBAIEHTHOM [0 THUIIMYHO MeTAUTHYECKOIL.

PaccMoTpuM cHavana caoiicTsa kap6uzos. 10 THITY XMMHYECKOH CBSI31 MOXHO Bbi-
AENATH KOBAJIEHTHBIE, MOHHBIE (WK COIE06pasyIoniie) 1 MeTaTHuyecKye KapGHbl.

HonHele KapOubl, copepxanide TUCKpeTHHe uoHbl C* (AL,GC;, Be,C), dop-
MAJIPHO SBJIAIOTCS MPOAYKTAMU 3aMEILIEHMS BOAOPOIA B MeTaHe Ha MeTalI ¥ Ha3bI-
BaloTcsa MeTaHunamu. Ilpu ux ruaponuse o6pasyercss MeTaH:

Be,C + 4H,0 = CH,? + 2Be(OH),d

Hekoropeie kap6unsl conepxat noHH C,2 1t HOPMATBHO SBJISIOTCS TIPOU3BOI~
HBIMU aneTHIIEHA — WX HasbIBAIOT aneTWinaamMu. K HUM OTHOCATCS KapOUIIHL Iie-
JIOYHBIX M§C2 ¥ IEJIOYHO3eMENTbHBIX M"C2 MeTAIOB (CM. puc. 3.2, g), a TaKxe
Ja”TaHunoB LnC, (Ln — nanTad win nadradny). OHu Majio YCTOMYUBEL K B3PHIBO-

OITIaCHEI. HpPI TUIPOIN3e aLIETUWINAOB BbIIENSAETCS alleTHIIEH
CaC2 + 2H20 = CszT + Ca(OH)Z\L
2LaC2 + 6H20 = 2La(OH)3\L + 2C2H2T + HzT

B ctpykType HekoTopbix Kap6unos (Li,C;, Mg,Cs) comepXHTCsS ITMHENHBIH HOH
Cy. Ipu ux ruaponuse o6pasyercss cMeCh MeTHIALIETHIEHA (CH;—C=CH) u an-
nena (CH,=C=CH,).
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K MeTamnyecKuM OTHOCATCS KapOuIbl d-3IEMEHTOB C JEJIOKATU30BAHHON Me-
TAJUTMYECKOM CBA3b10. OHM XMMHMYECKHM HHEPTHEI, IPOSBIISIOT METAJUTMIECKHE CBOM -
ctBa (611eCK, BBICOKYIO 3JIEKTPO- U TEIUIOMPOBOTHOCTH), 00JIafaloT BLICOKOM TBEp-
JOCTBIO, XapOIIPOYHOCTHIO, a IO TEMIIEpAType IUIABJIEHUS CYILECTBEHHO IIPEBOCXO-
JSIT UCXOIHBIE METAJUTBL: HaNpUMeEp, THTAH IuiaBuTesa nipu 1670 °C, a kapOun THUTa-
Ha — nipH 3150 °C. Merautnyeckue KapOuibl CHHTE3UPYIOT IPOKAIMBAHUEM CMeCei
MOPOLIKOB META/UIOB MK UX OKCHUIIOB C YIJIEM IPH BHICOKMX TEMIIEPaTypax:

V,0s + 7C £ 2vC + 5c01

a TAKXe METOIAMH TTOPOIIKOBOM METAJLUTYPTUM — HAarpeBaHUEM CIIPECCOBAHHBIX TTI0-
POLIKOB MPOCTHIX BELIECTB. MeTautndeckue Kapouabl (Harpumep, 1ieMeHTHT Fe;C)
TIPUAIOT TBEPAOCTh ¥ M3HOCOYCTOWIMBOCTE MHOTUM CIUIaBaM. M3 KapOuIIOB BOJIbG(-
pama, TUTAHa ¥ TaHTaJa M3TOTABJIMBAIOT PE3IHl 11 00pabOTKU METaUIOB.

KpemHuii Gojiee 3JIEKTPOTIONIOXKUTENICH, YeM YIrepo, TMO3TOMY CHJIMIIMILL MO
CBOICTBaM 0OoJlee TTOXOXHU Ha Gopuabl (IUAaroHaJbHOE CXOACTBO). CHAMLIMALL Lie-
JIOUHBIX U LIEJIOYHO3EMETBHBIX METAJUIOB XapaKTEPHU3YIOTCS IPEUMYILECTBEHHO HOH-
HOIf CBSI3pI0 M XMMMUYECKU Haubosiee aKTUBHBL. MHorue u3 Hux (Hanpumep, KSi,
BaSi,) cocTosT U3 KaTHOHOB METalia U TETPasapoB Sii‘, U30CTPYKTYPHBIX H H30-
3JIeKTPOHHBIX MOJIEKYJe 6esioro docdopa. OHM JIETKO pa3pyllaloTcs BOIO# ¢ Bbie-
JIEHWeM BOIOpOHa;

Na,Si + 3H,0 = Na,Si0; + 3H,T
YUIH pa30aBIeHHBIMU KUCJIOTAMH C BhieneHueM SiH, ¥ Ipyrux CHJIaHOB:
Mg,Si + 2H,S0, = 2MgS0, + SiH,T

MHoTHe CHIHIMIEI TIEPEXOAHBIX META/UIOB 00J1aaloT METAJUTHYECKOI ITPOBOIH-
MOCTBIO, KOTOpasl BbI3BaHA TePEeKPHBAHNEM YAaCTUYHO 3aIOJTHEHHBIX d-OpOHTaneit
MeTtawia, CUTHLIUABL UCTIONB3YIOT WIS TIOMYYeHUS XKaPOIIPOYHbIX M KMCIOTOYIIOP-
HBIX CIUIABOB M BBICOKOTEMITEPATYPHBIX TTOJIYIIPOBOTHHUKOBBIX Marepuanos (CrSiy,
ReSi,). CoenuHeHUS TAHTAHUIOB IPUMEHSIOT KaK MTONIOTUTEIN HEHTPOHOB B ATOM-
HOM 3HEPreTHKE.

B cunmimaax HEMETAUTOB OCYIIECTBIISIETCA Yallle BCero KOBaJIeHTHas ¢BsA3b. Cpe-
I HUX 0coboe MeCTO 3aHMMaeT KapOul KpeMHUs (kap6opyHzx) SiC, MMEIOLHH
CTPYKTYpy THIIa ayiMa3a (puc. 5.13) ¢ uyepenytommmucs aromamu Si v C. KapGopyHa
XapaKTepHU3YeTCs BBICOKOM TBEPIOCTHIO U BHICOKOH TEMIIEpaTypo# IUIaBIeHUA
(2800 °C). OH HCKITIOUNTENIEHO XUMHYECKH CTOEK IO OTHOILIEHHIO K KUCTIOTaM, B TOM
uyucne HF, n oxuciseTcsa KMCIOPOIOM TOJBKO TIpH TeMIieparypax Beiuie 1000 °C:

.
SiC + 20, = SiO, + CO,t

Kap6opyHn — NpeKpacHbIi MaTepHai Il H3TOTOBJIEHUS MOTYTIPOBOIHUKOBEBIX IH-
OIOB M TPAaH3UCTOPOB, PaGOTAIOLINX NPH BEICOKMX TeMIIEpaTypax.

IMony4aroT CUIUIUILL CIUIABIEHUEM TIPOCTBIX BEILECTB WM BOCCTAHOBJIEHHEM
CMECH OKCHUIOB KOKCOM B 3JIEKTpOIIEYax:

MO + xSi0; + (1 + 2x)C = MSi, + (1 + 2x)COT

TTomoGHO KpeMHMIO TepMaHMiA, OJIOBO M CBHHEIl 00pa3yioT ¢ HEKOTOPBIMU Me-
TaIaMy MeTautuasl: repMaHuiasl MGe, MGe, (M — 1Ie/IOYHbIE METAJUTBI), CTaH-
Huabl Na,Sng, n = 2, 3, 4; mmom6unsl Na,Pbs, NaPb;. B ctpyKType repMaHuI0B
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ocC
Osi

Puc. 5.13. CrpoeHue kapGopyHua Puc. 5.14. Crpoenne noHos LHunmis:
a— Sng; 6 — PbY

MGe, kxaK ¥ B CWIMIIUAAX, IPUCYTCTBYIOT TeTpasapel Ge,. OqHaKo B OTIMYHE OT Si
s Ge, Sn 1 Pb Gosiee xapakTepHO 06pa3soBaHie KIACTEPHLIX MHOTOATOMHBIX aHHAO-
HOB, HampHuMep M;‘ (voHoB IuHTIsST) co cBsa3amMu M—M. IlonuneHraTHblE JIH-
ra’abl, Hanpumep 3twieHaMamMuH NH,—CH,—CH,—NH, (En) win KpHITasm
N{(C,H,;)O(C,H,)O(C,H,)}5N (Crypt), crabunusupyior HoHbl LIUHTAS (puc. 5.14, a).
Kpucramnst [Nay(En);]Gegy 11 [Nay(En),]Sng, conepxaiiye KiacTepHble aHHOHbBI, BbI-
IeJIEHDL C MIOMOIIBIO 3THJICHIUAMHUHA ITPH BOCCTAHOBJICHUH METAJUTHIOB HATPHEM B
XUIKOM amMmMake. Peakuyu xkpunraHna co criasaMu NaSn 1 NaPb, B 3TiIeHAHAMIHE
MPUBOAST K KPACHBIM KPHUCTAIIIAM COJIeH [Na(Crypt)]z[SnS]z‘ 44 [Na(Crypt)]Z[PbS]z,
COMepXanUM KIACTEpHbIE aHUOHBI M?, uMeromme GopMy TPUTOHAIBHON 6MUpa-
muel (puc. 5.14, 6).

5.6. KHCJIOPOOIHBIE COEAUHEHUA BJIEMEHTOB 14- T'PYHIIbBI

B xucnopomHbeIx COemMHEHMAX (OKCHMIAX, THAPOKCHIAX, KUCIOTAX) 3JIEMEHTBI
14-ii rpyTinbl NPOSBISIOT CTENEHW OKMCIEHUS +2, +4.

5.6.1. Kucnopoansie coenuHeHas yriaepoaa

Yrnepox MOMUMO IBYX YCTOMYUBBIX OKCUIOB: TMOKCUIA YIVIepoaa (YIIEKHUCIIOTO
raza) CO, u MOHoOKcHa yriepona (yrapHoro rasa) CO, obpasyeT HeyCTOHUUBLIE
C;0,u C;0,. ITonyuen u sanokcuy ymurepeHa Cq0, B KOTOpoM aTtoM O COeTMHEH C
JIBYMsI COCETHUMH aTOMaMH yriiepona B 6akMUHCTepdYIIIEPEHE.

Oxcun C;0, (cybokcua yriepona) MOMyvaloT OCTOPOXHOM Neruaparalueil MaJoHOBOMH
KHUCJIOTHI, aHTMAPUIOM KOTOPOH OH SBIAETCS:

’ 140°C
HOOC—CH,—COOH + 2P,0; — O0=C=C=C=0+ 4HPO,
Okcun C;0, npeactaBaseT co6oil OeCLBETHERIIN ra3 ¢ OTBPaTUTENBLHBIM 3aI1aX0OM, NPU XpaHe-
HUH [MOJTUMEPUIYIOLLUICA ¢ 00pa30BaHUEM ITPOAYKTA XEJITOro MK (PUOJIETOBOIO LIBETA.

Mounookcna yraepoga(II) CO. BecuseTHslit ras (fy, = =205 °C, f,, = -192°C), He
UMEIOLNH 3amaxa U CuibHO sanoBUThil. Komiekc CO ¢ remornio6uHoM B 300 pas
YCTOMYHBEE aHAIOTUYHOTO KoMITiekca O,, U3-3a Yero HapyIIaeTcst IepeHoC KHUCIIO-
pona KpaCHbBIMU KpPOBSIHBIMU TENbIIAMHA B OpTaHU3Me M HACTYIAeT «KMCIOPOIHOE
TOJIOAAHME» KIIETOK.
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B monekyste CO UMeeTcs TpOiHAs CBsI3b. B paMKax MeTO/1a BATIEHTHBIX CBSI3¢H JBE
CBSI3M OGPA30BaHBI ITyTeM MEPEKPHIBAHUST HECTTAPEHHBIX 2p-3JIeKTPOHOB Yriiepoaa u
KYCJIOpOIa, @ TPEThI — IO JOHOPHO-aKUENTOPHOMY MEXaHHU3My 33 CYET CBOGOIHOMR
aTOMHOM OpGHTAIM 2p YIIIeposa U 3JIeKTPOHHOM maphl 2p KUCIOpOaa.

MeTOox BaJIeHTHBIX CBSI3€i OOBSICHSIET HAJIMYKe TPOHHOM CBA3M U IOHOPHBIE CBOM-
crBa Monekynbl CO, OOyClOBIEHHBIE HEMOMEJEHHON Mapoil 3IEKTPOHOB. OnHako
OH He MOXeT OOBICHUTE IPHPOIY aKIIeMTUPOBAaHUS MOHOOKCHIOM YIIIepOIa JJIeK-
TPOHOB aTOMa MEPEXOTHOTO METauIa Mpu OOPasOBaHMM KOMIUIEKCHBIX COeIHMHE-
HHI, HarpuMep KapOOHWIIOB.

OCoBGeHHOCTH XUMHYECKOil CBSI3K U cBolicTBa CO ymaeTcst OOBSICHUTD, HCITOMNb-
3ysT METOI MOJIEKYJISIPHBIX OpOHTANIEH.

TIp¥ MOCTPOSHUYM IMATPaMMEI MOJIEKYJIIPHBIX OpOUTAIEH HEOOXOIMMO TIOMHUTB, UTO Pa3HH-
La sHepruit 2s- ¥ 2p-opOuTaneii yrepona HEBEIMKE, B TO BPEMs KaK B CJIy4ae KHCI0poaa —
cyiecTBeHHa. Kucnopon nMeeT 6OIIbILYIO 3JIEKTPOOTPULIATENIBHOCTD, YEM YIJIEPOL, a €ro op-
GUTANM pacMoNOXEHHl HUXe Mo sHepruu. Kak u3BecTHO, CYHIECTBYIOT opbuTanu ¢- U n-TUIA.
Jlpyr ¢ ApYroM MOTYT B3aUMOAECTBOBATE JILIL OPOUTAIHM GIM3KME [0 2HEPTUX ¥ ONMHAKOBEIC
o cummeTpuH (o 160 nt). OIHA ¥ Ta XKe aTOMHad OpOUTaib crocobHa BHOCUTE BKiIal B opMu-
POBAHME HECKOJIBKUX MOJEKYIAPHBIX opbuTtaiei. [Tocne 3TUX NpeiBapUTEIbHBIX 3aMeYyaHui
MOXHO MEPENTH K aHATU3Y AMarpaMMbl MOJIEKYJIIDHBIX opOuTasiet (puc. 5.15).

Bsaumoneiicteue 2s-opbuTtaneit atomos C 1 O NpUBOIUT K 06pa30BaHUIO CBSI3BIBAIOLLICH
lo u paspeixsouteit 26 MO, a B3aumoneitcteue 2p,~opouTtaneit C 1 O — K 00pa3oBaHUIO
cBA3HBAIOIEH 36 ¥ pasprixsolei 46 MO. Benenctere BzanMoneicTeuA MO lo, 26, 30 14
4G, UMEIOIIMX OAUHAKOBYIO CHUMMETPHIO, 9HEPTUH MO 1o 1 20 HECKOJIBKO MOHWXAKTCH, a
aueprust MO 36 u 4o Bospactalor. Baaumoneiictsue AO 2p, U 2p, NDUBOIMT K BOSHUKHOBE-
HUIO ABYX Nap MO: 1xn u 2n. DHEPreTUUECKOE MONMOKEHHE n-opOuUTaNeit HE 3aBUCUT OT IHEP-
My G-opBUTAIEil, TAK KAaK OHM UMEIOT IPYTyIo CUMMETPuIO. TTI0CKOJIbKY 3HEPTUS MOJIEKY-
AsipHOI op6uTaK 30 MOBLICWIACK, TO OHA OKA3aJIaCh BHILIEC MO 1x. Ha BHelIHUX OpOUTAIAX
yIJIepoa ¥ KMCaAopoaa B CyMMe HaxXOaUTCA 10 (4 + 6) anekTpoHOB. TakMM 06pasoM, 3JeKT-
POHHYIO KOHUTypauuio Moiekyabl CO MOXHO 3anucarh B BUIE I'e?26? 17362

Ha ocHOBaHMM 1HMArpaMMBl MOJIEKYJISIPHBIX OpOHTalleil MOXHO CIe/IaTh HEKOTO-
phle BBIBOIBI 06 OCOGEHHOCTSIX XMMHUYECKOM CBA3HM U CBOMCTBAX CO. BoceMb U3 ne-
csTH (6 OT aToMa KUCIoposa U 4 OT aTtoma yr-

AO MO AO

Jepona) BaJIEHTHBIX 3JIEKTPOHOB B MOJIEKYJIE (©) (CO) (©0)
HaxomsITesT Ha cBsisbiBatonx MO 1o, 1=, 30, a
JIBA BJIEKTpOHA — Ha paspeixisiomieit MO 26, E //34? \
Pasprixisiione OpOUTIM 21 M 4n OCTAIOTCS //—‘2}_\
cBOGOMHBIMH. OTCIOna CIEQyeT, YTO MOPSAOK 2+ +—€\ \
CBA3M B MOJeKyse paBeH (8 - 2):2 = 3, 4rO \ \H~~\§H + +2
COTJIACYETCS C METOMOM BAJIEHTHBIX CBs3ei. \ 3 i P
TpoitHast cBst3b C=0 npouHasi, ee SHEPIHs CO- A\ l—ﬁf/’/ /
craBnsteT 1070 x/IX/MOJIb, YTO MPEBBIIIAET __l\ n/ /
sHepruio cBst3 N=N (939 x/Ix/Moib) B U30- 2 \—\ 2 Y
3JIeKTPOHHOM MoJeKyie N,. N NG

Mortexkyna CO He cOmepXHUT HecCrapeHHBIX AN R . X
3JIEKTPOHOB, T. . SIBIAETCS THaMarHUTHOM. TTo- \H»i//
JISIPHOCTh MOJIEKYJIBI TPYTHO MPEACKA3aTh axe lo
Ha KAYEeCTBEHHOM YpPOBHE, TaK KakK 3JIEKTPOH-  Puc. 5.15. CxeMa MOJIEKYIAPHBIX Op6PI‘
nag wiotHocTh MO 1o ¥ 17 cMellieHa K aTOMY taneit Mosiekynsl CO
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Puc. 5.16. OGpasoBanue o- U n-cBsizeit B KapOOHUIax:

a — 06pa3oBaHHE G-CBSI3H NPH B3aHMOACHCTBHHU sanojHenHo MO 3o monekynst CO u (dp2 + 5)-TUG-
PHMAHOW OpGMTANU MeTamia, 6 — 06pa3oBaHHe R-CBA3M TIpU B3aUMOJEWCTBUM BaKaHTHOH MO 2x
MoJiekyapl CO ¢ 3anojHeHHOM d.,-opGUTANBIO METaLIa

Kucnopona, a MO 26 u 36 — K aToMy yreposa. DKCNEPUMEHTAILHO Ha0 TI01aeM blif
JMITOIbHBIA MOMEHT MOMeKYNH p = 0,11 D o6bsicHSeTCs CMELIEHHUEM 30-3IEKTPO-
HOB K atoMy C ¥ NOSIBJIeHWEM Ha HeM HeGOJIbIIOro OTPHLATEIBHOTO 3apsaaa. Dtor
HEOOBIMHBIH (akT He commacyercs ¢ COODpakeHUAMM 3JIEKTPOOTPHIIATENLHOCTH,
COMIACHO KOTOPHIM OTPMLIATETBLHBI KOHELl TMIONA JOIKEH HAXOMWUThLCS Ha Oolee
SJICKTPOOTPUIIATENIBHOM aTOMe — KHCJIOPOJIE.

Monexyna CO couertaer cBoiicTa G-IOHOpa M m-aKuentopa. JJOHOpHEBIE CBOi-
crBa CO CBSIzaHH C HaJIMuMeM 9JIEKTPOHHOH Maphbl Ha CBAEIBAIOLIEH 3G MOJEKY-
JIPHO# opbuTanu. C 1pyroil CTOPOHSL, 1Be BAKAHTHEIE 2n-op6utanu CO MoryT npu-
HYMaTb d-3JIEKTPOHBI MEPEXOTHOrO MeTawia M 1 00pa3oBbIBaTh n-cBsA3u M—C. Ta-
KO€ TOHOPHO-aKUENMTOPHOE B3aUMOEHCTBYE OOBICHSIET GONBIIYIO MTPOYHOCTH XH-
MWYECKOM CBA3U B KapGOHUIIAX MEPEXONHBIX METAUIOB (puc. 5.16).

KapGouunsr o6pasyrorcs npu Bsaumoneiictsun CO C MEPEXOIHBIMU MeTaJUTaMH
WIN UX 6€3BOTHBIMU TaJIOTEHUNAMM: ‘

Ni + 4CO = Ni(CO),

CongHOKMCTHI pacTBOp xnopuna Menn(l), comepxauyii KOMIIEKCHYIO KHUCIIOTY
H[CuCl,}, o6patumo nomiomaer CO:

H[CuCl,] + CO = CuCOCl + HCl

B pactBope xyopun KapboHwmmenu(I) mpucyTcTByeT B BHIe JIVMEpPOB C MOCTHUKO-
BBIMM aTOMaMH XJ10pa, a TBEP/bL IPOIYKT, MOMYYEHHHII B HEBOTHOMN cpene, npen-
CTaBiAeT coboi nomumep (puc. 5.17)*.

MoHooxcun yrnepona otHocures k HECOI1e00pasyloIKM OKCHIAM, OH MAJIO pa-
CTBOpYMM B Boze (2,32 Mt B 100 r Boxsl mpy 20 °C) u He B3aUMOJIEHCTBYeT ¢ pacTBo-
paMy uiesoveit. OHAKO NMpPH MOBHIILIEHHBIX Temneparypax (100 — 130 °C) u nanne-
HUSAX (IO 5 aTM) € pacIaBlIeHHBIMH menodamu CO o0pasyeT conu MypaBBIHOI
KHCJIOTBI — (POPMHUATHL:

CO + NaOH = HCOONa

¥ Hakansson M., Jagner S. // Inorg. Chem. 1990. V. 29. P. 5241,
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YTO MO3BOJIsIET (POPMATIBHO pacCMaTpUBaTh €ro
KaK aHTUIPpUA MYPaBbUHOMN KUCIIOTHI.

Hanwune ¢cBoOGOMHOM 3/IEKTPOHHOM Mapbl HA
cesi3pIBaOlIeit MO 36 00yclioBIMBaEeT BOCCTA-
HOBUTeJIbHBIE CBOMicTBA CO, HaImpUMep criocoo-
HOCTb BOCCTAHABJIMBATh CEPEOPO U3 AaMMHAYHBIX
PacTBOPOB ero CONE:

2[Ag(NH,),]OH + CO =
= 2Agl + (NH,),CO; + 2NH,

Ha Bo3myxe ¥ B KHCIIOPOIE OH CTOpaeT Kpa-
CUBBIM CHHUM IUIaMeHeM, OKUCISISICh mo CO,.
Kartanusatopbl CriocoOCTBYIOT pa3pbIBY TPOWHOM
cBsa3u B CO, U, HAaIIpuMep, B IMPUCYTCTBUH aK-
TUBHUPOBaHHOTO yrst CO JIETKO IMTPUCOETUHSIET
XJI0p:

Oc
o Cl
Qo

e Cu
CO + Cl, = COCl,

¢ obpazoBaHueM ¢ocreHa (mmxiopuga Kapbo-
Huna). C cepoit CO npu 350 °C maeT kapOOHWI-
cyapdun COS. O6a BewmecrBa: COCL, u COS
IMpH KOMHATHOH TeMmeparype — OeCILIBETHbIC
SITOBUTbIE Ta3bl.

B naGopaTopuu nias CUHTe3a yrapHoOro raza Puc. 5.17. Ctpoenne CuCOCI B pac-
MPOBOMAT JErMIPATALMIO MyPaBbHHOM WITH 11a- TBOpE (@) u B KpucTaie (6)
BEJIEBOM KUCJIOT IO 1eAICTBUEM KOHIIEHTPUPO-

BanHoit H,SOy,:

HCOOH 2™} cot 4 H,0

H,SO .
H,C,0, 2504 (kOHI1L.)

COT + COzT + Hzo
.

B nmpoMbnimienHocty CO MOTy4aloT, IMPOIyCcKasi BO3AYX Yepe3 PacKaJIeHHbIN yroib,
a B CMECH C BOJOPOAOM (CHHTE3-Ta3) — B3aUMOAECHCTBHEM PACKaJICHHOTO YIS C
TTapaM¥ BOJIBL

IIpuMmensercss CO Kak BOCCTAHOBUTENb, HANIPUMED, IIPH IMOIy4eHUH METAJUIOB
M3 MX OKCHUIOB, @ TAKXE B OpPraHMYECKOM CHHTe3e — IMPH MOJNYYEHUH CITUPTOB,
YIJIEBOIOPOIOB, AJIbIECTUIOB U T. II.

JTuokcun yraepona CO,. YIiieKUCIBIH Ta3 UTpaeT BAXHYIO POJIb B OMOIOTHYECKHMX
(OTOCHHTE3), MPUPOIHBIX (MTAPHUKOBbIA 3G GEKT) ¥ TeOXMMHUYECKHX (pacTBOpe-
HHe B OKeaHax ¥ oOpa3oBaHKe KapOOHATOB) Mporeccax. B 60MbIINX KONWYECTBaX OH
IMOCTYTIAeT B OKPYXKAIOLIYIO CPely B pe3yJbTaTe CXXUTaHUSI OPTaHUYECKOTO TOIUINBA,
THUEHUS OTXOMOB U IP.

Mornekyna CO, (O=C=0) nuHeiHas, YTO COOTBETCTBYET MHHHMMAJIBHOMY OT-
TAJIKUBAHUIO CBA3BIBAIOIIMX 3IEKTPOHHEIX nap, nuHa cssu C = O paBHa 0,116 HM,
a ee cpenHsast sHeprua — 806 kJx/Moib. B paMKax MeTO1a BaJICHTHBIX CBA3eH 1Be
o-cBs13n C—O 00Opa3oBaHbl Sp-TUOPUIU3OBAHHON OpOUTANIBIO aToMa yritepona u
2p,-opOutassiMu aTtoMoB Kuciopona. He yuacTeyowue B sp-rTMOpUIU3ALIUN 2D, - U
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2p,-opOuTany aToMa yriaeposa nepeKphlBaloTCs ¢ aHATOTMYHBIMHI OpOUTAISIMH aTO-
MOB Kucnopoza. Ilpu 3Tom 06pasyiorcs aBe n-OpOUTATH, PACIONOXKEHHBIE BO B3a-
WMHO ITEPIIEHINKYJIAPHLIX MIOCKOCTSIX.

Biarogaps cuMMETpUYHOMY PacrooXeHHIO aTOMOB KHUCIOPOIA Mozsekyna CO,
HETIOJIIpHAS, MOSTOMY TMOKCH MaJio pacTBOpUM B Bone (omuH o6beM CO, B of-
HoM o6beme H,0 npu 1 arm u 15 °C). HenmonsipHOCTh MONEKYIbI MPUBOIUT K CJIa-
ObIM MEXMONEKYIISIPHBIM B3aMMOIEHCTBUAM M HU3KOW TEMITeparype TPOIHOM TOYKH:
t=-572°Cu P=5,2 arm.

Xumuuecku CO, MHepTEH, YTO 0BYCIOBIEHO BRICOKOM SHeprueu cesased O=C=0.
C cHIIBHBIMU BOCCTAHOBHTEIISIMU TIPH BEICOKHMX TEMITEPATYPax CO, nposIBIIeT OKHUC-
JUTeNIbHBIE CBOWCTBA. YI/IEM OH BOCCTaHABIMBAETCA 10 yrapHoro rasa CO:

1000°C
C+CO, <=2 2CO

Marnuii, saXokeHHBI! Ha BO3/yXe, IIPOMIOIIKAET TOPETh M B aTMocdepe COy:
CO, + 2Mg = 2MgO + C

Boanbie pacTBopbl AMOKCHIA yriiepoaa. Y IIEKUCIEI TA3 MEUICHHO pactBopseTcs
B BONE. B pacTBOpe OH HAaXOTUTCSA B OCHOBHOM B BUIIE COMBBATHPOBAHHBIX MOJIEKYII
CO,, u b He3HaUMTeNbHAS (TpUMEpHO 0,3 %) 4actb — B HOPME y201bHOU Kuc-
somsr HyCOs. Tlpy 5TOM yCTAHABIMBAIOTCA CIENYIOLINE PABHOBECHS:

K K K K
COy(r.) + H,0 2 COy-aq + H,0 2 H,CO;.aq 2 H*.aq + HCOj.aq 2

2 2H"aq + CO¥.aq
KOHCTaHTHI KOTOPBIX mipu 20 °C paBHEI

= [CO,-aql/p(CO,) = 3,6-10% K, = [H,CO4]/[CO,-aq] = 3.10%
= [H'][HCO3] /[H,CO;s] = 2,5 10% K, = [H][CO}"] /[HCO3] = 5- 10"

Sl

@azosas muarpamma CO, (puc. 5.18). B cTaHIapTHBIX YCIOBUSIX (r=25°C, P=1amm)
AHOKCHU] YITIEPOA HAXONHUTCS B ra3006pa3HoM cocTossHUuM. Teepartit CO, («CyXoit nen»)
COCTOMT 13 MoJekyi. [Ipu atmocdepHoM nas-

JICHHH OH HE IUIABUTCS, a CYGJIMMMPYETCS

P, am T |B (ipu —78 °C), He MpeBpaASCh B KUIAKOCTD.
P=73amm i «Cyxoit JIe1» UCTIONB3YIOT KaK XIANATEHT: €ro

! CMECH C aLETOHOM WIM AMITUJIOBBIM 3¢HU-

CO,y(x.) I POM MO3BOJIAIOT MOHU3UTBL TEMIIEPATYPY A0

| ! -78 unu -100 °C coorsercTBerHo. [IpK mo-
CO,(18.) Coyr) | BBILIEHHBIX JaB/ieHUsAX CO, HaAXOAUTCS B XU/~

6r ______ I KOM COCTOSIHMH, a BHILIE KPUTHUYECKOIT TOU-

4r } [r=-572°C } KM B, rae vcue3alor pauidumns Mexmy Kuji-

2t | [£=52amm ! KOCTBIO U [APOM, — B CBEPXKPUTHUECKOM,

0 - Ceepxkputnueckuit CO, MCIONB3YIOT KaK

L 1 1 A 1t
120-100-80 -60 -40-20 0 20 1°C

MHOroQYHKLHMOHANBHBIA PACTBOPUTEb, Ha-
NpUMED, U1 IKCTpaKUUU KodenHa u3 koge,
Puc. 5.18. ®azopas quarpamma CO,  kak 3heKTUBHBIN OCYILIMTENb U p.
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TTocKosIbKY OCHOBHAs Macca JMOKCHU/A YIaepoaa B BOJHOM paCTBOPE HAXOMUTCS
B Buge CO,-aq, a He B popme H,CO;, To koHcraHty K; muccoumammu H,CO,
MpaBUIbHEE 3aMMUCHIBATh IO OTHOLIEHHIO K obuieil KoHieHTparmu CO,:
K; = [H'][HCO;3] /[CO, + H,CO;] = 4-1077
TakumMm o6pasoMm, H,CO, — ciabasg M HeycTOMUHMBass KMCIOTa, KOTOPYIO B cBOOOI-
HOM BHUJIE M3 BOIHBIX pACTBOPOB BBIIEJIUTD HENb3s1. Boia, HachlleHHAs YITICKUCITBIM
T230M INMPY KOMHATHOM TeMreparype, umeeT pH 3,7.

TeM He MeHee B ra3000pasHbIx npoaykrax pasnoxerus NH,HCO; npu -190 °C macc-cniekTpo-
MeTpuuecky obuapyxeHsl yactuubl HyCOs:

NH,HCO,;(18.) = H,CO;(r.) + NH;(r.)

Cpo6omHas yrojbHas KMCIOTa MONydeHa NPY 3aMOPAXUBAHKUN XUIKUM a30TOM pacTBO-
pos KHCO; u HCl B meranone CH;OH ¢ mocnenyiommM HarpeBaHueM CMecH 10 25 °C*.

KHCO,(18.) + HCI(1B.) = KCI(18.) + H,CO;4(T.)

B OTCYTCTBHE BOIBI YroJibHas KUCJIOTa OTHOCHTENBHO ycToituupa. Pasnoxenue H,CO; —
IPMMEP aBTOKAaTATMTHYECKOTO npouecca. Peakiws ycKopseTes 1o Mepe 00pa3oBaHusi MOJIEKYIT
Bonsl. IIpeanonaraercs, 4To MPOLECC MPOTEKAET UEPE3 LIMKIINUECKOE MEPEXOTHOE COCTOAHUE!

N
ol - \C%0 + H,0

B BoxHOM pacTBOpe paxioxeHue Moiekyn H,CO; mpoTeKkaeT MpaKTHYECKH MTHOBEHHO™ !

N
H, G
H C SAry Y O\
o Moo | WA 5 e s2m0
(b | HgH
H_( Q
OH L H

IMpuBegeHHas B OCHOBHOM TEKCTE KOHLIEHTPALKA YIOJBHONH KUCIOTEl B PACTBOPE COOT-
BETCTBYET COmEPXaHUI0 He cBoGoaHbIx Monekya H,CO;, a nMKIHYECKUX TMpaTOB, nomo6-
HBIX TPUBEICHHOMY BBILLIE.

CoJHt yrosIbHO#M KMCJIOTHI Ha3bIBaloTCst kapbonamamu. KapboHaT-HOH CO§" WMe€eT
¢bopMy MpaBIILHOTO TIIOCKOTO TpeyroiibHuKa. TpH sp>-ruGpuiHble OpOUTANIM aTOMa
VIJIEpO/Ia YYACTBYIOT B OOPa30BAHUY G-KOBAJICHTHOM CBSI3H C TPEMS aTOMaMU KHUCJIOPO-
na. OcraBlascs p-opOUTaib, NEpNEHANKYISIPHAsT TNIOCKOCTU TPEYTOJIbHUKA, NMEPEKPBI-
BaeTCs ¢ AHAJIOTUYHOM OpOUTANBIO KAXIOTO aToMa KUCIIOpO/Ia, YTO MPUBOIMT K 00pa-
30BAHMIO IEJIOKATM30BAHHOM cHcTeMBI t-cBsidelt (puc. 5.19). B pedyibraTe KpaTHOCTh
cBsi3n C—O nossiaercd g0 1,33.

* Hage W., Hallbrucker A., Mayer E. // J. Amer. Chem. Soc. 1993. V. 115. P. 8427,
** Loerting T., Tautermann C. et al. // Angew. Chem. Int. Ed. 2000. V. 39. No. 5. P. 893.
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KapGoHaTe! 1BYXBaJIEHTHBIX METAJUIOB TPYIHO pacTBo-
PUMBL B BOJIe, HO UX PACTBOPMMOCTD MOBHIIIAETCS B IPH-
cyretur CO, 3a cyet 06pa3oBaHUs GUKAPOOHATOB:

CaCO; + CO, + H,0 = Ca(HCO;,),

TemmnepaTypa pacriana kKapGOHATOB Ha OKCHI MeTaI1a U
CO, NoBbIIITAETCS IO MEPe YCHIEHHST SIEKTPONONOXUTE b~
HOTO XapakTepa MeTa/la 1 MOHHOTO XapaKTepa CBs3eil B

Puc. 5.19. Crpoenne kap-  gpucrammax*,
foHaT-HoHa

HonopHsie cpoitctBa CO3~ NpoABISIOTCS B peakuusix oOpa3oBa-
HHUS KOMIUIEKCOB C MEPEXOIHBIMU METAJUIAMM, KOTIa XHMHYECKas CBA3b 0Opa3yeTcs 3a CueT
BAKAHTHBIX d-opOuTalieil MeTaIa U p-3JIEKTPOHOR KapboHar-uoHa. Hanpumep, manaxur
PACTBOPSICTCS B rOPAYEM PACTBOPE COABL 32 CYET 0OPa30BaHMS KAPOOHATHOrO KOMILUIEKCA:

Cu,(OH),CO; + 3Na,CO; = 2Na,[Cu(CO3),] + 2NaOH

ITpoussoanbie yroabHolM KHCA0T. MOHOAMUI yTrOAbHOM KMCTOTH — KapbaMHUHO-
Basi kucaora NH,COOH — B cBoGogHOM Buze He CYLIECTBYET, OJIHAKO €€ COJIU —
KapBamarel — Xopollo u3secTHH. KapGamar aMmMoHus obpasyercst Ipyu B3aUMOIEHt-
CTBMH YIIEKUCIIOTO rasa ¢ aMMHakoM. IIpu HarpesaHuM mox naBleHMeM OH IpeBpa-
UIACTCS B MOYEBUHY — OTMAMUI YIOJbHOI KUCIOTHL:

Jasnenne (“:
7N

H,N NH,

Tuomouernna (NH,);C=S — cepHBIit aHATOTr MOYEBMHEI — B BOJHOM PacTBOpE
MEIUICHHO T'MAPOJIM3YETCsA ¢ 00pa30BaHMEM aMMHaKa, YIJIEKUCIIOro Ia3a U CEPOBOIO-
pozna. THOMOUEBHHY UCTIONB3YIOT WIS OCAXAEHMS KPUCTALTMYECKUX cyAbhUI0B HEKO-
TOPHIX METALIOB (CBUHLA).

HuTHOKap6aMHHOBEIE KUCNOTH (1) H3BECTHBI [IaBHLIM obpa3oM OGiarogaps ux
COJISIM — nUTHOKap6aMaraM. JHaNKMIATHOKAP6AMATH ILEIOYHBIX METALIOR rnojay4ya-
10T B3auMoneicTBHeM cepoyriepoga CS, ¢ aMuHaMM B NMPUCYTCTBHM ILEIOUM.

2NH; + CO, - [H,NCOO]-NH;

S
i /S\ /CH2CH3
N Ag LN
R2N SH S CH)CH3

I II

Conu nepexonHslx MeTawios (Hampumep, 11 — AV3TWIINTHOKapOamar cepebGpa)
CHUHTE3UPYIOT MO OOMEHHBIM PEAKIIMSIM.

HAManKmwIANTHOKap6aMaTEl MCTIONB3YIOT B KAYECTBE $YHIMUMIOB U MPOTMBOTPUL-
KOBBIX IPEI1aPaTOB, B aHATUTHYECKON XMMUH — JUTS1 OOHAPYXKEHUS HOHOB Pa3TUUHBIX

MCTaJLIOB.

* D10 TMOKa3BIBAET CpaBHEHME TEMIEPATYp (°C), npu KOTOPHIX JaBleHUE OMCCOLMALIMU CO, Hag
TBEPABIMU KapGoHaramu gocturaer 101325 Ha (1 atm): MgCO, 230, MnCO; 330, FeCO, 405, CaCO,
760, SrCO; 1130, BaCO; 1300.
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5.6.2. Kucnopoaubie coeaMHEHHS KpeMHHSA

Oxkcuppl kpemuusa. KpeMHuit, Kak u ymiepon, obpasyeT MoHookeH SiO 1 ok~
cul SiO,. OHaKO Ha HTOM CXOACTBO 3aKaHUMBaeTcss. 064 COeTMHEHNS B OTIIMINE OT
OKCHIIOB YIJIEPO/IA MPEICTABIAIOT COGOM TYromaBKHe TBEP/IbIE BEMECTBA C KAPKACHOM
CTPYKTYpoil. VI3aMeHeH e CTPOECHUS 1 CBOMCTB OKCHIOB ITPH MEPEX0Ie OT yrjepoaa K
KPEMHHIO 00YCJIOBJIEHO YMEHBLIEHHEM IIPOYHOCTH KPATHOM CBA3H D—O U YBEJIMYCHU -
€M NPOTHOCTH OAMHAPHOH o-cBsA3N (E(Si—O0) = 443 u E(C—O0) = 357,7 xJIx/MOJb).
Kpome Toro, yBenmueHe pasHOCTH 3/1eKTPOOTpHLIATE IbHOCTEH aToMOB O | Si cro-
cOOCTBYET POCTY MOHHOM COCTABJIAIONIEA XUMHUYECKOM CBS3H.

Iaper Monookcuna SiO obpasyloTcs npu HarpeBaHuu KpEMHE3eMa C KPEMHHEM IIpH
1300 °C u KOHEEHCHUPYIOTCA B UEPHO- KOPHUUHEBBLI TOPOLIOK, HA BO3AYXE MEIEHHO OKUCIS-
omuics 1o SiO,. Teepaplit SiO 06na1aeT 3HAUNTENILHON XUMHYECKOLH CTOMKOCTBIO, OH IpaK-
THYECKM HE PaCTBOPAETCA B KUCnoTax, kpoMe HF, ogHako jnerko pactBopuM B wmenoyax:

SiO + 2NaOH = Nazsi03 + HzT

MoHooKcun KpeMHUS 061a1daeT XOpoLIMMU TUJIEKTPUUECKUMY XapaKTePUCTHKAMMU U
MEXaHUYECKOM MPOYHOCTBIO U MO3TOMY NPUMEHSAETCA WIS CO3NAHUA U30JIMPYIOILIMX U 3a-
IIUTHBIX CJIOEB B MOJYNPOBOIHUKOBLIX YCTPOIICTBaX.

Okcua SiO ABNS€TCs CHIBHBIM BOCCTAHOBMTEJIEM, HAMPUMEp:

2Si0 + 4AgClO, + 12HF = 4Agl + 4HCIO, + 2H,[SiF] + 2H,0

JIMokcua KpeMHUS IMPOKO PAcTipocTpaHeH B npupone. OH ABISETCS IIABHOM
COCTABHOH YacCTbi0 KBAPIIEBOTO IIECKA, MPUCYTCTBYET B IPAHUTAX M IIECUAHHKAX, a
TakxXe BCTPEYAETCA B BU/IEC TOPHOTO XPYCTaNA U psiia OKPaLIEHHBIX HOPM — pUOoIe-
TOBOTO aMETHCTA, PO30BOTO KBAplld, TEMHO-KOPUYHEBOTO MOPHOHA U [p.

IIpr OGBIYHOM MABIECHMM M TEMIIEPATYPE CYMIECTBYIOT TPH KPUCTAUIMYECKE
MoxduKanuK quokcuaa KpeMHus SiO,: KBapil, TPUINMHUT U KPHCTODAITUT, YCTOM-
YMBbIC B ONPENETICHHON 001acTH TeMnepaTypel (puc. 5.20). s kaxaoi Mogrduka-
WY U3BECTHBI HU3KOTEMITEPATYPHBIE 0.~ M BLICOKOTEMITEPATYPHBIE B-(popMbl. OHI
NIOCTPOEHBI U3 TeTPAdNPOB SiO,, COENMHEHHBIX C COCEIHMMM TETPA3IPAMU BCEMHU
HETBIPbMS aTOMaMH KHCJIOPOIA B TPEXMEPHBIE PELIETKH (MMEHHO TAKOe COequHe-
HUe TeTpasapos SiO, naer obumit coctas Si0O,: KaxXablit aTOM KHUCIOpOa OIHOBpE-
MEHHO MPUHAIUIEXUT ABYM TETPasnpam, T.e. 4-'4 = 2 IUTIOC aTOM KPEMHHS BHYTPH
TeTpasspa). Hanbosee HArAOHO CrIOCO6 MX COUIEHEHUS IPOSIBIISIETCS B Kpucroba-
smre. Ero cTpykTypa siBjsieTcsl MPOM3BOIHOM OT CTPYKTYPHI ANMasa (cM. puc. 5.5),
3A€Ch ATOMBI KPEMHUS COCTMHEHBI KUCIIOPOIHBIMH MOCTUKAMU —Si— O —Si—.

B3anMHoe pacronoxeHne cBA3aHHBIX TETPadIPOB SiO, B KpUCTAIUIMYECKUX MO-
nudukanusax SiO, COBEPLIEHHO Pa3IMYIHOE, HO MeEX]Ty cO00i a- U B-HOpMBI OTIH-
HAIOTCS HE3HAYUTENIBHO (YIJIOM MOBOPOTA TETPA3APOB OTHOCHTEILHO [PYT APYra U
HEeOOJIBLIMM CMEIIeHHEeM aToMOB). B 1ietom HU3KOTEMITEPATYPHLBIE o-(DOPMEI ITpes-
CTaBJIAIOT COO0M HEMHOTO MCKaXXEHHBIE BHICOKOTEMITEPATYPHBIE B-dbopmel, To3TO-
My NEPEXOIBL MEXIY HUMH NMPOTEKAIOT OLICTPO U 06paTMo, Ge3 NepecTporKH pe-
LIETKH.

Hanpotus, B3anMHBIE MEpeXombl MEXIy pPasTMYHBIMU Momudukammamu Si0O,
TpeGyIOT pa3peiBa cesiseit Si—O—Si u ux nepectpoiiku 1o JIPYroMy IMPOCTPAHCTBEH~
HOMY MOTHBY, U3-332 4YEIro TaKHe IMPEBPAIEHUS MPOTEKAIOT MEMLIEHHO JaXe IMpH
BBICOKMX TEMIIEPATYpAaxX.,

5 Heopranuueckas XuMrs, ToM 2 129



67 °C 1470 °C 1713 °C

B-Ksapit B-Tpuoumur B-Kpucrobamur =——= SiO,(xk.)
H 573 °C “ 120 —260 °C “ 200 —280°C
700 °C 1300 °C
a-Ksapit o-Tpupumur a-Kpucrobamur —— Koacur —— CTHUIOBHT
40 x6ap 160 x6ap

6 8
100 CTHUIOBUT
80+
g
© 60l Koacur
o
=
Joo]
% 401
=
Puc. 5.20. B3ayMHBI€ ITEPEXOIbI MEX-
20¢ Iy PasnU4YHBIMH MoXuduUKaLUAMH
a-Keapu L SiO, (a); cTpoeHue o-kBapua (6);
0 200 300 1200 1600 CTpOEHHE a-KPHCTOﬁaJIHTa (noka-
Temmeparypa, °C \ \ Kpuero6amr 3aHBl KPEMHUI-KUCIOPOAHbIE TET-
D paszapul) (6); daszoBas puarpamma
2 Tpuoumur S0, (2)

B ominuue ot ocTabH X MogudHKaIMii TeTpasaphl SiO4 B a- ¥ -KBaple coeau-
HEHBI IPYT ¢ APYrOM B BHIE CIIUPATBHBEIX Henel. DTH 1eny 1ubo Bce nmpaBoBpalla-
owye, IM60 Bee JesoBpaianye. [losroMy KPUCTa/UTBL KBap1a ONTHYECKHW aKTHB-
HBle ¥ 00JIAfAIOT MbE303IEKTPUIECKMMH CBOMCTBAaMHU (IIPH MexaHU4YecKoi nedop-
MALIMH, HAIIPUMED CKATHH, TeHEePUPYIOT 3JIEKTPUYECKUE 3apsabl Ha IMIPOTHBOJIEXKA-
IIUX FPaHsIX KPUCTAIUIOB).

W3 Mmomudukaunit SiO,, CyLLECTBYIOIUX IIPU BEICOKHX IABJIEHUAX (KO3CUTA U CTHLLOBHU-
Ta), HauGoJIee MHTEPECEH CTUILOBUT (Ha3BaH B 4ecTb pycckoro yyeHoro C.M.Cruuiosa),
noNyyeHHblit HarpepanueM 1230— 1330 °C npu gasiienuy 160 — 180 k6ap W nosaHee Hai-
IEHHBIH B METEOPUTHOM Kparepe. CTUIIOBUT 061a1aeT BLICOKOM TUIOTHOCTHIO 4,39 r/cm? (s
CpaBHEHHUSA: TUIOTHOCTb KBapua 2,648 r/cm’), Tak KaK HMEET CTPYKTYpY THIa PyTUJIa C KOop-
IUHALUOHHBIM UMCJIOM KPEMHUS, PABHBIM 6.
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XMMUYECKHE CBOMCTBA Pa3IMYHBIX MOXUGDUKAIMI CXOOHE MexXay coboit. [Ipu
BBICOKOTeMITepaTypHOM (7 > 1000 °C) BoccranoBineHun SiO, IPOCTHIMU BELLECTBA-
MU (MeTa/ulaMU, YIJIEPOZOM, BOZOPOJOM) OGpa3yercsi KpeMHUIA:

Si0, + 2Mg = Si + 2MgO

Si0, + 2H, < Si + 2H,0

a MpU U30BITKE BOCCTAHOBUTENS — CHJIMIIM/IBL:
. i .
Si + 2Mg = Mg,Si

8i0, + 3C £ sic + 2cot

Oxcun kpeMHUsI(IV) TIpOSIBISIET KUCIOTHEIE CBOMCTBA IIPY B3aMMOAEHCTBUU C
pacTBOpaMM U paclulaBaMy LLEJOYEH, C OCHOBHEIMU OKCHIAMHU M KapOOHaTaMu:

Si0, + CaO % CaSiO,

Bee dopmer SiO; XMMHUYECKY YCTONYUBH K BO3IEHCTBUIO KUCJIOT, HO PACTBOPSIIOTCS
(xpoMe cruiioBuTa) B IUTaBUKOBO# kuciaore HF ¢ o6pa3oBaHMEeM KOMIUIEKCHOMH
rexkcadropokpeMHueBoit Kucinotsl H,[SiFg):

SiO, + 6HF(p.) = H,[SiFy] + 2H,0

JMoKcuA KpeMHUS UCTIONB3YeTCsl B IIPOM3BOACTBE CTPOUTEIBHBIX MATEPUAIOB U
CTEeKJIa, KBapll — B IIbE303J7IeMEHTaX, IIpeolpasyioluX JIeKTPUUECKUIl CUrHaAI B
MexaHU4eckUit U HaobopoT. CreknoolbpasHeit Si0Q, uaeT Ha U3roTOBIEHUE XUMU-
YeCKO# aImaparypbl, IpUMEHSIETCSI B Paguo- U ONTO3JIEKTPOHUKE KaK reHepaTop
YACTOTHI M KaK MaTepuasl OITUYECKHUX CBETOBOIOB, B IIPOU3BOACTBE IIeMeHTa, 6ETO-
HOB, OTHEYTIOpoB. HeraBHO Ha OCHOBe JUOKCHJA KPeMHUS OBUIO CHHTE3MPOBAHO
CEMENCTBO ME30IIOPUCTBIX MOJIEKYJISIPHBIX CUT C BBICOKOYTIOPSAOYEHHOM CTPYKTY-
poil Top M Upe3BHIYAHO BhICOKOM (m0 1000 M2/KT) yAEIbHON ITOBEPXHOCTHIO.

KpemaneBblie KHCJIOTbI H CHIIAKATBI. Si0; — aHHIPUI KpeMHUEBLIX KUCIIOT. ITpo-
CTeilas U3 KOTophiX oprokpeMHueBast H,SiO, He BBIIENEHa, TaK KaK TIPU KOHIIEH-
TPUPOBAHUM IIpeTepIieBaeT NOMUKOHAeHCAUI0. OHa OTHOCUTCA K CIabBhIM KUCIO-
taM: K, = 1071, K, = K3= 107'2, yto moarBepxaaeTcs ILEJOYHON peaKiueil pacTBo-
POB CHWJIMKATOB LIETOYHBIX METAUIOB. B BOXHBIX pacTBOpax HOKAa3aHO IIPUCYTCTBUE
KPEMHMEBBIX KUCIIOT KOHIIeHTpalueii oT 2,9-107* go 20- 10~ mMoub/71: OpTOKpeMHU-
esoit H,SiO, (SiO,- 2H,0), mupokpemuuenoit H¢Si,O; (SiO,- 1,5H,0), MeTakpeM-
Huesoit H,Si0; (Si0,- H,O) u mukpemuuesoit H,Si,05 (Si0,- 0,5H,0):

OH OH (l)H ot
HO— Sl-—OH HO-S{~0~ Sl—OH H-{0— sl =S
OH OH

X
H,Si0, H¢Si,0, H,SiO, H,Si,05
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Crexyo. CTeKJIO M3BECTHO YeJIOBEYECTBY C JOMCTOPUYECKHUX BpeMeH JM6O Kak
MPUPOAHBIH (BYJIKAHHYECKOE HENTPO3PayHOe CTEKIO — OGCHINAH, CTEKJIA METEOPUT-
HOTO NMPOMCXOXICHUSI — TEKTUTBI), JIMOO KaK MCKYCCTBEHH b MaTtepuan. Crekia rmo-
JIy4aloT oxJlaxAeHHeM pacriaBoB Si0,, Na,COs, CaCO,, B,05, P,O5 1 ap. co ckopo-
CTSIMH, INMPEBBILIAIOIIKMMH CKOPOCTb KPUCTA/UIM3ALMH, MIO3TOMY CTEKIa — 3TO aMop-
(HBIE TBEpIBIE MaTePHAJIbl, TPEACTABIAIOUIME COGOM ITepeoXIaXIeHHbIE XUIKOCTH. B
CTEKJIaX COXPAHsIETCS TeTpadipryecKasi KOOpAUHAL KA aTOMOB Si aroMaMu O, HO YIJIbl
Si—O—Si craHossiTcs HeperyasipHbIMK (OJIMXHUIA MMOPANOK) B OTJIMYME OT KpPHC-
Ta/uTnyeckKux Moaudukauuit SiO, (manpHui mopsaok). ITocKoabKY HCXOMHBIE Belle-
CTBa 3a4acTyIO 3arPA3HEHB] Pa3IUYHBIMU MIPUMECSAMH, 4 CHJIMKATHBIN PACILIaB OYEHD
XMMHUYECKH arpeccuBeH U JIErKO PacTBOPSET MHOTOYMCJIEHHBIE OKCUABI M COJIH, 00-
pa3yolMecs cTeKia, Kak npasuiio, okpaiteHst (okcuasl FeO + Fe,0; obecneunsaior
roJiybyto okpacky, Cr,O; — 3eiieHyio, CoO — cunwowo, Cu,O — xpacuyio u 1.1.). ITpu
3aMELICHUH OKCUJOB, BXOASLIMX B OOBIYHBIE CHJIHMKATHHIE CTEKJIA MPUMEPHOrO CO-
craBa Na,O-CaO-6Si0,, Ha oKcuasl CBMHLA, 6opa, docdopa, cejgeHa, BaHaaus,
TUTAHA U MHOTUX APYTHUX 3JIEMEHTOB IMOJYYAIOT CITELMATBbHBIC CTeKIa (aTIOMOCHIIU-
KaTHsle, 60pOCHIMKATHbIE, amoMockarKodocdarHsie U ap.). IIpu BBeAeHHH oKcHAa
CBMHIa 06pa3yloTcs CTEKJIa ¢ BRICOKUM ITOKa3aTejieM IMpejioMiieHus (xpycrais). Jo-
6aBku B,0; obGecrieynBaloT BLICOKOE CONPOTUBJIEHHE TEIUIOBOMY yaapy (GJiaromaps
oueHb HH3KOMy (~3- 1076 K-') ko3 dUIIMEHTY TEIIOBOro pacluMpeHHst), BHICOKYIO
IPO3payHOCTh, OTHEYMOPHOCTD (IMpeKc). st cTeKon cBocTBeHHA (POTOYYBCTBUTE b~
HOCTb — MOSIBJIEHHE OKPACKH IO AEHCTBHEM YJIBTPadHOJIETOBOrO, PEHTTE HOBCKOTO,
raMMa-uIyyeHUs. U HEUTPOHOB. DTO sIBJEHHE HCHOJL3YIOT B ITPOM3BOACTBE (HOTO-
XPOMHBIX CTEKOJI U JO3UMETPHYECKOMH amapaTypsbl.

CTexso HaXOAMTCH B MeTACcTAOWIBHOM TePMOAMHAMUYECKH HEPABHOBECHOM CO-
CTOSIHUM M CKJIOHHO K KPHCTa/UTM3allMH ITPH BBICOKHX TeMmeparypax. OIHaKo cTeKiia
KPHUCTAJUTU3YIOTCS OYeHb MEUICHHO M3-3a CBOECH BBICOKOM BA3KOCTH.

CrexnoBuaHbiit SiO, coueTaeT HU3KUIA KOI(DGDHULUMEHT TEIIOBOTO paCIIMPEHUS
(~0,25-10° K™') (w1 cpaBHeHUs: 0OBIYHOE CTEKNIO MMeeT KoadduimeHT ~1 - 10~ K1)
C MPOYHOCTHIO, ONTUYECKOM MPO3PAYHOCTBIO U XHMHUYECKONH MHEPTHOCTHIO. B XuMuye-

B BOsE pacTBOPUMBI TOJNIBKO CHJIMKATHI LIEJTOYHBIX METAIIIOB M aMMOHuUA. B pac-
TBOpE OHM THApOIU3yTCs. [Iponece GopMaNbHO OIMCHIBAETCA peaKuueis:

Na,SiO; + H,0 2 2NaOH + H,SiO,

®akTU4ecK B pacTBOpE MPUCYTCTBYET cMeCh IOJUCHINKATOB. IIpu mogkucie-
HUHY [IOJIMCWIKMKATHBIC aHUOHBI 00pasyloT KOJUIOUIHBE pacTBOPHI WM 30JIM, KOTO-
pBie IIpYU HarpeBaHUM, CTapEHUU WK u3MeHeHUU pH MOTyT TipeBpalatbesi B CTYHAE -
HUCTBIE OCaAKM (renu) MOIUKpeMHUEBbIX KUCIOT [SiO(OH),_,,], nepeMeHHOro
cocTapa. I1pu UX YacTHYHON JeTHApaTAlIMM O0Pa3yIOTCA CUIIMKAre I — MaTepUalIbl
¢ TIOPUCTBIM CTPOEHHUEM U CHJIBHO Pa3sBUTON BHYTpPeHHe! MOBepXHOCTHIO Top. 1o-
3TOMY CWJIMKAreJIU UCIIONB3YIOTCSA KaK ceJICKTUBHBIE aJcopOeHThI, XpoMaTorpadu-
YeCKUe HOCUTEHU, BOJOTIOTIIOTUTEN U JIp.

B BOgHBIX pacTBOpax CHJIMKATOB YCTAHABIMBAIOTCS UCKITIOUMTETBHO CJIOXKHBIE . A1~
posuruyeckue paBHoBecus. Tak, B 1,5 M BogHoM pacTBope K,SiQ;, monydeHHOM
u3 KOH u SiO; B MOJTbHOM OTHOLIEHUM 1:1, METOZOM CITEKTPOCKOIIMHU SIEPHOTO
MAarHUTHOIO pe30HaHca Ha sSipax KPeMHUS BBISBICHO OTHOBPeMEeHHOE TIPUCYTCTBUE
22 qUCKpeTHBIX CHJIMKATHBIX AHUOHOB: MOHOMEPOB, TUMEPOB, TUHEHHBIX M IMKIIH-
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CKHX JIaGOPaTOPHUSAX YacTO HCIIOMB3YIOT JIETKOIUIABKOE CTEKIIO, HA3bIBAEMOE MosnuOne-
HOBLIM, TaK KakK B HETO MOXHO BHAsiTh MOJIMGAEHOBYIO IIPOBOJIOKY. JIVUIIUM CTEKIIOM
JUtst U3TOTOBJIEHUS JIaGOPATOPHOM MOCY/IbI SIBJISIETCS MUPEKC — GOPOCHIMKATHOE CTEKIIO
C KOG(UIUHEHTOM TEIIOBOTO paclMpeHus 4 -10- K-!, BruiepxuBalowee HarpeBa-
Hue 10 800 °C. 3a 4500 sieT Ucnonp30BaHKs CTEKIA 1O cepeauHsl XX B. ero nmpoapay-
HOCTBb CMOI/IM yBeJIMYMTH B 10 ThICSY pa3, a 3a cieayowme 30 JeT — ewe B 10 TrIiCsIY
pas Gmarofapsi pazBUTHIO XUMUYECKOH TEXHOJOTMH OMHCTKH KBapua OT IpUMecel U
TIOY4CHUs ONTUYECKOro BosloKHa. Conepxanue npumeceit Cu, Fe, V, H,0, OH s
KBApLE CHIXKEHO 10 HECKOMBKHX J0JICH Ha MUIMap], 61arogaps YeMy OYeHb CHIBLHO
0CIabIAI0TCS ONTHYECKHME TIOTEPU: OKHO U3 HOBBIX MaTepUaIOB TOJLIUHOMK 1 KM mpo-
3payHee OKHa U3 OOBIYHOTO CTeKJIA TOMKMHOM 1 MM. DTO NMO3BOIMIO CO3AATh ONTUKO-
BOJIOKOHHBIE CBETOBOABI JUAMETPOM B YEJIOBEYECKHIl BOJIOC U JUIMHOM HECKOJbKO
ThICAY KMJIOMeTpOB. Ceifyac ONTHKO-BOJIOKOHHOM CBSI3BIO COEAMHEHDI KOHTHHEHTSHI,
Takasi CBA3b IPOTSHYTA OT 3anafgHbIX rpaHun Poccuu no Bragusocroxa.,

IToMKuMoO npocToro CrulaBaeHUsT KOMIIOHEHTOB U OBICTPOTO OXJTaXAEHHUsT paciiia-
Ba, CTCKJIA, KEPaMHKY CJIOXHOIO COCTaBa M MOPUCTBIE aMOP(HbIE MATEPUANBI (CHIIH-
Karejip) MOJIYYalT 304b— 2eab-memodom. Taxoil mpouecc 06BIYHO NPOBOJAUTCS pa-
CTBOPEHHEM anKOKCHIOB MeTa/uioB M(OR), B criMprax (npu 3TOM NMPOMCXOIMT yac-
TUYHA] OMMroMepusantst alKOKCHIOB (30i1el)) ¢ nocieayomumM 1o6asie HHeM BOAb
JUTA MIPOBEACHUS TUAPOJIM3A;

M(OR), + xH,0 = M(OH), + xROH

I'naponus npuBoguT K 06pa30BAHMIO TUIOTHBIX reJiei, KOTOpble MOXHO JTUGO BbI-
CYLIMBATD JU1s1 NOTYYEHUS IIOPUCTBIX MAaTepUasIoB (HaNpUMep,CUIUKaresss — aMopd-
Horo SiO, ¢ auaMeTpoM nop 2,2—2,6 HM U TIOWALbIO nosepxHocTH 750 — 800 Mm2/r,
MCTIOJIE3yeMOTO B KayecTBe acopOeHTa, HOCHTENsSl METaUTMYECKHMX KATalu3aTopOB
(Pt, Pd, Ni), Teruousonsropa), 1160 o6Xurath s ITOJTyYeHHSI TUIOTHBIX KepaMHU-
HECKMX MaTepHAIOB U CTEKOJI IIPU TEMIIEPATypax, 3HAYMTEIBHO HIXE UX TEMITepaTyp
masneHds. K sTomy xXe tuny Matepuanos oTHocsTCS adporesv, KOTOPsIE MOTy4aioT
CBEPXKpHUTHYecKoit cyikoit. [Topucrocts asporeseit nocturaer 98 %.

HeCKUX TPMMePOB M TETPAMEPOB, IIPU3MATHYECKUX IreKCAMEPOB, OKTAMEPOB U Ap.*
Ipu noakuceHMH OHM 0GPa3YIOT KOJUIOMIHBIE PACTBOPHI MITH OCAXKIAIOTCS B BHJIE
MaJIOPaCTBOPUMEIX COeIMHEHUIA.

MeTacwiukaT HaTpus TOJMYYalOT CIUTABIEHUEM Si0; ¢ copoit:

8102 + N32CO3 = Na25i03 + COzT

OH npezncrapnsieT cO60i KpUCTATUYECKUIT TIOPOLIOK, COCTOSIIIUMN U3 JUTUHHBIX
UETIOYEK KPEMHUN-KUCIOPOHBIX TETPA3APOB, CBSI3AHHBIX OBGLIUMU Be pIIMHAMHU.
CWIMKaT HaTpUsi XOpOIUO PAacTBOPUM B BOJIE (18,8 r B 100 r Boms! 1pu 20 °C),
ONHAKO IPOUECC PAaCTBOPeHHUS NMPOTEKAET MEIJIEHHO, COIPOBOXIAETCS THUIPOIIH-
30M ¥ 00pa3oBaHMEM 30J151 KPEMHUEBOM KMCIIOTHI. KoHueHTpUpoBaHHBIe pacTBOPHI
Na,Si0;, HasbIBaeMble XHIKUM CTEKJIOM, HCIIONIB3YIOT B KaYeCTBE KAHUEISPCKOTrO
KJIest.

B cucreme Na,O— SiO; U3BECTHBI U [pyTHe COCTUHEHUS — Na,Si,0s, Na,Si;0,,
Na,Si,04. M3 pacruiasa Na,SiO;— NaOH nonydeHst KpUCTaJUTh oprociwiukata NaySiO,,

* Knight C.T.G. //J. Chem. Soc. Dalton Trans. 1988. P. 1457,
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Pa3noo0pa3ste NPHPOHBIX H HCKYCCTBEHHBIX CHJIHKAaTOB. CONM KPEMHHEBBIX KHC-
JIOT COCTABIISIOT GOMBLIOIN KIACcC MPHPOJHBIX M HCKYCCTBEHHEIX MUHepanoB. HecMor-
ps Ha pa3sHOOGpPa3Me M CIOXHOCTH COCTAaBa, CUIMKATH KIacCHOUUHUPYIOT Ha OCHOBE
MPOCTHIX MTPUHLMITOB:

1. TIpakTHYeCKH BCE CUJIMKATHI NOCTPOEHBI U3 TeTpasapos SiO,. braroxapst MeHb-
IIeif MPOYHOCTH KPATHEIX CBsA3¢ll IO CPABHEHHIO C ONMHADHBIMHU TETPAdIPbI Si0,
COEMMHSIOTCS APYT C APYrOM yepe3 ofuiye BepLIMHHBIE aTOMbl KUC/IOpoAa, obpa3ys
OCTPOBHbIE MJIM GECKOHeYHbIE LIEMOYEYHBIE, JIEHTOUYHBIC, CIIOMCThIE M KapKacHble
CTPYKTYDBI.

2. AToMbI Si B TETpasApaX MOTYT 3aMeELUaTbCcsd Ha aTOMBI IPYTHMX 3/IEMEHTOB, Ha-
IpYMep, Ha aTOMBl ATIOMHHUS ¢ OGPA3oBaHUEM TIOMOCHITUKATOB.

OcTpoBHbIE CHIMKATHI (puc. 5.21) coaepXar JUCKPETHBIE TPYIIIHL SiOff (dbenaxkur
Be,Si0y), Sizog' (roprBedTHT SC,8i;07) M LMKINYECKHE METACHIMKATHLIE IPYIITHI
[(Si0;3),]2" (6epwin Be;AL[SigO\5]). B mpupoae npeobaanaioT LEMHbIe (puc. 5.21,0)u
nenTounsle (puc. 5.21, e) cunukarsl, Hanpumep criogymen LiAl[SiO;),, a rakxe ac-
6ecT, MOCTPOEHHKH U3 (pparMeHTOB [Si4O”]6‘ (cm. puc. 5.21, e). OObeAMHEHHEM CITO-
eB U uerneii popmupytores ciou (tanmsk Mg;[Si,Os1:(OH), (puc. 5.21, x)), a oGbeau-
HeHHUEM CJIoeB 110 BEPLUIMHHBIM aTOMaM KHCJIOPOAa — TPEXMEPHBIE KapKacHBIE CTPYK-
TypH, Kak B nonesbix wmnarax (KAl[Si;Og]), ueonurax (NaCay s[AL,Si50,4] - 10H,0) u
kaonute (AlL,Si,05(OH),) (puc. 5.22, d).

A \V7AY V‘V‘V’V VAY,
Siof AVAVAVAVAVAVAVA
[Si4010] 3+

51207
6

Si;08
'3

« ~12-

SigO13 (8,042
2 2\/51n

o

Puc. 5.21. CTpoeHH€e CHIIMKATOB:

a—e — OCTPOBHbBIe; d — LIETHHIE; € — JIEHTOYHHIE;
oK — CIIOUCTHIE
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HeonuTtel — 3T0 Gosibluas TPYNIA MPUPOAHLIX U CHUHTETUYECKUX COCOMHEHHUIT C
YHUKaJIbHBIMH CBOMCTBaMH. B UX CTPyKType TeTpasaphbl SiOI' u AlOi' o0beJMHEHDI B
MOJIUJAPH] TAK, YTO obpa3dyeTcsi cucTeMa TYHHesleH WIM IepeceKaloluxes KaHaloB
CTPOro omnpeaejieHHOro pasmepa (puc. 5.22, a—e). B atux nmycrorax pacrofiaralrcs
KaTHOHBI, KOMITEHCUPYIOLIME 3apsii aTIOMOKPEMHEKUCIIOPOIHEBIX TETPA3APOB, a TaKKe
Mosiekysisl H,O. Boaa B ueoanTax MoXeT 0OMEHHBAThCS HA CIIMPTH, AMMMaK U Jpyrue
BELLIECTBA, a TaKXKe YIAISThCS MPH HarpeBaHUU. T1py 3TOM BO3HMKAIOT TaK Ha3blBaeMble
MOJIEKYJISIDHBIE CUTa, KOTOpblEe MONIOIIAIOT TONBKO TE BELIECTBA, MOJIEKY/IBI KOTOPBIX
MOIYT BOWTHU B UX rnosioctd (auameTpoM 0,3—1,3 HM), YTO ITO3BOJSIET UCITONB30OBAThH
MOJIEKYJISIPHBIE CUTa VIS pa3fie/IeHUs YTIeBOAOPOAOB (C JUHEHHBIMU U pa3BeTBJIEHHbI-
MU LETISIMU), OCYLIKM Ta30B U XHIKocTel. OMHU KATHOHBI B 11€0JIMTaX CITOCOGHEI 3aMe-
LIATHLCA Ha JPYTHE, YTO UCIOJIL3YETCs VIS CO3NAHUS UOHO0OMeHHUK06 (KATHOHUTOB).

CxonHoe ¢ UEGOHHTaMM CTpOeHHe UMeeT yiabTpaMapuH [Nag(S,)(AlgSicO24)] u
POICTBEHHBIE €My cOoelMHeHus, HanpuMep Ja3ypuT [Na;Ca(AlSiO,);S]. B Hux B Ky-
6okrasapsl (puc. 5.22, a, 6) HapsiLy c aToMaMU KPEMHMSI BXOIAT U ATOMBI ATIOMUHMUS,
a KaTHOHBI M aHWOHBI paclioaraloTcs B MYCTOTAaxX Kapkaca. SIpKyio CHHIO OKpacKy
YJLTPAMApUHy 0DECreYyMBalOT HOHBI S; M S3, MAKCUMYM MOIJIOLIEHHUS KOTOPHIX Ha-
6moaaercs pu 600 HM.

©oH
©o
® Al
© Si

Puc. 5.22. CTpoeHue KapKacHBIX aliOMOCHIMKATOB-LEOIUTOB (@— &) U KAOJIMHMUTA —
GeJiol NIKHE (0):

a — obpa3oBaHue KyGOKTasapoB u3 24 Terpasapos SiO,; 6 — cxeMaTuyeckoe u300paxeHue
KyOOKTasapa; 6, ¢ — CTPYKTYPH LIEONIUTOB; d — CTPYKTypa KaoJMHUTA
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-0 o- Puc. 5.23. CtpoeHue noHa [Sigozolg‘

KOTOPBIH YCTOWYMB JIMIIL B OTCYTCTBHE BOAHL. M3 pacTBOPOB METaCUIIMKATOB JaXe B
MPUCYTCTBUM 1LEJoYM KPUCTAIU3YIOTCS NonuMepHeie MeTa- (Na,SiO;(H,0)e),
onuroMepHbie (Na,SisO3(0H),(H,0),) unu xucasie opro-HopMsl, HalpuMep
Na;HSiO,(H,0),, Na,H,Si0,(H,0),, Na,H,Si04(H,0),. [TocnexHsas u3 Hux, u3se-
CTHas Nnox Ha3BaHUeM HoHaruapar Na,SiO;- 9H,0, kpucramnusyercs Npu cOOTHO-
weHuu Si0,: Na,O: H,0 = 10: 12,75 88.

PactBopeHHEM AUOKCHIA KpeMHHUS B pacTBOpe THIPOKCHAA TETpaMETHJIAMMO-
HUS GBUTY MOTyYeHB KpUCTAJUTH okTaMepHoro cuinkara* [(CH,) N]s[SigO4] - 69H,0,
aTOMBI KpeMHUSI B KOTOPOM, PacliOIOXKEHHBIE B BeplIMHaX Kyba, cBA3aHB MEXIY
€O60# KUCTIOPOIHBIMU MOCTUKaMHU (puc. 5.23). HeraBHO ynajaoch BRIACIUTE U METH-
JIOBEITE 3dUp 3TOI OKTaMepHOi KUCIOTH™ [Sig0;;](OCH;);s.

5.6.3. Kuciopoanble coefHHeHHs repMaHHs, 0J10BA H CBHHIA

B kucnopomHseIX coemMHeHUAX (OKCHIAX, THAPOKCHIAX, COJIAX) 3JeMeHTH 14-it
TPYIIIH TPOSIBIISIIOT CTeNIeHU OKUCAEHUS +2, +4.

Coenunenna M(IV). Ilpu aBM>XeHUM BHU3 MO IPYyIIe MO Mepe YBEIUYECHUS pas3-
Mepa aToMOB M™ X KOOpAMHALIMOHHBIE YKCIA B PAAY AUOKCHIOB U APYTMX KUCJIO-
POIHEIX COEXMHEHUIT BO3PACTAIOT OT 4 K0 6, MOHMXKAETCSA TIPOYHOCTH cBsi3u M—O,
oc1abeBaroT KUCJIOTHBIE U YCHJIMBAIOTCS OCHOBHBIE CBOMCTBA. B TO BpeMs Kak JIHOK-
cuasl CO, u SiO, aBagIOTCS UCKITIOYUTETBHO KUCITOTHBIMU, TUOKCHIBI TepMaHus,
0JIOBA M CBUHILIA SIBJISAIOTCA aMdoTepHBIMHU, TIpuueM L1t PbO, ocHOBHBIE CBOMCTBa
yxe npeo6nanaior. 1o Mepe ocinabineHus nmpoyHocTH cBsa3eit M—O 3aMeTHO yMeHb-
1LAETCS YCTOMYUBOCTD BHICIIINX OKCHIOB Y THAPOKCHIOB, 1 BO3PACTAIOT UX OKUCITU-
TeJBHBIE CBOMCTBA. M3-3a HU3KOI TepMUUecKoil ycroitunsoctn PbQO,, ennMHCTBEH-
HBIN U3 TUOKCHIOB 14-it rpyTIiBl, He MOXET OBITh MMOJTydeH MpU OKUCIICHUU CBUHIIA
KHCJIOPOAOM. DTO COeTUHEHUE SIBISIETCS CUJIBHBIM OKHCITUTEIIEM.

Hexkotopsie cBoiicTBa quokcuaos MO, npeAcTaBIeHs B Taba. 5.5.

Juokcun repmanug GeQO, — 6ej10e KpUCTA/UIHYECKOE BELLECTBO, €ro MOJTy4aloT OKUCIEHH -
€M repMaHusl KUCJIOPOAOM MM 00e3BOXUBaHHEM THApaToB. [IposeisieTcss MHOTO aHanoruii B
CTPYKTYpax M XuMH4eckux cBoiictBax okcunoB Ge(IV) u Si(IV). ITo crpoenuto GeO, oueHs
6sin30K K SiO,: B rekcaroHanbpHoil Mogudukauud GeQ,, H30CTPYKTYPHOI1 B-KBapuy, KOOp-
nuHanus aromoB Ge reTpasapuyeckasi. Terparonanshsiit GeO, cTpyKTypHO aHamoruyeH ¢ase

* Hoebblen D., Wieker W. // Z. Anorg. Allg. Chem. 1971. V. 43, P. 384.
** Day V. W., Klemperer W. G., Mainz V. V., Millar D. M. // J. Amer. Chem. Soc. 1985. V. 107. P. 8262.
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TaGauuya 5.5
CaoiicTea okcnaos MO,

CaoiicTBO CO, Si0, GeO, Sn0O, PbO,
tm, °C -57,2 (5,2 atm) | 1610 1116 2000 | >280*!
teuns TC =79 (cy6u.) 2950 2500
AHp xIx/Moib -393,5 -910,9 | -554,7 | -580,8 | -276,6
JHa ceasu M—O, HM 0,116 0,161 0,187 | 0,205 | 0,218

*I Pasnaraercs.

BBICOKOTO JaBjieHust Si0O; (CTULIOBUTY) C OKTa3ApHuecKoi KoopauHarueit atomoB Ge. CTek-
noBuaHbI GeO, MOXOX Ha TIaBNeHsIi KBapu. CHHTE3MPOBAHBI rePMaHMEBblE AHATOTH OC-
HOBHBIX TUITOB (OCTPOBHEIE, LMKIIMYECKHE, LIEMTHEIE) CHIMKATOB U AT IOMOCHINKATOB. Juoxk-
CHJ repMaHust aM@oTepeH ¢ NMpeobagaHueM KUCIOTHBIX cBOiicTB. I1o CPaBHEHHUIO C KpPeEM-
HHMEM €ro HECKOIBKO Gosiee BHIPAXEHHBIN METAUIMYECKHUIT XapaKTep MPOABISETCS B cyuue-
crBoBaHMM cosieit Ge(S0,),;, Ge(ClO,),, He UMEIOIUX AHANOTOB B XUMHU KPEeMHHUS.

Huokcun onosa SnO, — GeJioe TYroOIUIABKOE BEILECTBO (cM. Tabi. 5.5) co cTpyk-
TYpOH TUIIA PyTHJIa, aMGbOTepHOe ¢ NpeobiafaHneM OCHOBHBIX CBOWCTB, HEPACTBO-
prMoe B BOZie U pa3baBIeHHBIX pacTBOPAX KUCIIOT U 1mesioyei. Jlerko pacTBOPsIeTCS B
PacCIIaBJICHHBIX THAPOKCHIAX LIEJIOYHBIX METAJUIOB, 06pa3ysl cTaHHATHI:

SnO, + 2NaOH £ Na,Sn0, + H,01

IIpu 06paGoTke BO#OIt cTAaHHAT Na,SnO; npeBpaiiiaeTcs B pacTBOPUMBIil TeKCATHI-
pokcocTaHHaT* Na,[Sn(OH)]. Takue coequHe HUS CHIBHO TUAPOIU3YIOTCS, TUAPO-
JIM3 MOXHO YCHWJIUTh NEMCTBUEM YIVIEKUCIIOTO Ta3a;

Na,[Sn(OH)el(p.) + CO, = Na,CO;(p.) + Sn0,- nH,0!

Auvokeunsr GeO,, SnO, 061afa0T CIAGEIMU OKMCIUTENBHBIMI CBOWCTBAMU U
MOTYT GHITH BOCCTAHOBJIEHHI IO METAJIIA YIIEPOIOM (KaK U PbO,):

MO, + 2C < M + 2CO?T

JAvoKcnn onoBa MCHONB3yeTCs KaK Martepuan [UIs TOJIy4eHUsI KEPaMHMKU, CTe-
KOJI, 9MaJlet, KpacuTesei (Hanpumep, po3ossiit Sn0O,/Cr,0;). TOHKHUE TIEHKH Sn0,
TIPO3paYHBl Ui BAXMMOTO CBETA, 06JIaNaloT BHICOKOM 3JIEKTPOIIPOBOXHOCTHIO, KO-
TOpasl 3aBUCHUT OT OKpYXalolleil aTMocdepsl. DTO MMO3BOAET MCIIONb30BaTh UX JUTS
CO3IaHUsT Ta30BBIX CEHCOPOB JUIS 3KCIIPECC-aHANM3a 3arpsi3HeHUi aTMochepsl, B
Ka4eCTBE KOMIIOHEHTOB aHTHOOJIEIE HUTETbHBIX ITIOKPBITHI CAMOJIETOB U ABTOMOGH -
neH, TIIOMUHECLIEHTHBIX 3KPAHOB TEJIEBU30POB, a TAKXE HArpeBaTENbHBIX CUCTEM.

Huoxcun ceruHua PbO, — KpUCTAIHUECKOe BEIECTBO TEMHO-GOPAOBOIO 1BETA
CO CTPYKTYpO# TuIa pyriia. [1oayyaoT ero 3JeKTpoi3oM WM OKUCIEHHEM pac-
TBOPMMBIX coneit Pb(Il) cribHEIMU OKMCIMTENSIMY, HAanpUMep:

Pb(CH;COO0), + CaOCl, + H,0 = PbO,l + 2CH,COOH + CaCl,

* UoH [Sn(OH)(,]z' MMEET TeOMETPHIO MPaBHIIBHOTO OKTasapa; cM.: Jacobs H., Stahl R. // Z. Anorg.
Allg. Chem. 2000. V. 626. P. 1863,
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wiu B cpeae NaOH:
PbO + NaOCl = PbO,} + NaCl

B Boze, pas6apneHHsx kucnorax HCI, HNO; H,SO4 u menodax PbO, He pa-
cTBOpseTCs. B cMecsax ¢ KOHIIeHTpMPOBAaHHBEIMU KHcinoTaMu PbO, ieicTByeT KaK CHUJTh-
HBIl OKUCIIUTEIh, HAIIpUMED:

PbO, + 4HCI = PbCL{ + CLT + 2H,0
2MnSO, + 5PbO, + 3H,SO, = SPbSO,4 + 2HMnO, + 2H,0
2PbO, + 2H,S0, = 2PbSO,L + 0,1 + 2H,0

Bynyyu o4eHBL CWIBLHBIM OKHCIINTENEeM, fTUoKcHa PbQ, criocobeH OKUCIUTh BOXY
IO KHCJIOpOaa (E°(Pb02/Pb2+) = 1,46 B). Ilpu o6paGoTKe AMOKCHIA KOHIEHTPUPO-
BaHHBIMM pacTBOpaMM IIeJIoUel o6pasyloTcsi KOMIUIEKCHEIE TeKCaruapOKCOILTIOM-
6aT-uOHHI [Pb(OH)G]z', KOTOpBI€ YCTOMUMBBI B 11I€JIOYHBIX PACTBOPAX M BBIACIISAIOTCS
B Buzge coneit M3 [Pb(OH)g).

IJ1s1 onoBa U CBUHIIZ IOMUMO MOHO- M JUOKCHUIOB U3BECTHBI OKCHIBI CO CMe-
IHAHHBIMHU CTeTIEHSIMU OKMCJIEHUSI KaTUOHOB, HanpuMep Pb;O, — CBUHIIOBHI Cy-
PUK, IOJIroe BpeMs UCITOIb30BaBIUUICS B KayecTBe KpacHOro rmurMeHTa. CypuK I10-
JIy4aloT OKMCJIeHMeM CBUHIIA Ha Bosmyxe mpu 500 °C. OH TakXe obGpa3syeTcs MpH
TIPOKAJIMBAHUH BBICILETO OKCHIA CBHHIA:

3Pb0, 22225 py,0, + 0,1

IIpouecc MpoTeKkaeT CTYNEHYATO ¢ OGpa30BaAHMEM MTPOMEXYTOYHBIX YITOPSAOYEHHBIX OK-
cupoB cBuHna: Pb;0y9 (293 °C) u Pb;,047 (351 °C). IIpu MoBHILLIEHHOM AaBJIEHUU KHCJIOPO-
Jia BblAeJIeH YepHBIi okcua Pb,0;. B 3THX okcuaax ogfHOBpEMEHHO CONEPXKATCS Pb™ u Pb™.
AHaJIOTUYHBIH O COCTABY C CYpMKOM OKCHJ €CTh U Y OJIOBa, Sn;Oy.

CauHUOBH cypuk Pb3’Pb*0, moctpoeH u3 ueneit okrasgpo Pb* 04 (Pb—O
0,214 HM), COWIEHEHHBIX MIPOTUBOJIEKAIIUMU pebpaMu. DTU LN MeXIOy COOOoM
coeMHEHB! aToMaMH Pb*?, 06pasyioluMy TPUrOHAIBHEIE TTMPAMUIBI C TPEMS aTo-
mamu O (puc. 5.24, a). IlpucyrcrBue B CypuKe aTOMOB CBHUHIIA B pasHBIX CTEIICHSAX
OKHCJICHUSI MOXHO JOKa3aTh, oOpabaThiBasi ero JICASHON yKCYCHONM KUCJIOTOU, B
pe3ysbTaTe yero obpasyercsi cMmech arietatoB Pb(II) u Pb(IV):

Pb;0, + SCH;COOH = Pb(CH;C0OO), + 4H,0 + 2Pb(CH;CO0),
WIM a30THOM KHUCJIOTOM, TIpY 3TOM 00pasyeTcsi OCaAOK HUOKCHUJA:
Pb,0, + 4HNO, = PbO,} + 2Pb(NO;), + 2H,0

CocraB BHICIINX THAPOKCHIOB repMaHus, 0JI0Ba M CBHHIIA He COOTBETCTBYET ITPO-
cteIM hopmynam H,MO; umu M(OH),. OHu nipeicTaBistioT cO00# ruApaTUpOBaHHBIC
mrokcuasl MO, - xH,O, cBOIICTBa KOTOPBIX ONIPEACISIIOTCST KOMMYECTBOM ITPUCOEIUHEH-
HOM BOIEI (HanGoJee 3aMeTHO 310 IIst os1oBa). ITogoGHO H,Si0; repMaHueBast KUCIOTa
00pa3yeT KOJUIOMIHBIE pacTBOPH, HO B OTJIMYME OT KPEMHEBOI KUCIIOTHI HECKOIBLKO
pacTtBopuMa B Bozie. Ee pacTBOPBI UMEIOT KUCITYIO peakivio U 061a0aloT 31eKTPOIIpo-
BomHocThIO. T'uaparst MO, - xH,O (0co6eHHO repMaHUs U 0JI0Ba) am(oTepHble U 00pa-
3YI0T COOTBETCTBYIOLIME aHHOHHBIe M3 M*0;, M3 [M™(OH)4] 1 KatnorHbie M™(SO,),,
M*(CH,CO0), dopMbl. AHVOHHHIEe (GOPMBI, HamnpuMep repmaHarsl Na,GeOs,
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Puc. 5.24. CrpoeHue:

a — CBMHLIOBOro cypuka Pb;O,; 6 — okcumos SnO, PbO (I — kpucraninuecKas CTpyKTypa, 2 - KOOp-
IUHALMOHHEIA Moauaap, 3 — BHI CBEPXY Ha OOMH U3 CJIOEB)

4
K,GeO,, crarHatsl Na,SnO3, K,SnO, 1 nmmom6ater Ca,PbO,, B KOTOPBIX MOHBI M
MPOSABIIAIOT aHUOHHYIO MYHKIIHIO, IIOIYYaloT CIUIaBJIeHUEM TBEPIBIX BELIECTB:

Na,CO; + GeO, = Na,Ge0O; + CO,T
2K20 + G602 = K4GCO4
2Ca0 + Pb02 = CaszO4

W OKHUCIICHUEM:
2Ca0 + PbO + O, = Ca,PbO,

Ipu 06paboTke ITUX COeAMHEHMI a30THOU KUCIOTON 00pa3syeTcs OcaloK JUOKCHIA:
Ca,Pb0O, + 4HNO; = PbO,! + 2Ca(NO;), + 2H,0

AHVOHHBIE THAPOKCOKOMIUIEKCHI, HanpuMep Na,[Sn(OH)¢], K;[Pb(OH)¢], mo-
Jy4aloT AeHCTBUEM Ha COJIb WK THAPOKCHUI U3OBITKOM IIEJIOYU.

Ipu rupponuse SnCl, B pucyrcreun NH; o6pasyercs ruapat Sn0O,- xH,0. Cse-
KETIONy4Ye HHBIH 0CaloK (0.-OJIOBSIHHAS KUCIOTAa) PACTBOPSETCS B KUCIOTaX U IUEJIO-
yax. [Tocie cTOSIHUSA WIM ¢1a60ro HarpeBaHUs U3 Hee oOpa3yeTcs [3-OJIOBSHHas KUC-
JIOTa, pAaCTBOPUMAst TOJIBKO B PacIUIABJIeHHBIX IeioyaX. [TOHMXKeHHas peakiiMOHHas
cIIOcOBGHOCTL B-KUCIOTHI OOBSICHSIETCS MpOoLecCaMy TIOJUKOHIECHCAUY, TIPUBOIS -
MMM K YMEHBIIEHUIO YKCcila TIOBEPXHOCTHBIX akTUBHBIX OH-rpynn B pesynsrare
0o0pa3oBaHuSs MIPOYHBIX cBA3ed Sn—O0—Sn:

'OHH OH OH OH
O 5 SO 20

OHH OH OH° OH

a-H,Sn0, B-H,Sn0O,
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B 0Genx oNOBAHHBIX KHCIIOTaX aTOMBI OJIOBA UMEIOT NIPABMIIBHYIO OKTa3ApUUYECKYIO
KOOpAMHAIIMIO, TaKylo Xe, Kak U B SnO,. a-Popma obpasyercss Takxke IpU AEii-
CTBMM KHCJIOT Ha TeKCaruIpOKCOCTaHHAaTHI, a B-¢opMa — IIpU PacTBOPEHUM OJIOBA
B KOHUEHTPUPOBAHHOM a30THOM KucioTre. HepacTBOpUMYIO B-OJIOBAHHYIO KUCIOTY
MOXHO II€PEBECTH B pacTBOPUMOE COCTOSIHUE, TIOABEPIHYB ee Neruiparanuu, a
3aTeM CIUIaBUB okcul ¢ menounbiMu (MOH, M,COs) wmm kucnotuemu (K,S,0,)
peareHTamu, JIU60 MyTeM XJIOPUPOBAHUS B CMECH C YIVIEM:

SnO, + 2C + 2Cl, £ SnCl,t + 2COT

W3 xatnoHHBIX popM M(IV) Haubonee usBecTHH rajioreHuasl MX, u comu: st
ornoBa — GespozpHble cynbdar Sn(SO,), u Hutpar Sn(NO;),, A1 CBUHIA — aneTar
Pb(CH;CO0),. becusernsie kpuctamist Sn(NO;), 06pasyorces pu peakuuu SnCly
¢ N,O5 Wi rUTIoXJIOPUTOM HUTPOHUS:

SnCl, + 4(NO,)OCI = Sn(NO,), + 4CL,1

a yIoGHBIM MeTOIOM ITOJIy4eHUsI aleTara CBUHIA ABIsSeTCS AEHCTBHIE XI0pa Ha Cyc-
neHsuo PbyO, B cpene nensiHOl yKCyCHOM KUCIOTHI M YKCYCHOTO aHTUAPHIA:

Pb304 + 4(CH3CO)2O + C12 = 2Pb(CH3COO)4 + PbClz‘L

Ipu oxnaxaeHUM pacTBOpa TeTpaaleTaT CBUHLA KPUCTAUTU3YeTCA B BUIE GeCIBET-
HBIX UTJT (f; = 175 °C). OHM pacTBOPSAIOTCS B HETIOJISIPHBIX PACTBOPUTEIAX, YTO yKa-
3bIBACT Ha KOBAJICHTHYIO IIPUPOLY XMMUYECKOM CBSA3U, a TIPU IIOINAJAHUU B BOLY
MTHOBEHHO pa3jiararoTcs.

Coepunenna M(II). Bce aeMeHTBI B CTETIEHU OKHMCIIEHUS +2 061aaloT HETIoe -
JICHHOU 3JIEKTPOHHOM I1apoii, KOTopasi OGYCIOBIMBAET UX CTEPEOXUMUIO U JOHOP-
Hele coiictBa. Coenunenuss M(I1) SIBISIOTCS BOCCTaHOBUTENAMH, TIPUYEM BOCCTa-
HOBUTEJIbHASA CIIOCOGHOCTh Pe3KO yObIBaeT BHU3 10 IPYTINE: OT KPEMHUS K CBUHIIY. B
3TOM HaIpaBIeHUH IIPOUCXOIUT poct TEPMUYECKON YCTOMYUBOCTA U OCHOBHBIX
CBOMCTB. s Sn*? 1 ocoGento Pb** B PAacTBOpAax XapakTepHBI YK€ IIPeUMYIIECTBEH-
HO KaTUOHHBbIC (OPMEL.

CBojicTBa MOHOOKCHIOB JIEMEHTOB 14-ii rpyIIIIBI IIpecTaBIeHb! B Tab. 5.6.

MonookcHa repMaHus OKOGHO MOHOOKCHAY KPEMHUA 06pasyeTcsl B pe3y/bTare
CONPOTIOPLIMOHUPOBAHUS IIPOCTHIX BEILECTB ¢ JUOKCHAAMHU IIPU BBICOKOI TeMIepa-
TYpe ¥ MOXeT OBITh BHIACIECH B TBEPAOM BHIE TOJBKO IPU GHICTPOM OXIAKICHUU
(3axkainke) rasopoil ¢asbi:

GeO, + Ge = 2GeO

Tabauuna 5.6

CBoiiCTBa MOHOOKCHIOB 3JIeMeHTOB 14-ii rpynmn

CBOICTBO CO Si0 GeO SnO PbO
Lser BecuserHslit {YepHo-kopuu-| Cepslit CuHuit XKenarsiit
HEBBIIt (KpacHprit) (KpacHprit)
tan, °C =205 >1730 700 (Bo3r.) | Pasymaraercs 886
tens C -192 1880 1580
AH{, xJIX/Monb -110,5 -103,0 -155,0 -296,0 -217,6
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Monookcun GeO MOXHO MONYYHUTh TAKXKE BOCCTAHOBJIEHMEM IMOKCHAA (oc-
¢dopHoBarucToit Kuciaoroit H3PO, mim ocTOpoXHBIM 06€3BOXMBAHNEM THIPOKCHUAA
Ge(OH),. Teepaprit GeO, kak u SiO, CKIOHEH K AUCIIPONOPUMOHMPOBAHMIO Ha
repMaHuif U aAMokcun. OH SIBJSIETCS] CUIBHBIM BOCCTAHOBUTEJIEM, Ha BO3AYXE MeE-
neHHO oxucistercs 1o GeO,.

Oxcugasl Sn(Il) u Pb(1I) o6pa3yroTcss B pe3yibTaTe TEPMUYECKOTO PA3IOXEHUS
psna coneil WM ruapaTUpoBaHHBIX okcunoB onoBa(ll) u ceuHua(Il) 6e3 moctyma
BO3IyXa:

Pb(NO,), £ PbO + 2NO, + O,

PbCO; £ PbO + CO,

Oxkcup onoBa(Il) obpasyercs MUl 1IpU MATKOM HAarpeBaHWM B MHEPTHOM WM
BOCCTaHOBUTENBbHOIT aTMOC(hepe:

SnC,0, £ SnO + CO?T + CO,*

ITpn cunbHOM HarpeBaHuM (>380 °C) okcuz SnO IUCIIPONOPLUMOHMPYET Ha OJIOBO
U JTUOKCHUL;

2Sn0 £ Sn0, + Sn

a MpH HarpeBaHUM Ha Bo3ayxe BbIe 270 °C 3K30TepMHYECKU OKUCIISIETCS.

Monookcua SnO H3BECTEH B HECKOJIBKUX KPUCTANTHIECKUX MoguduKkauusx. Ca-
Mas OObIYHasi — CHHE-4YepHast o6pa3yeTcs Ipu AeMCTBUH aMMHaKa Ha TopsTYvil BoJI-
HBIA pacTBOp xsopuaa onosa(ll) B atmochepe CO,:

SnCl, + 2NH; + H,0 = SnO{ + 2NH,CI

Bemectso nMeer cnoucTyio cTpykrypy (puc. 5.24, 6), B KOTOpO# KaXIplif aToM
METaJIJIa COCIMHEH ¢ YETHIPhbMs aTOMaMM KHCJIOPOJa, PaclioIOXeHHBIMU B (hOpMe
KBagpara 10 OJHY CTOPOHY OT Hero. HeronesenHas
9JIEKTPOHHAas mnapa atoma Sn(ll) 3aHMMaeT BeplIMHY
TETparoHanbHOM NupaMuabl. PacctossHua Sn—Sn Mex-
ny crosimu (0,370 HM) oueHb GJIM3KM K aHATOTUYHBIM
B B-onose (0,377 um). Ilpu maenenun Boire 90 T'Tla
SnO nepexoauT B KPacHYI0 pOMOMYECKYIO MOOUGH-
KauMio, XMMMYECKH 6oJiee MHEPTHYIO.

Monookcun SnO u ero TMaAPOKCUAHBIE GOPMBI — a
THITMYHBIE aM(bOTEPHBIE COSAUHEHWSA ; JIETKO PacTBOPSI-
10TCS1 B KUCJIOTaX, 00pa3ysl COOTBETCTBYIOLIME COJIM WITH
xkoMruiekcsl Sn(Il), u B 1menovax, gaBasg I'MIPOKCO-
noH Sn(OH); nupamunansHOit Gopmel (puc. 5.25, a).
Tsepapie runpokcoctaHHatel(II) (wiu craHHUTHI)
COCTOSIT M3 LIENOYEK, 00pa30BaHHBIX TAKMMH IHpa-
Munamu (puc. 5.25, 6).

Comu Sn(Il) B BOIHBIX pacTBOpax CWILHO TUAPO-
JIM30BaHbBL. B HUX MPUCYTCTBYIOT pa3IMYHbIE THIPOKCO-
xatuous! [Sn(H,0),(OH)]", [Snz(H20)4(OH)2]2+ U Puc. 5.25. CrpoeHue NOHOB:
[Sn3(OH)4]2+, 13 KOTOPBIX B BOIHBIX PACTBOPAX B IUH- g — [Sn(OH);]"; 6 — [SnO(OH)]”
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Puc. 5.26. Ctpoenue [Sn;(OH),1** Puc. 5.27. Cmpoenue SngO,(OH), (atombl BOIO-
poia He IMOKAa3aHbl)

pokoM auariasoHe pH ripeo6ianaer Tpumep. B ero cocras BXosAT Tpu MOCTHKOBBIC
TMAPOKCUJIBHBIE TPYIIIBI, IBE M3 HUX COCAMHSIOT O IBa aTOMa SN, a TPEThs IPpyIiia
OH cBsi3aHa cO BCEMHU TpeMs aTOMaMM MeETaula 3TOTo Kiactepa® (puc. 5.26).

Ipu neiicTBuM ocHOBaHUI Ha pacTBOpHI coneil onoBa(ll) ocaxknaroTcs He M-
pokcuapl ripocroro cocrasa Sn(OH),, a okcoruapokcuael SngO4(OH),, conepxa-
e ¢Bsi3u Sn—>Sn (0,259 HM) 1 06 beIMHEHHBIE MEXY C000i1 BOTOPONHBIMH CBSI-
35MH B GECKOHEYHBIE CTPYKTYphI** (puc. 5.27):

6SnSO, + 12NH; + 8H,0 = SnO,(OH),d + 6(NH,),SO,

OpnHako Genblit amopdHBI ocagok cocraBa Sn(OH); (ctpoeHMEe HEM3BECTHO) MOXET
OLITb BBIIEJICH M3 OJIOBOOPTAHMYECKMX COSIMHEHMI, paCTBOPEHHBIX B TeTparuapogypaHe:

2(CH,)SnOH + SnCl, = Sn(OH);} + 2CH,SnCl

U3 coneit onosa(ll) HauGospiee pacpoOCTpaHEHHUE B JIAOOPATOPHO# MPAKTHUKE
MOJYYMIN XJIOPHA U CyJibdhar. XJIOpHI TOTOBAT PACTBOPEHUEM MeETalla B COJITHOM
KHCJIOTE, a Cy/ib(paT — AecTBHEM OJI0BA HA KOHLIEHTPHPOBAHHBIH pacTBOP MEITHO-
ro Kyropoca.

Oxcun u runpokeun onopa(ll) sensrorcst aM¢pOTEpHBIMU — IPU PACTBOPCHHUM
X B miesodax obpasyorcs ruapokcoctanHarbi(I1), Hanpumep Na[Sn(OH);],
Na,[Sn,O(OH),]. B ropsturx pacTBOpax OHU JUCIIPOIIOPIHOHHUPYIOT:

2Na[Sn(OH);] Lsnl + Na,[Sn(OH)q]

HMMeHHO 3TUM OOBICHSIETCST 00pa3oBaHuUe PoU3BOAHBIX osioBa(IV) npu pacTBo-
pPEeHHM METaJUla B TOpSTYEH 1IEJIOYM:

Sn + 2NaOH + 4H,0 = Na,[Sn(OH)4] + 2H,?

JUis MoHookcHaa PbO u3BeCTHHI iBe KpUCTALTMIECKME (POPMBI: KpacHas TeTpa-
roHanbHas (IJIET), YCTOWYMBast IIPM KOMHATHOI TeMIlepaType, U XeJiTas poMouie-

* Donaldson J.D., Grimes S.M., Johnston S.R., Abrahams I. // J. Chem. Soc. Dalton Trans. 1995.
P. 2273.

** Abrahams 1., Grimes S. M., Johnston S. R., Knowles J. C. // Acta Cryst. 1996. V. C52. P. 286.
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1,0
0.8l [Pb6(OH)s]** [Pb(OH);]]
£
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0 L :
4 6 8 10 12 pH

Puc. 5.28. CoxgepxaHue pa3nUYHBIX KATHOHHBIX (popM B 0,1 M pacTtBope nepxiopara csuHua(ll)
npu temineparype 25 °C

cKas (MaccuKoT), crabunbHas Bbite 488 °C. CBUHLOBHIH TIIET (1, = 897 °C), Hau-
0oJee BaXXHBIN U IHMPOKO UCHONIB3YEMBIH M3 OKCUAOB CBUHLIA, HMOJYYAIOT OKUCIE-
HHEM paciuiaBieHHoro Metayuia ripu 630 °C. ITo cBoeMy cTpoenio aHanormdeH SnO
(puc. 5.24, 6), mexaroMHbIe paccTosHus Pb—O pasHw 0,230 HM,

B omiiumie 0T MOHOOKCHIOB repMaHMs M oj1oBa PbO 1posBiasieT MpenMyIeCTBEHHO
OCHOBHBIC CBOMCTBA:

PbO + 2HNO; = Pb(NO;), + H,0

OH pacTBOpsIETCA JIMIUb B KOHUCHTPUPOBAHHKIX PacTBOpax 1iejroueit ¢ obpa3ona-
HueM ruapokcoruiiombaros(I) [Pb(OH)g*".

Bonursie pacTBOpHI cosieif CBUHIA GoJiee YCTOWYMBEL K THIPOJIU3Y U OKMCIIEHHIO,
YeM pacTBOPH aHAIOTMYHBIX cosieit osopa(ll). Xopollro pacTBOpHMBIE B BOIE HUTPAT
Pb(NQj3),, anerar Pb(CH;COO), (cBMHIOBHI caxap) u nepxiopatr Pb(ClO,), mo-
Jyvaror B3auMopeiicteueM PbO ¢ pactBopaMm KuciioT. B pacTBopax cojeil ¢cBMHIIA
TaKXKeE CYLIECTBYET CIOXKHAs CMeCh PaslIMYHbBIX OKCOTHIPOKCOKAaTUOHOB* (puc. 5.28),
HEKOTOpHIE M3 KOTOPBIX BHIIENIEHH B KPUCTAJUIMYECKOM BHUIE B (opMe coleit
(puc. 5.29).

ITpu pactBopenuu 0,14 mona PbO B
100 M 1 M pacTBopa XJIOPHOH KMCITIOTBI
ObLIM TTOMYYeHB KPUCTAJUIBI THAPOKCOCO-
mu [PbgO(OH)6(C10,),- H,O, xnacrep-
HBIA TMAPOKCOKATUOH KOTOPOH BJIM30K MO
CTPOCHUI® (pOpMaM OKCOTHAPOKCHIOB**
H3BecTHsI M Gonee COXHBIC OKCOrHIPOK-

cokatuoHpl***, HatipuMep [Pb,;05(OH);]. ° Pb

3T0 ClIC pa3 CBUACTEIBCTBYET O C/IOXKHBIX

TUAPONUTHYECKMX PABHOBECHAX, CylLE- oo

CTBYIOLLIMX B BOJHBIX pacTBOpax. a 6
I'unpoxcun csuHua(ll), ocaxnmae- Puc. 5.29. CtpoeHue KaTHOHOB:

MH TIpY JEACTBUM 1LEJIOYM HA pac- a — [Pby(OH),J*": 6 — [Pb;05(OH)¢}*

* Baes C.F., Mesmer R.E. The Hydrolysis of Cations. — N. Y.: Wiley, 1976.
** Olin A., Soderquist R. // Acta Chem. Scand. 1972. V. 26. P. 3505.
*** Li Y., Krivovichev S.V., Burns P.C. // J. Solid State Chem. 2001. V. 158. P. 74.
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TBOpHI coneit cBuHuA(Il), mogo6Ho runpokcuny onosa(ll) npeacrasnseT co6oit OK-
coruapokenn PbsO,(OH),.

K ManopacTBOpuMBIM CONISIM CBUHL@ OTHOCSATCS TaJOTE€HMIbI, CYIbGUI, CYiIb-
dar, cenenar, kap6oHar, cumkar 1 1p. OcHOBHO# Kap6oHaT cBrHIA Pb;(CO;),(OH),
(MPUPOAHBIT MUHEPAT THAPOUEPYCCUT) JOJNTOE BPEMS MCIIONB30BAIM B KAYECTBE
GeJroif Kpack! (CBMHLOBHIE GeJinia).

benuna momnyvanu geCTBUEM YIIEKUCIIOrO ra3a HA OCHOBHOM ameTar csuHua(ll), npen-
BApUTENbHO TOJIY4CHHBIN pacTBOpeHHeM okcuaa PbO B cBMHLIOBOM caxape:

3Pb(OH)(CH3COO) + 2C02 + 3NH3 + H20 = Pb3(CO3)2(OH)2l« + 3CH3COONH4

IIpu xpaHeHUU Ha BO3IyXe GeInIIa YEPHEIOT, TaK KaK TIOKPLIBAIOTCS TOHKUM CIIOEM CYIib-
duma PbS.

Cpennuit kapGoHaT (MUHEpan LEPYCCHT) obpasyercs NpU ACHCTBUM Ha pacTBOp COMNM
CBUHLIA U30BbITKA rMAPOKAap6oHara:

Pb(CH;CO00), + 2NaHCO; = PbCO;{ + 2CH;COONa + CO,T + H,0

FuapotepManbHBIM CUHTE30M M3 PbO M pacTBOpa COMBI NMONYYEHDI TAKKE OKCO- U OKCO-
ruapokcokapboHate* PbsO(OH)y(CO3);, Pb;0,(CO5) u Pb,0O(CO;).

B HacTostuiee BpeMst MMPOBOE MPOM3BOACTBO COENVHEHMI CBUHIA COKPAIAETCS
B CBSI3U C UX BBICOKOM TOKCHYHOCTEIO.

BoccraHOBUTEIBHBIE CBOMCTBA COeAMHEHMI ocabeBaroT B psaxy Ge(IT) — Sn(IT)—
Pb(II). Tak, npoussonusie Ge(II) u Sn(II) B pacTBOpax — CHJIbHBIE BOCCTAHOBUTEIIMN:

3Na[Sn(OH);] + 2Bi(NOs); + 9NaOH = 2Bil + 3Na,[Sn(OH)] + 6NaNO;

PactBopsl coneit onoBa(Il) Bo u3bGexXaHne OKMCICHHUS XPAHST Hal METALIAYE-
cKkMM onoBoM. Harporus, coenunenus Pb(I1) Ha Bo3myxe yCTOWYMBE M MPOSIBISIOT
BOCCTAHOBMTEJIBHBIE CBOMCTBA JIUIIB B IIPUCYTCTBHMH CUIBLHBIX OKUCIUTENICH:

2Pb(CH;CO00), + Ca(OCl), + 4NaOH = 2PbO,{ + 2CaCl, + 4CH,COONa + 2H,0

5.7. TATIOTEHHU]BI DJIEMEHTOB 14-H TPYIIIIBI

Terparanorennapr 3nementos 14-if rpynnsi. CoeJHEHHS TTOTYYAIOT NPSMBIM CHH-
TE30M IpH U30BITKE TaoreHa. st yrepona Takas peakuysl BO3MOXHA TOJNBKO C
¢ropom. Terpadropyriepon nonyyaror in60 GTopupoBaHreM KapGopyHuaa SiC ¢ro-
poM, iu6o B pesynbrate peakuuu CO,, CO umu COCI, ¢ TeTpadTOpHIOM CEPBI SF,.
XuMMYeCcKast UHEPTHOCTB U cTabuwibHOCTh CF, 110 cpaBHEHHIO C CH, ycunuBamwTcs
u3-3a Gonbitei rpouyHoctu cesaseit C—F. [Moatomy (Topyriieponsl yCTOWYUBBEL K
JEUCTBUIO KUCIIOT, WIEJIOUEH, OKucuTeseit, BoccraHosureseit 1o 577 °C. Ioaumepu-
3auueit rerpadropatiiicHa C,F, CHHTE3UPYIOT XUMHUYECKU MHEPTHBIN IIACTUK —
Te(HIIOH — ¢ OYEHb HU3KUM K03 GULMEHTOM TpeHus. TeTpaxiopus yrieposa (JeThl-
PEXXJIOPUCTHIN YIIepon) — OOBIYHBIN HETOPIOYHIA PACTBOPUTENL — B IIPOMBIIIUICH-
HOCTH MOJIy4YaloT B3auMoaeicTBreM cepoyriiepona wiu CH, ¢ ximopom:

CS, + 3Cl, = CCl, + S,Cl,

* Krivovichev S. V., Burns P. C. // Mineralogical Mag. 2000. V. 64. No. 6. P. 1077.
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Terpaxmopyriepon CCl, — ynoOHBI XJIOpUPYIOLIMI peareHT 1JIs MoJiydeHus 6e3-
BOJHBIX XJIOPUJIOB METAJLJIOB M3 UX OKCUIOB:

ALO; + 3CCl, £ 2AIC, + 3COCl,

TeTpaxnopyriepon uIeT Ha NPOM3BOACTBO (PpPEOHOB, HO MU3-3a pa3pylLIAOLIETO
BO3CHCTBHSL (PPEOHOB HA O30HOBHBIN CJIOM M TOKCHYHOCTH camoro CCl, ncrons3o-
BaHME MOCJICIHETO OrpaHUYEHO.

HexoTopble CBOMCTBA TETPaXJIOPUIOB MPECTABIECHHI B Tab1. 5.7.

KpeMHuit o6pasyer rajoreHunbl SiX, co BCEMHM rajoreHaMu: OT razoo0pa3HoOro
SiF, no tBepnoro Sil,. B 6ecuBetHbIx SiX, MpocaeXUBaETCs TOCTENEHHOE HOBBIIIIE-
HHUE TEMIIEPATYPH! IUIABJICHUS] M TeMIlepaTyphl KUIIEHHS C POCTOM MOJIEKYISIpHOM
MAaccCHhl.

BecuBeTHBIe JieTydne TeTparajJlOTeHUIbl KPEMHHUSI TOMY4YaloT B3aMMOAEHCTBUEM
KpeMHHUs1 win Kapouga SiC c ranoreHamu. OHH COCTOST M3 MOJIEKYJI, UMEIOLIAX
dhopMy npaBUILHOTO TeTpasipa. B oTIMYME OT TeTparanoreHUIOB yIiiepoa coeIu-
HEHMS SiX, KOOpAMHALMOHHO HEHACHIIICHHBI, T03TOMY OBICTPO M MOJHOCTHIO TH-
pornusytorcst Bomoit (kpoMe SiF,) ¢ BeimeneHueM SiO, - nH,0. C xyopugaMu 1enoq-
HBbIX METAJ/UIOB OHH HE pearupylor.

Ilpu mponyckaHUM Han HarpeThiM KPEMHUEM CyXOro XJ0pOBOAOpOAa 0OpasyeTcs CUIIM-
koxiopodopMm SiHCl; — GecusBeTHas noABUXHAsA XUIKOCTL,

] 350°C
Si + 3HCl — SiHCl; + H,
CunukoxnopodopM SBAAETCA CUIbHBIM BOCCTAHOBUTEIIEM U BBIIENSAET BOZOPOI U3 BOIHL:

SiHCl, + 2H,0 = SiO, + 3HCI + H,T

TerpadTopun SiF, rpu pacTBOpeHHMM B BOAE YaCTMYHO THIAPOJM3YETcs, a 4ac-
TUYHO PEArupyeT C BBIIESIOINMCS (HTOPOBOIOPOIOM:

2SiF, + (n + 2)H,0 = H,SiF, + SiO,- nH,0! + 2HF

O6pa3syromascst ripu 3TOM KpeMHedTopucToBomoponHas kuciora H,[SiFg] Mo-
XeT ObITh BBHIZleicHa U3 paCTBOPOB B BUIE MANOYCTOWYMBBIX KPUCTA/UIOTHAPATOB.
D10 CWiIbHas (3a CUYeT MHAYKUMOHHOTO 3¢ dekra aToMOB (hTOpa) ABYXOCHOBHAS
kucnoTa. Ee conmu — rekcacdTOpOCHIMKAThI — BHIACPXKUBAIOT HArpeBaHUE [IPUMEPHO
1o 400 °C. T'ekcadhTopoCHIIMKATHI OHO3APAHBIX KaTHOHOB MAJIOPACTBOPUMBI B BO/IE,
a IByX- M Tpex3apsiAHBIX KaTHOHOB 00JIafalOT BHICOKOU PaCTBOPMUMOCTBIO, UX HC-
MOJIB3YIOT IS (hTOpHpYIOlLIEH nepepaboTKH HEKOTOPBHIX MUHEpPAJIOB.

Ta6nuuga 5.7
CaoiicTBa TeTPaxJopHI0B 3JeMeHToB 14-i rpynnbl
CgoitcTBO CCl, SiCl, GeCl, SnCl, PbCl,
ts C -23 -69 =50 -34 -15
tams C 76 57 83 114 105+
ITnotHocTs, r/em3|1,59 (20°C) | 1,48 (20°C) |1,844 (30°C) | 2,234 (20°C) | 3,18 (0°C)
AHp xJIx/Momnb -102,9 -685 -540 -529

* BapriBaercs.
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B kpeMHedhTOpHCTOBOIOPOIHON KHUCIIOTE M €€ COJsIX KOODAWHALMOHHOE YMCJIO
ATOMOB KPEMHHUS paBHO 6. 3’1‘0 COIPOBOXIAETCs yTMHeHHeM cBsadeit Si—F ot 0,154 M
B SiF, mo 0,169 #M B [SIF6] M COOTBETCTBYET MOHIDKEHHNIO KPATHOCTH CBSI3H.

s KpeMHUs1, KaK W I yTJIepoaa, U3BECTHbI 60Jiee BLICOKME I'OMOJIOTH TFaJIOreHHUIOB,
[IpUYEM, B IIPOTHUBOIOJIOXHOCTb XUMUHU YITIEpOa, KaTeHAllUsd B COEIMHEHUAX KPEMHHUs MaK-
CUMasibHAsA B TAIONEHUAAX, a He B THApUAax. M3BecTHsl ¢Toporionucunansl 1o SiyFjg, x10-
pononucuiansl 10 SigCly4 U 6poMorionucumans 10 SigBryg.

TetparasioreHunsl repManuss GeX, o6pa3yroTcs HpH B3aMMONEHCTBUM IIPOCTHIX
BELIECTB WIN IpU ACHCTBUM BOJHBIX PACTBOPOB TJIOTEHOBOAOPOAHBIX KUCJIOT Ha
GeO,. Bce oHM JIeTKO THAPOJIM3YIOTCS C BBIIECJIEHHUEM THAPATHPOBAHHOIO TUOKCHUIA.
Cpenu 311X coenrHeHui Hanbonee axeH GeCl,, MCHONB3YEMBI 171 CUHTE3a rep-
MaHOOPTaHMYECKUX POM3BOIHBIX 110 PEAKIMM I'punbdgpa. IToaydeHb! KOMIUIEKCHEIE
COEMMHEHMS THIIA [GeF6] “u [GeClg]™.

B omiimune OT MOJEKYISIPHBIX TeTpa(I)TopI/L[IOB ymiepona, KpeMHUs U TepMaHUs
teTpadTopua 0ioBa SnF, COCTOUT U3 MOJMMEPHBIX LETIEH C OKTa3APUYECKOM KOOp-
IMHanMe BOKpyT aToMoB o0jioBa. Ero romyvaror neiictBueM 6e3ponHoit HF na SnCl,.
OcTajbHbIE TAJIOTEHUIBI 0JI0Ba SnX, COCTOAT U3 TETPA3APUUECKUX MOJIEKYJI. XJIOpHI
osoBa(IV) npencrasnisieT co60i GECUBETHYIO JKUAKOCTh, CWJIBHO OBIMSNIYIO Ha BO3-
nyxe. ITpu nornaganmu B Boxy SnCl, riosHocTeio ruapomusyercs 1o HCl u SnO, - xH,0,
HO U3 KUCJIBIX PaCTBOPOB KPUCTAJLIM3YETCS B BUle THAparToB, HarpuMep SnCl,- SH,0.
JU1s1 ero mosydeHHsI K TpeM 06beMaM BOJbI IIPUIMBAIOT YeThipe oobeMa SnCl,. Kua-
KOCTh Pa30rpeBaeTcs, a 3aTeM KPUCTAUIM3YETCS] B TBEPIYIO TOJYIPO3payHyIO Mac-
Cy, JIETKO PacTBOPHMMYIO B BOJE. ATOMBI OJIOBa B 3TOM COEIMHEHMH HAXOIATCS B
ueHTpe oktasnpos [SnCl,(H,0),], cBA3aHHBIX B eAMHBIA KapKac BOOOPOTHBIMU CBSI-
3amu Cl---OH, nu H,0---HOH. Tpu MoteKysbl BOZBI SBISIOTCS BHEIIHECHEPHBIMHU:
[SnCl,(H,0),] - 3H20* (puc. 5.30, a)- ©U3BeCTHEI MHOTOYMCICHHBIE YCTOMYMBHIC KOM-
iekes [SnXg]*™ (X = Cl, Br, 1) ¢ HeopraHmyecKuMK ¥ OpraHuYeCKMMHU KaTHOHa-
mu. PacteopeHueMm SnCl, B KOHLIEHTPHPOBAHHOHN COJITHOM KMCJIOTE HOJIy4YaroT pa-
CTBOpHI OJIOBOXJIOpUCTOBOHOpOoaHO# xuciaoThl H,[SnClg].

M3 BHICIIMX TAIOTEHUIOB CBUHIIA YCTOWYMEB JIMIIb TeTpacTopua. OH HpencTasis-
eT co6oil XeJThie KPUCTAIHI (f,, = 600 °C). TeTpaxyiopua CBUHIA — XeJITasl Maclsi-
HUCTasA XUIKOCTh, P HE3HAUYMTEJIBHOM HarpeBaHWHM pasjiararouiasicss Ha guxio-
pun u xuop. Terpabpomun PbBr, enie MeHee ycToi4MB, a cyliecTBoBaHue Pbl, co-
MHUTENILHO. YCTOHYMBOCTD TETPArajOTeHUIOB MOXET ObITh 3HAYMTEJILHO ITOBHILICHA
ITyTEM KOMIUIEKCOOOpa30BaHMSI ¢ raJloTeHuI-uoHaMu. Ecin K npospayHoMy pacTBOpY,
TTOJIy4eHHOMY TPOITyCKaHMEM XJiopa yepe3 cycrieHsuio PbCl, B KOHHeHTpHpOBaH-
HOM coIsIHO# KucioTe, J0O6aBUTh XJIOPU aMMOHUS, TO 00Pa3yroTCs XKEJIThIC KpUC-
TaUBl rekcaxioporuriombara(lV) amMmoHus:

PbCl, + Cl, + 2NH,CI = (NH,),[PbCIs]{

TIpu peiticteun oxyaxmeHHoM 10 0°C KOHHEHTPUPOBAHHON CEpHOIl KHCIIOTH OHHU
pasNaraloTcs, BBIACAA MACHSTHUCTHIE Karumu teTpaxiopuna PbCl,.

Jlaranorennanl 3jemenToB 14-i rpymmst. JuranoreHuas yriaepoaa U KpeMHHS He-
ycToiunBhl. O6pa3oBaHue QUTaIOTEHUIOB KPEMHMSI, TepMaHus 1 0JI0Ba BO3MOXHO B
pe3yJIbTaTe BBHICOKOTEMIIEPATYPHOTO COMPOTIOPUMOHMPOBAHMUSI TETPATAJIONCHUIOB U

* Barnes J. C., Sampson H.A., Weakley T.J. R. //J. Chem. Soc. Dalton Trans. 1980. P. 949.
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Puc. 5.30. Crpoenue SnCl,- 5H,0 (a) u SnCl,-2H,0 (6)

TIPOCTBIX BelecTB. JAMMOIUI TepMaHusi, KPOME TOIO, MOXET ObITh ITOJTYYCH IIPH BOCCTA-
sHosneHnn Ge(IV) B BoXHOM pacTBope HomoBoaopona GochopHOBATUCTOMN KMCIIOTOM:

GeI4 + H3P02 + H20 = Ge12 + H3PO3 + 2HI

B ra3oBoit (ha3e OUTAIOTEHHMIBl MOTYT HaXOAWUTBhCS B MOJIEKYJISIDHOH ¢opme, a B
KOHJIEHCHPOBAHHOM COCTOSIHUU OGBEMUHSIOTCS B UUKIIBI, LEMH WM CJIOH.
YCTOWYMBOCTD JUTAJIONEHUIOB BO3pacTaeT BHU3 1o rpymre: CX, K SiX, < GeX; <
< SnX, < PbX,. AurasoreHuabl CBUHIIA OKa3bIBAIOTCS YCTOMYMBES TETPAraIoreHUIOB.
M3 ranoreunnos onosa(ll) Haubosee BaxXeH AMXJIOPUI, KPHUCTAIUIM3YIOIIMHCS
13 pactBopoB B Bue auruapara SnCly- 2H,0 («onoBsiHHas cojib»). OH NMpeacTaBis-
eT co60il GecrBETHBIE KPUCTAJUIBI, XOPOIIIO PacTBOPUMBIE B Bozie. CTPYKTypa «0JI0-
BSIHHO# cOJIM» ob6pa3oBaHa TpeyroiibHbiMu nupamunamu [SnCly(H,0)], cBasaHHbBI-
MU B JBOIHBIE CJIOM MOCTHKOBBIMH aToMaMu xyiopa (puc. 5.30, 6). OnHa U3 MOJIEKYJT
KPUCTAUTM3ALIMOHHOM BOIBl HETOCPEACTBEHHO HE CBSI3aHA C OJIOBOM, HO3TOMY (op-

®@ocren. Cpeau okcoranorenunos yrepoga COX, (X = F, Cl, Br) nau6onbluee
3HaueHUe UMeEET OKcoxIopua — docred. OH npeacTapnsgeT COG0H GeCLBETHBIN ra3
(tan = —128°C, tyun = 8 °C) ¢ 3anaxoM rpenoro ceHa, manopacrsopumslit B soae (0,9 r
B 100 r Boas! nipy 20 °C) ¥ MemIeHHO ¢ HEell B3aMMOAECHCTBYIOLIMHA.

ITnockoe ctpoenue mosexynsl COCI, nenaer aToM yrinepoaa ZOCTYIIHbIM Uil TUI-
ponu3a:

COC12 + H20 = COzT + HCl

CKOpPOCTb KOTOPOIO PE3KO MMOBHILUAETCs B IPUCYTCTBUY 1enouu. DopmanbHO pocreH
MOXHO PacCMaTpUBATh KaK XJIOPAHTMAPHL YroIbHOM KUCTIOTh. I10n06HO xnopaHrua-
pHAaM OH pearupyer ¢ aMMHUakomM, obpasys KapbaMuia —— MOYCBUHY:

COCL, + 4NH;, = (NH,),CO + 2NH,Cl

TTpu BHICOKOIX TemmnepaType docreH pacniagaercsi Ha okeua yrnepona(Il) u xiop. Pocrex
TMONYYaIOT 110 06paTHolt peakuuu — B3aumoneiictueM CO ¢ xiopom npu 130°C Ha
aKTUBUPOBAHHOM YTIJ€.

HecMoTpst Ha BHICOKYIO TOKCUYHOCTH (¢hocreH GbUT TpuMeHeH B IlepBoit MUPOBO#
BOilHE B KauecTBe HOEBOrO OTPABJSIOILErO BelIECTBA), (POCreH HAXOAMT LIMPOKOE
IIpUMMEHEHHE B XUMUUYECKOM NMPOMBILIZIEHHOCTHU KaK MCXOJHOE BEIECTBO /ISl CHHTE3a
naacTMace (oJaMKapboHATOB), KpacUTeNnel, MeCTUIUAOB, JIEKAPCTB, B KAYECTBE XJ10-
PUPYIOLLIETO areHTa.
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MyJTy KpUCTA/UTOTUIpaTa HpaBwibHee 3anuceiBath [SnCl, (H,0)] - H,O. Tanorenunst
onoBa(Il) — cunbHBIE BOCCTAHOBHUTENM, HANPUMED:

3SnCl, + H,SO, + 12HCI = S + 3H,[SnCl] + 4H,0

lanorenyabl CBUHLIA JIETKO OCAXAAI0TCS PACTBOPAMH TAJIOTEHOBOJIOPOOHBIX KHC-
JIOT UJIK MX COJIEHt;

Pb(NO3), + 2NaCl = PbCl,d + 2NaNO,

W HesHayuTeNbHAS PACTBOPUMOCTB CBSI3aHA C YCUJIEHMEM MOHHOCTH CBSI3M U SHEPTUM
KPUCTAJUINYECKOM pelteTku B psiny GeX,— SnX,— PbX,.

PacTBOpuMOCTb raloTeHNIOB 0JIOBA M CBUHIIA 3HAUMTEILHO NOBHILIAETCS B IIPH-
CYTCTBHH TAJIOTCHUI-UOHOB OJiarofapst 06pa3oBaHUIO pACTBOPUMBIX KOMIUIEKCHBIX
coepuuenuit M'[3T;] win MA[OT,] (D = Sn, Pb).

5.8. ASOTCOIEPXKAIIIUE COENVUHEHUA DJIEMEHTOB 14-M I'PYIIIBI

Yriepon u a3oT crocoGHBI 06pPa30BHIBATE POYHBIE KOBAICHTHHIE CBSI3H, TIPH-
cyrcTeyrome B auuuane (CN),, cuamnbHo xucnote HCN u ee cosisix nMaHumax,
UHMaHaT- ¥ M30LMaHAT-NOHAX, a TaKXe HuTpuae yriepona C3N,.

Hutpun yrnepona C;N, o6pasyercst B Buzie XenToit aMopGhHON MacChl Hpu Tep-
MHUYECKOM PAa3NIOKCHUU PONAHUAA PTYTH:

2Hg(SCN), £ CS,1 + 2HgS + C;N,

OH XMMWYECKU MHEPTEH, a B KPUCTAUIMYECKOM BUJE 110 TBEPHLOCTH MPEBOCXOMNT
anMas.

Hurpun kpemuns Si;N, — KpucTammyeckoe Belectso 6es10ro mpera (1, = 1930 °C),
MOCTPOEHO U3 TeTPas3ApoB SiN, M XapaKTepU3yeTCsl NCKITIOUYHUTEIBHON HHEPTHOCTBIO.
Ho 1000°C Ha Hero He AEHCTBYIOT KMCIIOPOI M BOAA, KHCIOTHI M meaoun. SizN,
MEIUICHHO pasJiaracTcsl JUIb PACTUIaBICHHBIMU 1IEI0YaAMU;

Si;N, + 6NaOH + 3H,0 = 3Na,SiO; + 4NH,?
U Tops4eil TNIABUKOBOI KHCIOTOM:
Si3N, + 16HF = 2(NH,),[SiF4] + SiF,t

Hutpun kpeMHMsI OMYYaroT B3aMMOIECTBHEM IIPOCTHIX BewecTs Bhie 1300 °C
WK TI0 PeaKIvM:

38iCl, + 4NH; £ Si;N, + 12HCIT

Hapsiny ¢ mmokcumom kpemuust Si;N, LUHPOKO MPUMEHSETCS B MUKPOJIEKTPOHMKE
B KaueCTBE OWINICKTPHKA, HO OCOOEHHO IIEpCHEKTHBEH KaK XapocTOifKas Jerkas
KOHCTPYKIMOHHAsI KEpaMHKa.

IIpy 3ameleHNK YacTH KPEMHUSI B HUTPUIE KPEMHUS Ha ATIOMHHHIA TIONYYaloT
HOBBIY KEpaMHUYECKMI1 MaTepuan CHalOH, [EPCIIEKTUBHBIM ISl M3TOTOBICHUS JIET-
KOM MHEPTHOI KEPaMHUKH.

Hutpunst repmanus GesN, u onoBa Sn;N, IOTy4aroT HarpeBaHHEM METAUIOB
WM Mx nuokeunoB B NH; ripu 730 °C. D10 cBeTIIO-cephie TBEpABIE BELECTBA, YCTOI -
YMBBIC Ha BO3Myx€ M BJIaXHOM aTMocdepe.

148



IIpu B3auMOne#CTBMM PacTBOPOB asuia HATpUs (COMM A30THCTOBOZOPONHON KMCIOTHI
HN,) u HuTpaTa cBUHUA 06pasyeTcs 6ebiit 0CagoK a31uaa CBUHLA Pb(N3),. B cyxom Buze oH
B3PLIBACTCA OT COTPSICEHUSI U T103TOMY HUCIIONb3YeTCsl KaK AETOHUPYIOLIEE BeleCTBO.

5.9. COEIMHEHUA DJEMEHTOB 14-1 TPYIIIBI C XAJTbKOTEHAMUA

W3 xanbKoreHUIOB 37IEMEHTOB 14-if rpyIIIibl HanGONIbIIEE 3HAYCHUE UMEIOT CYJIb-
bunmr (tabi. 5.8). AucyiabGumbl U3BECTHH IJIST BCEX JIEMEHTOB 33 MCKTIOUEHUEM
CBHMHUA, B TO € BpeMsI WIS YITIEPOAa U KPEMHUS He MOJIy4eHB MOHoCY/IbOUIb. B
psilly XaJIbKOTCHHIOB I1pH IOBBILICHUU CTENCHH OKMCIIEHUS MeTalla HaOIiomnaeTcs
MOHIDKCHHE YCTOMYHMBOCTH M YCUJICHHE KMCJIOTHBIX CBOMCTB.

Cpenu cynbpunos Haubonee BaxeH cepoyriepon CS, — GecLBeTHAs JTeTy4ast XKull-
KOCTB (fqim = 46 °C), Manopactsopumast B Bozie (0,26 r 8 100 r Boms! riput 0 °C), TOKcHuHast
1 O4YeHb OTHeornacHast. Mosekyna CS, nogo6Ho CO, UMeET IMHEHHOE CTPOEHHE.

Cepoymiiepon — 3¢ GheKTHBHEI PacTBOPHUTEN b HEMOJNSPHBIX BELIECTB, B HEM XO-
POLIO pacTBOPSIIOTCS Geiblit pocdop, cepa, noza. Cepoyriiepos MoNy4aoT KaTaIUTH-
YeCKOW peaxiiueit MapoB Cepsl ¢ NPUPOIHBIM rasoM Ipu 630 °C:

CH, + 4S £ CS, + 2H,St

[Tono6Ho CO, cepoyriiepos pearupyer ¢ pacTBOpaMu eJjiouei, o6pasyst KapooHa-
THl 1 TUOKAPOOHATHI:

. 3CS; + 6NaOH = Na,CO; + 2Na,CS; + 3H,0
CS, B3anMonecTBYET ¢ pacTBOpaMu Cy/ITbGHUIOB IEIOUYHBIX U LIETOYHO3EMETBHBIX
MeTAJLIOB:
CSz + Nazs = N8.2CS3
Bosblioe KonmyecTBo cepoyriepona ucoib3yeTcs: B IPOM3BOICTBE BUCKO3bI M IIPU
BYJIKAHU3AIIMM KaydyKa.

Hucynsdun kpeMaus SiS, o6pa3syeTcs 1ipy HArpeBaHUM KPEMHMUS B IIPUCYTCTBUN
CepOBOJIOPOZIa M pasjiaraeTcst Bofoi ¢ BuimesienueM SiO,- nH,O u H,S.

Tabnuuma 5.8
CaoiicTBa cynspunos anementos 14-it rpynnsi
CBOICTBO CS, SiS, GeS GeS, SnS SnS, PbS
Ber becuset- | BecupeT- [KpacHo-xo-| Becuser- | Bypniit | 3onorucro- |Yephutit
HBIIA HBIH PUYHEBBII HBIIA KeJITHIi

IInotHocTL,] 1,26 2,02 4,01 2,94 5,08 4,51 7,59
r/em?

ts C -112 1100+ 665 840** 881 >520** 1077
toms °C 46 — 827 — 1276 — 1281
AH, 88,7 -207,5 -70,09 -38,38 -110 -82,4 -100,4
kX /Monb

* BosroHsercs.
** Paanaraercs.
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Ilcesaoranorensl u ncesaoranorennabl. Hexotopsle rpymmsl aToMoB X, o psagy
CBOMCTB HAllOMUHAIOLLME TaOTeHUA-UOHBI, Ha3bIBAIOT ncegdozanozenudamu, a obpa-
3yeMble UMU MOJIEKYIIBI X, — nceedoeasceenamu. K riceBporajiore HUAAM OTHOCSIT UOHBI:
uuaHug CN7, puaHat OCN', tvoumaHat SCN™, a K ICEBIOTaloreHaM — AMIHUAH
(CN), u HeycToituuBbit qupogaH (SCN),.

JduuuaH — GecuBeTHBINA AMoBUTHIN 1a3 (¢, = -28 °C, .4 = —21°C), xopouo pa-
crBopuMblii B Boxe (450 M B 100 r Bogs! nipu 20 °C). OH obGpasyeTcs 1py B3auMoaeii-
CTBUM TopsAYETO PACTBOPA MEIHOTO KyNopoca ¢ UUAHUIOM HATPU:

2CuSO, + 4NaCN = (CN), + 2CuCN + 2Na,S0,

BTo WTIOCTPUPYET NCEBIOTATOIeHUAHYIO Mpupoay HoHa (CN)™, KoTophlit aHalo-
THYHO MOMMAY oKHCIIsieTca MoHoM Cu™". TTo 1e/TI04HOMY IMAPOIK3Y OH TAKCKE HATIOMH-
HAeT TaJIoreHHl:

(CN); + 2NaOH = NaCN + NaOCN + H,0

JMuMaH Ype3BEIYANHO OFHEONACEH U CTOPAET KPACHBHIM PO3OBHIM IUTAMEHEM, BBIIE-
J1s1s1 HosbliIoe KOJIMYECTBO TEIUIOTHI:

(CN)2 + 202 = 2C02 + N2
BOZ[HbI]?[ pacTBop aMLIMaHa Heyc’l‘Oﬁ‘lHB U MCIJICHHO paanaraeTcs.
(CN)2 + 4H20 = (NH4)2C204

CuHunpHada kuciora HCN — UCKITIOUMTENBHO SIO0OBUTAS M OTHEOIIACHAS, JIETKOJIETY-
Yast XKUIKOCTD (fy, = 260 °C, f,n = 26 °C) ¢ BbICOKOMW AUINEKTPUYECKON POHULIAEMO-
ctoio (€ = 160 ipu 25 °C), obycnoBieHHo 06pa3oBaHUEM TPOYHBIX BOAOPOIHBIX CBSI-
3eil. MMeeT xapaktepHblii 3anax ropbkoro MyuHans. I1py noaxXuraHMy Ha Bo3ayXe Cro-
paeT cuHe-(uoeTOBHM M1aMeHeM. CHHMWIIbHYIO XHCIoTY nony4aroT u3 NaCN BeiTec-
HEHHEM KMCJIOTaMH, 4 TAKXKE C IMOMOILBIO KaTanuTuyecKoro rnpopecca rpu 800 °C:

CH4 + NH3 + 3/202 = HCN + 3H20

HCN cMmewmnBaeTcs Bo BCeX oTHOLUEHHUSX C BoJOMW, BeaeT cebsi Kak ciabasi KUcaora
(K, = 4,9-107'% u MemieHHO TMAPONU3YETCs, MPEBPAI@AACh B MATOTOKCUYHBIE MPO-
JYKTBHI:

HCN + 2H,0 = [NH,]" + [HCOO]~

Heitrpanusanueit BogHeix pactBopoB HCN ¢ nomotusio Na,CO;, NaHCO; uinu
NaHCOO cuHTe3upyoT uMaHus HaTpus:

2HCN + N32CO3 =2NaCN + Hzo + COzT

Ero npousBoasT B 10CTaTOUHO GOJIBIIMX KOJTMYECTBAX M PACXOAYIOT [JIABHLIM oOpa-
30M LT BHIZEJIEHUA cepebpa U 30710Ta U3 OEJHBIX DYII.

aHuAB! 1IETIOUHBIX METAUIOB XOPOLLIO PACTBOPHMBI B BOJIE U SIRIISIIOTCS OYeHb TOKCHY-
HbIMU coeauHeHUsIMU. TIpu meiicTBUM Ha HUX xnopa obpasyetcs xnopuvaH CNCI (¢, =
=-6°C, tyn = 13°C) — oguH U3 CaMBIX AOOBUTBHIX IA30B, BbIZBIBAIOLIMI CIE30TECUEHHUE.

Hon CN™ npuHa/IeXuT K JIMraHAaM CHIIbHOTO 110718, o6pa3ysd MHOXECTBO KOMII-
JIEKCHBIX UAaHNIoB. OH MOXET GbITh KAK MOHO-, TAK U OUIEHTATHHIM JIMTAHIOM.

B To BpeMs Kak MSrKue OKMCIIUTENU IepeBomsiT MoH uMaHuga CN™ B guuuaH,
OKCHIAbI MAJIOAKTUBHBIX META/UIOB U Oonee cunbHble okucauteau (KMnO,) npespa-
LIAIOT €T0 B [IMAHATBI — COJM MaHoBol KucmoTel HOCN:
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Lnanars! Takxke 06pasyloTcs IIpy CIUIABJIEHHH LIETOYHBIX METAJLIIOB MJTH UX Kapbo-
HATOB C MOYEBHHOM:

Na,CO; + 2(NH;);CO £ 2NaOCN + CO,T + 2NH;1 + H,0

TIpy HarpeBaHMK MOYEBMHBL MOXET ObITh TTOJNy4€Ha U LIHAHOBAs KUCJIOTA B UMCTOM
pune. HOCN mnpeacranisier coboit 6eCuBETHYIO XKUIKOCTD (I, = —87 °C, tyn = 247°C)
C PE3KMM 3a11aXOM, HATIOMMHAIOLIMM 3aM1aX YKCYCHOH KMCIOThI. OHa CyLIECTBYET B BUIE
PABHOBECHOM CMECH JIBYX TayTOMEPHBIX (POPM — LIMAHOBOW M M30LIMAHOBOM KHUCTIOT:

H—0—-C=N 2 H-N=C=0

LnadoBas kucjiora W3ounaHosas KuciaoTa

[pu genpotonnpoBanuu (K, = 1,2-107*) o6e dopmel 06pasyior HOH OCN’, xoro-
PHIii B 3aBUCHMOCTH OT TOTO, KAKMM JOHOPHBIM aTOMOM OH CBfI3aH C METAJJIOM, Ha3blBAIOT
umanarom (cesizb M—OCN) 6o usouuanaroM (cesisb M—NCO). B BoxHOM pacTBope
LMaHOBas KMCOTa GbicTpo paspyuwiaercsi ¢ BbigenenneM NHi, CO; m H,0, a mpu
HarpeBaHMH NPEBPALIAETCS B IMKINYECKUH TPUMED — LIMAHYPOBYIO KMCJIOTY (HNCO);.
KauecTBeHHOI peakiyeil Ha LHUaHaThl ABIIETCSA MOABJICHME TEMHO-CHHErO OKpalluuBa-
HUSI TIpY B3aMMOJEHCTBUM C COMAMM KobabTa, 00YCIOBICHHOTO HOHOM [Co(NCO),]".

HzoMepoM LMAHOBOM KHCIOTHI AB/IAETCS GYIBMHUHOBAsE KUCTIOTa HCNO, crpoe-
HHMe KOTOpPOil OMMCHIBAETCS JBYMS PE30HAHCHBIMU hopMaMu:

H—C=N"-0 - H-C=N'=0

OHa npeacrapiaser coboit GecuBeTHbIE KpUCTAUIB (f,, = 10°C, K, = 5,6-107%),
KpaiiHe HeycToiunBbe. B HEGOMBIUMX KOMNYECTBAX (DYTbMMHOBAs KUCIOTa Obpasyercs
MpH B3aHMOAEHCTBIM 3THIOBOTO CIIMPTA C A30THOM KMUCIOTON M MOXET OBITh BbIIE/E-
Ha B BUJIE COJH TsXKeJNOoro Merawia. MyJIbMUHATH MCIONB3YIOT B KAYECTBE JETOHATO-
POB, TAaK Kak IpH YIape OHM Pa3jaraloTcs CO B3PHIBOM:

2AgCNO = 2Ag + 2CO + N,

CIUIaBJIEHNEM TBEPABIX LIMAHMIOB C CEPON MIIM CETEHOM IMOJy4aloT THOLMAHATEL 1
ceneHoumanaret (X = S, Se):
KCN + X = KXCN

Ponanucropogopoanyio kucinory HSCN monyyaloT npu NponyCKaHWM pacTBOpa
KSCN uepes coit KaTmoHHO#M cMoJbl B BogoponHoit dopme. HSCN — cuibHas Kuc-
nota (K, = 0,5), NO3TOMY THOLMAHATEl (POJAHMABI) LIETOYHBIX METALIOB B BOZHBIX
pacTBOpax MpaKTHYECKH He ruaponusytorcs. [Ipu OKUCIeHMM POXAHHI-HOHA MTEPOK-
CUJIOM BOAOPOJA B KMCIIOM pacTBOpE:

3H,0, + SCN™= HSO; + HCN + 2H,0

CIEKTPOCKOITMYECKH yIaoCh 3aMKCHpOBaTh KpaiiHe HeyCTONIMBBIN AMPONAH (SCN),.
MexaHU3M OKHCIIEHHS BKJIIOUAET HECKOJBLKO CTaIuit*:

H,0, + H" + SCN™= HOSCN + H,0
H,0, + HOSCN = HO,SCN + H,0
HO,SCN + H,0, = HSO; + HCN + H"
[pu B3aumoneiicteun HOSCN u SCN” o6pasyercss HeyCTOHUMBHI MPONAH:
HOSCN + H" + SCN™ 2 (SCN); + H,;0

* Figlar J.N., Stanbary D. M. // Inorg. Chem. 2000. V. 39. P. 5089.
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HelicTBue Ha TBEpAble POJAHMIB KOHUEHTPUPOBAHHON CEPHON KUCIOTH HPHUBO-
IMT K 00pa3oBaHHIO KapOOoHUICyabduaa*:

KSCN + 2H,S0, + H,0 = COS?T + KHSO, + NH,HSO,
HpPI Harp€BaHUM TBECPABIC POXAHUABI pa3naraloTcs, BBIACTAS IULIMaH:
2KSCN £ KyS + (CN), + S

Pomanun amMmmoHus B pacruiaBe YaCTUYHO M30OMEPHUIYETCSA B THOMOUYCBUHY.

* Beck M.T., Kauffman G.B. // Polyhedron. 1985. V. 4. P. 775.

Cynbhuasl repMaHus, 0JI0Ba U CBUHIIA TIOYYAIOT B3aWMOIEHCTBUEM TIPOCTHIX
BELIECTB JINOO OcaxXaeHUeM CEPOBOIOPOIOM U3 BOIHEIX PaCTBOPOB:

Pb(CH,COO), + H,S = PbS{ + 2CH,COOH
H,[SnClg] + 2H,S = SnSyd + 2NH,CI + 4HCI

Hucyneduns repManus ¥ oyioBa 06;1a0a10T GONBIIEN KHCIOTHOCTHIO, Y4€M MOHO-
cyIbMOUIBI, TTO3TOMY OHHW PACTBOPSIIOTCS B M30HITKE CY/JIb(MUIOB LIEJTOYHBIX METAN-
JIOB WIW aMMOHMUS ¢ oOpa3oBaHWEeM aHUOHHBIX CY/IbGHUIHBIX KOMIUIEKCOB — CYJb-
¢oconeir, HanpuMep:

Sn52 + NaZS = NaZSnS3

Jlerkoctb 06pa30BaHMs THOCTAHHAT-MOHOB MOXHO OOBSCHUTB MX GOTBILEH YCTONYHBOCTBIO
0 CpaBHEHMIO ¢ qUCyabbuaoM DS, B HacTosLee BpeMs MONYyIEHO GONBLIOE YHCIIO THOCTAHHA-
TOB ILETOUHBIX METATUIOB PaIMYHOrO COCTaBa. Bo Beex Crydasix OTOBO MMEET KOOPAMHALIMOHHOE
yucno 4. B oproruocrannarax Na,SnS, (puc. 5.31, @) npycyTCTBYIOT OTAEIbHLIE TETPATHOCTAH -
HAaT-MOHHI, uMelolne GopMy Terpasapa, B AMcranHarax NasSn,S¢ (puc. 5.31, 6) — gusnep-
HbIE AaHMOHBHI C ABYMs CYTb(QHIHBIMU MOCTUKAaMH, a B MeTa-cosix Na,SnS; (puc. 5.31, ¢) —
6eCKOHEYHBIE HEMOUKM M3 TETPasApoB. M3BECTHH TaKKe CMELIAHHBIE THOTMIPOKCO- U THO-
oKcocraHHaThl, Hanpumep K,SnS;0.

ITonkycnaeHue TIOMY4EeHHBIX PACTBOPOB BHOBBb MPWBOIMWT K BBIIEICHWIO ocamKa
Ivcyabduna:
NazsnS3 + 2HCI = SnSTL + 2NacCl + HzST

Truoconu obpasywores Takxke TIPH OKHUCIEHUH MOHOCYILMOUIOB repMaHUA W 0JI0-
Ba TIOJUCYIbOUIAMH LIEJIOYHBIX METAJUIOB U aM-

Os . MOHMUS:
O Sn SnS + Na,S, = Na,SnS;
Cyneun csuHIA B peakuuio ¢ Na,S, He
BCTyTIaeT.

Cenenunbr ¥ tesmtypunsl Si, Ge, Sn, Pb no
CTPOEHMIO U CBOMCTBAM TIOJOOHBI COOTBETCTBY-

a 6 6 oLIUM cyabbunaM. OHU UCTIONB3YIOTCS JUTS U3-
Puc. 5.31. CTpoeHHMe aHMOHOB B THO- T'OTOBJIEHUS TEPMOJIEKTPUIECKHX U (HOTOTEK-
CTaHHATaX: TPOHHBIX TIpeoOpa3oBatenieil (MHGpaKpacHBIX

a — Na,SnS,; 6 — Na,Sn,S¢; ¢ — Na,SnS;  JETEKTOPOB U UCTOYHUKOB CBETA — JIA3€POB).
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XHMHYECKHE NOTYNIPOBOAHHKOBBIE CEHCOPbl. [10TyIIpOBOTHHKOBEIE CEHCOPH! (OT Jat.
sensus — YyBCTBO, OIUYILUEHNE) — YYBCTBUTEIBHBIE 3IEMEHTH Ha OCHOBE SnQ,, In,0;,
Zn0O, TiO; u T1.4., NMpeobpasylolne SHEPTHI0 XMMHYECKOTO TPOoLEcca B 3JIEKTpUUE-
cKylo. B3aumoneiicreue onpeaensiemoro rasza (O,, CO, NO, u 1.1.) C YyBCTBUTEb-
HBIM MaTEpHATIOM CEHCOpa BHI3BIBAECT OOPATHMOE M3MEHEHHE €0 3NEKTPOIIPOBOIHO-
CTH, KOTOPOE PErMCTPUPYETCS 3MEKTPOHHBIM yCTpoHcTBOM. [Ipolecc B3auMonencTBust
rasa ¢ MaTepHaioM M COOTBETCTBYIOLIECE M3MEHEHNE KOHLEHTPALIMH SJIEKTPOHOB MO-
T'YT GBITh NPEACTABICHE B BUIE

1/,04(r.) + 2¢" = O (r0B.)
CO(r.) + 0¥ (noB.) = CO,(10B.) + 2¢
NO,(r.) + € = NO,(110B.)

TTonynpOBOIHUKOBBIE CEHCOPBI XapaKTEPU3YIOTCA BBICOKOH YyBCTBUTENBHOCTBIO,
MpOCTOTON KOHCTPYKLMH, YEOOCTBOM B DKCIUTyarallMM, HEBHICOKON CTOMMOCTHIO.

Iupokoe pacripocTpaHEHHUE TTONYYMUIIM TAKXKE INMEKTPOXHMMHUYECKHUE, OITTUUECKHE,
aKyCTOBOJTHOBHIE, OMOTOrHYECKUE U APYTHUE
THUIIBl CEHCOPOB, OCHOBAHHBIC Ha Pa3IMYHBIX
crocodax rmpeobdpa3zoBaHMsA CEHCOPHOIO CUT-
Hana.

TumnuyHass cxema TMONYIIPOBOIHUKOBOTO
CEeHcopa npeacrapieHa Ha puc. 5.32, CeHcop
npenacrapiasier OG0 Terkuil JIopaieBbi K-
TuHap I, ¢ OMHOH CTOPOHB 3aKPLITHIH ra3o-
MPOHUIAEMON MEMOpPaHOH 2. BHYTPH LIMJTHH-
Ipa HAaXOXMTCS KOPYHIOBas IOMJIOXKA 3 ¢
HAHECEHHBIM Ha HEE YYBCTBUTEJIBHBIM CJIO-
eM SnO, 4. Ilpu amcopOuMK MOJEKYN rasa B
pe3ynbrare XMMHYECKUX PEaKLIMil U3MEHSIETCS
3JIEKTPONPOBOHOCTD YYBCTBUTEIBHOIO CJTOA,
KOTOPYIO PETMCTPHPYIOT rajibBaHOMeTpoM. e-
copOuMs raza NMPOUCXORUT MPH HarpeBaHUM
IJIATMHOBOTO JJIEMEHTA J MOCTOSSHHBIM TO-
KOM. CeHcop coxpaHsier paborocnocobHocTs  Puc. 5.32, CxeMa momynpoBOAHMKOBOTO
B TEYEHHE HECKOJIbKHUX JIET. ceHcopa

@ 11,5mMm

KonrpoabHbie Bonpoch!

1. Kak nameHseTcss Heprusi MOHM3aMK aTOMOB IIPH Ne€pexone OT 6opa K yrnepony?

2. Jlns monyyeHUs aiMmasa U3 rpadura TpebyloTCs BHICOKME TEMIEPATYpH M AABJICHMA,
M3-32 YEr0 OYEHb TPYIHO OMNPEAETMTD TEIUIOTY nepexona rpadura B anmas. [Ipeaoxure mpo-
CTOH Croco6 HaxOXAEHMS TEIUIOTH 3TOTO Iepexona. '

3. TToueMy JMOKCHJL YIIEPOaAa — ra3, a JMOKCHJIBI OCTAIbHEIX 3JIEMEHTOB 14-1 rpynmnsl —
TBEpALIE BerecTna?

4. TTouemy amMa30MogO6HBIH KPEMHHUI B OTIMUME OT ajiMa3a HEMPO3pauyeH U MMEET CUHE-
Cepblil MeTAIMUecKuil 6meck?

5. IToueMy 371€KTPOIPOBOAHOCTD MOMYPOBOXHMKOBEIX Si 1 G€ 1 HEKOTOPBIX MX COEAMHE-
HUIl yBEIMUYMBAETCA C MOBBILIEHUEM TeMIIEpaTypbl? MOXHO JIM PEeTyMpOBaTh UX SJIEKTPO-
NMPOBOXHOCTDH?
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6. M3BecTHBl (y/uiepuThl — cOexMHEHHUS Ceo ¢ Merautamu (Hanpumep, K;Cqo), B KoTO-
PHIX aTOMbl METall/la HAXOZATCS MEXIY LUaPOBUIHBIMM MonekynamMu Cgy. BO3MOXHO 1M Ha-
XOXIEHUE aTOMOB MeTalla BHYTPU MOJeKyn Ceq?

7. llpu 3aMelIeHUU YaCTH KPEMHMS HA ATIOMUHMI B ATIOMOCHIMKATHOM KapKace BO3HMU-
KaeT U3GHITOYHBII OTpULATENbHBIN 3apan. Kakum 06pa3oM JOCTUTAETCS 3/IEKTPOHEHTPATD-
HOCTb B NPUPOXHBIX M UCKYCCTBEHHEBIX ATIOMOCHIMKATAX? .

8. Hpez_[cxaxmg_reOMerpnqe&Kylo dbopmy monexyn u noxos SnCl,, COCl,, SiH,, SnCl,,
[Sn(OH);]", [SiF]”, [Pb(OH)s]".

9. lpennoxure Merox nonydenuss CO us CaCOs.

10. Tpeanoxure MeTofbl CMHTe3a cunaHa SiH, us Si0,.

11. IToyeMy XUMMYECKAS AKTMBHOCTb CBEXEOCAXIEHHOTO THIPATUPOBAHHOTO Sn0,-xH,0
(-ONOBAHHOM KHCIIOTHI) 3HAYMTENbHO BBILUE, YeM COCTAPMBLIETOCS TUIAPATUPOBAHHOIO
SnO;- xH,;O (B-0n0BAHHOM KKCTOTHI)?

12. B TBepabix repMaHaTax KOOPAMHAUMOHHOE YHCIO TEPMAHMsI PABHO 4. IIpenckaxure
cTpoeHme opro- (K,GeO,) u mera- (K;GeO;) dopm.

13. Kak moxa3aTh OfHOBpeMEHHOE MPHCYTCTBUE B OKCHIE Pb;0, (cypuk) noHos Pb* u
Pb*? IIpeanoxure cnoco6 ero nmoayyeHMs u3 rateHura PbS.

14. Tlouemy mpu KeHCTBMM OCHOBaHMIA Ha BOXHBIE PACTBODPBI COMEHt Sn(II) u Pb(Il) ne
00pasyioTes TMAPOKCHIEL TIPOCTOro coctaBa M(OH), ?

15. CeuHuoBbIt rer PbO B Bome HepacTBOpDHM, HO XOpOIUO pacTBOPSAETCA B BOXHOM
pacTBOpe CBUHLOBOrO caxapa (auerarta cBuHua(Il)). Yem 310 MOXHO OGBACHUTE?

16. OBGBACHUTE PA3TMYHYIO YCTOHUMBOCTD K THAPOIN3Y TATOTEHUIOB CCl, u SiCl,.

17. Tlpu rexHoreHHoit Karacrpode B 2002 r. B [yHail BBUIMIOCH GOMBLIOE KOIHYECTBO
pacTBOpa uMaHuaoB. [loyeMy 3T0 He BEI3BAIO SKONOTMYECKOH KAaTaCTPO(DbI?

18. Ni306pasurte pe3oHaHCHble GOPMBEI LTS LMAHAT- 1 QYTbMUHAT-HOHA. OGBICHHUTE C UX
NOMOUIBIO, MOYEMY LMAHATH IOPa3fo ycrolumBee QyTbMUHATOB.

19. Mcnonbays B KayecTBe ncxoxHbix Bewects CaC,0, u Pb(NO;),, nmonyuyure OCHOBHOMH
KapGoHaT CBuHUA, Hanuiuure ypaBHeHus peakumii 1 YKaXUTE yCIOBUS MX MpOTeKaHusi. Bbi-
qMcanTe npousseneHue pacrsopumocru CaC,0,, ecnu pacTBOPUMOCTE 3TOIH COAM B BOJE
6,12.1073 r/m.

20. Yro npexcrarisier co6oit BewecTBo Sn;0,? [IpeuioXuTe METON ero cuHTesa. Yo npo-
MCXOIHUT C HUM NpU HarpeBaHUM B MHEPTHOH aTMocPepe no 500 °C? 3anuiuure ypaBHeHHe
peaKkimu.

21. Tlocrpoitre muarpamMmy auTOTpPONHbIX (GOPM yraeposa: n3o6pasure TPEYTONBHUK, B
yrjiax KOToporo pasMecTure atoMbl C B COCTOSHMM 5p-, sp>- U sp3-rubpunusaumu (Kap6uH,
rpacur, anmas). [Tokaxure Ha xuarpamme obnacry, KOTOPBIM OTBevaloT (QyJUIepeHsl; amop-
GBI yrepon; rpadMHbl — BewecTBa, B KOTOPHIX (hparMeHThl CTPYKTYpPHI rpaduTa cBa3aHbI
MEXIy COGOM aueTICHOBBIMM MOCTHKAaMH; Kap6MHO-aTMa3bl — BEwIECTBA, COCTOSILME M3
&IMa30N000HEIX CTOEB, CBA3AHHBIX AlIETHICHOBBIMM MOCTMKAMM (cM. ipui, 24).



IF'naBsa 6
XMHUA DJEMEHTOB 15-11 T'PYIIIIbI

6.1. OBIIAAL XAPAKTEPUCTHUKA

K snemeHTaM 15-#f Tpynmbl oTHocsTca as3or 7N, docdop 5P, MBIIbAK 13AS,
cypsMa 5,Sb, BUCMYT g;Bi. TTo aHajoruu ¢ rajoreHaMu ¥ XajJbKOreHamu JUIA HHUX
TIpeUIOXKEHO Ha3BaHUE NHUKMO2eHbl, BOCXOIALIEE K IPEYECKOMY KODHIO mvikT, —
VIYLUUTHBBIH, TUIOXO IAXHYLIHH. DTO 0COGEHHO OTHOCUTCH K BOLOPONHBIM COCNMHE-
HUSIM 3JIeMEHTOB. DIIeKTpOHHbIe KOH(MUTYpaluyd M HEKOTOPBIE XapaKTepHUCTHKH
THUKTOTEHOB TIpeICTaBIeHH B Ta0. 6.1.

B 0CHOBHOM COCTOSIHUM aTOMBI THUKTOTEHOB MMEIOT EKTPOHHYIO KOH(pUTypa-
Mo ns?np® ¢ TpeMsl HECITApEHHBIMU p-3JIEKTPOHAMM. B psany N—P—As—Sb—Bi
pasMepsl aTOMOB YBEJIMYMBAIOTCS, @ SHEPTUH MOHU3AMY YMEHBIIAIOTCSA (cM. Tab. 6.1),
YTO TIPUBOIMT K YCWIEHHIO METANINYECKHUX CBOMCTB: a30T dochop — TUNINYHEBIE
HEMETALTH, CypbMa ¥ MBIIIBSIK — METAUTOUIBI, BACMYT — METaJll. C pocToM paam-
yca yBeJMYMBAIOTCS ¥ KOOPAMHALIMOHHHIE YUC/Ia aTOMOB. JIng a3oTa XapaKTepHBI
KOOpAMHALMOHHBIE yucna 1—4, aa docdopa OOBIYHO peanu3yeTcd TeTpal3apu-
yeckoe okpyxeHue (KU 4), onHaKo B cOeqMHEHUSX C raJloreHaMn OH MOXET UMeETh
Gonee poicokve KU — BIUIOTH 10 6. MBIIIBIK U CypbMa NPOABJIAIOT KY 4, 6, a
BucMyT — 7, 8, 9 (puc. 6.1).

W 3-3a MAJIOTO pagyca ¥ BHICOKOI 2JIEKTPOOTPHULIATEIBHOCTH a30T 110 CBOMCTBaM
OT/TMYAeTCs OT OCTAIBHBIX 37€MEeHTOB rpynnbl. OTCYTCTBHE Y a30Ta SHEPreTHICCKH
JIOCTYTIHOTO BaKAHTHOTO d-ITO[lypOBHSI TPUBOAMT K TOMY, YTO aTOM N MoxeT 06pa-
30BBIBATH He O0Jiee YeThIpeX KOBAIEHTHHIX CBs3ei, B TOM 4YHCIE OOHY CBsA3b IO
JLOHOPHO-aKIEIITOPHOMY MEXaHU3MY.

B psiny P—As—Sb—Bi (1abn. 6.2) MpoYHOCTb ONMHAPHBIX G-CBsi3ell YOBIBAET B
CBSA3M C POCTOM PaJMyca aToMa ¥ YMEHbIIEHUEM NepeKPBIBAHNST aTOMHBIX p-opou-
Tajeir. MeHbIast Tpo4HOCTD CBA3M N—N 110 CPaBHEHHIO CO CBSI3BIO P—P o6yciioB-
JleHa MJIbIM Pa3MepoM aTOMOB a30Ta ¥ BO3HUKAIOIMM BCIIEACTBHIE STOTO CHIIBHBIM
MEXJIEKTPOHHBIM OTTAJKUBAHUEM,

[TpOYHOCTH KPATHHIX CBsI3€# yMEHBIIIAETCS C POCTOM pasMepa aTOMHbIX opbuTaneit
U, KaK CJIEICTBHE, C OCIabIeHNEM UX MepeKpHBaHUsA 110 m-THILY. TakuM 00pa3om,
Haubosee NMPOYHBIMU OKAa3bIBAIOTCH KPaTHBIE CBA3H a30Ta (cM. Tabm. 6.2). V3 naHHBIX,
TIpeCTaBIEHHBIX B TabI. 6.2, TaKKe CIeRYeT, YTO SHEpIus IBOWHOI (o + T) U TPOMHOMN
(6 + T + ™) CBSI3U a30Ta TIPEBBILLIACT YABOCHHYIO M YTPOCHHYIO SHEPIUIO (xIIx/MoITb)
omuHapHoit csiau; E(N=N) = 418 > 160-2, E(N=N) = 942 > 160 - 3. UHbIMH CJTO-
BaMU, a30T MMeeT TeHIeHIMIO 06pa3OBHIBATh KaK JBOMHbIE —N=N-— u Tpo¥HbIEe
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Ta6nuya 6.1

CaoiicTsa dnementos 15-ii rpynnb

CBOiicTBO N P As Sb Bi
3apsn sinpa Z 7 15 33 51 83
OnextponHas Koudu-| [He]2s22p°| [Ne]3s23p°| [Ar]3d!%24p3 [Kr]4d'%5525p%| [Xel4f'*54'%6s26p°
rypauMs B OCHOBHOM
COCTOSTHU U
DHeprua HOHM3aLMH,
k1K /MONb:

I 1402 1012 947 834 703
L 2856 1903 1798 1595 1610
L| 4577 2910 2736 2443 2466
L+hL+ 1 8835 5825 5481 4872 4779
L+Is] 16920 11220 10880 9636 9776
DHeprus cpoxcTBa K -7 44 78 101 91
AMEKIPOHY, KIIK/MOID
OneKTpooTpHIATEb-
HOCTb:
no Ionuury 3,0 2,1 2,0 1,9 1,9
no Osipeny— Poxosy 3,1 2,1 2,2 1,8 1,7
KoBaneHTHBI 0,7 1,1 1,2 1,4 1,5
painyc, HM
Hounslit paguyc*,
HM:
9 0,16 0,44 0,58 0,76 1,03
9 0,13 0,38 0,46 0,60 0,76

* JIns KOOpAMHALMOHHOTO YMcia 6.

N=N roMosiiepHbIe CBSI3H, TaK ¥ CBI3HU C COCENHUMH IO MEPUOMY S/IEMEHTAMU —
yraeponom u kuciopogoM: N=O', C=N". Ins dboctopa u MBILIBbSTKA, HATIPOTHB,

Puc. 6.1. Crpoenue akparona [Bi(H,0)s]**
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o0pa3oBaHUe ABYX U TPEX OMMHAPHBIX G-CBSI-
3eil oKa3bIBaeTCst SHepreTudecku 60see BbI-
TOIHBIM, YeM OINHOH NBOIHON (o + m) M
TPOMHOM (o + T + m) CBA3M, HapuMmep
E(P=P) = 310 < 209 . 2 xIx/monb. Takum
obpa3zoM, s dochopa XapakTepHbI OIM-
HapHBIE CBSI3U B Pa3TUYHBIX COECIUHEHUSIX
C JIMHEHON M LIMKIIMYECKOU CTPYKTYpOI.
WMeHHO 3THM OGBsICHSIETCA OTCYTCTBUE Y
docdopa coenHEHUI ¢ KPATHBIMU CBSI3SI-
MU, XapaKTepHHIX JJIs1 a30Ta, TAKUX Kak N,,
NO, N3, N3. B To Xe BpeMst B pasIM4HBIX
Momubukanusx hocdhopa U MBIILBSKA Ha-



Tabnuua 6.2

Dueprun (kI/Mo0Jib) XHMHYECKHX CBA3e

CBsi3b N P As Sb Bi
ICEC 160 209 146 121 104
D=0 418 310 — — -
=3 942 480 380 295 192

OirromaeTcsl SIBIeHUe KaTeHaIlMH, KOTIa OMHOTHITHBIE aTOMBI OOBEe IUHATOTCA B LIETTH,
LIWKJIBL, CJIOM M KJIaCTephI*.

J1 KUCnopomHbIX coeTMHEHMH ocdopa M B MEHBIIIEH CTENIEHU IS TTOC/IENYIO-
X 3JI€MEHTOB IPYIIILI TIpeaIoaraeTcsl Halu4ue pn— dn-fepeKpbiBaHUs, TTOBBI-
[IATOLIETO KPaTHOCTD CBI3U O — O M yBeMYMBAIOUIETO ee HePrHuo. UMeHHO Hau-
Yy¥ieM pn— drn-TiepeKpBIBaHUA TPAIUIIMOHHO OOBACHSIN TOT GaKT, YTO COeTUHEHHUS
docdopa NpakTUYECKH He NPOSBISIOT OKUCIUTENBHBIX CBOMCTB B OTVIMYME OT aHa-
JIOTHYHBIX COeNWHEeHMit a30Ta. Tak, BOCCTAHOBUTH (pocdaThl B BOAHBIX pacTBOpax
MpaKTUYECKY He yIaeTcs Naxe MPpH UCIIONb30BaHUN CHJIBHBIX BOCCTAHOBHUTENEH.

CoBpeMEHHBIE pacyeThbl MOKA3bIBAIOT, YTO BKJIAN d-OpOMTalell B YKA3aHHBIX Cly4asix He
npesbliiiaer 2— 3 %. BBICOKYIO yCTOWYMBOCTD (octaToB M MX HU3KYIO OKUCITHTEIBHYIO ClIOCO6-
HOCTb ceifuac OOBACHAIOT ONTUMATBHOM KOO pAMHaumeil docdopa YeThlpbMs aTOMaMU KM CIIO-
pona. Terpasnp PO, oka3bIBaeTCs HACTOJIBKO IIPOYHBIM, YTO HE Pa3pyLIAeTCs JaXe MpH Mpo-
TOHHPOBAHMH.

OneMeHTHI 15-11 rbynrlbl TIPOSIBISAIOT pa3IMYHBle CTENIEHU OKUCIeHus. [ a3oTa
XapaKTepeH BECh CIIEKTp CTeIleHel OKHMCIeHUs oT —3 no +5. s dpocdopa orpuiia-
TEJIbHBIE CTETIeHW OKMCJIEHUs OKa3bIBalOTCS Iopa3lo MeHee XapaKTepHBIMH, 4eM
Ut a3oTa. B To XKe BpeMsl YCTOMYMBOCTD COEIMHEHMI ¢ BBHICILIEH CTETIEHBIO OKMCIIE-
HUA ITOBBIIIAETCS, YTO CBSI3aHO C YMeHbIIIEHHMEM 3J1eKTPOOTPULATENBHOCTH aToMa
docdopa, a Takke ¢ yMeHbIIEHHEM HEPTAHM MOHU3AIMY BCEX MS- U NP-2JIEKTPOHOB
Y YBEJIMYEHMEM TIPOYHOCTH IIITH oOpasytomuxcs cesaseii P—L, rne L=0, Clu 1. 1.
(Tab. 6.3). MBILBAK U CypbMa TIPOSABJISAIOT IIPEUMYLIECTBEHHO CTEIIEHb OKUC/IEHUS
+3 M +5, a BUCMYT, KaK IIpaBWio, +3.

biarogapsg cymmapHoOMy NeiiCTBUIO pa3HBIX (DaKTOPOB (POCTY aTOMHOTO pamuy-
ca, YMEHBILUEHUIO CTENeHM pr — pr-TlepeKpbIBaHMS, BO3pAaCTaHUIO CTETIEHU SKpaHU-
POBaHUS BHELIHUX S-3JIEKTPOHOB M JIP.) YCTOHYMBOCTD M OKHCJIUTEIBHAS CIIOCO0-~
HOCTb COeMUHEHMt ¢ochopa M CIEaYyIOIMX 328 HUM 3JIEMEHTOB I'DYIIIBI MEHSETCS
HEMOHOTOHHO. BrICilIasi cTelleHb OKUC/IEHWS OKa3bIBaeTCs Hambosiee yCTONYMBOM
1 ¢pocdopa ¥ cypeMEL B TO Xe BpeMs COeIMHEHMS MBIIIBIKA 1 0OCOOEHHO BUCMYTa
B CTEITEHU OKUCJIEHU +5 YaCTO HEYCTOWYMBEL WIM BoOOLIE He cyuiecTByoT. Hampu-
Mep, eca PCls BosroHsieTcst 6e3 pasnoxenus nipu 167 °C, a SbCls BrLIEpXUBaET
HarpeBaHue 10 140 °C, to AsCl; ycroitumB yimmp Huxe —50 °C, a BBICIINIM XJTOPUL
BUCMYyTa Boobuie He noydeH. [Tomo6HOe HEMOHOTOHHOE U3MEHEHHE YCTOMYMBOCTH

+
* Jins azora HauGosee JUIMHHASK LIETIb COCTOUT U3 TISITH aTOMOB, BTO KaTHOH N5, TOIYYEHHBIH 110
peakumnu

H,F
[N,FI*[AsF]- + HN, —718—’>C [Ns]*[AsF¢]~ + HF

[Ipu ¢t > 22°C conn B3pHIBaeTCsi ¢ BRIAEJEHHUEM GOJIBIIOTO KOJHYecTBA 3Hepruu. CM.: Christe K. O.,
Wilson W. W., Sheehy J. A., Boatz J.A. // Angew. Chem. Int. Ed. Engl. 1999. V. 38. P. 2004.
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Ta6bauya 6.3

Oneprun (k/x/MoNnb) KOBAIEHTHLIX CBA3eil demMenToB D 15-if rpynns
(koopaHHaLHOHHOE YHCTI0 3)

C) C) H F Cl O
N 160 391 272 313 201
P 210 322 490 319 340
As 180 247 464 317 330
Sb -121 — 440 312 -
Bi — — 393 280 —

¥ OKMCJIUTEJIBHBIX CBOMCTB COEIUHEHMI B BHICIIIMX CTeIIeHSX OKHMCIeHUs Habona-
ercss ¥ B 16-i1, 17-it rpyminax, B OTEYECTBEHHOM JIUTEPAType €r0 YacTO HAa3bIBAIOT
8MOPUYHOT NepUOOUHHOCIMBIO,

Knaccnueckum crano o6psicHeHUE BTOPUYHOI e pUOANYHOCTH B paMKaX TEOPUHU
nonsipusanv*. Ha coppeMeHHOM YpOBHE 3TO sIBIEHHE MOXHO MHTEPIIPETHPOBATh,
HCTIONB3yst TIPEACTABIEHUS O pa3Mepax opOurtaieil, a Takke 3 deKkrax d- U f~cxa-
THst. I3BECTHO, YTO OpOUTAIIN OTIpene/ieHHON (GOPMBI C HAUMEHBILUM BO3MOXHBIM
JUIsE HAX 3HaYeHWeM ITIaBHOTO KBAaHTOBOTO YWCIa, HATIPUMeD, 2p, 3d, 4f, He UMEIOT
Y3JIOB 1Ipu r > (}, 00MafaloT aHOMaJIBHO MaJIBIM Pa3sMEPOM M, CJIENOBATENBHO, BBICO-
KO 3JIeKTPOHHOM 1IoTHOCTBIO. HampuMep, 2s-opourans 6onbliie 2p-opOoUTanu, Torna
KaK 3s- 1 3p-opOuTas i UMEIOT MTPUOJIN3UTEIBHO OOMHAKOBEIE pasMepsl (TTpwt. 20).
KpaitHe manble pazMepsl 2p-opbuTaneit ¥ 00yCIOBINBAIOT CWIBHOE pPn— Ppr-CBS3bI-
BaHUE, XapaKTepHOe ISt 3JIeMeHTOB BTOporo Iepuona (0,, N,, CO,). Opburanu 3d
ABIIAIOTCH OYEHB KOMIIAaKTHBIMHU M TUIOXO 3KPAHUPYIOT 45-OpOUTAIbL OT simpa. DTo
MPUBOINT K OIM30CTH ATOMHBIX PaJIMyCOB ATIOMUHUSA ¥ TaJUTHUg, KPEMHUS U TepMa-
HUS ¥ G/IM30CTH KX CBOMCTB (d-cXaTue), a TakKe K HeyCTOWYMBOCTH BBICILUX CTE-
MeHel OKUC/IEeHUst TOCTIIEPEeXOMHBIX 3JIEMEHTOB YETBEPTOro Ieprona (MBIIIbSKA,
cesieHa, 6poma). Opburtanu 4d pe3ko BO3pacTaloT B 00beMeE, CTAHOBATCS Gojiee PhIX-
JeiMHA M 1 dy3HBIMU. OHM CITOCOGHBI CHABHO 3KPaHHPOBATh S-OPOUTAID ISTOTO
YPOBHS, ITIO3TOMY CypbMa, TEJUTYP U HOI, PacIlONIOXeHHBIE B KOHIIE ITATOTO IIEPHO-
Ja, JIETKO TEPSIIOT BCe CBOU BaJIEHTHBIE 3jIeKTPOHBL Cllenyst JIOTMKE, MOXHO IIpel-
TIOJIOKHUTD, YTO JUJISt 2JIEMEHTOB KOHI[A MIECTOTO TTepUOa BHICIINE CTENIEHN OKMCIe-
HUs Oynyr ewie Oosiee JIerKO TOCTHKMMEI, TaK KaK S5d-OpOMTANM SIBJISIOTCS €elle
Gonee pbIXIBIMU, YeM 4d. 3mech, OMHAKO, HaYMHAET AEHCTBOBATH APYroil ¢akTop,
CBJ3aHHBIA C TIOSBJIECHUEM B IIeCTOM Iepuone 4f-opOuraieif, KOTOpbIe, Oymydu
KOMITaKTHBIMM, OKa3bIBAlOT cjlaboe aKpaHupyollee AeicTBUE Ha 6s-opouTains. To-
5TOMY JUISI BUCMYTA, TOJIOHUS U acTaTa BBICILME CTETIEHM OKHMC/IEHUS BHOBb OKa3bl-
BaIOTCH HEYCTOMYMBBIMHU,

CoenvHenus BucMyTa(V) — BUCMYTATH — SIBJISIOTCS CHJIBHBIMU OKMCIIUTENSIMH.
D10 00YCIOBNIEHO YBEJIMUEHUEM TTPOYHOCTH CBSI3H 65°-3/IEKTPOHOB C SiApoM (CM. 3Ha-
yeHus I, 1 I5 B Tabi. 6.1), YTO MOXHO OOBSCHUTE SKPAHUPYIOIIVM BIMSHUEM 3aI10J-
HeHHBIX 5d'0-, 4f1*-060104eK 60 peATUBIUCTCKIM 3(hdeKToM (cM. pa3g. 5.1).

BjieMeHTHl 15-i1 TpyNIibl B cTeNleHW OKUCICHUS +3 COXPaHSIOT HETIOAEIeHHYIO
5JIEKTPOHHYIO Tapy, KOTopast O0yCIOBIMBAET MX CTEPEOXHUMHUIO M JOHOPHBIE CBOM -

* CM., Hanpumep: Cnuysin B.H., Mapmunenxo JI. H. Heopraunueckas xumus. — M.: U3n-Bo
MIVY, 1991. — 4. 1. — C. 287—302.
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crBa. Harpumep, Tpudropua docdopa criocobeH 3aMellarh Monekyssl CO B kapGoHU-
Jle HUKels, 06pa3ys KOMIUIEKC 3a CUeT pr— dn-B3aMMOIEHCTBUS MeXIY 3JIEKTPOH-
HOIt mapoit MoneKyJbl TpudTopuaa Gocdopa 1 BAKAHTHOM d-OPOUTATIBIO HUKEJS:

Ni(CO), + 4PF, = Ni(PF}), + 4CO

B o6pa3oBanue cBa3u Ni— P BHOCHUT BKJIAI U n-JaTMBHOE B3aUMOIEHCTBIE — Tepe-
HOC SJIEKTPOHHOI TUIOTHOCTH C 3arfOTHEHHBIX 3JIEKTPOHaMM d-opOuraneit HUKess
Ha BakaHTHBIE pa3peixstionye n-opouramm PF;.

6.2. HAXOXJEHHME B ITPUPOJE. INTOJIYYEHHUE

B (hopMe TIPOCTOTO BEIIECTBA B MPHPOAE HAXOMUTCH TOJBKO a30T (conepxaHue B
Bosnyxe ~78 06. %). B Bune aMMHOKHUCIIOT ¥ HYKJIEMHOBBIX KHCJIOT a30T BXOAWUT B
COCTAB XMBOTHBIX ¥ PACTUTEIBHBIX OpraHU3MoB. M3 NpUpPOIHBIX MUHEPAJIOB ITPO-
MBILUIEHHOEe 3HAaYeHHe MMeIoT ywiMiickasa cenurpa NaNO; U KanuifHas celuTpa
KNO,. ConepxaHue a30Ta B 3¢eMHOI KOpe COCTABJIAET 2,5 - 10-3 mac. %.

®Docdop conepXuUTCs B 3eMHOI Kope B BUIE HochaToB, Ha €To JOMIO MPUXOIUTCS
0,04 % ot obuiero yrciaa aToMoB 3eMHoit kopsl (0,1 Mac. %). HauGonee pacrnpocTpa-
HEHHBIMHM MUHepaIaMH STRJISIOTCS anaTuTeL: ruipokcoanarut Cas(PO,);0H u drop-
aratut Cas(PO,);F, a Takxe docdopur Cay(PO,),. Mbiubsk (1,5 - 10~* mac. %), cypeMa
(2-10-5 mac. %), BucMyT (5- 107 Mac. %) BCTpevaloTcd B NPUPOIE B OCHOBHOM B

TIpaMeHenHe MHUKTOrEHOB H MX coeauHeHHi. Bombiioe KomMIecTBO a30Ta pacxony-
eTcsl Ha CHHTE3 aMMHMaka. brarogaps HU3KOM XMMHUYECKOH aKTMBHOCTH a30T MCIIOIB3Y-
JOT JJIs CO3MaHUs MHEPTHOH aTMocdepbl B XMMHMYECKOH M METAUTyPTHYECKOH Npo-
MBILLIEHHOCTH, a TAKoKe B Taboparopusix. Cpefy coeMHEHMI a3oTa HanbobLiee 1pH-
MeHeHHe HAXOIMT aMMMaK. Ero exeroqHoe MUPOBOE IPOM3BOICTBO COCTABNsET bonee
COTHM MWUIMOHOB TOHH. OCHOBHOE KOJMMYECTBO NOMYYAEMOro aMMHaKa pacxonyeTcs
Ha CHHTE3 a30THOM KHUCIOTHI, a TAKXE MOYEBMHBI, CyabdaToB M docdaToB aMMOHMS,
MCHONMb3yeEMbIX KaK a30THbIe ynoOpeHMs. Becero Ha [POM3BOICTBO YIOOPEHHH yXomuT
npumepHo 80 % oBiero KomiuecTsa ammuaka. OctanbHble 20 % MAyT Ha NPOM3BOACTBO
OpraHUYECKMX BELLECTB — AMMHOB, aMUJIOB, HUTPUIIOB, CITYXalMX OCHOBOW JUis CO-
3AHUS JIACTMACC M BOJIOKOH, JIEKAPCTBEHHBIX I1penapaToB, B3pbIBYATHIX BELLECTB.

Benntit pocdop, nonydaeMelil BoccTaHOBIEHMEM ¢GocopuTa, YaCTHUHO NpeBpa-
ILAKOT B KPACHBIi, a YaCTMYHO NepeBoisT B HOChHOpHBIH aHTMAPUI M 3aTeM B poc-
(OpPHYIO KHCIOTY, MIYLLYIO HA IPOM3BOACTBO NMILEBBIX (ochaToB, KOPMOBBIX Joba-
BOK, sameiurencit roperns. @ocdopHble yIOGPEHUs MOAYYalOT M3 MEHee YMCTOH,
Ho Gonee nemeBoil (HochOPHON KMCIOTHI, Obpasylolueiicsi npu nepepaborke goc-
dbopconepxamero ceipbsa. KpacHslit pochop ucnonbsyercst B Ciu4€YHOM NPOU3BOL-
CTBE — OH COHEPXHMTCS B NacTe, HAHECEHHOH Ha KopoGok (50% P, 10% Sb,Ss,
OCTaJIbHOE — CTEKJISTHHAsA KpOILKa, Kieit). B cocraB CiMYeYHOH FOJTIOBKH BXOAAT OKHC-
aurenn (KC10;, PbO,, Ca,Pb0,), a Takke cTexisHHas KpOWIKa, cepa, OKCHI
mapraHua(IV) u okcua LMHKA.

MBILIBAK, CypbMa M BUCMYT MCIIONB3YIOTCS KaK H00aBKM K CBHHLIOBBIM CILTIaBaM,
yBEMMUMBAIOLIME MX TBEPAOCTb M NPOBOASILME cBOicTBa. Tak, CIUIaB, WIYLUMI Ha
IPOM3BOACTBO CBUHILOBBIX aKKyMyJISITOPOB, COIEPXMT 92 % CBMHUA, 5 % CypbMBI,
2,5% onosa u 0,5 % Mbimbsika. HuskorutaBkue crutabbl, conepxaime Bi, Sb u As,
[IPMMEHSIOTCS B KauecTBe NIPUIIOEB B JIEKTPOHHUKE.
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BUIIE CY/IB(DUIOB: aypuUIIUrMeHTa As,S;, peanbrapa As,S,, cypbMstHOTO GJiecka (aH-
TUMOHUTA) Sb,S3, BUCMyTOBOTO Griecka (BUCMYTHTA) Bi,S;, MBIIIBIKOBOTO KOJYE-
naHa (apceHorupura) FeAsS, tetpanumura Bi,Te,S, a Takxe KUCJIOPOIHBIX COenU-
HEHUH, HarpumMep ckoponuta FeAsO,- 2H,0.

A30T NONYYaroT (hPaKIMOHUPOBAHMEM CKIDKEHHOTO BO3/yXa. B 1aboparopHbIX ycito-
BHAX €70 MOXHO TIOJYYUTh TEPMUYECKUM Pa3jIOKEHUEM a3Uaa JIUTH:

2LiN, £ 2Li + 3N,1

o Apcenunn ramnma. Snementst 13-i u 15-i rpynn 06pasyloT XUMHYECKHE COENUHE-
uust tuna A"BY (A" — anement 13-t rpynnbt, BY — snement 15-i IPYHIBI), MHO-
rye U3 HuX o61analoT cBOcTBaMK NONYNPOBOAHUKOB. Hanbonbuiee 3HaYeHHe MMeeT
apcenu raums GaAs. OH npescTaBiser co60il yepHbIe KPUCTAUIBL ¢ MeTaTNYE-
CKMM G1ECKOM (fy, = 1238 °C) u CTPYKTYpOii chanepuTa: aTOMBI KAXIOrO U3 dIeMeH-
TOB HAXOASTCH B TETPAAPUYECKOM OKPYXEHMH M3 aTOMOB Apyroro. KpynHele Kpuc-
TAJLIBL 3TOrO COeAMHEHNUs 06PAa3yIoTCa NpU MEUIEHHOM OXTAX/ICHHK PaciliaBa.

GaAs — BaxXHENLIMIA NONYIIPOBOIHMKOBbIH MAaTepHal JUIs1 U3TOTOBJICHUS ONTO3JIEK-
TPOHHBIX PUGOPOB: Na3epOB, COMHEYHBIX 6arapeil, TIOMMHECIIEHTHBIX CBETONMONOB,
MHOpakpacHbix HOTOAMONOB, CBEPXObICTPOAEHCTBYIOIUMX MHTEPAILHBIX CXEM M T. JI.

Conneunble 6atapen npeBpalLaioT sHeprio COoHLA B SMEKTpUIECKyYIo (puc, 6.2). Con-
HeyHast 6arapest COCTaB/IeHa M3 MHOTUX ThICSY (hOTOR1eMeHTOB. (DOTODTEMEHT MpencraB-
asgeT coboii TIAaCTHHY, BBIMOMHEHHYIO M3 MOYIPOBOIHMKOBOIO marepuana — KpeM-
HUsT, apCEHUIA raJiust TGO apCeHNaA T/l — ATIOMMHMA, B KOTOPOH CO3aHbl 06/1a-
CTH C Pa3IMIHBIM MEXaHM3MOM HPOBOXMMOCTH — JBIPOYHOI (P-THIA) U 3MEKTPOHHOIA
(n-tuna). Ilox Bo3neiicTBHEM CBera B NOIYITPOBOIHUKE BO3HUKAIOT CBOOOIHBIE HOCHTE -
JI1 TOKa: 3NIEKTPOHBI (B n-COE) M IBIPKHU (B p-Ciioe). B MecTe KOHTaKTa JBYX CJIOEB BO3HM-
KaeT p-n-nepexon, REHCTBYIOLIMIA KaK 6aphep, HE NO3BOMAIONIMIA PEeKOMOMHUPOBATD 3TEK-
TPOHaM M IbIpKaM. B nonynpoBOgHMKE p-THIIA HAKATUTMBAETCS HOMOXKHTETbHBIHA 3apsif,
4 B [OTYNIPOBORHMKE 71-TUIA — OTPULIATENbHBIN, U BO3HHKAET JMEKTPHYECKHUIl TOK.

DJIEKTPHUECKUIA
CoJiHeYHBI

ITomynposoaHuk
n-Tuna

p-n-Ilepexon

ITonynposogHKK
p-THTIA

Puc. 6.2. Cxema conHeuHoI Garapeu
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7M60 HarpeBaHWEM CMECH PaCTBOPOB HUTPUTA HATPUS M XJIOPHAA aMMOHMS":
80°C
NaNO, + NH,Cl— N, + 2H,0 + NaCl
OGpasyrommitcst a30T MOXeT OHITh 3arpsA3HeH nmpuMecsiMu NO u HNO;, onsa ynane-
HUST KOTOPBIX ra3 MpPOIyCKAKT Yepe3 NOAKUCIeHHH pactBop K,Cr,0;.

Docdop momyqaoT BOCCTaHOBIeHNeM docdaToB KokcoM. JobapneHune KpEMHe-
3€Ma B pEAaKLIMOHHYIO CMeCh CMEIIAET PaBHOBECHE BIPaBO Gj1arogaps o6pa3oBaHHIO
JIErKOIUTAaBKOTO CHiIMKara. [Tpouecc npoBoasT B aeKTpuuecKux nevax npu 1500 °C.
TTpu aroit Temmeparype ¢pocdop obpasyer Monekysnt P=P, ananornunsie MOJIEKY~
sam N, KOTOphIE MPU OXJIAXAEHUH AUMEPUIYIOTCS:

2Ca;(PO), + 6Si0, + 10C £ P,1 + 6CaSiO; + 10CO7T

Tapsi ¢ocdopa OTIOHSIOT U KOHIEHCHPYIOT MO BOMOH B BUae 6€s10r0 (ocdopa.
BMecro ¢ocdhoputa BoCCTaHOBIEHMIO MOXHO TMONBEPIaTh M ApPYTHe COEXVHEHMS,
HanpuMep MetadochopHyI0 KHUCIOTY:

4HPO, + 12C = P,t + 2H,1 + 12COT

MBILIBK, CypBMy M BUCMYT NOJIY4atOT OGKUIOM CYIBOMIHEIX PYI C HOCIEAYIO-
IIIIM BOCCTaHOBJIEHHEM OKCHJA YIJIEM:

29,5, + 90, £ 650,71 + 29,0,

9,0, + 3C = 25 + 3C07T

6.3. PUSNYECKHUE CBOMCTBA

Tpy OGBIYHBIX YCIOBUSX a30T — GeCLBETHBIA Ia3, COCTOSIININ 3 Monekyn N,.
IIpoyHast BHyTPHMOJIEKYISIDHAS CBA3b, HEGOMBIIOH pasmep HEMNOJISIPHOCTh MOJIe-
KyJibl N, SIBJISIFOTCS IPHYMHAMH C1260T0 MEXMOJEKY/IIPHOTO B3aMMOIEHCTBYS, MO-
STOMY a30T MMEET HU3KHNE TEMITEPaTyPhl KUIIEHUS U IUIaBlieHus (Tabi. 6.4).

Monekyna N, B OCHOBHOM COCTOSIHMM MMEET CIIEAYIOUIYIO IEKTPOHHYIO KOH(HUIypa-
. 2 e 2 2 2 2 .,
wio: [6(25)]°[6°(29)]°[n(2p,)1 [v(2p)] [6(2p,)]". Cxema MOMEKyASpHBIX OpGHTATEH MOJIEKYJTBI
N, npuBeneHa Ha puc. 6.3.

B roMosinepHBIX MONEKy/Iax 3JIEMEHTOB Hayana BTOPOro MepUoia, BKIIOYAs a3oT, SHep-
rust AO 2p nuuib HE3HAYUTENTBHO MPEBOCXOAUT SHEPIHIO 25-OpOUTAIHM (TaK, s a30Ta E (25) =
=25,53B, E(2p) = 13,1 3B). DTo NPUBOIMUT K B3aUMOLEHCTBHIO ONHOTHITHBIX MOJIEKYJISIPHBIX
opbuTaneit o(2s) 1 ¢(2p), c'(2s) u c"(2p,), B pe3ysbTaTe KOTOPOro o(2s) ¥ o(2p,) MOHUXa-
I0T CBOIO BHEPIHUIo, a &' (25) U c'(2p,) noBulmaoT. CUIbHee CMELLAIOTCS Te opbuTanu, sHep-
THM KOTOPBIX 61U3KH, T.€. opburtanu o'(2s) U o(2p,). Takum o6pasom, B Monekynax Li,, B,,
C,, N, MonexynsipHble op6UTaTH o (2p,) MO 3HEPTUH OKA3BIBAIOTCS PACIIONOXEHHBIMU BBILIE
MOJIEKYJISIDHBIX opbuTaneit n(2p,) U n(2p,).

B Monekynax kucnopozaa 1 GpTopa nocnen0BarTebHOCTb B paCIONOXEHUH MOJIEKYISIPHBIX
opbutaneit o (2p,) u n(2p,), n(2p,) U3MeHsieTcs, TaK KaK GOJIbllas pasHULA B 3HEprusx

* TBepablit HUTPUT AMMOHHS IPH HAIPEBAHUH PA3NATAETCH CO B3PBIBOM:
. 80°C
NH,NO, — N,T + 2H,0

6 Heoprasuueckan xumust, Tom 2 161



Ta6nuua 6.4
du3nuecKue CBOHRCTBA NMPOCTHIX BENIECTB

CBoitcTBO N P As Sb Bi
tos °C =210 44 (6ennlir) 817 (cepmiit)| 631 271

600 (KpacHBIit) (38 at™m)
610 (4epHbIit OpTO-

pOMOMYECKUI)
tams C -196 280 (6ennlit) 615* 1634 1552
DHeprust aTOMU- 473** 315 287 259 207
3auuu, KIX/MOIb
g)(I)orHocn,, r/cm? |0,90 (TBepabIit) 1,82 (6emplit) 5,78 6,68 9,80
“C)

2,16 (KpacHblif)
2,70 (4epHBIi OpTO-
pOMOHYECKUIT)

* VKazaHa TeMmepaTypa cyGIHUMauMu.

** IpuBeaeHa IMOJOBUHA IHEPIHH HHUCCOLMALMU MONEKYNH a30ota N, TaK KaK B KauecTBE CTaH-
JApTHOFO COCTOSIHMS MPUHAT 1 MOMb OJHOATOMHOIO rasa.

aTOMHBIX opbuTaneit 2s U 2p (s kucinopona E(2s) = 32,4 3B, E(2p) = 15,9 3B) cyue-
CTBEHHO OC/IAbIseT UX B3aMMOIEeHCTBUE.

MeToa MOJIEKY/IAPHBIX OPGUTATEH MOKA3bIBAET HATUYKE B N, TPOHHOM CBA3KM U OODbsICHSI-
€T AMaMarHeTU3M MOJIEKYJIBL a30Ta.

AO MO - AO
N) (N2) (N)
E s (p 7)

) w0,

2 =————N

\ I} /
! \
Vg VA T
\ I\/n(px) n(py)/\ \\/

X
Vi VARV
Vi / Vv
Yoo> A
A N /\\\
N/ o) \1/ \\\
AN
i, I\
i/ \ ! \\X_
=y
\ \ ! /
\ \ Il ///
\\\ I//
\\ 1/
‘N v

o(s)

Puc. 6.3. CxeMa MOJIEKYISIPHBIX opOuTaneil MoseKyibl N,
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Puc. 6.4. CtpoeHue 6enoro (a) u KpacHoro docdopa: pacrnonoxeHue TpY6OK (6) 1 cTpoeHue
ONHOM M3 TPYGOK (6); parMeHT CTPYKTYphl KpacHoro ¢ocdopa B docdhune (Cul);P;, (2)

CTpyKTypa TBEpZOTO a30Ta MOCTPOEHA U3 MOJEKYN N,, CBSI3aHHBIX CIaGBIMU
cunamu BaH-niep-Baansca. OcTanbHEIE 371eMEHTH 15-1 Ipymmel 06pa3yioT HeCKOJb-
KO aJUIOTPOMHBIX Mo UKanuit. Bce OHM MPU KOMHATHOM TeMIEpaType SIBJISTIOTCS
TBEPIBLIMU BelLlIECTBAMU.

Ilo Mepe yBennueHns pasMepa MoJeKyJl ¥ MX B3aUMOJEHCTBHSI TIpH TIepexojie oT
(ochopa K MBILIBSIKY pacTyT TeMIEpaTyphl IUIABJAEHWS, KUTIEHUS ¥ IUIOTHOCT. T1o-
HIDKEHUE TEMIIEPATYPHI IUIABJIEHUA B psny As— Sb— Bi MoXeT GBITh 06YCIOBIEHO
YBEJIMIEHUEM JIOTTA METAJUTMYECKOHN CBA3M. BUCMYT — OIMH M3 CAMBIX JIETKOILIABKUX
MeTaioB. C pOCTOM pafiyca CBSI3aHO U YMEHBIIEHNWE SHEPIUN aTOMHU3AIIH.

WsBecTHB Tpu Momudukanmn ¢ocdopa: 6eNbit, KpacHBI M YepHBIA.

Benwiit (win xenrhit) docdop npencraBnser coGoit Moxoxee Ha BOCK, MIIKOe
KPUCTAJUTMYECKOE BELIECTBO C HEMPUATHLIM YECHOYHBIM 3aI1aX0M, NMPaKTUYECKU HE
PacTBOPMMOE B BOJIE, MAJIO pacTBOpHMMOE B OeH3oMe M xIopodopMe, XOpolIo pac-
TBOpUMOE B cepoyriepone. bennlit ¢pochop cunbHO SHOBUT, a NMpU XpaHEHWUH Ha
BO3/YX€ JIETKO BOCIUIaMeHsETCSA. B 1abopaTopusix ero aepXar oy CJI0eM BOJHL.

benniit pochop MMeeT MONEKYISIPHYIO PELIETKY, B y37Iax KOTOpO#l HaXxousTcsa
TETpaspuiecKkue MosekyJnl P, (puc. 6.4, a). DxcnepuMeHTaIbHbIE JaHHEE 06 YIIax
P—P—P, a Takxe 3HaueHNe SHEPIUM CBHA3M, PACCUUTAHHOE U3 (POTOIIEKTPOHHHIX
CIIEKTPOB, CBUAETEIECTBYIOT O TOM, YTO XMMWYECKUE CBSI3M B MOJIeKysie P, oOpasyior-
CsI B OCHOBHOM 3a CUET B3aMMOJIEWCTBUS aTOMHEIX OpOuTaneit 3s. AToMHEIE Op6uUTa-
M 3p 06pasyloT HECBA3HIBAOLINE MOJIEKYIAPHEIE OpPBUTATH, a HEKOTOPOE MX ydac-
THE B 00pa30BaHNM CBs3el CO3naeT HampsDKEHWE B TeTpasape P,. DTo 0GbBsCHIET
BEICOKYIO pEaKLIMOHHYIO CIOCOGHOCTE Besioro ¢ocdopa v CKIIOHHOCTD €ro IIpU OCBe-
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IEHUH TN TP HeGOJIBIIOM HarpeBaH MU NEPEXONUTD B OoJiee CTabWIBHBIE NOJINMED-
Hble MOIM(MUKAIINY, COepXKAlUe [IEMH U IUKIH 13 aToMOB docdopa. B o6pazosa-
HUM XUMHYECKOM CBSI3M B TBEpIBIX P(KpacHBII) —As— Sb— Bi y4acTByOT aTOMHBIE
opburanu s u p*.

KpacHsrit ¢ocdop, obpasyromuiicss npu HarpeBanuu 6emnoro no 320 °C 6e3 no-
CTyIa BO3AyXa, ABnsAercd peHTreHoaMopdHBIM. [Ipn nanpHeiilieM HarpeBaHWH O
560 °C oH mepexonuT B KpUCTAUINYecKoe coctostHre. KpacHHI docdhop B oTnuue
oT 6€eJI0ro HEPaCTBOPHM B CEPOYIJIEpOIE, HO PAaCTBOPSIETCS B PACIUIABJIEHHOM BHC-
MyTe U CBUHIIE. BriepBrle TaKMe KpUCTAUTHI OGbUTH nosydeHsl ['urropdom B 1865 r.
TpH OXJIAXIEHUM pacTBopa KpacHoro dbocdopa B pacIiaBieHHOM CBHMHIIE. Jlonroe
BpeMsI MoJlydeHHoe ['MTTOopdOM BEleCTBO pacCMATPUBAIM KAK OTHEIBHYIO KpUC-
TAJUTMYECKYI0 Moaudukanmnio — ¢uonetoBrii dochop. @ochop I'mrropda cocTout
M3 IPYyNIUpoBOK Py 1 Py, CBA3aHHBIX MOCPENCTBOM MOCTHKOB U3 IBYX aTOMOB (hocdo-
pa B TpyOKM, CeYeHHNE KOTOPHIX MPEACTaBIIeT coboil MATUYTONRHUK (puc. 6.4, 6, 8).
TpyOGKku B CBOIO odepeib 00beMMHEHH B ¢IoU. Kaxaeiit atoM P nMeeT koopanHaiu-
OHHOE YHCJIO 3, a yIIBl Mexny atomamu docdopa pasHbl npumepHo 100°. Cospe-
MEHHBIE MCCJIEMOBAHMS MOKAa3ann, 4To dochumsl, o6pasyroniuecs: Npu HarpeBaHU U
KpacHoro ¢ocdopa ¢ HEKOTOPEIMU MeTalmaMu (Menbio, cepebpoM, GapueM), UMe-
10T CTPYKTYpY, Om3Kyio Kk docdhopy I'mrropda (puc. 6.4, ). 310 MO3BOIUIO Npex-
TOJIOXHUTD, YTO (DHOJIETOBBIHN (ochop 1 eCTh KpYITHOKpHCTAUTHYECKas: dopma Kpac-
Horo ¢ocdopa. B HacTosiee BpeMst TaKOe MHEHHE OOIIENPUHSITO* .

Kpacumit hocdop obpasyercs npu HarpeBanuu 6enoro dochopa 3a cuer paspsl-
BAa ONHOM CBsI3sM P—P B KaxmoM M3 TeTpasapoB P, M nalbHeHLIEro CBS3LIBAHMSA
OCTaBUIMXCA rpynn P, B iienn, Konbia, Tpyoky. Takass moTuMepu3aius NpuBOIUT K

Puc. 6.5. IToauMopdHele MOOU(PHUKALMH Yep-
Horo docdopa:

a — Kybuueckasi; 6 — poMGUyecKasi; 8 — rekca-
8 roHaJbHast

* Seo Dong-Kyun, Hoffman R. //J. Solid State Chem. 1999. V. 147, P. 26.
** Hartl H. // Angew. Chem. Int. Ed. Engl. 1995. V. 34, P. 2637.
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YIPOUEHNIO CBsi3eit —P—P—P—, ypenuueHnio mwioTHocTH (M. Ta6i. 6.4), TOBBI-
HICHUIO SHEPIUX aTOMHU3ALMH M COOTBETCTBEHHO MOHIKEHUIO TABJIEHMS HACHIIIIEH -
HOTO 1napa ¥ peakiMOHHOM crioco6HocTu. [Tpu Harpesanuu 1o 200 °C u naBieHNT
12000 at™ kpacHslit pocdop npespaiaercs B YepHbIit dochop — TepMonrHaMUYe-
CKH Hanbosiee crabusibHyto dhopMy. Kprcrawmaeckuit yepHmIit dochop B cBoto ode-
Penb TAKXKE UMEET HECKOJIBKO Monudukaumit. Hanmpumep, pombudeckas moguduka-
LMt TIOCTPOEHA M3 TEKCAroHATIBHBIX KoJiel Py, yITakoBaHHEIX B ciion (prc. 6.5). Konbia
Ps He ABNAIOTCS TUIOCKMMH, YIJIBI MEXIY aTOMaMU docdopa B HIX KonebmoTcs oT
96,5° no 102°.

MBILIBSK, CyppMa M BUCMYT, Kak U Gochop, CYIECTBYIOT B HECKOIBKHMX MO-
aabukanuax. XKenToiit MBIIBAK As, 10 CTPOEHHIO HATOMHUHAET GBI docdop.
OH MeTacTaGMJIEH M NP XpaHEHHH CAMOIIPOM3BOJIBHO npeBpauaercs B Oojiee
YCTOMYHBYIO I€KCaroHAILHYIO HopMy, IO CTPOSHHUIO MOXOXYIO Ha YepHBI hocdop
(cM. puc. 6.5, 6). OHa siBIIsieTCs Hauboee YCTONYMBOM TAKXKeE TS CYPBMBI Y BUCMYTA.
CTpyKTypa rekcaroHalIbHbIX MOANMUKALMI MBILIBIKA, CYPHMBL X BECMYTA COCTOHT
13 WIECTUWIEHHBIX KOJlell, 06pasyioiux o (cM. puc. 6.5, 6), 1 aHAIOTUYHA CTPYK-
Type rekcaroHaabHOM MoauduKauuy yepHoro dochopa.

ATOM KaXZOro €105 MMEET TPeX GIMXaiIInMX cocelei B JAHHOM CJIOe Ha PACCTOSHUU nv
OHOTO — B COCENIHEM CJIO€ Ha PACCTOSIHUU ry. B pany P(uepHslit) — As— Sb— Bi 3nauenmue r,
YBCJIMIHMBACTCS, a pACCTOAHHE MEXIY CJIOSIMH I, U OTHOLIEHUE F,y/F) yMEHBILAIOTCS, T. €. TPO-
HCXOOUT NOCTENEHHOE COMMKEHUE MEXATOMHBIX DACCTOSHUMR | U ry.

OnemMenr r, HM r, HM r/r HIupuua sanpelienHoit 301, 3B
As 0,251 0,315 1,25 1,20
Sb 0,287 0,337 1,17 0,12
Bi 0,310 0,347 1,12 0

DTO NPUBOAUT K MOCJIEA0BATENLHOMY YBETHYEHUIO KOOPAWHALMOHHOrO YKMCIId, MOsBiIe-
HHIO METATIMYECKOTO 61ecKa, yMEHBIIEHUIO XPYMKOCTH U BO3PACTAHHUIO 3/1eKTPONPOBOLHO-
¢t B psiny P— As— Sb— Bi.

6.4. XUMUYECKHNE CBOMCTBA

XvMHYECKHE CBOMCTBA MPOCTBIX BEIECTB MPUBEIEHBI B TA6JL. 6.5.

MoJtexynsapHbI# a30T o6Gnagaer KpaiHe HU3KOM peaKLUHMOHHOM CNOCOOHOCTRIO,
4TO OGYCJIOBJIEHO HAIMYMEM B MoJeKyse N, MpOYHON TPOMHOM CBSI3M, a TaKXe
HEMOJIIPHOCTBIO MOJIEKYJIH. Jle/iCTBUTENBHO, SHEPIHS MOHU3AIMH MOJIEKYJIBI a30Ta
1402 k1/Mo1b (cM. Tabi1. 6.1) G1M3Ka K 9HEPIUK MOHU3ALMY aproHa 1520 KX /MOTb,
MHBIMH CJIOBAMH, a30T — IUIOXOM BOCCTAHOBUTEIND.

CponcTBO MOJIEKYNSPHOTO a30Ta K 3JIEKTpOHY —3,6 3B, mostoMmy npy KOMHAT-
HoMt TeMnepatype N, pearupyer JIMIIbL C HEKOTOPBIMU CHJIBHBIMU BOCCTAHOBUTENS -
MM, HanpuMep, suTreM. [Ipouecc mpoTekaer Yepes CTanuio OXHOIEKTPOHHOTO BOC-
CTaHOBJIEHMS C 06pa3oBaHUEM HeycToiunBoro nepHurpuaa LitN;, KOTopblit B Xoze
peakuy NpeBpamaeTcs B HUTPU:

6Li + N2 = 2L13N
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Tab6nuia 6.5

XumuyecKkue CBOMCTBA NMPOCTHIX BEMECTB

Peareur N, P, As, Sb, Bi
Paspan

Kucnopon N, + 0, @7—= 2NO 9,05 (O = As, Sb, Bi)

9,05 (3=P)
Cepa He pearupyer 9,85 (B = As, Sb, Bi)
P4S, (x=3—7), PsSio
TanoreHsl He pearupyet _9X; (P, As, Sb, Bi)

9Xs; (@ =P, Sb; X =F, Cl, Br)
400°C, 200 at™
Bonopon N, + 3H, &==——— 2NH; He pearupyior
Fe

It o6pa3oBaHMsI HUTpHAA MarHus Mg;N, 13 MPOCTHIX BelecTB Tpebyercsa Ha-
rpesanue a0 300 °C. HUTpUAE aKTUBHBEIX METAUIOB NPEACTABJIAOT CO60#1 HOHHBIE
COEMHEHMS, THIPOIUIYIOIIHECS BOAOM ¢ oOpa3oBaHMEM aMMHaKa.

B asnexTpuyeckoM pa3pslie B MOJIEKYJIe a30Ta NPOMCXOIUT MEPEXO/ JIeKTPOHA €
op6utanu o(2p,) Ha n'(2p,) (cM. puc. 6.3). Takue Bo36yXIneHHbIE MOJIEKYJIBI OBICTPO
BO3BPAIIAIOTCS B OOBLIYHOE COCTOSTHUE, MCITycKasl Xejroe cBedyeHWe. MHoraa oHo
JUTUTCS] B Te4UEHNE HECKOJIBKUX MUHYT IOCIIe TIpeKpaleHus pa3psiaa. B Bo30yxXneH-
HOM COCTOSIHMHM a30T 06JaJaeT BHICOKOM peakKlIMOHHOM crocoOHOCTHIO. JleHCTBH -
TEJILHO, B 3JIEKTPMYECKOM pa3psiiec OH pearnpyeT C KHCIOPOAOM:

Paspsig
N, + 0, — 2NO

Peakuysl ¢ BOJOPOJOM MHPOTEKAeT MPU MOBBILIEHHBIX 3HAYEHUAX TEMIIEPaTyphl
(400 °C) u paenenus (200 aTM) B mpucyTcTBUM Katanusatopa (Fe):

N2 + 3H2 2 2NH3

HnTepecHo, YTO MIs MOAyYeHUsS] HUTPUIOB JPYTUX LIEJOYHBIX METAJIOB, HAIPUMED Ka-
JIMSL M HATpWs, MOJIEKY/Y a30Ta HEOOXOLMMO TaKXe MPEABAPUTENIBHO BO3GYAUTH. DTO O~
CTUI4eTCs IyTEM OJHOBPEMEHHOrO BBENEHMS 430Ta W MApoB LIEJOYHOIO METala B BaKyy-
MHUpOBAHHYIO KAMEPY, HarpeTyIO 10 BRICOKOM TeMmneparypbl. HUTPUb ApYrMX MeTAaJUIOB Ya-
CTO MMOJYYAIOT IpY B3aMMOIENUCTBUHM MpPOCTHIX BeliecTs (Al) ¢ aMMUakoM JU60 OeHCTBHEM
aMHAOB Ha pacTBOPbl 6€3BOJHBIX FAJIOTEHUIOB B XXHIKOM aMMUaKe:

3Snl, + 4KNH, + 8NH, = Sn;N, + 4KI + 8NH,I

[Ip¥ OCTOPOXHOM PAa3TOXEHUM a3UIOB YAAETC MONYYUTh MEPHUTPUNBI" — AHAJIOTH Me-
POKCHIIOB, Hanpumep, STN,, copepXamuil HoH N7
A30T He B3aMMOIEMCTBYET HEITOCPEACTBEHHO C CEPOH M rajloreHaMu, HO COOTBETCTBYIO-
IHe CYThPUIbI U TATOreHUIBl MOTYT OBITh IMOJIY4EHBI, HAMPUMED, MO peaKUMsM
200°C
6SzC12 + 4NH4C1 S S4N4+ 16HCI + Sg

4NH, + 3F, <%, NF, + 3NH,F

* Auffermann G., Prots Yu., Kniep R. // Angew. Chem. Int. Ed. 2001. V. 40. P. 547.
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®ocdop u az0T 06pasyor HUTpUA P;Ni. B 3-

PeakumonHast cnoco6Hocts P, As, Sb, Bi okassiBaercs 60-
JIee BEICOKOI, UeM azoTa (cM. Tabi. 6.5). Tak, ¢pocdop npu cro-
paHUM Ha Bo3dyxe obpasyer ¢ocdopubiit anruapun P,0s, a
IpU HepocTaTke Kucnopona — dochopucreiit anrunpun P,Og,
MBILIBSK, CYPBMa M BUCMYT — TPUOKCHABI B,0;. Peakumsa ¢
rajjoreHaMM Takke IPOTeKaeT MHTEHCUBHO. Tak, Ipy XJIIOpHpo-
BaHUU (ochopa U CypbMBl O00OpasyioTCsS TPUXJIOPHABLI, a MpU = -
M30BITKE XJIOpa — W MEHTAXJIOPH/IBI; MBILILIK U BUCMYT JJAIOT B Puc. 6.6. Uou
3TUX yCnoBUSX Uik DCl;. Luntis 57

C metaymiamu P, As, Sb, Bi B3auMozeiiCTBYIOT ¢ 06pa3oBaHHEM
docdunoB, apceHUIOB, AHTUMOHMIOB ¥ BUCMYTHUIOB COOTBETCTBEHHO. MIX mosydaror
HarpeBaHMEM CMECH MHUKTOIEHA C METALUIOM B HHEPTHOM aTMocdepe WaN B 3amasH-
HOH aMnyne Hamnpumep, coeniHenus Sr;P,, NasAs conepXar N3011MpoBaHHEIE AaHUO-
HB D% ; S13(P;),, Bas(As;), npencrasinsior co6oit daser IlunTas, conepxamme Kia-
crepHme MOHEI B3 €O CTPYKTYPOHl OHOIIANOYHON TPUTOHAIBHOM MPU3MEI (PHC. 6.6),
apceHnn LiAs comepXUT LIEIOYKM M3 aTOMOB HeMeTaua, dochun MgP, — cron.

ITpu B3anmoneiicTBum docdopa ¢ KalpliueM MOTYT 6LITh MOJYYEHBl HECKOIBKO dochHu-
nos: Ca;P, (ctpoenue: [Ca™]5[P*],, Ca,Ps ([Ca™Jg[P§][P*],), CasP, ([Ca¥]s[PFI[P*],) u
dochdun CasPg ([Ca?*]s[P§*]), conepxaiuit uoH P{’-, nocTpoeHHbIH HaMogo6he MONEKYIbI
sraHa. Bce onu ruaposausylorcs Bopoit. Pocohun Ca;P, monyuaior BoccraHoBieHUEM Pocho-
puTa yraem npu 1200 °C 1 ucrione3yioT s cuHTe3a dhochuHa.

MeILIbsK, CypbMa ¥ BUCMYT B OGEIYHBIX YCIOBUSIX C BOJOM HE B3aUMOJEHCTBYIOT.
OnnHako ¢ochop mCIponoOpHUOHNPYET (AHAIOTHS € XJIOPOM M cepoit) (cM. mua-
rpaMMy BOJIBT-IKBUBAJIIEHT — CTENEHb OKUCIEHUS (pHC. 6.7); BOALT-3KBUBaIeHT P

nE°, B nE°, B
61 6
5 41§SbH3
PH A NHzOH
4t 3?\ N
2

‘ \\\‘ S X_[Sb(OH),]
- '/ \‘\ ) 4 "
2 s H,PO; Asagx:-‘\t;\

4 N\
-1 HPO} & AsO}"
6t N
AN
-2 N
. U ) I ;. §
-3 -2 -1 0 1 2 3 4 5 -3 -2 -1 0 1 2 3 4 5
CreneHb OKMCACHUSA CreneHb OKMCIEeHUS
a 6

Puc. 6.7. JluarpaMmma BOJIbT-3KBUBIEHT — CTENEHb OKUCIIEHUA [T 3JIeMEHTOB 15-i1 rpymmsl;
a — xucnas cpeaa (pH 0); 6 — wenoyHas cpena (pH 14)
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Xumuueckoe cBasbiBaHKe arMocgepHoro azora. Bonpeku cBoeMy HasBaHMIO (B ITe-
PEBOJIE C IPEYECKOro a3oT — «He MOMAEPKUBAIOLIMI XU3HU»), a30T HEOOXonUM s
CYLIECTBOBAHMS XHMBOI KeTKU. ComepXaHue a30Ta B 6EKOBBIX MOJIEKY/IaxX JOCTUTaeT
17 mac. %. IIpeBpanienue atMocdepHOro a3oTa B paCTBOPHMbIE COSIMHEHMSI: aMMUAK
U €ro NpOM3BONHbIE — OCYLIECTBISIETCS MUKPOOPTraHU3MaMH, XUBYILIMMU B KOpHe-
BHIX KJIyGeHbKax 60OOBBIX pacTeHUi (KJieBep, Topox, 60661 U T.1.) U cOdEpXKalUMU
(depMeHT HUTporeHasy. ExerogHo Ha IOBEPXHOCTU 3eMJIM B AMMHAK CBSI3BIBAETCS
okoso 150 MutH T asoTa. Ans cpaBuenusi: 120 MtH T NH; MpoU3BOOUTCA B IIPOMBILI-
JIEHHOCTH 1o MeTony Boura—I'aGepa mpu BBICOKUX TeMITepaTypax U JABJIEHUH B ITPU-
CYTCTBHH XEJIe30COAEPXKAILEro KaTalu3aTopa.

o 1964 r. HUKTO He BEpWI B BO3MOXHOCTh CO3IaHHsI CUCTEM (DUKCALIMM a30Ta,
paboTaumx B 601ee MATKUX yciaoBusix., OnHako B 1965 r. npu nPonycxamm a3oTa
yepe3 BOAHBIN pacTBop ammuakara pyrenus(Il) [Ru(NH;)s(H,0)]1” 6bimu nony4eHsl
KOMIUIEKCHI, cofepxKalliie KOOpIUHUPOBAHHYIO MOJIEKY/Y 430Ta:

[Ru(NH3)5(H20)]2+ + Ny(r.) > [Ru(NH3)5NEN]2+ + H,0
[Ru(NH3)s(H,0)]* + [(H;N)sRu—N=N]* - [(H;N)sRu—N =N—Ru(NH,)s]"

Cpenasline 3To OTKphiTHE AjuteH U 3eHodbd* ¢ TpyaoM cMOMIM ONy6/IMKOBAThH
CBOM pE3YNbTaTHl B HAYYHOM XYpHalle, TaK KaK PELEH3EHThl CUUTAIH, YTO TaKue
pEaKLMM HEBO3MOXHBL. YCTONYHBBIE KOMIUIEKCHI ¢ KOHLeBOi M <~ N=N unu MocTu-
KoBOH M «N=N->M MoeKynoil a30Ta NoJy4eHbl B HACTOSILIIEE BPDEMS CO MHOTMIMH
nepexonHbiMu MeTauiamu (Ti, Mn, Fe, Ni, Nb, Mo, W, Ru, Os u 1p.). B koMmmiekcax
¢ KOHIIEBOI MOJIeKy/I0it a30Ta jyiiHa cBsizi N=N 0,112 — 0,118 HM JIM1Ib HE3HAYUTEIBHO
OT/IMYAETCS OT COOTBETCTBYIONLIEH JUTMHEL B cBoGomHoM a3oTe (0,110 HM). B KOMIUTEKCHBIX
COeQMHEHMSIX TAKOrO TMIIA B OTIMYMe OT Kapbonwios (N, u3oanekrpoHeH CO) 60mb-
LIyI0 pOJib MIPAET G-CBS3bIBAHME, PEATM3yeEMOoe 3a CYET IEpeKPhIBAHUA 3alTOIHEHHBIX
MOJIEKYISIPHBIX opbuTaneil o(2p,) MONeKyIbl a30Ta U BAaKAHTHbIX d-OpOUTANIEH MeTalIa.

OKa3anoch TAKXKe, YTO a30T, CBSA3AHHBIA B KOMIUIEKC, MOXXHO BOCCTAHOBWUTH IO
NH; u N,H,, uclonb3ys cuibHble BOCCTAaHOBUTeNM, Takue Kak LiAlH,, V(II) mnu
Ti(III) B npucyrcteun Mo(I1l) Kak KaranusaTopa**.

U3syueHre MexaHU3MOB aKTHBALIMKM M BOCCTAHOBJIEHMS 430Ta B pacCTBOpax KOMIUIEK-
COB IIEPEXOIHBIX META/UIOB OYEHb BXHO JUISI MOHMMAHUSI MEXAHU3MA JeWCTBUS MyJlb-

JIEXUT BbILIE JIMHUM, COeIMHSAIONIENH BonsT-akBUBaneHTsl PH; 1 H;PO, (H;PO;,
H,PO,):

P4 + 6H20 = PH3T + 3H3P02

B xucioit 1 HeHTpaibHOM CpefaxX paBHOBECHE CHIIBHO CMEIIEHO BJIEBO, U peak-
oA NpaKTUYE€CKM HE MPOTEKAET. PaBHOBecHe CMELIAECTCA BIPaBO IIOK I[CﬁCTBI/ICM
11(3) (1 (978

Kunsuenue

P, + 3KOH + 3H,0 ——— PH;T + 3KH,PO,

a Taxke katoHoB cepebpa(l) u mexu(1l). B mocnenHeM ciydae BHIENAETCS MEKO-
JIIMCTIEpCHAsT Menb*:

l/2P4 + 5CUSO4 + 8H20 = 2H3PO4 + Squr + 5H2$O4

* O6pa3sylorcst Takxke dochunsr mMeau(l) CuzP, CuP,.
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TH(EPMEHTa HUTPOTeHasbl. OH COCTOMT U3 ABYX
OTACBHBIX (HEPMEHTOB: COGCTBEHHO HUTPOTE-
Ha3bl, NPEACTABIAOIIECH COOOI CIOXHBIN Ge-
JIOK € MONEKYJSIPHON Maccoit mopsiaka 200 000,
B COCTaB KOTOPOrO BXOIAT MOJIUGIEH M XeJje-
30, U PENYKTa3bl HUTPOIEHA3B — KEJIE30-Cep-
HOTo GeJIKa ¢ MOJIEKYJISIPHOIN Maccoi nopsigka
30000. Mosnekya penyKrasbl COCTOMT U3 JIBYX
UIEHTUYHBIX GENKOBBIX YacTei, MEXIY KOTO-
PBIMU PACTIONIOXKEH aKTUBHBIH HeHTp Fe,S, (puc.
6.8). AKTHBHOCTBIO OGNIANAET ML KOMILIEKC
000MX KOMITOHEHTOB. JJ1s1 CBoero byHKUIMOHU-
POBAHHS HUTPOreHA3a HYXaeTcst B HenpeppiB- T HC. 6.8. CTpoenue penykrassi HUuTpo-
HOM IIPUTOKE KaK SHEPIUM B (hOPMe aleHO- TeHA3EI
3UHTpHdOoCchHOPHOIt KUCoTh (AT®D), TaK U 31eKTPOHOB. DTo obecreynBaeTcs 6aarona-
Pl IbIXaHUIO U OPOXEHUIO, NPOMCXOASIMM B MHKPOOPTaHM3MaX, WIM B Pe3y/LTATE
¢botocunTesa. ATD creuudHIecK CBI3bIBACTCS C KeJe3ocouepXKaumM beskoM, U
06pa3oBaBILMIICS KOMIUIEKC NEPEHOCUT SJIEKTPOHBI OT (heppenoKCHHA (Xene30conep-
Xauero 6enka — JOHOpa 3IEKTPOHOB) K Mo— Fe-6enky. BoccranoBnennpiit Mo —
Fe-6enok cBsibiBaeT N, M BOCCTAHABIMBAET €10 1o NH;. CymmMapHo npouecc onuchi-
BAETCS YPaBHEHUEM

N, + 8H" + 8¢~ + 16AT® = 2NH; + H, + 16AJ®D + 16D

roe AIIP — anenosuHandOChOpHas Kucnora; @ — gocdar.

Hurepecno, uto a30T(HUKCUPYIOIMH KOMIUIEKC GakTepuil crocobeH CBI3bIBATH
HE TOJNBKO N,, HO U APYTUe COeAUHEHUS C TpoiHO# cBsasbio: HN;, NO, HCN, C,H,.
Hanpumep, on cniocobed TIPEBPATUThL ALETWIEH B STWIEH.

Bonbllioe npakTHYecKoe 3HAYEHHE UMENO Gbl co3gaHue 6onee 3¢dHeKTUBHBIX Ka-
T/IU3aTOPOB ISt NIPOMBILLIEHHOrO cuHTe3a NH; u3 N,, mogo6HbIX Mo MEXaHU3MY
NeACTBUSL HUTPOreHase.

* Allen A.D., Senoff C.V. // Chem. Commun. 1965. P, 621,
** Temxun O.H. // CopocoBckuii ob1ieo6pasoBaTenbHbit XXypH. 1997. Ne 10. C. 98.

YTO WCMOJIB3YETCS MWISI HEUTpaIN3alUM OCTATKOB 6EIOro docdopa. g s1oit xe
[EJIN MPUMEHSIIOT PacTBOp NMepMaHIaHATA KaIus:

3/4P4 + 5KM1‘104 + 2H20 = 5Mn02¢ + 2K2HPO4 + KH2PO4

MuibsK aHaTOrNYHO dbocdopy pearnpyer ¢ KOHIEHTPUPOBAHHBIMH pacTBOpaMM U
pacrutaBamu 1esnoveit (tabn. 6.6). Haubosnee nerko PEAKIMS NMPOTEKAET B MPUCYT-
CTBMM OKMCIIUTEJIS — NEPOKCUIA BOAOPOJA WM TMIIOXJIOPHUTA;

2As + 6NaOH + 5NaOCl = 2Na;AsO, + 5NaCl + 3H,0

CypeMa M BUCMYT B 3THX yCJIOBHSIX C IIEJIOYaMH HE PearupyioT, YTO MO3BOJISAET
OTJIMYUTE MBIIIBSIK OT CYPBEMBI,

CraHzapTHBIE NOTEHIMATBI HAsO,/As, Sb+3/Sb n BiO'/Bi mnonoxureinbHsle,

T.€. MBILIBSAK, CypbMa M BHCMYT PacTBOPSIIOTCS JIMIUL B KUC/IOTAX-OKMC/IATESNX
(cM. Tabm. 6.6).
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Ta6nuua 6.6

B3aaumopeiicreue NPOCTBIX BEMECTB C KHCJIOTAMHK H IICI0YaMHu

D | Kucnora-HeOKHCIUTEND Kucnora-okucnurenb Ienoys
N, He pearupyer He pearupyer He pearupyet
P He pearupyer P + SHNO; = H;PO, + P (6easrit) + 3KOH + 3H,0 =
+ 5NO,T + H;,0 = PH,T + 3KH,PO,
As He pearupyer As + SHNO;(koH11.) = 2As + 6NaOH (pacrnas) =
= H;As0, + 5NO,T + H,0 = 2Na;AsO,; + 3H,T
Sb|2Sb + 12HCl(koHu.) = 2Sb + 10HNO;(koHu.) = He pearupyet
= 2H,[SbC}] + 3H,T | =Sb,05- H,0 + 10NO,T + 4H,0
Bi He pearupyer Bi + HNO;(xoH1.) He pearupyert
-+ He pearupyet (ImaccuBaius)
Bi + 4HNO;(paz6.) =
= Bi(NO,;); + NOT + 2H,0

6.5. BOJIOPOIHBIE COEJIMHEHMS DJIEMEHTOB 15-H TPYIIIEI

Bce aneMeHTH 15-it rpynnbsl 06pasyioT CoeIMHEHUsI C BOAOPoaoM coctaBa OHs,
HO YCTOMYMBOCTB UX pasnuuHa. CtubuH SbH; 1 ocobeHHO BucMyTHH BiH; oka3kiBa-
I0TCS KpaliHe HeCcTaOWIBHBIMH.

B clemoBbIX KOJHYECTBAX BUCMYTHH (fim = 17 °C) 6BUI TOay4eH AMGeprepoM B 1961 T.
Nnpu pasnoxeHun MerwiBicmytiHa CH;BiH,, obpasyromerocss npu BOCCTAHOBJIEGHHU Me-
TwiBucmyTxIopuna CH;BiCl, mutuitamomoruapunom. HenaBHue UccaenoBaHus® MoaTsep-
JOWIA GakKT ero cyuecTBOBaHHUS.

A30T, KpOME aMMHMaKa, o6pa3yeT 1 Ipyriue CoeqUHEHUs C BOAOPOAOM, U3 KOTOPBIX
NpeXJe BCero oTMeTHM ruapasuH (quamun) N,H, (creneHb OKUCIEHHUS a30Ta —2) U
ruapokcuiaMud NH,OH (creneHb OKUCIeHHs a3oTa —1).

6.5.1. Crpoenne u ¢pusuueckne csoiicrsa DH;

Tunpunsl aneMeHToB 15-i1 rpynnel DH; npyr KOMHATHO TeMniepaType NpencTaB-
JISTI0T co60it GecliBeTHRIE Ta3bl ¢ XapaKTeEPHHIM Pe3KMM 3amaxoM. Moiekyasl OH;
MMeIoT (opMy TPHTIOHAIBHOM nupaMunbl. CxeMa MOJIEKYJISPHBIX opburtaneit NH;
npuBeAeHa Ha puc. 6.9.

CssizpiBaolas 1a;, HecBa3bIBalOI@As 24, ¥ Pa3pbIXIAoONas 3@, MOJEKY/IAPHBIE OPOUTAIN
06pa3yloTcsl IIPU B3aMMOIECTBUM aTOMHBIX op6uraieil 2s, 2p, a30Ta U TPYNIIOBOH opbuTa-
1M a, Bogopoxna. IToHATHE O IPYNIIOBLIX OPOUTANISX BBOIUTCS U151 TOCTPOSH U MOJIEKYIAPHBIX
opbuTasieil CIOXHBIX MOJeKyl. B ciyyae Monekynsl NH; rpynnossie opOUTaIH g U JBE BbI-
pOXIeHHbIe OPBUTAIN e 06Pa3yloTCsl M3 aTOMHBIX op6uTaliell s aToMOB Boxopoza. Bzaumo-
neicreue AO 2p,, 2p, 430Ta ¥ IPYMIIOBBIX OPGUTAIEN e BONOPOAA IIPUBOAUT K 06pa3zoBaHMIO
IBAXABl BRIPOXKAEHHBIX CBA3LIBAIOIMX le U pasphIXIIONHX 2e MOJNEKYIAPHBIX OpOUTael.
IMpu pasMenieHuy BOChbMH 3JIEKTPOHOB (5 — OT aToMa a30Ta U 3 — OT TpeX aTOMOB BOIOPO-

* Jerzembeck W., Burger H. et al. // Angew. Chem. Int. Ed. 2002. V. 41. P. 2552.
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Asnnosogopon HN; u asunsl. AsupoBomopon HN; — GecuseTHas Jerkoseryyast
B3pHIBYATasg XKHIKOCTD (t,, = —80°C, £, = 36 °C), cIbHO A10BMTasA, paCTBOPHMas B
Bojie. BomHbIe PacTBOPHI a3HI0BOJOPOAA (a30THCTOBONOPOAHAA KMCJI0TA) MMEIOT CJla-
Gokucnylo peakuuio (K, = 1,8-107%). Bosee ycTOHYMBEI €€ COMM — a3HIBI, MX TTOJTyYa-
10T B3auMoaeicTBueM okcuna N,O WM HUTpaTa ¢ aMHIOM 1LEJ0YHOrO METalia;

Nzo + NaNH2 = NaN3 + Hzo
NaNOj; + 3NaNH, = NaN; + 3NaOH + NH,

YIOOGHBIM METONOM ITOJIYMEeHMS a3Mia Kajius SBIAETCA B3aMMOICUCTBHE GYTHII-
HUTPHMTA C TMAPAa3MHTHAPATOM B CIIMPTOBOM PAacTBOPE T'MAPOKCHIA KATHS:

C4H90NO + N2H4 . Hzo + KOH = KN3 + C4H90H + 3H20

Monexkyna HN; HenuHeliHast, a cBa3n N—N HeCMMMETPHUHBIE, B TO BpeMs KakK
a3UI-WOH JIMHEEH U CUMMETPHYEH, UMeEET JUTMHY CBI3H N—N 0,116 HM.

A3u]l HaTpHsA UCIMOJb3yeTcs B MOAYIIKaxX Ge30MaCHOCTH M IUTA MOJYYEHHS 0c060
YUCTOro a3o0Ta, a3uasl cBUHLA Pb(N;); u cepebpa AgN; — B KauecTBe AETOHATOPOB.
B3pbIB4aTHIMK ABJISAIOTCA Takxe HUTPHI Ag;N M umun Ag,NH, obpasyommecst npu
UCMapeHMH aMMHAaYHOIO PacTBOPa OKCHIA cepebpa («rpeMydee cepebpo»).

Ilpy nobGaBneHMM YKCYCHOM KMCIOTHI K CMECH PAacTBOPOB a3uia M TMIIOXJIOpHTA
HaTpus BblaeaseTcd asua xiopa N;Cl — GecuBeTHBI! HeycTORYMBBIN a3, A3HIBL IpY-
TMX TaJIOTeHOB ITOJYYalOT Ha XOJIOAC B3aUMOAEHCTBHEM a3uaa cepebpa ¢ 3DMPHBIM
pacTBOpoM GpoMa WIH HOJA:

AgN; + X, = AgXd + N3X (X = Br, 1)

Asnx 6poMa IpeAcTaBisieT co60li KpacHO-OPAHXKEBYIO XHJIKOCTb, a3sHl Moja —
CBETJIO-XeJITble KpHUCTALIbl. O6a COeqMHEHHS HEeyCTOWYMBEBI, B ITPUCYTCTBMM BOIBI
THMAPOJIU3YIOTCA.

Ilpy NOBBILIEHHOI TeMITepaType TAIOTeHbl OKUCISIOT a3HI-HOH 0 a30Ta:

2NaN3 + 12 = 2Nal + 3N2T

BTO UCMONb3YeTCA B KAUECTBEHHOM aHAIM3€ ITPH OMpENEICHNH a3HIOB.
PacTBophI a3110B0A0POIA SBISIOTCS CHIBHBIMU OKUCTUTESIMH. OHM B3aUMOREHCTBYIOT
€O MHOTMMHM METaJUUIaMH, a B CMECH C COJISIHOM KUCJIOTON PacTBOPSIOT AAXKE TIATHHY:

Mg + 3HN; = Mg(N;), + N,T + NH,T

Pt + 2HN; + 8HCI = H,[PtCl¢] + 2N,T + 2NH,CI

Ia) Ha Haubonee HU3KMX MO 3Heprun MO monydyaeM Tpu casbiBaoume (la; ¥ ase le) u
O/IHY HECBA3BIBAKOIIYIO (24a,) 3JIEKTPOHHBIE 1apsl. BONBLIONK cyMMapHbIi BKIan B 06pa3oBa-
HUe yKa3aHHbIX 3armogHeHHBIX MO BHocAT AO a30Ta. OTo 03HAaYaeT, yTo 31€KTPOHHAs IUIOT-
HOCThb B Moniekysie NH; cMelieHa K aToMy a3ota ¥ ¢Bs3b N—H okasbiBaeTcst monspHoii: Ha
aroMe a30Ta COCPEAOTOYEH OTPHULATESIbHBIIA, a HA aTOMaX BOAOPOAA — IMOJIOXKHTENbHbIN 3aps.
BaxHO OTMETHTB, YTO 3JIEKTPOHHAS ITapa HA MOJIEKYJIAPHOM OPGUTANHN 24, IPaKTHYECKH He
yyacTByeT B oO6pasoBaHMH cBsiseit N—H u 06ycnoBinBaeT JOHOPHbIC (WIH OCHOBHBIE — MO
onpeaeneHuo JIslonca) cBoiicTBa.

CaoiicrBa DH; nmpuseneHs B Ta61. 6.7.
B psany NH;— PH;— AsH;— SbH;— BiH; ¢ poctom paauyca atoma D yBeauuuBa-
ercs JiMHa CBA3 D—H. OnHOBpeMeHHO YMeHbIlIaeTCs INepeKpbiBaHWe aTOMHBIX
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AO MO AO opbuTasielf, YTO NPUBOIUT K MOHUXKEHHUIO

™) (NH;) GH) MpOYHOCTU CBA3UM D—H u ycToiiunBOCTH
E /——3—aL—\ Mosekyn DH;. JlelcTBUTENBHO, peakIus
2\ 29 + 3H, = 20H; saBaseTcs sk3orepMude-
pd 4 47 - " \:\ ckoif mib 1t NH;. Ho naxe aMmmuak He-
X a ’,\))_1_ 4415 YCTOWYHMB K HaTPEBAHHUIO, €r0 TEPMHUYECKast
2s—H-—+'<\"—H’" A JHACCOLIMALIMA CTAHOBUTCSI 3aMETHOHM yXe
\ \ /! nipu 400 °C, a MONMHOCTHIO 3aBEPIIAETCS TP
\ ‘H'}%"/ / 2000 °C. BiH, cymectsyer npu 25 °C M1l

\ / B TeY€HHE HECKOJBKUX MHHYT.
\ g, / ITockomeky B aMMuaxe cesisu O—H oGpa-
L 30BaHBI OPTOTOHAIGHBIMHU (B3aMMHO TepIieH-

IMKYISAPHBIMHU) 2p,~, 2p,~ U 2p,-OpOUTAIIA-

Puic. 6.9. CxeMa MOJEKyIAPHEIX OpOHU- MH aTOMa a30Ta U 1s-OpOUTaNAMU aTOMOB
Tasneit Monekysl NH, BOZIOpOAa, TO, Kasajock Obl, yron HOH
JIoJKeH OBITh G3KMM K 90°. PasMmep peasib-

Horo yrna (107,3°) CBUOETENBCTBYET O CYLIECTBEHHOM YYaCTHM aTOMHOH OpOUTAIN
25 a30Ta B (GhOPMUPOBAHUH MOJEKYIAPHBIX OpOUTaIei, YTO BUIHO U3 puc. 6.9. [Ipu
niepexoze OT a3ora K docdopy pasHHMIA B SHEPTUAX S- U p-OpOuTaeil pe3Ko Bo3pa-
CTaeT, u yXe 3s-opoutaib GhaKTHIECKH He y4acTBYeT B (POPMUPOBaAHUM MOJIEKYIISIp-
HBIX opbuTaneii MojexynH ¢ochuHa, a yron HOH npubmmkaercs x 90° (puc. 6.10).

AKTHUBHOE y4acTHE §-3JICKTPOHOB a30Ta B GOPMHPOBAHHM MOJIEKYJISPHBIX OpOMTaNed MO-
Jekyasl NH,; B paMKax MeToa BaJIE€HTHBIX CBS3€H PacCMaTpPMBAIOT KaK sp -THOPHIM3ALIMIO
aroMa a3ora. M3-3a oTTanKuBaHUs HENOAEJEHHOM Mapsl U CBA3BIBAIOIIMX JEKTPOHHBIX I1ap
yrojl B aMMHaKe HECKOJIBKO MEHblIIE, YEM B IMpaBWIBHOM TeTpa3ape. CBoGOAHAsA DJIEKTPOH-
Has [apa B aMMHaKe, TAKMM 00pa3oM, 3aHUMaeT Sp°-TMOPHIHYIO OpPOUTAb, T.€. OKA3bIBaeT-
cs IPOCTPaHCTBEHHO GoJiee AOCTYITHOIA, YeM CBOOOAHAs apa B TMAPHIAX APYTMX 3JIEMEHTOB
15- rpynmnel, KOTOpast B 3TOM C/lyyae 3aHMMAET S-OpPOHTaNb. DTHM 4acTO OOBACHAIOT HaKT
ropasfo Oonblueif OCHOBHOCTH aMMHaKa 110 CpaBHEHMIO ¢ ¢ocUHOM M OpYTUMMM r'uapHaa-
MH, a TaKXE aHOMaJIbHO BBICOKYIO PaCTBOPUMOCTb €ro B BOAE.

Bricokyio nonsipHocTh ¢Bsizan N—H B paMKax MeTona MONEKYJISIDHBIX OpOUTaNel
MOXHO OOBSICHUTH OOJIBIIIMM BKJIAJJOM aTOMHBIX OpOUTAJIEH a30Ta B MOJIEKYJISIPHBIE
opbutam NHj;, a Takxe BEICOKO# 3JIeKTPOOTPHLIATEBHOCTBIO aTOMa a30Ta. JIMIonb-
HbIE MOMEHTRI CBA3BIBAIOLIIX M HECBS3LIBAIOILEH 37IEKTPOHHEIX Iap B MOJIEKYJle aMMHa-
Ka UMEIOT CXOIHYIO OPHUEHTAIIHIO, YTO IIPUBOAMT K GOJIBIIOMY CyMMapHOMY JUIIONIBHO-
My MOMEHTY MOJIEKYJIEI U €€ BhICOKOH noysipHocTH. B psimy NH;— PH;—AsH ;—SbH;

Ta6auua 6.7
Caoiicta DH;

Coenu- | innna cesiaun | Yron HOH, | lunonbHbiit | | o~ [, o AHp DHeprus CBA3u
uenue | D—H, um rpan momeuT, D | ™ KK kx/mone | 3—H, xIx/Monb
NH; 0,102 107,3 1,48 -78 -33 46,2 380
PH; 0,144 93,3 0,55 -134 -88 5,4 323
AsH, 0,152 92,1 0,17 -116 -62 66,4 281
SbH; 0,171 91,6 0,04 -88 -17 145,0 250
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JIOKIM3alMs 1s* 7IEKTPOHOB Ha aToMe D
YBEIMYUBAETCSA, a AWIOIBHBIA MOMEHT
YMeHbIIIaeTcst (CM. Tabi. 6.7).
YMeHbllleHHE TOHOPHEBIX CBOHCTB He-
CBA3BIBAIOLIEH 3JIEKTPOHHOI Naphl IMpu-
BOJIUT K TOMY, 4TO CITOCOGHOCTD K 06pa-
30BaHMIO MoHa DH; mia dochuHa 3Ha-
YUTENBHO OcnabiieHa, a I apCrHa Mpak-
THYECKH He HabomaeTcs.
TeMneparyps! maBaeHus1 U KureHus: Puc. 6.10. CTpoeHue MoneKyibl aMMuaka (a)
B psiny NH;—PH;—AsH;—SbH; usmensi- u Gocouna (6)
I0TCSI HEMOHOTOHHO. BeICOKMeE TemItepa-
Typsl ¢a3oBeix nmepexonoB NH; (cM. Tabn. 6.7) 0GYyCIIOBIEHB HATMYMEM CHUIIBHBIX
BOJOPOIHBIX CBSA3EH, OTCYTCTBYIOIIMX B CJIyYae OCTAIbHBIX TMApUIoB. Poct TeMmepa-
Typ IUIaBJIeHUs W KUIIeHUA npu nepexoae ot PH; k SbH; cesizan ¢ ycunenuem
MEXMOJIEKYISIPHOTO B3aMMOIEHCTBUSI.

6.5.2. Xumuueckue csoiictea DH,

Hnst BonoponHbIx coenuHeHuit DH; HauGonee xapaKTepHbI peakiuy B3auMoucii-
CTBUS C BONOH (IIPOTOJIMTUYECKUE PEAKIIMH), PEAKIIMH OKUCITIEHUS W 3aMeIeHUs
aTOMa BOJIOpOA.

B3aumopeiicTBHe aMMHaKa ¢ BOJ0ii. KHCIOTHO-0CHOBHBIE CBOMCTBa. AMMHAK B OT-
JIMYKE OT I'MAPUAIOB IPYIMX ITHUKTOrEHOB IPEKPAcHO pacTBOpuM B Boxe: mpu 0 °C
OnMH 06beM BOxbI pacTsopseT 1200 o6beMos NH;, 4yTo 3KBUBATIEHTHO pPacTBOPEHHIO
1 1 NH; B 1 M Bogsl. UHTEpeCHO, YTO MIOTHOCTH pacTBOPOB ITOHUXKAETCS C YBEIH~-
HEHHEM KOHLIEHTpaLMy aMMuaka ot 0,992 r/cm® wst 1 %-ro pactsopa 1o 0,89 r/cm3
wist 30 %-ro pacTBOpa. AMMHaK JIErKO MCIApAETCs, IOSTOMY Jaxe pa3baBlieHHBIE
PaCTBOPLI UMEIOT ABHBIN 3aIlaX «HAIUATHIPHOTO CIIMPTA», a IPH XPAHEHUH B OTKDHI-
ThIX CKJISTHKaX BBIBETPUBAIOTCA. BEICOKAsA paCTBOPUMOCTb aMMHaKa OGBICHAETCS 06-
Pa30BaHMEM IPOYHBIX BOAOPOIHBIX CBsi3el u ruapaToB NH;- nH,O pasmuunoro co-
CTaBa, B pE3yJIbTaTe YE€ro MPOLECC PACTBOPEHUS SIBJIIETCS 3K30TEPMUYECKUM: Ha 1
Monb NH; Botensierca 37 xJIX TeIUIOTHL.

Panbie popmyny aMMuaxa, pacTBOpPEHHOTO B BOJIE, GBLIO TIPUHATO 3alTUCHIBATh
B Bune ruapokcuaa ammonuss NH,OH. Takoro coenvHenus He cymectsyer HU B
TBEP/IOi ¢hase, HM B BOZHOM PacTBOPE, OJHAKO CXOMHBINA C HUM IO COCTaBy IwpaT
NHj;- H,O npu HuM3KHX TeMmepaTypaX u3BeCTeH. JleHCTBUTENBHO, U3 AUATPAMMBI
cocrosiHus cucreMsl H,O—NH; (puc. 6.11) crenyer, uyto Himxe ~79 °C TBEPABIE
THIpaTel aMMHAKa ABJIAIOTCS XUMUYECKMMHU COEIMHEHUSMU OIIPeIeIeHHOTO COCTa-
Ba: NH;- H,0, 2NHj;- H,0. Onu noctpoens us neneit H,O, cBa3aHHBIX MOJIeKyna-
mu NHj; B TpexmepHbiit kapkac. [Ipu nosblmenuu TEMIIEpaTyphl KapKac pa3pyllaer-
Cs, M COeTMHEHUE PaCNaacTCs Ha aMMHAK U BOLY. ‘

BonHbii pacTBOp aMMuaka IposIBIISiET CBOMCTBA CIa60T0 OCHOBAHUS:

NH;(r.) + H,O & NHj.aq + OH -aq

_[NH; J[OH]

o = =1,8-10"°
P [NH;-aq]
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1, °C Taxkum o6pa3oM, 1 M pacteop NH; conepxur

ot avb 4,25 - 1073 Mons/n nonos NH; u OH™.
Hanuume cBOGOIHOM Sp>-rUGPMIHON 37IEKT-
—20} POHHOH TMaphl B aMMHaKe OGYCIOBIMBAET €ro
BBICOKHE JOHOpHBIE CBOMCTBA — CIIOCOOHOCTD
4ot pearupoBaTh C KHCIOTAMM:
NH; + HCl = NH,Cl
-60F
a TaKXe 0Gpa3oBLIBATh KOMIUIEKCHBIE COEIUHE-
_%0 -78° =771° HUS — aMMHWaKaThbl:
T AgNO; + 3NH;+ H,0 = [Ag(NH;),]OH + NH,NO;
-100f -95° NiCl, + 6NH; = [Ni(NH,)]Cl,
120} B3auMoreiicTBHE aMMMAKa C XJIOPHIIOM CYJb-
% ol ~120 dypnia IpUBOIUT K 06pa3oBaHUIO CylbhaMuaa
— 140+ P U XJIOpH/Ia AMMOHMUSA:
n: oo
E % SO2C12 + 4NH3 = SO2(NH2)2 + 2NH4C1
- 160 . ‘ . HlenoyHble METAIUTH B IPUCYTCTBUM TUIATH-

0 20 40 60 80 100 HH JIETKO BOCCTaHABJIMBAIOT MOHBI aMMOHMA,

Conepxanue H,0, mac. % o0pasoBaslliecs P aBTOAVUCCOLIMAIIUY aMMHUa-

Ka, 10 BOJOpOJa, CMelasi TAKUM obpa3soM paBHO-

Becue BIpaso. Ilpu ucnapeHuH pacTsopa obpa-

Puc. 6.11. lnarpaMma cOCTOSTHUS CH~ 6pa o- P X ap . p P pa
crems H,0— NH, 3yercst Oesblii 0CaloK aMUJa:

NH; + Na = NaNH,; + ! 4H,?T
AHaJIOrMYHasA peaklus [IpoTeKaeT U B razoBoH ¢ase.

IIpyrie MeTayUThl IPH B3aUMOIEHCTBIUH C ra3000pa3HEIM aMMHUAaKOM IIpeBpalia-
I0TCS B HUTPUIH:

3Mg + 2NH3 = Mg3N2 + 3H2

®Top MTHOBEHHO OKMCIIIET aMMHUaK 10 TpudTopraa. B npucyTcTBUHU IPyIrUX rano-
TeHOB IIPOUCXOIUT 3aMEIIEHHE aTOMOB BOJIOpOIa B aMMHUake. Tak, MPOIYKTHl peakIiy
XJIopa C BOIHBIM PaCTBOPOM aMMMaKa 3aBHCAT OT KucaoTHocTH cpendl. ITpu pH 3,
C037aBaeMOM HaCHLIEHHBIM paCcTBOPOM XJIODHIa aMMOHUsI, 00pa3yeTcs HeyCTOWYH-
BRI Tpuxnopun asota NCl; — xenras B3pbIBUaTas MacnoobpasHas XUIKOCTh C OYeHb
HENPUATHHEIM 3aI1aXoM; B ¢1aGOKUCION cpeme obpasyerca muxnopamud NHCl,, a
npu pH > 8 — xymopamun NH,Cl. XimopaMuH nipencrapisieT coboit GecriBeTHbIE KpU-
CTaJUTBI, XOPOIIIO PacTBOPUMEIE B BOIE, TUXJIOpaMHUH HM3BECTEH JMILIb B PacTBOpE.
PazbaBiieHHBIE paCTBOPHI 3THX COEIMHEHMH HCITOIB3YIOTCA Ui 00e33apaXXuBaHUs
BOZEL. B CHUIBHOINEIOUHO# Cpe/ie XTOpaAMUH PacIiafgaeTcs Ha aMMUaK M TUTIOXJIOPHT.

Ha xonone GpoM B3auMMOIEHCTBYET C aMMHMAKOM ITOonoOHO xymopy*. OmHako 1o
npu4rHe 60jee HU3KOH yCTOHYMBOCTH GPOMaMIHOB YK€ NP KOMHaTHOH TeMIiepa-
Type peaklMs MPOTeKaeT IO YPaBHEHHUIO

8NH; + 3Br, = N, + 6NH,Br

* Howard W.F., Nelson W.H. // Inorg. Chem. 1982. P. 2253.
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I1pu B3auMoOmeCTBUM BOJHOTO pacTBO-
pa aMMHakKa C MOIOM 00pasyeTcsi YepHBIH
B3pBIBYATHIH ocanok coctaBa (NI;-NH;),
(MOMUCTHII a30T), TOCTPOEHHBIN U3 TeTpas-
poB NIy, coemMHeHHBIX O0IMMH BepLIIMHAMM
B LIelIH, KOTOpbie B CBOKO OYepelb CBI3aHBI
Mexny coboit monekynamu NH; (puc. 6.12).

Tpumonna azota NI; yaamochk nonyduts
IO peaknuu

BN + 3IF —->> BF;T + NI,

©N

IIpu mepexonge oT aMmuaka K dochuny
pPacTBOPUMOCTh B BOJAE U OCHOBHBIE CBOii- @ H
cTBa pe3ko yMmeHbawTca. PocduH, apcuH
U CTMOMH MallopacTBOPMMBI B Bome (IIpu
17°C B 100 M Bomsl pacTBOpsieTcsa 26 Mi
dochuna), myuie — B opraHnUecKux pacteopurelisix (B 100 mu 6eHzona npu 22°C —
726 mn docduHa). B BOTHEIX pacTBOpax OHU MPAKTHUYECKH He MPOSBISIOT OCHOBHBIX
csoiictB (pH 7). Koncranrta ocHosHocTH docduHa K, = 4-10-28;

PH, + H,0 @ PH} + OH"
JIMIOb Ha OIMH TOPSAOK NIPEBOCXOAMT KOHCTAHTY KUCIOTHOCTH K, = 1,6.107%:
PH, + H,0 2 PH; + H,0*

dochunH — ropasgo Gonee cnabulif JOHOP IO CPAaBHEHUIO C aMMHAKOM, a obpa-
3yeMble UM COJIM, HanpuMep uoaup (ocpoHus:

PH.(r.) + HI(r.) = PH,I(1B.)

KpaliHe HeyCTOHYUMBHI. B TO Xe BpeMs GochUH ABIAETCS KUCTOTON: aKTUBHBIE Me-
TaJTBl 3aMeNaloT B HEM OAWH BoJgopod, obpa3ysa ¢ochunmmsl MPH,. KucnotHocTs
dochuHa BO MHOTO pa3 MPEeBOCXOAUT KUCIOTHOCTh aMMMaKa, YTO WLIIOCTpUpYeT
peakuusi B3aUMOACHCTBUA IBYX TMIPHIOB:

NH; + PH; = NH;PH;
BoccranosuTenbHbie cBOCTBA. ATOM ITHUKTOreHa B OHj3; HaXxoouTcsa B HU3IIEH
CTEIIEHW OKMCJIEHHUS, [I03TOMY FMAPUIBI IPOSIBISIIOT BOCCTAHOBUTENbHEIE CBOMCTBA.

Ha Bo3myxe aMMHaK He rOpUT, OJHAKO B aTMOcdepe KHUCIOpoaa cropaeT ¢ obpa3o-
BaHMEM a30Ta ¥ BOLSHBIX IAPOB:

4NH, + 30, = 2N,T + 6H,01

Ha rmiaTvHOBOM WM IUIATUHO-pPOAMEBOM KaTanusaTtope NH; oKucasieTcs 10 OKCH-
na asota(Il), peaknusi mpoTeKaeT Jaxe NMPU KOMHATHOM TeMIlepaType:
Pt—Rh
4NH3 + 502 —_— 4NOT + 6H2O
B kavecTBe MOOGOYHOTO IPOAYKTa 00pa3yeTcs HUTpaT aMMOHUA;

INH, + 20,= NH,NO; + H,0

Puc. 6.12, CTpoeHHe HOAMCTOTO a30Ta
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HO 3Ta peakuusi Goslee MelUleHHasl, MO3TOMY YTOOBI CBECTH €€ K MUHUMYMY, B
TIPOMBIIUIEHHBIX YCTAHOBKAX TIPOLIECC BEAYT B TIOTOKE.

@ochuH 06pasyeT ¢ BO3AYXOM B3PLIBYATHIE CMECH, a TIPY TIO[DKUTAHUM CTOPAET,
npespauiasch B MeTahoCcHOPHYIO KUCIIOTY:

PH3 + 202= HPO3 + H2O

YacTo ras 3aropaeTcsi CaMOIIPOM3BOJIBHO, YTO CBHIETENLCTBYET O TIPUCYTCTBUH B
HeM nipumecH audochuna P,H,.
ApCHH ¥ CTMOMH TipH CTOPaHMHU JAIOT TPHOKCHIIBL:

23H3 + 302 = 3203 + 3H2O

IIpu moBBHIIEHHO} TeMnepaType aMMHaK CriocobeH BOCCTaHABIMBATh HEKOTO-
pBle OKCHIBI /0 METAJLJIOB;

3Cu0 + 2NH; £ 3Cu + N,1 + 3H,01
Peakuus ¢ HalMepOKCHIOM Kalus TIpoTeKaeT P KOMHATHOM TEeMIIEpaType:
2NH,; + 2KO, = N,1 + 2H,0 + 2KOH
a C IEpMaHTaHATOM KajIUsd — TOJBKO IIpyU Harpe€BaHUU:
2KMnO, + 2NH; = 2MnO, + N, + 2KOH + 2H,0

Ha xonone Moxer GbITh NONYYeH TiEpMAHTaHAT aMMOHUS NH4MnO,.
®DochuH, apcuH ¥ CTUOHH ABISIIOTCS GoJiee CUNTbHBIMU BOCCTaHOBHUTENSAMHU, YEM
aMMHuaK. OHM BOCCTaHABJIMBAIOT COJIH TSDKENbIX METAJUIOB:

2AsH; + 12AgNO; + 3H,0 = 12Ag + As,0; + 12HNO,

Conu aMMoHus ycroitunsee coneit pochornst. OHM U3BECTHBI TIPAKTUYECKH I
BCeX KUCNOT. CybhHI aMMOHHS, IIMPOKO MCTIONb3YEMBII B aHATM3e, CYILLIECTBYET
JIMIIb B paCTBOPaX, KOTOPbIE FOTOBAT, HACHILass KOHUEHTPUPOBAHHBIA PacTBOp aM-
MHaKa CEPOBOIOPOIOM.

VIoH aMMOHHMsI B BOXHBIX PacTBOpax ruaAponu3yetcst (K = 5,5- 10710 mpu 25 °C):

NH: + H2O ('_—) NH3 + H30+

TIO3TOMY PacTBOPBI COJEHl CHIBHBIX KUCIOT UMEIOT Kucyio peakuuio (pH 1 M pac-
tBopa NH,CI paseH 4,7). Bce conu aMMOHMSA, OT0GHO COMAM Kalusd U pyounnus,
MMeoUUX OU3KKME MOHHBIE PaTMYChl, XOPOIIIO PACTBOPHUMBI B Boxe. OIHAKO B OT-
JIMYHMe OT COJIEH LIENOYHBIX METAJUIOB BCE aMMOHMIHEIE COJTH TePMHYECKH HeyCTOH-
YUBBI, 4 TIPH JEWCTBUY 1eN04Yel BbLIeNAIOT aMMUaK. ColMu KUCIOT-HEOKUCIUTENCH
IIPY HAarPEBaHUHU TUCCOLIMUPYIOT Ha aMMUaK M KUCJIOTY, TU00, €CIA KUCJIOTA TaKXe
HEyCTOHYMBa — Ha €e aHTMAPUI, aMMHaK M Bomy. Tak, KapGOHAT aMMOHUA TIpH
XpPaHEHUU B HETJIOTHO 3aKphITOH GaHKe MOCTENEHHO yIeTyduBaeTcs:

(NH4)2CO3 = CO2T + H2O + 2NH3T

Conu KHMCNIOT-OKUCTUTENEH TIPETEPNIEBAIOT BHYTPUMOJIEKYISPHOE OKUCTIEHYE —
BOCCTaHOBJIEHHE TU0O JUCTIPOTIOPLIMOHHPYIOT. [laHHbIE O TEPMUYECKOH YCTONIMBO-
CTH HEKOTOPBIX CONel NpUBeIeHH B Ta6. 6.8.

YcroitunBocTs coneit hochoHMs BospacTaeT ¢ yBenuueHHEM panuyca aHUOHa U
YMEHBIIEHHEM €r0 OKUCIUTENbHOM criocobHocTr. Hanbonee yeroityus noaua PH,I.
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Ta6aunpa 6.8

IIpoayKThl TepMHYECKOMH THCCOMMALMA COJieil aMMOHHS

Connb TeMnepatypa paznoxenus, °C TIpoaykTsl peakuuu
NH4NO3 240 N20 + H20
NH4NO2 70 N2 +H,0
NH“MnO4 110 N2 + MnO2 +H,0
(NH4)2$O4 235 NH4HSO4+ NH3
NH4HSO4* 200 N2 + SO2 +H,0+ NH3
(NH4)2HPO4 155 NH4H2PO4 + NH3
NH4H2PO4 250 NH3 + HPO3 +H,0
(NH4)2CO3 58 NH; + CO2 +H,0
NH“HCO3 60 NH3 + CO2 +H,0
NH4N3 160 N2 + NH3 +H,
(NH4)2Cr207 170 Cr203 + N2 +H,0
(NH4)2CrO4 180 ) Cr2O3 +N, + NH3 +H,0
NH4CIO3 102 Cl2 + O2 + N2 + H20
NH4C1 340 NH3 + HCI

* PasnoxeHune NPOTEKAET Yepe3 CTALHIO obpa3oBatua nupocyibdara (NH,),S,0,.

CymectByer /n Metasumueckuii aMmmonmii? Eciiv cony aMMOHHS HAITOMHHAIOT COMTH
LIEJIOYHBIX METAJLIOB, TO BOZHHUKAET BOIIPOC — HENb3A JIM BOCCTAHOBUTh MOH AMMO-
Hu# 1o panukana NH, nono6HO TOMy, KaK BOCCTAHABIMBAIOT COJIH 1EOYHBIX MeTal-
JioB. Takue MONBITKM HEOMHOKPATHO NPeANPUHMMATUCE. B 1950-¢ rr. BepHan 1 Maccen
BBICKA3aJIM IIPEAITOJIOXEHHE, OCHOBAHHOE Ha PACYETaX, COMIACHO KOTOPOMY IIPH TEMITe-
partype, 6JIM3KOi K aGCOMIOTHOMY HYJIO, M JaBIeHUH ropsaaka 100 ThIC. aTM aMMHAaK
JOJKEH pearMpoBaTh ¢ BOAOPOAOM, 06pasys MeTauinyecKuit ammoHuit NH,. OnHako
SKCIIEPUMECHTAIBHBIX ITOATBEPXICHHUI 3TOMY ITOKa He ImoyydeHo. CYMTaeTCst, YTO UH-
TEpPMEAMAT TAKOTO COCTaBa 06pa3yeTCa B PEaKMH 3aMellieHUS BOAOPOA Ha AeHTepHii:

D + NH; - [NH,;D] - NH,D + H

Yactunpr NH, ynaercs craGUIM3MpoBaTh B amanbrame. ECM KOHIEGHTPHPOBAH-
HBII PACTBOP XJIOpHAA AMMOHHS IOOBEPTHYTh 3JIEKTPOJIM3Y C PTYTHBIM KAaTOLOM WIH
o6paboTaTh aManbraMoii HaTpHs, TO oGpasyeTcs BA3Kad 11acTa, CONEPXKAINAd pagHKa-
el NHy:

xHg + NHj + e~ = (NH,)Hg,
IIpu XpaHeHMHM MacTa GLICTPO PA3NAraeTCs:
2(NH,)Hg, = 2NH; + H, + 2xHg

B ¢opme amanbraMsr MOTYT 6HITH [TOJTyUeHBl M Y€TBEPTHYHBIC AMMOHHITHBIE PaH-
Kanel NRy (R = metun, mpem-6ytun u ap).

177



HeoOprunbie cBoiicTBa XuaKoro ammuaka. Xuakuit NH,; — GecnBerHas moaBvx-
Hasl XWIKOCTh, BHELIHE ITOX0Xas Ha BOLy. BrICOKas TeluloTa UCIapeHUs IO3BOJISET
paboTaTth ¢ XMIKUM aMMHAKOM ITPAaKTHYECKH ITPH TeMIlepatype ero kuneHus (=33 °C).
B cuny Menblueil nonspHoct NH; (IManeKTpuyeckas IPOHUIIAEMOCTD £y,0 = 81,
enn, = 17) Gosiee HU3KOM OKa3bIBAETCS KOHCTAHTA aBTOIPOTO/IU3A:

2NH; 2 NH; + NHj, Kyy, = 10

Jns cpaaenms: 2H,0 @ H;0" + OH7, Kyyo = 1,8 10716,

PacTBOpMMOCT MHOTHX cOJieil B BOJE M XWIKOM aMMHMaKe CWJIBHO pa3iMyaloTcs
(tabn. 6.9).

B3anmozeiicTBHe GpoMHIa aAMMOHMS ¢ aMHAOM Kanus B cpene NH, aBasiercsa aHa-
JIOTOM peakLMU HeHTpalu3anMH;

NH,Br + KNH, = 2NH, + KBr

MHoOrHe peakuyy ITpOTeKalOT B Cpele XKUIKOTO aMMHaKa WHaue, yeM B Boae. Ha-
npuMep, B XuakoM NH; MOXHO JIeTKO IPOBECTH OOMEHHYIO PEaKLMIO

NH
Ba(NO,), + 2AgCl —> BaCld + 2AgNO,

KOTOpasi B BOOIHOM PacTBOpE ITPOTEKAET B IIPOTHBOITOI0XHOM HAIlPABJICHHUH.
Monekyna NH; — CHJIBHBIN aKILEIITOP ITPOTOHOB, ITO3TOMY JaXe cllabble KUCIIO-
Tbl, HAIlpUMEP YKCYCHas, JUCCOLMUPYIOT B HEM Hallelo.
B XuaKoM aMMHaKe MHOTHE KOBAJICHTHbBIE FaJIOTEHKIBI pa3fiaraloTcs:

SiCl, + 8NH, = Si(NH,), + 4NH,Cl

OTH peaki (AaMMOHOJIM3) BO MHOTOM aHAJIOTUYHBI THAPOIU3Y. AMMOHOJIM3Y I10]-
BEPXKEHBI H HEKOTOPbIE OPraHHYEeCKHE COCIUHEHHUA, HAITPHUMED CJIOXKHBIE 3(hHUPHIL.

Ta6aunga 6.9

PacrBopumocTb (r Ha 100 r pacTBOpHTEINA) HEKOTOPHIX conei npu 20°C
B xuakux NH; n H,O

PactBopurens Agl Ba(NO;), KI NaCl BaCl, ZnCl,
H,0 0 9 144 36 36 367
NH, 207 97 182 3 0 0

BpoMun u xmopup yjmaeTcs nonqub JIMIIIG TIPY HU3KHMX TeMIepaTypax, ¢Topun
BoOOIIIE HE CYLIECTBYET.

Honun dochonus o6pasyercss B Buae OnecTAIIMX KyOUUECKUX KPUCTALIOB MPU
B3auMozeiicTeuu ochuHa ¢ HOIOBOAOPOAOM. YIOOHEIM METOIOM €ro MoJydYeHus
siBJIfAeTcAd YaCTUYHBIM THOpoau3 cMecHu Oenoro docdopa ¢ muuomumoM docdopa
P,1,:

10P,1, + 13P, + 128H,0 = 40PH,I + 32H,PO,

Peakiuusa saBiseTca 3Kk3oTepMudeckoil. Ilox neficTBueM BHIENAIONIEHCS TETIOTH
vwonua ¢occonus BosroHsieTcss. HecMoTpst Ha MOHHOE CTPOEHME, 3TO BELIECTBO MMEET
BBICOKOe naBfieHue mapa (1 at™ mipu 63 °C) u HU3KYIO TeMIlepaTypy IUIaBIeHUS.
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B Boze non docdoHus HEYyCTOMYUB U MTHOBEHHO THIPOJIN3YETCS:
PH; + H,0 = H;0" + PH;

6.5.3. Ilonysenne DH,

BsaumonelicTBHeM NPOCTHIX BelECTB MoJy4yaroT Tonbko NH;, mockonsky mis
TUIPUIOB OCTAIBHBIX 271EMEHTOB AGy > (0. 3a pa3pabGOTKy MeTO/]a CHHTE3a aMMHaKa
u3 Bozopofa u azota ®.Tabepy B 1918 1. 65u1a pucyxaeHa HoGenesckas mpeMus.
B peaximin

1/2N2 + 3/2H2 = NH3, AH® = -46 KI[)K/MOJIB

paBHOBecHe B cOOoTBeTCTBMHU ¢ npuHUMoM Jle-IllaTenre cMemiaercss BIIpaBO IIpH
TIOBBIIIEHUY JaBJICHUS U IIOHIDKEHWH TeMnepaTypsl (puc. 6.13). HecMoTps Ha TO 4yTO
peakIusl 5K30TepMUYHasA, JUIS YBEIMUYEHMSI CKOPOCTH peakIMK IpoLecc IMPOBOIST
npu Temmeparype 400 — 500 °C. JaBnenue B KonoHHe cuHTe3a (oT 10 mo 300 at™m)
ONpeaensieTCss TUITIOM YCTaHOBKM. B 1931 r. 3a pa3paboTKy W MpuMeHeHHe B XUMUU
MeTo0B BeicoKoro naBneHus K.bou u @.bepruyc 6butn yaocroeHsl Hobenesckoit
nipeMuH. {71 yCKOpeHHsI JOCTIDKEHHUS PaBHOBECHS IIPUMEHSIOT KaTaIu3aTop — ryoya-
TOe Xeje30 C Jo0aBKaMu OKCHAOB KalWsi, KaIbLWd, MarHWs, aIOMUHUS U KpeM-
HUS, KOTOpPHIE YAYYINAIOT €r0 MeXaHWUYeCKHe CBOMCTBA M YBEJIWYMBAIOT CPOK Ieii-
CTBUA.

Merton IN'abepa— Bolua npuiunes Ha CMEHY JBYM IPYTHM Gojiee SHEProeMKHM MeTonaM
CBA3BIBAHUSA MOJICKY/JIAPHOrO a30Ta B aMMHAaK: IMaHAMHIHOMY M HUTpHIHOMY. CorlacHO
[IEpPBOMY METOAY aMMHaK MOJyMalu THAPOIN30oM nuaHamuaa Kanbnusa CaCN, — kanbuue-
BOro nmpousBogHoro nuanamuaa NH,CN, 1.e. amuaa npuaHoBoit kucaorst HOCN:

CaCN, + 3H,0 = CaCO; + 2NH,T

CaCN, obOpa3syercs IPH CIIEKAaHUM KapOuia KajabLus WIM H3BECTHAKA C KOKCOM B arMocde-
pe a3ora npu TeMieparype nopsiaka 1000 °C:

CaCO; + 4C + N, = 3COT + CaCN,

Hurpugneiit crioco6 OCHOBAaH Ha TWAPOJIM3E HUTPHIA ATIOMMHHA, 110J1y4aeMOro clieka-
HMEM KOpPYHIA ¢ KOKCOM B [IPHCYTCTBMM a30Ta:

ALO; + 3C + N, = 2AIN + 3COT

AIN + NaOH + 3H,0 = Na[Al(OH),] + NH,T o 50
40+
B naboparopuu aMMUaK IOJIyyalOT HarpeBaHU- 300
€M CMeCH TBEDPIBIX XJIOpHAa AMMOHHS W rauleHoMn % 20
usBectn Ca(OH),: ot
p
Ca(OH)2 + 2NH4C1 = 2NH3T + 2H2O + CaCl2 0 260 460 660 860
PaBHOMepHBIi TOK razoo6paznoro NH; MOXHO Aamnerine, aT™
CO3/1aTh, MPUOABIIAS 110 KAILIAM KOHIEHTPUPOBaH-
HBII PACTBOp aMMMaKa K TBEPOH ILEI0YH. Pyc. 6.13. 3aBMCHMOCTb KOHLCHT-

AMMHMaK o6pa3yeTcs TAaKXKe IPH TMAPOIu3e HUuT- PaUMH aMMHMaka B PaBHOBECHOM
PUIOB METAIIOB: CMeCH OT JaBJIEHUS IIPH TEMITepa-

: Type t= 450 (1), 500 (2), 550 (3),
Mg;N, + 6H,0 = 2NH;T + 3Mg(OH),{ 600 (4), 650 (5), 700 (6) °C
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®ocuH, Kak IPaBUIIO, MOMYYAIOT NIPU B3aMMOAEHCTBUHU Genoro docdopa co
II[e/I0YBI0 (TIpH STOM B HebGonblIOM KonudecTBe oGpasyerca u audochun P,H,,
KOTOPBIA MOXHO oTAeNUTh OT PH; KoHAeHcanuei ipu Huskux (Huxe 0 °C) teMrte-

patypax):
3H,0 + 4P (Gensiit) + 3NaOH < PH;1 + 3NaH,PO,

Ynobusmu criocobamu cuHTe3a PH; cuuTarotest Takxke rugponus docuaos Me-
TaJIJIOB:

Ca;P, + 6H,0 = 2PH;T + 3Ca(OH),

BoccTaHoBNeHue PCl; mTUTHHATIOMOTHIPDHIOM:

4PCl; + 3LIAIH, £ 4PH; T+ 3LiCl + 3AICI;,
a JUid TIoJy4eHUsI OYE€Hb YMCTOIO BelecTBa — wmienoyHoi rugponus PH,I:
PH,I + KOH = PH,T + KI + H,0

ApCHH, a TakxXe CTUOMH 00pasyloTCs IIPY BOCCTAHOBJIEHWH Pa3IMYHBIX COEIH-
HEHUH MBIIIBAKA U CYPBMBI (COJIeii, OKCHIOB M T.I.) IIMHKOM B COJSHOKHCION
cpene:

A5203 + 12HCI + 6Zn = 2ASH3T + 6ZHC12 + 3H2O

Ecnu Boinensromiicst ra3 mpoIryCTUTD Yepe3 HarpeTyro TpYOKy, Ha ee CTEHKax o6pasy-
€TCA MeTAJUIMYECKOoe «3epKano». Oba rugpuna TepMUYECKH HEYCTOWYHMBEL U JIETKO
Pa3naraloTCs Ha IPOCTHIE BELIECTBA. DTa peakilusd, OTKphITasg MapilieM, 10jroe spe-
MsI MCITOJIL30BAIaCh UIs1 OOHApYKEeHUS MBIIIBIKA B CyneOHO-MEIUIIMHCKHMX U CaHU-
TapHBIX aHAJIN3aX.

JpyrumM MeTOIOM TONYy4YeHUsT THAPUAOB MBIIILIKA U CYPbMBI SIBJISIETCS B3aUMO-
JEeHCTBUE aHTUMOHUIOB U apCEHUIOB C COMAHOMN KHMCIOTOMH:

Mg,Sb, + 6HCI = 3MgCl, + 2SbH;, 1

6.5.4. I'mnpasun N,H,, raapokcunamun NH,OH

TDunpasun H,N—NH,. O1o GecliBeTHas1 CITBHOTUTPOCKOITMYHAST KUIKOCTE (£, =2 °C,
tam = 113,5°C) ¢ 3amaxoM, OTHaleHHO HAaIlOMHUHAIOIIMM 3allax aMMuaKa. DTo
coeMHeHWe GOPMaIbBHO MOXHO PacCMaTPUBaTh KaK IPOAYKT 3aMEIEHUST OIHOTO
u3 atoMoB Bofopona NH; Ha amunorpyny NH,, moaromy N,H, uHorna Ha3sIBaloT
TUaMUIOM.

Crpoenue Monekyiaol N H, cXOODHO CO CTpOeHHEM MOJIEKYJIbI IIEPOKCHIA BOAOPOAA
(puc. 6.14). I'pynnsl NH, MOryT BpamaTbcst BOKpYT ofuHapHoii cBsisn N—N. SIsneHue, npu
KOTOPOM MOJIEKYJIA ONHOTO UM TOTO Xe COCHMHEHMS MOXET ITPUHUMATDh Pa3IUyHbIE FEOMET-
puyeckue GopMbl, 06yCIOBICHHBIC BpalieHUEM OTACIbHBIX ()PATMEHTOB BOKDPYT OfUHAPHbBIX
cBsa3eit N—N, Ha3sbiBaeTcst Koughopmayueii (ot nar. conformatio — Bux, dopma), coennHe-
HUA XK€, OTIHYalMecs TOJNbKO KOHGopMauueil, Ha3bIBAIOTCH HOBOPOMHBIMU U30MEPAMU
Wy Kongopmepamu. B 3aBucuMocTu ot ymia 0 roBoporta onHoit rpynnel NH, oTHOCUTEIBHO
IpPYTO# MOXHO HaGMIOAATh Pa3In4HbIC [IOBOPOTHBIE U3OMEPBL: 3aCIOHEHHYIO, WK yuc-(hop-
My, (puc. 6.14, a) (6 = 0); 3aTOPMOXEHHYIO, Wiu mpanc-bopmy, (puc. 6.14, 6) (6 = 180°);
IOJy3ac/IOHEHHYo (puc. 6.14, ¢) (0 = 120°) u row-dopMy (puc. 6.14, 2) (6 = 60°).
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Puc. 6.14. Luc- (a), mpanc- (6), nonysacioHeHHas- (8), 2ow- (2) dopmel (KoHDOPMEPHI)
ruapasyHa

I[JISI CHUHTC3a TMApa3nHA HUCIMOJB3YIOT HECKOJIBKO METOOOB. TIo METonmy Paruura
€ro moJiyJaroT OKHCJICHHUEM aMMHaKa THITOXJIOPUTOM HaTpHsl. Hpouecc MpOTCKACT
4yepe3 craguio o6pa303amm XJIOpaMHHa.

NH; + NaOCl = NH,Cl + NaOH
NH,CI + NH; + NaOH = N,H, + NaCl + H,0O
2NH; + NaOCl = N,H, + NaCl + H,0

2
VIOHBI HEKOTOPBIX TSIKENBIX METAIOB, HarpuMep Cu”’, Jaxe MpH KOHLEHTpa-
MU 0KoJo 1073 MOJTB//T KaTaIM3KMpPYIOT Pa3oXEHUE THAPA3MHA MO peaKLUU

N,H, + 2NH,CI = 2NH,CI + N1

s X cBSA3BIBAHMSA B PEaKLIMOHHYIO CMECh JOOABIAIOT XeaaTUH. YacTo aMMuax
3aMEHSIOT MOYEBHHOI;

(NH2)2CO + NaOCl + 2NaOH = N2H4 + NaCl + N32C03 + H20

B nmpoMbIieHHBIX MaciTabax BhIXOM TMApA3MHA COCTABISAET 0Koio 70 %.

IlepcrieKTUBHBIM sIBIIsIETCS MeTOn Baitepa, mo3BOIAIOLINIA YBETMYUTh BBIXOL, ITPO-
aykTa 10 90 %. OH oTnMyaercsi OT MeToia Pamiura TeM, YTo BBOIAT aLIETOH, KOTO-
pHIif CBSI3BIBAET TMAPA3WH B OPraHMYECKOE MPOM3BOIHOE (TMAPA30H), TEM CaAMBIM
BBIBOJIS €r0 U3 peaklnu. Mcrmonb30BaHMe alleTOHA MITH METHISTUIKETOHA MTO3BOJISA-
€T 3aMEHHTh IMITOXJIOPUT Ha MEPOKCHU] BOAOpOIa:

2NH; + H,0, = N,H, + 2H,0

B pesynbraTe Bcex 3THX mpoLeccoB THApa3suH 00pa3yeTcs B BUIE YCTORYMBOIO MOHO-
ruapata (rugpasuHruapar NoHy- H,0, £, = -51,5°C, ton = 120,3°C), crabminsu-
POBAaHHOTO BOJOPOIHBIMH CBSI3SIMH. De3BOIHBIN ITMAPA3UH MOTYYAI0OT HATPEBAHHEM
MOpa3uHTHAPATa ¢ TBEPHOH 1IEMOYBIO.

ITono6HO aMMMaKy ruapa3uH MpOSABIAET OCHOBHHE CBOiicTBa. OOHAKO M3-32 B3a-
MMHOTO OTTAJIKWUBAaHUS CBOOGOMTHHIX 3JIEKTPOHHBIX [TAp COCEIHHX ATOMOB a30Ta M-
pa3uH siBisiercsa Gosee c1aGBIM OCHOBaHHMEM, YEM aMMHAK:

N,H,-aq + H,0 2 N,H:+ OH", K, = 8,5-107
N,H: + H,0 2 N,Hi + OH, K, = 8,9-10-'

Kak ocHoBaHMe ruapa3uH obpa3yer OBa psiia COJIEil TMApa3OHHUs, HAMpHUMeED,
N,HCl, (muxnopun) u N,HsCl (xmopua), mociaegHu MOXET OBITh MOJYYEH TAKKe
U HarpeBaHWEM JUXJIOPHUIA:

N,H,CL, 22§ N,H,Cl + HCI?
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Comu TMIPAa3OHMA C aHHOHAMH-OKUCITHTENIMH HeycTOoNYMBHL. B pacTBopax coim
KATHOHA N2H6 CWIBHO TMAPOJIA30BAHBI.

I'maopasvH ¥ coyim rMApPa3OHUS SABJISIOTCS CHJIBHBIMH BOCCTAHOBHUTEIAMH*
(cM. puc. 6.7). OGBIMHO OHU OKHCJISTIOTCSI IO MOJIEKYJIIPHOTO a30Ta:

[N,H;]Cl + 4CuCl, + 9NaOH = 2Cu,0 + 9NaCl +7H,0 + N,T
N2H4 + 2H202 = NzT + 4H20

B mpucyTcTBUM CHIBHBIX BoccTaHOBUTeNeH, Takux kak Ti(IIT), Sn(II), Bogopon B
MOMEHT BBIAEJIEHUS, THIPA3UH MOXET TPOSBIATh U OKUCIUTEILHBIE CBOMHCTBA:

N2H6C12 + 2H3T1C16 = 2H2T1C16 + 2NH4CI
boseiias Terutora, Belmesnsiomasics npu ropeauu N,H, B Kuciopoge:

NoH4(K.) + O,(r.) = Na(r.) + 2H,0(X.), AH; = —622 xJIx/Monb
TTO3BOJISIET KICITOJTb30BATE IMAPa3sUH U aTKWI3aMelIeHHbIE riapa3suHbl R,H,N, (R = CH;,
C,H; 1 T.1.) B KauecTBe paKEeTHOIO TOIUIMBA. B MUKpOKOHUEHTpALMAX (MIIITHOHHBIE
IOJIN) TUAPa3WH UHTHOMPYET KOPPO3UIO XKeJie3a, TO3TOMY €ro JOOABIAIOT B CHCTEMbI
BoHooxyaxaeHus. IIponsBoaHbIE rMapa3sHHa WCMONB3YIOT B KAYECTBE HMHUIMATOPOB
TOTMMEPU3ALMH, ITPU IPOU3BOACTBE repOULIMIOB M JIEKAPCTBEHHBIX TIPEIapaTos.

I'mapoxkcnnamna NH,OH. DT10 coenmHEeHe MOXHO pacCMaTPUBATh KaK MTPOLYKT
3aMEUICHHS MPOTOHA B aMMuake Ha OH-rpynmmy. D10 6€j10e KpHCTa/TTHYECKOE BE-

IECTBO (Z, = 33 °C), KpaliHe HECTAOWIBHOE M JIETKO Pa3araiouieecs, Npy Harpe-
BaHWUU — CO B3PHIBOM:

3NH,OH = NH;? + N, + 3H,0
FI/II!I)OKCI/UIaMI/IH SIBJIAETCA CJIAOBIM OCHOBAHUEM
NH,OH -aq + H,0 = NH;0H" + OH", K, = 7- 10
00pa3yeT coJM TMAPOKCHUIAMMOHHSI,
rI/II[I)OKCI/UIaMI/IH MPOSABIACT OKUCIUTCIIFBHO-BOCCTAHOBUTEIBHYIO HBOﬁCTBCHHOCTb

C SIBHBIM INpe0o6ialaHNEM BOCCTAHOBUTEIBHBIX CBOMCTB, OKUCIISASICh MPH 3TOM, KaK
npaBsuJio, 10 okcuua aszorta(l):

2NH;0HCI + 21, + 6KOH = N,01 + 4KI + 2KCl + 7H,0
4FeCl; + 2NH;0HCI = N,01 + 4FeCl, + 6HCI + H,0

OKuUCIIUTETBHBIE CBOMHCTBA NposBISIIOTCA, KaK U B CJiyyae rMapa3viHa, B MpPUCYT-
CTBUH CWIBHBIX BOCCTAHOBUTEJIEH, HanpuMep:

2NH20H + 4FCSO4 + 3H2S04 = 2F62(S04)3 + (NH4)2SO4 + 2H20

I'iipoKcHIaMuH TOMTYYAIOT 3IEKTPOJIMTHYECKUM BOCCTAHOBJIEHNEM a30THOM KHCJIO-
THl Ha CBUHLIOBOM KaTtolle. B ajiexTposm3ep J06GARIAIOT CONMSTHYIO KUCIIOTY IS OCaX-
JIeHUsI TIPOYKTa B BUJAEC MaJIOpaCTBOPUMOI B KHUCJIO cpelie CONSTHOKHUCIION COJNM:

NOj3 + 6~ + 8H" = NH;0H" + 2H,0 (karom)
2H,0 - 4e = 4H" + 0,7 (anon)
2HNO; + 2HCI + 2H,0 = 2NH;0HCH + 30,7

* Stanbury D. M. Oxidation of Hydrazine in Aqueous Solution // Progr. Inorg. Chem. 1998. V. 47. P. 511,
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C BbICOKMM (90 %) BBIXOIOM I'MIPOKCHIAMUH B hopMe Cyib(dara Imoy4yaroT KaTa-
JUTHYECKUM BoccTaHoBlIeHHeM okcuaa asorta(ll) Ha mauiageBOM Karanu3aTrope:

2NO + 3H, + H,SO, = (NH;0H),S0,

B naGopaTopuu O6BIYHO KCIIONB3YIOT METON, OCHOBAHHBI Ha CHHTe3e CYNb(O-
npousBoxHoro. Ha mepBoit cTanuu B3aUMOIEHCTBHEM OXJIaXIEHHOIO pacTBOpa HUT-
puta Hatpus npu pH 2,0—4,5 ¢ aMMHaKOM U CEpHHCTHIM ra3oM IOTy4arT aMMO-
HMIAHYIO COJIb TUAPOKCHIAMHUHCYIB(OOKHUCIOTHL:

NH,NO, + NH; + 2SO, + H,0 = HON(SO;NH,),

KOTOpasi THAPOIU3YeTCS TIPY KUTISTYEHHH pacTBopa:

2HON(SO;NH,), + 4H,0 & (NH;0H),SO, + (NH,),SO, + 2NH,HSO,

CBOGOIHBIN THAPOKCIIAMHUH TTONIYYalOT, AEHCTBYS HA COJNb CUIBHBIM OCHOBaHHEM,
HATIPUMEp aJIKOTOJISITOM HATpHSL:

NH;0HCI + CH;0Na = NH,0OH + NaCl + CH;0H

B 601bLIOM KOJMYECTBE THAPOKCHIAMUH PacXOMyeTCs IIPpHU MPOU3BOICTBE CHHTE-
THYECKHX BOJIOKOH (KAaIIpOHA), MeCTULMIOB, JIEKAPCTBEHHBIX MpEnapaToB.

B psiny NH;—N,H,— NH,OH ocHOBHBIE CBOICTBAa YMEHBIIIAIOTCS, YTO CBSI3aHO
C TIOHVXEHHEM SJIEKTPOHHOM [IOTHOCTH HA ATOME a30Ta 34 CYET 3JIEKTPOHOAKLET-
TOPHBIX CBOMCTB cocenHeit amuno- (NH,) mwiu runpokcunbHoi (OH) rpynmer. Kak
cllegyeT U3 3HAUYEHUIA MMOTEHINAIOB (CM. pHC. 6.7), BOCCTAHOBUTEIbHbIE CBOMCTBA B
3TOM psifly YBETMYMBAIOTCS, OMHAKO HA MPaKTHKe CAMBIM CHJIBHBIM BOCCTaHOBUTE-
JIEM YacTO OKa3bIBaeTcsl THAPa3HH.

6.6. OKCHUJIbI DJIEMEHTOB 15-M TPYIIIIBI

OKCHABI THUKTOT€HOB OTIMYAIOTCS GONBLIMM pa3HooOpa3ueM TUNOB. [laxe mpu
(opManpHO CXOmHOM cTexuoMeTpuH (0,03, B,0s5) OHU 3HAYUTENBHO OTINYAKOTCSA
TT0 CTPOEHHIO ¥ cBOcTBAM. OKHUCITUTENbHAsA CIIOCOOHOCTh BBICIIMX OKCHAOB BHU3 IO
IpyTINe, KaK M CIEeI0BAN0 OXHMIATh, M3MEHseTC HEMOHOTOHHO, a Cienysl o6LIuM
MpaBUJIaM YCTOXYMBOCTH BBICILIEH CTENEHN OKHMCIEHHS M BTODUYHON MepUOIUYHO-
cru. Tak, B HauOoJblIell CTEITEHN OKHUCIUTETbHBIE CBOMCTBA IMPOSBIIAIOT BRHICLINE
OKCHIBI a30Ta M BHUCMYyTa, 3TH CBOWMCTBA MeHee XapaKTepHH IS TIEHTAOKCHUAOB
MBILIBSIKA Y CYPBMBI M TIPAKTHYECKHU OTCYTCTBYIOT ¥ (pOC(HOpHOro aHrUApUaIA.

6.6.1. Oxéml a30Ta

B oTMuMe OT IpYTHX 31eMEHTOB a30T 06pa3yeT GONbLIOe YHCIO OKCHIOB: N,O,
NO, N,0;, NO,, N,0,, N,Os, a taxxe Heycroituusnie N,O u NO;. KparHocTh
cBs3u N— O oka3sbsIBaeTcs O0bliIe e JMHULBL 32 CYET ITPOYHOTIO pr — pr-CBA3BIBAHUA.
OHTaNBNUN 06pa30BaHMsl OKCUIOB a3oTa AH; > 0. Peakuun o6pa3oBaHUs OKCHUIOB
M3 MPOCTHIX BElECTB COMPOBOXIAIOTCS YMEHbLIEHHEM YHCIAa MOJIel ra3os, a 3Ha-
YUT, yMeHbLIeHHeM SHTponuu (AS7 < 0). Takum o6pa3oM, CTAaHAAPTHAA SHEPIHsl
I'n66ca oxaswIBaeTCS IMOJIOXKUTENBHOM, T.€. MPHU CTAHJAPTHRIX YCIOBUAX HU ONUH
OKCHJI 230Ta HE MOXET OBITh ITOTYYeH U3 MMPOCTHIX BEILIECTB. B CTaHIAPTHHIX YCIIOBUAX
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OKCHIBI 230Ta TEPMOANHAMHUYECKU HEYCTOMYMBBI K pacmajly Ha TIPOCTHIE BEIleCTBa.
OnHaxo npu Temneparypax Hixe 700 °C PEaKILMK pa3yIOXKECHUA OKCUIOB a30Ta KU-
HETUYCCKU 3aTOPMOXKEHBI. BaxHeine okcuabl a30Ta nepevicieHs! B Ta6i. 6.10.

Oxcnp asora(I) N,O. IIpu KoMHaTHOI Temneparype N,O — OGecuBeTrHbrii ra3
(fn = -91°C, tn = -89°C) 6e3 3amaxa, clagKoBaThIf Ha BKYC, MaJIOpaCTBOPHUMBIIA
B Bonie (ripu 0 °C 1 o6beM rasa pacteopsiercsi B 1 o6neme Bozael). Ilpu BOvIXxaHuwM B
HeGoMbIINX KonyecTBaX N,O BBISHIBAET CYIOPOXHBII CMeX, TTO3TOMY €ro HashIBa-
10T «BecessAIMM razoM». Mosnexkyna N,O ymiHeitHast, ManononsipHasi. MeTogoM BajeHT-
HBIX CBA3EH €€ CTPOCHUE OMUCHIBAETCS C MOMOIIBIO IBYX PE3OHAHCHBIX CTPYKTYp:

“N=N=0: & :NEN—Q:‘

CBs13b MeXIy aTOMaMu a30Ta (0,113 HM) ML HEMHOTO JUTMHHEE, YEM Tpo¥Has
CBA3Db B MoJiekyJie N, (0,110 um).

Oxcun asora(l) mosmyyalor TepMIYecKUM Pa3NIoXEHUEM HUTPATa AMMOHUS TpU
TEMIEPaType HEMHOTO BhILIE TEMIepaTypsl ero miasnenus (170 °C):

200°C
NH,;NO;—— N,0 + 2H,0

HarpeBanue Hano MpoBoauTs KpaitHe OCTOPOXHO, U36erasi meperpesa, ¥ He UCIIOb-
30BaTh OONBIIMX KOJNMYECTB HHUTPATA — 3TO MOXET MPUBECTH K B3pbiBy. O6pa-
3ylommiics ra3 yacTo ObIBAeT 3arps3HEH a30ToM W okcuaoM NO. Bojee YmcThii
N,O o6pasyercst Ipu CoONponopUIOHUPOBAHUN HUTPHUTA W COJIM THApA3HMHa WU
THIPOKCHJIAMHHA:

NH;0HCI + NaNO, = N,01 + 2H,0 + NaCl

Ta6Gnuna 6.10
Okcuam azora

Okcun Ctpoenue Hnuua cBs3u, yron
N,0 N=N"—-0" d(N—N) = 0,113 um
d(N—O) = 0,119 um
NO ‘N=0 d(N—O0) = 0,115 um
N203 O\\ d(N—N) = 0,186 um
NN d(N—0Q') = 0,114 um
o Yo d(N—0) = 0,120 um
ZONN = 105°
ZONO = 130°
' No, /N\* d(N—O0) = 0,119 um
o ‘o ZONO = 132°
N,O, SN o d(N—O) = 0,118 um
NN d(N—N) = 0,175 um
o Yo ZONO = 134°
N,O; O 0 d(N—0) = 0,13—0,14 um
M- 0N d(N—0") = 0,118 nm
7 N\
o) 0
[N'O,]'[NO;T d(N—0) = 0,124 um
d(N'—0) = 0,115 um
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Oxkcup a3zora(l) He B3aMMOAEHCTBYET ¢ BOOOW, HO (hOpMaJIBHO €r0 MOXHO pac-
CMAaTpuBaTh KaK aHTUAPHI a30THOBATUCTOM KHUCIOTH H,N,0,, mpu pa3noxeHuu
KOTOPOif OH oGpa3yercs:

H,N,0, £ N,0 + H,0

Oxkcup azora(l) asnsiercsa okucnureneM. B HeM, Kak B KUCTOPOIE, BCIBIXUBAET
TICIOWAsl JIyYNHKA, U SIPKO TOPUT 3aXOKeHHasl cepa. B BOIHEBIX pacTBOpax OKHUCIH-
TeNbHBIE CBOMcTBa N,O MpakTUYECKU HE3aMETHHI, YTO CBI3aHO C KHHETHYECKHMHU
npuynHaMH. B rasoBoit (hase oH BoccTaHaBIMBaeTCs BOAOPOIOM O a30Ta!

N20 + H2 = N2 + H20
npu nomxuraHun cMecl N,O ¢ NH; npoucXxoauT OrfTyLIUTEIbHBIA B3pHIB:
3N,0 + 2NH; = 4N, + 3H,0

B TO Xe BpeMsI IIpy KOHTAKTE C CHJIBHBEIMH OKMCIUTENSIMA N,O MpOosBIseT cebs Kak
BOCCTaHOBUTENB. OH MEAJIEHHO OGECLIBEYNBAET MTONKACIEHHEI pacTBOp MepMaHra-
HaTa KaJusi:

5N,0 + 2KMnO, + 3H,S0, = 10NO?T + 2MnSO, + K,SO, + 3H, O

IMpu HarpeBanum Boitne 600 °C oxkcun asora(l) pasmaraercs co B3pbIBOM:

2N,0 £ 2N, + 0,

O06 3TOM HEOOXOZMMO MOCTOSTHHO ITOMHHTh, TTPOBOJS Pa3JIOXKEHUE HUTPATa aMMO-
HUS, U HUKOTJa He JOMYyCKAaTh MeperpeBa peakIMOHHONH CMECH.

Oxkcup azorta(l) HeTokcnmyeH. OH IMPOKO UCIONB3YETCS B KAYECTBE MPOMEIUIEH-
Ta JUISL CO3HaHUS a3p030Jieil, HaXOOUT TPIMEHEHHE KaK AHECTE3UPYIOLEE CPEICTBO
MpU HAPKO3ax,

Oxcupn azora(Il) NO. I1pu xomHaTHOIT TemmepaTtype NO — 6ecBEeTHHIH ra3 (1, =
=-164,4°C, t = 152,2°C). OH pactBopuM B Bozge (5 mit NO B 100 Mt BOgBI), HO
¢ Helt He pearupyer. @opmansHo NO cooTseT-

CcTByeT HHTpOKcuioBas kuciaora H,N,O, xo- &O) (1:1[8) ‘(Az%
TOpasi MOXET OBITh MOTYYEHA TTOOKUCIEHHEM pa- 4o
CTBOpOB €€ coJeit (cM. mogpasg. 6.7.1). E ”4“\
\
Monekyna NO manononsipHasi, mapamMmarHuTHasi, /,+_ \\\
JuHeiHad; uHa sy N—O cocrasnsier 0,115 um. % + + 2" \\\
bnaromapst HATMYKMIO HECMTAPEHHOIO 3JMEKTPOHA OHA \1
SIBJISIETCSE CBOOOAHBIM PaIUKaIIOM, HO NPH CTaHAAPT- , \\\ “‘>H ++21’
HBIX YCIIOBMSIX K IMMEPH3aLlHY HE CKIIOHHA. \\H'
CxeMa MonekysIpHbIX opOuTtaneit monexynst NO 7
C YYETOM CMELUMBAHUA aTOMHBIX 2s- U 2p-opbuTa- ZS'H(‘\'— 2 \\\\
neit npuBeaeHa Ha puc. 6.15. MHIuBuayaasHEIC BKIIa- \ \\t\
OBl aTOMHBIX OpOUTANICH B KaXIyl0 MOJECKYJISAPHYIO N \\\\\\
opbuTane He onpeaeseHbl, No3ToMy MO ob6o3Haue- \ :\-H-Zs
HH lo, 20, 30 ¥ T. 0. \\lc el
ATOMHBIE opOuTaH 25 a30Ta U KHCJIopoaa obpa- ‘H'-/

3YI0T CBA3BIBAOLLYIO 1o ¥ pa3phIXAomyo 2o opdbu-
tasu. MO 20 1o aHepruu pacrnonaraeTcst uyTh Beilie  Puc. 6.15. Cxema MONeKy/IsIpHbIX 0poH-
AO 2s a3oTa, NockonbKy B dopMupoBaHuu MO 20 Taneit Monekynsl NO
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npuHumalor ydactie u AO 2p asora. AO 2p, u 2p, a30Ta U Kucaopoga ob6pa3syioT JBe CBA3bI-
Bajowme In 1 aBe paspeixistiomue 2n MO. AO 2p,a30Ta u KMcIopoga o6pasyioT cBSI3bIBaIO-
wyio 3o ¥ paspeiUIAiomylo 40 MONEKYIApHLIE OpOUTATH. B IaBe 5 Ha MpUMepe MONEKYIbL
CO obcyxnanace Bo3MOXHOCTb cmewuBanmust MO. TTockonsky AO 2s 1 2p a3ota U KHUCJIOpO-
Iia 6IM3KH 110 SHEPrUH, TO OKA3HIBAETCS BO3MOXHHIM B3aumomeiictBue MO lo U 36, KOTO-
poe noHuxaet 3Hepruio MO lo U, Hao60poT, NMoBbiaeT 3Hepruio MO 3. AHAJTOrHMYHO,
cMelMBaHue paspeuigiomux MO 26 u 4o moHuxkaet 3uepriio MO 20 ¥ MOBHILAET 3HED-
ruio MO 4o. Takum o6pasom, AO 2s u 2p a3ora M KHCIOpOIa AAIOT BKJIag BO BCE YEThIpE
MO o, npuyem cBs3bBaomwas MO 36 10 3HEPIUH OKA3LIBASTCS BhILIE cBs3uiBaomux MO
Ix. TIpy pasmemeHun 11 3eKTPOHOB (5 NEKTPOHOB OT ATOMA a30Ta M 6 SNEKTPOHOB OT
aToMa KHMCJI0po/ia) BO3HUKAET 3NEKTPOHHAA KOHMUrypanus Monekyasl NO 1626?1430 21,

Ha ocHOBaHMHM cXeMBI MONEKYJSIDHBIX Op6uTanel Monekynsl NO (cm. puc. 6.15) MOXHO
chenath cnepyiomne BeiBoAbl. HecrnapeHHuwiit snexktpoH Ha MO 2r ofycnosnuBaer napa-
MarHeTU3M MOJICKYJIbI, KOTopast ARIIeTCst pangukaioM -NO. TMopsanok cBsi3u paBex (6 — 1):2 =
=2,5, 1.¢. monekyna NO oKa3biBaeTcs AOCTATOMHO MPOYHOH. OxHaKO 3HEprusi CBA3U
E(N 22 ) =627 kIIX/MOJIb MEHBLUE MONYCYMMEI 9HEPrHit cBA3U N, (942 xJx/mone) u O,
(494 xIIx/monb), mosToMy peakuus o6pa3oBaHust NO M3 IpOCTBIX BEWECTB, KaK M APYIHX
OKCHUJIOB a30Ta, SIBJSAETCS IHIOTEPMHUYECKOIL: AH; = 90,2 x/x/monb. ITockonbKy HecrnapeH-
HBIV JIEKTPOH HAXOAMTCA Ha paspevIstionelt 2n-opbutanu, NO He qumepn3oBad. OcHOBHOM
BKNIall B 06pa3oBaHue paspeixisiowei 2n-opoutani BHocsT AO 2p a30Ta, MO3TOMY 3MEKTPOH-
Has TUTOTHOCTb Ha aTOME a30Ta MOBHILICHA, YTO OOYCIOBINBAET MOMAPHOCTL MOJEKYJBL (IH-
MOJNBHBEINA MOMEHT p = 0,15 D).

Ipu oxmaxaenut NO oBpasyerca HeycToiuuBasi GecuBeTHas IMAMATHUTHAS XWIKOCTD
N,0,. Majioe 3HayeHHEe IHTANLIIMK UMEpU3anuH (15,5 K[X/MOJIb) ¥ HEYCTOHYUBOCTL IH-
MEpa CBA3AHBI C HUTMYUEM HECMTAPCHHBIX 2JIEKTPOHOB Ha paspeixisiowmeit 2n-opburanu. Teep-
ABI MOHOOKCH/] 330Ta TAKXE COCTOUT U3 AuMepoB N,0,.

Oxcun azora(Il) — TunuysHels BoccraHoBUTENb, OH 00€CIBEYMBAET MONKHMCIIEH ~
HBIHA pacTBOp MepMaHIaHaTa KaJus:

5NO + 3KMnO, + 2H,S0, = 2MnSO, + 3KNO; + Mn(NOs), + 2H,0

JIETKO OKUCJIISAECTCS KHUCJIOpOOOM:
2NO + 0, = 2NO,

Hpouecc nporexaeT ¢ 04eHs BHICOKOM CKOPOCTBIO, TAK KAK 00¢ pearrpylowine ya-
CTHLBI ABNAIOTCA pagukanaMmu. ITo-BUauMoMy, mMepBOHAYAIBHBIM aKTOM B3aMMO-
NEHCTBUS SIBJSIETCS TMPUCOENMHEHHE IBYX MoJieKyal NO K MoJeKylle KHCIopoza ¢
obpasoBaHueM uHTepMenraTa ONOONO, KOTOpBI# pacranaercs Ha JBe MOJIEKYIIBI
IHOKCHIA a30Ta.

W3-3a HanmyKs OMHOTO HECITAPEHHOTO 3JIEKTPOHA Ha Pa3phIXIAowEt 2n-0pOu-
TaJu At okeraa asora(ll) xapakTepHbl Mpouecch OQHO3TEKTPOHHOIO OKUCIEHUS
¢ 06pa3oBaHUeEM KaTHOHA Humposuna (Humposonus) NO*: NO — ¢~ = NO*. ITpu sToM
KpaTHOCTb CBsI3u N— O MOBBILIAeTCS IO TPeX, a ee sHeprus Bo3pacraer ot 627 (NO)
1o 1046 (NO™) k[Ixx/Mou1b. [Tpon3BOTHBIMI HUTPO3MIIA SIBISIOTCS KOBAJIEHTHBIE OKCH-
ranoreHuasl azota NOX (X — rajoreH), a Takxke HOHHBIE COJIM, HATTPUMEP, TepX-
nopat Hutpo3onus [NO*][ClO}], cenenar Hurposonus (NO),SeO,. I'mapocynedar
HuTpo3oHus [NO'|[HSO; monyyaror, mpormycKasi CEpHUCTHIH ra3 yepe3 ObIMSIIYIO
a30THYIO KHCJIOTY:

HNO; + SO, = [NO'][HSO3]
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WY B3aUMOJIENCTBHEM IHOKCHIA a30Ta C’
CEPHHCTBIM Ta3oM B MPHUCYTCTBUHM BOISI- }
HBIX MapoB. BecuBeTHHIE, MTOXOXHE HA s

Jien, KpUCTAUIBI 3TOM COMU — «KaMep-
HBI€ KPHUCTAJTb»> — 00pa3yloTcsl B CBUH-

HOBBIX KaMepax Mpu MpOU3BOJACTBE CEp- Oa
HOM KHMCJIOTHI 10 GalllEHHOMY METO.Y. Qo
pyrue coM HHUTPO3OHUS TAKKE MO- &N

TYT GBITh MOIYYEHHB B3aNMOEACTBHEM OK-

CHUJIOB a30Ta ¢ KOHUHECHTPUPOBAHHBIMU
KHC/IOTAMH, HATIPEMED: Puc. 6.16. CtpoeHue TBEpIOro xjiopuia

Hutposwia NOCI

N203 + H2S804 = (NO)2S604 + H,0
Bce oHM TepMHUYECKH HEYCTONYMBEL, 4 B IPHCYTCTBUHM BOIH HEOOpAaTHMO I'MIpOIIH-
3YI0TCSI:

2[NO*]I[HSO;] + H,O = NO + NO, + 2H,S0,

Xnopun Hutposmwia NOC] — opaHXeBO-KpacHBIH Ta3 (f,, = —65 °C, tg, = -6 °C),

obpasylommitcs npu x1opupoBaHud NO B MPUCYTCTBUHA aKTUBUPOBAHHOTO YIJIA:
NO + Cl, = 2NOCl
MpH B3aUMOAEHCTBHY HUTPUTA C XJIOPOBOIOPOIOM:
NaNO, + 2HCI = NOCI + NaCl + H,O
WIH [IpH 3aMELICHUH aHHOHA B COJISIX HUTPO30HUS:
[NO*][HSOj] + NaCl = NOCI + NaHSO,

Crpoenne tBepnoro xiopuaa Hurposdmwna NOCI nokasano Ha puc. 6.16. Jlnuna
cBsisu N—O B kpucTtauie Ha 8 % MeHbllie, YeM B Ta30oBoit dase, a cBasu N—Cl —
Ha 10 % GoJbliie, YTO CBUAETENLCTBYET O BKIane pe30HAHCHOU (OPMHI C paclpene-
JIEHUEM 3apsifIOB:

O=N—-Cl < 0=N'CI

Brarogaps ciiaGeIM MEXMOJIEKYISPHBIM B3auMopeicTBusiM N---Cl a30oT mmMeer
TETPA3APUUYECKOE OKPYXKEHHUE".

C nepenayeit 2JIeKTpOHOB MOJIEKYJIHI NO Ha BaKaHTHBIE OpOUTANHU MEPEXOTHBIX
METAJLJIOB CBSI3aHO 00pa30BaHME X MHOTOYMCJIIEHHBIX HUTPO3MWIBHBIX KOMIUIEKCHBIX
coequHeHni. TIpuMepoM MOXKET CIIYy>KUTb Ka4eCTBEHHAsl peaKkuys Ha HUTPAT-HUOH,
Ha3bpIBaeMasi peakumeit «6yporo xonbua». Ee mpoBomsiT B pactBope cyibdara
xene3a(Il) (xene3HOro Kynopoca), TOIKUCIEHHOM CEPHOI KUCIOTOM. CHayasa HUT-
par-uoH NOj BoccraHnapnuaercsi xene3oM(Il) o NO:

6FeSO4 + 2NaNO3 + 4H2S04 = 3F62(S04)3 + 4H20 +2NO + N32S04

o 2 o
KOTOPBIH 3aTeM ¢ M3GBITKOM HOHOB Fe™ 06pa3yeT HUTPO3WIBHBIN KOMILIEKC, OKpa-
LIEHHBIA B OypBI{ LIBET:

FeSO, + NO + 5H,0 = [Fe(H,0);NO]SO,

* Ellern A.E., Seppelt K. // Z. Anorg. Allg. Chem. 2001. V. 627. P. 234,
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IIpu xunsA4eHNM pacTBOpa KOMIUIEKC paspyuiaercs, a NO BBIeNsieTCs] U3 pacTBopa.
Panbiue sty peakunio ucrons3oBanu ms BeIIENCHUs okceuga asorta(ll) u3 cMmeceit
ra3sos.

B Hacrosiee Bpemst aKcrepiMMeHTANTBHO YCTAHOBJICHO™, YTO B [Fc:(H20)5NO]2+ XKeNne3o
HAaXOAUTCS B CTCIIEHU OKUCICHHUA +3, a JMraH ABISETCS aHHOHHBIM NO™

Menee xapakTepHst st NO OKHCTUTENBHBIE CBOICTBA. Hamnpumep, npu B3an-
MOJIEUCTBUY C CUIIBHBIMU BOCCTAHOBHUTENSIMU 0GpasyeTcs a3or:

2NO + 2H,S = N,1 + 28! + 2H,0

Ha ponueBoM xaranusatope NO okuciser YTapHBII Ta3 B YIJIEKUCIBII;

2NO +2C0 ¥'N, + 2C0,

Taxue KaTalM3aTOPHl YCTAHABIMBAIOT B BBIXJIOMHbIX Tpy6ax aBroMo6uIIeit Bo n3be-
XaHMe 3arpsA3HEHNs aTMOChEPHI SIOBUTBIMHU Ta3aMU.
Ilpu B3auMozneCTBUY ¢ pacIIIABNEHHOH 1eN0ub0 NO I CTIPOTIOPLIMOHUPYET:

6NO + 4KOH = N, + 4KNO, + 2H,0

HeobbryHoit sansiercst peakuus NO ¢ cynbdurtom B weoYHoM pacreope rpu 0 °C, npu-
BOAAWAst K 06pa3oBaHMIO GECIIBETHBIX KPUCTALIOB COJIM COCTaBa K,S0;N,0, (N-aurposo-
rUapOKcunaMuH-N-cynbpdhoHaT Kanus):

NO + SO} = [ONSO,]*

\
[ONSO;]* + NO - N—S—O"~

B nabopartopHsIX ycroBusx oxcun asora(Il) nonyyaror mevictBuem Ha Menb pas-
GapnenHoit (5—8)M HNO,:

8HNO; + 3Cu = 3Cu(NO,), + 4H,0 + 2NO*T
Wy, npukaneibast 5 M pactsop H,SO, Kk cMecn pacTBOpOB HUTPHTA M HOIMIA KATHS:
2KNO, + 2KI + 2H,S0, = 2NO + 2K,S0, + 2H,0 + 1,
B npomeiuenHoct NO MOJy4ai0T KaTaTHTHYECKIM okucinenneM NH; Ha rma-
THHO-pOIMEBOM Katanu3atope mpu 700 °C:
4NH; + 50, £ 4NO + 6H,0

MoxHo nosy4nts NO ¥ IpsIMBIM CHHTE30M U3 3JIEMEHTOB TIpU TIPOAYBAHUN CMECH
N, + O, 4epe3 IIa3MEHHYIO 30HY QJIEKTPHYECKOM Oyru (TaKUM Xe ob6paszoM NO
obpasyeTcsi B KaHaJle MOJTHUI TTpu IPO30BBIX pa3psinax):

4N, + 0, £ 2NO

OmHako 3aTpartkbl SJCKTPOIHEPTUH CTOIh BCJIMKH, YTO METOJI OKa3bIBACTCSI HEIKOHO-
MHUYHBIM.

* Wanat A., Schneppensieper T., Stochel G. et al. // Inorg. Chem. 2002. V. 41, P. 4.
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Buosorugeckas pom NO. Monekyna NO o6pa3syercst B opraHM3Me MJICKOITHUTAI0-
LIHMX B HEOONBLINX KOJIMYECTBAX M3 AMUHOKHUCJIOTHI ADFrMHUHA ¥ B HACTOSILCE BPEMS
SIBJIAETCS NIPEAMETOM TILATEJIBHOIO M3y4eHUsI. DTo HeboJbluasg MOJIEKYJIa CIIocOobHa
JIETKO IIPOHHMKATh CKBO3b 000/I04KY KJIeTOK. OHa Urpaet akTMBHYIO POJib B ITPOLIECCax
PEryJIMPOBaHUsT KPOBSIHOIO JABJICHUsI, MBILICYHON pesakcauuy, Nnepejayd HEPBHBIX
VIMITYJILCOB; DEryJupyeTr AcHCTBUE MaMSTH U CEKpeuHio MHCYIUHaA. JIeKkapcTBeHHOE
JIENCTBUE HEKOTODBIX COCYIOPACLUMPSIOMIUX CPEACTB, HApUMEpP HUTPOIIUEpHHA
(rMMUEepUHTPUHUTPATA), KaK pa3 cBA3aHo ¢ obpaszoBaHuem NO Ipu BOCCTAHOBJNE-
Hu# HUTporpynnel. OmfHUM U3 HauboJsiee 3aMeuaresIbHBIX CBOMCTB MOHOOKCHIA 230~
Ta SABJISICTCA €r0 IMTOTOKCHYHOCTH (CITOCOOHOCTE pa3pyliate HHAMBUAYAJILHBIC KIICT-
KH), MO3BOJIAKOIEAA UIMMYHHOM CHCTeMe opraHu3Ma paspylliaTh, HalIlpHMEp, OIyXO-
JIEBbIE KJIETKHU. B TO € BpeMst HEOOXOAUMO IMOMHHTB, YTO B OOJILLIUX KOH [IEHTpaUAX
NO onaceH mis 3n10poBbst. OH CITOCOOEH CBA3LIBATHL FEMOIJIOOKMH, aHAJIOTMYHO yrap-
HOMY rasy, TeM caMbIM ITOAaBJssI €ro COCODHOCTE K MepeHOoCY Kucjiopoaa. B TkaHsax
6osblure KOoHueHTpanud NO OKUCHAIOTCA KHUCJIOPOAOM, 4 ¢ BOJOH Aal0T a30THYIO
KHUCJIOTY.

Oxkcun a3zora(III) N,O;. D10 coeqMHEHHME OYEHb HEYCTOWYMBO M CYIIECTBYET
TOJIBKO TIpH HU3KHUX TEMITEpaTypaX. B TBEpIOM U KHUIKOM COCTOSHHH (7, = —100 °C)
3TO BeIIECTBO OKpallleHO B SIpKO-CHHUI 1BeT; BoIlne O °C OHO pasiaraercs:

N203 =NO + N02

Monekyna N,O; minockas u cocrout u3 ¢pparMeHToB ON—NQO, ¢ HEMpOYHOH
N—N (0,186 um) cBsasbio*. Tepasiit N,O; — nonHoe coeguHeHne NO'NO;.

B omtmume or N,O u NO okcug azota(Ill) — TunmuyHBIH KHUCIOTHEIN OKCHA, B
JIEOSHOA BOAE OH pacTBOpsieTcsl ¢ 0Opa3oBaHMEM rojiyboro pacrsBopa a30THCTOU
KHCIIOTBL;

N203 + H20 = 2HN02

IIpu B3auMOAENUCTBHH C IHETOYHBIMU pacTBOopaMu N,O; KOJIHYECTBEHHO TpeBpa-
1IAETCSI B HUTPUTHI:

N203 + 2NaOH = 2NaN02 + H20

B cubHOKMCTIOH cpene TTPOMCXOMUT reTepoTHTHYeCKUit pacnan cBsizu NO—NO,,
B PE3YJIBTATE 3TOT0 00pa3yloTCs COMHM HUTPO3OHUS:

N,0; + 3H,S0, = 2NO* + H;0" + 3HSO;

IMpu oxnaxaennn go —36 °C skBUMOsipHO cMecH okcunoB NO u NO,, o6pa3syio-
uieiicsi mpu BoccraHoBineHun 50 %-it HNO; oxkcunoM Menupsaxa(Ill) uwnu kpaxma-
JIOM, KOHaeHcupyercsa N,O;:

2HNO; + As,05 + 2H,0 = 2H;As0, + N,O;
l/,,(C6H|005),, +12HN03 = 6C02 + 11H20 + 6N203

Oxcugpl azora(IV): NO; m N;O4 Oxcup asora(IV) B IMpoKOM MHTEpBAIE TeM-
nepaTypsl CYLIECTBYET B BUAE paBHOBeCHOM cMecH MOoHoMepa NO, 1 guMepa N,O,.

* WapecTeH MeHee YCTOWYMBHI CHMMeTpHMuHBI HM3oMep ON—O—NO, 3abHKCHpOBaHHHII NPH
HU3KHUX TeMniepatypax. CM.: Wang X., Qin Q. //J. Photochem. Photobiol. A, 1999. V. 122. P. 1.
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PaBHoBecue
2NO, 2 N,0,, AH=-57,2 x[Ix/Monb

Bypslit raz BecuseTHbIi ras
MapaMarHUTeH JOUaMar{HuTeH

CWIBHO 3aBHMICUT OT TeMIepaTyphl. TBepnblif okcun azora(IV) GecLiBETHBIH, TaK KaK
COCTOUT UCKITIOYUTENBHO U3 MOJIeKyN N,O,. IIpu ero HarpeBanuu 1o f,, = ~12,8 °C
TIOSIBJISICTCS. KOPUYHEBAs! OKPACKA, KOTOpasl YCWIMBAETCS C TMOBBIIEHUEM TEMITEpA-
TYpbI 1O MEpPE YBEJIMYCHUsSI IOJIM MOHOMEpA B cMecu. IIpu TemnepaType KMIEHWUS
(21,5°C) xunkas da3a conepxur 0,1 % NO,, a B ra30Boi da3ze comepxanue NO,
yBenmuuuBaetcs ot 15,9 % npu 21,5°C no 99 % npu 135 °C.

Mornexyna NO, umeer yrioByio ¢dopMy. JUtiHa cBsizu N0 cocTaBsieT 0,119 umM,
4YTO COOTBETCTBYET KpaTHOCTH CBsI3H 1,5.

B pamkax MeToza BaJICHTHBIX CBA3€il CTPOEHHME THOKCHIA a30Ta OMUCHIBAIOT C MOMOMIbIO
[BYX PE30HAHCHHIX GHOpM: : :

+.. o+

ITpennonaraercs, YTO aTOM a30Ta HAXOAUTCH B COCTOSTHUM sp*-rubpunuzanuu. B o6paso-
BaHUH o-CBA3H N—O y4acTByIOT rUGpUIHEIE Sp2-OpOUTANH a30Ta U 2p-0pOUTAIH KHUCJIOpOJa.
KpatHocTs cBa3u N=*O okasbiBaeTCs NMOBBILIEHHON 3a CYET n-CBA3BLIBAHMS. B3aHMmHOE OT-
TAIKUBAHHE JCKTPOHOB cBsA3u NO npuBogut K yBennueHuio yrma ONO ot 120° go 132°.
OnHy u3 rubpuaHBIX sp2-0p6HUTaNCit 3aHUMAaET HECITapeHHBIH 3NEKTPOH, YTO OOBIACHAET Na-
pamarHeTHsm (u = 0,29 D), numepusanmio ¥ Xumueckue cpoiictsa NO,.

Bonee nerkas no cpaBHeHuio ¢ NO guMmepusanus NO, obbsicHAETCS B paMKax MeTona
MOJEKYJISIPHBIX OPOUTANICH HATMYMEM 3JICKTPOHA Ha CBSI3LIBAIOILCH (NO,), a He Ha pa3pbix-
asaomeit (NO) MonekynsapHoit opbutaii.

Mornekyna N,0, B ra3oBoit u TBepHoif (hasax SBIIETCS IUTOCKOIL. IIpu -269°C B
MaTpuue TBEPAOTO Irejius npenrnonaraeTca Hanuuue yactiy ONONO, ¢ MOCTHKO-
BbIM N—O—N kucnopogom. Crpykrypa N,O, moxoxa Ha cTpykTypy N,O3, omHaKO
MECTO CBOOOIHO# 3EKTPOHHOM Maphl 3aHUMAET ATOM KHCIOPOJA.

Oxeun asota(IV) (kak MOHOMeEp, Tak U AuUMEp) XOpOILIIO pacTBOPUM B Boje U
B3aMMOEHCTBYET ¢ Hei. IIoCKONbKY B BOXHBIX pacTBOpax COEIMHEHUS a30Ta B YeT-
HBIX CTCTICHAX OKUCIIEHHUSA HE CYLIECTBYIOT (CM. pHC. 6.7), IPOUCXOIUT UCIIPONIOP-
HHMOHMPOBAaHME HA a30THYIO M a30TUCTYIO KMCIIOTHL:

N,0, + H,0 = HNO; + HNO,

ITocneqnas ycToiunBa UL Ha XONOIE, a TIPY KOMHATHOM TEMIIEpAType M BHIIIIE
aucriporiopuonupyetT Ha NO u HNOj;, mosToMy npu KoMHaTHOI U GoJiee BBICO-
KHX TEMITEPATYpax peakuus MPOTEKAET 10 YpaBHEHHUIO

3NO; + H,0 = 2HNO; + NOT

OpnHako ecim yepe3 Bofy mporyckarts cMech NO, U Bo3iyxa, TO o06pasyercs TOJIBKO
HNO3Z

2NO, + H,0 + 440, = 2HNO;

Hono6Ho NO okcua N,O, HoxBepXeH OTHOEKTPOHHOMY OKHCIIEHHUIO C o6pa-
+ .
30BAHUCM KaTUOHA Humpouna (humponus) NO,, UIMEIOLIEro JIMHEHHOE CTPOEHHE U
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n302j1eKTpoHHOrO (16 e~ Ha Tpu atoMa) CO,. Hutpowi-noH obpasyercst Takke IIpu
CaMOMOHM3AIIUH a30THOM KUCJIOTH:

2HNO, 2 NO} + NOj + H,0

Jwoxcun NO, — CUJIBHBIM OKHCINTENb, B aTMOC(hepe KOTOPOro ropsiT yrilepox,
cepa, MHOTHE METAaJLTHL;

C + 2NO, = CO,T + 2NO?T
B rasoBoii (asze IMOKCHI a30Ta OKUCIISIET XJIOPOBOXOPOX IO XJIopa:
2NO, + 4HCI = 2NOCI1 + 2H,0 + Cl,

TMoayuyator NO, B3anMoneiCTBHEM MelIu C ropsiyeil KOHIEHTPUPOBaHHOM a30T-
HOH KMCJIOTOIA:

Cu + 4HNO, = Cu(NO3), + 2NO,t + 2H,0

60 TepMudecKuM paznoxeHueM (350 — 500 °C) TmiaTebHO BBICYIIEHHBIX HUTPa-
TOB TSDKEJIBIX METAJLUTOB:
470°C
2Pb(NO3)2 —3 2Pb0O + 4N02T + OzT
Peakuuio IpoBOIAT B IIPUCYTCTBUH TUOKCHIA KPEMHMUS, CBSI3BIBAIONIETO 00pa3yro-
IHCS OKCH CBUHIA B cuymkaT PbSiO;, TeM caMBIM cMelllasi paBHOBECHUE BIIPABO.
Oxcuyp asora(IV) obpasyercs Takxe IIpH okucieHnn NO KUCIOpOIOM:

2NO + 0, = 2NO,, AH® = -114 x]Ix/Monb

HHTepecHo, YTO 3Ta peakuus ssiusercs obpatumoit, u pu 200°C paBHOBecue
CYIIECTBEHHO CMEIIEHO BIIEBO.

Kunkuit oxenn asora(IV) mMPoOKo NMpUMEHsieTcsl KaK HEBOXHBINA pacTBOPHUTEND
B CUHTETHYECKOM XMMHH, 4 TAKXKE KaK OKUCJIUTEINIb B JIBUTATEIISIX KOCMUYECKHUX KO-
pablieit, UCIIONB3YIOIMX B Kadectse Torumea Metwi- (MeNHNH,) wim nuMeru-
runpasuH (Me,NNH,).

Okcua asora(V) N,Os. AsorHenit anruapun N,Os obpasyercss B BHAE JETYYHX
(fyon = 32,3 °C) GecLIBETHEIX TMIPOCKOIIMYHBIX KPUCTAJUIOB IPU MPOIYCKAHUM TTa-
POB a30THOM KMCJIOTH 4Yepe3 KOJIOHKY ¢ oKcuaoM dochopa(V):

4HNO; + P,y =S 2N,0s + 4HPO,

Teepnetit N,Os moctpoeH u3 noHos NO; u NO3, a B ra3oBoii ¢dase u B pacTBopax
cocrout u3 MoJekyn O;N—O—NO,. D10 Be1IeCTBO OUEHb HEYCTOMYUBO U B TEYCHHE
HECKOJILKUX 4acoB pacmanaercs (repuon moxypacnana 10 y), Ipyu HarpeBaHUH — CO
B3PHIBOM:

2N205 = 4N02 + 02

IIpu pacrBopernn N,Os B Bone o0pa3yercs a30THasl KMCJIOTa.
BrICIIMii OKCHI a30Ta IBISAETCS CUIBHBIM OKHUCIIUTEIEM, HallpUMeEp:

N205 + Iz = 1205 + N2

B 6e3BonHbIX KUCHOTax (CepHOM, a3oTHOit, oprodocdopHoii, xiopHoit) N,Os pac-
nagaercsi, o6pa3yst KaTUOH HUTpOHMs NO3:

N,O; + HCIO, = NO}CIO; + HNO,
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Cunres 6e3pomubix HuTpaToB. Xunkuit okenn N;O, HCIONB3YeTCS KaK HEBOJHbII
PacTBOPHUTENb ISl CHHTe3a Oe3BoAHBIX HUTpaToB Metawios (Cu, Ag, Zn, Cd, Hg,
Mn, Co, In u ap.). Ero caMoHOHM3aUKsI MOXET MPOTEKATh KaK ¢ 06pa30oBaHHEM Ka-
THUOHOB HUTPOHHSA:

N,0, 2 NO} + NO;
TaK K C 06pa3OBaHl/ICM KaTHOHOB HUTpO3HJA:
N,0, 2 NO* 4+ NO;

B cMecH ¢ TOHOPHEIMU PaCTBOPHMTENSMH, TAKMMH KaK STWIALETAT, AUSTWIOBEIMA
3bup, aUETOHHTPHI, TUMETWICYILMOKCHI, THCCOLMALMS IIPOTEKAET UCKITIOYHTEb-
HO IO BTOPOMY INYTH, TaK KaK KaTHOH HHTPO3WIA CTAOWIM3UPYETCS 3JIEKTPOHHOI
Mapoit pacTBOPUTEIIS:

N;O4 + solv = (NO-solv)* + NO;

Hist cuHTE3a HUTPATOB MCIOJB3YIOT JHMG0 caMM METALTH, JHGO HMX Ge3BOIHEIE
raoreHusl. O6bLIMHO cHHTE3 npoBoaAT B cMecu N,O4 1 stimanerata CH;COOC,H,
(01 MpenynpexneHus: BO3MOXHOTO B3phIBAa STHIALETaT JOMXeH GBIThH TIIATEIBHO
OYHIUECH OT NEPCKHUCHBIX COCAUHEHHUIA TTEPErOHKOIT):

Zl’lClz + 4N204 = [ZH(NO3)2 2N204] + 2NOCI
Cu+ 3N204 = [CU(NO3)2 N204] +2NO

O6pasyiolKiicss CONMbBAaT MPEACTABIsAET cO60M KOMILIEKCHYIO COJb HUTPO3OHHS
([Zn(NO;);- 2N;04] = (NO),[Zn(NO3),], [Cu(NO3),- N,O4] = (NO)[Cu(NO3);]). Tyrem
OCTOPOXHOTO HarpeBaHKA B BaKyyMe €r0 NMpeBpaluaoT B 6€3BOLHbIIA HUTpAT.

Jlpyrum MeToROM MostyyeHus1 6e3B0IHBIX HUTPATOB SIBJISIETCS B3AUMOICHCTBHE XJIO-
puia WK KapOoHWIa MeTaIa ¢ a30THBIM aHTHIPUIOM:

TiCly + 4N,05 = Ti(NO;), + 4NO,Cl

Cr(CO)s + 3N,05 = Cr(NO5); + 6CO + 3NO,

Tak mosTyyaroT HUTPaTHl C KOBAIEHTHBIM THIIOM CBSI3H, HEYCTOYHMBEIE B BOJHBIX
pacTBOpax®.

* CunTe3 GE3BOAHBIX HUTPATOB CM.. CHHTE3B HEOPraHWYECKUX coeanHeHnil. — M.: Mup,
1966.T. 1. C. 156.

Cosu HUTPOHHMA ABNSIOTCA CHILHBIMU OKUCTUTENAMMU., TIpH MONagaHUM B BOAY OHM IUI-
POJTU3YIOTCA:

NO;C10; + H,0 = HNO; + HCIO,

Xnopuctiit HuTpoust NO,Cl (fy, = ~145°C, ty = —16°C) — GecupeTHbI ra3, o6pasyio-
LUKIACS [IPY TIPOITYCKAHHHK XJI0Pa HaJ TBEPAbIM HUTPATOM cepebpa WIH MPH B3aUMOICHCTBHH
IBIMSALUEN a30THOM U XJ10pCYIbhOHOBOI KHCJIOT:

HNO, + CISO;H = NO,CI + H,SO,

B 1eno4Ho# cpele oH pacrmagaercs Ha FMIOXTIOPUT W HUTPHUT.
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6.6.2. Okcuapl docdopa, MbIlIbAKA, CYPHMBI H BUCMYTA

Docdop, MBIIIBSIK, CypbMa U BUCMYT 06pasyloT ABa BaXKHEHIIMX TUIIA OKCHIOB* —
9203 U 9205.

Oxcuanl 3,0; (P4O0g). Oxcuast 3,03 MONYYaIOT IPU B3aUMOAEHCTBUM TTPOCTBIX
BelIeCTB C KHUCIoponoM. OfHaKO eCIM B Cliydyae MBIIIBSKA, CYPbMBI** M BUCMYTa
OKcuael 06pa3ylorest naxe B U30BITKe KUCIIOPO/a, TO IIPOIECC OKUCIeHUs Gocdopa
Heo6XonuMo cTporo KoHTpoiuposars. Docdopucreiit anruapun P,Og monyyaior ¢
BbIXOOM 60 % oxucneHueM Genoro ¢ocdopa kuciopoxoM Bosgyxa npu 50°C u
naBieHnH 90 MM pr. cT. OBpasyIomMiics TPOLYKT OYMILAIOT BO3TOHKOM OT IPUMeCH
BBHICIIIETO OKCHJA.

Oxcnn docdopa(lll) npencrabisier cob6oit Gesblit PHIXIBIA KPUCTAIIMYECKUI
TIOPOLIOK (%, = 24 °C, tym = 174°C), JIeTKO BO3TOHSIOTI[UIACS.

B ocHoBe ctpykTypsl P,Og texut TeTpasap P,, B KOTOpOM MeXIy Kaxaoit mapoit
aTOMOB P HaXonuTcst aToM Kucnopona (puc. 6.17). ATOMBI KMC/IOpOAa PacIiooXKeHbI
BHE IIPSIMBIX, COeIMHAIOIINX aTOMBl P, Tak yro crpykrypa P,O¢ cocraBieHa u3
YeThIpeX IIeCTUWIEHHBIX TeTepounkioB P;0;, Kaxablii U3 KOTOPHIX UMeeT HOpMY
Kpecla.

B unreppane TeMneparypsr 20— 50 °C P,O¢ oKuCisieTCss KMCIOPOLOM BO3XyXa
(B mpucyTcTBUM CiieftoB dochopa caMOIIPOU3BOJILHO):

P406 + 202 = P4O|0

YTO COINIPOBOXAaeTCA XeMUJIIOMHUHeCIIeHIINEH U SBIsIeTCS] IPUYNHOM CBedeHUs Ge-
noro Gocdopa. Iponecc OKUCITEHNS IIPOUCXOINT ITYTeM MTOCTENIEHHOTO TIPHCOeIH-
HeHUs1 aTOMOB KHCJIOPOJa K aToMaM ¢docdopa, IPU 3TOM IOCeA0BATeNIEHO 00pa3sy-
tforca P,O;, P,Og, P,Og u, HakoHen, P,O}y (cM. puc. 6.17). CMeCh 3THX OKCHIOB,
Hapsity ¢ KpaCHBIM (ocGOpoM, sIBIsieTCsl NPOAYKTOM IUCIIPOIIOPUMOHUPOBAHMUS
P,O¢ B Bakyyme mipu 200—400 °C.

Oxcun docdopa(Ill) HassBalOT HOChHOPUCTHIM aHTMAPUAOM, TaK KakK OH B3aH-
MOIeACTBYeT C XOJIOXHOMN Bomo#t ¢ o6pazoBaHueM (HOCHOPUCTON KUCIOTHL:

P406 + 6H20 = 4H3PO3

Ipu noBeILIeHHO#N TeMITepatype GochopucTast KUCIOTa JUCITPOIOPUMOHUPYeT Ha
opTodocHOPHYI0 KUCIIOTY U HOCHUH.

0
0,166 uM B B B III’
04 Q17 , 0740 0740 074 o 074 o
i O ! L Oy | L Oy ! L Oy ! L
.P\I,O,P — /P\_O7P. —_— P\O,IP. —_ /P\O’IP—O — P\'O//P—O
P P P P P
O ~ o ¢ \O o— \\\0 o \\\0 o \\\0
99,5° 0 0 (0]
P04 P,0; P04 | A0 POy

Puc. 6.17. Okucnenue P,O4 B P,0)

* O nusmx okcuiax ocopa cM.: Engels B., Soares Valentim A. R., Peyerimhoff S.D. // Angew. Chem.
Int. Ed. 2001. V. 30. P. 378.
** Tipu okucnennu cypbMbl Ha Bozayxe npu 400 °C obpasyercs cMeluaHHBIA oKcHa Sb[SbO,].
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T'a3006pasHble U TBepable KyOmueckue Moaudukanum As,O; u Sb,0; o6pasosa-
HH Monexkynamu 3,0¢ MeHee JeTyulie MOHOKJIMHHBIE MOIUGUKAIIUU COCTOSIT U3
mipamug D0;, 06beAMHEHHBIX B CJIOUCTHIE ToJMMephl. OKenp BucMyTa BiyO3 nMeeT
CJIOUCTYIO CTPYKTYPY, TIOCTPOEHHYIO M3 MCKaXEHHBIX NICEBI0OKTa3IPOB :BiOs.

Oxcuzn Mbiussaxka(IIl) (i «6enslit Mulilibak») B CpexHeBeKosse M B HoBoe Bpems
TTOYYMJT TIEYATHHYIO M3BECTHOCTH KaK OZMH M3 CaMbIX paclpOCTpaHEHHsIX A10B. OH mnpen-
crapasAeT co6oil Geblif MopoiloK Wik 6eCUBETHYIO CTEKJIOBUIHYIO Maccy, CIaJKoBaTylO Ha
BKYC, MaJIOpacTBOPHMYIO B BOIE, HO XOPOLUO PacTBOPMMYIO B KOHLIEHTPUPOBAHHOMI COJIS-
Hoit kucinore. Ilpu pa3baBneHuyn CONMTHOKMCIONO pacTBOpa «OeiIblil MBILLIBSAK» BBIZENSECTCS B
BHIE KPYIHbIX KpucTauios. Ilogo6uo docdopucromy anruapuny As,O; MposBIsLET BOCCTa-
HOBHUTEJIbHBIC CBOICTBA!

As,0; + 21, + SH,0 = 2H;AsO, + 4HI

Tpu ABMXEHUHM BHU3 IO TPYIIIIe KUCIOTHBIM XapakTep OKCHIOB CMeHseTcsl OC-
HOBHBIM: okcmabl docdopa(Ill) u Menubsika(Ill) mposBIsSIOT KMCIOTHBIE CBOM-
ctBa, cypeMBI(III) — amdborepHbe, a BucMyta(lll) — npenMyHIeCTBEHHO OCHOB-
Hble. B 5ToM e HaIlpaBJIeHUM YMEHBIIAETC UX PACTBOPUMOCTH B Boxe (Tabi. 6.11).
BoccTaHoBUTENIbHBIE CBOMCTBA HauboJiee XapaKTepHBI WISl GOCGHOPUCTOTO U MBIIIIb-
SIKOBUCTOT'0 aHTUIPHIOB.

Oxcumsl 9,05 (3,04). Oxcun docdopa(V) (u GochopHBIA aHTUAPHI) TIPE-
cTaBiiseT coboil PHIXJIBIM GeJIBI MOPOIIOK, pacIUILIBAIOIIMMCS Ha BO3xyXe M
BoaroHsommiica npu 360 °C u maBnenun 1 arM. ['excaroHaiabHas MoxubuKanus,
obpasyloniasicst Tpu cxuraHuu ¢ocdopa B U3OBITKE BO3AyXa, MOCTPOEHA U3 MoJie-
Kyl P,O,, (puc. 6.18), nmpencrapnsiomux co60il YeThIpe TeTpasapa, COCEANHEHHBIE
IPYr C IpyroM o6imuMu BepiiMHaMu. Ee cTpoeHMe JIeTKo BHIBECTH U3 MOJIEKYJIBI
P,Oq, n06aBUB K KaxmoMy aTtoMy docdopa mo KUCIOpody, CBSI3aHHOMY JBOMHOM
cBs13b10. T1pM IIaBJIeHUH HEKOTOPHIE CBSI3U B LIUKIIYeCKHX Mojiekynax P,O g paspsI-
BAIOTCS, M OHM TIPEBPALIAIOTCH B IIOJMMED, COCTOSIIMI U3 TeTpasapos PO,, o6be-
IMHEHHBIX B CJIOU (CM. puc. 6.18).

Oxcun ¢ocdopa(V) Upe3BHYAKHO XKaTHO NPUCOeXMHsIeT BoAy. Peakuwus co-
NIPOBOXIAETCS CWIBHBIM pa3orpepaHueM (292 kIIx/Moib) U IPUBOXUT K 06pa3o-
BaHHUIO CIIOXHOM cMecH, cocTosiiei u3 MetaocOpHEIX KHUCIOT Pa3HOTO COCTa-
Ba, KOTOPHIE TIPY KUIMISTYEHUH THAPONIN3YI0TCs 10 opTodochopHoit KucnoTs HzPO,.

Ta6nuya 6.11

CaoiicTBa OKCHEOB D,0; (9,04) M NPOAYKTHI HX B3AHMOJICHCTBHA
C PACTBOpAMH KHCJIOT H mIejiovyei

PacTBOpHMOCTS, PeareHT
Okeun | t, 'C Xapakrep r/100 r H,O
(17°C) HCl(pa36.) | HCl(kouu.) | 30%-it NaOH
P406 24 KuciaotHwiit H3PO3** H3PO3** H3PO3** NazHPO3
As; Oy 218+ | KucioTHbI# 2,04 — AsCl, NaAsO,
Sb,04 655 | AMdorepHsIii 0,002 SbOCl SbCl; NaSbO,
Bi,O; 817 He pactBopum BiOCl BiCl; —

* Bosrousercs.
** PearupyeT ¢ BOAOIL.
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Puc. 6.18. CrpoeHue MonexynspHoit (a) u nonumepuoit (6) Mogudukauwmit GochopHoro
aHruapuna POy,

ITpu ocTopoxHOM n0GaBieHHM HEGONBIIMX TOPLMIA TeKCATOHATHLHOTO P,0y B 2e-
AAHYIO BOAY YIA€TCS TOJNYYMTH PACTBOP LUKIOTETpaMeTadhochOpHOI KUCIOTHI
(HPO,),.

B naGoparopHoit npakrike GochopHbIit AHTUJPHUA HAXOXUT LUUPOKOE TTPUMEHE-
HHE KaK OCYIINTENIb U AETUAPATUPYIOIIMIA aTeHT*,

Ecin i dpocdopHoro aHrmapuna coBepieHHO He XapaKTepHEI OKUCIUTENLHBIE
CBOMCTBA, TO BBICIINI OKCHI MBILIBLSKA SIBIISIETCS OKUCITUTEeM. OKCHI As,O;s nipen-
CraBisieT co60M GeNblif TOPOLIOK, PACTBOPHMBIA B BOJE C 00pa3oBaHUEM MBbIIIIbSI-
K0Boit KUCIOTBI H3ASO,. OH TepMHUYECKH HEYCTOMUMB, IIO3TOMY €T0 HENb3st ToJTy-
IMTB U3 MIPOCTHIX BENIECTB. YXOGHBIM METOIOM €TO CHHTE3a SBJISETCS JETHAPATAIMS
MBIIIBSKOBOM KUCJIOTHI ITPH TeMiepatype 170 °C:

2H;As0, < As,0; + 3H,0

Moriexyna As,Os MMeeT CI0XHYIO CTPYKTYPY, COCTOMT U3 TeTpadapos AsO, U OKTasx-
poB AsOy, 06BEXMHEHHBIX B TPEXMEPHBIN KapKac.

BeicIunit OKCHX CYpbMBI 0OpasyeTcss B BUIE rufpara npu gewcrsuu Ha SbClg
BOJHOTO pacTBopa aMMHaxa. [Tojyyaromuiicst Ipu 3TOM XKEJIThI 0CaOK BBICYIIMBA-
toT npu 380 °C. OH 110X0 pacTBOpSETCA B Boze ¢ 06pa3oBaHUEM Cliaboit CYDBMSTHOM
KUCIOTBL. BriaxHslit Sb,O5 oxpalinsaer nakmyc B KpacHbI# 1BeT. [Ipu pacTeopeHnn
€r0 B paCTBOpaAX mieodeid o6pa3yioTcs aHTUMOHATHL:

Sb,05 + 2NaOH + 5H,0 = 2Na[Sb(OH),]

Harpesanuem Sb,O; mpu 500°C B cyxoM Bo3myXe MOXeT GHITH MOJIy4YEH CMEILAaHHBII
okcun cypeMsI(LI1, V) — Sb,0,. CrpykTypa ero mocrpoeHa u3s cl0eB, 06pa30BaHHBIX OKTA3-
paMu [Sb+506] K MCKAXEHHBIMHU TETpa3ipaMH [Sb+304].

Bobiciunit oxcux BUCMyTa B YHCTOM BUIE He TIOJNYYEH. YepHO-KOPHYHEBLIH OCa-
JIOK, 06pasyIoNuitCsi IpY MOXKUCIIEHAN BUCMYTATOB, NIPEACTABISET COGOIM THApar
Bi,0s- nH,0, KoTopsiil pasjiaraeTcst Ipy MOTMBITKE €ro IETUIPATUPOBATD.

* Oxncnenvem P,O4 030HOM npy TeMmepatype 78 °C nonyyen o3onua P,Oyg, KoTOpHI mocTpoeH
a”anorndHo P,Oyg, HO BMeCTO KOHUEBBIX cBsizeil P=0 conepxur rpynnuposku PO;. Bce atombr P
umetor KU 5. Cm.: Dimitrov A., Ziemer B. // Angew. Chem. Int. Ed. 2003. V. 42. P. 2484,
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6.7. OKCOKHUCJOTBI, TMAPOKCHUIABI 1 COJIX BJIEMEHTOB
15-11 T'PYIIIIBI

6.7.1. OKCOKHMCJIOTHI a30Ta

Asor o6pa3syeT pasfiMiHble OKCOKUCIOTH (Tabn. 6.12), HO BCe OHH, MCKIIOYasd
a30THYI0, KpaifHe HecTaOWIbHBEIL.

Han6oJiee BaXHBIMU KUCIOTaMy siBsiioTcs asoTHass HNO; 1 asotucras HNO,.

Azornas kucaora HNOj;. AsorHas kuciora HNO; — onHa U3 BaXKHEHIIMX Heopra-
HUYECKUX KUCJIOT. DTO JieTydas GeCUBETHAs XUIAKOCTD (f, = —42°C, fogm = 83°C,
mwioTHocTh 1,50 r/cM?, muanekTpudeckas mpoHuaeMocTs € = 50 (14°C)) ¢ pe3kuM
3aI1aXxOM, CMEIIMBAETCS ¢ BOJIOI B JIOGHIX Iporopumsix. IIpyu nepeianBaHuy €€ Ha
BO3AYXe 06pa3yercsl TYMaH, COCTOSILLMIA M3 MeTbYalflliX KarleJieK a30THON KUCJIOTEL,
nosToMy umcrtyio (100 %-10) HNO; HasbiBaloT aeiMsieit. B JraGoparopusix 0OBIYHO
UCIIONB3YIOT He OBpIMAINYIo, a 6oliee meieBylo 68 %-10 HNO;, 3Ta XOHUEHTpaUMsI
OTBeYaeT COCTaBy azeoTporna, obpasyomerocst 8 cucreMe HNO;—H,0. Takyio kuc-
JIOTY Ha3bIBalOT KOHLIEHTPUPOBAaHHOM. B MPOMBILIIEHHOCTH €€ IT0JTy4aloT KaTaJIuTH-
YeCKHM OKHCJICHMEM aMMMaKa KMCJIOPOIOM BO3IyXa Ha IUTaTHHOBOM KaTajn3aTope:

4NH; + 50,= 6H,0 + 4NO
¢ nocienywoumM okucieHueM NO:
2NO + 0, = 2NO,
M TIoIolieHMeM obpasyromerocss NO, Booi npy u36bITKe BO3yxa:
4NO, + O, + 2H,0 = 4HNO;
Ta6nuua 6.12
OKcHapl H OKCOKHCJIOTHI 230Ta

CreneHb OKUCIEHUSA Oxkcun Kucnora Harpuesas coib
+1 N,O Na,;N,O; (runmoHUTPUT
2 QN_N/OH 2N20;, ( )
o’ QO
A30THOBaTHCTas (TUIOA30THCTAS)
+2 NO OH Na,N,0, (uuTpoKcuar)
@ M on 4N,O4 (HuTp
/|
HO @
HuTtpokcuioBas
+3 N,03 Q ‘ NaNQ, (HuTpuT)
/N=O
HO
Asorucras
+4 NO, (N,0,) | A3sorucrad ¢ a3oTHas NaNO, (HuTpur)
u NaNO; (HuTpar)
+5 N,O;5 20 NaNOj; (uuTpar)
HO—N\O
A3oTHast
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Puc. 6.19. Crpoenue monekyn HNO, (a) 1 HNO; (6)

Bosbiioe BHMMaHMe B TEXHOJOrMYECKUX CXeMaxX YIAEAETCS MpPEABAPUTENBHON OYMCTKE
BO34yXa, MOCTYMAIOLICIO Ha OKUCJICHME aMMHaKa, OT IIpuMeceil (OKCHIOB CEphl, CEPOBOAO-
pofta), KOTOPBIC NPUBOIAT K CTAPEHMIO KaTaIU3aTopa. Peakuuio OKMCIEHUsS aMMHaKa I1po-
BozaT npu 900 °C, Ha BBIXOZE U3 PEAKTOpA CMECh COEPXUT IpUMepHo 10 06. % NO, mpu
OXJTAXACHUM NMPUCOCAUHSIOIEIO KUCIOPO M BOAAHBIE NMaphl. [IpeacTapieHHOE ypaBHEHUE
peakuun obpasosanuss HNO; BeipaxaeT CyMMapHBIif NPOLECC, KOTOPHIH Ha CaMOM e
TIPOTEKAET MOCICAOBATE/IBHO YEPE3 TUCIPONOPLUMOHHpOoBaHHue NO,:

3NO, + H,0 = 2HNO; + NO
u okuciaeHue NO xo NO, Kuciopogom:
2NO + 0; = 2NO,

O6pasyroiuecs maphl a30THOM KUCIOTH KOHACHCHPYIOTCS M MOTJIOMAIOTCS BOIOIL.

OCHOBHOE KOJMYECTBO MPOM3BOAMMOM a30THOM KMCIOTHI MIET HA MOJIYYECHHE
a30THBIX yIOOPEHUH, TNIaBHBIM 06pa30M aMMMayYHOM CeJIUTPHL. B MEHBIIMX KoOJNYe-
CTBaxX a30THAs KUCJIOTA UCIIONb3YeTCs ISl IIPOU3BOACTBA HUTPOCOCAUHEHUH, agu-
ITMHOBOM KHUCIOTHI, 00pabOTKM CTANH.

Jist niony4eHust THIMSIIIER KUCIOTHI B JIaGOpaTOPHBIX YCIOBUSIX Ha TBEPIBI HUT-
paT HaTpUsl WIKM KA AEHCTBYIOT KOHIEHTpupoBaHHoH H,SO,:

NaNO; + H,S0,(xoHm.) £ HNO,T + NaHSO,

O6pasytontyrocss HNO; OTTOHSIIOT M3 DEAKIIMOHHOM CMECH TIPH HeGOJIBILIOM Harpe-
BaHHH,

Bespontyio HNO; MOXHO NMOJTyYHTh AUCTWLISIMEH ee KOHIEHTPUPOBAHHbIX pac-
TBOPOB B INPUCYTCTBMM BOXOOTHHUMAIOUIMX CpeAcTB: okcuaa docdopa PO,y win
KOHIIEHTPUPOBAHHON CEPHOM KHUCIIOTHI.

Aptvsiias win KoHueHTprpoBaHHass HNO; Ipy XxpaHeHUH Ha CBETY BCKOPE IIpHo6-
petaeT Gypyro OKpacKy 3a cueT pacTBopeHus okcunaa asora(IV), o6pasyromerocs rnpu
€€ Pa3IOXEHNU;

2HNO3 = 2N02T + H20 + 1/202T

Takyio KUCIOTY XpaHSAT B TEMHBIX CKISIHKAX.
Monekyner HNO; Kak B ra3oBoif, Tak W B XHIKOH M TBepHoOil (azax UMEOT
IUIOCKOE CTpoeHue (puc. 6.19).

C TOYKM 3peHMs METOMA BAICHTHBIX CBA3EH cTpoeHue Moekyas HNO; MOXHO onucats
CNEAYIOIMM 06pa3oM. ATOM a30Ta HaXOAUTCS B COCTOSHUY Sp2-TUGPUAM3ALMH. Tpu rubpun-
HbIE Sp2-OpOUTAIH Y4aCTBYIOT B 06pa30BaHUM TpeX o-CBsA3eH C 2p-OpOUTATAMH aTOMOB KHC-
JIOpOAa, OIMH U3 KOTOPBIX CBA3aH €I U C aTOMOM BOZOpoJa. Bce o-CBA3M exXaT B OXHOM
mockocTu. Kpome Toro, y aroMa a3ora ocraercs ewe oaHa 2p-opGUTaib, MEPIEHAUKYISIP-
Has TJIOCKOCTH o-CBsi3eil. DTa OPOMTANb yyaCTBYET B 7-IIEPEKPBIBAHUU C 2p-OpOUTAIIMH
ABYX aTOMOB KMCJIOpOJA, JIeXalHX B TOH XKe caMoit riockocti. Takum o6pa3oM, KpaTHOCTE
cea3u N=:O okasbiBaeTcs paBHOiA 1,5. Harmune Tpex aToMOB KHCIIOpOAa B MOJIEKYJIE HNO;
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HNO;—H,0 HNO;-H,0

1 GoJibliiee YUCIIO IEKTPOHOB Ha CBA3BIBAIOILIUX MOJIEKYJISIPHBIX OpOUTANIAX OOBACHAET e
6oJ1ee BHICOKYIO CTaOMIBHOCTD IO CPABHEHHIO C APYTHMHU KUCIOPOIHBIMU KUCIOTAMHU a30Ta,
0 YeM, B YaCTHOCTH, CBUAETEILCTBYET Gosiee kopoTkas cssizsb HO—N.

B KOHIIEHTPUPOBAHHBIX PACTBOPAX a30THOM KMUCIIOTHI IIPOMCXOMXUT CAMOUOHH3a-
s (cM. Taba. 6.10):

3HNO; 2 H;0" + 2NOj + NO;}

HoH HHUTpOHMS, 0Opa3ylomnics MpH JTUCCOLMAIIAN, OOYCIIOBIUBAET BBICOKYIO
OKUCIUTENBHYIO akTUBHOCTE HNO;, a Takke ee cmocoGHOCTh HUTPOBATh OPraHH-
yeckue coeqHeHWs1. MHOrue apoMaTruyeckue HUTPOCOEIUHEHUS SABISIIOTCS OKpa-
LHIEHHBIMHA. DTHM oOBsicHsieTcst TOT (hakTt, yro comepxanye GEHWIbHLIE TPYIIIILL
GeJIKM IIpH KOHTAKTe ¢ a30THOM KUCJIOTOM OKpaIlIMBalOTCS B XKeNThli useT. Hanpu-
Mep, TIpH TIOIafaHUM a30THOM KUCIOTHI Ha KOXY TOSIBISIIOTCS KEITHIE NATHA.

IIpyn HUTPOBAHUM OGBIYHO MCHONB3YIOT HE YUCTYIO KHMCIOTY, a HUTPYIOUIYIO
cMeck — cMecb HNO; 1 H,SO,. Jlo6aBneHue cepHOM KUCIOTH NMPUBOAUT K POCTY
KOHLIEHTPAIUM UOHA HUTPOHHUSL:

HNO; + H,S0, 2 H,0 + HSO; + NO;}

B cucreme HNO;— H,0 (puc. 6.20) o6pasyrorcsl qsa KOHIpY3HTHO IUIABALIIMXCA MMIpaTa:
HNO;- H,0 (¢, = -38,3°C) u HNO;-3H,;0 (t,,= -19,5°C). CTpyKrypa KX IOCTPOCHa K3
tpeyronpHKkkos NO3 i nupamug H;0", cBA3aHHBIX BOZOPOAHBLIMHK CBS3SAMH B ITOJHMEPHBIH
Kapkac (puc. 6.21). Boiuie temneparyp wiasneduss H,O u HNO; HeorpaHHYeHHO CMelIHBa-
10TCA ¥ 06pa3yloT a3zeoTpol cocrasa 68 % HNO;, kumsuuuit pu 120,5°C (1 aTM).

OmymynTenibHOM oco6eHHocThIo HNO; siBNsIeTCs €€ BBICOKAs OKUCIUTEIIbHAS CIIO-
COGHOCTD, TIPUYEM C TOYKHU 3peHHust TepMogHaMuku HNO; MoxeT BOoCCTaHaBJIU-
BaTLCH JI0 COEAUHEHUI C pa3IMYHOM CTENIEHEIO OKUCIIEHUS (puc. 6.22). Ocobo cuib-
HBEIMH OKHMCJIMTEJILHBIMU CBOMCTBAaMM o6GJanaer nbiMsitas HNO;. Hexkoroprle He-
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TpefeNIbHbIe OPraHUYECKHE COENUHEH Us], HaIIpUMeD TepIIeHBI (CKUITUAap), TIPH I10-
TIaJaHUM B Hee BOCILIaMEHSIOTCS.

A30THasl KMCIIOTa NIPH HarpeBaHUM JIETKO OKMCISAET MHOTHE HEMETAJUIbI: MO,
cepy, yroius, ¢hochop, a Ha XOJIORe — HOXOBOAOPOL, CEPOBOMOPON M MX COJIM:

6HI + 2HNO, = 31, + 2NO? + 4H,0
FeS + 12HNO, = Fe(NOy), + H,SO, + 9NO,T + 5H,0

Tpyn B3anMoeHCTBUHU a30THOM KUCIIOTHI C METAJUIAMH 4acTO 06pa3yeTcst CIOX-
Hasl CMeCb MPOAYKTOB, COCTaB KOTOPOMH OIIpeneNsieTcsl, INIaBHbIM 06pa3oM, IIPUPO-
IO# MeTa/la ¥ KOHIEHTpanueil KUCIoThl. YeM akTUBHee MeTaT U 4yeM GoJee pas-
GaBJicHa KMCJIOTa, TEM CUJIbHEe ITPOTEKAET BOCCTAHOBJICHUE,

B peanbHbIX yCIOBHSAX, KOTA BCE peakuuy BoccraHorneHuss HNO, TepMoxiHaMu-
YECKU Pa3peIIeHbl, OHM KOHTPOJMUPYIOTCS TONBKO KMHETHYECKU M IPOTEKAIOT OXHO-
BpeMeHHo. B nponecce peakumn Mensiercst KoHuenTpauuss HNO,, rTeMneparypa, ciie-
JOBATCJIBHO, U COCTaB NMPOIYKTOB BoccraHopleHUa HN O, HanpasieHue nponecca no
TOMY WIX MHOMY ITYTH ONPENENIAETCS TaKXKe TPYAHOCTBIO 3apOXKICHUS B PacTBOPE ra30-
Boit (aspl ¥ PacTBOPUMOCTBIO ra3oB: N,, N,O, NO, NO, — B peakIMOHHO CMeCH.

Pas6asneHHas (3—20%) HNO; B 3aBUCHMOCTH OT NPUPORBI METATa MOXET
BOCCTaHaBJIMBATLCSl C BBHIINEJICHHEM IUIOXOPAacTBOPUMBIX B Boxe razoB: N,, N,O,
NO, H, — nu6o noHa aMMOHHS.

Hoxa3aHo, 4TO NpH B3aUMOMEHCTBUM MapraHia U MarHus ¢ 10— 20 %-if aszor-
HOI1 KucioTo# o6pasyiorcs razosble cMecu (H,, N, N,O, NO), B KOTOpBIX conep-
xwurest o 80 % Bonopona. TakuM 06GpasoM, MOXHO CKa3aTh, YTO 3TH METAJUIbI pea-
TUPYIOT C pPa30aBICHHON a30THOI KUCIOTON NPEUMYLIECTBEHHO 110 PEAKIIUH:

2H" + M = M* + H,t

Hpyrue Meramiel, HanpMMep IMHK, PEarupylor »ES B

TIpEUMYLIIECTBEHHO ¢ o6pasoBaHueM N,O i N: 6
5Zn + 12HNO;(10 %) = 5Zn(NOs), + N,T +
+ 6H,0 3
B cunbHopas6amieHHOU (MeHee 5 %) a30THOM 4
KHUCJIOTE IPOUCXOMUT TIOJIHOE BOCCTaHOBJICHUE 3INH 7\
HUTpAaT-WOHa 10 MOHAa aMMOHuS NHj. Peaxius g
3

MPOTEKAaeT MEIIEHHO — B TEYEHHE HECKOJILKMX
nHe. MoH aMMOHHS CO31aeT B PacTBOpe BOCCTa-
HOBWTEJIBHYIO Cpey, TO3TOMY 06pa3yioTes CoIu

—_ N
Z
x
-]
o

METaJUIa B HU3ILIEH CTENIEHN OKHMCIICHUs (puc. 6.23): ot NH
4M + 10HNO;(3 %) = 4AM(NO;), + NH,NO; + _1¥Nmg
+ 3H,0 (M = Sn, Fe) L e
PactBopsi HNO; cpexHelt KOHIeHTpanuu -zl 012 3 4

CreneHb OKMCIICHHUS
(20—60%) BoccTaHaBIMBAIOTCS METAUTAMH IO

YKa3aHHbIM BBIIIIE KUHETHUYECKUM HpH“IHHaM B PHC. 6.22. HuarpaMMa BOJBT-3KBU-
OCHOBHOM 110 NO (cM. puc. 6.23): BJICHT — CTEITEHb OKUCJIEHUSA I

Fe + 4HNO;(30 %) = Fe(NO,); + NOT +2H,0  2%0ta 8 xuciom pH 0 (cruounas
JMHuA) ¥ wenoyHoM pH 14 (myHk-

3Hg + 8HNO;(30 %) = 3Hg(NO,), + 2NOT + 4H,0 THUpHast JIMHUS) PacTBOpE
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Puc. 6.23. CocTaB NMpOLYKTOB BOCCTAHOBJIEHHS a30THOM KHCIIOTHI XKeIe30M (a) U MarHueM ()
B 3aBUCHMOCTH OT KOHueHTpauuun HNO;

B koHneHTpupoBaHHEIX (Gosee 60 %) pacrBopax HNO; okuciauTesneM sABIseTcs
kaToH Hurpowia NO3, BoccraHapiuBaoumiics 1o NO,:

M + NO; = M* + NO,T

TTo3TOMY NIPaKTUYECKH BCE METAUIBbI, PEATUPYIONIUE C KOHIIEHTPUPOBAaHHOM a30THOM
KMCJIOTOH, HE3aBUCHUMO OT MX aKTMBHOCTH, BOCCTAHABJIUBAIOT €€ 10 TMOKCHUIA a30Ta:

M + 4HNO;(68 %) = M(NO3), + 2NO, + 2H,0 (M = Mg, Zn, Ni, Cu, Hg)

Hano oTMETHTh, YTO Ha CKOPOCTh PEAKIIMH B CWILHOKOHIIEHTPUPOBAaHHBIX pa-
CTBOPAX OKAa3bIBACT CYIECTBEHHOE BIMAHME aKTUBHOCTD TIOBEPXHOCTH Y PacTBOPH-
Mocrtb coin. Hekoropeie Metayutel (Fe, Cr, Al) mpy kOMHaTHOM TeMIieparype Iac-
CUBMpPYIOTCSL M3-3a 06pa3oBaHMs NPOYHOWM OKCHAHOU InreHKM, apyrue (Ca, Ba)
TIpAaKTHYECKH HE pearnpyroT U3-3a kpaifHe HU3KOH pacTBOPMMOCTH HX HHUTPATOB B
KOHIeHTpupoBaHHoi HNO;.

B 11eJ10M ke MOXHO CKa3aTh, YTO a30THasi KUCJIOTAa B TeX WM UHBIX YCIIOBUAX
pearMpyer coO BCEMM MeETa/UlaMH 3a MCKIIOYeHHMeM LiecTH GraropomHbix (Au, Pt,
Rh, Ir, Os, Ru).

BBICOKOI OKMCIIUTENILHOM aKTHBHOCTBIO 00J1amaloT TakKe CMECH a30THOM KHC-
JIOTHI C TUTABUKOBOI M coJisiHOM kucioraMu. CMeCh Tpex 00BeMOB CONISTHON U OXHOTO
o0beMa a30THOM KMCJIOTH («I1apcKasi BOAKa») CIIOCOOHA paCTBOPHUTH JaXe 30JI0TO U
IUIaTUHY. BBICOKAs OKMCIIUTENLHAS aKTUBHOCTD «11apCKOI BOXKM» 00YCIIOBJIEHA TIPH-
CYTCTBHMEM B HEM XJIOPHCTOrO HUTPO3uiia (0 ero o0pa3oBaHUH CBUACTENLCTBYET XKENTO-
OpaHXeBasi OKpacKa XHAKOCTH) U XJI0pa, HaXOXSIIMXCS B PaBHOBECUH C MCXOTHBI-
MU BELIECTBaMHU:

4H,;0" + 3CI" + NO; 2 NOCI + Cl, + 6H,0
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brnaronapst BHICOKO# KOHLIEHTPALIMK XJIOPHA-HOHOB B PACTBOPE METAJIJT CBA3LIBAET-
¢sl B XJIOPUIHBIM KOMIUIEKC, YTO TaKKe cnochCTByeT €ro pacTBOPEHHIO H3-32 TO-
HIDKEHMST DJIEKTpoRHOTO noTeHurana (E°(Pt™/Pt) > E°([PtClg]”/Pt)):

3Pt + 4HNO; + 18HCI = 3H,[PtCl{] + 4NOT + 8H,0

B ciyyae MeTayioB, oGpa3yonux ycToiunBble GropuaHbie KoMmruiekesl (Nb, Ta, Mo,
W), BMeCTO «1apcKoi BOOKYU» HUCTIOAL3YIOT CMECh a30THOM M IIABUKOBOM KUCIIOT;

3Zr + 4HNO; + 21HF = 3H,[ZIF;] + 4NO?T + 8H,0

Hurparnl. ConM, Kak npaBuiio, 6oJiee YCTOWYHUBBI, YEM COOTBETCTBYIOIME UM
KHUCJIOTHI, TAK KaK SHEPTHst KPUCTAJUIMYECKOM PETIIETKH yBETHYHBAETCA M3-32a KYJIO-
HOBCKOTO B3auMoJeHcTBust. HaripuMep, HUTPATHI LIETOYHEIX U IIEJTOYHO3EMENBHEIX
JISTKMX METAJUIOB U aMMOHUS TUIABATCS Oe3 pasioxeHus1. IIpy 6ojiee BHICOKUX TEM~
TepaTypax OHM pasjaralorcst. TpagUIIHOHHO CUMTAETCS, YTO NIPOAYKTAMH UX pasJio-
KEHHUS ABJISIIOTCS. COOTBETCTBYIONMI HUTPUT M KUciopod. Ha caMoM 1ese, HUTPUT
PeIbHO yaaeTcs MOMYYUTh TIIPU HAarpeBaHWH JIMIIL HUTPaTa KaJius:

2KNO, 225 2kNO, + 0,
Kak BUIHO U3 TaHHBIX Ta6i1. 6.13, HUTPUTHI JIUTUS U HATPUS OKA3LIBAIOTCS TEPMHU-
YECKH MEHee YCTOMYMBBIMH, Y€M HUTPAThI, U HE MOTYT ObITh KOJIMYECTBEHHO TTOJTY-
ueHbI TepMosH3oM. [Ipu npokanusanum LiNO; o6pasyercst okena. Paznoxenne NaNO;
MPOTEKAET cpa3y Mo JABYM HaNpaBIeHUAM:

2NaNO, £ 2NaNo, + O,
2NaNO; £ Na,0 + N, + 540,

B 3aBHCHMOCTH OT TEMNIEPATYPBI, IPU KOTOPOI BEAETCS MPOLECC, B MPOAYKTaX pe-
aKIMM MOTYT OBITh OOHApYXEeHBI TIEpoKcHa Hatpust Na,O,, OKCHIbI a30Ta.

KonnuecTBeHHO HUTPUT HATPHSI MOXET OBITH TIOTYYEH MPU BOCCTAHOBJIEHUH HUT-
paTa CBUHLIOM:

NaNoO, + Pb ¥ NaNoO, + PbO

Hutpate! MeTanoB 2-if U 3-if rpynIibI pasiiaraloTcst cpasy 0 OKCHUIOB, HUTPUTHI
9TUX METWIIOB YCTOMYMBLI TIPH TeMriepatype Hike 230 °C.

Ta6bnuua 6.13

TemnepaTypsl niaBjleHHs U PA3IOKEHHS HATPATOB M HUTPHTOB IIETOYHBIX METAILIOR

MNO, MNO,
M ty °C foaas °C tns °C foaans °C
Li 253 470 223 330
Na 310 530 271 320
K 333 530 440 580
Rb 313 550 Her crenenuit HeT crenenuii
Cs 414 580 To xe To xe
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Oxcunbl OGpﬂSYlOTCﬂ TaKKe TPU pa3yioxXeHUH HUTPATOB MEPEXOAHBIX U MOCTIE~
PEXOIAHBIX METAJLUIOB:

2Zn(NO,), £ 2Zn0 + 4NO, + O,
3a UCKITIIOYEHHUEM cojieil pTYTH M cepeOpa, KOTopble pa3jararoTcs A0 MeTala:

2AeN022S, Ag + 2NO, + O,

Ecny HarpeBaHMIO MOABEPraeTCss HUTpAT MeTaula B HU3ILEH CTETIEHH OKHUCIIE-
HUsI, TO BHIIEJSIONUIACS KUCIOPOX OKUCISIET €TO:

Sn(NO,), = Sn0, + NO,

B TBEpIOM BHAE BCE HUTPAThl — CHIbHBIE OKMCIIMTENH, BXOAALIME B COCTaB MHOTHX MH-
poTexHHYecKUX cMeceit. CaMas pacipOCTPaHEHHAs! 3 HUX — YEPHBIA MOPOX — COCTOMT U3
HUTpaTa Kalus, cephl M yris. [opeHue mopoxa MOXeET ObITh NPEJACTaBICHO YPAaBHEHUEM

2KNO; + 3C + S = N, + 3CO, + K,S

B BOZHBIX PacTBOpaX HUTPAThl TIPAKTUYECKH HE TIPOSBJIAIOT OKHUCJIMTEJIbHBIX
CBOMCTB M MOTYT ObITh BOCCTAHOBJIEHBI JIUIIb NOI AEHCTBUEM OY€Hb CHIIBHBIX BOC-
CTAaHOBMTENEH, TAKUX KaK BOAOPOI B MOMEHT BBIIECJIECHUI":

8Al + 3KNO, + SKOH + 18H,0 = 8K[AI(OH),] + 3NH;

HuTtpaTsl aMMOHMS, HATPHS, KIS M KAIBLIUSA (MX Ha3bIBAIOT CEJIUTPHI) HCITOJB3Y-
JOTCS B KAUeCTBE a30TCoepXallmx ynoopeHmit. I3 Hyux Hanbosee paciipocTpaHeH HUTpaT
aMMOHWISI, €r0 €XETOIHOE MUPOBOE TPOU3BOICTBO MpeBbiiaeT 10 miaH T. [IpuMepHO
OIlHa IecsTast 4acTh 3TOro KOJIMYECTBA MAET Ha MTPOU3BOICTBO B3PHIBYATHIX BEINECTB.
O6pamarbest ¢ 3TUM BEIECTBOM HEODXOIUMO KpaifHe aKKypaTHO, TaK KaK MpH CHJIb-
HOM HarpeBaHMM WIN B IIPUCYTCTBHUHM BOCCTAHOBHUTEJIEH OH pa3faracTcst CO B3pbIBOM.

HecMoTps Ha TO, 4TO oproa3oTHas kucnora H;NO4 He CMHTE3MpOBaHa, MOJYYEHBI €€
COJIM — opmonumpamsi. CUHTE3 NPOBOAST CIUIABJICHUEM HUTpaTa HaTpus M OKCHIA HaTpHsd B
cepebpsiHoM THre npu Temrreparype 300 °C B TeueHHe ceMM AHEH:

NaNO; + Na,0 -»Na;NO,

OpTOHUTPaT-HOH — 3TO NPaBUJIbHBII TeTpasap ¢ winHol cBs3u N—O 0,139 HM, 6onbluei,
yem B woHe NO; (0,121 HM) M ApyrHMX KMCIIOPOJHBIX MPOM3BOIHBIX a30Ta.

Aszorucraa kuciora HNO, u HHTpHTBI. A30THUCTas KUCJIOTAa B YUCTOM BUIE HE
BhIZEJIEHA M CYLIECTBYET JIMIIL B pACTBOPaX, KOTOPHIE MOJYYaloT Ha XOJIOAE MOAKHUC-
JIEHHEM PacTBOPOB ee CoJel:

Ba(N02)2 + H2$O4 = 2HN02 + BaSO4»L

DTH pacTBOPbI HMEIOT TONYOYI0 OKPAacKy, OHH OTHOCHTENbHO ycToiunssl nipu 0 °C,
a TIpY HarpeBaHUHU 10 KOMHATHOM TeMIepaTyphl pa3jiaratroTcs:

3HNO, = HNO; + 2NOT + H,0
A30THCTas1 KMCIIOTa JIETKO AUCTIPONIOPLIMOHUPYET (CM. pHUc. 6.22).

* B sogHoM pactsope NOj He BoccraHamiupaercsa faxe Na[BH,l, cM.: Fanning J.C. // Coord.
Chem. Rev. 2000. V. 199. P. 159.
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HuTtpar ammonus. DT0 BEILECTBO NpeCTaBIsAeT CO60i GECLBETHRIE IMIPOCKOMUY-
HBIE KPHUCTAJUIB], OYEHb XOpOUIo pacTBopuMble B Boxe (122 r 8 100 r H,0 mpu 0°C,
600 r B 100 r H,0O npu 80°C), stanone (3,8 r B 100 r C,HsOH npu 20°C), auerone.
IIpu 170 °C cone mnasurces, Boiute 200 °C pasnaraetcs. TBepblit HUTPAaT aMMOHMS Cy-
IIECTBYET B BUIE MOIMMOPMPHEIX MOIUDUKALMIA, OTIMYAIOILMXCH TUIIOM KPUCTAILIM-
YECKO PEIIETKM M PaciloNioKEeHHEM HOHOB B ee y3nax. DazoBhle NEpexomsl MeXIy
OTAETBHBIMU MOIUPUKALMAMU MOXHO MPEICTABUTb B BUAE CXEMHI:

—18°C\ 32°C . 84°C\ 125'C\
V ¢ 2 IV < 2 I ¢ 2 < 2 1
Terparo- Pom6uye- Pom6uye- Terparo- Ky6uye-
HaJibHast ckas | ckast 2 HaJibHas ckas

Ilpu nasnenuu 11 MM pt. 1. NH,NO; kunut nipu 210 °C 1 neperonsieTcst 6e3 pazio-
xenus. [Ipu temneparype 230 °C oH HaumHaeT pasnaraThes Ha okeun asota(l) u Bony:

NH,N0O;2>S N,0 + H,0

TIpenioxXeHHBI MeXaHU3M" 3TOrO MPOILIECCa BKIIOYAET TEPMUUYECKYIO AMCCOLMA-
LIMIO CONIM, 06Pa3oBaHHe HUTPAMUIA U €TO Pa3loXeHUe:

NH,NO; 2 NH; + HNO;
HNO; - HO' + *°NO,
HO: +NH; » H,0 + -NH,
‘NH; + ‘NO,; - NH,;NO, (autpamun)
NH,;NO, - N,0 + H,0

Tipu 6onee cunpHOM HarpeBaHuu (>250°C) WIHM B MPUCYTCTBMM BOCCTRHOBMTE-

Jicit pa3ioXKeHHe COMIU MPOUCXONMT CO B3PHIBOM:
>250°C
2NH,NO; ——— 2NO + 2N, + 4H,0

M3BecTHbI Cityyan B3phIBOB Npy TpaHcnopTupoBke NH,NOj;; o11H 13 CaMbIX MOLI-
HBIX npousolten B CHIE3MH NPU Pasrpy3Ke BarOHOB, B KOTOPBIX MEPEBO3WIN IPaHy-
JIMPOBaHHBIA HUTPAT AaMMOHHSA; NIPH B3PhIBE Ha XMMMYECKOM 3apose B Omnnay norut-
JIY OKOJIO THICSYM YeJIOBEK.

* Brower K. R., Oxley J. C., Tiwari M. // J. Phys. Chem. 1989. V. 93. P. 4029.

A30THCTast KMCJIOTAa B OTJIMYHME OT a30THOW HE MOMHOCTBIO ANCCOLMHMpYET Ha
HoHB: K, =3,2-107* (0 °C), TaK KaK COIEPXXUT BCETO OMMH KOHIIEBOM aToM KHCJIOpOa,
WHIYKIMOHHOTO 3(deKTa KOToporo oKa3bslBaeTcsi HEAOCTATOYHO, YTOGbI BHI3BATh
CWILHYIO oNisipu3annio ¢Bst3m H—O.

Crpoenue monekyas HNO, usyueno B rasopoit dase. OHa SBISETCS TUIOCKOH MOJOBHO
HNO;. Pasnuua 3akmouaetcs: B ToM, 4T0, BO-nepBrX, B HNO, uMeeTcst CBOGOIHAS 3/EKT-
pPOHHaA mapa, U, BO-BTOPLIX, CBA3L N=22O oKa3blBaeTcs 60Jiee KOpOTKOIA.

OxkncnutenbHble cBoiicTBa 1 npouHocTs HNO; 1 HNO, yno6HO cOTOCTAaBHTD ¢
TIOMOUIBIO IMArPaMMBI BOJIBT-9KBHBIEHT — CTETIEHb OKUCIEHHS (cM. puc. 6.22). Jlerko
3aMETUTD, YTO 3Ha4YeHME BONbT-3KBUBAIEHTa HNO, JIEXUT BhILIE NPSIMOI, COeTNHS -
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JoLIEeN 3HaueHUsT BoNbT-3kBUBateHToB NO 1 HNO;. CnenoBatenbHo, AG peakuuu
JHCTIPOIMOPLIMOHUPOBAHMS OKA3bIBAETCS MEHBIIE HyJIsI, MHBIMHU ciosamH, HNO, stist-
€TCsT HEYCTOYMBOI KHMCIIOTOM U CTPEMUTCST TUCTIPOrIOpLoHHpoBaTh Ha NO 1 HNO:;.
Kpome Toro, B pa3GaBiTeHHbIX paCTBOpax OnMHaKoBo# KoHueHTpauuH (0,1 M) HNO,
OKa3BIBAETCSL CHTBHBIM OKMCIIUTENEM, 1o cuite npesocxomsiuuM naxe HNO;. Tak,
0,05 M HNO,, obpasyrommasicst mpH moakucieHuu pactBopa NaNO,;, MTHOBEHHO
OKHUCJISIET UOIUI KU

INaNO, + 2H,S0, + 2KI = I, + 2NOT + K,SO, + Na,SO, + 2H,0

a a30THas KUcJIoTa Toil xe KoHueHTtpauuu ¢ KI He pearupyer. DTo cienyeT U U3
JHUAarpaMMBI BOJIET-3KBUBAIEHT — CTEMEHb OKUCIEHUS. JI€HCTBUTENILHO, HAKIIOH Nps-
Moil, coemMHsIOLIEi 3HaYeHHs! BoJbT-3kBUBAICHTOB HNO, 1 NO, oKa3biBaeTcs
Kpyde, yeM B ciryyae mapsl HNO; u NO.

AtoM azora B HNO, HaxomUTCst B IPOMEXYTOUHOM CTEITCHU OKUCIICHHS, TO3TO-
MY IUISt @30TUCTOM KHMCJIOTHI M €€ COJIEH XapaKTEePHBI HE TOJIbKO OKUCIIUTEIbHEIE, HO
M BOCCTAHOBUTEJILHBIE CBOMCTBA (Tabi. 6.14). Tak, HUTPUTHI 0OECLIBEYHUBAIOT MOA-
KHUCJIEHHBIM pacTBOp MepMaHraHaTa KaJius:

5KNO, + 2KMnO, + 3H,S0, = 2MnSO, + 5KNO; + K,S0, + 3H,0
OKUCJIIIOTCS KPEMKUM pacTBOPOM MEPOKCHIA BOIOpOJA:
H,0, + NO; = NO3 + H,O

Peakuyst HUTPHUTA C IOIKMCIIEHHBIM PacTBOPOM 6poMara cepeOpa HaxXOUT MpH-
MeHEHHE B XMMUUYECKOM AHAIHU3E:

Ag' + BrO; + 2NO; = AgBrl + 2NO;

Jpyr¥M MpUMEPOM BOCCTaHOBUTENBHBIX CBOHCTB HNO, sAB/IsIETCST Ka4eCTBEHHAA
peakuust Ha HoH NO; — mosiBjieHHe Oyporo OszamnBame TP B3aUMOAECHCTBUH
npakTHYecKH GecupeTHbIX pacTBopos [Fe(H,0)q]”* ¢ monxucneHHo# conbio NaNO,.

Ta6nuua 6.14
Cseoiicrsa HNO, u HNO;

CaoiicTBO HNO, HNO;
100 %-5a kucnota He cywecrsyeT BecLBeTHasT XUAKOCTh; MPH
XpaHeHHH Ha CBETY OKpallM-
BaeTcd okcunoM NO,
ABTOMOHM3ALUS He npoucxogur 2HNO, 2 NO;+NOj+ H,0
IToseneHue npu 3HNO, = HNO; + 2NO + H,0 2HNO; = 2NO, + H,0 +'40,
HarpeBaHUU
pK,=-1gk, H*+NO, 2 HO—NO 2HO + NO'|HNO; + H,0 2 H,0" + NO;
pK,=3,35(18°C) pK,=-1,3
KI + H,SO, Tlossnsgercsa okpacka I, He pearupyer
KMnO, + H,S0O, Hcye3aeT MaJIMHOBAs1 OKpacKa He pearupyer
Fe®* + H,SO/(pa36.)| IlosiBasieTcsa Gypoe OKpallHBaHMEC He pearupyert
[Fe(H,0)sNOJ*
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HUTpUTE LIENTOYHBIX, 1ETOYHO3EMENBHEIX METAUIOB U aMMOHHSI — OECLIBET-
HBIC WJIK XEJITOBATHE KPUCTALINYECKHE BELIECTBA, XOPOIIO PAaCTBOPUMBIE B BOJIE U
TuIaBsMecs 6e3 pasnoxeHust. X monyvaror, nporyckast yepes 1enoyb WIN COAY
3KBHUMOJISIpHYIO cMech NO u NO,:

NO + NO, + 2NaOH = 2NaNO, + H,0

a TAK>KE€ TPU BOCCTAHOBJICHUH TBEPABIX HUTPATOB yriieM unu Metamiamu (Pb, Fe).

HMTpUTEI TIEpEXOAHBIX METALIOB B BOJIE MAJIOPACTBOPUMEI, a TIPU HarpeBaHUH
Jierko pasnaratotcs. Harpyumep, HUTpUT cepeGpa QUCTIPOTIOPLIMOHUPYET YXKE TIPH
c/1a0oM HarpeBaHMM:

2AgN0, L5 AgNO, + Ag + NOT

Briaropapsa HanuuMio HenopeeHHOM 3JEKTPOHHOM Napsl KaK Ha a30Te, TaK M Ha KUCIIO-
pone, HUTPUT-MOH MOXET KOOPIUHUPOBAThCS METAJUIOM KakK MO a30TY, TaK M 10 KUCIOPOLY.
KoMmnnekcet co cBsa3bi0 M—NO, Ha3biBaloT HUTPOKOMIUIEKCAMH, & ¢O CBI3bi0 M—ONO —
HUTPUTOKOMIUIEKCaMU. THI KOOpAHHALIMHU ONpee/sieTcs NpUpPOIOi METAlIa, B IEPBYIO OYe-
PeIb €TO XKeCTKOCThIO. ITOCKONBKY XKeCTKOCTh aTOMa KMCJIOPOIa NPEBOCXOIHT XKeCTKOCTh 230~
Ta, TO COMMacHO NpUHUMNY IIMpcOHAa HUTPOKOMIUIEKCH 0GpasyloTcs MpeHMYILECTBEHHO C
MATKUMH KaTHOHaMH (K;[Cu(NO,)s], Na;{Co(NO,))).

HuTpuT HaTpus HaxoouT IIMPOKOE MPUMEHEHHE B OPTAHUYECKOM CHHTE3e (IPU AMa30-
TUPOBAHMHM), & TAKXE B MUILEBOI MPOMBILUIEHHOCTH KaK 106aBKa K KONGACHBIM H3NCUAM,
NpuiaoLas UM LBET HatypalbHOro Msaca. Heo6XoquMoO MOMHUTb, YTO HUTPUTHI SAOBUTHL.

A3sorHoBaTucras (runoasorncras) kuciora H,N,0,. BecuBeTHbIE KPHCTALTB a30T-
HoBaTHCTOM KUCoTE H,N,0, o6pasyiorest ipu 06paboTke 3(PHpPHEBIX pacTBOPOB e
coseit XiopoBonopoaoM. Conyu — THTIOHUTPUTBI — TOIYyYal0T BOCCTAHOBIEHHUEM HUT-
PHUTOB amMaJibraMoil HaTpus (pasa. 2.4) 160 AIKWIHUTPUTOB — IMIPOKCUIAMUHOM:

NHon + C2H50NO + 2NaOC2H5 = Na2N202 + 3C2H50H
A3oTHOBaTHcTast Kucnota — cinabast (K, = 1,3-107, K, = 2,5-10"'2) u ouens
HeycToiunBasi. OHa M €€ COJH TPOSIBIISTIOT BOCCTAHOBUTENEHEIE CBOMCTBA, HATIPHUMeED:
Na2N202 + 312 + 3H20 = NaN03 + NaN02 + 6HI

Hpu o6essoxusanuu H,N,0, koHuentpuposanHoit H,SO, o6pasyetcst oKCHn
azota N,0O, KoTophlit GOPMATBEHO MOXHO PacCMaTpUBAThL KaK €€ aHTHIPHII.

Hurpokcunosas kucnora HyN,0,. B cBoGonHOM BuIEe oHa HeycTouMBa. JKeThiit
0CaIoK €€ HaTPUEBOM COJIM — HUTPOKCHUIIATa HATPUST — 00pa3yeTcst IpU BOCCTAHOB-
JIEHUX HATPHUTA PACTBOPOM METALIMYECKOIO HATPUS B XXUIKOM aMMHAKE:

2NaNO, + 2Na = Na,[0O,N—NO,]

WK TIPA OKHUCJICHUHM THTIOHUTPUTA XUAKUM JUOKCHJIOM a30Ta.

6.7.2. Okcokucaorsl Gocdopa

Dochop NMo yMCIy THMOB OKCOKUCIOT (Tabnm. 6.15) M MX coneil MpeBOCXOAUT
moboit npyroi snemeHT Iepuonnueckoit cuctemel. HekoTophie U3 HUX MMEIOT MO-
JIEKYJISIPHOE CTPOEHME, NPYTHe SIBASIOTCS TojimMmepaMu. Bo Bcex kuciorax atom
docopa uMeeT KOOPIUHALMOHHOE YHCIIO 4, T.€. HAXOMUTCS B LEHTPE TETPAdpa,
00pa3oBaHHOTO KaK aTOMaMM KHCJIOpOAa, TaK M aToMaMM Bomopozaa. Kucnorsl co
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Tabauya 6.15

HexkoTopsie Knuciopoansie Knciorsl dochopa

CrereHb OKUCIEHMS
Kucnora bocopa CrpykrypHasi ¢dopMyna
®ocdoproBarucrasa (runogdocdo- +1 ‘
pucras) H;PO, H—lll'
7N\
H OH
®ocdopucras HiPO, +3 (”)
‘ HO—P.
1~ “oH
®ocdopHosarag (runodocdoprasn) +4 0O O
H,P,0 Ho. Il I _OH
4126 /P"—P\
HO OH
Oprodoctopras H;PO +5 0
prodoctop 3P0, HO\}Q
HO” “oH
TTupodocdo H,P,0O 5 0o O
upodocdopuas HP,0; + HO_l I _OH
Ho” o’ “oH
Terpameradochopnas (HPO,), +5 O\ /O\ //0
Ho-F P-oH
o o]
HO\\P / OH
X
O/ \O/ \O
IMonumeradocpopuas (HPO,), +5 0] 6] 6]
¢pocdopHas ( 3) HO\{l HO\}ll HO\P,
~o” \O/ '\O/ \O/

csizpio P—H (dbocdoproBatuctas u dochopucTast) sIBISIOTCS CUITBHBIMH BOCCTa~
HOBHUTENSAMH, dochop NposIBIAET 31ech HU3IIUE CTelleHU OKUCNIeHUsI. BoccTaHOBH-
TeJIbHbIE CBOMCTBA XapaKTePHHI TAKXe U COeqUHEHUH co cBa3bio P—P — rurmo-
dbochopHoit KicnoTH M ee coneil. Beicime kucnoTs! ¢pocdopa (hocdopHbIe KUCTO-
THI) COCTOSAT M3 OQHOTO WIN HeCKOJbKUX (Pocdop-KUCIOPOIHbIX TeTpasnpos PO,
COEMUHEHHBIX IPYT C APYTOM B LIETH U KOJIbLIA pa3IMYHOTO pa3Mepa. B oTiinuKe oT
a30THOM KMCJIOTBI B BOMHBIX paCTBOpax OHHU MPAKTUYECKU HE TPOSBISIOT OKUCIH-
TeJIbHBIX CBOMCTB.

PaccMoTpyM HU3IIIHE OKCOKHCIIOTHI, B KOTOPBIX CTeleHb OKMCIeHUs pochopa MeHb-
11e +5. Bce OHM SBISAIOTCST CUITBHBIMH BOCCTAHOBUTENSIMU, TaK KaK CONEPXKaT aTOMBI
BOIOPOIA, HEMOCPEACTBEHHO CBSA3aHHBIE ¢ aToMoM (ocdopa nubo cea3p P—P.

®ochopuosarucraa (runogochopucrag) kucaora H;PO,. [Ipu nucnponopuno-
HHpPOBaHHHU Oejioro pocdopa B KOHLIEHTPUPOBAHHOI 1eN0UU Hapsny ¢ GochUHOM
ob6pasyetcst runiodochUT — conb GpochopHOBATUCTOM KUCIOTHI. BBIBOI 0 BO3MOX-
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HOCTH IIPOTEKAHUA TUCTIPOTIOPLIMOHUPOBAHUSI MOXHO CIIeJIaTh HA OCHOBAaHUM JHa-
TPaMMBI OKUCJIUTENIBHBIX COCTOSTHUI pocopa (cM. pHc. 6.7): ToUKa, COOTBETCTBYIO-
ast BOJbLT-3KBUBAIEHTY Oenoro ¢docdopa, JIEKHUT BHIILIE JIMHUHM, COCIUHSIONIEH
cootBercTBYOIME Touku mt PH; u H;PO, (H;PO;, H;PO,).

PactBop docopHOBATHCTOM KUCIIOTHI JIETKO MONYYUTh AEHCTBUEM CEPHOM KHUC-
JIoThl Ha TUno¢GochUT Gapus:

Ba(H2P02)2 + H2$O4 = 2H3P02 + BaSOA«

HcxonHyio 6apHeByio COJb, XOPOLLO PAacTBOPUMYIO B BOJE, MOMYy4aloT NPU B3aUMoJeii-
cTBUM Genoro ¢ocdopa ¢ ruapoKcuIoM Gapus:

80°C
2P, + 3Ba(OH), + 6H,0 —> 2PH,T + 3Ba(H,PO,),

O6pasoBaBluuUiica pacTBOP (DUILTPYIOT, YTOOHI OTAEIUTL NPUMECH HepacTBopuMoro dochu-
Ta, obpasylou(erocss B Ka4eCTBE MOGOYHOrO MPOAYKTA:

P, + 2Ba(OH), + 2H,0 = 2PH,T + 2BaHPO,{

®ochopHOBaTHCTas! KMCJIOTA XOPOIIIO PACTBOPHMA B OPTaHUYECKUX PACTBOPUTE-
JIAX, TIO9TOMY €€ 3KCTParupyioT U3 BoAHOTO pactBopa 3dwupoM. Ilpu ucrnapeHUu
a¢upHoii BuTsKKH H3 PO, BoizensteTcst B Buie 6€CLBETHBIX KPUCTALIOB (fy, = 27 °C).

®octhopHOBATUCTASI KUCIIOTA ABJISAETCA OOHOOCHOBHOM KHUCJIOTOM CpexHel CHIIBI
(K, =0,058). HecmoTpst Ha HayimuMe B MoJiekysie H;PO, Tpex atoMoB Bomopona, oHa
CIocoOHa AMCCOLMMPOBATh JIUIIL C OTIIEIUIEHHEM OXHOTO M3 HHX, TaK KakK OBa
JIPYTHUX CBSI3aHBI HETIOCPEACTBEHHO ¢ aToMoM (ocdopa:

I ?1)
H—R 2 H=R +H
“Son H ‘o

DochopHOBaTHCTasT KUCJIOTA U €€ COJIU SBISIOTCS OYEHb CUIIBHBIMA BOCCTAHOBHTE-
nsamu (E°(HyPO5/H;PO,) = -0,59 B, E°(HPOY/H,P03)=-1,65 B). Bee rurodochuTs!
XOpOLIO PacTBOPUMBI B BOZIE, OIHAKO COJIH MEPEXOHBIX META/UIOB MIPAKTUYECKH MTHO-
BeHHO pa3aralorcst U3-3a NMPOTEKAHMS OKUCIIUTEIBHO-BOCCTAHOBUTEBHOM peakiuu

H,PO; + 20H™ + Ni** = Nil + H,PO; + H,0

Ha sToM ocHoBaHo ucnionb3oBaHue runodochdura nHarpuss NaH,PO,- H,O B xave-
CTBE BOCCTAHOBUTEJISI IIPU HUKEJTUPOBAHUHU METAUTUYECKHUX U HEMETAUTMYECKHUX TTO-
BEPXHOCTEH,

®ochopucras kuciora H;PO; u ee comn. @ochopucras kucnora obpasyeTcst
NpH B3aUMOAECHCTBUM TpuxiIopuaa ¢ochopa ¢ Bomoit:

PCl, + 3H,0 = H,PO, + 3HCI

B nabopaTtopuu peakuuIo NPOBOAAT, 100aBIss TPHXIOPUA, hocdopa HEGOMBIIMMH OPLIMAMU
B BOAy, oxsiaxaeHHy1o 1o 0 °C. B npoMeIlne HHOCTH nIpoLiece BeayT B ra3oBoit dase npu 170 °C.

B cBobonHoM Buae docopHcTast KMCIOTA TIPEICTABISET OO0 OeCLIBETHBIE KPHC-
TAUIHI (£, = 74 °C, 550, = 197 °C), xopo110 pacTBOpUMEBIE B BOZE U CIIUPTE. B BOXHBIX
pacTBopax OHa TUCCOLIMUPYET To ABYM cTyreHsM (K, = 1,6.1072, K, = 7-1077), uro
COOTBETCTBYET 00pa3oBaHUIO ABYX psioB coneil: cpeaHux (bocduror) Na,HPO,; u
Kkucinelx (rugpodochuros) NaH,PO;.
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IIpu B3auMoaeicTBUM Tpuxiaopuia docdopa ¢ aJTKOKCUAAMU yoaeTcd MONyYUTh CJIOXK-
HBle 3¢upel P(OR);, 4TO CBUIETENBCTBYET O CYLIECTBOBAaHUM TAYTOMEPHOTO paBHOBECHS:

Il (I)I_I
HO-=P. Z HO—P:
7N\ |
H OH OH

OJIHAKO HEOPraHMUYECKHE MPOU3BOAHBIE TPEXOCHOBHOM TayTomepHO#t dopmel P(OH); Heus-
BECTHHBI.

docdopucTast KUCIOTa SIBISIETCS XOPOUIUM BOCCTAHOBUTEJIEM, XOTSI MU MEHee
CWIBHBIM, YyeM ochopHoBaTHCTasA KHCIOTa. O6 3TOM CBUIETENBCTBYET QakT CyILE-
cTBOBaHMA (POCHUTOB NMEPEXOIHBIX METALIOB, HanpuMep docduta cepedpa Ag, HPO;.
OnHako TIpH HEe3HAYUTEJIbHOM HAarpeBaHUM WU TIPH XpaHEHUM 3TO COCIUHEHHE
JIETKO pa3iaracTcs:

Ag,HPO; = 2Ag! + HPO;

TTomo6Ho dochopHoBaTucTOM KHcnoTe, H;PO; terko obecuiBeunBaeT pacTBOp Tep-
MaHTraHaTa KaJIus:;

5H3PO3 + 2KMnO4 + 3H2804 = 5H3PO4 + 2MnSO4 + K2$O4 + 3H20

W3 cpaBHEHMA 3HAYEHHIA NIEKTPOAHBIX TIoTeHIManoB mist nap NO3/HNO, (0,94 B)
u H,PO,/H,PO, (-0,28 B) BUunHO, uTo docdopucTast KUucioTa siBisieTcst 6oJiee CHIIb-
HBbIM BOCCTAHOBHUTEJIEM, Y€M a30THCTast KHCIIoTa (cM. puc. 6.7). Tak, HNO, B omiu-
yue oT H;PO; He BocCTaHABIMBAET METAUIEI U3 UX COJIEH.

IIpu HarpeBanuu rUOPOGOCHUTOB MPOUCXOOUT peakuUs KOHACHCAUMHM C BBHIACICHHEM
MOJIEKYJTHI BOABI M 06pasoBanueM nmupodochuta — conu nupogocgopucmoii kucnorst HyP,0s:

H,PO; + H,PO; = (H,P,05)" + H,0

HsBecTHa Takxke aunogocgopran (gocgoprnoeamas) kucnora H,P,O04, B aHHOHE KOTO-
pO¥f, NOCTPOEHHOM MpH 06beAMHEHUMM OBYX TeTpasapo POy, umeeTcs ceasp —P—P—. Ee
conu — runodocdarel — 06pa3yoTca NpU B3aMMOAEHCTBUM KpacHOTO ¢ocdopa CO 1reo-
YBI0 B NIPUCYTCTBUM OKHUCAUTENS (TMIIOXIOPUTA, XJI0pUTa, NMEPOKCUA BOLOPOAA):

2P(xpacHsrit) + 2NaClO, + 2NaOH + 6H,0 = Na,H,P,0¢- 6H,0 + 2NaCl

B cBoGonHoM Buae runodocdopHasn kucnorta H,P,04 (K; = K, = 107?) npeactasnseT coboit
BecLBETHHE KPUCTALIBL, MIaBAIMecs ¢ pasioxenueM npu 73°C. Ee monyyalor B3aumMoneit-
cTtBMeM Tpuxnopuaa docgopa ¢ oprodhochopHOit KUCIOTONH B MPUCYTCTBUM CTEXMOMETPH-
YECKOro KOJIMYECTBA BOJBI:

H,PO, + PCl, + 2H,0 = H,P,0¢+ 3HCI

1160 U3 HaTPUEBOI CONM MyTeM MOHHOro oOMeHa. B mocnenHeM cnyyae KMCIOTa 06pasyeT
ycroiuusslit ruapat HyP,Og- 2H,0, KOTOpHIt AeTUAPATUPYIOT NPH BHIACPXKHUBAaHUU B BaKy-
yme Haxg P,Oy,.

Oprodochopuas H;PO, u ee coma. Cpenu okcokucnoT pocdopa Haubonbiiee
3Hayenue uMeeT oprodocdopHas kuciota H;PO,. B kpuctamimyeckoM BHIE OHa
nioctpoeHa 13 MoJiekyal PO(OH),, cBIi3aHHBIX BOLOPOAHBIMH CBSI3IMU B IByXMEp-
Hble clion. OmHako TBepaylo opTodochopHyo KUCIOTY NMOTYYUTh HE TaK TPOCTO:
6naronaps GOJIBIIOMY YHUCITY BOAOPONHBIX CBA3eH KOHLUEHTPHpOBaHHE pacTBOPOB
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TPUBOAMNT K 00pa30BaHUIO BSI3KHMX CUPOTOB, KOTOPbIE KPUCTALIM3YIOTCS JIMIUD CO
BpeMeHeM. Pacrinasel H;PO, Takke 06nagaroT BhICOKOH BA3KOCTBIO M CKJIIOHHBI K
nepeoxnaxaeHuto. PacrinaBsl optodochopHOI KUCIOTH, HECMOTPS HA MX BBICOKYIO
BSI3KOCTb, XOPOILIO MPOBOAAT 3JEKTPUUECKUIT TOK, YTO OOBSCHSETCS TIpOTeKAaHHEM
aBTOTIPOTOJIN3A:

3H,PO, 2 H,0" + H,PO; + H,P,0,

B BomHbIX pacTBOpax opTodhochopHast KMCIOTa IUCCOLUUPYET 110 TPEM CTYTIEHIM
(K, =7,1-103, K, = 6,3-10%, K; = 4,2.10713), oOpa3yst TpM psima coneif: cpeaHue
Na;PO, u kucisle — runpodocdater Na,HPO, u nuruapodocdarst NaH,PO,.

CozepxaHHe B pacTBOpE pa3IMYHbIX AHHOHHBIX (popM 3aBUCHUT OoT pH pacTBopa
(puc. 6.24). Bee dbocdath! mETOUHBIX METAJIOB H aMMOHHS XOPOIIO PACTBOPUMEI B
Boze. I/l OCTATBHBIX METAUIOB PACTBOPUMBI JIMIIb IUTHApoopTodocdaThl, HATIpH-
Mep Mn(H,PO,),. PactBopsl cpeannx ¢ocdaToB meNouHbIX METAIOB BCIEACTBHAE THII-
PoOJIN3a UMEIOT CHIbHOEN0YHYI0 peakuuio (0,1 M pacteop Na,PO, nmeet pH 12,7).
B 3THX ycnoBuUsaX nonyduTh cpeauue ¢ocdaThl ApyruX METAUIOB HE yIaeTcsd — M3
PacTBOPOB OCAXKIAIOTCS JINOO OCHOBHbBIE COJIH:

4Na3PO4 + 5CaC12 + H20 = CaS(PO4)3OH¢ + 10NacCl + NazHPO4
oo THUAPOKCUIOBI UJIU OKCHUIbI:
2AgNO3 + 2Na3PO4+ H20 = Agin' + 2N32HPO4 + 2NaNO3

JIst TosTyyeHUst CpeIHUX colieil HeoOXoauMOo YMeHbIIUTb pH. DTo mocturaercst
HCTIONIb30BaHUEM pacTBopa runpodocdaTa HaTpHUst B MPUCYTCTBUM aMMHUaKa:

2Na,HPO, + 3CaCl, + 2NH;, = Ca,(PO,),! + 2NH,CI + 4NaCl
Na,HPO, + 3AgNO; + NH; = Ag,PO,{ + NH,NO; + 2NaNO,

g 0,8 HPOZ~
0,6
3
Z 0,4
8
= 0,2 POy

0 6 8 10 12

H;PO, H,PO; HPO}_ PO;~
/]
2 3 6 8 0 12

pH

Puc. 6.24. 3aBUCHMOCTb KOHLICHTPALIMHM Pa3/IMYHBIX AaHHOHHEBIX (opM $HOchOPHOI KUCIOTHI
ot pH pacrtBopa
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PactBopnl rupooprodocdatoB ETOUHBIX METAIOB UMEIOT CPEIHEIENOYHYIO
peakumio. I1pu ux B3aMMoIECTBUH C ABYX3apsAHBIMH KATHOHAMH 00pa3yoTCst OCaIKU
runpooprodocdarTon:

Na,HPO, + MCl, = MHPO,! + 2NaCl (M = Mg, Ca, Sr, Ba, Mn, Pb)
Heftrpanuzauus GhocdopHOit KUCIOTH TAIIEHON M3BECTHIO TAKXKE MPUBOLUT K OCAKIE-
HHI0 ruapodocdara;
H3P04 + Ca(OH)2 = CaHPO4 2H20

B BUIE METKOAMCIIEPCHOTO NOPOLLUKA OH UCIOMB3YETCA KaK MATKHIT aGpa3HBHEIM MaTepual,
BXOSAILMHA B cocTaB 3yOHbIX rmact. [Ipu Harpesanuu no 130 °C rugpodocdar tepseT KpucTai-
JIM3aLUMOHHYIQ Boay, a npH 430 °C npespalnaerca B nupodocdar:

2(CaHPO4~ 2H20) = C32P207 + 5H20
B kundiueit Boae oH TMAPONU3YETCH IO TUAPOKCHANaTHTa U opTodochOPHOl KUCIOTHL:
40(CaHPO,- 2H,0) = 8Cas(PO,);0H + 16H;PO, + 72H,0

AurnapooprodocdaThl 1IENTOUHBIX METAJIIOB JAKOT CIAGOKHMCIIBIE pACTBOPHI, TAK
KaK KOHCTaHTa guccouuaumy oprodochopHoil KHUCIOTH MO BTOPOH CTYIIEHU:

H,PO; 2 HPOX + H', K, = 6,2 108
TIPEBOCXOAUT KOHCTAHTY MMIPOJIM3a:
H,PO; + H,02 H;PO, + OH", Ky, = K,/K, = 1,3-10°12

Harpuesble, KabuueBhie H aMMOHUITHBIE CONTU (GOcPOPHON KUCTOTHI SBISIOTCS
BBICOKO3((PEKTUBHBIMM YIOOPEHUSIMHU, JIETKO YCBAUBa€MBIMM pacTeHMsIMH. B npo-
MBIIUIEHHBIX MacwTabax auruapooprodocdar Kaabuust (IBOMHOM MPELIMITUTAT) MTO-
JIY4aloT NEMCTBUEM Ha alaTHTHI KOHLEHTPUPOBAaHHON opTohOoChHOPHOM KUCTOTHI:

Ca5(PO4)3F + 7H3PO4 + 5H20 = 5Cﬂ(H2PO4)2' H20 + HF

@ocdarbl B GHonoruu. Docharel UrpaloT BAXHYIO POIb B GHOIOTHYECKHMX CHUCTE-
Max. PactBopumele docdars! (ruapo- u guruapodocdatsl Kanus) GopMupyioT 6HoN0-
THYECKYI0 OY(hepHYIO CHUCTEMY, OTBETCTBEHHYIO (BMECTE C GEIKOBHIMU Gy(hepHBIMH
cucTeMaM#) 3a NOCTOAHCTBO PH BHYTpUKIETOUHOMN XUAKOCTH. TpyaHOpPaCTBOPUMBIE
KajipuMeBble Conu: ruapokcoanatur 3Caz(PO,),- Ca(OH), (mpousseneHUe pacTBOPH-
moctH 1,6-107%%) u kap6onaroanartur 3Ca;(PO,),- CaCO;- H,0 — cocramisiior Mu-
HEPaNbHYI0 OCHOBY KOCTHOM TKaHM. B opraHu3Me ueoBeKa MpOUCXOAMT MOCTENEHHOE
PacTBOPEHME THIPOKCOANATUTA, TaK KaK CYLIECTBYET paBHOBECHUE MEXIY PacTBOpM-
MBIMH M HEPACTBOPUMBIMM (docdaramu:

Cas(OH)(PO,); + 3H' 2 Ca;(PO,), + 2Ca’* + H,PO; + H,0

B cpenHeM Kaxapie ceMb JIET KOCTHast TKaHb NOJTHOCTBIO OOHOBISETCH.
Hepacreopumsie docdatsl, a TakKe OKCanaThl, ypaThl (COTM MOYEBOI KHUCTOTHI),
KapOoHaThI ARIAIOTCSA OCHOBOH MOYEBBIX KAMHEH B IIOUKAX M MOUYEBBIBOMSILI[MX MYTSIX.
OOpasyloTcs OHM NP HapyLUEHUM B OPraHU3Me OGMEHa BELIECTB, U 0COGEHHO BOJI-
HO-COJIEBOTO OOMEHa M KMCIIOTHO-OCHOBHOTO PaBHOBECHS.
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TaGunuua 6.16

Peakuuu docduros H docdaroB B BOAHLIX pacTBopax

Pearent Na,HPO; Na,HPO,
PactBop BaCl, Benwiit ocagok BaHPO; Benwiit ocanok BaHPO,
Pacteop AgNO; |O6pasyercs Genrlit ocanok Ag,HPO;, |OO6pasyercs XeNThIit 0cagoK
KOTOPHI# MOCTENEHHO YEPHEET B pe- Ag;PO,, KOTOpHIit pacTBOps-
3yJIbTaTe BBLAEICHUS METALIMYECKOoro |erca B n3bbitke HNO; win B
cepebpa n30bITKe NH;

TMonkucnenusiit  |IIpu HarpeBaHuM ucuesaeT puonero- |He pearupyer
pactBop KMnQO, |Bas oxpacxazl, B pacTtrope o6pa3syroTcs
nouel HPOj™

H,S0,(koH11.) IIpu HarpeBaHuu Beiaensierca SO,, B | He pearupyer
pactBope obpasyercs H;PO,

Zn + H,S0O,(pa306.)| Beinensercs PH, He pearupyert

NaOH (koHi1.) Brunensiercs H,, B pactrope obpasyior-| He pearupyer
Csl MIOHBI Poi‘

B BonHBIX pacTBOpax pocdhaThl HE BCTYMAIOT B OKUCIUTEIBHO-BOCCTAHOBUTEIb-
HBIE€ PEaKLMU. DTO MO3BOJSIET OTIMYHUTD UX oT ochutoB — coneit pochopucroit
KUCTOTH, Peakiiui, XapakTepu3ylolmue moseaeHue dochutos U oprodocdaTtoB B
BOIHBIX PacTBOpax, IIPUBENEHHI B Ta01. 6.16.

OprodochopHyI0 KHCIOTY, MAYLIYIO Ha IIPOM3BOICTBO MHHEPATBHBIX yI00pe-
HUH, ITONTY4aloT IpH NepepadoTKe araTUTOB:

Ca5(PO4)3F + 5H2804 + 10H20 = SCHSO4 2H20\L + 3H3PO4 + HF

Bosee uncTyI0 KHCTIOTY, pacXoayeMyIo Ha MOoNTyuYeHHe MMEeBbIX pocdaros, rmomyya-
10T ruapataiueil GocopHOro aHruapHaa. Takyro KHCIIOTY Ha3bIBalOT «TEPMHUYECKOL».

AHAITUTUYECKUM DEArcHTOM Ha opTo¢ochOpHYI0 KHUCIOTY H €€ COJHU CIYXUT
«MOJIUOACHOBAsT XHUAKOCTb» — PACTBOP MOJIMOIaTa aMMOHUS, TTIOAKMCIEHHBIH 5 M
a30THOM KUcNoTOH. B ripucyrctBuu oprodocdaToB oHa maeT XeJThli 0CaqoK reTepo-
nomicoenmuenys (NH,);PMo,04- 2H,0.

KounnencupoBaunsie nonugocdopusie
KHCAOThL. TIpH MOBHIIIEHUHU KOHIICHTPA-
uua P,0, B cucreme H,O0—P,0,, win
TIpU HarpeBaHUU opTodochOpHOIl KUC-
JIOTHI TETPa3APUYECKUE HOHBI POi‘ KOH-
IEHCUDYIOTCSI — COCIUHSIOTCS OOIMMMU
BEpLIMHAMU, 00pa3yst noaudochopHbie
KHUCJIOTHI JIMHEHHOTO WJIH 1TMKJIMYECKOTO - . -
cTpoenusi (puc. 6.25). 72 76 80 84 88

O61wast (hopMyJTa TUHEMHBIX oMb OC- Conepxanne Py0s, %
¢dopHbx kuciaor H,,,P,03,.1, THE 1 <h1 < 0,

o0
o ©

Konnenrpanws, %
1) > N
(==} (==}

<o

[lepBbiit MPpOCTEHIIMIT NIPENCTABUTEND —  Pyc. 6.25. 3aBUCMMOCTD KOHILIEHTpauuu ¢oc-
nupogocgopras xkucnora H,P,0; — co- dopueix kucnor ot conepxanus P,0s B cu-
CTOUT U3 IBYX TeTpasapoB PO, coenu- creme P,0;—H,0
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HEHHBIX 00wet BepirHO#. OHa MOXeT GHITh MoTydeHa neruapartanyeit H;PO, npu
210—310°C:

0] O 0] 0]
Il { l { o
HO™on™ HoRoH ~ HO o Ron 1
HO OH HO OH

B pa3GasnenHbIx pacTBopax mpodocdopHast KHCIIoTa OKa3bIBaeTCs GOJIee CHITBHOM,
yeM H;PO,: K1 =0,1; K;=1,1-102 K3=2,9-107; K, =3,6-10, a cBsisu —P—O—P—
KMHETUYECKHU YCTOMYMBHI 110 OTHOLIEHHUIO K THAPOJUTHYECKOMY pacriany. [Tockob-
KY 3HaYCHHs TIEPBOM M BTOPOIf KOHCTaHT THCCOLMALIMM ITUPOPOCHOPHOIt KUCIOTHI
6im3KkM, OHa obpa3yeT TpH psima coneit: cpemue M,P,0; m xucasie M;HP,0,,
M;H,P,0,.

Ipu Harpesannu H,P,0; npoucxonuT nanbHeitias KoHaeHcalms. B KoHie KOH-
LOB IO MEpPE YBEJIMYCHUs] MIUHBI 11€neil oTHoweHue (3n + 1)/n mocturaer 3, u
obpasyeTcsi noaumemagocgopras KUCIOTa, TIPEACTABIAIONAs CO60M JIMHEHHbII TIO-
ymmep (HPO;),. Ee ommnyator ot gpyrux ¢pocdOpHEIX KUCJIOT GIaroqaps criocoGHo-
CTH CBEPTHBATD OEJIOK.

Mertadochars! ycTONYNBBL B BOTHBIX PACTBOPaX, HO MOTYT GHITH IIpeBpaIEeHEl B
opToocdarhl NPH HATPEBAHUU C OKCHAAMM WIM KapOOHaTaMu:

Ca(POy), + 2Ca0 £ Cay(PO,),

ukanyeckne metadocdopubie kucaorsl. Mmeror o6uryio dhopmyny (HPO,),, roe
n = 3—8. O6pa3oBaHye LNKIa MOXHO TIPEICTABUTD KaK NEPBYIO CTAIMIO IHIpaTa-
un P,Oy (puc. 6.26), Korna BHYTpEHHHUE CBSI3H —P—O—P— paspuiBarorcst 1 u3
HHX 00pasytoTcst YeThpe cBsi3n —P—OH—.

Comu KOHIEHCUPOBaHHBIX (GOCHOPHBIX KUCIOT UMEIOT GoJIbloe 3HaueHue. Ha-
TIPUMED, TUAPOIHU3 afneHO3uHTpUpOoCchaToB (ATP) — opraHM4ecKUX 3PUPOB TPH-
MeTaocHOPHOI KHUCTOTH — OCHOBHOM MCTOYHMK SHEPTUH MBILIEYHOTO IBHKEHHS.
JInxeitnbie 1 KIMYecKre Mo ocdaTsl UCIIOMB3YIOTCS Kak (hochopcomepKarmie
MUHEpAJIbHbIC YIOOPEHHUS, B IPOM3BOACTBE CTEKIIA M MOIOIIMX CPENCTB, CIIYXAT s
YMSITYEHUS BOJbl, OYMCTKHY METAIJIMYECKUX MIOBEPXHOCTEM, BXOJAT B COCTAB 3yOHBIX
TIACT, LICMEHTOB, SIBJISIIOTCS 3aMEMTUTEISAMUA TOPEHUS.

0 0
i I
O//P ~0 040
N l 2H,0 / H
P\|_O/P=O O=P-OH_HO-P=0
o~ li\\(é \O 0 0
Y \1;7/
6]
POy (PO3)y4

Puc. 6.26. Cxema 06pa3oBaHusi LMKINYECKOH TeTpaMeTadocHOPHOI KMCIOTHI 13 P,0y
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TaGnuua 6.17

KauecTBeHHbIe peaKuMd HA OpTO-, NHPO- H noJuMeTadocdaTs

PeareHr Na,HPO, Na,H,P,0;, (NaPO0,),

AgNO; XKentblit ocagok Benrlit kpuctaynnue- | benblit ctyneHu-
Ag;PO, cKuit ocanok Ag,P,0;, | crolit ocamok AgPO,
Zn(CH;C00), He pearupyer Benwlit ocagok He pearupyert
Zn2P207
BaCl, + HCI(10%) He pearupyer He pearupyer Benwlit ocanok
Ba(PO;),

(NH,),Mo00, + XKentblit ocagok He pearupyer He pearupyert
HNO3 (NH4)3PMO|2040' 2H20
Pactsop Genka He pearupyer He pearupyer CaeprbiBanme Oesika

KauecTBeHHBIE peakiiy Ha pasIndHble hocdaThl NpUBEIEHSB! B Ta0I. 6.17.

Conocrasienue cBoiicTe pazmmunbix ¢pocdopubix kucaor. B psny H;PO,— H;PO;—
H,PO, cuna kucnor Bo3apacraeT (3HaueHHs pK| = —IgK] yMEHBIIAIOTCS), MOCKOJIBKY
WHIYKLIMOHHEI 3¢ dekT KoH1eBoro atoma Kuciaopona 8 H;PO, pacnpoctpaHsieTcs
Ha Tpu, a B H;PO, — Ha omHy TMAPOKCHUIBLHYIO rpynmy. Ilo Mepe yMeHBIUICHUS
CTCIICHU OKHUCJICHUS aToMa (ochopa B TOM Xe pSIay YBETUUMBAETCS CKIOHHOCTBb K
pacranxy U pacTyT BOCCTAHOBHUTENbHEIE CBOMCTBaA (cM. puc. 6.7). Hanpumep, H;PO,
JIETKO pasfiaraercs Ipu teMieparype 50 °C:

3H,PO, £ PH, + 2H,PO,
H;PO; — npu Harpesanuu no 200 °C:

4H,PO,(18.) £ PH, + 3H;PO,

a nomuMeTadocdopHas KUCIOTa IIABUTCA 0€3 Pa3JIOXCHHS.

6.7.3. OxcocoenuneHns MBIIbAKA, CYPbMBbI H BUCMYTA

Coenunennsa D(III). B psany As—Sb—Bi ¢ pocToM pamiyca aToMa yMEHBIIAIOTCS
KHMCIIOTHBIE M BO3DACTaI0T OCHOBHBIE CBOMCTBA THIPOKCUIOB D(OH);: MBIIIBIKOBH -
crasg kuciota H;AsO; NposiBIAET KUCIOTHBIE CcBOMCTBA, rMapokcun cypbMbi(1II)
amportepeH, a ruagpoxcun BucMyTa(Ill) seasierca ocHoBanueM. CTporo ToBopsi, THA-
poxcun coctaBa D(OH); B TBEpIOM BHAE U3BECTCH JIHIID IJII BUCMYTa, B Clyyac
CYDPBMBI yIA€TCAd BBIACTUTD JIUIND THAPATUPOBAHHBIA OKCHI C MEPEMEHHBIM COIED-
XaHueM Bombl Sb,0;-xH,0, B To BpeMsa kKak H;AsO; CyLIECTBYET JIMIINb B BOIHBIX
pacTBOopax — MpH pacTBOpeHHH As,O; B BOIE.

CrnexTpanbHBIMH METOJAaMM JOKA3aHO, YTO MOJIEKYJIBI MBIIIBAKOBHUCTON KHUCIO-
TBI B pacTBOpe UMEIOT hopmy nupamMuasl As(OH);. D10 cornacyeTcsi ¢ HATHYUEM Y
aToMa MBIIIbSIKA HEMOACICHHOM 3JIeKTPOHHOI Napbl. B pacTBOpe MBILIBIKOBHCTOM
KHMCJIOTBI B MAaJIBIX KOHIIEHTpALMAX INMPUCYTCTBYIOT TakXe aHHOHBI [As(OH),0] ,
[As(OH)Oz]z' Hu [AsO3]3', YTO CBMIETEIBCTBYET O €€ YaCTHYHOI auccouranuu. Ot-
CYTCTBUE KOHIIEBBIX aTOMOB KHMCJIOpOHa OOBACHSET TO, UTO OHa SIBISETCA ciaaboit
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Pasnoo6pasue docdaros Hatpus. B HacTosiliee BpeMs W3BECTHO HECKOJIBKO HECHT-
KOB pa3fiM4HBIX poctaros HaTpus (puc. 6.27), MHOTHE M3 KOTOPHIX HAXOIAT MPHMeHe-
HUE B Hapo/iHoM xo3siiicTee. CpenHuit oprodocdar HATPUS NCMONB3YeTCs BMECTO LIENO-
1M NIPY OMBUICHUH XHUPOB, OH BXOJMT B COCTaB CPEICTB LIS yAATeHUA KPACKH M 000EB.

I'napooprodocdar Na,HPO, npu HarpeBauuu npeppauiaetcs B nupodocdar:

200°C
2NazHPO4-—) Na4P207 + Hzo

KOTOPHIH BXOAUT B COCTAB HEKOTOPHIX MOIOIIMX CPEACTB.
Huruapooptodocdar Harpus NaH,PO, npu HarpeBaHUM B 3aBUCHMOCTH OT TEM-
NEpaTypH pasfiaraeTcsi ¢ 00pasoBaHUEM Pa3IUYHBIX MPOLYKTOB:

450°C
Na2H2P207 4 Na4P207
(NaPOs), (n = 100000)

0] 0]

I I
NaH,PO,

oO—F—
d

(NaPOs), (n = 15— 20)

IIpu temnepatype 200°C NaH,PO, npespauaetcs B nurnaponupodocdar, mc-
MOJIB3YeMBbIi B xJ1e00NeKapHO#H ¥ KOHAUTEPCKOI MPOMBIILLTEHHOCTH: YIJICKHUCBI ra3,
00pa3youIMiCsa MPY ero B3aUMOICIICTBUHN C MUILIEBO coloi, nejiaeT TecTto Gosee
peixnaM. Tlponyxramu pasnoxenuss NaH,PO, npu 6onee BHICOKO{t TeMMepaType siB-
Js10TCs pasinuHee Metadocdarh. IIpu remneparype 400 °C obpasyeTcs monumep,
NPAaKTUYECKH HEPACTBOPMMEI B BOJIE, €0 MHOTAA HA3hIBAKOT «HEPACTBOPUMBLI Me-
Tadocdam nmm conbk Mamapesist. DTo npeKpacHblit aGpasUBHHEL MATePHaT, HCMOJb-
3yeMblit BMecto CaHPO, B HeKOTOpHIX THMax 3y6HBIX nacT. LIMKINYecK it TprMeTa-
docdar (NaPOy;);, obpasyrouimiics npu Temneparype 600 °C, MCHOB3yeTcs B MHULIE-
BOW MPOMBILIEHHOCTH NPY NPOW3BOACTBE BO3AYLUHOM KYKYpYy3H (MOMn-KopHa). Bae-
JeHHE 3TOrO COCHMHEHUA CTAOWIM3MPYET BOJIOKHA 332 CYET YACTMUYHON 3TepUdHKa-
LUHH TMAPOKCWIIBHHIX DY LIEJUTIONO3EL, MO3BONSAET UM COXPAHATh dopmy. OgHako
OCHOBHAs Macca UMKIMYecKoro Tpumetadocdara HaeT Ha NMPOU3BOACTBO JIMHEHHOTO
Tpumeragochara NasP;0, Bxonsuiero B coctas 60/bIIMHCTBA MOIOLIMX CPELCTB:

O O
{LO {L -0 (n) 0 (n) -0 (n)
+-"" e T~ +
3Na Oo//}”’go/ O +2NaOH - 5Na ‘O;P\O;P\o; “o- + H,0
/
o)

xucyotoit (K;=6-1071%). Ee comu — apcenuTs — 06pa3yiorcst TpH B3aUMOXEHCTBUM
MBILIIBKOBUCTOTO aHTUAPUIA C IHETOYaMMU:

As,0; + 6NaOH = 2Na,AsO; + 3H,0
PaCTBopI/IMbI B BOIC JIMIIIb apCCHUTHI IIECJTOYHBIX METAJIJIOB.

Mera-¢popMa MbiubakoBuctoit kuciaotel HAsO, Takke He BBIIEIEHa, XOTS ee
NIPOU3BOAHBIC — MeTaapceHUTHI (Harpumep NaAsO,) — xopollio u3secTHH. B TBep-

214



Puc. 6.27. 3aBUCHMOCTb PACTBOPHUMOCTH
dochaToB HATPUA OT TEMIEPATYPHI 80l Na;PO, * 65,0,

NaH2P04

Na,HPO,
NaH,PO, 2H,0

50

Na,HPO, H, 0
Na,HPO,* 7TH, 0

w
(=)
T

Na,;PO, - 8H,0

PacrsopumocTs, 17100 r pacTBopa
D
[=]

NazHPO4 . 12H2 (0]

[
(=]
T

Na;PO,- 12H,0 "+ NaOH
0 20 40 60 80 100 120
Temneparypa, “C

Ero mosy4aloT TaKXe HarpeBaHWEM CMECH IUrMApo- U runpodocdaros npu 400 °C:
2NazHPO4 + NaH2PO4 = N85P3010+ 2H20

Jlo6aBka NasP;0,, nopriLiaeT 3¢ HeKTHBHOCTE AEHCTBHSA MOBEPXHOCTHO-aKTUBHBIX BE-
IECTB, B TEUEHHE JUIMTEIBHOTO BPEMEHH NMOLICPKUBACT ClIabolIe/IOUHYIO cpeay, KO-
TOpasd He BEI3HIBAET PasgpaxeHUs KOXH; OJarosaps BHICOKOMY 3apsily aHHOHa CBA3HI-
Ba€T 3arpsI3HEHMA W MEPEBOAWT WX B pacTBop. ExerogHoe MupoBoe ITPOM3BOACTBO
JinHeiiHoro TpuMeTadocdaTa npeBhIIACT MUWUIMOH TOHH.

TIpu temneparype Beie 700 °C NaH,PO, npeBpatiaercsi B paciuias, NMpH OXJIaXAC-
HUM KOToporo obpasyercsi pacTBOpHUMasl B BOAE NpO3pavyHas CTEKJIOBMIAHAs Macca,
COCTOAIAS U3 JIMHEHHEIX MeTadochaTos ¢ WMHo# nenu 15— 20. Ee Takxke Ha3bIBalOT
«rekcameTadochaToM», TaK KaK paHee CUUTAIIOCh, YTO OHa COCTOMUT U3 LIMKIMYECKHX
rexcamepoB (NaPO,)s. PactBopuMelit MeTagochaT MCMONB3YIOT KaK CPEACTBO I yMAr-
YeHUs BOAH M yOaJIEHUS HAKUIIU.

Bce meTadocdaTh npy CILIABICHUH € COJIAMU WK OKCUIAMH MIEPEXOAHBIX META~
JIOB 06pa3yiOT OKPAIICHHBIE CTEKIIA — <«II€PJIbD»;

2NaPO; + 2NiSO, = 2NaNiPO, + 280, + O,
Hx okpacka 3aBHCHT OT NPHMPOIbl MeTAJUIa: MeAb 00pasyeT CHHME CTeKIIa, HUKEIb —
3eJieHHe. PaHEblIe STHM OJIB30BAKCH B aHANM3E”.

* Toy A.D.F., Walsh E.D.N. Phosphorus Chemistry in Everyday Life. — Washington:
American Chemical Society, 1987

JIOM BHJIE OHH TIOMUMEPHBI U COCTOAT U3 NMUpaMui AsO;, CBA3aHHBIX Yepe3 aTOMBI
KHCJIOpOAa B LIETIH.

MEILBAKOBUCTAs KMCJIOTa NPOABIAET claboaMmdoTepHEE CBOWCTBA, HO OHU JJIS1 HEE HE
XapaKTepHHI, TaK KaK KOHCTaHTa OCHOBHOCTH:

As(OH), 2 As(OH); + OH", K, =~ 107"
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Ha TIATD [IOPSZIKOB MEHBLIE KOHCTAHTH KMC/IOTHOCTH. MBILIBSIKOBUCTHIN aHTMIPUL TIPOSIBISA-
€T OCHOBHBIC CBOMCTBA JIMLIE B ofieyMme. B osieyme As,O, pactBopsieTcs ¢ ofpa3oBaHueM Heyc-
TOMYMBBIX KOBATEHTHEIX COCANHEHMI (As,0,S0,, As;0(S0,),, Asy(SO,)3), B KOTOPHIX ATOMEL
MBILIBSAKA CBA3AHEL IPYT C IPYTOM KHCJIOPOJIOM M MOCTHKOBBLIMH CYJIBMATHEIMU IpyNnamu®.

I'npatupoBaHHBI OKCUI cypeMbI(IIT) Sb,0; o6pasyercs B BUaE Gemoro ocanxa
TNpY IEHCTBUHM HAa PACTBODP TPUXJIOPUIA CYPBMBI COTOM MITH LIEOUBIO;

2SbCl; + 3Na,CO; + xH,0 = Sb,0;- xH,04 + 3CO,T + 6NaCl

CTpyKTypa ero HeM3BeCTHa.

Coenvnenust cypemu(ITT) sBasoTest KOBJICHTHBIMH, U €€ COJIM MOIYT OBITh
HOJTyHEHBI JIUIIb B HEBONIHOH cpene. Tak, cynbdar Sby(SO,); 0o6pasyercs npu p3au-
MOIEHCTBUH CYPBMBI C OJIEYyMOM:

28b + 6H,S,0; = Sby(SO,); + 6H,S0, + 350,71

AHAJIOTMYHO, UCTIONb3Ys a30THBII AHTUAPHUL, yaaercst Noxy4uTh HUTpaT Sb(NO,),.
B BogHOM pacTBOpe 06€ COMU MTHOBEHHO TUAPOJTU3YIOTCS, OGpa3ysi CMECh pasIvy-
HBIX OKCO- W ruapokcogopm, Hampumep Sb,0,(OH),(NO,),, Sb,O5(OH)(NO;),
SbsO;(S0,),. Bce onu siBIsIIOTCS TIOTMMepaMu, COCTOSIIIMMH U3 UupaMux SbO;, cps-
3aHHBIX IPYT C IPYrOM MOCTUKOBBIMHM KUCJIOPOAAMH, U CONEPXAIUMH MOCTUKOBBIE
HUTPATHBIC WIH CYJibhaTHEIE TPYNIBI**, PaHblle, Korna ux CTPOEHHE HE OBLIO U3BECT-
HO, 3TN COCOTWHECHHUS YCJIIOBHO HA3BIBATU COJNIIMM aHTMMOHMWIAa SbO’, Tak Kak HX
CTEXHOMETPUYECKHM I COCTAB IPUMEPHO COOTBETCTBOBA COOTHOIEHHIO Sh: O =1 1.
Hamnpumep, Sb,0,(OH),(NO;), MOXHO YCIOBHO 3aMHCaTh B Buzie (SbO),(OH)(NO;).
CocTaBy cOMM aHTUMOHWIJIA TOJHOCTBIO COOTBETCTBYIOT JIMILIb OKCOTAJIOTEHUMIBL,
Hanpumep oxcoxyopun SbOCI (XTopHI aHTUMOHWIIA), BBUICTSIOMMUIACS B BUIE Oe-
JI0TO OCaiKa MNMpH pa3baBICHUU BOJOH pacTBOpa TPHMXJIOPHIA CYPBMBI B CONSHOM
KucnoTe. OXHAKO ¥ 3TO COENUHEHHE PEATTHHO HE CONEPXHUT HOHOB SbO*, oHo UMeeT
CJIOUCTYIO CTPYKTYPY, B KOTOPOM aTOMBI XJIOPa CJIY>KAT MOCTUKAMH, CBSI3bIBAIOILIH-
MH CJIOH, conepXaune aToMbl CypbMblI (puc. 6.28).

Oxcun cypembi(IT1) pacTBopsieTcst Takke B WEeJI0Yax ¢ 06pa30BaHUEM HEYCTOWYH-
BBIX GECUBETHBIX PaCTBOPOB, COMEPXAIHUX, MO-BUAMMOMY, TETPAaTrUAPOKCOAHTUMO-
HUT-noHsl [Sb(OH),]". IIpu ucnapenun onu pacniagaroTes Ha HUCXOIHBIC BEHIECTRA.

Tunpoxcun Bucmyra Bi(OH); siBisietcst ocHoBanueM. Ol obpa3syeTcs B BUIE Oe-
JI0r0 Ocazka NMpH ACHCTBUH WIETOYH WM conbl Ha conu Bucmyta(IT1). Ocanok umeer
NIEPEMEHHBIN COCTaB, KOTOPHI, CKOPEE BCero, COOTBeTCTBYET MeTa-gopMme BiOOH.
Crpoehue ero HeussectHo. IIpu Harpepanuu TUIPOKCH] JIETKO TEPSET BOAY, IIpe-
BpaIasch B OKCHUL,.

Conu Bucmyra Bi(NO;);- SH,0, Bi,(S0O,);, BiPO, MOryT GbITh MOJY4EHBI Kak
PA4CTBODCHHEM METallIa B KUCJIOTaX-OKUCIMTENAX (a30THOM, CEPHOIT), TaK U IpH
HEMTpaU3a1My OKCHAA W ruapokcyaa. [lpu nonaganuy s BOIY OHM JIETKO TIpEBpa-
LAIOTCSA B OKCOCOJIH, TIO3TOMY HX PACTBODSIIOT HE B BOIE, @ B PACTBOPAxX COOTBET-
crBytommx kucinot. Mou [Bi(H,0)g]™ (cM. puc. 6.1) ycTONYMB JTUIID B CHTBHOKICITBIX
cpenax. Yxe npu 6pH 2—4 oH ruapoONU3YeTCH, TIPEBPAIAACH B LIECTUSICPHBINA KATHU-
oH [BigO,(OH),]°":

6Bi** + 8H,0 = [Bis0,(OH),]* + 12H"

* Mercier R., Douglade J. // Acta Crystallogr. 1977. V. 430. P. 199.
** Yaanc A. CTpykTypHas HEOpraHU4YecKas XuMus. — M.: Mup, 1987, — T. 2. — C. 665.
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2 ol
o0

Cront
(Sb;05Cly)7*

(€1,

Cront
(Sb;0:CLy)7*

Croit
(Sb;05Cly)y*

€1y

Puc. 6.28. Ctpoenue MoseKynl Xiopuaa antumonuna SbOCI:
a — TIPOCTPAHCTBEHHOE CTPOEHME; 6 — IPOEKLHUS

EFO COJKM ITOJAYYCHBI B TBEPIAOM BHIC C pa3iMIYHBIMU aHHOHaAMHU. HHTpPpaTOM
[Bic04(OH),](NO,)¢- H,O*, nepxiiopatoM [BicO,(OH),](C10,)s- 7TH,0.

Hon [Bi(,O4(OH)4]6+ HMMEET BBICOKYIO CUMMETPHIO,
ATOMBI BUCMYTa, PACTIONOXEHHBIE B BEPLUMHAX OK-
Tasapa, CBA3aHBI IPYT C APYTOM OKCO- U THAPOKCO-
MOCTHKaMH (puc. 6.29).

Ipu cnnaBnenun okcuna sucmyta(lll) ¢ okcupnamm
HEKOTOPHIX METaNnoB 06pasyiorcs BHUCMYTHTEI M;BiO;,
M;BiO,, uTo cBMAETENBCTBYET O CaboOM aMPOTEPHOM Xa-
pakrepe runpokcuna sucMyta(Ill). B BomHoM pacTeope Buc-
MYTHUTHI Hauesno ruaponusyiTes no Bi(OH);. Pacteope-
HueM Bi,0; min Bi(OH); B KOHLIEHTPHUPOBAHHEBIX UIEJO-
4ax MoNy4YeHbl THAPOKCOKOMIUIEKCHI, HANPUMED KOMILICKC
Nag[Bi,0,(OH)¢](OH),- H,0, KoTopslit paHblie YCIOBHO
3anuceiBaly B BUae Na;[Bi(OH)¢] - H,O. B neitctBurens-
HOCTH, AHMOHHI 9TOTO COCHAMHEHUS MPEACTABIAIOT CO0O0H
IUMEPEl C MOCTHMKOBEIMM oKcorpynnamu, K4 BucMmyra
paBHO 5**,

OKUCTUTETPHO-BOCCTAHOBUTENBHBIE CBOMCTBA OK-
COCOCIMHEHU N ITHUKTOTCHOB YHO6HO COITIOCTaBHUTD C

* Panbiwe cyutanu BiONO;. '/,H,0.
** Hinz-Hiibher D. // Z. Anorg. Allg. Chem. 2002. V. 628. P. 1811,

Puc. 6.29. CTpoegne
[BigO4(OH),]
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TIOMOIIBIO IUATPAMMBI BOJIBT-3KBHBAJIEHT — CTENIEHb OKUCICHHUs (CM. puc. 6.7). B 1ie-
JIoM [t okcocoequHeHUit As(IIT), Sb(III), Bi(III) okuciuTEBHBIE CBOMCTBA.HE
XapaKTePHBI, OJHAKO IIPH IBUXXCHUHU BHU3 10 TPYIIIIE OHU MEIJIEHHO BO3PacTaloT.
HarnpuMep, MBIIBAKOBUCTBI aHTHAPUA B BOXHOM PAacTBOPE OKHUCISAET (ocgopu-
CTYIO KUCJIOTY:

A5203 + 3H3PO3 = 2As + 3H3PO4
comu cypeMei(IIl) — xenme3o:

2SbCl; + 3Fe = 2Sb + 3FeCl,

TUAPOKCHA BUCMyTa — coenrHeHus oyopa(ll):
2Bi(OH); + 3Na,[Sn(OH),] = 2Bil + 3Na,[Sn(OH);]

BoccranosutenbHbIe cBoiicTBa XapakTepHsl B ocHoBHOM mist As(III) u Sb(III).
Tax, apceHUTBI MOTYT GBITH OKUCIIEHBI HOJOM B aPCEHAThI — 3TO UCIIOIB3YeTCs NPU
WX UOJOMETPUYECKOM OTIPEIEIIEHUU:

NaAsO; + I, + 4NaOH = Na;AsO, + 2Nal + 2H,0
a pacTBOPHI TMAPOKCOAHTUMOHUTOB HOHAMHM cepebpa — B TMAPOKCOAHTUMOHATHI:
[Sb(OH),]” + 2Ag" + 20H™ = [Sb(OH)]™ + 2Agd

Coemunenus J(V). Beiciye rHIPOKCHIB MBIILBSIKA, CYPMBI U BUCMYTA SIBJISI-
I0TCSl KUCJIOTAMH, OXHAKO B CBOOOMIHOM BHJE M3 HUX M3BECTHA JMINL MBILIBIKOBAS
kucyora H3AsO,. OHa o6pasyercs ipu pacTBopeHuu As,Os B BOIE, OMHAKO YallE €€
NOJTY4al0T OKHUCJIEHUEM MBIIIBIKOBUCTOTO aHTUAPHAA KOHIIEHTPUPOBAHHOM a30T-
HOM KMCJIOTOM:

As;0; + 4HNO; + H,0 = 2H;As0, + 4NO,T

W3 pactsopa ona Kpuctamayercsi B Bue rvapata 2H;AsO,- H,O, Kotopsrit
IIPY OCTOPOKHOM HArpeBaHUM 00e3BOXMBAETCS, MEBIIIBAKOBAs KUCIOTA MIPEACTAB-
JsieT cob0M GeCLIBETHBIE KPUCTAUTBI, XOPOLIO PACTBOPUMBIE B BoA€. I10 CTPOECHHIO U
KHMCJIOTHBIM CBOMCTBAM OHa HanoMHMHaeT optodocdopHywo kuciaory H;PO,, xots
HECKOJIBKO ycTynaeT e no cune: K, =6,3-1073, K;,=1,2-107, K;=3,2-1072 (25°C).
ITono6uo H;PO, ona o6pasyer tpu psina coneit (Na;AsO,, Na,HAsO,, NaH,AsO,),
KOTOPBIC YaCTO U30MOP(PHBI COOTBETCTBYIOIMM (ocdaTaM. Tak, HOHBL cepebpa U3
HEHTPaSIbHBIX WITH CIa00IETOYHBIX PACTBOPOB OCAXIAIOT apceHaT Ag;AsO,, OHAKO
B OTIIMYME OT ocdara OH UMEET KOPHYHEBYIO OKPAacKy. DTa peakLMs SIBISETCS
KaYeCTBEHHOMN Ha apceHaT-UOH,

Kucibie conmu npy HarpeBaHUM OTIIETUISIOT BOMY, IIPEBPAMIASCh B METAAPCEHATHI:

NaH,AsO, = NaAsO, + H,0
MertaapceHar-uon nMeet 6o nommepHoe (NaAsOs),,, 6o mkmmyeckoe (NaAsO;),
CTPOCHHE aHAJIOTHYHO MeTadocdary.

ApCCHaTbI ECJIOYHBIX METAUIOB YHO6HO TIOJIy4aTb OKMCJIICHHUEM MBIIIbsSKA, MBILIbSI-

KOBUCTOTO aHTMAPUIA JIUOO apCeHUTA XJIOPAaTOM WIH NMEPOKCHUIOM B PacIUIABICH-
HOW 1eJIOYH:

As,0; + 2Na,0; + 2NaOH = 2Na;AsO, + H,0
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CyppMsIHO KHCIOTON HHOTAA HA3BIBAIOT €€ aHTUAPUA Sb,Os5, KOTOPBIA BO BIaX-
HOM COCTOSIHMM B HE3HAYUTEIBHOM CTEMEHH TUCCOLMUPYET:

Sb,05 + 7TH,0 2 2H* + 2[Sb(OH),]”

PactBopenneM Sb,Os B 1IeI04H MOIYYaIOT aHmumoHamoi. B BOTHBIX pacTBOpax OHU
cyuiecTsyoT B popMe noHOB [Sb(OH)4]™, xoTOpBIe B c1ab0MIETOYHOM cpene KOH-
ACHCUPYIOTCH B CNOXHBIE MHOTOSIEPHBIE OKCOTMIPOKCOKOMILIEKCHI, HANPUMED
[SbsO12(OH) ] .

IIpu crutaBnennu Sb,Os ¢ OKCHIAMH METAUIOB IOMYYalOTCS COMM KaK MeETa-
(NaSbO,), Tak u opro-tdopmsl (AlSbO,). B Hux He comepXaTcsl OTAEIbHbIE AHTUMO-
HaT-UOHBI, aTOMBI CYPbMBI HAaXoIATCA B IIEHTpe OKTas3mapoB SbOg, COCTMHEHHBIX
OpPYr C IPYroM 4epe3 aTOMBI KHCJIOPOIa B LN U CHOU.

Bucmyrosas kuciora HBiO; HeussectHa. Ee comu — sucmymamst — MOXHO TIOMTy-
YUTh OKMCJIEHUEM OKCHAA WJIHA TMAPOKCHUIA BUCMYTA B [IEJOYHOM PacTBOpE:

Bi(OH); + 3KOH + K,S,05 = KBiO; + 2K,SO, + 3H,0

AubO CIUTaBJIEHUEM OKCHUA C IIEPOKCHIOM HATPHS B aTMOC(HEPE KUCIOPOIA:
. r .
2Na,0, + 2Bi,0; + O, = 4NaBiO,

B psany As(V)— Sb(V) — Bi(V) okucIMTeILHBIE CBOICTBA COSIMHEHUI BospaCTa}or
Oco6eHHO CHIbHBIMH OKUCTMTENSMH SBJIAIOTCS BUcMYyTathl (E(BiO;/Bi*") ~ 2,03 B):

3NaBiO; + 2NH,CI + H,0 = 2NaCl + 3Bi(OH); + N,T + NaOH
C MX TOMOIBIO MOXHO OKUCIATh HOH Mn”* 1o nepManranara:
5KBiO; + 2Mn(NQ3), + 14HNO; = 2KMnO, + 5Bi(NO;); + 3KNO, + 7H,0

6.8. TAJIOTEHUIbI DJIEMEHTOB 15-¥1 T'PVYIIIIbBI

Tpuranorenupl THUKTOTEHOB. Bee rajoreHMIBl a30Ta, 3a UCKIIOYEHUEM TPUPTO-
pMIa, IBISIOTCS HEYCTOMYMBBIMM M PA3IaraloTcsl CO B3PBIBOM.

Tpudropun NF; (6ecuBeTHbIit 1a3, f,, = —129 °C) nonydaior GTOPUpPOBaHUEM
aMMuaka (pasg. 6.4) Wik 3J€KTPOIM30M PACIUIaBICHHOTO TU(MTOPUIA AMMOHMUS:

o, NH;
NH,F-HF 2™, (F,) =, NF, + NH,F
Tpudropun NF; HepacTBOpUM B Bome W ¢ Heil He B3auMopelcTByeT. CUHTE3

NCl; u NI; ortucan B rogpasg. 6.5.2.

TpI/II‘aJ'IOI‘CHI/IIIBI OCTAJIBHBIX ITHUKTOTEHOB ITOJIy4alOT B3aUMOACUCTBUEM TTPOCTHIX
BCIICCTB NMPHU HEOOCTATKE rajjorcHa, HaIlIpuMep:

2Sb + 3Cl, = 2SbCl,

TaxuM crioco60M HEBO3MOXHO MONy4uTh PF;. Ero CMHTE3MPYIOT, NEHCTBYS Ia-
pamMu Tpudbpommaa ocdopa Ha 6e3BOIHBIN PTOPHI LIMHKA. TeMHO-KpacHbIE KPHC-
Ta/UIel TpUMonuaa ¢docdopa Pl; (¢, = 61 °C) nonyyalor npu U3OBITKE HOxA, YTOOH!
u30eXarb 00pa30BaHUA HU3IIETO TAIOTCHUIA.

* Nakano H., Ozawa Y., Yagasaki A. // J. Amer. Chem. Soc. 1995. V. 117. P, 12007,
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Tpuxnopunst docdopa (t,, = -94°C, t = 76°C) u MblbsIKa (1, = -16°C,
tan = 130 °C) npencraBasor coboit GeciBeTHbIE XMIKOCTH, a CypbMHI (¢, = 73°C,
tan = 223°C) v BUCMYTA (= 233 °C, = 439 °C) — GriecTsALIME GECLBETHDIE KpUCTaI-
b1 VIX MOJIEKYTBI UMEIOT (hOPMY TPUTOHATBHON MUPAMMIBI C HENIOTETCHHON 3JIEKT-
POHHOI4 T1apo¥t Ha aTOMe IIHUKTOTEHa, YTO OGYCIIOBIMBAET UX TOHOPHBIE CBOWCTBA:

BCl; + :PCl;= CLB « PCl,

Coenunenns Bil's UMEIOT CIIOMCTHIE peLLETKH.
Bce TpuranoreHMIb! JIETKO THAPOTU3YIOTCS BOLOI:

NCL; + 3H,0 = NH, + 3HOCI
PCl; + 3H,0 = H,PO, + 3HCI
2AsCl; + 3H,0 2 As,O; + 6HCI*
SbCl; (BiCly) + H,0 2 SbOCI (BiOCI) + 2HCI

CKOpOCTb THAPOIIN3a U TTyOHHa €T0 NPOTEKAHMS U3MEHSIOTCS CJICAYIOILUM 00pa-
30M: I <Br<Cl>F, N<P>As< Sb> Bi. U3 XJIOPUIOB OOJBLLIE BCETO IOABED-
xxeH ruaposmsy PCly; B3aumopeiicTBue ¢ Bomoit AsCl;, SbCl;, BiCl; npotekaer
00paTUMO, ¥ PaBHOBECHE MOXET ObITh CMEIEHO BJIEBO n00aBIeHUEM KOHLIEHTPU-
POBaHHOH COJISTHON KUCIOThL. IMEHHO Tak M MOCTYMAIOT IPU MPUTOTOBIEHHAH BOJI-
HBIX PaCTBOPOB XJIOPUAOB CYPbMBI U BUCMYTa.

PasHbiif cocTaB MPOIYKTOB rMAPOJH3a TPUXIOPUIOB a30Ta U dochopa o6bsicHS -
CTCs PasIMIHON MONAPHOCTBIO CBsaA3eit N—Cl u P—Cl: 31eKTpooTpHIaTeIbHOCTD
ymeHbLIaercs B psay N > Cl > P. BTo NpuBoauT K TOMY, YTO MOJIEKYJTA BOIbI B NCl,
aTaKyeT aTom xjopa, a B PCl; — atom docdopa. Tapoins ranoreHUIoOB cypbMBbl u
BUCMYyTa OCTAaHABJIMBACTCSl Ha CTalUM OKCOCOJIEM, YTO COIIACYETCSI C POCTOM OC-
HOBHBIX CBOYCTB IIPY ABMXXCHHUM BHH3 IO TPYIIIIE.

Boicmse ranorennibl NHUKTOreHOB. [IeHTATATOTEHUIBI H3BECTHBI JUTS BCEX THUK-
TOTCHOB KpoMe a3oTa. Pocdop U cypbMa 06pasyloT (GTOpMI, XTOPUL U GpoMu,
MBILIBSK — (OTOPUA ¥ XJIOPUM, a U3 COCOUHEHUI BUCMYTA TOMYYEH JIALIb (GTOPHU.

Bricie dropunsl ¢pocdopa U MBILIBIKA UMEIOT MOJICKYJIIPHOE CTPOEHUE U IIPH
KOMHATHO! TeMIepaType ABIAOTCS ra3aMH. SbFs — Bsi3Kast XXMIKOCTb, COCTOSILAS U3
MaKPOMOJICKYJI, KOTOPBIC ITPY KPUCTAITU3AIMH (f, = 8,3 °C) npeBpamarorcs: B TeTpame-
pei (puc. 6.30). BiFs npeacrasster coboit nomiMep (puc. 6.31). TleHTagpTopnasl — Mom-
HBIE GTOPUPYIOIIME U OKUCIISTIOILME PeareHThl. OHU SRISTIOTCS CHIbHEMIIMMK aKIIETTTO-

paMM IPOTOHOB (KKcnoTaMi BpeHcTena), 4to ucnonb3yercest Wist MOBBIILEHAS KUCIOT-
Hoctd HF: :

2HF + SbF; = [H,F][SbF,]

PactBop SbF; Bo dropcynsdoHoroit kuciore HSO;F Ha3BIBAIOT «MArMuecKoit KHCIOTOM»
U3-3a €€ CNIOCOGHOCTH ACNPOTOHUPOBAT YINIEBOAOPOEL. 10 KHCIOTHOCTH OHA TPEBOCXOMMUT
cepuyio B 10'? pas. B «Maruueckoit Kucjore» CYLLECTBYIOT CJIOXHEBIE PaBHOBECHS, HAIIPUMED:

HSO,F + SbF; 2 H[SbF,SO;F]
H[SbFSSO3F] + HSO3F 2 H2S03F+ + [SbF5SO3F]—

* JlaHHas peakuusi o6paTMMasi: DM KMNAYEHUH CYCIIEH3HHU As,0; B xoHUeHTpupoBaHHoit HCl u3
pactBopa yneryunaercst AsCls.
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© F

a QSb 7]

Puc. 6.30. Ctpoenue Moiekyinl SbFs B )kuakoM (@) v TBepaoM () COCTOSIHUU

B Heit nerko pacreopsiercs naxe napaguHoBas cBeva:
C32H66 + HSO3F + SbF5 (_—) C32HE§ + [SijSO:;F]_ + HzT

B «Maruyeckoit KMCJIOTE» MOMSIPU3YIOTCS JAXe HENOJAPHBE COEAMHEHMS: raTOreHsl, cepa.
PacTtBopsI cepHl B «g«amqecxoﬂ KMCJIOTE» MMEIOT IPKO-CHMHUIO OKPACKY Giarogapst o6paso-
BaHUIO KaTMOHOB Sg".

IleHTaramoreHUARI TIOMYYAIOT TIPSMBIM CHHTE30M B U30BITKE TaJIOTeHa UJIH Tajlo-
TeHUPOBaHUEM TPUTATIOTEHUHOB.

HawuGosbinee npakTuueckoe 3HaueHWe UMeeT TieHTaxsiopun pocgopa PCl; — bec-
LIBETHBIE KPUCTAJIIBI ¢ PE3KUM 3aliaXxOM, BO3TOHSIIONIHECS TTpY HarpesaHuu a0 157 °C.
Ha Bo3nyxe oH OBIMUT, TaK KaK e€TO Iaphl JieTKo rumponusylorcsi Bomoil. PCls uc-
TMONB3YETCS B OPTaHUYECKON XMMUU KaK XJIOPUPYIOIIUIA areHT.

B napax rieHTaraJoreHUIOB CyILUECTBYIOT MOJIEKYIIEI DX, uMeoLre GopMy TpU-
roHaJbHOM OurMpaMusl (puc. 6.32, a). B TBepaoM Buae xiopua 1 6pomun ochopa
nocTpoeHsl 13 noHoB: PCls — u3s PCl,; u PClg (puc. 6.32, 6), PBrs — u3 PBr; u Br,
a TIEHTaXJIOPUI CYPBMEI COCTOUT W3 muMepoB Sb,Cl,y, B KOTOPBIX aTOMBI CYPBMEI
CBSI3aHBI APYT C APYTOM OBYMS XJIOPUIHBIMH MOCTUKAMHU.

Ilpu HarpeBaHUM DX TUCCOLNUPYIOT:

DX £ DX, + X,
a B BOIEC JIETKO TUAPOJIUIYIOTCS.
PCI; + 4H,0 = H,PO, + SHCI
2SbCls + (5 + x)H,0 = Sb,05- xH,0 + 10HCI

ITenTaranorennasl pocdopa P HE3HAYUTEITHHOM
HarpesaHNy pearupyior ¢ GochOpHBIM aHTHAPHIOM,
00pa3yst OKCOTaIOTEHUIBI:

6PC15 + P40]0 = 10POC13

a 6
Oxcorpuxitopug docdopa POCI; — GecuiBeTHast Xua-

KOCTb (ty, = 1 °C, tn= 105°C), siBasiercst xopoluuM no-  Puc. 6.31. CtpoeHue MostekyJibl BiFs:
NAPHBIM pacTBopuTeneM. I1py nonagaHuy B BOLY OH MEA-  ; _ dparmeHT NOAMMEPHOMN LENH;
JIEHHO TMAPOJIM3YETCs1, MPEBPALASCh B OPTOPOCHOPHYIO  § — atoMBI BUCMYTA HAXONATCS B LIEHT-
KHUCIIOTY. pe OKTa’npoB
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a 6 8

Puc. 6.32. Crpoetue monexyssl PCl; B razosoit dase (a); kpucrauia PCl; (6); nona [Big]5+ (8)

Tuoxstopun PSCly (f,,= -35°C, tn= 125 °C) nmony4aoT oKycIeHHeM TPUXIOpHIA cepoit
B MPUCYTCTBUU 6€3BOAHOIO XJIOPUAA ATIOMUHMSI.

Husmme ranorennast D,X, M3BecTHBI LTS dbocdopa, Mbiuibsika M cypsMbl. U3 HUX moj-
PO6HO U3yyeH ub Hoaua docdopa P;1, — cBeTno-kpacHbIe UrospuaThIe KpUCTaUIBI, TUIa-
Bsawmecs npu 126 °C. On o6pasyeTcsi npu B3alMOIEHCTBUH 66J10r0 docdopa ¢ nogom B
cepoyriepone npu usbeitke Gocdopa, a TakkKe NpU AEHCTBMM NAPOB MoA HA HarpeTbIit
KpacHelit $ocdop JIMGO NpU BOCCTAHOB/IEH MU PI; kxpacubiM dochopom. DT1o coennHeHue
COCTOUT U3 MOJIEKYJI, B KOTODBIX B2 atoMa pocopa CBA3aHb OXMHAPHON CBA3BIO. ITpu ero
THIPONIN3e 0GPa3yeTcsl CMECh MPOAYKTOR, COCTOSILIAS U3 ¢docouna PH;, audocouna P,H,,
¢ocdopuosarucroit H;PO, u runogocdoproit H,P,Q4 kucior.

Ilpu oxnaxaeHUKM pacTBOpa METALTHYECKOTO BMCMYTa B aCIIaBe ero TPHXIOpU/Ia 06pasytor-
Csl depHble KpucTaiibl BiyClyg, cocrosimme u3 nonos [BiCls] ™, [Bi2C18]2”, [Big]5+ B COOTHO-
weHun 4: 1:2, Yon [Big] * uMeeTt GbopMy TpexX1IaITOYHOi TPUIOHANBLHOM IIPU3MBbI (puc. 6.32, g).
W3Becthl Takxe Bil u Bigl,, nmeromnme MOJIMMEPHOE CTPOEHHE.

6.9. CYJIbOUIbI DJIEMEHTOB 15-I1 I'PYIIIIBI

A30T ¢ cepoil HEMOCPENCTBEHHO He pearupyeT. OqHaKoO TMpH B3aUMONEHCTBHU
xjopuna cepbl ¢ ammuakom™ win NH,CI:
160°C
6SZC12 + 4NH4C1 —_— S4N4 + 8S + 16HC1
06pa3yIoTCs OpaHXKeBO-XKeNThle KPUCTAILITBI HUTpUIA ceprl S;N, (BbIxon 26 %), ycToii-
YMBHIE Ha Bo3nyxe. Monekyna S,N, nmpenctaBisier BOCBMUWICHHBI TeTEPOLUKII, B
KOTOPOM aTOMBI a30Ta JIeXaT B ONHOM ITOCKOCTH, a Maphl aTOMOB CEPHl — TI0
pasHble €€ CTOPOHH (puC. 6.33). AHaNOrMYHOE CTPOEHUE MMeeT peanbrap As,S, —
MIPUPOAHEII MUHEpA MBIIBLAKA.

IIpu nponyckanuu napos S,;N, yepe3 CepeOpsIHYIO CETKY €ro MOJIEKYJIbI IIPEBPALIAIOTCS B
LMKJIMIeCKre 1uMepsl S;N,, KOTophle co BpeMeHeM obpasyior TBepabli mosiMep (SN), GpoH-

* Peakuus ¢ aMMMaKOM NPUBOAMT K 06Da30BAHMIO LEJIOTO CMEKTPA COENMHEHMH, pa3THyaloLnX-
Cs okpackoit. Hapsiny ¢ SyN, o6pasyiorcst S;NH, S6(NH),, S;N3ClI” 1 S5. MakcHMATbHBIH BEXOL S4N,
IOCTHraeTCs NPy OXJIAXKAEHUM PEaKIMOHHON CMECH.
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0,260 um

90,4° 0,165 Hwm 0,163 kM 0,159 1m §
SHN, (SN)x on

Puc. 6.33. TIpespaiuenus S;N,

30BOro LBeTa. DTO CoeMHEeHHE MPOBOAMT JeKTprueckuii Tok, a mpu 0,26 K sBinsiercst cBepx-
MPOBOAHUMKOM (CM. pHc. 6.33).

IIpu B3aumopeiictBuun ocdopa ¢ cepoit obGpasyercsi cMech CynbpuaoB P,S,,,
P,Sy, P,S;, P,Ss u P,S;. U3 Hux Hambonee ycroituus P,S; — npu HarpeBaHWU B
WHepTHOI aTMOocdepe BCe oCTaNbHBIE CYALGUIEI IEPEXONST B HETO, BHIIEIISI N30HI-
TOYHYIO cepy. B 0CHOBe CTpYKTYpPHL CY/IbDHAOB JIEXUT TETPasaAp P4, B KOTOPOM arto-
MHI (pocopa coeqUHEHE MOCTUKAMHU U3 aTOMOB cephl (puc. 6.34). CTpoeHue CyNb-
duna P,S;o anamornuno okcuny P,O . YausurenrsHo, Ho ¢pochun P,S¢ HensBecTeH.

Cynehun P,S; HaxomuT NpriMeHeHNEe IPU ITPOU3BOACTBE CIIUYEK.

Bzaumogpeiictuem P,S o ¢ cynsdunom Hatpus nonyuaror tuodocdarsr, Hanpumep Na;PS,.
B Boze OH rMIpoNM3yeTcs 10 CMelIaHHHIX THooKcocoleit Na;POS;, Na;PO,S,, Na,PO,S*.

Cynbphuasl MEIIbSKa, CYpbMBl K BHCMYyTa COCTaBa D,S; ITONy4alOT HEMOCDPE-
CTBEHHBIM B3aUMOIECACTBUEM MPOCTHIX Be1iecTB. OHM 06pas3yioTcs TaKKe IIPU IIPOITyCKa-
Hun H,S uepe3 noaxucieHHsle pactBopbl coemuHeHuit As(I11), Sb(III) u Bi(III),
Hanpumep:

2Na[Sb(OH),4] + 3H,S + 2HCI = Sb,S;{ + 2NaCl + 8H,0

CrpykTypa Sb,S; (puc. 6.35) oTnaeHHO HAIIOMUHAET TEKCATOHATBLHYIO MOIU (PU-
Kanuio yepHoro docdopa. ATOMBI CypbMEl U Cephl 00pa3yloT BONHHUCTEIE JIEHTHI,
COCTOSIIMIE U3 KOHIEHCUPOBAaHHBIX TEKCAaTOHAIBHEIX Koner Sb,S;.

Puc. 6.34. Ctpoenue P,S; Puc. 6.35. Crpoenue Sb,S;

* Pompetzki M., Jansen M. // Z. Anorg. Allg. Chem. 2003. V. 629. P. 1929.
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Tabnuua 6.18

CeoiicTBa CyLOHAOB MBILAKA, CYPLMBI H BHCMYTa

Cyinb- Pearent
Heer

Gun (NH,),S (NH,),S, KOH HNO, (koHw.)
ASzS:; Kerrerit (NH4)3ASS3 (NH4)3ASS4 K3ASS3 + K3A503 H3ASO4
A8255 Kenroiit (NH4)3ASS4 (NH4)3ASS4 + S K3ASS4 + K3ASO4 H3ASO4
Sb,S; |Oparkessiit | (NH,);SbS; (NH,);SbS, K;8bS; + K[Sb(OH),] | Sb,05-xH,0
Sb255 KpaCHin[ (NH4)3SbS4 (NH4)3SbS4 +S K3SbS4 + K2[Sb(0H)5S] Sb205 . xH;O
Bi,S; {YepnsIit He pearupyer |He pearupyer  |KBiS, (npu crutasinennn) | Bi(NO3),

Bricive cynnbunst 9,Ss (M3BeCTHH TOMBKO Iisi As, Sb) nonyyaror npu GrICT-
pom nponyckanun H,S uepes pacTBopH cojleit apceHaTOB ¥ aHTHMOHATOB B KOH-
ueHrpupoBanHoit HC|, Hanpumep:

2Na;AsO, + 6HCI + 5H,S = As,Sl + 6NaCl + 8H,0

Cynbpuabl CypbMBl U MBIIIbsIKA aM(pOTEpHEIE. CrexeocaXIeHHEIE, OHU JIETKO
PacTBOPAIOTCA B Cybbumax, MONMUCYIbhUIAX IENTOYHEX METAUIOB U aMMOHWUS, a
TaKke B Lieo4ax ¢ oOpasoBaHueM THoconel (tabn. 6.18). PactBopeHune D,S; B mu-
cynsdune aMMOHUs conpoBoxXnaercst okucnennem D(II1) — B(V):

9253 + 3(NH4)252 = 2(NH4)3SS4 + S»L

XKenTo-opaHxeBrle muoanmumornamsl U muoapcenams: 1eJOUHBIX METAIIOB M;38S, Mo-
TYT GBITh MONy4EHbI TAKXKE CIUIABIEHUEM CYbOUIOB C KAPGOHATOM, yIyieM H cepoit:

Sb,83 + 58S + 3Na,CO; + 6C = 2Na;SbS, + 9CO
OHM pacTBOPMMEI B BOJE, & MIPU MOAKMCIIEHHH PA3IAraloTcs:

2Na;SbS, + 3H,S0, = Sb,Ssd + 3Na,S0, + 3H,S
CooTBeTCTBYIOUME UM THOKUCIIOTH B CBOGOXHOM BMIE HEM3BECTHBI.

Cynpdpun Bucmyra Bi,S; o6nagaetr oCHOBHBEIMHU CBOICTBaMH, NIO3TOMY C BOIHEI-
MH paCTBOPaMu CYNb(PUIOB, TUCYTHPHUIOB U 1IeIoueil He B3aMMONIEHACTBYeET.

Kounrpoasane sonpocer

1. Kakue cremeHu OKHMCIIEHMSI MMeeT a30T B aMMMAKe, IMADA3WHe, TMIPOKCWIAMMHE,
asuaosopopone?

2. Oxcoxntopun mbibsika(V) AsOCly yaanocs mojiyauts sums s 2000 T, HU3KOTeMIIeEpa-
TYPHBIM OKHCJIEHUEM TPHXJIOpHAA MBILIBSAKA 030HOM™. Kak O6bSICHUTh HU3KYIO YCTONUM-
BOCTb 3TOr0 COEAMHEHH 10 CPABHEHMIO C OKCOXIOpHIaMK (ochopa U CypeMEI?

3. ®ocren COCI, pearupyeT ¢ aMMHAKOM aHAJTOTHYHO XJIopuay cyinbdypuiia. 3anuiuure
YPaBHEHHME peakunH. [IJisl 4ero 3Ta peakius UCTIONb3yeTcs B POMBILUIEHHOCTH?

4. Kak pasniuuTh MBILBSIKOBOE 3€PKAJIO M CYPHMSTHOE 3¢ PKAIIO, obpasyrouyecs pH Mpo-
BEJACHWH peakumu Mapiua?

5. Ilpu B3pHIBE MApOB a3W10BOAOPOAA HA CTEHKAX cocyna obpa3oBanuch GecLBeTHbIE KpH-
CTJLIb, PacTBOpUMble B Bofe. Hamuiuure ypaBHeHHe peakimu,

* Haupt 8., Seppelt K. // Z. Anorg. Allg. Chem. 2000. V. 626. P. 1778.
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6. VimMesl B pacriopsiKeHUM KOHIIEHTPHPOBAHHYIO (68 %) a30THYIO KMCIIOTY | JIIoBbIe ApY-
TUE PEaKTHBBI, HE COAEPXKALUME a30Ta, IOJY4UTe, MCITONb3Ysl MUHUMAILHOE YKMCIIO CTAIMI,
rekcaxyopocranHar(IV) nuTpo3oHus. YUTo NpOMCXOAUT ¢ STUM BEeLIECTBOM IpY pacTBope-
HUM B Bozie, B nupuanHe? HanuumnTe ypaBHeHWs peakuMii.

7. Hanvwure ypasHenusi camoauccommannu N,O,. Kakoe u3 uux npeobjagaeT npu 10-
GapJIeHMH CIENOBBIX KOJIMYECTB Boabl? TpudTopuaa 6opa? OTBET MOSCHUTE.

8. Tlouemy opTodoctaTsl ycTOYMBEI B BOAHBIX PacTBOpax, a OPTOHUTPATbI MTHOBEHHO
passaraiorcsi?

9. B 1982 r. pH AUTe/ILHOM HArPEBAHKM B NPUCYTCTBUM cepebpa cMecH OKCuIa M HUTPH-
Ta xanus npu Temneparype 330 °C 6bu1 nosyueH optronutpur K;NO;, Hammuure ypasHeHue
€ro ruponusa, KOTophlif IPOTeKaeT Heo6pPaTHMO.

10. TIpu HeitTpanu3auuu opTohochOPHOI KUCIOTHI Kap60oHAaTOM HaTpHs He yaaeTcs mo-
Jly4uTh CpeAHUit opTodocdar. O6bsicHUTe, moyeMy? TTpemToXKUTE METO CHHTE3a TOrO CO-
eIMHEHMSI.

11. I1pu ocTopoxHOM 106ARTEHUH HeGOJIBILMX nopuuit @ocopHoro aHruapuaa B Jeas-
HYIO BOZly 06pa3yeTcst pacTBOp LMK/IOTeTpameTadocOPHOIt KUCIIOTHI, a IIpH ee HeUTpaTIH-
SalK 'MAPOKCHAOM HATPHS — LMK/INYECKUi TeTpaMeTadocdar Hatpusa. Hammmure ypas-
HEHMA peakuuil ¥ U306pasuTe CTPYKTYpHble GOPMYIIBI KUCIOTH U €€ aHMOHA.

12. Ta6nerka, cocrosiiuasl U3 cMecu auruapoopTtodocdaTa Kaabuus ¥ ruapoKapboHara
HaTpHsi, TIpY NONMaJaHUuM B BONY pasjiaraeTcsl ¢ BeLIEJIeHUEM yrileKUcoro rasa. Hamuiiure
YpaBHEHHE peaKLWH.

13. B npo6upKax Ge3 3THKETOK HAXOMATCS paCTBODHI tdocdhopHoBarucToit, pochopucoit,
opTodocdopHoit, nupodochopHoil 1 nonumetadochopHOit KUCIOT. PasnuuuTe ux, UCHONB3YsT
MUHUMAJbHOE KOJIMYECTBO PEarcHTOB.

14. BeIciumit oKcua MbIILbsIKA SIBJISIETCS CHIILHBIM OKMCUTeeM. Kakie NMPOLYKThI 06pa-
SYIOTCs1 TP €ro B3aWMOIEHCTBUM € PACTBOPOM MOAMIA KK, KOHLEHTPHPOBAHHOM COJIsi-
HO# KHcioToit? Hanuiuure ypaBHeHUs peakiuii.

15. Kakylo reomeTpuio uMeot uonsr [Sb(OH),]™ u [Sb(OH)4]™? O60ocHyitTe BhICKa3aHHOE
MPEAIOIOXKEHHE.,

16. CpaBHUTE yCTOHYHMBOCTb K TMAPOJIM3Y TINO;, Pb(NOs;),, Bi(NO;);, As,(SO,);,
Sb2(S0,);, Biy(SO,);. O6bsicHUTE HabMIOAaEMbIE 3aKOHOMEPHOCTH,

17. Wi3BecTHb! ABe DOPMBI MeTaapceHaTa HaTpHsi, aHAIOTMYHBIE nonuMeradocdary u
TpunMkiomeradocary. Msobpasure Mx CTpyKTypHbie GOPMYIHL.

18. C yeM cBsi3aHa BbICOKAs OKMCIIMTEbHAS aKTHBHOCTD BUCMYTaTOB?

19. Tumponus tpudropuna u TpuxIopmaa ¢dochopa npUBOAUT K 0GPA30BAHMIO PA3HBIX
NpOAYKTOB. Hanuuinte ypaBHeHUs peakuuit U YKaXHUTe MpUUHHY.

20. TToyemy cynbbuabl MBILBLIKA M CYPEMBI HeJIb3sT OCAIUTh cynsdumoM Hatpus?

21. Onpenenute HampapieHue peakLMH MeXILy apceHaToM M Moauaom Kanus npu pH 0
(vesioBus crannaprasie, E°(H;AsO,/H,AsO;) = 0,559 B, E*(I3/1") = 0,535 B). Paccuuraiite
KOHCTAHTY paBHOBecHsl 9ToM peakuuu npu pH 0. Yemy paBHO M3MeHeHHe CBOBOAHON 3Hep-
MU B 3TOM mpouecce?

22. Tpy B3aMMOEHCTBIM XIOPHIA TMAPOKCHIAMMOHMUS C STWIHUTPATOM B MPUCYTCTBUU
STWaTa HaTpus obpasyertcst coib AHIKeNH Na;N,O3 (OKCOrHITOHUTPUT HaTpus) — MpoM3-
BOLHOE HEYCTOHNBOI rUI0A30THOMN KUCIOTEL. M306pasuTte cTpyKTypHbIe GOPMYIIEL KUCIOTHE
U €€ aHWOH4, HaNUIINTE YpaBHEHMSI peakuMi 00pa3oBaHMs COJMM AHIDKEIN M ee OKUCIEHUS
XJIOPHOBATHUCTOM KHUCJIOTOM A0 HUTPUTA HATPHS B CaGoLeI0uHOM (NaHCO;) cpexe.

23. Hutpun ceper S;N; Jierko o6pasyeT afayKThl ¢ KMc/IoTamu JIpiorca BF; u SbCls. Yem
310 0bycnorneHo? IlpencraBeTe CTPYKTYpPHYIO hDoOpMyIty amaykra S;N,- 28bCls, ecnu u3se-
CTHO, 4YTO IPH ero 06pasoBaHuK LMK S;N, COXpaHseTcs.

8 lleopranudeckast xumus, Tom 2



Fnasa 7
XUMHUA DJIEMEHTOB 16-i1 TPYIIIIbI

7.1. OBIIAA XAPAKTEPUCTHKA

B cocraB 16-it rpynmsl BxoasT kuciopon O, cepa (¢S, cenen 3,Se, Tennyp s;Te u
oJIoHUM g4Po. OO0Iee Ha3BaHWE 3TUX BJIEMEHTOB — XAAbK02eHb! — TIPOUCXOIUT OT
rpey. yoAkol (Memb) M yévol (pol, IMPOMCXOXIEHHE) U O3HAYaeT «POXIAIOLINE
MenHble pyasl». B Iprupone XanpKoreHH! (32 UCKITIOUEHUEM KICIOPOaa) BCTPEeYaloTCst
yalie BCero B (popMe COeNUHEHUH Menu: Cyab(pUIOB, CEJEHUIOB U T.1I.

B 0CHOBHOM COCTOSIHWM aTOMBl XaTbKOTEHOB MMEIOT 3JIEKTPOHHYI0 KOH(pUIYpa-
LHIO As’hp* C YETHBIM YUCIIOM BAJIEHTHHIX 3/I€KTPOHOB, JIBa U3 KOTOPHIX HECTIAPEHHI.
HosroMmy Kucmopon, He UMEOIIWM HU3KOM O 3HepTUM BaKaHTHOW d-OpOWTaly, B
GONBIIMHCTBE COeNVMHEHUM NBYXBa/JIeHTEH, B TO BpeMsi KaK JIpyrue XaabKOTeHH! CIIO-
COOHBI 00pa30BBIBATE O IIIECTU KOBAJIEHTHBIX CBsA3ei. HekoTophie CBOICTBa aTOMOB
XaJILKOTEHOB IIpeaCTaBIeHH B Ta0m. 7.1.

IIpum nepexone OoT KMCNOpOIa K MOJIOHHUIO pa3Mep aTOMOB U UX BO3MOXHEIE KOOP-
IVHAIMOHHEIE YHUCIIa YBETMUUBAIOTCs, a 3HAaYeHUsI SHEPIMHA MOHU3aLNU U 3JIEKTPO-
OTPULATENLHOCTE — YMeHBINaloTCst. Kucnopon, 31eKTpooTpULIATENBHOCTE KOTOPOTO
yCTyTiaeT VL (PTOPY, U cepa — TUNUYHEIE HEMETAJIThI, CeJleH U TEUlyp — MeTall-
JIOUIE ¢ XapaKTepHBIMH METAJUIMYECKUMH CBOMCTBAMU, MOJIOHUIT — MeTasll.

HecMmorpst Ha HeGONBILIONH pagnyc, KOOPAMHALIMOHHOE YKMCJIO KHCIOPOAa MOXET h3Me-
HATBECA B IIMPOKUX TIpeaenax B 3aBUCUMOCTH OT XapaKrepa cBsi3u (KOBaJIeHTHAsi, HOHHAas1) U
THTIA KpUcTaJuMdeckoit ctpykrypsl: 0 (atomapHuiit Kucnopon), 1 (O,, CO), 2 (H,0, H,0,),
3 (H;0"), 4 (okcoaueratsl Be u Zn), 6 (MgO, CdO) u 8 (Na,0, Cs,0).

B coennHeHHsIX cephl, CeleHa, TeJUTypa ¢ KMCIOPOIOM M FJIOTeHAMK PeasIn3yroTCs CTENeHU
okucnenus +6 (B rekcadbropunax OFg 1 cMellaHHBIX TaoreHuaax), +4, +2. C 60nbIUMHCTBOM
JIPYTHX 9JIeMEHTOB OHM 00pa3yloT XaIbKOTeHWAB, TAe HaXOmsITCsl B HU3LIEH CTeleHu OKHC-
nenus (-2). IToMuMo aroro, 6raromgapsi CIocoBGHOCTH K 06pa30BAHUI0 FTOMOATOMHBIX LIETIEH,
BO MHOTHX COeIMHEHUSIX CEPHI, CelleHa U TeJUTypa pealn3yloTcst QopMaibHEIE TPOMEXYTOYHBIE
(B ToM upcne Apo6HbIe) cTeneHn okucaeHus: +1 (S,Cly), =2/5 (Na,Ss), +5/2 (Na,S,04),

2+ 2+
+1/5 (Seg), +1/2 (Tey") u ap.

M3-3a BHICOKO# 3JIEKTPOOTPULIATEILHOCTH, HEGOJIBIIIOTO paauyca U OTCYTCTBHS
HM3KOTO I10 3HEPTHH d-MOAYPOBHS aTOM KHCI0opoIa He CrocobeH OTaaBaTh Oosee
IBYX 3eKTpoHOB. CoeIMHEHHSI, B KOTOPBIX KUCIOPO. IIPOSABIISIET CTENEHb OKUCIIE-
HUST +2, SABJISAIOTCSI CWJILHBIMU OKMCIIUTEIISIMYA 1 KpaiiHe HeyCToMYUBEL. Bee ocranb-
HbIe XaJTbKOTEHB! MPOSIBIISTIOT BBHICHIYIO CTENEHb OKUCHEHUS +6. YcToituuBocTs D'
ITIOHIDKAETCS OT CEPH K IOJIOHUIO, JIJIsi KOTOPOTO CTaOMIBLHEBI COETUHEHUSI CO CTene-
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Tab6nuna 7.1

CaoiicTBa aToMoB 2/1eMenTOB 16-if rpymub

CaolicTBO 0] S Se Te Po
3apsig siapa Z 8 16 34 52 84
DJIeKTPOHHAsI KOH- [He]2s22p4 [Ne]3s23p4 [Ar]3d104s24p4 [Kr]4d105s25p4 [Xe]4fl 45d106s26p4
durypauus B ocHOB-

HOM COCTOSIHUM
Yucno cTabriibHBIX 3 4 6 8 0
H30TOIIOB
KoBane HtHeI# 0,074 0,104 0,140 0,160 0,164
paguyc, HM
DHeprus MOHU3ALUHU 1313,9 999,6 940,9 869,3 812,0
Il, kX/Monb
DHeprus cpoacTsa K 141 200 195 190 183
3JIEKTPOHY, KIX/MOJE
DJIeKTPOOTPULIATE N b-
HOCTB!

o Ionuury 3,44 2,58 2,55 2,10 2,00
nio Osnipeny—PoxoBy 3,50 2,44 2,48 2,01 1,76

HBIO OKHUCINeHYst +4, +2 (Hanpumep, PoO,, PoCl,). TpyaHOCTb ZOCTVKEHMS BhICILIEH
CTENCHU OKUCJIEHUS ABJISETCS XapaKTepHbIM NIPU3HAKOM ITOCTIIEPEXOAHBIX 3JIeMEH-
TOB IIECTOTO neproza. OHa OOBACHSETCS! yBeMYeHHEM MPOIHOCTH CBA3H 65%-371eKTpO-
HOB C siipoM (cM. pa3f. 4.1, 5.1). OkucnauTensHas cocOOHOCTD CejleHa B BBICIIEH
CTENEHN OKUCIIEHUsT 3HAYUTENNBHO BhIIIE, YeM TeJutypa U cephl. OObsiCHEHUe 3TOr0
ABJIEHUSI, OOLIETO Ul p-3neMeHToB 15-i, 16-i, 17-i rpynn, npuBeeHO B pasz. 5.1.

K¥cnopon, xak m Ipyrie 3jieMeHTH BTODOrO Iepuona, OTNYAeTCs IO CBOM-
CTBaM OT CBOMX GOJIee TSDKENBIX aHAIOTOB. F3-32 BHICOKOH 3J1EKTPOHHOI ITOTHOCTH
1 CUJILHOTO MEX3JIEKTPOHHOT'O OTTAJIKMBAHUS CPOIACTBO K 3JIEKTPOHY KUCIOpOAa U
TIPOYHOCTD CBSI3M D—O OKa3BIBAIOTCS MEHblIe, YeM U Cephl, CelleHa U TeJllypa, a
CTENeHb MOHHOCTH CBSI3H METAJLT — XaJIbKOTE€H — 3HAYMTENBHO Bhillle. B CHTy MeHbIIero
panuyca, KMC/IOPOJ, B OTJIMYME OT Cephl CIIoco0eH 00pa30BhIBATh NPOYHBIE 7T-CBSI3U
(pn—pn) ¢ APYrMMH aTOMaMH, HANIPUMED C KHUC/IOPOZOM (0,, 0O3), yrneponom,
a30TOM, cepoil, ¢occopom. Ipu nepexone ot Kucmopoaa K cepe MPOYHOCTb OIH-
HapHOH o-CBSA3HU PACTeT U3-3a OCIAGNEHUST MEX3/IEKTPOHHOTO OTTATIKHBAHHS, 4 [IPOY-
HOCTb n-CBSI3M [TOHMKAETCS, YTO CBSI3aHO C POCTOM panuyca M yMeHbIIEHHUEM Mepe-
KPBIBAHUS aTOMHBIX p-opOuTanei no n-tumy. TakuM 06pa3om, eciu LIt KACIopona
SHEPreTU4ecKH Goliee BHINOAHO 06pa30BaHKMe KPATHLIX (o + 1)-CBSI3eil, TO IIst Cepbl
¥ €€ aHaJIONOB YCTOMYMBEE OKA3bIBAIOTCSI OMMHAPHBIE CBA3M (Tabi. 7.2).

Hnst xucnopona oxHa ABOMHAs cBsA3b (494 KIX/MOJB) 3HepreTMuecku Ooee
BbITOZIHA, YeM ABE OnWHapHbIe: 494 — 146 - 2 = 202 xIIx/Monb. 1715t cephl, ceNneHa u
TeJlypa, Ha0G0poT, 0GpasoBaHue JIBYX ONMHAPHbBIX CBA3EH OKA3bIBAETCS MPEANOY-
TUTEIbHEE, YeM ONHOH ABOMHOM (cM. Tabn. 7.2). HanpuMep, mis cepul dpopmuposa-
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DOHepruN OJMHAPHBIX M JBOHHLIX cBa3elt (kJIk/Mob)

Tab6auna 7.2

Cps3b 0 S Se Te
ICENC ] 146 265 192 218
9= 494 421 272 126

HH€e IBYX ONMHApHBIX o-CBsideit S—S BMecTo ogHO#M NBOMHON (o + 7) NMPUBOOUT K
BBIMIPEHILTY B 3HEPTUH 265 -2 — 421 = 109 kJIX/MOJIb.

CnocoOGHOCTh aTOMOB 3JIEMEHTOB COENMHSITECS B KOJbLA WM LMW Ha3bIBAETCSH
Kamenayueii. HanOonee xapakTepHa KaTeHaLMsl VTS CEPHI, cejieHa U TeJUTypa: st HUX
M3BECTHBI LIENH, COMEPXalllie JECSITKY U COTHHU THICSY aTOMOB, MeTogaMu XpoMaTorpa-
(11 naeHTHDUIIMPOBAHDI UKIIH S, Tae 6 < 1 < 23. JIis KNc10pona N3BECTHO OrpaHu-
YEHHOE YMCII0 HECTOMKMX COeIMHEHUI — nepoKCcHIoB; 030H O;, nudTopua Kucaopona
O4F,, xpatHOCTB CBsia O—O KOTOpPBIX [TOBBLILIEHA 33 CUET pr— pr-TIePEKPBbIBAHMS.

KareHanus xapakTepHa He TOJNBKO ISt [IPOCTHIX BeliecTB. M3BeCTHEBI coenuHe-
HUs1, COAepXKalie TOMOATOMHBIE IMKJIBI W eI, CTAOMIU3POBaHHEBIE KOHLEBEI-
MU aToMamn —H, —Cl wnu rpynmaMu —SO3, HallpUMeD: [UKINYECKHE TOJUKATU-
OHBI Sg , Seg , @ TakKKe NOJMUCYb(paHbl, TOJUTHOHATEL

S S S S
HOXSY H a” Xs) Na -os”
Monucynsdans  JuxopononucynbdaHsl
0<ng<8 0<n<100

B cBoiicTBax ceprl mpociexuBaeTcsi GOJIble aHAJOTUIM C CEJIEHOM M TEJUIypoM,
YEM C KMCJIOPOIOM U NOJOHUEM. TaK, B COeNMHEHUSIX C OTPULIATENIEHEIMU CTETIEHSI -
MU OKHCJIEHUsI OT CEPBI K TeJUIyPY YCWIMBAIOTCSI BOCCTAHOBUTENLHEIE, 4 B COEIUHE~
HUSIX C IIOJIOXKUTENBHBIMUA CTENEHSIMU OKWCJIEHUSI — OKMCJIMTENIbHBIE CBOMCTBA,
HauboJiee CUJILHO BBIpaXXeHHEIE Y CeJleHa.

IMonoHu#t — pagnoakTUBHBIN 35eMeHT*. CaMblil JONTOXUBYLUMM I/I3OTOH 2Po
(nepuon nonypacnana 138,4 nHs) HOJI?"-IaIOT npu 6oMOapaupoBKe siaep 83B1 HEUT-
POHaMHU U IOCjenyoleM B-pacrnanae 83B1 (nepuon mojypacnana 5 gHei):

Sy S
st s0;

IMonurHoHaTH
1<ng22

209B 210B1 N ZIOPO . 206Pb

a-Pacnan nosoHus conpoBOXIACTCSI BbiaeeHHeM GOIBILIOTO KondecTsa 3Hepruu (140 Br/r).
IMosToMy MOJIOHMIT U €ro COeAMHEHHS] PA3IaraloT PACTBOPUTEIIH, YTO CO3AAET 3HAUYNTEIILHEE
TPYAHOCTH MPH MX U3y4yeHHH.

7.2. HAXOXIEHHE B ITPUPOJE. ITOJIYYEHUE

Kwucnopon — camblif pacripocTpaHeHHBIHM 3J1eMEHT 3¢MHOM KOpBI, Ha €T0 OO0
MIPUXOAUTCS YyTh MeHblie TONOBUHEI (49 %) ot ee ob1ueit Maccul. Kucimopon BXoqur
B COCTaB BOABI, KPEMHE3eMa, CUJIUKATOB U aJIOMOCUJIUKATOB, M3BECTHSIKOB, Mpa-
MOpOB, 0a3anbTOB, ODOKCUTOB, TeMaTUTa U MHOTHX OPYTMX MMWHEPAJIOB U TOPHBIX
opoy, Ciaralonmx BepxHIOKW 060nmouky 3eMinu. B ¢popme nmpocToro BeuiecTBa Kuc-

* Epwosa 3.B., Boneun A.I. Tlonouwmit u ero npumerenme. — M.: Atomusgar, 1974. — 230 c.
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Jopon coctasisier 21 06. % 3emHoM atmocdepr. OH He0o0XOoUM IUIst KWU3HH, MO-
CKOJIBKY y4aCTBYET B MIPOLIECCaX NBIXaHUSI XKUBLIX OPTAHK3MOB.

Kucnopon atmocdepsr umeer Guonormyeckoe NPOUCXOXIEHUE U 06GpasyeTcs B
SEJICHBIX PaCTEHUAX U3 BOABI [TPU (POTOCHHTESE C YIaCTHUEM XJTOPO(PUILTA U SHINMOB:

12H,0 + 6CO, 5 60,1 + C;H,,0 + 6H,0

I'moxo3a

B npoMullneHHBIX MacirTaGax KHMC/IOpOn MOMYYaloT IyTeM CXWXEHUsT U (Ppax-
UMOHHOH TIePETOHKM BO31yXa, a TAKKE 3JIeKTPOJIM30M BOLbL.

B 1a60paTOpHBIX yCIOBUSAX KHCIOPON MOXET OBITh TOTy4YeH pa3jloXeHrneM MepoK-
Cuzia Boxopona, GepToneToBoil conu (XxIopata Kanus):

2KCI0, 023G 36,1 4 2Kl
W MNEpMaHTaHaTa Kajaus

210—240°C

2KMnO, ——— K,;MnO, + MnO, + 0,1
Temneparypy pasnoxenns KClO; MOXHO TOHU3UTD 1o 150 °C BBeneHueM Karta-
mm3aropa MnO,, yro, ogHako, IpUBOIUT K 3arpA3HEHUIO0 KUCIOPOaa HEOONBIIM
KOJIM4YECTBOM NUOKCHAa XIopa. JIist momtomeHus cienos ClO,, BoIgensIOLIIETOCS B
KayeCTBe NOOOYHOrO MPOAYKTA NP PA3TOKEHUN XJI0paTa, CIyXHWT NepoKCu Gapusi.

YIO0GHBIMM HCTOYHMKAMU KMCIIOPOJA CIIYXAT CMECH HEKOTOPBIX OKMCIIMTE/IEH U BOCCTaHO-
BUTesIei. TabneTku U3 cMecH X10pHO# U3BecTH (72 Mac. %) v mepokcuna Hatpus (28 Mac. %)
TIpyt TIOTIAJaHMKU B BOLY CAMOTIPOU3BOJIBHO BBUIENSIOT KUCJIOPOL,

CaOC12 + Nazoz + Hzo = Ca(OH)2 + 2NaCl + OzT

Tak Ha3blBaeMBIe «XIOpPATHHIE CBEYM» NpeACTaBAAIOT coboit cmecu 80 — 85 mac. % NaClO;,
3—10 mac. % nopouika xese3a u okojo 4 mac. % BaO,. lpu noaxuranuu yacts x1opara
PEArupyer € XKeJe30M, a 3a CYET BBUAEIIAIOUEHCST [IPU STOM TEIUIOTH Pas/iaraercs OCHOBHAsI
Macca NaClO;;:

3FC + 202 = FC304
2NaClO, £ 2NaCl + 30,1

OcranbHBle XaTbKOTEHB! O PaCIPOCTPAHEHHOCTH B 36MHOi KOpe HaMHOTO yCTy-
naloT kuciopony. Mx conepxanue (Mac. %) yMeHbIIaeTCs ¢ yBeMMUYeHIEM MOPSAIKQ-
BOro HOMepa: S 0,0048, Se 8- 1075, Te 1-1075, Po 2-10-'%. Cepa, ceneH u TEJUIyp B
TIPUPOE CKOHLIEHTPMPOBAHBI B PyTHBIX MECTOPOXIEHHSIX, [II€ OHM CBS3aHbI IpeuMy-
IIECTBEHHO C MeTa/UIaMi. 3HaYMTENbHAS YaCTh Cephl HAXOMUTCS IGO0 B CaMOpOTHOM
COCTOSIHMY (ByJIKaHUYeCKas cepa), mibo B opme CYNIBMPUIOB U CyIn(aToB (XaabKo-
miput CuFeS,, cdanepur ZnS, apceHonupur FeAsS, runc CaSO,-2H,0, Mupa-
6wt Na,SO,- 10H,0). MHoro coegnHeHuit CEPHl CONEPXKUTCS B HedTH (THO(DEH
C4H,S, oprannyeckue cynnhusl) u HeTaHbIx rasax (H,S), oTkyna ux ussiexkaior
B IIPOLIECCE TEXHOMOTMYECKOi ouncTKu. [pricyTcTBure coeqHeHUIt ceprl B HedbTH U
Tase CO3naeT SKONOTUIECKHE 1 TeXHOTEHHbIe po6sieMl. HarnpyiMep, B rase acTpaxaH-
CKMX MECTOpPOXIeHUHN comepxaHue H,S pocturaer 10%. Bes IyOOKOM OYMCTKA
TAaKWE Ta3bl HENB3A CXMTaTh M3-3a XMMUYECKOTO OTPaBIeHMsi OKPYXalomeil cpensl
CEPHUCTBIM ra30M 1 HeJb35i MIepeKaynBaTh U3-3a CUILHOM CepOBOLOPONHOM KOPPO-
31H TPYGOIIPOBONOB (CKOPOCTh KOPPO3UU NOCTHTAET HeCKOBKIX MIWUIMMETPOB B T'0x).
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W3 noazeMHBIX MeCTOPOXIEHUI cepy M3BJIEKAIOT, PACIUIABIAS €€ IMeperpeThiM
BomsHEIM napoM (150 °C) v BeLIaBAMBAs W3-IOJ 3€MJIM CXKATBIM BO3IMyxoM. PacruiaB
MepeKaynBaloT B eMKOCTH Y PACIBEUISIIOT B BOAY JUIA MOJIYY4EeHHUsT TOHKOTO IOPOIIKA
ceprl yucroroi 99,5—99,9 %.

W3 nprponHeIX Ta3oB, coaepXallix CEPOBOAOPO, Cepy MOMYJaroT IyTeM OKHUCIe-
Hus yactu H,S go cepHucroro rasa (cxuranvie B U3GHTKE BO3OyXa) U B3aUMOJAEH-
CTBUs obpasoBasluerocst SO, ¢ H,S B mpucyrcTBin KataymsaropoB Ha OCHOBE OKCHJIOB
Xeje3a U alIOMUHUS:

2H,S + SO, = 3584 + 2H,0

OCHOBHHIM MCTOYHHUKOM CeJleHa W TeUTypa CIyXaT OCTaTKd (LUIaMBI) MOCJIe
3JIEKTPOAUTUYECKON OYMCTKM MeIy, CoaepXallfe Takxe 3HAYUTeJIbHOE KOoJrnye-
CTBO cepebpa, 30/10Ta U IUTATUHOBBIX METAUIOB, OTXOABI CEPHOKHCIJIOTHOTO M IIEJI-
JII0JI030-0yMaXXHOTO IPOU3BOJICTBA, HEKOTOPHIE CBMHIIOBO-IIMHKOBBEIE U BUCMYTO-
BEIe pyanl. B H1x o0a aneMeHTa coaepxarcst B popMe XaJbKOTe HUIOB.

IITnaM noaBepraloT OKUCHAUTENIBHOMY 0GXUTY ¢ comoi ripu 650 °C:

Ag;Se + N32C03 + 02 = 2Ag + Nazseo:; + COzT
Cu,Te + Na,CO; + 20, = 2Cu0 + Na,TeO; + CO,T

3areM BHIIEJIAYUBAIOT U OTJESIOT OT HEPAaCTBOPUMOTO OCTaTKa. PacTBop CoOnepXuT
CeJIEHWUTHI W TEJUTYpHMTHI HaTpusi. PasneneHure celeHa W TejUTypa JOCTUTaeTcst oGpa-
GOTKOM pacTBOPOM CEPHOM KUCJIOTHI:

NaZSeO3 + NazTeO:; + 2stO4 = TCOZ' aql« + steo:; + 2Nast4 + Hzo

Temnyp ocaxmaercst B BUe THAPATHPOBAHHOTO HUOKCHIA, a CeJICHUCTas KUCI0Ta
H,SeO; ocraercst B pactBope. M3 aroro pactBopa aeiicteueM SO, ocaxmalor Kpac-
HBIH cejleH yncToToit 99,5 %:

H,Se0; + 2SO0, + H,0 = Sel + 2H,SO,

rI/II[paTI/IpOBaHHHﬁ T602 PacTBOPAIOT B IIEJTOUYU U INMEKTPOJIUTHUECKHN BOCCTAaHaB-
JUBAIOT A0 TEJUTypa.
3. ToK

Na,TeO; + H,0 —— Tel + 2NaOH + O,T

Meraumde CKUM HOMOHWH MOJTYYaloT TePMUYECKIM pa3ioXeHHeM Cylanbuaa WIN
JVAOKCHIA TIOJIOHUS B BaKyyMe C IOCJeayIoleil BO3TOHKOM MeTaiiina, a Takxe Boc-
craHoBireHueM PoO, BomoponoM win PoBr, cyxum ammuakom (200 °C):

3PoBr, + 2NH; = 3Po + N, + 6HBr

OCHOBHOE KOJIUYECTBO JOORIBAEMOI1 CephI SIBMSIETCS] CRIPhEeM IJIsi CEPHOKMCIIOT-
HOU TIPOMBILIIEHHOCTH. B OOJILILIOM KOJIMYECTBE OHA MCTIONIB3YeTCsl TAKXKE IS ByJIKa-
HU3aiuu pe3vHbl. CeJieH U TeJUTyp — BaXXHEHIWe TTOMYIIPOBOAHUKOBLIE MaTEPHAJIH.
Ha ocHoBe cejieHa M3roTaBIMBAIOT (POTOIEMEHTEI, (POTOPE3UCTOPHI, BRHINIPSIMUTE-
. Okcup ceneHa(IV) BBOOAT B IUMXTY s TTOJIyYeHUsI pyOMHOBBIX U YEPHBIX CTE-
Kkoi. Teqnyp uaeT Ha co3gaHue TEPMOIJIEKTPUYECKMX YCTPOMCTB, AETEKTOPOB MH)-
pakpacHoro usnydeHust. OH sisnsieTcst 3¢ dekTUBHOUN Nernpylomeii nodaBko K cTa-
JISIM, CBUHIIOBBIM M MEHBIM CITJIaBaM, YBEJIMYMBAONIEH UX IPOYHOCTh M KOPPO3UOH-
HYI0 CTOMKOCTB. I10/IOHU ABASETCA UCTOYHUKOM HEUTPOHOB B MOPTATUBHBIX J1a00-
PaTOPHBIX YCTAHOBKAX.
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7.3. ®DUBNYECKUE CBOMCTBA

Kucnopon — GecuserHbiil ra3 Ge3 3amaxa M BKyca, COCTOMT M3 IBYXaTOMHBIX
Mosiekyst. B 100 o6bemax Boxel ipu 0 °C pacrsopsieTcs 4,89 o6beMa KUCIOpona, a
nipu 20°C — 3,10 o6bema. PacTBOpUMOCTS KHCIIOpOJa B CONEHOM BOe HECKOJIBKO
HIXe, HO IOCTaTOYHA WIS MOoMIepXKaHUsA KU3HU.,

B HEKOTOPBIX PTOPOPraHHYECKHX PACTBOPUTENSAX (MepdTOpAEKATHHE, TTepPTOPTETPATHA-
podypare) KMcIopos pacTBOPHM HAMHOTO JIy4lIe, YeM B Boze. Tak, 1 o6beM mepdropaeka-
JmHa rpu Temmneparype 0 °C pactBopsiet okono 45 06beMoB rasa. TIpe1oXeHO HCITONB30BaTh
3MYJIbCHH 3THX BELIECTB B KAYECTBE 3aMEHHTENEH KPOBH.

3HaYMTENBHOE KOJMYECTBO KUCIOPOAa PACTBOPSIOT 61aropoiHBIC METAUTHL: cepe6po, 30-
JIOTO U IUIaTHHA. PacTBOpPMMOCTB rasa B pacILIaBlIeHHOM cepebpe (22 o6kema O, B 1 o6beMe
Ag nipu Temniepatype 960 °C) pe3Ko ITOHIXKAeTCs ¢ yMEHbIIEHHEM TeMITepaTyphl. [ToaTomy
NPYA OXJIAXICHHH Ha BO3IyXe PacIulaB cepebpa 3aKMIaeT U 4acTo pa3OpbI3TMBAETCS BCICA-

Annorponss 1 noauMopdusm. Arromponus — 3T0 CIIOCOBHOCTH OXHOIO U TOTO Xe
3JIeMCHTa 06pa3sOBLIBATE HECKOJIBKO MPOCTHIX BELIECTB. SIBICHME AJUIOTPOITMU OTHOCSAT
K MOJIEKYyJ1aM, COACPXAIUM PA3HOE KOJIMYCCTBO ATOMOB OAHOIO M TOTO XK€ 3JIEMEHTA
(Hanpumep, O, u O3, S; u Sg, P, u Py), a Takxke K n06LIM ApYTUM GopMaM cylue-
CTBOBaHUS IMPOCTBIX BEILECTB (HanpuMep, yiiepeH Cgy U aMa3s).

Tlonumopghusm — crnocoGHOCTE TBEPAOro BEILECTBA OQHOTO M TOTO X€ COCTABA Cy-
LIIECTBOBATh B HECKOJIBKMX (POpMaXx € PaINIHON KPHCTAUIMYECKOM CTPYKTYPOIt M CBO-
crBamu. Takue GopMHl Ha3BIBAIOT MOIMMOPGHBIMKM MoaMbHUKALUIMHU (Ha ¢a3oBoit
AuarpaMme MM COOTBETCTBYIOT pasHbie 007acTH), a B3aMMHBIE [TPEBPAILCHMS ITOIH-
MOPGHBIX MOAMGHKALMI — MOTMMOpGHBIME NTepeXoaaMu. ITepexonsr MeXIy pasinud-
HBIMH [OJIMMOP@HBIMU MOIUDUKALMSIMH YaCTO HE COMPOBOXAAIOTCS pa3pPbIBOM CBSI-
3¢i, @ CBA3aHB JIUILb ¢ M3SMEHEHUEM KPHCTAIUIMYECKOM cTPYKTYphl. [ToHsATHE MTONHMOp-
¢$u3Ma IPUMEHMMO TOJIBKO K TBEPABIM BEILECTBAM. AJUIOTPOITHS TBEPABIX BEIIECTB —
OIMH M3 BUINOB MojauMop¢usMa. IIpumepoM monmuMopdHBIX MOAM(HMKALMIA CIyXKAT
KBapu ¥ KPUCTOGALIMT, anMas M rpaduT, cepa MOHOKJIMHHAY M cepa poMOHUecKas.
ITocnennue nBe Mapel SBISIOTCS TAKXKE AUIOTPOMHBIMM. TBEpBIA KUCIOPOX CyILe-
CTBYET B BUIE TPEX MOMUMOPPHEIX MoAMMUKALMIL, OTIHYAIOILKXCS CIIOCOBOM yra-
KOBKH MojieKyn (puc. 7.1): a-0,, B-0,, y-0,.

0,(x.)

(1.-02 (TB)
B-0 (1B.)
v-O, (18.)

0,(r)

i i 1
-250 -230 -210 t,°C
a 6

Puc. 7.1. Ctpoenne a-O,(TB.) (@); dpasosas auarpamma Kuciopoga (6)
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CTBHEC UHTCHCHUBHOI'O BBIAECIEHHUS PACTBOPEHHOrO B HEM KHCIopona. OnuH 06beM IUIaTHHO-
Bo# uepHH rpu 450 °C o6paTMo nomtomaer 77 06beMOB KUCIOpPOAA.

ITpu Temneparype 183 °C u gapieHuu 1 aT™M KMCI0pOI, KOHAEHCUPYETCS B TIOM-
BUXKHYIO TOJTy0OBATYIO XXMIKOCTh, KOTOPAsk 3aTBEPAEBAET MpH TeMmneparype —219 °C.
TBepablii ¥ XUIKKI KICIOPOJ, TAKKE MOCTPOEHB! M3 JBYXaTOMHBIX MOJIEKYIL.

W3secTHRI TpH a/wtoTponHsble GopMsl Kuciopona: O,, 030H O; u KpaiiHe Heyc-
TOMYMBBIHA TeTpakuciopon O,.

IMopo6Ho HekoTOpbIM MOJEKyIaM (HampuMep, NO), UMEIOIKUM HeCapeHHbBIE MEKTPO-
HBl Ha Pa3phIXJISIOIUX MONEKYIAPHbIX opbuTansax n*, Moiekyasl O, ciabo acCOUMUPYIOT B
JUaMardHUTHeIE YacTHIB! Oy, B KOTOPBIX BCE AJIEKTPOHBI CiapeHbl. Takas acconranys He3Ha-
YMTENIbHA, U AaXE B TBEPAOM KUCJIOPOAE CHMMETPHYHbIE MoneKysl O  He obpa3sytorcsa. Mo-
nexyibl Oy 6bUTM 3a(PUKCHPOBAHBI TIPH ra3od a3HOM B3aMMOAEHCTBMM KaTHOHOB O (rmody-
yeHHbIX U3 O, ¥ O3) ¢ MapaMM LE3US:

0;+ Ce=0,+Cs"

BpeMst X XM3HU He IPEBBILAET OMHOM M: IPOCEKYHBI. BBICKA3aHO IpeAONOXEHHE, YTO
O, MMeeT TUIOCKOKBAAPATHYIO GOPMY, FOCTHAT U3 COEOMHEHHBIX APYT C APYTOM OTHEIbHBIX
rpyNnuposok O,*.

PoM6uueckas S(pom6.) 1 MOHOK:TuK das S (MOH.) MOZUGHKAILIMH CEpBI MTOCTPO-
€HBl U3 HUKJIMYECKUX MOJIEKYN Sg (pUC. 7.2), pa3MellleHHBIX 10 y3J1aM poMOHYeCKOil
W MOHOKJIMHHOHI KPHUCTAJUIMYECKUX peIneTOK. TepMHHBI «pOMOMYECKAST» M <«MO-
HOKJIMHHasA» OTHOCSITCSI K BHYTPEHHE MY CTPOSHUIO KPUCTAUIOB. B poMGuUeckoii cepe
HaMMEHBIUMI JIEMEHTApHEIM 00beM UMeeT GHOpMY NMPIMOYTOABLHOTO Mapaieie-
nunena (@ # b # ¢). U3 KOTOPOTO MyTeM OMEpanMit CHMMETPHH (TIEPEHOCA, Bpa-
LIEHHUS, OTPAXEHMS U [;5.) MOXKHO MOCTPOUTH BECH OECKOHEYHBI MAKPOKPUCTAILI.

Puc. 7.2. Ctpoenue MOJIeKYIBI Sg:

a — BUA C60Ky; 6 — BUA CBEPXY; 6 — (POPMa KPHCTALIOB POMGHYECKOH CepBI; 2 — (OpMa KpUCTALIOB
MOHOKJIMHHO# Cepbl; 0 — NMPOEKLHs NEMEHTAPHON AYeHKH POMBHYECKOH cephl

* Cacace F., Petris G. de, Troiani A. // Angew. Chem. Int. Ed. 2001, V. 40. P. 4062.
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B cnyyae MoHOKIMHHOK CEpBbl HAUMEHBILMII 3JIeMEHTapHbII 00bEM BBIIENIETCS B
¢bopMe CKOLICHHOTO MapaJTesienumnena (@azb=c,a=y=90°, B=90°). Monexkyna Sg
UMeeT GOpMy KOPOHBI, [JUTMHBI BCEX CBsi3eil S—S KOTOpO# paBHH 0,206 HM M yI7BI
—S—S8—S— 6nusky K Terpasgpmveckum (108°).

YcToiunBas IpH KOMHATHOM TeMMeparype poMbHuecKas cepa MpenCTaBIsgeT CO-
Goli NIETKOTUIABKMIA CBETIIO-XeIThI HOpPOILIOK TUIOTHOCTBIO 2,07 t/cM3. OH Hepac-
TBODHMM B BOJIE M HE CMa4YMBAETCS BOJIOM, M1aBast IO ee HoBepXHocTH. Cepa XOpOILo
PacTBOPMMa B XUJIKOM aMMHaKe, a TaKKe B HEKOTOPBIX OPTaHNYECKHMX pacTBOpH-
Tessx: cepoyrnepone (34 r B 100 r pactsopa npu 25 °C), mupumune (98 r B 100
pacteopa npu 110°C), rekcane (2,8 r 8 100 r pactBopa npu 100 °C), ckunuzgape
(1,33 r B 100 r pacTBopa nipu 10 °C), kepocuHe (13,9 r B 100 T pacTBopa nipu 158 °C).
ITpu oxnaxnenun no -50°C pombudecKast cepa o0ecIBeYHBaETCH.

ITpu oxnaxaeHNH pacTuIaBIeHHOI cephl 06pasyIoTCst INTMHHEIE CBETIIO-KEJIThIE UIJIBI
MOHOKJIMHHO! MO duKaImu (I1oTHOCTH 1,96 r/cM3). TTpr KOMHATHOI TEMIeparype
OHM HEyCTOMYMBEL: MUIJIBI, XOTS M COXPAHSIOT TPEXHIOK ¢$opMy, TepsIoT Tpo3pad-
HOCTb M GJIECK, TIPEBPALIAsCh B KOHITIOMEDPAT MEJIKHMX KPHCTaJJIOB POMOUYECKOM CEPHI.

Ha puc. 7.3 npusenena dazosas AuvarpaMma ccphbl B KOOpAMHATAX JAaBICHUE—TEMIIEPaTy-
pa. Jlunuu EA, AC u CN npeacTaBisiior TEMINEPaTYPHYIO 3aBUCHMOCTb JABJIECHUS HACHIILCH -
HOro napa cepel Hal TBepAO# poMGuueckoit S(poM6.), TBepaOil MOHOKIHMHHOM S(MOH.) u
XHIKOH S(X.) cepoit cootBeTcTBeHHO. JIunus AB omuchiBaeT 3aBUCUMOCTb TEeMIepaTyphl
¢azoBoro nepexona S(pom6.) — S(MOH.) OT BHELIHEro HaBleHMs (cozmaBaeMoro, Harpu-
Mep, nopiHeM), a TMHUK CB 1 OB — 3aBHCHMOCTb OT BHELIHEro HOaBJICHUA TEMIIEpaTyphl
TUIABICHHST MOHOKJIMHHON M pOMOGHUYECKON Cephl COOTBETCTBEHHO. O614CTh YCTOHYMBOCTH
S(poM6.) orpaHnyeHa OCBIO OpAvHAaT U JTMHUSIMU EA, AB u BD, a o6iacThb cyiecTBoBaHuS
S(MoH.) — munmamu BC, CA u AB. O6acTb CYLICCTBOBAHHUS XHMIKOH (a3el pacrionoxena
cnpaBa ot JMHUH BC u BD u Bhime muunu CN. O651acThb YCTOHYMBOCTH 11apoobpasHOii cephl
JIEXUT HrXe JMHUM EA, AC u CN.

B obrnacTax cyiiecTBoBaHHS KOHACHCHPOBAHHEIX M ra3o00pa3Hoit GOpM cephl ycToiuuea
TOJBbKO ofHa ¢asa (P = 1). B cooTBeTcTBUM ¢ NpaBHIOM $as: C=K + 2 - ® — 1115 ogHOKOM-
NOHEHTHO (K = 1) cHCTeMBI TAKOMY paBHOBECHIO OTBEYAIOT ABe creneHu csobopsl (C = 2).
Kaxnast svuua Ha puc. 7.3 COOTBETCTBYET ABYX(pa3HOMY paBHoBecio (D = 2), xapak-
TEPUIYIOLEMYCH OTHOM CcTeneHbio cBobomsl (C = 1).

B oTiuKe oT AMAarpaMMBbI cocTOSTHUS BOJBI C OQHO# TPOITHOM TOUKO# Ha (Ha30BOi Aua-
TPaMMe€ CEphI TaKUX TOYEK TpU: A, B, C. B kaxxoit n3
HMX COCYIUECTBYIOT TpH (asbl (P = 3) (Hanpumep, B P D
TOYKE A COCYILECTBYIOT TBepaad poMbuueckas, TBep-
Jiasi MOHOKJIUHHAS M 1apoobpasHasi cepa) M YKCIIO 151°C
cTeneneit cBoboxpl C = 0. [TapaMeTpsl Takux Tpoii- B/ 1288 arm
HBIX TOUEK SBISAIOTCA XapaKTEPUCTHYECKHUMHU KOH- S(pom6.) S(x.)
CTAHTaMH BELLECTBA. /4

Huarpamma Ha puc. 7.3 u306paxeHa CXeMaTHYECKI. //
TTockonbky TpoitHas Touka B ieXuT B 061acTH BhI- 1 atm m ,/k [
COKMX naBleHuit (P = 1288 at™), a TpoitHBIE TOUKH S(mon.)_ /7
Au C — B obnacTu HU3KKX JaBI¢HUH, TO TMHUK AB p
1 AC B pealbHOCTH OKa3bIBAIOTCS MPaKTHYECKH Ma- AL 120°C gy
PaUIEIBHBIMY, 4 06JacTh CYLIECTBOBAHHUS MOHO- E 95.5°C
KIHHHOM cepHl (nosie ACB) HAacTonbKO y3Koif, YTo I}
€¢ HEBO3MOXHO H306pasunTh.

Ecin MeuteHHo HarpeBath pom6uuecKyio cepy Ha  Puc. 7.3. ®a3oBas guarpamma cepbl
BO3Ayxe, TO OHa paciuiaBuTes npu 113 °C B Touke £, (N — kputnueckas Touka)
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Puc. 7.4. CTpoeHuMe OTAEIBHOM MMOJMMEPHON LEMU TUTaCTUYECKOH cepbl: BUA cOOKY (a)
U cBepxy (6); cTpoeHHe MOJICKYIIBE cepBl S7(8) U S;; (2)

HE YCIIEB MIPEBPATUTHCA B MOHOKJIMHHYIO. [TpH MeIUTEHHOM OXJIaXXIEHHH pacIliaBa U3 HEro
KPMCTALUTM3YETCsI cepa yXKe B MOHOKIMHHON Mopudukauuu (touka /, 120 °C). Hizke 95,5°C
(Touka m) TBepAag MOHOKJIHHHAA cepa HEYCTOMUMBA U 32 HECKOJILKO YacoB IIpEeBpallacTcs B
pOMOHUECKYIO.

IIpu 3akanke, T.e. OBICTPOM OXJIAKACHUM PACIUIaBIIEHHOM CEPHI, MPEABAPUTENIEHO
HarpeToi 10 TEMIIEPATYPHI KMIIEHHS, 06pa3yeTcss MeTacTabIbHas TU1acTHYeCKas MOIU-
¢dvKaLus, 06pa3oBaHHAas CITMPATHHBIMH LIETISIMA U3 aTOMOB S C JIEBOI M IpaBOM BUHTO-
BBIMH OCSIMM BpalneHust (puc. 7.4). B riacTiyeckoii cepe 31U LIENOYKY 60JIBILE YaCTHIO
CKpy4YeHBbI ¥ BEITAHYTH B OMHOM HanpasieHUH. TOHKWe HUTH, MOMYYEHHBIE PH BHUTH-
BaHUM KUIALIETO PACIUIaBa B XOJIOMHYIO BOLY, YAAETCS PACTAHYTH B 15 pa3. Co BpeMe-
HeM 9Ta MogudHUKAIMA MOCTENEHHO TIePeX0oIUT OOPaTHO B POMOHUYECKYIO CEpY.

[TOMHUMO HUKJIMYECKUX MOJIEKY] Sy H3BECTHO BOJNBIIOE KOMHYecTBO Mogudukanuit S, ¢
pasMmepoM mMkiaa n = 6 —20. HarmpuMep, B pacTBopax poM6ruecKOi cepbl B ITOJSIPHBIX pac-
TBOPUTEJSIX (METAHOJE, ALUETOHUTPWIE) MPUCYTCTBYeT NMpuMepHO 1% cepbl S; (puc. 7.4).
O61IKMM METOIOM CHHTE3a LIMKJIA pa3MepoM (X + y) CITyXuT B3auMopeicTaue cyibdana H,S,
¢ xiopunoM S,Cl,, Harrpumep:

HzSg + S4C12 = SIZ + 2HCI

ITonuMop¢hH3M CelleHa U TeJUTypa CBsI3aH C MHOTOO0pa3seM CrIOCO60B YITAKOBKHU
MOJIEKYJISIPHBIX LIETIE M I{UKIIOB B KpUcTaU1aX. KpacHele MOHOKJIMHHBIE MOAMDH-
KauuH cejieHa (o, B, v), obpasyolpecs Npu KPUCTALUIM3ALMM PACTBOPOB CEJieHA B
CepOYITIEPOAE, COCTOAT U3 IMKIMYECKMX TOGPUPOBAHHBIX MOJEKYN Seg, MOXOXHUX
Ha Sg, ¥ He IPOBOIAT SJIEKTPUYECKHUI TOK (PHC. 7.5, a). AMOPOhOHBIN KpaCHBIM CeJIeH
OCaXIAETCA M3 BOIHBIX PACTBOPOB €r0 CoequHeHui gelicrBueM SO, U APYTUX BOC-
CTaHOBUTEIICH.

Hau6onee TepMOIMHAMWYECKH YCTOWYMBA cepasl TeKcaroHajabHas* MoaugpHKa-
uug ceneHa (puc. 7.5, 6—e), obnamaronas MeTAUTHIeCKUM GieckoM (Z,, = 220 °C).

* TepMHH <«IeKCaroHATbHAs» PacIiM(POBLIBAETCA AHANOTMYHO YKa3aHHBIM paHee, TOJNBKO 3jie-
MEHTapHBIit 00beM NpeacTaBAsET cO60/1 OPTOTOHAIBHYIO NPU3MY C OCHOBaHHUAMH B BHAE NMPAaBHIBHBIX
LIECTUYTOJIbHHUKOB.
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a
4 0,237 um
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6 8 e

Puc. 7.5. CtpoeHHe MOJIEKYJBl KPacHOro celjieHa (g); CTpPOEHHE CEpOro cejicHa: BHELU-
HUH BUA KpucTajuia (6), oTHeNbHas LEMb (8), CTpOCHHE KpUCTaia (2)

OHa o0pa3syeTcsa NMpH HarpeBaHHUM BCEX OCTAJIbHBIX Mommdukauuii. Cepblil celleH
COCTOMT U3 HEPa3BETRIECHHBIX CTUPAIbHEIX TOMUMEPHEIX LieTei Se,,, B KOTOPBIX KaX-
IBIf aTOM CejieHa COEAMHEH KOBAJIECHTHBIMH CBSI3SIMHU C ABYMSI OMIDKaiIIMMM coce-
nssmu. Cepbiii cefleH — HOTONPOBONHUK (TIPOBOAUT NMEKTPHUECKHUIM TOK TIPH OCBE-
LEHNUH), Grarojgaps yeMy WIMPOKO MCHONB3YeTCA B Kceporpadpuu, (ortosueitkax,
BBITIPSIMUTENAX. B TEXHMKE HAXOAUT IpUMeHeHHe Takke aMOpdHEIN CTEKI006pas-
HBIH CeJIeH, MOCTPOECHHBIN U3 CHUPAIBHBIX IENeil, aHAIOTMYHBIX CEPOMY CEJieHY,
HO HEYTIOPSIIOYEHHBIX.

s TesuTypa cylecTByeT TOIBKO OfHA reKcaroHaabHas MoguduKanms, aHaI0THY-
Hasl TeKCaroHaJIbHONM MoaudMKaluM cejleHa U TaKKe COCTOAIIast U3 GeCKOHEYHBIX
HapajyiebHbIX COUpaNbHBIX Heneit. OTaeNbHbBIX MOJIEKYNT CBOGOIHEIM Te LTy He o6pa-
3yeT. MexXny nensaMm AeHCTBYIOT Ci1a0ble MEXMOJNEKYISIpHBIE CHIIBI, MOo3TOMy Te,
Kak ¥ Se, IUIABUTCA MPH CPaBHUTEILHO HU3KUX TeMIlepaTypax (Ta6i. 7.3). baarogaps

Tab6nuyga 7.3
®u3nyeckue CBOHCTBA NPOCTHIX BEIIECTB
DHeprus DeKTpHYECKOoe
B:;lg— Hﬂ?}:ﬁfm’ t, °C toms C aATOMU3ALIMH, conpoturieHne, OM-cM
xJIx/Monp (25°C)
0, 1,429.1073(r.) -183 -219 246,8+
1,140 (x.)
S 2,050 (pomb6.) | 113 (pom6.) | 446 (pomb.)
1,960 (mon.) | 119 (moH.) 294,3 (MOH.)
Se 4,819 (rexc.) | 220 (rekc.) 685 206,7 10" (1B.)
4,389 (MOH.-ot) ' 1,3-10°¢x.) (r=400°C)
Te 6,240 (rekc.) | 452 (rekc.) 990 192,0 1,0
Po 9,142 (xy6.) 962 4,2-1073 (ky6.)
9,352 (rexc.) { 254 (rekc.) 4,4.107 (rexc.)

* Ha oMH MONb OMHOATOMHOTO ra3a (MONOBMHA HEpruM muccoumuakn 0,).
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IloBeneHHe XaNbKOreHOB NPH IUIABJIEHHH U HcnapeHud. [Ipy HarpeBaHHH O TEMITE-
parypel rnaBneHus 119°C (puc. 7.6) cepa mpeBpallaeTcs B CBETIO-XEITYIO JIETKO-
MTOABIZKHYIO XHUAKOCTb, COCTOSILYIO M3 HUKJIMYECKUX MOJIEKYI Sg. BsiskocTh pacrutaBa
B 3THX YCJIOBUSIX MaJia (MeHbLUe BA3KocTH Boabl). [Tpu 259 °C Bce cBoiicTBa (TeruroeM-
KOCTb, TUIOTHOCTh, CXKMMaeMOCTb, [{BET, 3JICKTPOIIPOBOAHOCTD, [TIOBEPXHOCTHOE HATH-
3KEHHE U [IP.) XXUIKOH cepbl H3MEHSIIOTCS cKayKoo6pasHo. OcoBeHHO Pe3KO U3MEHSETCH
BSI3KOCTb pacIulaBa, KOTOpas IMpH MOBBHILIEHHH TeMrepaTyphi 10 197 °C Bo3pacTaeT B
10 Thicsiy pa3: pacruiaB MpUOGPETaeT TEMHO-KOPUYHEBRI LBET U 10 KOHCHUCTEHLHH
HaITOMMHAET T'ycTOH CHpOI, He BBHUIMBAWOILMICA U3 IEPEBEPHYTOM mpobupKH. DTO
CBA3aHO C MOJXMMepu3anueit uerneit Sz, 00pa3oBaBIIMXCS MMPU PACKPBITHH LIUKJIOB;

s S —er SN
AT RIS - St
6 S/ \S 14

Iens S, Inkn S, Iens Si¢

IIpu 180 ° obpa3syroTcs MeperUieTaolHeCs MAKPOMOJIEKYJIbl, COCTOAILKE U3 Boee
yeM 200 Teicsiy aTOMOB cephbl. JlanbHelllee HarpeBaHKHe IIPUBOAMT K pa3pbiBy LEMER U
JETMTONIMMEPU3ALKM, YTO COMPOBOXAAETCSA IMOHMXEHUEM BSI3KOCTH paciuiaBa. Beiuie
450 °C paBjieHHE HACHIIIEHHOTO ITapa Haj XUIKOM cepoii mpesbiuaer 10° [Ta (1 at™).
B mape npucyrcTByioT Monekynbl S, (n = 2—10), BKIIOYas YacTHLB ¢ HEYETHBIM

YHCJIOM aTOMOB.
lgu B cTpykType TBepaOro M XHOKOro cejieHa
2 coaepxXaTcs Helyd M HUKIH Seg, Se; u Seg.

1! B ormmume ot cepsl cesieH He UMEET TeMIIepa-

. TypHO# 007acTH, B KOTOPOH €ro pacruiaB coO-

ot ‘ CcTOSLT OBl TONBKO M3 MUKIUYECKHX MOJIEKYIL.
ITpu HarpesaHuu go 630 °C creneHb MoJIMMepH-

—1t 3allMHU U BSI3KOCTb BO3pacTaloT, a B MHTEpBajie
A 630—900 °C ymenbiuaores. st Tejutypa B COOT-

-2 \J ) ) BETCTBHH C YBEJIMYEHHUEM AOJIM METAUIHYECKOM
100 150 200 250 1, °C cBA3U (MO CPaBHEHMIO C CEPOH M CEJIEHOM)

HUKIIMYECKHE CTPYKTYPHl HE Peajiu3yloTCs HU

Puc. 7.6. VI3MeHeHUe BSI3KOCTH p B TBEPHOI, HM B XUIK0H (ase. B maposoit dase
([u] — [kr/(M-c)]) cephl TIpU Harpe- Haj CEJIEHOM U TEJUTYPOM IIPHUCYTCTBYIOT MO-
BaHUH (TouKa A oTBeyaeT = 113°C) nexynnt Se, (n =2—9) u Te, (n = 2—7).

GJIM3KOMY CTPOEHMIO, TeKCATOHAJbHBIE CelleH M TeJUTyp o0OpasyloT HemnpephIBHEI
PSII TBepIBIX PACTBOPOB CO CIyYailHBIM YepenoBaHueM atoMoB Se u Te B criupaib-
HEIX 1[eTIAX.

Mertannnyeckuil TIOJOHMI CYIIECTBYET B BUAE ABYX KPHUCTAIIMYECKUX MOIMGbHKALHUI:
HHU3KOTEMITEPATYPHOM KyOMYeCKOi M BHICOKOTEMIIEPATYPHOM TeKcaroHaibHON ¢ TeMIepa-
Typoil mepexona 54 °C. Ing o6eux MopubHKauuii HaOMIOAAETCS THUIIMYHOE [UIS METAJJIOB
MOBBILIEHUE 3JICKTPUUECKOrO COMPOTUBIIEHUS IIPH HArpeBaHUH.

B psimy O—S—Se—Te—Po (cM. TaGi. 7.3) ¢ pocTOM paauyca aTOMOB MEXMOJIe-
KYJISIpPHOE B3auMOJEHCTBHE YCWJIUBAETCSH, YTO MPUBOAUT K BO3PACTaHHUIO TEMIIEpa-
Typ IUIABJIEHUSI M KUTICHUsI. DHEPIiH aTOMU3AINH, T. €. 3HTAIIBINHU Mepexoaa TBep-
JBIX TIPOCTBHIX BEILECTB B COCTOSTHHE OMHOATOMHOTO Ta3a, YMEHBILNAIOTCS M3-3a TO-
HIDKEHUSI SHEPTUH CBA3K D—3 (cM. Taom. 7.2). C yMeHblIEHHEM SHEPTHIT MIOHU3A1UH

236



(cM. Tabn. 7.1) CBOICTBA XaJbKOTEHOB M3MEHSIOTCS OT THIIHYHAIX HEMETAIJIOB K
MerayutaM. Kucnopon u cepa — THnnunbe JUSNEKTPUKHU (CM. Tabm. 7.3), ceneH u
TeJUTyp — MOJYIIPOBOOHUKM®, a TIOJIOHUM — MeTall.

7.4. CTPOEHHUE MOJIEKYJIBI KHCJIOPOIA
N MOJIEKYJISIPHBIX MOHOB

DIIEKTPOHHOE CTPOEHME MOJEKYJIEI KHCIIOpOJa ONMMCHIBAETCA Ha OCHOBE METOma
MOJIEKYAPHBIX opbuTatteit (puc. 7.7). Ise AO 2s MOpoxAal0T CBASBIBAIOLIYIO G (25)
PaspHIXIIAIOWY® 6*(25) MONEKYNAPHEBic opbuTamn. CaMoil HU3KOM 1o SHEPTUH MO-
JEKYJIAPHOM OPOUTABbIO, OGPa3OBAaHHOM IBYMS HabopaMM TPHXIHl BHIPOXIEHHBIX
p-opbuTaneii, siBAsSeTCS CBA3BIBAIOLIAs o(2p,)-0p6UTANb, HOCKONBKY o-TIEpEKpHIBa-
HHe AO p, Gonbuie, yeM nepekpoiBanue AQ Px—Px ¥ py—p,. CaMOli BBICOKOH 11O
SHEPTHH ABNAETCS pasprIXisiomas ¢*(2p,)-op6urtans, Mexy cBs3blBaromieit o(2p,)
Y paspbIxnsomei 6*(2p,) op6UTATIMH HaxoosaTcs CBs3BIBaOIIME n(2p) U n(2p,) M
paspbixsiomme n*(2p,) u n*(2p,) MO. Monekynspubie T-O0pOUTATHN IBAXIBI BHIPOX-
ACHEI, TaK Kak mepekpbiBanue AO p, u p, oguHakoBo. I1o CpaBHEHMIO C a30ToM
oHepruss MO o(2p,) OKasHBaeTCs HUXE, YeM sHeprua MO n(2py u n(2p,). Bro
OGYCIIOBNIEHO YBETMYEHUEM PA3HOCTH sHepruit AO 2s u 2p KuCIOpoZa M ocnabiie-
HUEM B3aMMOJEMCTBUSA OJHOTUIHEIX CBA3BIBAIOIIMX MOJIEKYJISIPHBIX OpOUTAsIeil o(2s)
u o(2p,),

Monexyna O, umeer CJICAYIINYIO 3JIEKTPOHHYIO KOHG)HUrypauuio:
[0(25) 0" (29 P02 PIn(20) )2 [n(2p,) L (201 [*(2p,)] . Hannuste mayx Heciaper-

AO MO AO AO MO AO AO MO AO
(0) (0) (0) (0) (0y) 0) 0) (0, (0)
E AN E ,-.".‘(_".12-‘ E AN
2p S (BT (BN 2 |2 A (BT (B, 2 |2 £ () (o 2

M F Fg rptt T Rt 1 {44t 1

- VN
/ v

Puc. 7.7. Cxema MonekynsipHbIX op6uTaneit Mosexynsl O,:
a — TPHUINJIETHOE COCTOsSIHHE; 6, 6 — CHHIJIETHBIE COCTOSAHUS

* MonynpoBogHuKK — BELUECTBA, NEKTPODUINIECKUE CBONCTBA KOTODBIX SBAAIOTCS NMPOMEXY-
TOYHBIMH MEXIY CBOWCTBAMHU METAUIOB M HEMETAJIOB (AMaNEKTPHKOB). DIEKTPONPOBOAHOCTE METaN-
JI0B YMEHBUIAETCs], & MONYNPOBOAHHMKOB YBEJIMYMUBAETCH C NMOBBILIEHUEM TEMNEPATYpPHI, YTO OBYCIOB-
JIEHO OCOGEHHOCTAMHU HX IEKTPOHHOTO CTPOEHHS.
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O301. BecuseTHBIH (B TOJCTBIX CNOSIX — ToJiyGOH) ras ¢ XapakTepHBIM PE3KMM
3anaxoM (fy; = —193°C, tu, = —112°C), ManopactBopuMslit B Boge (1,8 obvema B
100 o6nemax Boasl npu 0 °C). XKuakuit 030H HMeeT TycTyIo (DHOJIETOBO-CHHIOK OKPACKY.

030H — CHJIBHO3HAOTEPMUYECKOE COCAMHEHHE:

0, 2 %40;, AH® = ~142 KlIx/Monb

Hanuuue Tpex aToMOB KHMCIOpoAa B Mojiekylne 030Ha O3 NMPUBOAUT K CYLUIECTBEH-
HOMY H3MEHEHMIO TMPOYHOCTH CBSI3U M CBOICTB MO CpaBHEHUIO ¢ KuciaopogoM O,.
O30H o6Gpasyercs npu ACHCTBUM Ha KHUCIOPOZ 3MEKTPUYECKOrO paspsiaa WK yJabTpa-
droneToBoro manydeHus. MIx paspensiorT ¢pakuHOHHON NMEPETOHKOM CXHXEHHOM
cMecu 03— 0,. B naGopatopuu cMech 030Ha ¢ KHcIopogoM (5—15% O;) noay4aor
1IpH THUXOM pa3psije MepeMEeHHOro ToKa Bbicokoro HanpspkeHus (8000 B) wnm npu
3JIEKTPOJIN3E 3BTEKTHYECCKOM CMeCH XJIOPHOH KUCIOTHI, NepXjiopaTa MarHusi K BOABI
npu -50 °C (>20 % O5).

B atMocdepe 030H o6pa3yeTcs U3 KUCI0poaa
oA ACIICTBHEM COJTHEUHOTO YIbTpadhHONETOBOTO
H3JIy4eHHs, Ha BBICOTe 15—25 KM €ro KOHUEHT-
pauus gocturaer 27 mMacc. %. Q30HOBbI cOH 3a-
LUHLIAET XHUBbBIC OPraHU3MbI OT JEHCTBUSA XKeCT-
KOTO yNbTpadHoNIEeTOBOTO U3Ty4eHHS.

JuamarHutHast MojieKyna o30Ha O; MMeeT yT-

JioBy1o GopMy:

[ETRIRS

o.M ~H
(oo © 7 No?

PaccrostHue MeXIy HEHTPaJIbHBIM M KOHLEBBIM
aroMaMu (0,1278 HM) MeHblIE IMHB OOMHAp-

Puc. 7.8. CrpoeHue 030HMAa HaT- Ho# cBasH O—O (0,149 um) B H,0,, HO npe-
pust NaOQ, BOCXOAMT IUTHHY ABOIHOIM cBsA3H (0,121 HM) B O,.

HBIX 271eKTPOHOB C ITapaJUTeJIbHBIMM CITMHaMM Ha ABaXKIIBI BHIPOXIAEHHBIX pa3phIXJis-
IOIIMX T ~OpPOUTATAX OOBACHAET NlapaMarHeTU3M Kuciaopozaa. Takoe pacrionoxeHne
3JIEKTPOHOB COOTBETCTBYET mpuniemHomy* cocrosHuo. ITocKOIbKY Ha CBA3BIBAIO-
1UX OpOMTANISAX MOJIEKY/TBl HAXOAUTCS Ha YETHIPE SJIEKTPOHa 6oJblle, YeM Ha pas-
PBIXJISTIOIHX, TO TTOPANOK CBsi3H B O, paBeH (8 — 4)/2 = 2, T.e. CBA3b MeXIy aTOMaMH
0Ka3bIBAETCSI JBOMHOM.

Ecnu npu GOTOXHMHYECKOM HIIH XMMHUYECKOM BO3GYXIeHHH Ha OTHOM n*-op6uTanu oxa-
3BIBAIOTCSA ABAa ICKTPOHA C MPOTHBOIONOXHBIMUA CIIMHAMU, TO BO3HUKAET TaK Ha3biBAEMOE
cuHznemnoe® cOCTOSTHHE C OBLIMM HYJIEBBIM CIIMHOM (pHCc. 7.7, 6). DTO cOCTOSTHME 10 3HEPTUH
pacriofioxeHo Ha 92 K /MoJb Bbillle OCHOBHOTO. EciH e MnpH BO36YXICHHUH aTOMa KMCJIOpO-
Ja ABA 3JICKTPOHA 3aHMMAIOT B¢ pasHble *-0pOUTaIM U UMEIOT NTPOTHBOINOIOXHEIE CIHHBI,
TO BO3HHKAET €llie OTHO BO3OYXICHHOEC CHHIJIETHOE COCTOSHHUE TOXE C HYJNEBLIM CITMHOM
(puc. 7.7, 8), oHo Ha 155 KJIX/MOJIb BBILLIE OCHOBHOTO COCTOSTHMSA MOJeKybl O,. Bo3byxaeHue
CONPOBOXIAETCH yBEIUYEHUEM MeXaToMHbIX paccrogHuit O—O: ot 0,12074 HM B OCHOB-
HOM coctossHHH g0 0,12155 HM s nepsoro (puc. 7.75, 6) u go 0,12277 HM 1J11 BTOPOTO

* TepMUHBI TPUIUIETHOE, CHHITIETHOE U AP, COCTOSIHUS OMUCHIBAIOT 3JIEKTPOHHYIO CTPYKTYDY COOT-
BETCTBYIOILMX YacTULl. CM.: Ipeii I. DaeKTpOHBI U XUMHUYECKas ¢BA3b. — M.: Mup, 1967.
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O30H — 6oJiee CIIBHBIN OKHCIUTENb, YeM KUCIOPOL:
0;+2H" + 26 =0, + H,0, E° = +2,076 B
0;+H,0+2e=0,+20H, E°=+1,24 B
B oTimume oT KMCIOpoaa OH MITHOBEHHO OKMCIISIET ITOAKUCICHHBIA pacTBOP HOAHU-
Jia Kajius:
0, + 2KI + H,S0, = 0,1 + I, + K;80, + H,0
MpeBpallaeT AUOKCH a30Ta B a30THHI aHTHIPHA;
03 + 2NO, = N,0O5 + O,

O30H Hcnione3yeTcs Wit 06e33apaxXUBaHUS BOABI M KaK OKUCIMTENb B OpraHHyeC-
KOHU XHMHUH.

BoccTaHOBUTEIBHBIMH CBOMCTBAMM 030H HE oGna,naeT ITpu nponycxam/m €ro Hajg
TBEPHOI1 111eJI04BI0 00pas3yIoTCS KpacHbE 030HUO M 03 (puc. 7.8) u M (03)2

3KOH(TB.) + 20; = 2KO; + KOH - H,0 + 1,0,

O30HUAB KpaltHe HEyCTOMUYMBEI U pa3yaralotcs rpu XpaHneHuu (KO, pasnaraeTtcs mpu
20°C 3a 11 gHeif, a mpu 60 °C 3a 30 mMun). VX TepMHYecKas yCTOMUHBOCTD YBETHYMBACTCS
B psgy Na < K < Rb < Cs u Ca < Sr < Ba B cOOTBETCTBHM € pOCTOM IPOYHOCTH
KPUCTAINIMYECKON pellieTKU. brarogaps HanuuuIo GOMOJMHUTENBHOIO 3JEKTPOHA Ha
paspeixisionieit opburanu nona O3, ez O—O B o3oHumax (0,129 —0,134 HM) wIKH-
Hee, YeM B 030He. O30HUIB MOFOOHO 030HY ABJIAIOTCH CHJIBHBIMU OKUCIUTEIAMHU,. B
BOIE OHU TOCTEIICHHO pa3/lararoTcs:

4KO; + 2H,0 = 4KOH + 50,1

O3z0oHuA HaTpus B3pbiBaeTcsa rpu 37 °C*.

* Klein W., Jansen M. // Z. Anorg. Allg. Chém. 2000. V. 626. P. 136.

(cM. puc. 7.7, 6) BO36YXIEHHOTO COCTOSIHHSI, YTO B CBOIO OYEpEb MIPUBOLUT K OCIabICHUIO
caseit O—O U K YCUICHHUIO XHMHYECKOI aKTHBHOCTH KKcliopofa. O6a CUHIVIETHBIE COCTOS-
HUS MONeKyNbl O, MTPalOT BaXHYIO POJIb B PeaKUUAX OKUCIECHUA B ra3osoil ¢pase. CUHIIET-
HbIA KUCJIOPOZ, TOIy4al0T ABYMSI OCHOBHBIMU CIOCOGaMH: GOTOXHMHUECKH B TIPHCYTCTBHH
OpraHHYeCKHX COCAMHEHHM, MEPeaaloIMX 3HEPrulo Bo30yxneHus (hayopecuenH, MeTHIe-
HOBbIH ronyGoit U 1p.), U XMMHUYECKH TIpH pasnoxeHuu H,0,, mepoKcOKKCIOT, 030HUAOB.
Taxk, npu peitcTBum xI0pa Ha 1wenounoit 30 %-it pactBop H,0, HabmoaaoTCs SIpKO-Kpac-
HbI¢ BCIIBILUKHK HA ITOBEPXHOCTHU pacTBopa, 0OyCIIOBICHHbBIE 06pa30BaHHEM BO3OYXICHHBIX
mosekyn Oy

H,0, +Cl, = 2CI" + 2H" + 0,1
H,0, + CI0™ = CI” + H,0 + 0,7

INornomexnue B BUIMMOM 4acTH CIEKTpa (KpacHO-XENTO-3eNieHoe) obecrieunBaer romyboit
LBET XUAKOro O, B BO30YXICHHOM COCTOSIHHH.

B pamy N,—O,—F, osueprust auccoumanuu (aroMusanuu) pasHa 945,4, 493,8, 158,8
kJIx/Monb cooTBeTCTBEHHO. OCnabieHre MPOYHOCTH MOJIEKYIT IIPUBOAMT K PE3KOMY yCUIIe-
HHIO XUMHUECKOW aKTHBHOCTH OT a30Ta K KMCJIOpoay U 0coGeHHO K ¢Topy. MHOIHe peakiMu
K#CII0poga M Ppropa 9K30TEPMHUECKUE U TIPOTEKAIOT CaMOIIPOU3BOIBHO.
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CTenenb OKUCIEHUS KHMCIOPOJA MOXET M3MEHSTHCS B WHPOKOM HHTEPBAJIE:
+1/2 (0;"), 0 (05), ~1/3(03), -1/2 (03), -1 (0F), -2 (0%). MonexkynspHeriit non O,
IIPUCYTCTBYET B Haanepokcunax, Oy — B nepoxcuaax, Oy — B COMIX OKCHTIEHMITa.
HoH oKcHrenna mapaMarHMTHBIH 61ar0apst HATHIHIO OJHOTO HECTIAPEHHOTO 3JIEK-
TPOHA Ha pa3pBINISIONIEN T*-0pOUTATH.

Conu KaTnoHa oxcurenuna O 00pa3yioTcs Mpy B3auMOAEHCTBIH KN CIOPOAA C CHITbHbI-
MH OKHMCITMTEJSIMU M C KHCI0TaMu Jlbiouca:

20, + 2BF, + F, _-:07‘ 2(0,][BF,]”

OHu nipencrasnsior coboit JIETY4nE TBEPABLIC BEIIECCTBA, HEYCTOWYMBLIE U JIETKO paznaraio-
mecst Bogoi. Mx usydeHue KaHaackuM uccnenosatenem H. bapieTroM npuBeno K OTKphI-
THIO COCIMHEHUI UHEPTHBIX T'a30B.

7.5. XUMHUYECKUE CBOWICTBA

Kucnopon otinyaercs BEHCOKOM peakiMOHHOM CIIOCOBHOCTRIO M OKHUCIIIET MHO-
THe TIPOCTBIC M CIIOXHbIE BELIECTBA NIPH KOMHATHOMN (M JaXe TNpH emie 6oee HU3-
KOM) TeMIieparype. DTH peakiMH MOTYT WHUIIMMPOBATLCS HATPEBAHHEM, OCBEIIC-
HHEM, KATaTU3aTOPaMH M CONpPOBOXIAIOTCS BBIIEICHUEM GOJBILIOTO KOJIUYECTBA
TerOTH. OCOGEHHO CHIIBHBIM OKUCIUTENEM SBIISETCS KK KHCIIOpOJ, — IIPOIIH-
TaHHAs MM BaTa IIpH TOMKMTaHMH MTHOBEHHO cropaet. Hekotopbie JIETy4He€ opra-
HHY€CKH1E BELECTBA CIIOCOOHBI CAMOTIPOM3BOIbHO BOCIUIAMEHSITECS HA paccToTHUM
HECKOJIBKMX METPOB OT OTKPHITOTO COCYJA C XHAKUM KUCIIOPOIOM.

Kucnopon O, HerocpencreeHHo He PEArupyeT JINIb C UHEPTHLIMU ra3aMH, Ta/IOTeHA-

MH (32 MCKIIOUeHHeM (TOpa), cepeGpoM, 30510-

f, °C TOM U TUTATMHOBBIMU METAJUTAMH (KPOME OCMMST).
900 / IIpn xoMHaTHO# Temmneparype cepa BCTyma-
€T B PEaKIMIO JIUIUE C PTYThio. OQHAKO XMMH-
800 YECKasi aKTMBHOCTL CEpPHI PE3KO YCHIMBAETCS
J00l L, IIpH HArpeBaHHUM, aKTUBUPYIOLLEM CBSI3H S — S
¥ 00JIer4aronieM ux pasphis. B atux ycnosusix cepa
600k HEIOCPEACTBEHHO COEIMHAETCSI ¢ MHOTHMH
IIpOCTBIMM BEUIECTBAMH, 332 MCKIIIOYECHHEM
S00- | 475° WUHEPTHBIX Ta30B, a30Ta, CeJieHa, TeJUlypa, 30-
400} J0Ta ¥ noaa. CyabguAb a30Ta U 30J10Ta IOy~

Yal0T KOCBEHHBIMH METOZAMH.

300 285°

232° ITpu B3auMoneicTBIM PaCIUIABIEHHOTO HATPHA C
200F M30BITKOM cepbl 0GpasyeTcst cMech NPOAYKTOB (prc. 7.9).
. ~ <] Hpn Harp€BaHHH 4acTb LUKJIOB Sg pacKpbiBacTCcsI U
100F& % A% B PacIUIaBe Hapsly C [IOIMMEPHBIMM MaKPOMOJIEKY-
0 Z Z Z. Z JlaMu CepbI IPUCYTCTBYET HEKOTOPas 0N uerneit Sg

40 5'0 610 70 810 9'0 100 ¥ S4 To-BuaumoMy, mocneanune obnagaloT MOBbI-
Conepxanue S, Mac.% UICHHON PEaKIMOHHOMN CIOCOGHOCTBIO, TaK KaK 06-
pasyiouumiics cynbgun Hatpust NayS, pearupys c uz-

Puc. 7.9. ®azopas gnarpaMMa cucre- OHITKOM CEpbl, TaeT UMEHHO TeTpacynbun Na,S,,
Mel Na—S (L, L, — nBe Hecmemu- KOTOpBIit MpeBparaeTcs B nucynbdun Na,S, nuub
Bawommecs xuakue dasbr) NpY AaibHEHLIEeM HarpeBanuu. [Ipu GonbllieM u3-
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GbITKE cepbl MOXET GbITh MoJTyueH nenTacynbbun Na,Ss*. UH1cpecHo, 4To cyapdune Na,S;
1 Na,S¢ He MOryT GbITh CHHTE3UPOBAHBI TAKHUM CIOCOGOM.

ITpu B3aMMOMEHCTBUY celIeHa U TeJUTypa C METAUIAMK 00pa3yIoTCsl celeHUABI 1
TeJypunsl, HanpuMep Cu,Se, Ga,Se,;, PbTe.

IIpu temnieparype Brime 200 °C cepa u ceneH ¢ BOLOPOIOM 0GpasyloT H,3. Bo
¢Tope cepa, celleH U TeJUyp CropaloT ¢ 06pa3oBaHMeM reKcadTopuaoB OF;. Peak-
K1 CEPBI C XJIOPOM CHWJIBHO YCKOPSIETCS NPU HATPEBAHUU: €€ TIPOAYKTAMM SBISIOT-
cs1 S,Cl, u SCl,. CeneH 1 TeJUTyp B 3THX yCIOBMAX AatoT TeTpaxiopun DCl,.

Bo BriaxHoM Bo3zyxe cepa MEUIEHHO OKUCIISIETCST, a TIPM HarpeBaHuu 10 260 °C
3aropaeTcs, NpeBpalliasiCh B CEPHUCTBIN ra3, conepXaliuii HECKOJABKO NMPOLECHTOB
cepHoro aHrupuaa. CeleH U TeJUlyp NpY HarpeBaHWM B KMCIIOPOJE TakoKe oGpasy-
10T JTUOKCHIBI.

PeakuuonHas ciocoGHOCTB cepbl ONpeeNnsercss 0cOGEHHOCTBIO CTPOEHHUS U IIPOYHOCTHIO
cBA3x S—S B monexynax S,. LIukinyeckne Mosiekyibl Sy B TBEPHOi cEpe MEHEe aKTUBHbI,
ueM GupaiMKanbHBIE LEMoukn Sg, oGpasyroiueca B pacruiase mpu 180 °C (cM. pasn. 7.1).
Honyyaemas (oTonu30M Mapos aTomapHas cepa OTIIMYAETCS OYEHb BBICOKON PEAKLIMOHHOM
CrocoGHOCThI0. Kak 1 11st MOJIEKyJISIPHOTO KHCJIOpO/a, Tl MOJEKYJIAPHOI Cepbl BO3MOXKHDI
TPUILIETHOE U CHHIJIETHOE 3JIEKTPOHHBIE COCTOSIHUSI, 06YCIOBIMBAIOIHE PA3HYI0 XUMUYE-
CKYI0 aKTUBHOCTb Cepbl. OCHOBHOE TPUIUIETHOE COCTOSHUE ¢ JBYMS HECTTAPEHHBIMH 3JIEKTPO-
Hamu Ha 110,52 xJIX/MoJb HUXe BO36YKAEHHOTO CUHIJIETHOIO COCTOSHUS CO CHapeHHBIMU
anekTpoHamu. Harpumep, napadbuHoBbIE YII€BONOPONBI HHEPTHBI K TPUIUIETHON cepe, HO
PearupyioT ¢ CMHIJIETHOM, 06pa3ys THOCIUpPTH — MepKarntaHsl RSH.

ITono6HO ranoreHaM cepa, CesleH U TeJUlyp JAMCTIPOTIOPLIMOHMPYIOT B BOJIE:
39+ 3H,0 2 2H,9 + H,90,

PaBHOBecHe cMelaeTcst B CTOPOHY NPOAYKTOB PeaKIlMK MPU KUTISTYEHUH B IIeJI0Y-
HOM pacTBOpe:

38 + 6NaOH = 2Na,D + Na,d0; + 3H,0
CKOpOCTb peakuuu Cephbl €O ILEJIOYbI0 BO3PACTAET NP X0GABIEHUH HEGOJBLIOrO KOMH-
4E€CTBa CITUPTA, KOTOPBIA 06ECIIEUNBACT Jyyllee CMauuBaHKUE CEPBI PaCTBOPOM wienoun. [o-
GOYHBIMU NPORYKTAMH 3TOM PEAKLIUHU SIBJSIOTCH MONUCY/bGHIb, BOSHUKAIOIME TIPH PEaK-

MU cepbl ¢ cynbhumom Na,S, u tuocynsdar Na,SO; — npoaykr B3auMoneiicTBus cybhu-
Ta ¢ CEPOIil.

B pacnnaBax menoyeit cepa, celeH M TeJUyp MOTYT GBHITH OKHMCJIEHBI 10 BHICIIEH
CTeTICHU OKMCJICHUS:

2Se + 4NaOH + 30, 5 2Na,S¢0, + 2H,0

Cepa U ceieH HE PearupyioT ¢ BOJXHBIMU PACTBOPaMH KMCJIOT, XOTSI PACTBOPSIIOT-
Csl B KOHLICHTPUPOBAHHBIX CEPHOM M a30THOM KMCIOTaX:

Se + 4HNO,(konm.) = H,Se¢0; + 4NO,t + H,0

Tesnyp Takxe MHEPTEH K KUCIOTAM-HEOKUCIUTENAM. PasbasieHHas a30THAs KUCIOTA
OKHUCJIAET €ro xo TeJurypucToit xucjaorel H,TeO;, KOHUEHTpUpOBaHHAsA — OO OKCOTH[I-

* Corset J. // Inorg. Chem. 1999. V. 38. P. 2917.
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MHuoroaTomuble KATHOHBI CEpBI, Cejtena i Teunypa. C CIIBHBIMU KucJoTaMu JIbio-
uca cepa ¥ ceJieH crocoGHbI MPOosIBIATE CBOMCTBA OCHOBAaHUS. TakK, U3BECTEH aiayKT
SbCl;- Sg, B KOTOPOM CypbMa KOOPIMHUPOBAHA YETHIPbMSI ATOMAMHU CEPB.

IIpu pacTBopeHuu xanpkoreHos (S, Se, Te) B oneyme, GpropcyabhOHOBOI KUCIOTE
WIH 6e3BOIHBIX BBICIIMX (GTOPHIAX MBILIBSKA U CYPbMBI 06pasyloTest SpKo-0KpaLeH-
HbBIC PAacTBOPBI, LUBET KOTOPBIX (KEITBIN, CHHUIA, KPAacHBIiA) 3aBUCUT OT KOHLIEHTpA-
LM CEPHOTO aHTHAPHAA OJIeyMa U MPOXOJLKUTENBHOCTH peakuuu. B 1960-e rr. yeunu-
amu ['miutecnu ¢ cotp. GBUIO YCTAHOBIEHO, YTO B 3THX PACTBOPAX MPUCYTCTBYIOT pas-
JIMYHBIE MHOTOATOMHBIE KATHOHBI CIOXKHOTO COCTABA U CTPYKTYPBI:

8Se + 3ASF5 = [Seg] [ASF6]2 + ASF3

SIpKo-cuHME pacTBOPBI CEPbl B ONIEYME COMEPKAT LUKTHYECKUE KATHOHBI [Sg]2+
(puc. 7.10):

8S + SH,S0, = [Sg]*" + SO, + 2H;0" + 4HSO;

IMonepex uyxiIa (POBHO MO €ro CepemrHe) MPOXOMUT caMast JUIMHHAS U3 U3BECTHBIX
ces3b S—S (0,283 nm). CrpoeHue KaTHOHA MTPOMEXYTOYHOE MEXIY KOPOHOOOPa3HbIM
LHKIIOM Sg 1 uuxsom SyN, (cM. pasn. 6.9). AHATOIMYHO MOCTPOEHB KaTHOHbI [Seg]2 U
[Teg] . PactBopHl, conepxkaiue [Seg]2 HMEIOT 3€JIEHBII uBeT, a [Teg] — BGecuBETHBIE.

IIpu peakuuu SbFs ¢ u3GuiTkoM Se B Xuakom SO, MoayYyeHbl TEMHO-KpPacHbIE
kpuctawib Se o(SbFg),. KatioH [Se;o]* moctpoen u3 unkna Seg, coeqMHEHHOTo Hocepe-
JUHE ITONEPEYHON LEMOYKOM U3 YETHIPEX aTOMOB Se.

PacTBOpBI CephI B OJIEyME, COAEPXKALIUE IIOCKOKBAAPATHBIE KATUOHBI [S4]2+, UMe-
10T APKO-3KEJTYIO OKPACKY. AHATOTMYHEIE KATHOHEI CEJICHa Y TeJUTypa o6pasyioT XKeil-
ThI€ ¥ KPAaCHBIE PACTBOPBI COOTBETCTBEHHO.

CoezmHelime [S,9]2+[AsF6]§, ofpasyroiee sIPKO-KpacHBIE PAcTBOPbI, COXEPKUT
KaTHOH [Sy5]™, B CTPYKTYype KOTOpOro [IBa CEMU3BEHHBIX LKA, COETHHEHHBIX LIE-
TIOYKO# U3 ISITH aTOMOB cepbl: S7—(S)s—S7.

OkuciienueM Testypa ¢ nomoubio AsFs mojlydeHsl KOpUYHEBBIE KPUCTAIBI
Teg(AsFg),- 2AsF;. Bxoasimuit B cOCTaB 3TOrO BEIECTBA KATHOH [Te6]4+ umeet bopmy
TPUTOHAILHOMN MPU3MEL.

TToMHMO rOMOaTOMHBIX KATHOHOB CYIIECTBYIOT MHOTOYHUCJIEHHBIE CMEMIAHHBIC Ka-
THOHBI, B COCTAB, KOTOPBIX JIOMOJIHHMTENLHO BXONAT aTOMBI APYTHX XalbKOTEHOB
([TeSe;] [Te234] u ap.) u ranoreHos ([SsI]°, [S,F]" u ap.).

- Q2+

Puc. 7.10. CTpOCHI/Ie KaTHOHa Sg Bcrpylcrype
[Ss)**[AsFql;

0,283 um

pokconutpara Te,O3;(OH)NO;, a xJopHOBaTas KUCJIOTA — JO OPTOTELIYPOBOH KUCIOTBI
HGTCOG

Hononuit cTout B paAmy HaMpsKeHUI JIeBee BONOPOAa — OH JIETKO PAacTBOPSIETCS B KHC-
noTax ¢ obpasosandem po3osbix coieit nonoHus(Il) (PoCly), KoTopble XOBOJIBHO GBICTPO
OKHCIIATCS 10 coequHeHUit moNoHuA(IV) (PoCly), umeroimux xeaTyo okpacky. Oxkucie-
HUE IIPOMCXOAUT KaK MOA AEACTBUEM OKUCTHUTENEH (KUCIOPOAa BO3AYXa), TAK U BCIEICTBHE
panronu3a (paqHoaKTHBHOTO PA3NIOKEHUS BOMBI).
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7.6. BODOPOJIHBIE COETUHEHUA BJIEMEHTOB 16-11 TPYIIIIBI

VI3BeCTHBI THAPHAH BCEX XATBKOTEHOB 32 MCKIIOUEHWEM THAPHIA TTOJIOHHS, KO-
TOPHIA ITOJYYEH JINIIE B CIEOBBIX KOJMYECTBAX M IIPAKTAYECKN HE OXapaKTepy30-
paH. CBOICTB2 BOJBI PACCMOTPEHH! B IJI. 1.

7.6.1. Ctpoenne MOleKyn H ¢H3AvecKye cBofcTaa

TpaIMIIMOHHO B PAMKaxX METOJIa BAICHTHEIX CBsi3ei atoMaM Kuciopona B H,O npunu-
CHIBAIOT COCTOSIHUE Sp°-THOpUIAN3aLi. MoXHO IIpearoNoXuTh, yto yron HOH Mexy
IMGPUIHBIMH OPOUTAIIAMU JODKEH OHITh GAM30K K TeTpasapudyeckoMy; GhaKTUYECKU
oH paBeH 104,5°. B npuGmkeHMH METOAA BAJICHTHBIX CBsA3ei yMeHbLIeHUe yrima HOH
0OBICHSETCS B3AMMHBIM OTTAJIKUBAHMEM JIBYX HETTONENICHHBIX JIEKTPOHHEIX ITap KMCIIOo-
pona. Onvicanue ctpoeHust MoneKymnsl H,O MeTonoM MoNeKy/pHBIX opouTaeii (1. 1)
CBUJIETEJILCTBYET O HEPABHOLICHHOCTH JIBYX HENOJICJICHHBIX 3JI€KTPOHHEIX T1ap.

YMmensmenne yrna HOH B psany H,O — H,S— H,Se — H,Te no 90° MoxHO o6Bsc-
HUTH ocnabneHneM B3anMoneiicteust AO ns 1 np, c pOCTOM pasMEPOB aTOMOB Xallb-
KOT€HOB W YMEHBUIEHHEM OTTAJIKMBAHWSI MeXOy aroMamy Bomopona. IToHmxeHne
NMpoyHOCTH cBs3eit O—H u ycroiunBoctn Monekyn H,® npu IBUXEHUH BHHU3 ITO
IpYIIe CBSI3aHO C POCTOM Pa3MepOB Ap-OpOUTAJIEN XaJIbKOTEHOB U YMEHBLICHUEM
¥IX TIEPEKPHIBAHU ¢ 1s-0opOUTaISIMK aTOMOB BoJiopo/ia. I1o Mepe yBeTMUeHHs pasMepa
aTOMOB XaJILKOTeHOB JUTHHA cBsi3y H— D pacter, sHeprus cBSI3H, SHEPTUsA o6pa3o-
BaHWA AG; ¥ TepPMOANHAMUYECKas CTabUIIbHOCTh MoJieKyn H,D yMeHbIIaloTCs.

Bce runpune H,® (8 = S, Se, Te) siBnsitoTcsl sHOBUTHIMA ra3aMy ¢ HENPUATHHIM
sanaxom. JIydine Bcero B BoJe pacTBOpHUM ceneHoBoxopon. Pactsopsr H,S 1 H,Te,
HACHIIEHHBIE TIPH KOMHATHOH TeMIepaType, MMEIOT KOHLECHTPAUIO IPUMEPHO
0,1 Mmons/n (Tabn. 7.4).

Ta6nuua 7.4
Coiicrsa rugpuaos H,D

CBOICTBO H,0 H,S H,Se H,Te
Inuna cesgsu D—H, um 0,0957 0,1336 0,1460 0,1690
DHeprus cea3u D—H, 463 347 276 238
kx/Monb
Yron HOH, rpan 104,5 92,1 91,0 90,0
JuronpHplit MoMeHT, D 1,844 0,920 0,240
AG, x[Ix/Momb -237,24 (x.) -33,8(r.) 19,7(r.) 85,07 (r.)
t,, °C 0 -86 -66 =51
tons C 100 -60 —41 -2
PacTBOpUMOCTH B BOJE, 2,58 (20°C) 270 (25°C) 100 (0°C)
Mg B 100 r H,O
KoHcTaHTa AUCCOLHALMH:
H,2 + H,0 2 H;0"+ H37| 1,8.10716* 1,3-107 1,3-10* 2,3.10°3
H9™ + H,0 2 H;0' + 7,1-1075 1,0-10°1 12,6101

* KoHCcTaHTa aBTONPOTOJU3A.
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Puc. 7.11. ®parMeHT CTPYKTYpbI TBEPAOTO CEPOBOROPOAA
(xaxnas Monmexyna H,S uMeer 12 6mmxaitmx coceneit)

fams °C
100} H,0

of "X 50t
-50} of
-100} -50}F

_150}+ PH, -100F “

2 3 4 5 2 3 45
Howmep nepuona Homep nepuona
a (i}

Puc. 7.12. M3MeHeHune TeMIepaTyphl TUIABIeHUS (a) v TeMnepaTypb! KuIieHus (6) BOTOPOTHBIX
COCIMHEHUI 3neMeHToB 15-i1, 16-it, 17-it rpymm

C pocrom macchl 1 pazmMepoB Monexkyn H,S, H,Se, H,Te ycunusaeTcs Mexmone-
KYJISIpHOE B3aMMOJICHCTBUE, B PE3YILTATE YETO MTOBBILIAIOTCH X TEMIIEPATYPhI T1JIaB-
JieHus ¥ KuneHusl. TBepable XabKOTCHOBOAOPOAB! TAKKE COCTOST W3 OTHETBLHBIX
MOJIeKyJt (puc. 7.11). AHOMAJILHO BHICOKHE TeMITEPATYPhI (Pa30BBIX MEPEXOIOB BOJIBI
OOBSACHSAIOTCS CUIIBHBIM MEXMOJIEKYISIPHBIM B3aUMOJIEHCTBUEM 33 CUET obpa3oBa-
HUS BOIIOPOAHBIX CBAA3eil (puc. 7.12).

7.6.2. XuMuHueckHe cBOiicTBa

B BonHBIX pacTBopax ruapumsl H,D BemyT ce6s Kak cabbie JBYXOCHOBHBIE KUCJIOTBI.
Cuia KUCJIOT BO3PACTaeT OT Cephl K TEJUTYPy Braronapsi MOHMXEHUIO SHEPTUHU CBSI3H
9—H u obneryeHuI0 €€ paspbiBa PU MPOTOIMTHYECKOM B3aMMOIEMCTBUM C BONOM
(tabmn. 7.4):

H,® + H,O0 2 H;0" + HD™
XaJIbKOFCHOBOI[OpOI[LI CroparoT Ha BO3yXE C O6pa3OBaHI/IeM JNOKCHUIOB:
H29 + 3/202 = 902 + Hzo

HO IDU HEOCTATKE OKUCIIUTEJISI MOTYT OBITh ITOJYYEHBI M MPOCTHIE BEIIECTBA.
B kucneix pactBopax H,D BenyT ce6st Kak MATKHE BOCCTAHOBUTeEM. BOCCTAHOBM-
TebHBIE cBo¥cTBAa H,® yeunmpalotest pu niepexone ot H,O k H,Po, 0 yeM cBume-
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TEJILCTBYIOT 3HAYCHUS CTAHIAPTHBIX OKHUC- Ta6nuuya 7.5
JIMTENILHO-BOCCTAHOBUTEJILHEIX ITOTCHIIMA-

Crannaprable
J10B (Tabx. 7.5). OKMCJIMTEJIbHO-BOCCTAHOBHTE/IbHbIE
Kucnopon, rajoreHsl u Apyrve TUITNY- HOTEHIHABI
Hele okucurenu (HNO;, KMnO,, KCIO;)
OKHUCIIAIOT XaJIbLKOre HoBooposl. CepoBo- Peakuus £, B

JOPOJI B 3aBUCMMOCTH OT YCIOBHIT MOXET |1/,04(r.) + 2H" + 2¢- = H,0(x.)| +1,229
OKMCIIATECA B BOXHOM PacTBOPE JIO CEPhI, | (1B) + 2¢ + 2H" = H,S(r.) +0.174
CEPHHCTOTO rasa, THoCYIbdaTa, ITOMTUTHUO- . ’
HATOB, CEPHOI KHMCIOTHI: S(tB.) + 2¢~ + 2H" = H,S(p.) +0,144

H,S + 4Cl, + 4H,0 = H,S0, + 8HCI Se(t.) + 2¢~ + 2H" = H,Se(r.) | -0,082
. Se(ts.) + 2¢” + 2H" = H,Se(p.) | -0,155
HS + I, = 2HI + S Te(ts.) + 2¢ + 2H" = H,Te(r.) | -0,441
HHrepecHo, yTo B ra3oBoil dase 1o- Te(ts.) + 2¢- + 2H" = H,Te(p.) | —0,464
CIIEMHSIST peakIUs NMPOTeKaeT B obpaTHOM _ 2
HATIPaBIeHMM, TaK Kak wmojopogopox LLo(TB) +2e¢” = Po ~1,400
TepMHUYECKM MeHee YCTONYMB 11O CpaBHe-
Huio ¢ H,S. Crpyio cepoBopoposia MOXHO ITOIKeUb, HUCTIONb3YS] JUOKCH CBUHII,
TaK KaK peakims

3Pb0O, + 4H,S = 3PbS + SO,T + 4H,0

CONIPOBOXIAETCS BHIICJICHUEM GOJIBIIOTO KOJMYECTBA TEIUIOTHI.

BaauMoneiicTBue cepoBomopona ¢ JUOKCHIOM CEPHI SIBJISUIOCH MPEAMETOM TIIa-
TENBHOTO U3YYEeHMS, TaK KaK 3Ta peaKius UCITONIb3YyeTCs WIS pereHepaluy Cepbl U3
OTXOSIIMX Ta30B METAJUTYPrMYeCKOrO M CEpPHOKHCIIOTHOTO MPOM3BOACTBA. B razoBoii
dbaze MPOMCXOAUT CONPOIIOPIIMOHUPOBAHUE C 0Opa30BaHUEM MEIKOIUCIIEPCHOTO
TTOPOLIKA CEPHI;

SO,(r.) + 2H,S(r.) = 3S(1B.) + 2H,O(1.)

C 3TUM npoLECCOM CBsi3aHO 06pa3oBaHME CAMOPOXHOM Cepbl IIPH BYJKaHUYECKHUX
npoueccaX. [Ipu npoBeneHMU 3TON peaknM B BOXHOM cpene o6pa3yeTcsi MyTHBIH
pacTtBop (acudxkocms Bakenpodepa), conepXaiumii MOIUTHOHOBBIE KUCITOTH, KOJIJIO-
WUIHYIO Cepy, PACTBOPEHHBII CEpHUCTHIN ra3, HEKOTOPOE KOJMYEeCTBO CEpHOM KHC-
JIOTBL M Apyrye BemecTa. ZKunkocts BakeHponepa o61agaeT BOCCTAHOBUTEIBHBIMU
cBofictBamu. [Ipu oHHOBpEMEHHOM ITPOITYCKQHUHM CEPHMCTOTO ra3a ¥ CEPOBOIOPOA
4epe3 pacTBOp 1IeT0YM 00pa3yeTcsl THOCYIbgAT:

4S0, + 2H,S + 6NaOH = 3N2,5,0; + SH,0

Hcnonp3oBaHue MEYEHBIX ATOMOB MO3BOJIUJIO YCTAHOBUTh MEXAHU3M 3TON peakuuu:
2H,S* + SO, = 2H,0 + 2S* + S
3Na,S0; + 2S8* + S = 2Na,$*S0; + Na,S,0;
Takum 06pa3oM GbLIO yCTAHOBJIEHO, YTO 2/3 aTOMOB S B THOCY/Ib(hATE MPOUCXOHAT U3
H,S, a 1/3 — u3 SO,.

751 ceprl cBoiicTBeHHO obpa3zoBaHue noaucyssgharos H,S,. CoernHEHUS C YUCITIOM
aTOMOB Cepbl 1 = 2 — 8 BbIAENICHBl B UHAUBUIYAILHOM COCTOSSHUM, 60Jiee BBICOKUE
TOMOJIOTH — B BUJIe cMeceit. JIIsI cesieHa M TeJuTypa U3BECTHHI MouceseHu bl Na,Se,
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u nonuresutypunst Na,Tes. OTBeuarone UM BOXOPOIAHBIE COEXUHEHUS He BhIIC-
JICHEL.
[MonvcynsdaHbl CHHTE3UPYIOT C IIOMOIIBIO PEAKIH

Na,S, (p.) + 2HCl(p.) = 2NaCl(p.) + H,S,(p.) (n = 4—6)
S.CL(x.) + 2H,S(x.) = 2HCI(r.) + H,S,,,(Xx.)

Mornexynst noncynshaHoB 0Gpa3oBaHbl HEPA3BETBICHHBIMH [IEIOYKAMH M3 aTO-
MOB cephl. X NIpo4HOCTE, TeMIlepaTypa KUneHMs, BA3KOCTb, OKpacKa 3aKOHOMEp-
HO M3MEHAIOTCA C YIUIMHEHHWEM nelii. OHM HEYCTOMYMBHI, JIETKO OKUCHAIOTCH M
aucnporniopunoHupyotT Ha H,S u cBoGonnyio cepy.

Hucynsdan H,S; npencrariser coboit XeITOBATYIO, LBETa OIMBKOBOrO Maca XKHUAKOCTD
C YAYUUIMBBIM 3aMaxoM (fy, = -88°C, #,, = 75°C), MemneHHO pa3naraioLIyiocsi BoZOW Ha
cepy u cepoBolopol. OH sIBJIETCS aHAIOTOM IepokcHaa sogopoaa H,0,, umeer 61u3koe
CTPOEHHE U IPOSIBISAET OKUCITUTENLHBIE CBOICTBA.

Hucynbdan u apyrue nonucynbhanbl crnocobGHbl 0Gpa3oBbIBATE ¢ METAUIAMU HE TOJNbKO
conu — monucyabguasl (Hanpumep, FeS, — nucynsdun xenesa(Il)), HO ¥ KOMIUIEKCHBIE
COCMUHEHUSA, B KOTOPBIX MOJUCYIbGUIHBIE AaHHOHBI UIPAIOT POJb KOHLEBBIX © MOCTUKOBBIX
JUraHl0B, KOOPAMHHUPYIOLIUX METALI OOHUM MIM OGOMMH aTOMAaMU CEpbl, HarpuMep
[M0;0,5x(S2)2]”, [Mny(CO),5(S2)al, [Ruy(NH;) 081, [Ti(CsHs)y(Ss)] v ap.

[omucynbhumpr MCIONB3YIOT B 1a6OPATOPHON MPAKTHKE IS OKMCIECHUS HU3LIUX CyJIb-
GbuIoB repMaHus, 0JIOBa, MBILIBAKA U CYPbMbI 10 THOMPOoU3BOAHBIX Ge(IV), Sn(IV), As(V)
u Sb(V): '

GeS + (NH4)232 = (NH4)2GCS3

A5233 + 2(NH4)232 = 2NH4ASS3 + (NH4)2S

7.6.3. Ioxyyenue

XaJIbKOFeHOBOI[OpOI[LI IIOJIy4aroT JeCTBUEM BOJBI Ha XaJILKOTCHU [ AJTIOMUHHUA:
Alzse3 + 6H20 = ZAI(OH):;JK + 3steT

CelteHoBONIOPO M OCOGEHHO TEJUIYPOBOIOPOM JIETKO Pa3faralorcsl, MocieHuit
HEyCTOMYMB B NIPUCYTCTBUM J[aXe CIIENOB BJIaTU BO3AYyXa.

CepoBonopoa 1 CelleHoBOIOPOM TAKXe MoMYJaloT IO PeaKIUu pa3baBiieHHOM
KHUCTIOTHI ¢ XampKoreHuaoM xenesa(ll):

FeS + 2HCI = FeCl, + H,S1

Wix IIpSIMbIM CHHTE30M — IIPOITYyCKast BOAOPOA Hall PACIUIABIECHHON CEpoil WIM
CEICHOM. YI0GHBIM METONIOM MX ITOJIYYEHUS ABISETCSA HArpeBaHUE CMECH napaduHa
¢ cepoit (celeHOM).

Bonopontibie coemvHeHus celleHa 1 TeyuTypa He HaXoMSIT MPOMBIIILIEHHOTO TIpUMEHe-
HUS B CBSI3U C MX HU3KOH YCTOMYUBOCTBIO U BBICOKOI TOKCHYHOCTBIO. CepoBonopon
MICT Ha ITPOU3BOJICTBO CEPBI, CYTLDUTOB, THOCYILMATOB M CEPHOM KUCIOThI, CEPaOpTra-
HHU'eCKUX COENMHEHUI, B 1abOpaTOpHON MPaKTUKe — I OCAXKICHUS CYIbhUIOB.

7.6.4. Cynnbuamt, celieHHIb H TELTYPHIbI METALIOB

Cynbdunp!, CENEHNIB! U TEJUYPHBI LIBETHBIX META/UTIOB BCTPEYAIOTCA B nipupoJie
KaK MHUHEPAJIBl U PYIBl U CIYXKAaT CHIpbeM IS HoNMydeHUs MeTautoB. Ha pasmuuHoit
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PacTBOPHMMOCTH CYJIL(HIOB B PACTBOPaX C PEryIMpyeMoi KUCTIOTHOCTBIO OCHOBaHBI
METONBI PA3ENCHUS U aHAJIMTUYECKOTO OIIPEACNIEHUS METAJUIOB.

JUTs HOJTYyYeHUS XaTbKOTEHUIOB META/UTIOB MCIIOJB3YIOT NIPSIMOE B3aUMOJEHCTBHE
IIPOCTHIX BELIECTB IIpY HarpeBaHUM B MHEPTHOM atMocdepe:

Fe+S£>FeS

neiicTBUE razo06pa3HoOro CEpOBOIOPOAA HA METAJUILL:

2A1 + 3H,8 25 ALS, + 3H,

BOCCTaAHOBJICHHUC TBEPABIX coJieil OKCOKUCJIOT:

BaSO, + 4C 2%, BaS + 4CO?

SrSe0, + 2NH; =<, SrSe + N, + 3H,0

900°C ‘
CaCO; + H,S + H,——» CaS + CO?T + 2H,0
MaJstopacTBOPMMEBIE XAIILKOTEHUIBI METALIOB OCAXAAIOT U3 UX PACTBOPUMBIX CO-
neir neitcteueM runapunos H,® wnu pactBopos (NH,),8, HanpumMep:

Pb(NO,), + (NH,),Se = PbSed + 2NH,NO;

KpI/ICTaJUII/I‘IeCKPIC CYJ'II:(I)I/II[I:I TAaKKe I10JIy4daloT OCaXACHMEM DAacTBOpaMH THO-
MOYCBHHHI.

PaccMOTpUM B MEPBOM MPUGTMKEHUH MPOLIECC OCAXKAEHUS TPYAHOPACTBOPHMEIX CYJIb-
(UI0B ABYXBAICHTHBIX METALUIOB U3 PACTBOPOB MX COJEl MPH AEHCTBUM ra3006pa3Horo ce-
poBOKOpPOJA.

B HachIIIEHHOM BOJHOM pactBope H,S KOHLEHTpauus NPOTOHOB ONpPEXE/IETCS pacTBo-
PHMOCTBIO CEPOBOJIOPOJIA M €0 KOHCTAHTAMY JUCCOLIMALMH: ©

H*')[HS" H*J[S*
1 =[——]-[————]' = 1,05 10—7, K2 =-L']—[_-]= 1,23 10-13
[H,S] [HS7]
H+ 2ra2-
Kiky =BT 05107 11,23 10792 1,3. 100
[H,S]

Orciona cnenyer, uro [H'1[S¥] =1,3- 102 [H,S] = 1,3. 10-2. TTockonsky K, MeHbie K| Ha
LIECTh MOPSIKOB, TO OCHOBHOM BKJIaJ B KOHUEHTPALHNIO [H*] B pacteope H,S BHOcHT K.

TaxkuMm o6paszom
[H']= [HS]= 1,05-107 .[H,S] ~ 10**

IIpy nopcTaHOBKE 3TOTO 3HAYEHHS1 B COOTHOILIEHHUE [H+]2[Sz'] = 1,3-107%! nonyyaeM, yTO
KOHLIEHTPALUA UOHOB S¥ B HACBILLEHHOM pactsope H,S pasna = 1,3-107!3. TakuM 06pa3oM, U3
0,01 M pacTtBopos cosneil 6ynyT ocaXaaTbcs cynb?vmm JIByXBAJIEHTHBIX METAJUTOB, IPOU3BE-
JICHHE PACTBOPMMOCTHM KOTOPBIX MEHBLLIE IM¥][S*1=1021,3-10"8 = 1,3. 1075,

PacTBOPHMOCTb CYITH(HIOB B BOJIE N3MEHSETCS B O4eHb IIMPOKOM uanasoHe. Kpome
TEMIIEpaTyphl, Ha PaCTBOPUMOCTb OCOGEHHO CIIBHO BIUAIOT pH pacTBOpa M naBje-
Hue H,S. Ha 3ToM 0CHOBaHbI HEKOTOPHIE CXEMBI pa3eieHHs META/UIOB. B 3aBucMocTH
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OT Ipou3BeeHUA pacTBOPUMOCTH (ITP) 1 criocoGHOCTH pacTBOPSTHCS B BOJIE, KUCIIO-
Tax-HEOKUCIUTEISIX, KUCITOTaX-OKHUCIIUTENSAX U CYTBOHIE AMMOHUA CyTbOMIBI pasiie-
JISIOT Ha YETHIpe BaXXHe#uue rpynnsl (Tadm. 7.6).

B Boze xopo1io pacTBOPUMBI JTUHIE CYITBOUIBI METOUHBIX METAJIIOB, aMMOHMUS U
Gapusl. X BoHBIE PAaCTBOPH! BCIEACTBUE THAPOJIN3A UMEIOT IIEJIOYHYIO PEAKIIHIO.

Tuapat Na,S - 9H,0 MOXHO MOTyYuTh U3 TUAPOKCH]IA HATPHsl U cepoBoaoponaa. besson-
HBIA CYTbOUI MONYYAIOT MPAMBIM CHHTE30M B KHIKOM aMMHAKe, a ruapocynbdbul — mpo-
TycKasi CyXO# CepoOBOAOPOL Yepe3 CBEXEINPUTOTOBICHHBIN (PACTBOPEHHEM HATPHS B a6Co-
JIOTHOM 3TaHOJIE) pacTBOP 3THJIATA HATPUS:

C2H50Na + st = NaHS! + C2H50H

Kucnsiit cynpdun NaHS seimanaer B ocanok, Tak Kak NPakKTHYECKH HEPACTBOPUM B abCo-
JIOTHOM CITUPTE.

Cynsbun ammonus (NH,),S CYLIECTBYET JIHLLL B PAaCTBOPAX, KOTOPbIE FOTOBAT, HACHI-
Liast CEpOBOIOPONOM BOMHBIN pacTBop ammuaka. Cynpdun Kanbuus CaS ManopacTBOpuM B
BOZE; €ro pacTBOp, HACHILEHHBIH MpH Temmeparype 0 °C (koHueHtpauus 0,13 %), memien-
HO THAPOTUIYETCH:

2CaS + 2H,0 = Ca(HS), + Ca(OH),{

Cynbhuapl MarHus, a TakXKe TPeXBAIEHTHBIX ATIOMUHUSA, TALTHS, Xele3a U XpoMa He
MOTYT GbITh MOTY4EHBI U3 BOOHBIX PACTBOPOB BCIEACTBHE MOTHOTO HeoOpaTHMOTO THAPOIH3A.

HoHHBIe XalbKOTeHUB! 1IEIOYHBIX METAIOB HUMEIOT CTPYKTYDY TWIa aHTH-
¢moopura M,S (M = Li, Na, K, Rb, Cs), rie xaxnslit aToM S OKpyXeH KyGoM u3
8 aToMOB M u Kaxaplit aToM M — TETPa3ApoOM U3 4 aTOMOB S, a XaJIbLKOreHUIB MS
(M = Mg, Ca, Sr, Ba, Mn, Pb, JaHTaHUIbl) — CTPyKTYpy Tuna NaCl, rae kax-
ABIY aTOM M MM S OKPYXeH OKTa3[[pOM U3 aTOMOB apyroro copra. [Ipu ycunenuu
KOBICHTHOTO XapaKTepa CBA3M METAUI—XAJIbKOTEH B cy/Ibdunax MS peanusyiorcs
CTPYKTYpPbI ¢ MCHBIIMMH KOOPAWHALIMOHHBIMM YKcHaMU. [T GOBIIMHCTBA MOHO-
XajeKoreHUIoB (HanpuMep, FeS, TiS) xapakTtepHa CTpyKTypa Tumna NiAs, B KOTOpoi
KaXXIIblif aTOM XaJIbKOTeHa OKPYXKEH TPUTOHAIBHOM TTPU3MOM U3 HIECTH aTOMOB M, a
OKDYXCHHMeE Kaxoro aroMa M cocTout u3 8 (6 + 2) aTOMOB XaJIbKOT€HOB (puc. 7.13).
CTpyKTypa MHOTMX JUXaTbKOTEHUIOB MS, (M = Mn, Fe, Co, Ni, Ru) nocrpoena

Ta6nunpa 7.6
Knaccuduxauus cyanpunos meranios

Cynbdumsl,
PacTBOPUMBIE B BOJIE

Cynbunsl, pactsopumsle
B HCl(pa36.)

Cynbbumsl,
pactBoprMble B HNO,

Cynbbuabl, pacTBOpHMble
B HN03 )74 (NH4)2$

Cynpbuasl menoy-
HbIX, LIETOYHO3E-
MEJIBHbIX METAIIOB
W aMMOHMSs

MnS (TIP 2,5 - 10-19)
FeS (TP 5,0- 1018
ZnS (TIP 1,6 10-4)
CoS (TTP 4,0.102")
NiS (TIP 3,2-10-%)
T1,S (TIP 1,2.10-2%)
La,S; (TIP 2,0 1013

Ag,S (TIP 6,3- 1059
CdS (TP 1,6-10-28)
HgS® (TP 1,6-10-%2)
CuS (TP 6,3 - 10-%6)
PbS (TP 2,5-10°%7)
SnS (TIP 2,5 10-7)
Bi,S; (TIP 10-97)

As,S; (TIP 2,0-10-3)
Sb,S;3 (TIP 4,0.10°%%)
SnS,

GeS,

As,S;

Sb,Ss (TIP 1,0. 10739
MoS;

* PacTBOpMM JMIIb B «lIapCKOi BOmKe»
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OkHcieHHe TBEPABIX CYJIb(pHAOB KHCAopoaoM. TIpouecchl nonydeHuss MHOTHX Me-
TAJUIOB CBOJATCA K mepepaborke ux cyabdupos. [Ipu BaumoneitcTBuu cylpdunos
METAUIOB, HAaNpUMep MS, ¢ KHCIOPOAOM B 3aBUCHMOCTH OT YCIOBUIN TEOPETHYECKU
BO3MOXHO 006pasoBaHHEe OKCHIOB:

IMS(TB.) + 30, = 2MO(TB.) + 280,71, K, = plo,/Pd,
cyabharos:
MS(TB.) + 20, = MSO4(T8.), K,»= Po,
wiu Metaios (Ag, Hg):

MS(18.) + O, = M(18.) + SO,T, K,3= pso,/Po,

Venosus 06pasoBaHUA KOHEYHBIX TPOAYKTOB MOXKHO OLIEHUTh ¢ MOMOLIbIO JHarpaM-
MBI MAPLHATBHBIX AaBJIeHUI™ (puc. 7.14), MOCTPOEHHOM B JorapugMuuecKux Koop-
JUMHATaX JUIsl TPEXKOMIIOHEHTHOM cucTeMbl M—S—QO; npu NOCTOSIHHOM TeMIeparype.

B coorsercTeuu ¢ npasuiioM a3 I'n66¢ca C = K + 2 — @, rne K — yue10 KOMIOHEH-
TOB; 2 — YHCIO BHEWIHUX MapaMmeTpos (P u t); @ — uucno ¢a3, HaxOAsALHXCA B
pasHoBecuH; C — YHCIIO HE3aBHCHMBIX CTeTieHel cBoGObI (Pso, U Po,)- B 3aBrucuMocTH OT
upca da3 cuctemMa M—S—O, MoxeT ObITh G1-, MOHO- 1 HOHBAapUAHTHOI. B oGnacrax
YCTOMYHUBOCTH OTAENBHBIX haz M, MS, MO u MSO, cucteMa sBisieTcss 6MBapUAHTHOIA:
C=3+1-2=2(® =2 (rBepaas da3a + nap), ¢ = const ¥ EPeMEHHbIE Pso, U Po, MOXKHO
HU3MEHATh He3aBUCHMO JIpyr ot apyra). Jlurmmu AB, BC, CD, CE, BF onpenensitor rpaHH1LbI
(Po, Pso,) YCTOMUMBOCTH YKa3aHHBIX (ha3 U MPEACTABAIOT 3aBUCUMOCTS Pso, = f(Po,)
NpH ¢ = const U1 MOHOBAPHAHTHBIX pasHOBecHit MS (18.) + M (TB.) + map, MS(TB.) +
+ MO(tB.) + nmap, MS(tB.) + MSO,(tB.) + map, MO (1B.) + MSO,(TB.) + nap,
M(TB.) + MO(TB.) + nap cOOTBETCTBEHHO. TaHreHc yIjia HAKJIOHA JUHUN MOHOBapH-
AHTHOTO PaBHOBECHS HETPYIHO OMPENEJUTh ¢ MOMOLIBIO KOHCTAHT paBHOBecus Ky,
Ky, K. Jna munun BC, HanpuMep, MojydYaeM pso, = (K,,Lpg)z)'/z, a B jJorapudmuye-
CKHMX KOOPAMHaTaxX lgpso, = 0,51gK,,; + 1,51gpo,, T.€. TaHreHc yria HakioHa guHud BC
cocrasiser 1,5. B Touke C Ha puc. 7.14 B paBHOBeCHM HaxomATcsl YeThIpe ¢aspl (P = 4,
MS(TB.) + MSO,(1B.) + MO(TB.) + nap), NO3TOMY CHUCTEMA OKa3bIBAE€TCS HOHBAPHAHT-
HOI: C=3+1-4=0.

Hcnone3ys guarpaMMy pso,— Po, (CM. pHc. 7.14), MOXHO OLIEHUTDb COCTAB MPOAYK-
TOoB okucaeHus cyabhunos M(I1) B paznuuHbIX ycnosusx. Hanpumep, npu qaBieHUH
Po,~ 108 at™ u pso, ~ 2-10* at™ (Touka a)
cynbhun Metawia MS okucageTcs 10 OKcHaa
MO, a npu po,~ 10™* atM U pgo, ~ 10 aT™
(Touka b) — no cynbhara MSO,.

Puc. 7.14. luarpaMMa napuyajibHbIX JaBJIECHHUI
Pso,—Po, W CUCTEMbI cylbbun MeTama—
KUCJIOPOZ,

* Mawunkun A.C., Cnueax M.M., Masoea ®.C. [IpuMeHEHNE IUArpaMM NapLHAILHbIX AaB-~
JICHH# B MeTaJulypruu. — M.: Mertannyprus, 1984.
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Puc. 7.13. Crpykrypa apceHuna Hukens NiAs:

a — OGWMIA BUA; 6 — KOOPAMHAUMOHHbI TIONU3AP KATHOHA (TPUTOHANbHAS [IPH3Ma); @ — KOOPIHHA-
LIMOHHBIN TIOJHU3p aHWOHA (TPUIOHAIbHAsk AHTHIIPU3Ma)

2-
B BUIC TPEXMEPHOTO KapKaca M3 aToMOB M M IHUCKPETHBIX MOHOB S°, UMEIOIIMX
¢GopMy «raHTeNel» (CTPYKTYpHBIE TUITBI ITUPUTA MapKa3uTa).

Cynbdunbl (0CO6eHHO, paCTBOPUMMEIE B BOJE) SIBNSIOTCS CWILHBIMM BOCCTaHO-
BUTENSIMU:

2KMnO, + 3K,S + 4H,0 = 354 + 2MnO,} + 8KOH

Tunpocynbdun aMMOHMSA TIpH XpaHEHMM Ha BO3IYXE XEJITEET BCIENCTBUE obpa-
30BaHUA MTOJNMCYNL(PHUIOB:

4NH4HS + 02 = 2(NH4)282 + 2H20

Cynbdumpl IETOYHBIX U 1[€TI0YHO3EMENBHBIX METAIUIOB ITPH HATDEBAHUM Ha BO3-
ITyXe NMpEeBpaIaoTCcs B CYIbDATEI.

Cynpdunp! 1eT0UHBIX METAUIOB, 0COGeHHO Na,S, UCMONB3YIOT B KOXEBEHHOM
TTPOM3BOJCTBE, B cyxuX Garapesx Li/S u Na/S, a Takxke npu o6orameH1uM MeTauIu-
YCCKHUX PYA OTNIEJCHUEM MX OT IycTON nopons! diiotanueii. XalbKOreHUIbI METAJ-
JI0B 06JTaJialoT MOJTYIIPOBOIHUKOBBIMU CBOMCTBAMM M MCITONB3YIOTCS B (DOTOIIEKT-
POHHBIX (OTONPUEMHHKH, JIa3ephl, TIOMMHOQPODH! U T.I.) YCTPONCTBAX M TEpMO-
3JICKTPUYECKHUX ITpeoGpa3oBaTesx.

7.7. OKCHIbI XAJIBKOTEHOB

Cpenu OKCHIOB XaJbKOTEHOB HAaMGOJbIIEE 3HAYEHME UMEIOT auokcunsl 30,
¥ TpUuokcuasl D0;.

JIJ1s1 cephl M3BECTHO TAKXKE HECKONBKO HEYCTOMYMBBIX HU3LINX OKCHIIOB.

Ecin yepes cepHMCTBIN ra3, HAXOMSIMIACS MO JaBJIE€HUEM 0,1 MM pT. CT., MPOIMYCTUTH
QJIICKTPUYECKUI pa3psif, yacTh Mosiekyn SO, mpespawaerca B Huslme okcuasl SO, S,0,
S,0;. Bece oHuM KpaitHe HEeyCTONYMBEI M HE MTOMYYEHbI B WHIANBUAYyATbHOM BUfe. I1pu momsiTke
BBUIEJIEHHS] paclafialoTCs Ha CEpHUCTBIN ra3 u cepy.
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Oxkcun S,0 Taxke o6pasyercss B HEGOJIBLIMX KOJIMYECTBAX NPY IIPOIYCKaHUM I1apOB THO-
uunxnopuna SOCI, Hax cyabduIoM cepebpa:

SOCI, + Ag,S = S,0 + 2AgCl

WIM TIPYU TOPEHUU CEPBI B KUCJIOPOAE NPU § MM PT. CT.

Boinee ycroluuBLIM siBisieTcst oKeua SgO, B CTPYKTYpE KOTOPOrO CONEPXKUTCS LUKI Sg.
Oxcun S3O npeacrasisger co6oif OpaHXEBLIE KPUCTAIBI, MIIABSAIIMECS C PA3JIOXKEHUEM IIpU
78 °C, ero nosyyawor u3 H,S; u SOCl,:

C
HS SH
+
W

WM OKMCIeHUeM Sg TpudTopykeycHoit kuciortoit CF,COOH.

! —s=°

S
Ne S\S/ \S
J5=0 > K& 5577 +ama

7.7.1. Ionydyenne u ¢pu3ndecKue CBOHCTBA AMOKCHAOB DO,

Jduokcun cepel SO, — CEpPHUCTHIM ra3 — CUHTE3UPYIOT CXKUTAaHUEM cepbl Ha
BO3IyX€ WIH OKHCIIEHUEM CYTHLMOUAOB:
4FeS, + 110, = 2Fe,05 + 850,
a Takxke aeiictBueM 70 %-noit H,SO4 Ha cynsdUTH METALIOB:
Na,SO; + 2H,S0, = 2NaHSO, + H,0 + SO,T

JIMOKCHI, celeHa oGpa3syeTcs MpH CKUTaHHU cejieHa Ha BO3IyXe WM B aTMocde-
pe NO,:
Se + 2NO, = Se0, + 2NOT

Juokcun Temmypa TeO, monydaioT pa3iokeHNEM OKCOMMAPOKCOHUTPATA!
Te,05,(0H)NO; = 2TeO, + HNO,

ABJIAIOLLEroCs ITPONYKTOM B3aUMOIEICTBHS TeJUTypa C KOHLIEHTPUPOBAHHOI a30T-
HOM KMCJIIOTOM:

2Te + 9HNO, = 8NO,T + Te,05(OH)NO; + 4H,0

Oxcup nomoruss PoO, MOXHO ITOJIYYHTh HaTPEBAHNEM METAJIa Ha BO3IyXeE.
dusnyecKre CBOMCTBA JUOKCHIOB XaTbKOTeHOB DO, peAcTaBIeHH B Tabi. 7.7.
C yBeTMUEHNEM pa3Mepa aToMa XaJIbKoreHa D Bo3pacTaeT [UTHHa CBSI3u D —O U yCWiIu-

Ta6auua 7.7
CsoiicTBa auokcuaos 90,
CaoiicTBO SO, Se0O, TeO, PoO,
Onuna cBsam D—0, HM 0,143 0,161 0,183
Yron 080, rpan 119,3 125,0 110,0
unonbHbiit MoMeHT, D 1,67 2,70
AGE, xJIx/Monb -300(r.) -172(TB.) —265(TB.) -192(1B.)
to, °C -75 337 (Boar.) 733 552 (pa3n.)
toms C -10 — 1257 —
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BACTCS MEXMOJIEKYIIIPHOE B3aMMOJEHCTBHE: TIPH CTAHAAPTHHIX YCIOBUSIX SO, — ras,
a Se0,, TeO, u PoO, — TBepmple BelecTsa.

Huokcun ceper SO, — GeCIBETHHIN TSOKETBIH TOKCHUYHENA 143 C YAYUIJTUBBIM
3araxoM. ITpu Temnreparype —10 °C on cxirkaetcs. YKumkuit CEPHUCTHIN aHTHIPpU —
GecriBeTHas NONBIDKHAsSL XHIKOCT, XOPOLIO pacTBopsoLIas cepy, WO, XUPH.

Monexkyna SO, 130371eKTpOHHA MOJTEKYIIE 030HA U TAKOKE HMEeT yrioByio opmy:

S >y O gr\ ™S 7Y
o AN . . ._ . ]
g © 07 g el Yo

OnHako B OT/IIYHE OT 030HA KPaTHOCTb CBA3U S—O PpaBHa IByM, T.€. OCHOBHOM BKJIaJ
BHOCHT I€pBast pe30HaHCHas1 cTpyKTypa. CpelHss sHeprua cesasu S—O (548 kIx/
MOJb) GOJNblIe, YeM B HEYCTOHYMBOMA Monekyie SO (524 x/Ix/Monb), o6pasyio-
meics npu BocctaHoBneHNH SO, MapaMy CEpH B TIEIOLIEM paspsje.

C yBemieHeM pa3sMepoB aTOMOB D ¥ ATOMHBIX opbuTarneit B paxy S—Se—Te—Po
ocabeBaeT n-CBA3HBAaHHE U MOHIKAETCH IIPOYHOCTE CBA3H D=0, DTo [IPOABIIAETCA
B CTPOCHMH TBEPABIX NUOKCHAOB DO,. KpHcTayisl IMoKcHaa cephl, YCTONYMBEHIE
Tnpu TeMreparype Hinke ~75°C, conepKaT JUCKPETHBIE MOJIEKYJIEI SO,. B ominyue
OT CEpHUCTOTO ra3a IMOKCHI CeJICHa U JMOKCHJL TEJUTyPa IIPU KOMHATHOM TeMIIepaTy-
pe — TBepapIe BeliecTBa. SeO, npencTaBisieT co60i GECI[BETHHIE, JIEFKO BO3TOHSIO-
HECS (fo5r = 317 °C) MIIIBI C HEMTPUSTHEIM 3aI1aXOM <«THIWION penvku», Teepasriit SeO,
IIOCTPOEH U3 GECKOHEYHBIX LIEII0YEK, B KOTOPHIX aTOMHI Se OKDPYXXEHEI TPEMST aToMa-
Mu O B Buze mupaMunsl SeO; ¢ KOHIIEBHM aTOMOM kucnopona (puc. 7.15, a). B neyx
nomuMOpGHEIX MoaubUKauuax okcuaa TeO, (o u B) comepxarcsa rpynnu TeO, B
dbopMe UCKaxKkeHHBIX TETPadpOB, COENUHEHHBIX 061mMMu peGpamu (puc. 7.15, 6).
C pocToM pamiyca BO3pacTaeT CTeleHb MOHHOCTH CBSI3H U YBETMYUBAIOTCSA KOOPAUHA-
LIMOHHEIE YICIIa aTOMOB XaJIbKOr€HOB B IMOKcHIax oT 2 (SO,) 110 3 (Se0,), 4 (TeO,)
1 8 (Po0O,). Okcun nosionna PoO, umeer HWOHHYIO KPUCTAJUIMYECKYIO PELIETKY TUIIA
Gbmoopura (CaF,).

a 7]

Puc. 7.15. CtpoeHue nuokcunos ceneHa (a) u Tesypa (6)
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7.7.2. XuMHyeckne CBOiicTBa JHOKCHIOB DO,

Yrnosoe crpoenne SO, U ToKamM3alus 3JIeKTPOHHOMN [Taphl Ha aTOME cepbl 0ObsC-
HAIOT NOJIIPHOCTb MOJIEKYJIBI U €€ BBHICOKYIO PeaKIIHOHHYIO CITOCOGHOCTD.

CepHHCTEIN ra3 Xopolllo pacTBOpUM B Boje (40 o6nemoB B 1 o6beMe H,O npu
20°C, 1.e. okoino 10 % mo Macce) ¢ obpasoBanueM rumpartoB SO, nH,0. Benen-
CTBHME YaCTUYHOM AMCCOIIMALINHU:

SO,-nH,0 2 H;0" + HSOj + (n - 2)H,0

Kl - [HSO3] [HSO ] - = 1,3 . 10—2
[Bech pacTBopeHHbIH SO,] — [HSO3]

pacTBOp MpHOOPETAaET KUCIYIO PeaKiuio, HO B MHAMBUAyanbHoM Buae H,SO; He
BBLIETIEHA U3-3a €€ HeycToHuuBocTU. IIpu oxyaxknenuu Huxe 0°C M3 pacTBOpoB
CEPHUCTOTO ra3a KpPUCTAUTU3YIOTCH TBepable Kiarpathi SO, - 6H,0, B KOTOPBIX MO-
nexynsl SO, pa3sMelaloTcs B MyCTOTaxX Jbaa.

C yBemiueHneEM pa3Mepa aToMa XaJabKoTeHa B pany Se0,—TeO,—Po0O, ocnabeBator
KWCJIOTHBIE U, HA000POT, YCHIHUBAIOTCA OCHOBHBIE CBOMCTBA. TBEpABIl TUOKCHI
CEJIEHA XOPOIIIO PAaCTBOPUM B BOJE, U IIPH 3TOM 00pa3yeTcsd ceJIeHUCTas KHCJIOTa:

SCOZ + Hzo = HzSCO3

Oxkcuner TeO, u PoO, B Bolle He pacTBOPSAIOTCA B CUITY BBICOKOI 9HEPTHH KPUCTA-
JNYECKOH perreTk. JITMOKCUA TeJUTypa, HOJoOHO CEpHUCTOMY U CEJIEHUCTOMY aH-
THIPULY, B3aUMOAEUCTBYET CO 1IETI0YaMU, 06pa3ys TeJUTypUThl METAJIIOB:

TCOZ + 2NaOH = NazTeO3 + Hzo

B 1O xe Bpems oH, mposBigs aMdoTepHBIE CBOICTBA, pearupyeTr ¢ KHCIOTaMH-
OKUCJIUTEJISIMU:

2TeO, + HNO; = Te,0;(OH)NO;
a 33 CYET KOMIUIEKCOOOPa30BaHUA — M C COJMAHON KHUCIIOTOI:
TeO, + 6HCI = H,TeCl; + 2H,0

JIvoKcun MoJIOHUSA € IeJ0YaMH B3aUMOOEMCTBYET JIMILL IIPU CIUIABJIEHUH, a B
peakIMaxX ¢ KUCIOTaMHU IIPOSBIIAET OCHOBHEIE CBOMCTBA:

P002 + 2H2$O4 = PO(SO4)2 + 2H20

PoO, rerko pacTBopsieTCs B raJloreHOBOIOPOIHEIX KuciaoTax HX, o6pa3sys comu PoX,
Y1 KOMILJIEKCHI [PoX6]2' U HE YYacCTBYET B OKMCIIUTEIBHO-BOCCTAHOBUTEIBHBIX PeaK-
HMSIX.

J1a IMOKCHIIOB cephl, CeeHa U TeJUTypa XapakTepHa OKUCIUTEIBHO-BOCCTaHO-
BUTENbHAsA JBOHCTBEHHOCTb. BoccTaHOBUTE IBHEBIE CBOMCTBA HaUbOJIEE BEIPAXKEHHI Y
SO, u TeO,. Tak, CepHUCTEHII ra3 06eCTIBEYNBAET HOTHYIO BOIY:

SOZ + Iz + 2H20 = 2HI + HzSO4
U pacTBOp IEpMaHraHaTta Kajaud:
550, + 2KMnO, + 2H,0 —— 2MnSO, + 2KHSO, + H,S0,
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Xumus armocdepnt. OKUCIUTENLHO-BOCCTAHOBUTENIbHBIE TIPOLIECCH] B aTMocdepe
MPOTEKAIOT IO CBOOOIHO-PAAUKATBHOMY MEXaHU3My. BaxXHeHIIMM OKUCIUTENIEM SIB-
Jsercs pagukan *OH, obpasyommiics Ipy B3auMOoneicTBUY 030HA C BOASHBIM Ia-
poM. 'MIPOKCHIIBHBI PafMKall OKUCISIET COAEPXAlMEC B aTMOCGhEpE YIIIEBOLOPOLH
(MeTaH) M CepHMCTBI ras:

SO, + *OH —» HSO;,
Panukan ruapocynbduTa OKUCIAETCS KUCIOPONLOM B CEPHBIH aHTHAPUI
HSO3' + 02 - SO3 + HOz'

KOTOPbIM, B3aUMOAENCTBYS! ¢ BOASHBIM NapOM, NIPEBPAILAETCS B CEPHYIO KUCIOTY. Bo3-
MOXHO U TnpsiMoe okuciieHre SO, B SO; Ha MeJIbYaifilMX YacTUUKAX TILUTH, COAEPKALHX
TIPUMECH COEAVHEHMI XeNe3a U APYTHX META/LIOB, UrpaloIuX poJib Kataausatopa. Oc-
HOBHbIE ITyTH NpEeBpaleHHUA CEPHUCTOrO ra3a B atMocdepe npeacranieHsl Ha puc. 7.16.
Bobliioe BHMMaHe B COBPEMEHHBIX UCCIIEJOBAHMAX XUMUU aTMOcdeps yaensercs
npo6JIeMe pa3pylueHHs 030HOBOTO cliosl. C pa3BUTHEM aBHALIMM M KOCMHYECKOH TEXHUKU
B BEPXHHUX CJIOSIX aTMOc(epPbl BO3pociia KOHLEHTpaIus OKCUIOB a30Ta — IPOLYKTOB
cropaHus pakeTHoro toruuea. Okeun asota NO paspyuaet 030H, npeBpaiuasich B NO,,
KOTOpbIH B CBOIO o4epelb BHOBb BoccTaHaBMMBaercs 1o NO Nnpu B3auMopeicTBUM ¢
KUCJIOPOJOM. DTO NPUBOAMT K KaTATUTHYECKOMY Pa3pyLIEHUIO 030HOBOTO CJIOS:

NO+03=N02+02
0,2, 20
N02+O'=NO+02

AHaJIOrM4YHO neicTBYeT aTOMapHblii xJ10p, obpasyooumiics npu ¢otoiuse GTopxIop-
yrjieBonoponoB — (PEeOHOB, UCTOJIb3yEMbIX B KAUECTBE XJ1afareHTOB:

CF,Cl % F,C + CI-
Cl: + Oy =CIO + O,
ClIO+0-=Cl-+ 0,

Hoxnesast

CepHMCTBIN ras A\ Karuis
B aTMocdepe

T'oMoreHHOE
OKHUCJIEHNE

+02

Tereporenusrit

KATATH3 — OKHCIIEHHE Puc. 7.16. IIpeBpameHue cepHUCTOrO

HA YACTHLAX ITBUTH raza B atMocdepe

254



oKHcIgeTcd xJopoM B xiopun cynsbypuwia SO,Cl,, a KucIopoloM — B CEpHBIN
aHTHIPUI,

BaxXHEHITNM TEXHOMOTMYECKUM IIPONECCOM B ITPOM3BOICTBE CEPHOM KHCIIOTHI
apnsietcs okucienne SO, kuciaopoaom mpu 400 — 620 °C B mpUCYTCTBUM KaTanu3a-
TOpa (V205 + KzO):

SOZ +1/202 _(i SO3, AH® = —95,6 KH)K/MOJIB

KoHcTaHTa paBHOBecH ITporiecca OBICTPO YMEHBIIAETCA TP MOBHILIEHUHN TEMITE-
patypsl. I1103TOMy IJISl OKMCIIEHHMSI ¢ MAaKCUMAJIBHBIM BHIXOZOM SO, HEOGXOXUMBI
HeBHICOKME Temitepatypsl (450 °C) U karanusarop.

OxkucnurensHble cBoiicTBa SO, MPOABASIOTCS [IPU B3aUMOAEHCTBUU C CUIIBHHI-
MH BOCCTAaHOBUTEJISIMM:

SO, + 20 &40 5 | 1rco,

SOZ + 2H2 =S+ 2H20

Mornekyna SO, MoXeT GHITh M JOHOPOM, U aKLENTOPOM 3JEKTPOHHOW Maphl.
JIOoHOpHBIE CBOMCTBA CEPHUCTOrO ra3a 06yCIOBICHHI IPUCYTCTBUEM B €r0 MOJIEKYJIE
HEMOIETeHHOM 3JEKTPOHHOM MMaphl U IPOSBISIOTCS B CIIOCOGHOCTH 06pa30BHIBATh
KoMrutekcHble coequaenus, HanpuMmep [Fe,(CO)g(u-SO,)], [RuCl(NH;),(SO»)]CL
B 3aBHCHMOCTH OT IIPUPOIEl METAIA M YCIOBUI cHMHTe3a Mojekyna SO, MoXer
HPUCOEINHATECA K aTOMY METIIa Yepe3 aToM CEephl WIHM aToM KHUCIopoa U Je-
CTBOBATh KaK KOHIEBOM WJIM MOCTUKOBHIM (1) IMraHA. AKIIENITOPHEIE CBOMCTBA Cep-
HUCTOT'O I'a3a CBA3aHB ¢ HAJIMYMEM Yy CEPHl BaKAHTHHIX d-opburaneil, criocOGHBIX
[IPUHKMATB [1apy 3JEKTPOHOB OT OCHOBaHUS, HAIIPUMEP aMMHA. DTO JIEXHUT B OCHO-
Be o6paTuMoii peakiuu oGecriBeYMBaHUA HYKCHMHAa — TPUPEHMIMETAHOBOTO KPacH-
TeJsA, CONEPXKAILEro aMMHOTPYTIIEL. [IpH KumsiyeHUN pactBopa annykT SO, - GyKCHH
paspyliaeTcsa, ¥ pacTBOP IMPHoGpeTaeT MPEXHIOI OKPACKY.

TepMomuHaMuyeckas cTaGUIBHOCTE TUOKCHUAOB IO OTHOLIEHMIO K pacnany Ha
HpocThle BENIECTBa oKa3biBaeTcs Hambonblueit wis SO,, a HauMeHsbLIeH Wig SeO,,
YTO CJIEMyeT U3 3HAYeHMIt CBOGOIHOIM sHepruu ['n66ea o6pasoBanmst A G7(cM. Tabi. 7.7).

TepMUYecKas QUCCOLHAIUSA CEPHUCTOrO ra3a HabloaeTCs JIMIIB IIPU TEMITepaType
Beitze 2800 °C.

7.7.3. Ioaydenne u cBoiicTBa TpHOKCHIOB DO,

IMpu cropaHMM NPOCTHX BEIIECTB Ha Bo3myxe BbIcuIie oKcunsl D05 obpasyrores
JIWLIB B CIEAOBHIX KOJMYECTBAX, IMOCKOJIBKY IIPU 3TOM Pa3sBUBAIOTCS CIUIIKOM BbI-
COKHME TEMIIEPATYPHI, JOCTATOYHBIE IS UX TEPMUYECKOTO PA3IOXKEHHUS.

Cpenu TprokcunoB DO, HaubGosee BaXeH cepHBIil aHruapun SO;, KoTOpsId Mpo-
WM3BOIUTCA B THFAHTCKUX MMPOMHBIILIEHHEIX MaclITabax KaTaIUTHYECKUM OKHMCITICHU-
eM SO, ¢ 1eNIBIo MTOyYeHHs cepHOil KHUcoThl. OH 06pasyeTcs TakKe IIpU TepMUYe-
CKOM pacliage cyiab(haToB 1 MUpocynbhaToB:

Na,S,0, = Na,SO, + SO,1

MoHoMepHBIe MONeKyTsl SO;, MPUCYTCTBYIOIINE B ra3oBoi ¢ase, UMEOT HopMy
paBWIBHOTO TPEYToNbHUKA (pHc. 7.17, @) ¢ HyTeBHIM TUITOIBHBIM MOMeHTOM. Kak
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0,142 um ) \ 0,143 um

o 120

Os

Puc. .17, Crpoeune cepHoro auruapuaa SO;:
a — B razoBoil dase: 5 — apac - nobHas MoguduKauus y-SO;; 6 — acbecTonogobuas MogHdUKanus
p-80;

U B SO,, nopanok cBasn >=O0 paseH 2, ee miuHa 0,142 uM. TBepaslii cepHBIt
aHTUAPHT 00pa3yeT HECK(IIBKO MOJIMMOPpPHEIX MoauduKkauuii. B npnonono6HoM
¥-S0- (fy; = 17°C) tetpesapu SO, CBA3aHH OOGIMIMMM BEPLUIMHAMU B LUKIHYE-
ckue ‘puMepsl S:0y (puc. 7.17, 6), HaOMUHAOLIME HUKINYeCKHE MeTadocdaThl
U CWL(KaTel. B acbecTono106HbXx MoguduKanuax teTpasaps SO, o6pasyroT ciu-
paJIbY Hl€ LEMU CO CTEMEHLO MOJINMEPU3ALIMH ITOPSIKA CTa THICAY: M30JUPOBAHHBIE
(B-SC . t, = 32°C) win c :s13aHHBIE B cou (a-SO3, t,, = 62°C) (puc. 7.17, ). Tlpu
Tu1aBi. HMU SO; OpeBpall TCA B XXKHIKOCTh, COCTOAIIYIO ITIaBHBIM 06pa3oM U3 TPH-
Mepol . B napoBoit Gase mj: « HI3KUX TeMIlepaTypax TPUMEPHEBIE YaCTULB HAXOIATCS
B PaBi YBECUM C MOHOMEDP M.

Ce, HBII aHTHIPUI — « HO M3 CAMBIX PEaKLIMOHHOCIIOCOGHHIX coeqUHEHUH. OH
NpodL TA€T OKUCIHUTENBHII CBOICTBa, HAIPUMED IIPEBPALIAET YIOJIb B YIVIEKUC-
JIBIHA T. 3:

2SO3 + C = 2502 + C02

OcobeHHOCTH B3anMoaeicTBUsS SO; € TaJIOTEHBOAOPOAAMH CBSI3aHBI C POCTOM BOC-
CcTaHOBUTENILHBIX ¢BOMCTB B psagy HCl—HBr—HI. OkucnurensHble cBoiicTBa SO;
YCWIMBAIOTCA ¢ pocTOM Temrepatypsl. [Ipu ciaboM Harpesannu SO; pearupyer ¢
raszoo6pasHbiM HCI, o6pasys xiopcynsdoHoByio kuciaory HSO;CI:

SO, + HCI = HO(CI)SO,

Ipu voBeimenun reMneparypsl HCI Boccranasmubaer SO; 10 SO, ¢ OTHOBPEMEH-
HBIM o6pa3oBadueM Cl,. I1pu meitcrsum 1a HBr tpuoxkcuna cepsl ipu 0 °C BuIIEs-
1o1cst SO, ¥ CBNGOIHHIN GpoM:

2SO3+ 2HBr = SOzT + Bl'z + HzSO4

HNonucteim Bomoj ~nom SO; BoccTanasmBaeTrca 10 H,S gaxe npu oXtaxIeHUN HHU-
xe 0°C:

SO3 + 8H1 = HzST + 412 + 3H20
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CepHBIit aHTUIPUI IEHCTBYET KaK CHIb-
Heunmas Kuciora JIslouca, o6pasys angyk-
THI ¢ TPUDTOPUIAMH MEIIIBAKA U CYPBMBI:

SbF; + SO; = SbF;(S03)
MpeBpanacT OKCUALI METAJLJIOB B Cyﬂb(baTBI:
Fezo3 -+ 3SO3 = Fez(SO4)3

OTa peakuMs CIYXHUT LI OYUCTKH MPO-
MBIIUTEHHBIX Ta30B OT clieqoB SO;.

SO; 6ypHO B3aMMOJIEHCTBYET C BOLOW C
BBIIEIEHHEM GoJibloro KonuyectBa (90 kJIX/MOJB) TEIUIOTHL HnrepecHo, yTO ra-
3006pa3sHbIif CEPHBIN aHTUAPUI TUIOXO TTOTTIOLIAETCS] BOLOM, TAK KaK obpa3syeT TymaH.
VIMEHHO 103TOMY B MPOMBILUIEHHOCTH TSI €70 MOMIOLIEHHS UCTIONB3YIOT HE BOLYy, a
KOHNCHTPUPOBAHHYIO CEpHYIO KHCIIOTY. ITpH 3TOM 06pasyercs oneym, coCTOSIIMI 13
HOMMCEPHBIX KUCIOT H,S,03,,, (n =1, 2, 3, ...) (cM. pa3n. 7.9).

CepHBIf aHTHAPHA TePMITYECKH HeycToMYMB. Ero TepMiyeckas aucconuanis Ha
SO, u O, HaunHaetcs npu 450 °C, a ipu 1200 °C B razoBoi (ase MoIHOCTHIO OTCYT-
CTBYIOT MOJIEKYAH SO;.

CenenoBuiit anruapug SeO; — 6eoe MUIPOCKOIMYHOE TBEPIOE BEIIECTBO
(tin = 119°C), nerko cy6aumupyercs, Boiie 185 °C pasjaraercs:

Puc. 7.18. Terpamepuble MOJIEKYJIbI Celle-
HoBoro anruapuaa (SeQ;),

SeO5(TB.) £ SeO,(TB.) + !/,0,1

Ero mosnyuator nerumparanueit celeHOBOM KUCTIOTHI npu 150 °C ¢ noMoumio doc-
¢opHoro anrunpuna; retyynit SeO; OTTOHSIOT B BAKYYMe. TBepnslit ceeHOBHIN aH-
THAPUI COCTOMT U3 TeTPasfpoB SeQ,, OOLEMNHEHHBIX B IUKJIMYECKUE TETPAMEPHI
(5€03), (puc. 7.18). OH BO MHOrOM CXOJIEH C CEPHBIM anrunpunoM. Ipu pactsope-
HHUHM €r0 B BoAe obpasyercs ceneHoBas Kuciora H,SeO,. CeneHoBHI aHTUAPHUT —
CUJIBHEHIIMI OKUCIINTENb. OH OKUCIISIET XJIOPOBOAOPOM 10 XJIopa:

0°C ‘
SCO3 + 2HCl — HzSCO3 -+ ClzT
a dochop — 1o docthopHoro aHruIpUna;
SSCO3 + 2P = P205 + SSCOZ

Cmecu SeO; ¢ opraHMYeCKUMY BELIECTBAMH B3pHIBAIOTCA.

Temwntypossiit anrunpun TeO; — Genoe HeycToONYMBOE TBEPIOE BELIECTBO, 0Opas3y-
IOLIEECsT TIPH 0GE3BOXNBAHNHU OPTOTEILTYpoBOit Kuciothl HgTeOq rpu 350 °C. Teepnprit
TPUOKCHI TeINTYpa MOCTPOEH U3 OKTasApoB TeOg, 0GBbEAUHEHHBIX OOLIMMHU BEPLIN-
Hamu B 1enu. B npotusononoxuocts SO; 1 SeO; okeun TeO; Bomoit [paKTUYECKH
HEe TUApaTUpyeTCsl, HO GBICTPO pacTBOpPSIETCS B IueToYax, 1aBas TeJTypats. OKuc-

TUTETbHEIE CBOHCTBA TPMOKCHUIA TEJLTYPa BEIPAXKEHH ropassio ciabee, yeM SeO;, —
OH BBITECHSAET XJIOp U3 COJITHOM KMCITOTH TOJILKO NPU HarpeBaHUH.

7.8. OKCOKHCJIOTHI XAJIbKOTEHOB B(IV)

Cepnucras kucnora H,SO; B MHIMBHIYaTEHOM COCTOSTHUY He BEUIeTeHa, Moste-
xynsl H,SO; o6HapyXeHBl Macc-cHeKTpOMETPHYECKH B Fa30BOM ¢dase. CeneHucras

9 Heopranueckan xumusi, Tom 2 257



kucnora H,SeO; — 6e0e KPUCTAUIMIECKOE BEMIECTBO, XOPOLIO pacTBOPUMOE B
Bone (167 r H,SeO; B 100 r Boxer nipu 20 °C). Ee nomyyaroT OKUCICHHEM CeICHA
pasbaeneHHoit HNO;:

3Se + 4HNO, + H,0 = 3H,Se0; + 4NO?T

TemutypHcTast KMCJIOTa — 3TO TUIPaTUPOBaHHBINA THOKCUI TeO, - xH,0*. Ona o6pa-
3yeTcs B BUme Georo ocanka NMpH TMAPOJIU3e TETParaOreHUIOB:

TeCl, + 2 + x)H,0 = TeO,-xH,04 + 4HCI

Cuna Kucjor ymeHnbluaerca B pany H,S O;—H,SeO;—H,TeO; (tabn. 7.8). Mo
Mepe pocTa paaMyca U YMEHBIIECHHs 2JEKTPOOTPULIATEIBHOCTH aTOM XalbKOreHa
caGee cMelaeT MEKTPOHHYIO TUIOTHOCTh OT aTroMa KHCJIOpOna IMAPOKCHIIBHOM
TPYIIIEL M, TAKMM 06pa3oM, crnabee MOMAPU3YET CBA3b O—H.

B pacTBOpax CEPHHMCTOI KHUCIIOTHI U €€ CONed CYIECTBYIOT MOHBI HSO;3, SO%’,
HS,0; u S,0%".

MHuorue cyabQUTH, 33 UCKIIOYEHUEM COJIEH HIEJTOYHBIX METAJUIOB U aMMOHUA,
TJIOXO PacTBOPUMEI B Bozie. M3-3a HeGONbIIOro 3HaYeHUs K, pacTBOPUMBIE cynbpu-
THI CWJIBHO THAPOIN3YIOTCA:

Na,SO; + H,0 = NaHSO; + NaOH

HMeHHO 3THM 00BACHsieTcs TOT (akT, uto pactBopoM Na,SO; yacTo ocaxnaioTcs He
CpenHMe, a OCHOBHbIE COJIM:
2Nast3 + 2MSO4 + 2H20 = NaMz(OH)(SO:;)z H20~L + NaHSO4 + Na2304
M = Mg, Mn(1I), Fe(I), Co, Ni, Zn)

CynbdUT-UOH UMeeT ITMPaMHIAIbHYI0 GOpMY ¢ 3JIEKTPOHHOU Napoil, JToKalmu-
30BaHHOI1 Ha aTOME CephI:

A 4 -~ <« =
A0 A 30
0 o- 0 o O o
OcobennocTio ruapocyibduros — noHoB HSO; — spisercsa maymomepus — paB-
HOBECHE MEXIY IBYyMs HU30MepaMM, CIIOCOGHEIMH JIETKO NIEPEXOIUTE APYT B Apyra.

7 ?
S= “S=
W Ty

B usomepe I aToM Bogopona CBS3aH C aTOMOM CEPHI, @ B U30MEpe IT — c atroMoM
kuciopona. M3 npocreimx npeacTaplIeHuit 06 31eKTPOOTPHLIATEIBHOCTH CIICAYET,
YTO TayTOMEPHOE PAaBHOBECHE NODKHO OHITH CMELICHO BIEBO — B CTOPOHY MOHA,

* Monekyna H,TeO; He cyllecTBYeT.
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Ta6auuga 7.8

CaoiicrBa kuciaor H,90,

CaoiicTBO H,S0; H,Se0; H,TeO;
pKi: H,90; 2 H' + H20; 1,8 2,5 2,5
pK;: H30; 2 H' + 303" 7,0 7,3 7,7
E°, B (pH 0): H,30; +4e~ +4H' =3 + 3H,0 +0,45 +0,74 +0,56
E°, B (pH 14): 905 +4e- +3H,0 =5 +60H" -0,66 -0,34 -0,41

OTPUUATEIBHBIH 3apsili KOTOPOTO HAXOMUTCS Ha GOJEe 3MEKTPOOTPHUIIATEBHOM e
MEHTe — KHMCJIOpofie. DTO cornacyercsi ¢ JaHHHIMU SIMP, cormacHO KOTOpHIM Co-
nepxanue ¢popmet IT mpu TeMneparype 20 °C cocrasnset 20 %. Xors TUOPOCYTBGhUT-
MOHBI B TBEPIIBIX CONSAX UMEIOT (hopMy I, M3BECTHO HECKONBKO CIIy4aeB (B KOMILIEK-
cax NepexOMHBIX MeTa/uioB) KoopauHauy HSO3 yepes aToM cepsl.

TTorBITKY BEIIETUTE rUAPOCYTLPUTH JIETKHMX MIETOYHBIX META/UIOB [P HaCHILE-
HUM PacTBOPOB UX CYIB(UTOB CEPHUCTHIM ra30M IIPUBOJAT K ITOTYIEHHUIO HECHM-
METPUYHBIX TUCYIBGUTOB (ITUPOCYIBGUTOB):

2MHSO3 = M25205 + Hzo

B KOTOPHIX peau3yeTcst cBsA3b —S—S—, [0,S—S0;]%, ave —S—O—S—. B BonHOM
PacTBOpe OHU BHOBb [PEBPALIAIOTCS B TMAPOCYIbMUTHL. B TBEpIOM COCTOSHUY BEIE-
JIHBI JINLIb KMCTIBIe CYTBQUTH ¢ KPYNHEIMA KaTnoHamu (RbHSO;, CsHSO,), cra-
GWIM3HPYIOIUMH TUAPOCYITBGUT-HOH.

Cenenucrast KUCTIOTa TaKXKe 06pa3yeT 1Ba psjia COMel: CpemHUe M KUCIbIe. OnHako s
TMIPOCE/ICHUT-MOHA TayTOMepHst He xapakrepHa, U HSeOj3 cymecrsyer nuus B dopme I1.

Cepa B cynbpUT-1OHe MOXET KaK MOBHIILATE, TAK U TOHKUKATh CTEEHD OKHUCTIE-
HUS, T. €. BHICTYIATh B KaY€CTBE BOCCTAHOBUTENS WJIM OKUCIIATENS.

CepHucTast KHCTTOTa U ee CONU 06NAAIOT IPKO BHIPAXEHHBIMH BOCCTAHOBUTE Ib-
HBIMH CBOMICTBAMM, OKMCIISISICH TP 3TOM JI0 CYTb(aTa WIN IUTHOHATA:

Fey(S04); + SO, + 2H,0 = 2FeSO, + 2H,S0,
K,Cr07 + 350, + H,S0, = K380, + Cry(SO,); + H,0

CynehuTH IpH XpaHEHUHM HA BO3LYXE WIK B BOJHBIX pacTBOpax MeTEHHO OKHCIISI-
I0TCS1 KUCIIOPOJOM BO3/yXa M0 PagUKaIbHOMY MeXaHU3MY:

Na2503 + 1/202—-) Nast4

(aHasorMyHas peakums okucieHus SO,, KaTaM3upyeMasi OKCUoM a3ota NO, B aTMo-
cdepe, CIYXUT HCTOYHUKOM KUCIIOTHEIX TOXHEH).

BoccraHoBuTeIBHBIE CBOMCTBA CEJIEHUCTON M TEJUTYPUCTOI KUCITIOT BHIPaXKEHHI
crabee, YeM CEPHUCTOM KHUCIIOTHL. DTO CIeAyeT U3 3HAYEHUI CTaHIapTHHIX [TOTEHI[AA~
0B (cM. Tabn. 7.8). Kak BumHO Ha puc. 7.19, HakIoH JIUHUH, COeTUHAIOIEN BOIBT-
SKBUBaJIeHTHl naps H,SO,/S, oka3biBaeTcs MeHbILE, YeM I map H,TeO;/Te n
H,Se0,/Se. TloaToMy B OTIIMYHE OT coeqMHEHMIT S(IV) oxucnurs H,SeO; u H,TeO,
IO BHICLIEH CTENEHM OKHUCIICHUS] 3HAYMTELHO TPYIHEE.
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nE° B

S, Se, Te

-1 . N N ) L . . -5 A , . . . . .
-2 -1 0 1 2 3 4 5 6 -2 -1 0 1 2 3 4 5 6
CrelleHb OKHCIEHHS CrelleHb OKUCICHNS
a 6

Puc. 7.19. [IlnarpaMma BOJIT-3KBUBAJIEHT—CTEINIEHb OKHUCJIEHUS [UIS1 XaJIbKOT€HOB
B kuciaslx pH 0 (a) n wenounsix pH 14 (6) pacrBopax

Hpn B3aUMOAEUCTBUM C 6ojiee CHIIBHBIMM BOCCTAHOBUTEISIMU CEPHUCTAsA KHC-
JIOTa MPOABIACT OKHUCIUTCIIBHBIC CBOIICTBA:

2H2$O3 +7Zn = ZnSZO4 + 2H20

Ipu ynapyBaHUK M3 pacTBOPA BbIAEISIOTCS GeClBETHBIE KPUCTA/LIB JUTHOHUTA LIMHKA —
COJIX JUTHOHMCTOI (ruapocepHucroii kucsoTsl) H,S,04. Harpuesyro conb nosyyaror 110 peak-
LMK 06MeHa, OCaXAas LMHK B BUle Kap6oHara. Jiutnonucras kuciora HyS,04 (K =5-107),
K; =4-107) B cBO60xHOM BHje He BhiaeneHa. Conu ee npu HeGOJIBLIOM HAarpeBaHUM pasia-
raloTes:

190°C
2Na23204 —_— Na23203 + Na2303 + SOzT

[1le109M BbI3BIBAIOT UX JUCIPOTIOPLUMOHUPOBAHUE Ha Cybhua U cynbdaT, a KUCJIOTh —
Ha CEPHUCTBIHA ra3 U cepy.

JINTHOHUTHL — CHJIbHbIE BOCCTAHOBMTEJM, TI0 CHJIe IIPUMEPHO paBHble FunogocduTam.
OHHM nNpeBpaaloT guxpoMar-uoHbsl B XxpoM(11I), BeIAEISIOT MaOAKTHBHbIE METAJLILI U3 HX
cosneit. [TpoMbIlLIEHHOE 3HAYEHHE MMeeT JUTUOHUT HATpUS, UCTIONb3YIOHICA B Ka4eCcTBe
oTbenmBaresis NpH NpOU3BOACTBEe Oymaru.,

U3 puc. 7.19 u Tabi1. 7.8 cnemyeT, uTo oKucaurensHble cBoiictBa H,TeO; BHIpakeHH
CWIBHEe, YeM cepHUCTOM KncimoThl. Coemunenns Se(IV) npossisior 6oee CUIBHBIE
OKHICIIMTENIBEHBIE CBOMCTBA, YeM coenuHeHusa S(IV) u Te(IV). HanpuMep, ceneHucras
kucora okucnget SO, no H,SO,, BoccraHaBnuBasich 1o cBOOOTHOIO KPacHOTO CEJIeHa:

H,Se0; + 280, + H,0 = Sed + 2H,SO,
AHaJlorm4Ho TpoTekaeT peakuusa SO, ¢ H,TeO;.

Kaxk cnemyeT u3 [uarpaMMBI BOJIBT-9KBUBAJIEHT—CTEIIEHb OKUCIIEHNS, TEPMOIMHA-
MHYecKasi CTaGMIBHOCTD CEJIEHMCTOM U TEJUTYPUCTOM KMCIIOT IO OTHOLIEHUIO K IHC-

'
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HPONOPLUMOHHPOBaHMI0 Ha D° 1 SOZ‘ oKasbiBaeTcs 6osbiue, yeM H,SO;. [eiicTBu-
TEJIBHO, BOJNBT-3KBUBAICHT (nE°) CepHUCTON KHMCIOTH JIEXHUT BBILIE, a CeJIEHH-
CTOM ¥ TEJUTYPUCTON KUCJIOT — HUXE JMHUH, COSTUHSIONIEN BOIBT-3KBUBAJICHTHI
qactui D% u BOZ‘. ITockonsky nE° = -AG°/F (tne AG° — sHeprusi T'n66ca npespa-
LLIEHUSA 90%” B D% u SOZ‘; n — KOJMYECTBO 3JIEKTPOHOB, YYaCTBYIOLIUX B 3TOM
npouecce; F — yncino Papagiest; E° — cTaHIApTHBIA 3MEKTPOIHBIN MOTEHIHAT), TO
YKa3aHHOE€ B3aMMHO€ MOJIOXKEHHE BOJBT-3KBUBAJIEHTOB O3HAYAET, YTO PABHOBECHE

3H,30; 2 3 + 2907 + H,0 + 4H*

B CIIyyae cephbl CMEIUEHO BIIPABO, a B CIy4ae ceJieHa U Te/Typa — BJIEBO.
Teepasie CynbUTH LENOYHBIX METAUIOB MPH CWIBHOM HATDEBAHMM JUCIIPO-
MOPLUHUOHUPYIOT:

4N2,50; %S 3N2,S0, + Na,S

a COJIM 1IECJIOYHO3EMENBHBIX METAJIJIOB pa3jiaraloTcsl B BaKyyme 10 OKCHIOB:

MSO; 55 MO + SO, (M = Ca, Sr, Ba)

4 Ha BO3MYXe OKMCIISAIOTCS JI0 CYAb(HATOB, YTO COOTBETCTBYET JMAarpaMMeE MapLHUaIb-
HBIX IABIEHUH (pso,—Po,) (CM. puc. 7.14). :

CynbhUTE ¥ THPOCYIBGHUTE IIMPOKO HMCMOJIb3YIOT B KAa4ECTBE OTOEIMBATENE
TpH NPOM3BOACTBE GYMaXHOM MacChl M KaK BOCCTAHOBUTENH NpH 06paGoTKe hoTo-
MaTepHuaJioB.

7.9. OKCOKHCJIOTBI XAJIBKOTEHOB D(VI)

BeiciIME OKCOKHMCIIOTBI XaIBKOTEHOB: CEPHYIO H,S0,, cenenosyio H,SeO, u op-
ToTesutypoByio H¢TeOg — cHHTE3MpyIoT OKMCIEHHEM MX IMOKCHIOB MM COOTBET-
CTBYIOILMX UM KUCIIOT. IIpOMBINLIEHHOE TIPOU3BOACTBO CEPHON KUCIOTHI OCYIIECTB-
JSICTCST KOHTAKTHBIM CITOCOGOM, B OCHOBE KOTOPOTO JIEXUT OKUCIIEHHUE CEPHUCTOrO
ra3a B CEpHBIH aHTHIPHI HAa BaHAIMEBOM KaTajim3aTtope (oKcuzx BaHamus(V), mpo-
MOTHPOBAaHHBIH CYIb(ATOM KalMs) C IOCICAYIOIAM IIOTIOMEHNEM CEPHOTO aH-
TUIpUZIA KOHLIEHTPHUPOBAHHOM CEPHOM KUCIOTOIN:

V,04 H,S0,(xoHu.)

SO, + 140, 2%, so, > H,8,0, 22, 2H,50,

DTOT METO/l B HACTOSAIIEE BPEMSI TIOYTH MTOJTHOCTHIO BBITECHMWI HUTPO3HBIH CIIOCO0,
B KOTOPOM OKHCIIHTEJIEM CIyXXUT He KUCIOpon, a okeun asota(IV).
Bo3MoxHo Kax mpsiMoe okucienne SO, B CEpHYIO KHUCNOTY:

SO, + NO, + H,0 = H,S0, + NO

TaK M JIByXCTaAMHHOE — 4Yepe3 06pa3oBaHME HUTPO3MIICEPHOMU KHCIOTHI (runpo-
Ccyabgara HUTPO3OHMS), KOTOPast THAPOIM3YETCS HA CEPHYIO KUCJIOTY M OKCHJ a30-
Ta, BCTYNAIOLIMA B pEaKUMIO C HOBOM MOPLME CEpPHUCTOrO rasa:

2802 + 3N02 + H20 = 2[NO]+[HSO4]_ + NO
2[NOJ'[HSO,]” + H,0 = 2H,S0, + NO + NO,
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O C/IOXHOCTH ¥ MHOroOGpa3My peakluii, IPUBOASILIMX B UTOTE K CEPHOH KUCIIOTE, CBU-
JeTeBCTBYET XOTH Gbl TOT (baKT, YTO HUTPO3WICEPHAst KUCJIOTA pearupyer ¢ CCPHUCTRIM
rasoM, 1aBasi XMIKOCTH CHHEro WIM (pHOIETOBOTO LIBETA — (PHOJIETOBYIO KUCIOTY (Wid
kuciory Pauiura). TouHbIH cocTaB IpOAYKTa O CHX ITOP HEU3BECTCH. B cBoe BpeMs BBICKA3bI~
BATUCh NPEATIONOXEHUS, YTO B 3THX XHIKOCTAX COACPXUTCSH nupocyibdhar HUTPO3OHHUS
(NO),S,0;" v cyn1b)OHUTPOHOBAsE KUCJIOTA HOSO,—N(0O)—OH. IToce Toro Kak HUTpO-
3HBIA CIIOCO6 CTANT UCTOPHEH, MCCIEA0BaHNS XMMHUM IMPOLIECCOB, JIEXAIMX B €ro OCHOBE,
NPEKPaTUITUCh.

CeJIeHOBYIO KHCJIOTY TTOJIYYalOT OKUCICHHEM CEIEHNCTON KMCIOThl KOHLEHTPH-
pOBaHHBIM PacTBOPOM IIEPOKCHIA BOAOPOa:

H,SeO; + H,0,(30 %) = H,SeO,4 + H,O
TeuTypoBYIO KMCIOTY CHHTE3MPYIOT OKMCIEHHEM IMOKCHA:
5TeO, + 2KMnO, + 6HNO; + 12H;0 = SHTeOg + 2KNO; + 2Mn(NO3),
WM TIPOCTOTO BEINECTBA CHJILHBIMU OKUCTHTENSMH:
5Te + 6HCIO; + 12H,0 = SHTeOg + 3Cl,T
a TaxoKe IO OOMEHHBIM peaKLHSIM
BaTeO, + H,S0O, + 2H,0 = H¢TeOq + BaSO,d

B monexyne H,SO, cepa TeTpasapHIeCKy OKpYXeHa YETBIPbMsI aTOMaMH KUCJIOPO-
Ia, {BA U3 KOTOPBIX BXOAAT B COCTaB MMAPOKCWIIBHBIX TDYITIL. JUTMHBI CBSI3Eil B MOJIEKYJIC
H,SO, TakoBbl, 4TO cBsA3M S—O MOXHO CUMTaTh JBOMHBIMH, a cBsi3u S—OH — omuHap-
HBIMU. BeciBeTHBIE, TOX0XMe Ha Jiel KpucTauibl H,SO,4 MIMEIoT CJIOMCTYIO CTPYKTYDY:
Kaxnas Monekyaa H,SO, coefMHeHa ¢ YETHIPbMST COCEHUMH MOJIEKYJIAMH IIPOTHBIMU
BOIOPONHBIMH CBS3IMH, 06pasyst eIVHbIA MPOCTPAHCTBEHHEIH KapKac (puc. 7.20). Ilpu
temmneparype 10,3°C H,SO, miaBurcs ¢ 06pa3oBaHHEM soxenoit (d = 1,838 r/mn
npu 15°C) MacIsgHUCTOH XHIKOCTH, KHUITSILEH C pasIoXEHHEM TPH 300 °C. Takas
KHUCIIOTa THIMUT Ha Bozayxe. CTpykrypa xunkoi H,SO, Takas Xe, KaK TBEpIOH, TOMb-
KO IEIOCTHOCTD ITPOCTPAHCTBEHHOTO KapKaca HapylIeHa, M €10 MOXHO ITPCIACTaBUTD
KaK COBOKYITHOCTb MUKPOKPUCTA/UTHKOB, MOCTOSIHHO MEHSIOLIMX CBOIO dopMy.

OO0
Os
o H

Puc. 7.20. CtpoeHue TBepAOit CEpPHON KHMCJIOTBI

* Takoe BelLIeCTBO MOJYYEHO, HAIlpUMED, IpH Bsanmoneﬁcmuk NO; ¢ SO, unu SOCI;, cm.:
De Vore T. C., Gallaher T.N. // Inorg. Chem. 1984. V. 23. P. 3506.
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Puic. 7.21. ®asopas auarpamma cuctemst H,SO,—H,0:

4 — IuarpaMMa IUIABKOCTH; § — IMarpaMma KUIICHMS XWIKOCTH NPU PaxTHUHbIX 3HAYEHHMAX DARTEHHS
P=10(1), 50 (2), 100 (3), 760 (4) MM pT. cT. (IMHUS 5 — 3aBUCHMOCTE COCTABA rapa OT TeMIIepaTyphl)

CepHast KMC/IOTa CMELIMBAETCS C BONOH B JIIOGBIX COOTHOLIEHMSIX, TIPOLIECC CO-
MPOBOXAAETCH 0OPa3sOBaHMEM pasNIU4HBIX TUapatoB H,SO,- nH,0 (puc. 7.21). Ten-
JI0Ta THXPATaM HACTONBKO BenHKa (Mpubmu3uTenbHo 880 KIX/MOJb), 4YTO CMeCh
MOXET IaX€e BCKUIIETh, Pa30pBISTaThCsI M BBI3BATh OXOTH KOXH Y Pa3pyIICHUE OEXKIbI.
IMosroMy Heob6xomuMo 1OGaBISITH KHUCIIOTY K BOZI€, @ HE HA00OPOT, ITOCKOJIBKY ITpH
mo6asnenun H,O B H,SO, Gonee sierkast Boia OKaXeTcst Ha TOBEPXHOCTH KUCIIOTHI,
/1€ ¥ COCPENOTOYMTCST BCS BRIACIITIOILASACA TEIUIOTA. B pesynbrate MoxXeT rpou3oiTi
BCKUIIaHHE U pa3OphisTMBaHKE. BEICOKOE CPONCTBO CEpHOI KUCIOTHI K BOJIE ITO3BO-
JACT MCTIONB30BaTh €€ KaK BOJOOTHUMAIOLLEE CPENCTBO.

B nabopaTopHO# NpaKTHKE HCIONB3YIOT CEPHYIO KHCIOTY C KOHIIEHTpanuei
98,3 %, ee ¥ Ha3BIBAIOT KOHIIEHTPUPOBaHHOMK. OHa TIPENCTABISET cOBOM a3eoTpomn ¢
b = 339 °C 1 motHoCTHIO 1,68 /M.

ITo cTpyKTYpHBEIM 0COGEHHOCTSAM M AHOMATHAM XUIKAST H,SO, noxoxa Ha Bony.
3mech Ta Xe CMCTeMa CHIIbHBIX BOJOPOIHBIX CBSI3EH, UTO M B BOJIE, TIOYTH TAKOM XKe
TIPOYHBI} TPOCTPAHCTBEHHBIM KAapKac, TaKHE Xe aHOMAIbHO BBHICOKHE BSI3KOCTb,
MOBCPXHOCTHOE HATSXKEHME, TEMITEpaTyphl TUIABJICHUS M KUTleHus. [ManekTpuye-
CKast mponunaemMocts H,SO, Bemika (g = 100). ITo 310l mpiyuHe coGCTBEHHAst TUCCO-
IManyst (ABTOMOHM3AIMSA) CEPHOM KUCIOTEI ropaszio 6ombiue (B 1010 pas), 4eM BOJHI:

2H,S0, 2 H;S0; + HSO;, K = 2,7-10~

B 6e3BomHO# cepHOM KHCIIOTE OHOBPEMEHHO IIPOUCXOIAT HECKOIBKO paBHOBEC-
HBIX TIPOLICCCOB, B TOM yucie ee auccounanuss Ha H,O u SO,. IMostomy 3aech co-
Repxatcst ceMb BumoB yactiy (HSOj;, H,SO;, H;0°, HS,07, SO,, H,S,0,, H,0),
KOTOpBIE OTIPENETAIOT CBOMCTBA CEPHOM KMCIOTHI KAK HEBOTHOTO PACTBOPUTES.

W3-3a BEICOKO}T MONsSIpHOCTH CBsA3b H—O J1eTKo pasphiBaercs, TIPHUYEM OTILETI-
JIEHHE TIPOTOHA TPeOyeT MEHBILMX SHEPreTMYECKUX 3aTpaT, YeM B CJIydae BoaH. Bia-
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rofaps 3ToMy KucinotHble cBoiicrBa H,SO, BHIpaXeHB CHIBHO, U NTPH PACTBOPEHHH
B 6e3BoHOi H,SO, GONBLIIMHCTBO COENUHEHMM, TPATUIIMOHHO CYUTAIOIIUXCS KHC-
agoramu (CH;COOH, HNO;, H;PO, 1 np.), BenyT ce6s Kak OCHOBaHMsI, PUCOE-
auHss potoH ot H,SO, 1 noBhiIas KoHueHTpaimio annoHo HSO;:

HNO; + 2H,S0, 2 NO} + H,0* + 2HSO;

CBuUIeTeNBECTBOM 3TOMY SIBISIETCS, HAllpUMep, oOpa3oBaHMe ruiponupocynbdara HUT-
poHus npu pacTBopeHU SO; B ABIMSILLEH a30THOIM KHCIOTE!

2S0; + HNO, = [NO3][HS,05]

Conb BbLIEASETCS B BUAE GECLIBETHBIX TMTPOCKOIIMYHBIX KPUCTALIOB, IUIABAIUMXCH IPH
100 — 105 °C, 1 MoxeT OBITh NIEPEKPUCTAIUIN30OBAHA U3 HUTpOMeTaHa”.

JIumrp Heckonbko coexumuenuit (HCIO,, HSO;F) mpu pactBopenun B H,SO,
BeayT cebs Kak cmabble KHCIOTH, T.€. IPOTOH Y HUX OTIIEIUISCTCS JIETYE, YEM
y H,SO,, YTO MpUBOAUT K POCTY KOHILIEHTPAIIH COIBBATUPOBAHHOIO IIPOTOHA H,S0;"

HC104 + HzSO4 =i H3SO4 + CIOZ

HekoTopHhle CBOICTBA OKCOKMCIOT XanbkoreHoB D(VI) mpuseneHs B Tabi. 7.9.
Bespoanasa H,SeO, — GecriBeTHOE HEYCTOMYHMBOE KPHCTALTHYECKOE BEIIECTBO,
[IOCTPOEHHOE M3 CIIOEB MCKAXEHHBIX TeTpasnpoB SeO, u miassuueecs npu 57°C ¢
pa3JIOXEHHEM:
2H25304 = 2steO3 + OzT

H,SO, u H,Se0, — cuibHblE IByXOCHOBHBIE KMCIIOTHI (cM. Tab. 7.9). OHu 6nus-
KH TI0 CTPYKTYpE U CBOMCTBaM. I/Ix COJMU — cynbdaru U CEe/eHaTH — H30MOpPhHH
¥ obpa3yioT KBacubl cocraBa M 'Al(B0,);- 12H,0, rae M' — wWEeNOYHOI MeTaLT;
2 =135, Se.

Oproremnyposas Kucinora HgTeOgy — GecriBeTHOE THIPOCKONIUYHOE BELUECTBO
(tx = 136 °C), xopoio pactBopumMoe B Boze (19,7 r B 100 r Boabl ipu TeMmepaType
0°C). Ee cTpykTypa omiuyaercs ot ctpykrypsl H,SO, u H,SeO, u moctpoeHa u3
MpaBWIBHBIX OKTa3ApoB TeOg, COXpaHSIOIIMXCS M B pacTBopax. Takoe CTpoeHHe
ob6ycosiuBaet omume cBoiictB HgTeOg ot coiicts H,SO, n H,SeO,. OteyrcTBHe
KOHIIEBHIX ATOMOB KHCJIOPOAA, KOTOPHIE MOTJIH OBl OTTATMBATE 3NEKTPOHHYIO ILUIOT-
HocTs ot aroMa Te u onsspusosarh cBsa3b H—O, o6bscHsieT TOT ¢axT, yro HgTeOg
cnabee aaxe YroNbHOM KHUCIOTH (CM. Taom. 7. 9) PacrBopoMm LUETOTH H¢TeOg THTpYETCS
KaK IByXOCHOBHast ¢ 00pa3oBaHUEM coeit M TeO(OH)5 1 MiTeO,(OH),. ITpu 160 °C
OHa TepsieT Bomy, oGpasys monuMepHyio Mera-¢popmy H,TeO,. Ee mermnmparaums
ripu 200 °C IpHBOAMUT K TEJUTyPOBOMY aHTHAPUIY, KoTophiit Bhile 400 °C pacnamaer-
cqa Ha TeO, ¥ KUCIOPOII. OKcheHneM PACILTABOB TEJLTYPHTOB METALIOB KUCIOPOIOM
wit KNO; nosy4eHsl TeUTypaThl M{TeOq, MiTeOs u M5TeO,, IMEIONIHME CIIOXHYIO
TO/IMMEPHYIO CTPYKTYDY. Temryparsl He U30MOP(MHBHI € CyTbdaTtaMH M CeICHATaMH.

B psany SO4 —SeO; —H;TeOs Habmonmaercss HEMOHOTOHHOE H3MEHEHHE TEPMOIH-
HaMWYECKOl CTaBIIBHOCTH M OKHUCJIHTENIPHON CITOCOGHOCTH: CEJIEHOBAsK KHUCIIOTA U
ee COJIM TepMOIMHAMITYECKH OKA3HBAIOTCH MEHee CTAOMIIBHBIMU U Gosee CHITbHBIMU™

* Goddard D.R., Hughes E.D., Ingold C.K. //J. Chem. Soc. 1950. P. 2559.
b KnHemqecxn MpOLIECC BOCCTAHOBNEHUs coennHeHud D(VI), Hampumep SeO%, moxeT GBITH
3aTOPMOXEHHBIM.
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Tab6auna 7.9
CaoiicTsa kucior H,;90,

CsoiicTBO H,S0, H,SeO, H¢TeOg¢
Pk, -3,0 -1,0 7,7
pK, 1,9 2,0 11
pK; - — 14,5

E°(9"%9™),B (pH 0) |+0,16 (SOZ/SO,) +1,15 (Se0f /H,Se03)| +1,04 (HsTeOg/H,TeO;)
E°(3"79™), B (pH 14) |-0,93 (SO /SO | +0,03 (S0 /Se07) | +0,40 (H,TeOZ /Te0?)

OKMCJMTE/IMH, 1€M COOTBETCTBYIOIINE KMCIOTE M comu S(VI) u Te(VI). Haknon m-
HHH, COCOMHSIOUIEH BOJIBT-3KBUBAJIEHTHI Maphl SeOZ‘/SeO%‘, Gosblile, YeM HaKJIOH
H¢TeOs/H,TeO5 n SO%‘/H;SO;; (cMm. puc. 7.19). Bonbmii noteHLman napsl SeQ2/ SeO3”
1o cpaBHeHHIO ¢ napamu H¢TeOgq/H,TeO; u SOZ'/H2503 CBUIIETENIECTBYET O €€ Io-
pa3no GoNbllel OKMCIUTENBHOH CIIOCOBHOCTH. JeAcTBUTENBHO, CeeHOBas KUCIOTA
BBIIETISIET XJIOP M3 KOHHEHTpHpoBaHHoit HCI:

H,Se¢0, + 2HCI = Cl,t + H,S¢0; + H,0
pacTBopsieT 6e3 HarpeBaHuA MeIb U AaX€E 30/10TO:
2Au + 6steO4 = AU2(SCO4)3 + 3steO3 + 3H20

OKMCJIAET HOHBI T&IOTEHNIOB (KpoMe (GTopuia) MO CBOGOMHBIX TaTOTEHOB, Oypuo
PEArupyeT ¢ OPraHMYECKMMH BELLECTBAMH (BOCIUIAMEHSIET LEeJUTI0N03Y). B cxomHbIX
YCTIOBUSIX OPTOTEILTYPOBast KUCIIOTA ITO OKMCIUTENTBHOM CIIOCOGHOCTH TAKKE TIPEBOCXO-
AT CEPHYIO, XOTS M CYWICCTBEHHO YCTyNaeT celeHoBoM. CelleH M TeJUTyp, BXOZISIINE
B cocraB H,SeO, u H¢TeOq, yaine Bcero BOCCTAHABIMBAIOTCS IO MPOCTBIX BELLECTB.

Beicokast okucnuTesbHas CIocoGHOCTh CeleHOBOM KUCIOTh U ee HHU3Kas YyCTONYUBOCTh
CBA3AHBI C MOHMXEHUEM MPOYHOCTH CBA3U Se—O 110 CpaBHEHHIO O CBA3bI0 S—O. B cBOW0O
04CPEAPb STO BBI3BAHO YBEJIMYCHUEM Dasmepa U SHePruif 4s- U 4p-opGuraneii aToMa ceeHa
10 CPABHEHHUIO C Pa3MEPOM U IHEPTUsAMHU 2s- M 2p-opGHTATell KUCIOPOAA U, ClieJ0BaTeb-
HO, ¢ YMEHBIICHUEM B3aMMOJCHCTBUSA (MepeKphiBaHUs) 4s-, 4p-opGUTaNeil celeHa U 2s-,
2p-opburaneii kucropona (3Heprun 2s-, 2p-, 3s-, 3p-, 4s-, 4p-op6UTateit COCTABIAIOT
-32,4, -15,9, -20,7, -12,0, ~-17,6, -9,1 5B COOTBETCTBEHHO). IToBHIIIEHNE CTAOWIBHOCTH U
oc1abiieH1e OKMCIUTENBHOM CIIOCOBHOCTH OKCOCOETMHEHMIA npu nepexogne ot Se(VI) k Te(VI)
00YCNIOBTEHO 0COGEHHOCTAMMU CTPOEHUS U YBEJIMYCHUEM MTPOYHOCTH CBA3U Te— O B oKTas]-
pryeckux HoHax TeOg 1Mo cpaBHEHMUIO CO CBA3BIO Se—O B TeTpasapax SeOf'. ATOM TesuTypa
TI0 CPaBHEHUIO C aTOMOM CeJleHa MMeeT GOJIbLUMIA PalNyC, VI HEro XapaKTePHO KOOPAMHA-
UMOHHOE YUCIO 6. YBelMyeHUe Yucia KOOPAMHMPYEMBIX ATOMOB KHCIIOpOAa MIPUBOJUT K
POCTY YHCJIa SNEKTPOHOB Ha CBSI3BIBAIOLIMX MOJEKYISAPHHIX OpGHTANIX M COOTBETCTBEHHO K
TOBBILIEHUIO [IPOYHOCTH CBS3H.

CepHaﬂ KucJjiIora OGJIaIIaeT‘CI_/UIBHHMI/I OKMC/IHUTCIbHBIMHA CBOMCTBAMH TOJBKO B
KOHUCHTPHPOBAHHOM -pacTBOPE U IIpH Harpe¢BaHHUM:

2H,SO4(xoHit.) + Cu £ CuSO, + SO, + 2H,0

C cepHOi1 KHCIIOTO} pearupyioT MHOTHE MPOCTEIE BELIECTBA — METAUIBL U HEMETAI -
nel. Ha xonone H,SO, MHEPTHA MO OTHOLIEHMIO K TAKHM MeTajlllaM, KaK XeJe3o,
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aIOMUHUI 1 gaxe 6apwuii. [IpoxykTaMy €€ BOCCTAHOBJIEHUS B 3aBUCHMOCTH OT yC/IO-
BUii TPOBEAEHMUS peaKuil (IPUPOBI METAJUTA, TEMITEPATYPHI, KOHUEHTPAIMH) MOTYT
oute SO,, H,S, S, moiuTHOHATHI.

CepHast KucloTa o6pasyer J1Ba pszia Coei: Cy/nbdaThl 1 rugpocynbgarsl. I'un-
pocynb(}aTE HEKOTOPHIX IEPEXOIHBIX M MOCTIIEPEXONHEIX METAUIOB MPEACTABISIOT
coBolt KOMIUIEKCHBIE KCIOoTH (HanpuMep, [H30]*[Pb(HSO,)SO,]", nsBecTHas KaK
Pb(HSO,),- H,0). TepmuyecKas yCTOHYMBOCTD CYIb(paTOB ONPENEIAETCS MIPHPOIOH
KaTHOHA, a COCTaB MPOJYKTOB Pa3jIOXEHHUs 3aBUCHT OT TEMIICPATYpH Mpouecca.
Cynbdarhl ILEJOYHBIX U LIETOYHO3EMENBHBIX METAUIOB TUIABSATCS BBIIIC 1000°C
6e3 pazmoxeHus. Cynbdar CBUHIIA HAYMHAET pa3/iaraTbCs Ipx 1170°C, maprauua(Il) —
nipu 850 °C (t,, = 700°C), amomunus — npu 770°C, Menu — 1pu 650°C, xene-
3a(I1T) — nipu 600 °C. IMaBHBIMU IPOAYKTAMH MX TEPMUIECKOH TMCCOLMALIMN SBIIAIOT-
¢S OKCHJI METAIa ¥ CEpHBIM aHTHOPUI, OJHAKO YEM BBILIE TEMIIEpaTypa pa3Jioxe-
HUsA, TeM B Gonblueit crernenn SO; pacnagacTcss Ha CEPHUCTHIH Ia3 M KUCIOPOX:

Fe,(SO,); = Fe,0; + 350,

Ecnu HarpepaioT cy/ibdaT MeTaia B HU3ILIEH CTENCHH OKUCICHUSA (Fe(1I), Mn(1I)),
TO BBIICISIOLIMIACSA CEpHBI aHTUAPUA OKUCISIET METalUL.

3MnSO, & Mn;0, + 380,1 + 0,1 .

2FeSO, £ Fe,04 + SO,T + SO,T

ITpy HarpeBaHUM THAPATOB ITPOMCXOIUT 00 mocieoBaTe/IBHOE OTLLCIUICHUE

MOJIEKY/]I KPUCTAJUTU3aALMOHHOMW BOJIBL:
105°C 150°C 250°C 650°C
CUSO4' 5H20 —_— CUSO4' 3H20 —_— CUSO4' Hzo ——?CUSO“ —_— CuO + SO3T
160 GoJiee CIIOKHEBIE THAPOJIUTHIECKUE U OKHCIHUTEIBHO-BOCCTAHOBUTEIBHBIC TIPO-
LECCHI:
64°C 300°C 700°C

FeSO,-7H,0 —> FeSO,-H,0 — Fe,0(50,4), — Fe,0; + SO,T + SO;T

TuapocynbbaThl WETOYHBIX META/UIOB NIPY HarpeBaHMM NMPEBPALLAIOTCS B nupocyabda-
THI, a 3aTeM B cynbdarsl. Tak, KUCTBUA CyiabhaT HATPHSA, KPUCTALTM3YIOWUACA U3 PaCTBOPOB
B BUJIe MOHOTHIpPaTa, pu 59 °C ruaBUTCs B COOCTBEHHOI KPUCTAUTH3ALIMOHHOH BOJE, 3aTeM
o6e3poxuBaercs, npespaiuasick B NaHSO, (1, = 186 °C), KoTopstii Ipu JanbHeHIIeM Harpe-
BaHMM NpeBpauaercss B mupocyibhar Na,S,0; (4, = 402°C). Mocneauuit npu T > 460 °C
pa3naraeTca Ha cyibdar HaTpus ¥ CEpHBIA aHTMIPHLL.

CeneHarbl 4acTo I/I3OMOp¢)HI>I COOTBETCTBYIOLUUM CYJIb(i)aTaM M CXOOHBI C HUMHA
Mo paCTBOPHUMOCTH. Hx nosyyaroT OKUCICHHEM CEJIEHA WIH THOKCHA CCJICHA B LIE-
JIOYHOM pacCIuUiaBE:

Se0, + K,0, £ K,Se0,

Hpn Pa3yIOXKECHHUM CCICHATOB LIETOYHO3EMENBHBIX METAJIOB B OTVIMYHE OT cyan)a-
TOB o6pa3y10Tc5I CCJICHUTHI:

2CaSe0, £ 2CaSe0; + 0,1
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W3 TesurypaToB pacTBOPMMEL B BOJE TONBKO HEKOTODBIE COMH LIENOYHBIX METaI-
7108, HanpuMep NagTeOg. DTo BelECTBO He MOXET GHITh BRIIENEHO U3 pacTBOpA BCIIEN -
CTBHE TUPOJIM3a; €r0 MOTYYaioT CILIABICHUEM TEJLUTYPOBOM KHUCIOTHI CO IEIOYBIO:

H¢TeOgq + 6NaOH = NagTeOq + 6H,0

Ha axxtoM Bo3nyxe NagTeOg MOCTENEHHO NpeBpaiaeTcs B Kkuciyio conmb Na,HyTe Q.
VIMEHHO OHa BBINANAET B OCAIOK IPH HEATPATM3AIMM BOXHBIX PACTBOPOB OpTOTEN-
JYPOBOH KUCITOTHI THAPOKCHIIOM WM KapGoHaToM Hatpus. IIpu cuibHOM Harpesa-
HWH pas3jiaraeTcst:

2Na,H,TeOg £ 2Na,TeO; + O, + 4H,0

7.10. MHOTOOBPA3ZHUE OKCOKHUCJOT CEPBI(VI)

Cepa 06pasyeT MHOXECTBO KMCIOPOICONEPXKAIUMX KUCIIOT, AHMOHBI BaXKHEHIIINX
M3 HUX MpeICTaBJIEHs! Ha puc. 7.22.

Kucnory H,SO, MOXHO Ha3BIBaTh OPTOCEPHOMN KHCIIOTOM, TaK KAk B Hel comep-
XUTCS HAaUGONbIlEE YMCIO THAPOKCUIBHBEIX TPYNII, CBS3aHHBIX C OMHMM ATOMOM
cepnl(V]). IIpu nerunpatamuu H,SO, uaM NpH HACHIIIEHUH BOTHOTO pacrtBopa cep-
HOM KUCIIOTHl CEPHBIM aHTHAPUAOM:

H2804 + SO3 = H28207
o 2- o] -
| |
0- 54 HO-, 5 A NN
O/ AN o O/ N o 7 AS
Cynsar Tnnpocynsgar TIupocynuar
(mucynedar)

2—- 0 2-
(6] O (6] S O
A 7 AN "\ 7/
O--- S——S-\--O O--/-S/ S-\--O
O O O O
JIuTHOHAT Tuonar (n=3-6)

2- -
§ s//o NG IS?"-o
0s:-8—57==0 o o N

(0] (0]

IMupocynspur Cynpdur Tunpocynsdur
(avcynsdur)

2- (0] 27—
Il

O:==§-—§=== S_--S
N
O/ \O 0/ \o

JutuoHnr Tuocynnar
Puc. 7.22. AHMOHBI BaXHEHIINX OKCOKUCIIOT CephI
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JIBa TeTpasapa SOZ’ CBSI3BIBAIOTCA OGLIMM aTOMOM KHCIOPOJa B BEPIINHE TETpa3Ipa
B mUcepHYIo (mupocepHywo) kuciory H,S,0, (puc. 7.23):
/ Oy .0~ AP
- //S\ /S\\ + Hzo

O OH HO O O OHHO O

TTupocepHasi KMCIOTa — GECIBETHBIE IIPO3PAYHbIE KPUCTALTHI (fy, = 35 °C), mpimsi-
Me Ha Bo3nayxe. Ee conmu — nupocynbdarel — moiay4aroT 06e3BOXMBaHNEM KHUCIBIX
cynbgaros. M3secTHbl Takxke monucepHble kKucaoTel H,S,03,,, (1 =1, 2,3,4,..).
OHH 06pa3yioT 0OJIEyM, KOTOPhIH (hopMaIbHO pacCMaTPUBAIOT KaK pacTBOP CEPHOTO
aHruapuga B cepHoil kuciore. ITocienoBarelbHO YBEIHYMBAs CTENECHDb IOJIH-
MepHU3anMHM, MPUXOIUM K ac6ecTonono6HEM MoandHUKanMsIM CEPHOTO aHTUIPUAA.

BoaBIIMHCTBO OKCOKUCIOT cepbl(V]) ymo6HO paccMaTpuBaTh KaK pe3yabTar ¢pop-
MasbHoOro 3amerueHust B H,SO, KOHIEBOro aroMa KUCIOpOa WK TMAPOKCHUIBHOM
TPYIIBI HA M303JIEKTPOHHBIE YACTULIBL.

3amewenreM B H,SO, KOHLIEBOTO aTOMa KMC/IOPOA HA aTOM CEPhl M aTOM CeJicHa
(cM. puc. 7.23) MOXHO HOPMaTBHO MOMYYUTH THOCEPHYIO H,S,0; 1 ceneHOocepHYIO
H,SSeO; KHCIOTH COOTBETCTBEHHO. B cBOIO oYepenb 3aMeHa MOCTHKOBOIO aroMa
KUCJIOpOJia B MCEPHOI KUCJIOTEe HA OOMH WM Ha LIEMOYKY aTOMOB CE€pbl IPUBOAUT
K qutroHoBoi H,S,0¢ Wi MOTUTHOHOBBIM KHUCJIOTaM, a 3aMELIEHHE TOr0 K€ MOCTH-
KOBOTO aTOMa KHCJIOpOoaa Ha MepoKcHuaHyio rpynny —O—O— (cM. puc. 7.23) —
K TmepokcomucepHoit kuciore. T'mapokcunbHas rpynna —OH B H,SO, Moxer
3aMecTUThea Ha ruapornepokcorpymmy —OOH ¢ o6pasoBaHHeM ITEpOKCOMOHOCEP-
Ho#l KucaoTs (wm xuciotel Kapo) H,SOs, a Taxke Ha atoM ranorena X (X = F,

TuocepHast IlonuTHOHOBHIE
KHCJIOTa KMCJIOTH
H35,0; H38,0¢ (n=3-22)
HO\S/O O\S/OH HO\ S/O
g Vs of S Yo

| -

) ) OH HO. 0
\S/OH HO\S/ O\S/

—_ — sl _
o’ “x go” o o’ 0 o

X =F,C|,Br,NH, CepHas xucnora JIucepHas KHCIOTA

|

— 0
HOO_ O O _0—0-_ ,
2N Pty N
go” Yo o Yo mOO Yo
IMepokcoMoHo- IMepoxcoaucepHas
CepHas KHCJIOTa KHCJIOTa
H,SO; H,8,04

Puc. 7.23. TeHeTH4eckast B3aUMOCBA3b OKCOKHCIIOT CEPhI
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Cl, Br) win amuHorpynmy —NH, ¢ 06pa3oBaHMEM TalOreHCYIbGOHOBHX KUCIOT
HSO;X wm cynsdamunoBoit kuciotet HSO;NH, cootBeTcTBEHHO. Bee 3T Kucno-
THI SBJISTIOTCS] CUJIBHBIMU 3JIEKTPOJIMTAMM.

7.10.1. TruocepHasa KHCJAOTa H THOCYAb(ATHI

IIpy KuMsiYeHNM pacTBopa Cy/bhuTa HaTPUSA C TOPOILIKOM CepH 06pa3yeTcs THO-
cynbdar Harpus Na,S,0;:

Crobonnast THOCepHas kucinota H,S,0; B IpUCYTCTBHM BOAH pacragacTCs:
H25203 = HzSO3 + S = H20 + SOz +S

IO3TOMY BHIAEJIHTD €€ U3 BOAHHEIX paCTBOPOB HEBO3MOXHO. OHa MoriyyeHa MpH HU3-
KOTeMIIEpaTYPHOM B3aMMOJIEHCTBUH CyXOTO CepoBoJiopoaa M Ge3BOAHOM XI0pCyIb-
($OHOBOM KHCIOTH 6€3 KaKuX-Iubo pacTBOpPHUTENEH:

HSO,Cl + H;S 2% 3‘1’“" 3 H,5,0; + HCI

B oTimyme oT KUCIIOTH €€ CONTU YCTOWYMBHI M JIETKO 06pa3yioTcs IpH B3aUMOAEH-
CTBMH PaCTBOPOB KUCIBIX CYTB(MUTOB M CYIb(hHIOB:

2NaHS + 4NaHSO; = 3Na,S,0; + 3H,0

OMHOBPCMEHHOM MPOMYCKAHWH YE€PE3 paCTBOP ILEJIOYH CEPHUCTOTO ra3a U CEpoOBO-
A0opoaa, a TaKKE IMMPHU OKUCIEHUU HOJII/ICYJIHI)I/II[OB KHUCJI0OpOaAOM BO3yXa:

Na255 + 3/202 = Na25203 + 38

Ilo crpoenmio THocynbdar-uoH 61M30K K HOHY SOZ‘: TeTpas’ap SG3S HECKOIBKO
HCKaXeH M3-3a 6osblet WIMHb CBI3U S—S (0,197 HM) 1o CpaBHEHHIO CO CBSI3BIO
S—O0 (0,148 um).

B cBA3M ¢ HanmMyMeM aToMa CepH B CTEMEHM OKUCICHUS —2 HOH 5203 oGnanaeT
BOCCTaHOBUTEJIBHBIMM CBo¥icTBaMu. Harpumep, cnabbiMu okucautensamu (1, Fe’ )
THOCY/IBb(hAT OKUCISIETCS IO TeTPAaTHOHATA*:

2Na25203 + 12 = Na25406 + 2Nal
a bosee CUIIBHBIMHM OKUCIUTENSIMH — JIO Cyibdara:
Na,S,0; + 4Cl; + 5H,0 = 2NaHSO, + 8HCI

Ha stom ocHoBaHO ucCmons3oBaHue Na,S,0; WIS ymaleHus M36HTKA XjIopa Mpu
oT0ETMBAHUM TKaHEMH. , ,
CHIBHBIMH BOCCTAaHOBHTENSIMM MOH S,03” MEpEBOAUTCS B TPOU3BOIHEE S*°:

3N2,S,0; + 14NaOH + 8Al + 25H,0 = 6Na,S + 8Na[Al(OH),(H,0),]

* MeTonoM panMOaKTUBHBIX WHAMKATODOB YCTAHOBJIEHO, YTO IIPH 3TOM MPOMCXOMUT CLUMBAHUE
JBYX THOCYNbMATHRIX TPYI.
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Tuocynbdar-uOH — CHIBHBIA KOMILIEKCOOOpa30BarTeb, MCIONb3YIOIIUMACS B
(boTorpacduu i yAIEHHA U3 (HOTOIUIEHKH HEBOCCTaHOBJICHHOTO G6poMuzia cepebpa:

AgBr + 2Na25203 = Na3[Ag(5203)2] + NaBr

2-
MetaiaMi MoH S,05 KOOPAMHUPYETCS Yepe3 aToM CEpHI, MO3TOMY THOCYJIb-
(baTHBIE KOMIUIEKCHI JIETKO MPEBPAIIAIOTCS B COOTBETCTBYIOUINE CYIbOUIBI.

4Na3[Ag(5203)2] + 6H2504 = 2Ag25~lr + SSwlf + 9502T + 6H20 + 6Nast4

W3 npon3BOAHBIX THOCEPHOM KHUCJIOTHI BAXXHOE 3HAYEHHE UMEET JIMIIb HaTpHUEBast
coitb. THoCyAb(hAaT HATPHS U3 BOIHBIX PACTBOPOB KPUCTAUIU3YETCA B BUIE KPYITHBIX
KpUCTALIOB Na,S,0;- 5H,0. TIpu Temneparype 49,5°C conb IUIaBUTCA B CBOCH
KpHCTAUTM3aLMOHHOM Bozie, okomo 100 °C o6e3BoxuBaercs, a bime 220 °C pasna-
raeTcs:

4Na,S,0; £ 3Na,80, + Na,S;

7.10.2. IATHOHOBAA KHCJOTA, MOJHTHOHOBbIE KHCJIOTHI H X COJIH

TIpu 3aMeIEeHMH MOCTUKOBOTO KHCJIOPOJa B IMCEPHOM KMCIOTE Ha ONMH aTOM
cepbl WM Ha LETIOYKY aTOMOB Cepbl BO3HHKAIOT muTHOHOBast H,S,06, TPHTHOHOBAS
v apyrue momutoHoBsie kucaorsl H,S,06 (1 = 3—22) (cM. puc. 7.23). OHU He
BBUIEJIEHB B CBOOOMHOM BHIE, HO M3BECTHBl B BOAHBIX PAacTBOpax, 4acTO B-EMECH
IPYT ¢ IpYyroM (KUAKOCTh BakeHponepa).

Braronapsi BOSHUKHOBEHHIO CBSI3H S—S CTENEHb OKUCICHHSI aTOMOB CEpbI B IiH-
THoHoBo# kucnote HO;S—SO;H dbopManbHO cocraiseT +5. Kucnora B cBobonHOM
BUJIE HE BBIIEIEHA, OMHAKO OOMEHHBIM B3aMMOAECHCTBUEM MOJYYEHBI €€ JOCTATOY-
HO KOHHIEHTPHPOBAaHHbIE PaCTBOPHI:

B325206 + HzSO4 = BaSO4~L + HZS206

Conu (IMUTHOHATHI) CHHTE3UPYIOT OKMCICHHEM BOIHBIX PACTBOPOB SO, cycrieH3Us-
MH MIOPOILKOB OKCHIOB Mapranua MnO, wmm xene3a Fe,0s:

2502 + Mn02 = Mn5206

Tpu 7> 3 B moMUTHOHOBBIX KucioTax H,S,04 mosBistoTcst CyNbdUIHBIE MOCTH~
KW, COCTOSIILIME M3 aTOMOB CEPbl B OTPUIATENbHON CTENIEHH OKUCICHHUSA (X,S;04,
K;,S40¢, K;S50¢, K;S¢0¢). TTomuTHOHATE MOXHO IMOJIYYHTh B3aMMOACUCTBUEM THO-
Cynb(aToB C XJIOpUIAMHU CEPBI, HAlIpUMEP:

2Na25203 + SClz = N325506 + 2NaCl

TTOCKOMBKY B XUAKOCTH Bakenponepa (cM. mozapasy. 7.6.2) COnepXHTCs NOBOMb-
HO MHOTO IEHTATHOHOBOM KUCIOTH, K,S50¢ MOXeT GbITh BBIICIECH U3 Hee nobasie-
HHMeM aperara Kanud. Janee no peakuuy o6MeHa ¢ BUHHOM KHUCIIOTOM MOXET OBITh
BhIENeHa U caMma kuciaota H,S;04 rociie KpUCTLIM3auuK TapTpaTa Kaiusl.

TeTpaTHOHATHI MOJIYYAIOT OKUCICHHEM HOIOM THOCY/Ib(aTa, a yIOOHBIM METO-
JIOM CHHTE3a TPUTHOHATOB ABJISETCS B3aMMOACHCTBHE THOCY/Ib(ara ¢ 30 %-m pac-
TBOPOM MEPOKCHIA BOIOPOJA!

2Na25203 + 4H202 = Na25306+ Nast4 + 4H20

TTpu HarpeBaHMH MOJUTHOHATHI padIaraloTcs Ha CynbQar, CepHUCTBIA ra3 1 (ecmm
n 2 3) cepy.
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Puc. 7.24. inarpamMma BOJNIET-3KBUBa- #E° B S,07 -AG®,
— HS,0; 2 KII/MOB
JICHT CTENEHDb OKMUCIICHUS IJISI CEPBL 2, 5t nnmzoﬂ‘}rr JOUTHOHAT
B Kucnanix (pH 0) pactBopax (1,872 B) 2435B) SOz
2,0t » 1200
S,0F cymsdar
1.5| TerpatHoHar (2,034 B) | 150
’ (1,008 B)
Lo} s,0% 1100
THOCYNbaT so?-
0,5+ (0,930 B) cynedur 150
S8 S;Oé‘ (15796 B)
s oS 1
o s
_o,sTE2®B) e 5

2 -1 0 1 2 3 4 5 6

CreneHb OKHCIEHUSA

Cepa 61arogaps cnocOGHOCTH K KaTeHaLMH M Pa3HOOBPA3MIO CTENeHeH OKUCIEHUs 06pa-
3YET MHOXECTBO OKCOKHCJIOT Pa3IMYHOMN yCTORYMBOCTH. TepMOIMHAMHYECKYIO CTAGMIBHOCTD
M B3aMMHBIE NEPEXOIbl COENHHEHHI CEPHL C Pa3HOM CTENMEHbIO OKMCIEHHA YIO6HO cOnocTa-
BHTB C TIOMOLBIO /IMaFPAMMBI BOJIbT-3KBUBAJICHT — CTENEHb OKUCIEHHS (pUC, 7.24).

W3 guarpammel cenyer, 4o H,S TepMOIHMHAMHYECKH MOXET BOCCTaHaBHMP‘I;;aTb BCE OKCO-
KHCJIOTHI 10 CBOGOAHOM cephl. KpoMe TOro, NOCKONBKY BOJNBT-3KBUBAJIEHThI OKCOKHMCIIOT CEPHI
C MPOMEXYTOYHBIMH CTENECHAMH OKHMCICHUS JIEXKAT BHIUE JHHWHM, COCAMHSIOMENR BOJBT-
5KBUBAJICHTHI SO.%'/S, TO YKa3aHHbIE OKCOKHCAOTBI MOTYT JUCIIPONOPLIMOHUPOBATh Ha Cep-
HYIO KUCJIOTY M cepy. OKMCITHTENIIMH CPEAHEH CHITBI MX MOXHO OKMCIHTb 10 H,S0,, a cub-
HBIMM BOCCTaHOBHTENAMH (Zn + H’, Al + OH") BOCCTaHOBHMTB 1O CEPOBOLOPOAA WIH €rO
corneit. B cooTBeTCTBIM ¢ AMArpaMMOil OKHCITMTENBHBIX COCTOSTHHI CHIIBHBIMU OKHCITHTE S -
M (KMnO,, K,Cr,0;) AUTHOHATE OKUCSAIOTCA 0 cynbhaToBs:

S;0F - 2 + 2H,0 — 2S0% + 4H"

a CWIBHBIMHU BOCCTaHOBPITezHHMPI (amanbramoit Hatpust Na/Hg) BOCCTaHABNIMBAIOTCSA 10 CYITb-
¢duroB u quTHOHUTOB S,05:

S,0% +2e - 280%

7.10.3. IlepokcocepHbie H raJ0reHCyIb(oHOBbIE KHCIOTHI

ITpu 3aMeHe MOCTHKOBOTO KHCJIOPOJA NUCEPHON KMUCIOTE Ha MEPOKCHIHYIO IPyTI-
ny —O—O~— obpasyercst nepokconucepHas kuciora H,S,05 (cM. puc. 7.23). OHa
NpeacTaBIseT co00i GeCLBETHBIE TMIPOCKONIMYHBIE KPHCTAIUTHI, XOPOIIO pacTBO-
PHUMEIE B BOJE U IUIABSIIMECS C pasnoxeHueM npu 65 °C. [TepoKcoaucepHyIo KMCIIo-
TY CUHTE3UPYIOT 3JIEKTPOIU30M BOJHOIO PAaCTBOpa CEPHOM KUCTOTHI:

2stO4 M HzSzOg + HzT

a €€ CoJIM — MEePOKCONUCYIbdarHl (1MepCynbdaTel) — aHOXHBIM OKMCIEHUEM CYIIb-
¢aroB:

2KHSO, 22™*%, K,S,0; + H,*

Hou SZO§' ITOCTPOEH U3 IBYX TeTPasapoB SO,, COeAUHEHHBIX MEXIY COOOIA IepoK-
cupHoit rpynnoit —0—O0. H,S,04 cMelmBaeTcst ¢ BOAO# B MO6BIX MPOMOPLMSIX.
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Peaxkuns B3auMoOnencTeua C BOJOH UCNONB3YETCA MM MOJIYYCHUst ITIEPOKCHUAA BOIO-
poaa:
HzSzOg + 2H20 = 2stO4 + HzOz

Cony nepoKcoauCepHON KUCIOTEl — CHJIBHEHIINE OKUCITUTEITH:
S,05 +2e + 2H" - 2HSO;, E°=2,12 B
S,0% + 2¢- - 2802, E°=2,01 B
Hon SZO§' B IIPUCYTCTBUM KaTaau3aTopa (Ag") OKUCIseT HOH Mn* s MepMaHraHar;

5K28208 + 2MHSO4 + 8H20 gg 2KMnO4 + 8stO4 + 4Kst4

IMepcynbdarhl UCNONB3YIOT B 1aOPaTOPHON MpaKTHKE KaK OKUCauTenau. Ilpu
c1abOM HarpeBaHUM OHM OTIIEIUIAIOT KUCJIOPOX, Mepexons s nmupocynbdarel. Ipu
BBIOOpE MepcynbdaTa HEOOXOIMMO MIOMHHUTSD, YTO KaJIHeBas COIb TOPa3io XyXe pac-
teopuMa B Boxe (1,7 r B 100 1 Bome! nipu 0 °C), yeM amMoHuitHas (58,2 r 8 100 v~
Bogsl npu 0 °C).

Ilpu 3amMeHe aTOMa KUCIOpPOAa rMApOKCWIBHOM rpynmel B H,SO, Ha mepokcus-
HYIO TpyIIly 06pa3yeTcs IepOKCOMOHOcepHas kucimoTa H,SOs — xucmora Kapo
(cM. puc. 7.23). Bessognyto H,SOs monmyyaior npu B3aUMOIENCTBHH XJI0pCYIbPOHO-
BOH KHCIIOTHI ¢ 6e3BOIHBIM MTEPOKCUIOM BOHOPOLA:

HzOz + HSO3CI = HzSOS + HCl

a TaKkKe IpuU neicTeuM KOHUEHTpuposaHnHoi H,SO, Ha mepokcoaucynbdars:

2K,S,05 + 2H,0 25%, 211,50, + 2K,S0,

Kucnora H,SO5 onHOOCHOBHAs, Tak KaK aTOM BOJOPOAa NMEPOKCHAHOM IpyIITH-~
poskH He aucconuupyeT. H,SOs akTMBHO B3aMMONEMCTBYET C BOIOH:

HzSOS + Hzo = HzSO4 + HzOz

B xpucraymmmaeckoM suze OHa B3peiBoONacHa. Ee comm TepMuyeckd MaJiOyCTOMYHUBHL
1 TpU HarpesaHWM TpPEeBpalllaloTCs B CYIb(MATH, BBIAENsst KUCITIOPOL.

T'anoreHncynnpgpoHoBbIe KCTOTEI HSO3X MOXHO paccMaTpuBaTh Kak IMIPOIYKT 3a-
MeEIIeHNa THAPOKCWIBHOM I'pynIlbl CEpHOM KHUCITOTHI Ha atoM ranoreda (X = F, Cl,
Br). X cuHTe3UpYIOT B3aMMOAEHCTBHEM TAJIOTEHOBOAOPOIa ¢ XUIKUM SO3. YCTOM -
yupocTh HSO,X monuxaerca B psaay F > Cl > Br. MoacynsdoHoBas Kiciiora Hen3-
BECTHA.

®ropeynppoHosas kucaora HSO;F — OecupeTHas XUAKOCTh (f,, = —89°C,
tan=163°C), B OTIIHYHE OT XJIOPCYNTbGOHOBOH NMPaKTUIECKN HEe THAPOINIYIOIIASICS
BONIOIt. ATOM (pTOpa yCWInBaeT HOHHBIN xapakTep cBsa3u O—H u npusoauT K NMOBLHI-
HIeHHIO CWIBI PTOPCYIHPOHOBOI KUCIIOTH IO cpasHeHMIo ¢ cepHoi. HSO,F moy-
yaror s3auMozneiictsneM SO; ¢ HF wim no peakiyu

CaF, + 2S0; + H,80,'%S Cas0, + 2HSO,F

dropcymndOHOBas KUCIOTA ABISLETCS ONHONW M3 CAaMBIX CHJIBHBIX KHUCIIOT, B €€
cpelle B pOJIM OCHOBAHWH BBICTYIAIOT JaXe Takue KUcioTel JIvlonca, kak SbF; n
BF,. HckmoueHne coctaBnser SbFs — ero seeneHune eure 6onee yCHInBaeT KUCIOT-
HocTh, CMecu ¢propeynbedoHosoi kucnoTe ¢ SbFs n SO, mpencrasisiioT coboii ceepx-
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KUCJIOTBI — CaMble CWIIbHBIE U3 U3BECTHBIX KUCIOT. Conu hTopcy b OHOBOI KICIO-
TH — QTOPCYNTBb(OHATH — IMOJIYYAIOT B3aNMONENCTBHEM ¢TOpPUAOB C CepHBIM aH-
ruapyaoM. I1o pacTBOPMMOCTH OHU GIM3KHU MEPXIIOpaTaM,

7.11. TAIOTEHHUJBI XAJIbKOTEHOB

Bce rajloreHuIEI MOXHO pa3sfennTh Ha HECKOJBKO TPYIIT HU3IINE (HanpuMep,
S,Cl, u S,Br, (n = 3 - 8), Te;Cl,, Te,Br), auranoreHums: (9X,), TeTparasoreHuam
(9X4) n Beicine (BFg). C yBennuenneM pasMepa aToMa rajloreHa MPOYHOCTh XUMH-
YECKHUX CBsI3ell cepa—rayorex (Tabmn. 7.10) monmxaercs ot F x I, Mo3TOMy 6MHap-
HBIE MOIUIEI CEPHI U CeJIeHa He 00pa3yloTcesl.

Husiue rajoreHuas! XalbKOTeHOB CHHTE3UPYIOT B3aNMOIEHETBHEM MpPOCTHIX BE-
UIECTB B TPEOYEeMBbIX COOTHOIICHUSX:

2Te + !/,Br, = Te,Br
BOCCTaHOBJICHH €M BBICIIMX aJIOTCHUAOB CAMUMH XaJTbKOTEHAMM:
SeX4 + 38e = 2S¢, X, (X = Cl, Br)
06paboTKO# MOMHUCYTb(aHOB TAIOTEHUIAMH CEPBI:
H,S, + 28,Cl, = 2HCI + Sy, Cl,

Hern atomoB cepsl B quxyop- 1 nu6poMcytbdaHax CTabWIN3MPOBaHBl KOHLIEBEIMU
cBsa3siMu S—Cl u S—Br. IlepBoie BOCEMB YWIEHOB ceMeiicTBa S,Cl, BbiIEIEHBI B UH-
JOWBUIYaTbHOM BMIE. DTO XENTHIe WIH KPAaCHEBIE BSI3KHE XUIKOCTH C pasgpaxaio-
MM 33ITaX0M, NBIMSIIME HAa BO3MYXe, TEPMUYECKH HEYCTOWYMBEIE, pa3jlaraiomme-
Cs1 BOXOM. B cMecsix MPUCYTCTBYIOT COENMHEHUS BIUIOTD 0 S100Cl,. Y3 Hux Hanbonee
n3pecTeH xiaopun S,Cl, (1, = 82°C, 4, = 137°C (c paslIoKEeHHEM)), HCITOIb3ye-
MBIl B KaY€CTBE BYJIKAHHM3aTOPa PE3NHBI M XJIOPUDPYIOIETO PEarcHTa Mpu nepepa-
BOTKEe HEKOTOPBIX MHHepaIOB. YHCTHIN MPOIYKT MMEET 30IOTUCTO-3KEe/Thil LIBET,
ONHAKO INPUMECH NUXIOPUIA YACTO MPUIAET eMy KPAacHOBATHIA OTTeHOK. IIpH ero
ruaponu3e obpasyiorcs cepoonopon, HCI u cepHUCTHII ras, a Taioke HEKOTOpOe
KOJIMYECTBO MOJTUTHOHOBBIX KHUCJIOT U CEPHI. - ‘
Bonopon BoccranasmmBaer nmaper S,Cl, 1o CEPBI:

SZCIZ + Hz = ZS + 2HC1

Peakupst ¢ kucioponom mporekaeT Npy TEMITEPaType KpACHOTO KAJICHWS C 06pa-
3oBaHieM Cl,, SO, u SO;. MOHOXJIOpHI CEpBI MOXET GBITh HCITOIB30BAH B KAYECTRE
XJIOPUPYIOIIETO areHTa:

2ZnS + 2SZC12 = 2ch12 + 6S
Hubpomcymbdanst S,Br, (7 = 2—8) o4eHb HeCTAGHIbHBIE.

Ta6nuuga 7.10

DHepruu cBs3eil cepa— ranoren

Cp3b S—F S—Ci S—Br S—I
OHeprus, xdx/Monb 327 271 218 ~70
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B ocHOBe CTpYKTYyphl HM3LIMX FaJIOTeHWIOB TeJUIypa LIEITHOH MOTUB CTPOEHMS
camoro Te (...—Te—Te—TeCl,—Te—Te—TeCl,—...). BTH cOeOHEHUS] HAMHOTIO
YCTOYMBee TAJIOTEHUIOB CEPHI U CeJIeHa, OHHM He THIAPOIU3YIOTCS BOAO U He OKUC-
JITIOTCS. KMCIIOPOIOM BO3MIyXa NpY CTAHIAPTHHIX YCIOBMSIX.

@TOpHAEI BO MHOTOM OTJIMYAIOTCS OT APYTHX TaJIOTEeHUAOB MO YCTOMYHBOCTH,
XUMHUYECKOM aKTUBHOCTH U cocraBy. Coennnenust FSSF (1,2-nudropaucynndun)
u SSF, (1,1-nudropaucynsdun wiv THOHWIGTOPUI) U aHatoruunsie S,Cl, 1 Se,F,
MPEACTABISIOT PEAKHE B HEOPTaHUYECKON XUMUM NIPUMEPBI CTPYKTYPHOM M30Me-
puH:

F—S—S—F S=8Z
F

B Boge onm 6eicTpo pacnanaiores Ha cepy, HX ¥ IOMTUTHOHOBBIE KUCIOTH:
SSSFZ + 6H20 — 6S + HzS406 + 10HF

Cpeny IUraoreHUIOB XaJlbKOreHoB DX, noKasaHo cymecrsobanue SCl, u aura-
noredunos nojgouus PoCl, u PoBr,. JJuxiopun cepsl MpeacTaBisieT co60ii TeMHO-
KPaCHYIO XUAKOCTS (1, = ~121°C, t,,,, = 60 °C) ¢ yoyuuwiuseiM 3anaxoMm. B Boge oHa
TUAPOIU3YETCS, pachagasch Ha XJIOPOBOAOPON, Cepy, CEPHYIO KUCIOTY U CMECh I10-
JIMTHOHOBBIX KUCIOT. SCl; MOJyYaoT XJIOpUpOBaHHEM MOHOXJIOPHIA:

SZCIZ + Clz = 2SC12

Ipu T > 70 °C peakuus MpoTeKaeT B 0GpaTHOM HarpasieHun. I10MydeHHBIH Tpo-
IYKT cTabmnm3upyior nobapiaeaneM PCl,.

Monekyna SCl, nmeer yriosyto ¢popMy. CoenriHeHHe UCTIONb3YeTCs AT XJIOPUPO-
BaHWs OpraHUYeCKHX BELIECTB.

JIurajioreHuan MOMOHMS, NOTyYeHHEIE U3 MTPOCTHIX BELECTB WX BOCCTAHOBJIE-
HHUEM TeTParajioreHUIOB, — MHTEHCHUBHO OKpAallleHHBIE KPUCTAUIMUECKUAE COEOH-
HEHMS C BRICOKMMHM TeMIteparypaMu 1uiasiieHus (PoCl, 355 °C u PoBr, 270 °C).

Hanboee MHOTOYHCIIEHHBI TETParaIOTeHUABI, MX CUHTE3UPYIOT FaJIOreHUpPOBa-
HHEM NPOCTHIX BEWIECTB MJIH OKCHUIOB:

D0, + 2X,; + 2C £ BX, + 2C0?T

Tetpadropuner SF; (4, = -38°C), SeF; (#; = ~10°C) u TeF, (¢, = -129°C)
MOJIy4aloT KOHTPOJIHUPYEMEIM (PTOPUPOBAHHUEM NPOCTHIX BEIECTB W HU3IIMX Taio-
TeHUIOB GTOpOM, PTOPUIAMH U APYTUMH (PTOPHUDYIOIUMHU areHTaMU:

CH;CN
3SC12 + 4NaF —— SF4 + SZCIZ + 4NaCl
SF4 + SCOZ = SCF4 + SOZ

Crpoenne monexyn SF, u SeF, B razopoil ¢ase ONMMCHIBAIOT MOIENBIO OTTATKHBAHHS
BJICHTHBIX 3IEKTPOHHEIX Nap. I'eoMerpryeckas popma monexyn SF, u SeF, — TpuroHansHas
GMNMpaMKIa C HEMOJENEHHOI EXTPOHHOM NMapoil B SKBATOPHATBHON MO3MLMH (pHc. 7.25).
Hannyne HenoneneHHOMH NMapel MPUBOUT K CHIBHOMY HCKAXEHHIO CTPYKTYPhI: SKBATODH-
anbHBIe yObl F,\ SF,., yMenbmalorcest ot 120° go 103°, a akcuanbusiit yron F, SF,.. — OT
180° mo 173,1°, mnunsl cBs3eit S—F, . u S—F,,, OKa3blBaloTCsA pa3HBIMH. BiIHsHHe Henmoxe-
JICHHOM 3MeXTPOHHOM Napsl B ciyyae SeF, eute Gonee cunbHoe: yron F,,.SeF,,. paseH 169,2°.
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Puc. 7.25. CrpoeHHe MONIEKYIT:
a — SeF, B rasoBoii dase; 6 — tBepuoro TeF,

Tetpadropun SF, — GecliBeTHEIN SITOBUTHIM ra3, XOpOIIIO paCTBOpHMbIﬁ/B 6eH-
30J1e, HO MTHOBEHHO pasnaratouiuiics Bogoi 1o HF u SO,. OH nposBisieT cBOKCTBa
aKlenTopa U IOHOpa 3JIEKTPOHHOM Maphl, T. €. IBJIAETCS KaK KUCIOTOM, TaK ¥ OCHO-
BaHKeM JIplonca. DTO BElIECTBO MCIOIB3YeTCSI B KadecTBe (PTOPHUPYIOIIETO areHTa
MpHU MONTyYeHU U HEOPTaHUYECKUX B OPTaHUYECKHX (PTOPHUIOB:

4BCl, + 3SF, = 4BF, + 3SCl, + 3Cl,

TerpadpTopunnl celeHa U TeUTypa MMEIOT MOMUMepHOe cTpoeHHe. OHM TaKxXe
HCITONB3YIOTCA Kak ¢bTopupylolue areHTol, npuyeM TeF, meiicTByeT HaMHOTO 3¢-
dexTuBHee: OH yerko ¢ropupyer SiO; u B3aumoneiictByer ¢ Cu, Ag, Au, Ni,
06pa3ys GTOpHIB U TEJUTYpHUIL METAUIOB.

OcranbHbIE TAJIOTeHUAB! TTO CTPOEHUIO U CBOMCTBAM CHIIBHO OTIIMYAIOTCS OT (PTO-
PHIOB.

Xnopuposanue SCl, XUIKUM XJIOPOM IpH TeMIepaType —78 °C NpUBOIUT K 06pa30BaHHUIO
GJIEIHO-XKENTBIX KPUCTANNOB Terpaxiopuna SCly, KOTOpEIE YyCTOHYMBHI UL HHUXe —33 °C.
Emy npunucesaior vouHoe crpoenre SCICI™. ITpyu B3aMMOIEHCTBHY € JILIONCOBCKUMH KHC-
sotramMu SCl, 06pasyeT yCTONYHMBLIE aIAyKThL:

SC14 + A1C13 = SC14 A1C13
Dror TBepABIA amuyKT M ero paciuias (127 °C) o6pasosanbl monamu [SCL][AICI].

TBepable TeTparaJoreHUIH CelleHa U TeJUTypa SBJISIOTC TeTpaMepaMu 94X . OHK
HUMEIOT CTPYKTYpYy Ky0a, B yIi1ax KOTOpOTro 4ye-
PENYIOTCS aTOMEI XaJIBKOTEHa U rajioreHa (puc.
7.26). B oTii4ne OT HUX TETPAraJIOTEHUAH 110~
JIOHMSI UMEIOT CoNeo6pa3HEIN XxapakTep.

Bce TerparasioreHuAB CpaBHUTENBHO JIETKO
THIPOIU3YIOTCS IO COOTBETCTBYIONIMX KUCIIOT:

SCC14 + 3H20 = HzSCO3 + 4HCI1

¥ B3aUMOIEHUCTBYIOT C TaJIOTeHMIaMHN MeTa-
JIOB ¢ 00pa30BaHUEM KOMIUIEKCHBEIX COEIH-
HEHUN:

TeF, + 2KF = K,[TeF]
PoCl; + 2KCl = K,[PoClg] Puc. 7.26. Crpoenue TeCl,
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Uckniouenue coctasnsior TeBry, Tel,, KoTOphle HE B3aMMOIEHCTBYIOT C BOIOH IPU KOM-
HaTHOM TeMIepaType.

T'eoMeTpuyeckast popMa KOMITZIEKCHBIX HOHOB [SeClslz‘, [TeF6]2' u [Polg]* co-
OTBETCTBYET IIPAaBUJILHOMY OKTasJpy. :

Hist XaJIbKOTEHOB B BRICLIEH CTENEHN OKUCIEHUS U3BeCTHBI rekcadropuasl SFy,
SeFg n TeFg n cMemannsie ranorennnst SCIFs, SBrFs, TeClIFs u TeBrF;. Boicimii
¢Topun cepsl SFy OTIMYaeTCS YCTONYMBOCTBIO B XMMHMUYECKOM MHEPTHOCTBIO. DTO
ra3 Ge3 3anaxa u BKyca, He THAPONH3yeTcst BOZOK. OH He TOPUT M He TTONIEPXKUBAET
TOpeHue, BBLIEPXUBACT HarpesaHue a0 temrneparypsl 500 °C, He B3aUMOAEHCTBYET
¢ GOMNBIINHCTBOM METaJUIOB M HEMETAJLIOB AaXe MpH HarpeBaHun. C KUIAIINAM Ha-
TpueM SF¢ B3anMoneifcTByeT IO ypaBHEHHIO

SF¢ + 8Na = Na,S + 6NaF

Beicokast ycroitunsocTh SFg 1o cpaBHEHMIO ¢ ApyruMu GTOpHAAMU OGyCIIOBIeHA
KUHETHYeCKUMHU ¢akTopamu. [llecTs aTOMOB (hTOpa SKPaHMPYIOT aTOM CEpHI U Me-
HIAIOT MPUOIMKEHUIO BO3MOXHBIX aTakylolwux rpynn. TepMoguHaMUYeCKH Xe TUI-
pomus SFy:

SFe(r.) + 3H,0(r.) = SOs(r.) + 6HF(r.)

BO3MOXEH, ITOCKOJIbKY M3MEHEHHe SHepruu Imb6ca 3TOro mpoliecca COCTaBASIET
AG® =-301,2 x]Ix/MOIb. XUMHYECKAS MHEPTHOCTD 1 JUIEKTPUYECKIEe CBOMCTBA SF;
(ra3006pa3sHOro M30/IATOpa) MIMPOKO UCHOMB3YIOTCS. B BBICOKOBOJIBTHBIX allMaparax.

Beicuinii dropun cemeHa SeFg mo orHowenwio K Bome HamomuHaeT SF,, Ho
pasnaraercst BORHBIMH pactBopamu KI u Na,S,0;. T'ekcadropun Tesutypa npu noma-
JaHHU B BOLY IOJHOCTBIO THAPOIU3YETCS.

7.12. OKCOTAJIOTEHHIBI

W3BecTHbl THOHMITaNOTeHNAB! coctaBa DOF,, DOCl,, BOBr, (D = S, Se). Co-
€IVHEHUS CeJIeHa M0 CPABHEHMIO C aHAIOTUYHBIMU COeIMHEHUSAMM CEPhI 06/1afaloT
Gosee BHICOKUMY TEMITEPATYPaMy IUIABTEHUS U KUITeHUs. MOTeKy sl BOX, uMeIoT
NMMpaMHUIAIbHOE CTPOCHHE,; HETIOAETIEHHAS 3JIEKTPOHHA ITapa HaIlpaBieHa OT IUIoC-
Koctu OX,.

Ipaxktryecku Hanbomee BaxeH TnoHwopun SOCl, — GecuBeTHas, JIErkoe-
Ty4ast KUOKOCTb (fyn = 77 °C) ¢ 3amaxoM, NTOXOXUM Ha CEpHUCTHIN ra3. Ee momyya-
10T B3auMozeiictueM SO; u SCl,:

SO; + SCI; = SOCl, + SO,

wm xynopuposanueM SO, MeHTaxJIopuAoOM ¢ocdopa:

PCI;s + SO, = SOCIl, + POCI,

Oxcoranorenuns 30X, pasnaraloTcsi BOLOI:
SOX, + H,0 = SO,T + 2HX
SeOX, + 2H,0 = H,Se0; + 2HX

¢ obpasosanmneM kucaotel H,D0; WM ee aHTHAPHIA ¥ TOSTOMY SIBJISIOTCS TAJIOTEH -
a"ruapuaamMu Kucnot B(IV). C stuM CBsI3aHO KCOIB30BAHNE XJIOPUAA THOHWIIA B
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KayecTBe 3P HEKTUBHOIO OCYIINTENS M IS TTOTy4eHUsT Oe3BONHBIX XJIODUIOB Me-
TaJUIOB

6SOC, + AICL;- 6H,0 £ AICL, + 12HCIT + 650,71

Brimre remnieparypsl kuneuust SOCI, pacnanaercs ua S,Cl,, SO, u Cl,, 6;1arona-
PA YEMY CITyXUT XJIOPUPYIOIIUM U OKUCISIONMM peareHToM. THOHMIIXJIOPHI, a TaK-
xe SeOCl, UCTIONMB3YIOT B Ka4eCTBE HOHU3UPYIOIIETO HEBOAHOTO PaCTBODHTES.

Peakumst mexay SOCI, u NH; B razosoii dase npuBOAUT K 06pa30BaHUQ CyAbGHHUI-
nmuaa HNSO, koTOphlil HEYCTOMYHB M pa3iaracTcs Ha CIAOXHYIO CMECh AMUIOB, UMHIOB H
aMMOHHUIHBIX COJIEH.

ITono6HOo okcoranoreHunam xansKoreHoB(IV) OKCoraoreHMaHbIe IPON3BONHBIE
cepul SO,X,, cemeHa Se0,X; u temrypa TeO,F, mpencrapinsgior coboil XUMHUYECKH
aKTHBHBIE COEIVMHEHUSI U B OOBIYHBIX YCJIOBUSX CYIIECTBYIOT B BHIE OE€CIIBETHHIX
JIETYYHX KUAKOCTEN WM ra3os. Haubonee BAXXHBIM M3 HHUX ABIAETCA CYIbYPHIIXIIO-
pun SO,Cl, — GecuBeTHast, OYeHb MOABUXKHAS XUIKOCTD (I = 69 °C) ¢ yayuumu-
BBIM 3araxoM. Ee CHHTE3HpPYIOT MpSIMBIM XJIOpUPOBAaHMEM CEPHMCTOTO Ta3a B IpH-
CYTCTBHHM KaTaJau3aTopa (aKTUBUPOBAHHBINA yrojb, KaMdopa, FeCls):

SO, + Cl, @ SO,Cl,

Beire 300 °C paBHOBecHe cMeleHO BieBo. Baronapst stoMy SO,Cl, ucnonsayercst
B KaYeCTBE XJIOPUPYIOIIETO U OKHUCIIUTEIRHOTO peareHTa.

SO,Cl, MOXHO paccMaTpMBaTh KakK XJIOpAaHTHAPHI CEPHOM KUCIOTH. OH JIerko
TUIOPOIU3YETCS BOIOM:

SOZCIZ + 2H20 = HzSO4 + 2HCI

a MpH B3aUMOJENCTBUM ¢ aMMHakKoM obpasyer cymbdamun SO,(NH,), — Gecuser-
HBIE KPUCTAJUTBLI, XOPOLIO paCTBOPUMEIE B BOsie. OpraHH4eCcKue MPpOU3BONHEIE CYIbd-
aMMIa LIMPOKO MCMOIB3YIOTCS B MEAMIIMHE.

Monexynst SO,X, NpencTaBasioT cob0i UCKaXeHHbIE TETPA3APHI, BHYTPH KOTO-
PBIX HaxoOATCsA aTOMBI cephl;, yrimel OSO 6mm3ku k 120°.

ITpu B3aMMOIEHCTBHH CEPHOTrO aHTMAPUIR C YETHIPEXXIOPHCTRIM YITIEPOAOM OOPa3yIoT-
ca xnopuas! gucynabdypuia (S,05Cly) u tpucynsdypuna (S;0;Cly) — GecuBeTHBIE XHAKO-
CTH, THIPOIM3YIOIINECA BOSON. ATOMBI CEPHI CBS3aHbI B HUX KHUCJIOPOJIHBIMH MOCTHKAMH:

(':l (l:l (I:l (Ill (IZI

0] 0] 0} 0} 0}

KonTpoabHnie Bonpocs

1. O6bsacHuTE, MOYEMy IJIsT KHCJIOPOAR HEM3BECTHBI LEMH IMHOM GOJiee YEThIPEX aTo-
MOB, B TO BpeMsd KaK [UISl Cephl, CEJIEHa U TeJUTypa M3BECTHBI 6ECKOHEYHEIE LIEMOYKH.

2. ITpepnoxure cnocob CHHTE3a CEPHI S,

3. TloyeMy O30HMA KalHs HE MONYYAIOT B3RUMOIEHCTBHEM NpOcThX Belects? IIpeaso-
XKWUTE abTEPHATUBHBIA CMOCO6 CHHTE32 3TOTO COCAHHEHUA.

4. TToyemy yron HOH B Bozxe paser 104,5°, 2 B OCTaNbHBIX XaJbKOT€HOBOAOPOIAX MpPH-
onuxaercs K 90°?
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5. MoxHo nu ocanuts ceposogoposoM u3 0,1 M pacteopa cymbhuast Mapranua(ll) u
Hukessi(11)? Oteet noaTBepaMTE PaCYETOM, BOCHONB3OBABIIMCD JAHHBIMU O NIPOU3BEACHHUSIX
PacTBOPHMOCTH.

6. Ipyn neficTBHM CynbhUTa HATPHUS HA PACTBOP MEIHOTO KYNOpOCa HE YIAETCS OCamIUTh
cyasdur Meau(Il). B 3aBHCHMOCTH OT yCIOBHMH B OCaIOK BHIMAJAET BEIIECTBO COCTaBa
Cu,S0;- CuS0O;- 2H,0 au6o cynshur Meau(l). IpuBenute oGBICHEHHE.

7. C 4eM cBsi3aHa 6OMbIIAS OKHMCITUTEBHAS CIIOCOGHOCTD CEIEHOBOM KHCIIOTBI 110 CpaBHe-
HHUIO C CEpPHO U OPTOTEJUTYPOBOM? —

8. BoaMoxHO /i monyyeHHe yctoit (100 %-it) cepHO#t KUCIIOTH YIIapuBaHUEM ee 98 %-ro
pactBopa?

9. U306pasuTe CXeMaTUYHO M3MEHEHHE 3NIEKTPONPOBOIHOCTH CEPHON KHCIOTH B 3aBH-
CHMOCTH OT €€ KOHICHTPALIHH.

10. CeuHeL NpaKTHYECKHN He pearupyeT ¢ 92 %-i cepHOM KMCTOTOM, HO GBICTPO PACTBO-
psietcst B yucTOoi (100 %-i1) cepHoit Kucaote. YeM 5TO MOXHO OOBACHUTH?

11. TIpu B3aNMOIEHCTBIM CeNleHa C CEPHBIM aHTHAPUAOM 06Pa3yeTCs CMelaHHbIA OKCHIL
SeSO;. 3anuiunTe ypaBHeHHE PEAKLMH B3aHMOJEHCTBHIS €r0 ¢ BOIOM.

12. TToyeMy cynbdar 6apusi HepacTBOPUM B rOpsiueit KOHILIEHTPUPOBAHHON COMSHOM KHC-
JoTe, a ceneHat 6apus — pacTBopuM? Hamuiuurte ypaBHEHHe peakuuu.

13. TIpu B3aNMOIEHCTBIMH MOYEBHHEL HIIH aMMHAKa C OJIEyMOM 06pa3yeTcsl CyabhaMHHO-
Bag kuciora HSO;NH; — GecliBeTHbIe KpHCTAUTBL, XOPOLUO PACTBOPUMBIE B Boze. I1py mox-
KHCJICHUH OHM Me[UTEHHO IMApoau3ylotcs. Hanmummure ypasHeHHs peakuuid.



IF'nasa 8
XUMUA DJIEMEHTOB 17-M T'PYIIIIBI

8.1. OBIIIAA XAPAKTEPUCTHUKA

K snemenram 17-it rpynnel otHOCsTCH bTOD oF, X710p 1;Cl, 6poM 35Br, nox s;1,
acTaT gsAt. HasBaHNe 3THUX 3IEMEHTOB — e2ddo02eHsl (TPeY. «pOXKIOAIOUINE COMU») —
0DOyCIIOBJIEHO TeM, YTO GOJBIINHCTBO MX COEAMHEHHM ¢ METAJUIaMH TIPEACTABIAIOT
cobort Tunmuneie comn (KF, NaCl u 1.1m.).

OnexTpoHHasg KOHPUrypaluus U HEKOTOphIE XapaKTEPUCTHKH aTOMOB TaJIOT¢HOB
NMpHUBEIeHH B Tab. 8.1,

B 0cHOBHOM COCTOSTHMY aTOMBI TAJIOTEHOB UMEIOT SIEKTPOHHYIO KOHPHUIYPAIIHIO
ns*np®, The n — IJIaBHOE KBAaHTOBOE YUCIIO (WK HOMep nepuona). CeoiicTsa dropa,

Taobnuuma 8.1

Csoiicta anemenros 17-ii rpynmbt

CeolicTBO F Cl Br I At
3apsx sapa Z 9 17 35 53 85
OnextponHast KoH- | [He]2s22p°| [Nel3s23p° | [Ar]3d"4s24pY [Kr]44'0525p8| [Xel4f145d' %6526 p°
¢urypams B OCHOB-~
HOM COCTOSTHHH
DHEPrusi HOHHU3ALNHU 1682 1255 1143 1009 930
I, xIIx/Monb
DHeprust CponcIsa 333 349 325 295 270
K S/IEKTPOHY,
xx/Mons
DHEeKTPOOTPHLIATENTb-

HOCTS:
no IMTonunry 4,00 3,20 3,00 2,70 2,20
no Onnpeny—PoxoBy 4,10 2,83 2,48 2,21 1,96
AToMHBI pannyc, kM| 0,039 0,073 0,085 0,104 Hewussecren
Ycroiymeeie crenerm| -1, 0 | -1, 0, +1, | -1, 0, +1, -1, 0, +1, -1, 0, +5
OKHCJIEHUS +3, (+4), [+3, (+4), +5,] +3, 45, +7
+5, (+6), +7 +7
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KakK 1 IpyTHX SJIEMEHTOB BTOPOTO IEpHUOAa, OTIHYAIOTCA OT CBOMCTB 60JIee TIXEITbIX
aHAJIOTOB. DIIEKTPOHH 25 1 2p° aToMa ¢ropa cima6o SKpaHHPOBAHHI OT siApa, 4TO
TIPUBOIUT K BBICOKOM YNENbHOM (Ha eXMHUIY 06beMa) 3JIeKTPOHHOM TUIOTHOCTH H
COOTBETCTBEHHO MEHBILEMY PafinyCy, GOIBIINM 3HAYEHUAM SHEPIUH HOHU3ALMH 1
SIeKTPOOTpHLaTeMbHOCTH. IIpy Mepexone or Gropa K MOLy pa3Mep aTOMOB U BO3-
MOXHBIC KOODIVHAIIMOHHBIE YUCTa YBETUYNBAIOTCS, 4 SHEPTUHA HOHU3ALMH U 3JIeK-~
TPOOTPHLATEILHOCTE YMEHBIIAIOTCS. CPONCTBO K 3JIEKTPOHY (GTOpa MEHBIIE, YeM
XJIOpa. DTO CBA3aHO C CUJIBHBIM MEX3TEKTPOHHBIM OTTATKUBAHUEM. ITpu nepexone
OT XJI0pa K MOAY CPOACTBO K 3JIEKTPOHY IMOHMXAETCSA M3-32 YBETHYEHUS paguyca
aToMa rajioreHa. @Top 06manaeT BEICOKOH 3/IEKTPOOTPHLIATEIBHOCTHIO. DTO TPUBO-
OUT K TOMY, YTO I GTOpa M3 BCEX BO3MOXHBIX CTEIEHEH OKHUCIICHUS (-1, 0, +1,
+3, +5, +7) xapakTepHBl TONMBKO —1, 0.

W3BECTHBI KOBaJIeHTHBIE COSAMHEHNS, DOPMATBHO COLEPXALINE ATOM rajoreHa, B TOM
dmcne v GTopa, B MONTOXMTENBHON CTENEHH OKMCIeHHs, Hanpumep Bri'ONO,, F'OCIO,,
I""(ONO,);. 3mech aTOM raoreHa KOBAJEHTHO CBSI3aH C OKCOaHMOHOM Yepe3 MOCTHKOBBIH
aTOM KHCJIOPOZA. YKa3aHHbBIC COCIMHEHHUST HEYCTORYMBBI H JIETKO Pa3pyIUaIOTCs BOLOIL.

Crnenyer Takke OTMETUTh BRICOKHE IO CPaBHEHHIO C IPYTUMH TaJIOT€HAMH 3H-
TaJbIK 06pa30BaHUA MOHHBIX M KOBAJIEHTHBIX GTOpHos. B Clryyae HOHHBIX PTOpH-
OB 3TO OGYCITOB/IEHO HEGOMBIIMM Pa3sMEPOM HOHA F~, CHIIBHBIM KYJIOHOBCKMM B3a-
MMOJIEHCTBIEM M COOTBETCTBEHHO BHICOKOM SHEPIUel KPHUCTAIMYECKOM peLIeTKH.
Boicokast sHTanBMHS 06pa30BaHMsT KOBAMEHTHBIX (DTOPUIOB CBA3aHA C MAJBIM pa-
AUycoM aToMa ¢rTopa (cM. Tab. 8.1), ¢ 6GIBIINM ITO CPaBHEHUIO C IPYTrMMHU rajore-
HaMy TNIepeKpbIBAaHUEM aTOMHBIX OpOHTaNell 1, 3HAYUT, ¢ Gojlee IIPOYHOIt KOBaJIeH-
THO¥ cBs3bl0. Hanpumep, B Monekynax NF; u NCl, sHeprus cstsu N—X cocTapis-
eT 272 n 193 xIX/MOJIb COOTBETCTBEHHO.

T'ajioreHBl — THITMYHBIE HEMETAIUIBI, TOX NEHCTBHEM BOCCTAHOBHTEIEH npe-
Bpaliaomuecs B raloreHuA-uoHbl X . IOHHBII XapaKkTep ralOrTeHMI0B HECKOILKO
ocmabeBaeT ¢ pOCTOM TMOPSIKOBOTO HOMEpA, YTO SBJSIETCH CIENCTBUEM yMeHbIIIe~
HUS 3IEKTPOOTPULIATENLHOCTH (CM. pasn. 8.7). B coenmueHusix ¢ 6omee 3meKTpo-
OTPHIIATEIIBHBIMY 3JIEMEHTAMH TaJIOTCHEI IIPOSRIISAIOT MOJIOXKUTETHbHBIE CTEITEHU OKUC-
JIEHUSA.

CoenvHeHNs! TaJIOTEHOB B TOJOXUTEIBHBIX CTEMEHAX OKMUCICHMUS MPOSBJSAIOT
OKHUCTTUTENbHBIE CBOHCTBA. COITacCHO 3HAYCHUSIM CTAHAAPTHBIX HOTCH%H&JIOB il F: ¢
X*' oxncmMTeNBHAS AKTHBHOCTD Menserest B pany Cl > Br > I, mis X — B pany
Br~Cl>1,amsa X’ —s psany Br > I > CI, coorBercTByiomeMy BTOPHYHOI
NMEPUOIMIHOCTH (CM. pa3p. 6.1). KuHeTndecku Hanbosmee TaOMIBHBIMY SBJISIOTCS CO-
€AVHECHUSA HONAa — WONATH K NEPUONATHI,

CoenuHenust, B KOTOPBIX 2TOM TaJlOreHa BBICTYNaJT O6bl KaK OXHOBAEHTHBIH KatHoH X,
B BOZHBIX pacTBOPaxX HEM3BECTHBI, [IOCKONbKY SHEPreTHYECKHE 3aTPAThl H2 HOHU3AIHIO HE
KOMITCHCHPYIOTCA 3HEPrUEH KPUCTAVIMYECKOH PEIETKH M CONMbBAaTauui. OIHAKO B HEBOI-
HBIX Cpelax ynacTCA BBUICIUTD [IPOCTHIE M KOMIUIEKCHEIE COJIM, B KOTOPHIX aTOM TIaJlOreHa
HaXOIHNTCS B IMOJOXHUTEIBHOM CTENEHU OKUCIEHUS +1:

Cl, + HSOsF = CI'[SO;F]” + HCI
2CsNsN + 21, = [I(CsHsN), I [1]”

W3BecTHbI noauxamuons: 2anozenos X3, X3, a TaKKe COSAMHEHUS, BKITIOYAIOIINE THUOH-
Hble popmoi nosuzanozenudos X3, X5 u T.11. (CM. pasz. 8.11). B 2000 r. 6511 otkphIT MOH Clj,
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uMelolumit opmy npssMoyrosibHuKa co cropoHamu 0,194 u 0,294 HM. OH conepxXurcsa B
Cli[IrF¢]” — cuHMX KpucTamiax, o6pa3ylomuxXcs MPY B3aMMOAEHCTBHH HUPUIUS C XJIOPOM
npu ~196 °C*,

ACTaT 110 CBOMM CBOICTBaM HarmoMuHaeT noa. HanpuMep, noeHTHdHLIMPOBaHEI cCOeqHE -
Husi HAt, CH,At, BiAt, Ba(AtO;),. OnHako coeIMHEHHUs C BHICIUEH CTEIIEHBIO OKUCIEHUS
At" He momyuens**.

8.2. HAXOXJIEHHUE B INTPUPOJE. ITIOJYIYEHHUE

Conepxanue ¢ropa, xiopa, 6pomMa 1 noza B 3eMHOI Kope cocrtasisier 0,06,
0,02, 2.104, 4.10~° Mac. % COOTBETCTBEHHO.

®rop BCcTpeyaeTcs B IpHpoe B BUAE ¢ropuaos, Harpumep dmooputa CaF,. Ceo-
6onubiit drop F; momydaor 37eKTPOMN30M PACIZIaBOB MTOPHIOB IETOYHBIX METAJ-
J10B. JIJIst IOHWDKEHUS TEMITEPATyphl IUIABJICHUS JIEKTPOJIN3Y ITOABEPraoT hTOpHILI
coctaBa KF - 2HF, yTo 1o3BoSI€T IIpOBOIUTE Ipoliece mpu TeMriepaType 100 °C (Tem-
neparypa masienuss KF 857 °C). Marepuasiom i anekrponusepa (puc. 8.1) cayxar
MeIb, HUKEIb WIKX CcTaib. CTEHKH 3JIEKTPOIN3Epa MOKPHIBAIOTCS TUIOTHOM TIEHKOM
tbropuna, IpenATCTBYIOLIEH KOppo3HH peakTopa. Jjis rpegoTBpalleHus B3phiBa IIPU
B3ayMoAeHCTBUM (pTOpA C BBIOEISIOIIMMCA HA KaTode BOAOPOIOM B 3JIEKTPOJIH3EpE
YCTAHOBJICH CTAJIBHOW LIWJIMHIP, PAas3E/SIOIMi KATOAHOE ¥ aHOAHOE TPOCTPAHCTBO.

B 1aGopaTopHBIX YCJIOBUSX (TOP MOXHO TOJYYUTh Pa3iOXKEHUEM BHICILUX (PTOPHUAOB He-
KOTOPBLIX METAJLJIOB; '

IMF, £ 2MF; + F,7 (M = Ce, Mn)
2K,MnF, + 4SbF; £ 4KSbF, + 2MnF; + F,T

XJIop BCTpe4aeTcsl B IIPUPOAE B OCHOBHOM B BHie XiopuaoB. IIpu ucnapeHun
MoOpeil ¥ COJITHBIX 03ep 00pa3yloTcs MOIHbIE 3ayiexy ranura NaCl, sBisromerocs
OCHOBHBIM UCTOYHHMKOM XJiopa. IIpOMBIIIUIEHHOE IIPOU3BOACTBO XJI0Pa OCHOBAHO Ha
3JIEKTPONIM3e KOHLEHTpUpoBaHHoro pactsopa NaCl B anexkrponusepe ¢ auadpar-
MO, paszmessioneit KaTooHOe ¥ aHOJHOE MPOCTPAHCTBO:

1. ToK

2NaCl + 2H,0 —— 2NaOH + H,T + CI,T

KF + HF

CranbHoit

HIVHAD » I'pacduroBeIit

CTEpXEHb
(aon)

CranpHol

Puc. 8.1. CxeMa anexTponusepa Kopryc

1715 nojtydeHus ¢ropa (xaror)

* Seidel S., Seppelt K. // Angew. Chem. Int. Ed. 2000. V. 39. P, 3923.
** 3nomanoe B.I1. // CopocoBckuit o6pasoBaresibHbiit XypH. 2001. Ne 7. C. 46.
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Ho pa3spaboTKu 31EKTPOIIUTHIECKMX METONIOB XJIOP TIOTYYaI OKUCTIEHHEM XJIOPOBOAOpOAA
uiy xnopuaoB. Ha karanmusarope (xnopua meau(I1), okcuasl xpoma) cMecs HCl ¢ KHCJIOpO-
noM tipu 430 °C mpeBpainaerca B XJIop ¢ BoixogoM 80 %:

4HCI + 0, £ 2C1, + 2H,0

Ot npumecu XI0pOBOROPOaa M3GABAAIOTCS, TIPOITyCKast CMeCh TIPOAYKTOB 4Yepe3 BOAY.
Hpyroit cTapbiit MPOMBIIUIEHHBI! METOMI OCHOBAH Ha pPeaKiuu CEPHOro aHrUApHA ¢ TToBa-
PEHHOMH COJIbIO;

2NaCl + 350, £ Na,$,0; + SO, + Cl,

Ipu Temneparype Bhiwe 480 °C nupocynbdar paznaraercst ¢ BbIeleHUEM SO;, Korophrit
TaKKe BCTYMNAET B PEaKLMIO

2NaCl + 2Na,S,0, £ 3N2,S0, + SO, + Cl,
ConpBe paspaboTan METOM TOJTYYEHHs! XJI0pa TIPOIyCKAHMEM TOPSIYEro BO3LYXa HAZ pac-
KaJIeHHON CMeChIo XJlopHuaa Kajabuva U KBapleBoOro 1ecka.
2CaCl, + 2Si0, + 0, % 2CaSi0, + 2Cl,

B 1a60paTOpHBIX yCIOBUSIX XJIOp ITOMYYAIOT B3aUMOIEHCTBIEM KOHIIEHTPUPOBaH-
Hoit HCI ¢ oxkucnurenamy — KMnO, MnO,, K,Cr,0; u T.1.:

16HCI + 2KMnO, = 5CI,T + 2KCI + 2MnCl, + 8H,0

Peakumsa tepnoro KMnO, ¢ xoHuenTpuposanuoit HCI nporexaer ¢ o0pa3oBaHuEM TeM-
HO-KOpPUYHEBOr0 MajiopacTBOPMMOro rexcaxiopomanraHara(lV) kanus u pacTBopa, conep-
Kalero xiopuaHbie KoMmiekcsr Mn(I11):

4KMnO, + 38HCI = 2K,[Mn"Clgl} + 2H;[Mn*>Cl¢] + 7CLT + 16H,0
ITonHoe BoccTaHoBneHe KMnO, 1o MnCl, nipoucxoqut npu 6osbiomM usbsrrke HCI,

Bpom, conepxamuiicst B Mopckoit Boxe (mpuMepHo 0,065 1/1) u OypOBBIX Bogax
B BUZle GPOMHIIOB, M3BJIEKAIOT IyTeM 06paGOTKM PeaKLIMOHHOM CMecH XJIOPOM IIpH
pH 3,5, 4to65b1 u3bexaTh 06pa3oBaHUsT COJEN OKCOKUCIOT 6poma:

2NaBr + Cl, = 2NaCl + Br,

PactBop, comepxawmit 6pom, 06pabaThiBalOT COLOM, 3aTeM MOIKUCTSIOT ¥ BHOBb
o6pasoBaBIumiicst Br, MeperoHsiorT ¢ BOASHBIM MapoM.

AHaJIOTHYHEIM 06Pa30M M3 MOPCKOIi BOIB, GYPOBBIX BOI M 30JTHI, obpasyloieii-
Cs1 TIPY CTOPAaHMM MOPCKHMX BOIOPOCJEH, BBIIEISIOT VO,

B MOPCKOI1 Boze 1 6yp0BbIX BOJaxX MO CONEPXKUTCS B BUAE UOAUIOB, a B 30Jic — B q)opMC
PIO}IaTOB*. HO}IH}IBI, coaepXKaimecst B 6yp0Bbe BOIAX, OKMCIISIIOT B CJIAOOKHUCIIOMN cpeae XJIopoM:
2Nal + C12 = 12 + 2NaCl

4 BBRIIENMBIIMICSA CBOOONHBIN MOA BHIIYBAIOT BOMSHBIM MApOM M C LEJIbIO OYMCTKM BHOBD
nepesoaar B HI, nponyckas yepes cepHucTHIf ras:

12 + 302 + 2H20 = 2HI + HQSO4

* B npupone HaiineHo Gonee 3200 rajoreHOpraHUYecKux COEOHHEHUI, MOJOBUHA M3 KOTOPEHIX
conepkuT O6poM. B uX 4HCIIO BXOAAT CNIMPTH, KETOHBI, deHoNbI, ankanmonawl, comepxkaliuecs B BOLO-
pociisix, rpubax, 6aKTepusx, MOPCKUX XUBOTHHX. VIMEHHO OHHM NMPUEAIOT MOPCKOIt BOme eaBa 3aMeT-
HblH cnieumduyeckui 3anax. Cum.: Gribble G. W, // Chem. Soc. Rev. 1999. V. 28. P. 335.
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Hoaucrhiit BOIOpOI BHOBbL OKUCIISIIOT XJIOPOM 10 MOZIa B TIPUCYTCTBMM CEPHOM KHCIIOTHL.
BrlgeMBILIMICA MO CIUIABJISIIOT ¥ OUMIAIOT BO3rOHKOM.

Hopnartel, obpasyoluecs pU CXUTaHUM BOAOPOCIHEN, BOCCTAHABIMBAIOT 10 MOJA Cep-
HUCTBHIM Ta30M:

2NalO; + 550, + 4H,0 = 2NaHSO, + 3H,SO, + I,

B naGoparopuu GpoM ¥ MO ITONY4alOT B3aNMOJEHCTBUEM T'aJIOTEHHIOB C OKHC-
muteneM (MnQO,) B KHUCOW cpexe:

MnO, + 2H,S0, + 2KI = I, + MnSO, + 2H,0 + K,SO0,

O6pasyroLmiica Mo 3KCTParvpyloT WIK OTAENSIOT ITEPETOHKOM C BOASHBIM ITApOM.
Hon taxke MOXeT OBITh IOJYYEH NPY OKUCJIEHUM HOIHMIOB CONAMHU HEKOTODHIX
riepexogubix MetawioB (Cu(Il), Fe(III)):

2CuSO, + 4KI = 2Cull + I, + 2K,S0,

AcTar gsAt monydyeH 6oMGapapoBKoOii siep BUCMYTa o.-4aCTHLIAMMU!

2°Bi + tHe — %iAt + 2gn
BBuny cuabHOI pamMoaKTUBHOCTU XMMUsSI COEOVHEHMM acTaTa U3ydeHa HeJoCTa-
touno. TToKa yganoch IOJIydUTh JIULIE PACTBOPHI €r0 COEINHEHMI KOHIIEHTpauei
10-8 monb/m1.

MupoBoe NMpoU3BOACTBO (hTOpa U3MEPSIETCST THICSTYaMy TOHH B rof. IIpuMepHO
MOJIOBYHA 3TOT0 KOJMIMYECTBA PACXOLYETCS HA IepeBO] YpaHa B rekcadropua, KOTo-
DHIii 3aTeM paszeNsioT Ha u30Tornbl. DTOp NMPUMEHSIOT VIS ITOTy4EHUsI rekcapTopu-
Ia cepHl, GTOpOPraHUYECKUX MarepuaioB: GToOpoIUIACTOB, CBETOBOAOB ISl OITO-
3JIEKTPOHMKH, BBICOKOTEMIIEPATYPHBIX MOHHBIX NMPOBOAHMKOB. EXeroiHo B mupe
MPOU3BOIUTCA 0KOJIO 50 MJTH TOHH XJIOpa, KOTOPBII MCIIOIB3YeTCH B KaYECTBE CHJIb-
HOTO ¥l HEJOPOTOTO OKMCIIUTENS IIpH OTOENMBAHMM LEJUTIONO3H, B OPraHHYeCKOM
cHHTe3€e, Ipy 06e33apakBaHUM ITUTHEBON BOJBI, a TAKXKE JUIS IOJYYEHMs] Kpacu-
Teneit, GOTOMATEPHAIOB U JieKapcTB. BpoM saByIsieTCsI CHIpbeM ISl CUHTE3a GpoMop-
raHM4YeCcKHX BEIECTB, a TakKKe 6poMoBoaOpOaa, GpoMHIOB ¥ 6poMaTtoB. OCHOBHOE
IIpPYMEHEHHE MO/ U €r0 COEIVMHEHMIA CBSI3aHO ¢ (papManeBTUIECKOM MPOMBIIIUICH-
HOCTBIO, MEIMIUHOM U doTorpadmeil.

CpoGoaHHIil XJI0p (OT Tpey. yhopol — Xeiaro-3eNeHsbiid) 6611 momydeH Kapnom Illeene
(1742 — 1786) necTBMEM COJISTHOM KUCIIOTH Ha nupomio3ut MnO,. Jlonroe Bpems ero Ha3bBa-
JI COJISTHOM MJIM MypHMEBO# KMCJIOTOM (OT Jiar. muria — paccout). B3aumoneiicTBue xjiopa ¢ pac-
teopom KOH wusyuan Kmon Bepromre (1748 —1822), BuueneHHbH uM B 1786 r. xyopar
KaJIAsl HOCMT UM# y4eHoro. PacTBop, o6pa30BaBILMiACS ITPYU TNPOITYCKaHUY XJI0pa Yepe3 OXJIaxX-
neHHHi pactBop KOH, crany Ha3bBaTh XaBeJeBOH BOJOH, a 4epe3 eAKui HaTp — snabappa-
KxoBoit. Ocamox, MoJyJarolWMiics IpY B3auMOENCTBHU XJIOpa C M3BECTKOBBLIM MOJIOKOM,
MONYYM/I Ha3BAHUE XJIOPHON (MM GENWIBHON) U3BECTH.

TTpo6ema BrIgeeHUsT cBOGoaHOTO hropa (OT rpey. eSpol — rubeib) BOJHOBAIA MHOTHE
MOKOJIEHUs] XMMUKOB. OIHaKo PELINTD e yaajoch ik B 1886 r. MyaccaHy, IoyryYuBIIEMY
He3HauuTebHOE KonuuecTBo F, anextpoimsom HF.

BpoM (ot rped. Ppopol — 3M0BOHHHIM) 651 OTKPHT B 1825 1. Bamnapom npu o6pa6oTke
cossiHoro paccosna KBr cMechio muposmozura 1 H,SO,.

B 1811 r. u3 3056 Mopckux Bomopoceit bepuapom Kyprya 61 monydeH uopn (oT rped.
iodn¢ — duoneToBwIit). B BOOPOCIM JTaMUHApUH coaepKaHue uona pocturaer 0,45 % (Ha
CYXYIO Maccy). ‘
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B mroBunHoI Xenese yenosexa conepxuTes TpuMepHO 20 MT HOaa B BUAE MOIOIIPOU3-
BOJIHbIX aMMHOKHUCJIOTHI TAPO3KHA, BXOAALKMX B COCTaB Gesika TMporio6uHa. [Ton neiicTereM
(bepmMeHTa THPOUANEPOKCUAASHI 3TH OCTATKU OTHENAIOTCS OT Oenka, GOpMHUPYS THPOUIHEIE
ropmoHsl. Ilonanas B KpoBb, OHH, CBA3BIBAACK C MIOGY/IMHAMY U ansOyMUHAMU, BIUSIOT Ha
MHOTHE QYHKUMHU OPraHU3Ma — PETYJIUPYIOT TEMIIEpaTypy TeJla, yMCTBEHHYIO 1eSITEJIbHOCTD,
¢usnyeckoe cocrosinue. ExenHeBHO 4yeJIoBeKy Tpebyercst okono 0,2 MT Hosa.

8.3. ®U3NYECKUE CBOICTBA

B ra3oo6pasHOM, XUIKOM ¥ TBEPIOM COCTOSTHUSIX TAIOFCHE] MOCTPOEHBI U3 JBYX~
aTOMHBIX MOJIEKYJ X,. [l OLIEHKU 3HEPruil MOJNEKYIISIPHBIX opbuTaNeil raJloreHoB
noJesHa uHGopManus 06 IHEPIUIX NCXOAHBIX ATOMHBIX OpOUTATEIL.

Ha puc. 8.2 npeacrasieHo nameHeHme TMOTEHUHATLHONH 3HEPruu*' AaTOMHBIX KS- U
np-opOUTANE JUISI ATOMOB 3JIEMEHTOB IMEPBOTO, BTOPOTO, TPETHETO U YETBEPTOTO
nepyvonos Ilepuonuyeckoit cuctems! . 1. Menzeeepa. DHEPrUM OTpHUATENBHEIE,
TaK KaK IPU B3aIMOACHCTBUH IOJIOXUTENBHO 3apSKEHHOTO Spa ¥ OTPHIIATENHHO
3apsDKCHHBIX 3JIEKTPOHOB dHEprus sbiaessierca. Ipu nepexone ot Li k Ne pacTyt
3apdll A1pa, MPOYHOCTb CBSI3M C SAPOM 25-3JIEKTPOHOB U MX 3KPaHUDYIOILEE fei-
CTBHE Ha JJIEKTPOHBI 2p-opbutaneil. Takum o6pa3om, B 3ToM PAXY PasHOCTDb 3HEp-
THii 2s- v 2p-opGuTaneit yBenuumsaetcs. Ddexrt 9KPAaHMPOBaHUS PUBOIHUT K YBE-
JIMYCHUIO 3HEPTUM 35- U 3p-, 4s- U 4p-opbuTaneil ¥ T. 1., a DIABHOE — K YMEHBIIIE-
HHUIO WX DasHOCTH IO CPaBHEHMIO C 25- M 2p-opGuTtanamu: mist $hTopa pPa3HOCTD
SHepruii opburaneit cocrasiser 27,7 3B, a wist x1opa yxe — 11,6 3B. :

CylecTBeHHOE pasnuune 3HEpruii 2s- u 2p-op6uTaneit ¢pTopa, Kak ¥ KUCIO-
POZia, MPUBOIMT K HE3HAYUTEIIBHOMY BKJIafly 2s-0pOuTalieit B 06pa3oBaHUe MoJie-
KYJIAPHBIX op6utanei 3o u 4c*. B pesyibTaTe Ha SHEpreTHYECKOi! IviarpaMme MoJIe-

E, 5B "'
0 L.

!
N
(o)

T

&

0 5 10 15 20 30 35
ATOMHbI HoMep

Puc. 8.2. IoreHunansHas sHeprus £ aTOMHBIX opburaneit 1s, 2s, 2p, 3s, 3p, 4s, 4p aToMOB
SJIEMEHTOB TIEPBOTO, BTOPOTO, TPETHETO, YETBEPTOrO MEPUOIOB

*! YKasaHbl cpeiHeB3BellleHHBle 3HAYEHUS JUTST BCEX BO3MOXHEX 3JIEKTPOHHBIX COCTOSTHMIA, OTBe-
YAIOLWHUX OXHOMY 3HEPTeTHYECKOMY YPOBHIO. . '
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Puc. 8.3. CxeMa MonekymsipHbIX opburaneit monekyn F, (a) u Cl, (6)

Kyabl F, op6urans 3o pacrionaraercsa Huxke 1n opouraneit (puc. 8.3, a). Ilpu nepexo-
ne k Monekynam Cl,, Br,, I, u3-3a yMenpiuenust pasHoctu snepruii (E(ns) — E(np))
B 0Opa3oBaHuy 3c-opOuTaneil yyacTBYIOT KakK nS-, TaK U Hp-OpOUTAIH, MO3TOMY
3Heprus 3c-opOuTanu OKa3blBaeTcd BHIIE 3HEpruii 1n-opburaneit (puc. 8.3, 6).
TaKPIM 06pa30M 9NEKTPOHHAS Komlmrypaum MOJIEKY)T TaTOTEHOB U3MEHSETCs OT
(16)*(26*)*(36)*(1n)*(2n*)* — wist bropa k (16)*(26%*(1n)*(30)* (2n** — wis ocTane-
HbBIX rajioreHoB. IIpu nepexone ot ¢pTopa K MOLy SHEPTHA AaTOMHBIX 1S~ ¥ Hp-0opOuTa-
JIEH YBETUYUBAETCA, 4 ¥X Pa3HOCTb YMEHbIIAeTCsI. CIIeAyeT OTMETHTD, YTO IIPH 3TOM
YMEHBLIAETCS ¥ PA3HOCTh SHEPTUIH MEXIY HAWBHICIUEH 3aHATOM ¥ HAMHU3IUEH CBO-
6omHOI1 MonekynsapHbIMY opouTanamu: E, > F, (cM. puc. 8.3). CooTHoIUeHHE MEXIY
sueprusimu E| 1 E; uMeeT BaXXHOE 3HAYEHHE ISt OOBICHEHHUS OKPACKM TaJIOr€HOB.
YMeHblIeHNE Pa3HOCTY SHEPTHIT 1S- U HP-TIOAYPOBHEN MPUBOSUT U K YBETHISHHUIO
3HEPIrYU MONIEKYISIPHBIX opbouTtaneit. Hamuuue 371eKTpOHOB Ha pa3phIXJISIIOIHX MO-
JIEKYJSIPHBIX OpPOUTANISAX IPUBOAMT K MECTAOMIM3AaUUU MOJIEKYNIBI, OCOGEHHO IIpH
MaJIoM e¢ pasmepe. TakuM o6pa3oM, IIPOYHOCTD
cBsi3u X—X B MOJIEKY/IaxX raJIOTEHOB U3MEHSETCS
o roarpymie HeMoHoToHHO: F; <« Cl, > Br; >
> I,. Hanpumep, s3ueprus cesisy F—F 3aMertHo
meHbine, yeM Cl—Cl u Br—Br, u auiup He-
HamHoro Gomele, yeM [—I. D10 0GycmoBneHo
MaJIbiM pa3MepoM aToMa (Topa ¥ CHIIBHEIM OT-
TAJTKVBAHNEM YETBIPEX 3JIEKTPOHOB HAa pa3phixX-
nmsiomux opoutansx. HauGonee npoyHoil oka-
3BIBACTCS MOJIEKYJa XJopa, KoTopas B OTCYT-
CTBUE CBETAa HAYWHAET AMCCOLMMPOBATH HA aTo~-
mbl maws ripu 1000 °C (puc. 8.4).

Monexkyns rajoreHoB IMaMarHWTHH, TakK
KaK HE COAEpXAaT HECIHApeHHBIX 3JIEKTPOHOB.

600 800 1000 1200 1400 ¢+ °C

KpaTHocTb cBsI3¥ paBHa €IVHMULE. Puc. 8.4. CreneHb TepMUYECKOM JHC-
B cBoGonHOM BUIE BCE rajIOr€HBl OKPALIEHBL.  comuanu o FAIONEHOB B 3aBUCHMOCTH
Oxpacka BO3HMKAET U3-3a MOITTOIEHUST BUIHY- OT TeMIleparypbl
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MOro cBera, T.€. NPU BO3GYXICHUU 3NTEKTPOHOB ¢ 2 n*- Ha 4c*-opbutanu. TIpu
nepexofe oT Gropa K Moy pasHOCTb 3Hepruit AE 3TUX opbuTtaneil yMeHbIuaeTcs, a
ANYHA BOJHBI A (AE = hc/)) NOIIOIIEHHOTO CBETA YBEIMIMBAETCS. DTO MPUBOIUT K
CMELUECHMIO ITONIOC MOTNIOEHUs OT Ppuonerooit (400 HM) — mis PTopa K XKeITo-
3eneHoit (540 —560 HM) — w1 voma. OKpacKa CBsI3aHA C JOIONHUTENbHEIM 1(Be-
TOM, T.€. TEMM BOJIHAMH, KOTOpbIE BELECTBO IPOITYCKAET, a IIa3 YyeJIOBEKa BOCIIPHU-
HyMaeT. PTop MOINOIAET CBET U3 BUAMMOI YaCTH CIIEKTpa JINIIE YACTHYHO ¥ OKa-
3bIBAETCS OPAHXKEBO-XENTHIM. XJI0Op ITOITIOIIAET CHHION YacThb (420 — 490 HM) BUaM-
MOroO CIIEKTpa, MPOIYCKAET XENTO-3€JEHYIO 4acTh U COOTBETCTBEHHO MMEET 3TY
OKpacKy. B uenom npu nepexozme or ¢propa K MOMY IIMHA BONHBI MMOMTOLIEHHOTO
CBETa PacTeT, a OKpacka U3MEHSETCA OT OPaHXEBO-XeNTol (st ¢propa) no duone-
TOBOHM (IS TApoB M0a).

TemriepaType! NIaBIEHMS X KUIIEHHUs (TAa6/. 8.2) MOHOTOHHO YBETMYMBAIOTCS OT
¢Topa K uoay Mo Mepe pocTa pa3sMEPOB MOJIEKYJT M YCHIEHUS] MEKXMOIEKY/IIPHOTO
B3aUMOJICIICTBYA.

MHTepecHO cpaBHUTb OKpacKy ¥oja B PasiMYHBIX PAacTBOPHUTENsX. PacTBOpH wona B
HETIOJISIPHEIX PaCTBOPUTEIINAX: TeKCAHE, YETHIPEXXIOPHCTOM YIJIEPOJEe — OKpaIUeHH B o~
NeTOBHIH LBET, Nono6HO mapam uona (A= 540 —560 Hm). DTO CBUAETENBCTBYET O TOM, YTO
MEKTPOHHHE 06/1aKa PacTBOPUTENIS HE BCTYMAIOT BO B3auMoeicTue ¢ 4o *-opbutansimu 1,.
B NOHOPHHX pacTBOPUTENAX, HATIPUMED TPHMETHIAMIHE (CHj;);N, Monekysisl KOTOporo
MMEIOT HEIMONEIEHHYIO JIEKTPOHHYIO 11apy, HAanpoOTHB, PACTBOPUMOCTb MONA YBEJIUYUBA-
€TCsA, a pacTBOPH NPUOGPETAIOT KOPUYHEBYIO OKpacKy. IIpMuMHA 3TOro 3akmioyaercs B
06pa3oBaHuM KoMIUIEKCHOTO coemunenus (CH;);N — I—I. Bsaumoneiictue JOHOPHOIA
OpGMTANM PACTBOPUTENSE C MONEKYIIIPHOM G*-OpPOUMTANILIO HONA TMPUBOAMT K OBGPa30BaHMIO
Gosiee HU3KOI TI0 SHEPTHH CBSI3HIBAIOLIEH aTOMHOI OpGyTaIN @ 1 6oJIee BHCOKOI O 3HEp-
TYH paspbixyisiowet opburany b (puc. 8.5). B pesyisrare sHeprus nepexona n* — b ypeauum-
BAaeTCs 110 CPaBHEHMIO ¢ SHeprueil mepexoma n* — ¢* B Mosekyine I, a JUIMHA BOJHH A
TIONIOICHHOTO cBeTa YMeHbIaeTcst oT 540 — 560 HM (B ciydae mapoB uona) no 460 — 480 uM
(st consBata). PacTBOp conbBara npomnyckaer Gonee JNTMHHOBOIHOBOE KPACHOE, XEIToe U
3eJIeHOe U3NTydeHUe, CMELIMBAHKE KOTOPHIX IPUBOAMT K KOPUYHEBOI okpacke. B psage ciy-

Tabnauya 8.2
®u3nvecKHe CBOACTBA NPOCTHIX BELIECTB
CsoiicTBO F, Cl, Br, I,
Lser Opamxeso- | XKento-3ene- | KpacHo-6y- | ®uonetoBwit (map)
KEJITHII HBI phIit YepHbIit (KpUCTAUIBI)

tons °C -220 -100 -7 114 (xkpucTamns)

(12 xITa)
tams “C -188 -34 59 185 (xkpucTamns)
DHEePrusi rOMOJTMTUYECKOro 159 243 193 151 (map)
pa3pbiBa cBsizn X — X,
xx/Monb
DHEPrust TeTePOTUTHYE CKO- 1510 1150 1011 866 (mmap)
To pa3phiBa CBI3M X—X,
xIx/monp
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ON Puc. 8.5. DneKTpOHHbBIE CIIEKTPHI TOMIOLIEHUS KO
O cC B pa3JIMYHBIX pacTBOpUTENSIX (a); B3aUMOJEHCTBUE
© H

o-opburanu I, ¢ IOHOpHOH OpOUTANIBIO PaCTBOPH-
Tens solv (6); CTpoeHHe KOMILIEKCA C IepeHOCOM
e 3apsna I, « N(CHj;); u Monexyssl I, (8)

0,272 um

YaeB CONbBATHI BhUIEJIEHB B KPUCTAUIMNECKOM BUAE (HalpuMep, C ALETOHUTPWIOM, MH-
PUIMHOM),

TIpn HarpeBaHMM pacTBOPOB MOAA B JOHOPHBIX pACTBOPUTEISIX (METAHOJIE) IIPOUCXOINUT
M3MEHEHNE KOPUYHEBOI OKpacKH Ha (PMOJIETOBYIO, YTO CBSI3aHO C paclaioM COJIbBATOB.
Tpy oxyaxaeHN KOpUYHEBOE OKpalIMBaHUE BOCCTAHABJIMBAETCS.

KpoMe 1oJ1ochl MOMIOINEHYS, CBA3aHHOM ¢ pacCMaTpuBaeMEIM n° — b miepexonoM, Habmo-
JIAeTCs 110J10¢a, paclojioXeHHas B yiabTpaduoneToroit obnactu (230—400 HM) ¥ 06yCIOB/IEH-
Has TIepeXOoIOM DJIEKTPOHOB C a- Ha b-opOurtans. Dra nmojoca GhakTHYECKH CBSI3aHa C Iepe-
HOCOM 3apsja, T.€. IEPEXOAOM 3JIEKTPOHOB C OpOMTAIN, JIOKATM3OBAaHHOMN Ha JIMraHie, Ha
opOuTalb, JIOKAIM30BaHHYIO Ha uoae. Takue KOMIUIEKCEI HA3bIBAIOT KOMNAEKCAMU C nepeno-
com 3apsda.

8.4. XUMHWYECKHE CBOMCTBA

XuMHUeCcKas CBA3b B MOJIEKYJIaX FAJIOreHOB MOXET Pa3pBIBATHCS 110 TOMOJIMTHU-
YECKOMY WIM FeTePOJIMTHYECKOMY MeXaHM3My. B repBoM city4yae 3J1eKTpOHHAs TUIOT-
HOCTb pacrpedelisieTcsa IMOPOBHY MeXIy aTOMaMHM TakK, 4To oGpa3yloTcs JBa atoMa
X+ ¢ HecITapeHHBIM 3JIEKTPOHOM:

XX =X+X-

Bo BTOpOM CIIydae 3JIeKTpOHHas IUIOTHOCTh CMEIAeTCsl K OJHOMY W3 aTOMOB, IIpU
3TOM 06pa3yloTcsl MoMoXUTeNbHas X' ¥ oTpuuaTebHast X YaCTHLIbL:

X:X=X+X"
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OHeprua romonuTuyeckoro pacrana (Ey,) (wim sHeprus cBsisn X—X) u3me-
HSETCS] HEMOHOTOHHO: YBEIMYMBAETCA OT (PTOpaA K XJIOpY, a OT XJIopa K UOLY YMEHb-
waercs (cM. Taba. 8.2).

DHEPIUIO IeTEPOTUTUYECKOrO pacnana (Ee):

X, =X + X'+ By

MOXHO BBIYUCIIUTD, KOMOMHUPYs 3Hepruio E, (Tabn. 8.2), 3HEpruio MOHU3AIUN
E,o. (cM. TaOIM. 8.1):

X-e =X"+E,,
¥ SGHEPTUIO CPOACTBA K IMEKTPOHY E;,, (cM. Tab. 8.1):
X+e =X = Egop,
MOIYYUM
Erer= Eron + Epon = Ecpon-

3HaveHuA E., (CM. TablL. 8.2) MOHOTOHHO YMEHBIIAIOTCS B sy Grop — XJI0p — 6poM —
1of. D10 OGBACHSETCS TeM, YTO HauGOMbLINii BKIAN B E,., BHOCHT SHEPIryst HOHU3a-
O1¥, KOTOpasi B psily TaJIOTEHOB YMEHBIIIAETCS MOHOTOHHO (cM. Tabi. 8.1).

Fereponuruyeckuit pacran HanGonee BeposiTEH [Uisi HOMA, MOCKOIBKY SHEPIHS,
3aTpayvBacMasl B TAKOM IPOLECCE, HAUMEHBILAS ¥ MOXET OBITh CKOMIIEHCHPOBAHA
SHEpPrueit KpUCTAUIMYECKOH PEIIeTKU, SHEPIUuei cOMbBAaTalVy ¥ T. 1L

Haripumep, Brienero coennrenne [I(CsHsN),)"NO3, B KOTOPOM 3HepreTiyecKue 3aTpaThl
KOMITEHCUPOBaHbI 00pa3soBaHUEM CHIIbHOM KOBAJIEHTHOM CBA3M MexXay KatuoHamu [' u mu-
puauHoM CsHsN — noHopoM 3ieKTpoHHOI maphl (ocHoBaHueM JIbouca):

AgNO; + I + 2CsHsN S, A1l 4 [1(C5H;N),J'NO;

TIpy B3aMMOZIEHCTBUY C HEMETA/UTAMM M METAJUIAMH CBSI3b B MOJIEKY/Iax X, yaiie
BCETro paspbIBa€TCs IO TOMOJIMTUYECKOMY MEXaHN3MY. DTOMY CIIOCOOCTBYIOT Harpe-
BaHWeE, OCBEIIEHUE, KaTaIW3aTOPHI.

OCHOBHbIE XNMUYECKHE CBOICTBA MIPOCTHIX BELECTB PEACTABIEHH B Ta6L. 8.3.

ITo XuMMYECKMM CBOMCTBaM rajoreHsl — camble aKTHBHBIE HeMeTauihl. M3-3a
HU3KOI 9HEPTUH AUCCONMAnUM MOTeKybl F, (cM. Tabn. 8.2) HauBBICIIElH 3MeKTpO-
OTPMLIATENIBHOCTH atoma (Topa ¥ BBICOKOH 3HEPrUM ruaparanuu uoHa F~ drop
ABJIICTCS. HaNboJNee PEaKIIMOHHOCIIOCOGHBIM HE TONBKO Cpeay TaloreHOB, HO H,
HoXayit, cpeau BceX BemecTB. OH HEMOCPEACTBEHHO B3aMMOJEICTBYET IpaKTH-
YECKM CO BCEMU IPOCTHIMH BELUECTBAMU, 32 UCKIIOYEHUEM JIETKUX WHEPTHBIX ra-
30B: Tevst, HEOHA, aproHa. Ecy aj1eMeHT MOXeT IpOSIBISATh HECKOJIBKO CTeleHeH
OKMCJIEHHMs, TO, KaK IpaBwIo, o6pasyloTcsi BhICIIME BO3MOXHBIE ¢ropunbl (SFg,
VF;, CoF;u 1.11.). B3auMozeiictBue (ropa ¢ HEKOTOPBIMM ITEPEXOIHBIMY METAIIA-
MM, HallpyMEp HUKENEM, IPOTEKAET KpaiiHe MeUICHHO M3-3a 06pa3oBaHMs HA UX
ITOBEPXHOCTH TOHKOM 3aILIMTHO TUIEHKU COOTBETCTBYIOILETO (hTOpHIA METalIa.

B armocdepe dropa cropaer Boga (cM. pasm. 8.5), cTexsHHas BaTa ¥ MOPOIIOK
KBapia:

SIOZ + 2F2 = SIF4 +‘02
pa3yararoTcsi MHOTY€ COJIU.
2F2 + Nast4 = 2NaF + SOze + 02
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Ot dropa x Momy oKMCIUTENBHAS CIIOCOGHOCTh YMEHbLIAETCH, 3 BOCCTAHOBH-
TeJIbHAd — YBennuuBaercs. C 3Toi TOYKU 3peHMS MIPEACTABJIAIOT MHTEPEC IIPOLIEC-
CBI, MIPOTEKAOLME TIPU MIPOITYCKAHUM XJIOpa Yepe3 BOAHBII pacTBOp MOAMAA KATHs
KI. Cravana xop (kak Gonee CHJIBHBIM OKMCITHTENb) BHITECHSET MO U3 MOIUIA
KaJIyis, YTO NMPUBOJIUT K IOSBICHUIO (DMOTETOBOM OKPACKM MOfA:

2KI + C12 = Iz + 2KCl1

Jajiee U36GBITOK XJIOpa OKUCIISIET UOJI, ¥ PACTBOP IIPH 3TOM 06ECIIBEYMBAETCS:

I, + 5Cl, + 6H,0 = 2HIO, + 10HCI

Peaxumy MpoCThIX BEIECTB € XJIOPOM IIPOTEKAIOT TOPAa3fo CIOKOMHEe, YeM B
ciy4dae ¢ropa. 3axoKeHHBIE Ha BO3LYXE YIIEBOAOPO/IbI IPOIOIDKAIOT FOPETh U B XJIO-
pe, Mpy 3T0M 00pa3yloTcs XJIOPOBOAOPOA Y Caxa:

C|0H16 + 8C12 = 10C + 16HCI

Tabnuua 8.3
XuMHYecKHe CBOMCTBA NPOCTBIX BEINECTB
Pearenr F, Cl, Br, I,
He, Ne, Ar He pearupyer He pearupyer He pearupyer He pearnpyer
Kr, Xe JF,(n=2, 4, 6) | He pearupyer He pearupyer He pearupyer
Tanorensr XF(X=Cl, Br, )|CIF,(n=1, 3, 5)|BrF, (n=1, 3, 5)|IF, (n=1, 3, 5, 7)
XF; (X =Cl, Br, I)] BrCl, ICl1, I,Cl, BrCl, IBr ICl1, 1Br, I,Clg
XFs (X=Cl, Br, )
XF, X=]
0, F,0,, OF, He pearupyer He pearupyer He pearupyer
(3J1IEKTPUYECKHIA
pa3psn)
S SF6, S2F10 SQCIQ, SCl), SQBI'Q He pearupyer
SCl,
N, He pearupyer He pearupyer He pearupyer He pearupyer
P PF;, PF; PCl;, PCiq PBr;, PBr; PI,, P,l,, PIs (D)
H, Co B3pLIBOM Co B3pbIBOM Pearupyer PaBHoBecue
B TEMHOTE Ha CBETY t>230°C H; + I, 2 2HI
Katayu3aTop Pt | cMelneHo BiIeBO
IlIenoyHbre MF MCl MBr MI
METAILIBI
Al AlF, AlCl, AlBr, All,
Fe FeF, FeCl, FeBr,;, FeBr, Fel,, Fe;l;
Cu Cu F2 CuCl 2 CuBr b3 Cul
Au AuF; AuCl, AuBr, Ay,

10 Heoprannveckas xumns, tom 2 ’ 289



XJI0p pearmpyer TaKKe C OKCHIAMM HEKOTODHIX METAJUIOB: MAaTHMS, aTIOMUHUS,
Xene3a, BONbMpamMa ¥ Jp. — ¢ obpaszopanueM xuopunos (MgCl,, FeCl;) unu ok-
coxsiopunos (WO,Cl,):

2MgO + 2C1, 22°°C, Mg, + O,

JaHHas peakuusi o6paTiMa, HO paBHOBECHE CMEINAETCs BIIPaBO, TaK KaK XJIOpMJ Mar-
HUS BO3TOHAETCS U yXOauT U3 cdepl peakiuu. CMe1eHUI0 pABHOBECHS BIIPABO TAKXKe CITO-
CcOoOCTBYET CBA3BIBAHME OOPA3ylOLLErocss KHUCIoponaa (C 3TOM LebIo B PeaKLMOHHYIO CMECh
J00aBJAIOT YroJb). XJIOPUPOBAHUE CMECH OKCHAA C yIIeM (BOCCTAHOBUTENILHOE XJIOPUPOBa-
HHE) TTO3BOJISIET TIOJIy4aTh O€3BOAHBIE XJIOPUAB MHOTHX METAJUIOB:

800°
TiO, + 2C + 2CL, ~2S, TiCl, + 2CO

BpoM nmogo6HO XJ10py SIBNsieTCS] CUJIbHBIM OKMCIIUTEIEM, IIPUYEM XHUIKHUA OpoM
pearupyer cO MHOTUMH IIPOCTHIMM BEILIECTBAMHY 3HEPTUUHEE Ta3000pasHoro xiaopa. B
BOJIHOM Ccpelle OH OKUCIISIET CEPY IO CEPHOI KUCIIOTHI:

3Br, + S + 4H,0 = 6HBr + H,S0,
MaHIaHaT Kajivsi — OO0 IlepMaHraHaTa:
2K,MnO, + Br, = 2KMnO, + 2KBr

OxucnuTenbHbIE CBOMCTBA MOa BRIPaXeHBI cllabee, yeM ApYTHX ranoreHos. Hox
HE CITOCOGEH OKMCIUTDL HE TOMBKO KUCIOPOJ (Kak XJIop ¥ 6pom), HO ¥ cepy. Hus-
1Y€ MOTUIBI HEKOTOPBIX MepeXOmHHX MeTaUTOB (Fel,) MOTyT GHITH ITOJIydeHH 1Ipsi-
MBIM CHHTE30M, YTO aGCONIOTHO HEBO3MOXHO B CIIy4Yae XJIOPHIOB.

B TO Xe Bpemst Il MoJa XapaKTepHbl BOCCTAHOBHUTENbHBIE cBolcTBa. TTon meii-
CTBHUEM XJI0pa, 6poMa, MePOKCHIa BOOOPOIa M a30THOM KMCJIOTH OH OKMCIISIETCS B
BOIHOI1 cpene no noxHoBaroit kucnorsl HIO;:

3I,(18.) + 10HNO;(100 %) = 6HIO; + 10NO,T + 2H,0

8.5. B3AUMOJIEMCTBUE TAJIOTEHOB C BOJIO#

BogHbie pacTBOpHI raJIOTeHOB M3BECTHBI JABHO: MOQHAsA BOJA MUCITONB3YyeTCs KaK
Je3sMHGUUMpYIOLiee CPEICTBO, a XJIOPHAsT BOAA — KaK OTGeIuBaTeb.

Huskast pacTBOpMMOCTB TaJIOTeHOB B BOJIe 00YCITOB/IEHA C/TAGhIM B3aUMOIENCTBIEM
HETIOJIPHBIX MOJIEKYN TAJIOTEHOB M ITOJISIPHBIX MOJIEKYJI BOIBI, a TAKXKE OCOGEHHO-
CTAMY CTPOEHM BOIBI (CM. pasd. 1.7). B Kpucraiuie Jiboa KaxXnass MOJIEKYJIa BOIBI
COEIMHEHA BOIOPOAHBIMHY CBSI3SIMM C YETHIPbMSI OJIIDKAMIIMMY K Hel MoJIeKyJIaMu
H,0. TTockonbky BogopoaHas cBsisb H+--O miuHHee kopaneHTHOIt H—O, TO CTpYK-
Typa JIbJa OKa3bIBa€TCS PHIXJION M COHEPXWT MHOTO CBOOOAHBIX IOJIOCTEH. DTHM
OOBSICHSIETCSI HU3KAsA TUIOTHOCTD JIbIa ¥ CIIOCOOHOCTH 06pa30BHIBATh KJIATpaTHbIE
coenuHeHwus1, Hanpumep 8Cl,-46H,0*. Tlpu IuraBleHuy Jibga KapKac YaCTHYHO
paspymaercs, a HEKOTOpbie MOJIEKY/bI BOABI 3alIONHSIOT IYCTOTH MEXIY CBS3aH-
HBIMU Opyr ¢ apyrom Monekyinamu H,0. TIpu 3TOM IUIOTHOCTH XUAKOH BOABI U

* Ycroityuso Huxe 9,6 °C.
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KECTKOCTD KapKaca YBeIMYNBAETCS, a YUCIIO TIOJIOCTEl, TIe MOIIU GBI Pa3sMeCTHTh-
CA MOJICKYJIHI TJIOTEHOB, YMEHbIIaeTcs. Bce 3TO NMPUBOAMT K HE3HAYMTETBbHOM
PaCTBOPUMOCTH XJIOpa, 6poMa ¥ 0COGEHHO MO B XHIKOM BOJE. OnHako HekoTO-
PHI€ BOTIPOCHI IO CHX TMOP OCTAIOTCA Ge3 OTBETa: II0YeMy PacTBOPMMOCTb 6poma B
Boxe (4,17 r B 100 r Boxsl wiu 0,21 Mois/n 1ipu 0°C) Bhlme, YeM xaopa (450 mi
(1,46 1) B 100 r Boxst wtn 0,06 MoJB/ npu 0°C) u moma (0,03 r B 100 r BOxs Wwin
0,001 momb/n mipu 0 °C).

ITpu narpeBanun no TeMreparyphl Boiue 0 °C pacTBOPMMOCTE XJI0pa yMeHbLIa-
€1Cs1, GpOMa — MpPaKTHYECKN He U3MEHSIETCS, a MOIa — BO3pacraeT. PactBopuMocTs
6poMa B 0COGEHHO MOIa MOXHO CYIIECTBEHHO YBEJIMYMUTH NoGaBieHHeM GpoMuna
WK nomuna (pHc. 8.6) 3a cueT 0Gpa3OBaHMS IIPOYHBIX KOMIUIEKCOB X53:KI+1,=KI,.
Hanpumep, B 100 r 10 %-Horo PacTBOpa HOAMIA KU MPHU KOMHATHOM TeMIlepa-
Type pacTBopsietcst 160 r uoma — B 500 pa3 Gosblle, YeM B YHUCTOI Bose. B ciyuae
XJI0pa TAKHE KOMIUIEKCH MEHee YCTOHYMBE, O YeM CBHAETENBCTBYET TOT daxr, 4TO
XJIOp MPAKTHIECKM HEPACTBOPUM B KOHLIEHTPUPOBAHHHIX PACTBOPAX XJIOPHIOB —
€0 XPAaHAT B Ta30METpax Hall HACHIIIEHHBIM PAaCTBOPOM ITOBAPEHHOM COJIH.

B MaJIONONISAPHEIX OpraHUYeCcKuX pacTBopurensix (6ensone CgHg, yeTnipexxiopu-
croM yriaepone CCly ¥ T.I.) TAIOTEHH PaCTBOPHMEI 3HAYUTEIHHO JIy4iie, 9eM B
Bozie. B oTmune ot Boxk! MexmonexyspHoe B3aIMOJEWCTBHE B TAKMX PACTBOPHTE-
TX cnaboe, U MOSIBIeHNE MOJIEKYT TAIOTEHOB He HU3MEHSIET CTPYKTYpPY OpPraHuye-
CKo#t pasbl. BHICOKast paCTBOPMMOCTD TaIOTEHOB OOBACHSETCS G/IM30CTEIO SHEPrHii
MEXMOJICKYIIIDHOTO B3aUMOJIEHCTBHSI PACTBOPUTENS U PacTBOPEHHOIO BeniecTra. Jeii-
CTBUTEJILHO, TIPY BCTPAXMBAHUM GPOMHOMN WJIH MOLHOM BOIBI ¢ OPraHUYIECKHM pac-
TBOPUTEIEM, HE CMELIMBAIOLIMMCS C BONOW, HANpPUMEDP NUITHUIOBBHIM adbupom
C,H;0C,H;, xsopodopmom CHCI,, NMPOHCXOIUT NMPAKTUYECKM TMOJHOE obeciBe-
‘IMBaHUE BOJIHOTO CJIOA, & CJIOW OPTaHMYECKOM XUIKOCTH NpHOGpeTaeT duomnero-
ByIO (B CiIyyae Moja) WiIN OpaHXeBYIO (B CiTyyae Gpoma) oKpacky.

0,15 -

0 02 04 06 03 10
Cer, 9KB/ 1 Cr, 3KB/ N

a 6

Puc. 8.6. 3aBucumocts pacreopumocTn xiopa (a), voma (6) nmpu 20°C or KOHLEHTpaLUU
XJIOpUI- K HOOUA-HOHOB COOTBETCTBEHHO

291



PacTBopeHMEe rayloreHOB B BOXe — CJIOXHBII MpONECC, BKITIOYAIONIHI pacTBope-
HUE:
Xy(TB., X., T.) 2 X, (pacTBOD)
JUCTIPOTIOPLIMOHUPOBAHHUE:

Xs(pactBop) + H,O & HOX + HX

H pasnoxenue ob6pasyroniuxcda okcokucnaor HOX (tabi. 8.4).
®T1Op B OTIINYHE OT APYIMX TATOTEHOB BOXY OKMCIISIET:

2H20 + 2F2 = 4HF + 02

IIpu pedicreuu dropa Ha jteq npu Temneparype —40 °C o6pasyerca GTOpHOBAaTHCTas KHC-
snora HOF — kpaitHe HeyCTOHYUBAsK CBETJIO-XENTast XHUIKOCTE (4, = =117 °C):

Fy(r.) + H;O(1B.) = HFO(r.) + HF(1.)
OHa He NpOsARNIAET KUCJIOTHRIX CBOWCTB, a B Bole paxiaraerca Ha HF, H,0, u O,
HOF + H20 = H202 + HF
HOF + H202 = 02 + HF + Hzo
XJop MajiopacTBOPHUM B BOJE, XOTS CYIECTBEHHO JIy4llie, Y€M a30T WJIH KMCJIO-
pon. XJIopHasi BOZa CO BpeMeHeM 00eCIIBEUUBAETCH, €€ KHCIOTHOCTh IPH 3TOM yBe-
JIMYUBAETCS, a XapaKTEPHBINA 3amax Xjiopa ucye3aer.

ITpouecch, mpoucxonsnxe B BOXHOM PacTBOPE XJI0pa, MOXHO CyMMapHO- TIpell-
CTaBHUTbH B BUIE CXEMEI

HCI + [O]

T
OH~ _ . CIO;
Ch+ H,0 2 Claq == CI'+ HCI0 <

0 Cl
-10'cl Efosl
8Cl,'46H,0 CLO + H,0

PactBopuMoOCTE Xj10opa B BOJe BO3pacTaeT MpH NMOHMXEHNN TeMneparyphl. Ecinm
COCy[l C BOJIOM, HACHIIIEHHOM XJIOPOM, TOTPY3HUTh B OXJIAXIAIOIIYIO CMECh, 06pa3y-
10TCS KeTOBaThbie KPUCTAUIEL KJIaTpaTa — COeQHMHEHUS BKIIIOYEHHS XJIopa B KPHUC-

Tabanua 8.4
KoncranTel pasuosecus peakuuii (25 °C)
peazﬁimn Peakuus Cl, Br, I;
1 Xy(1B., X., I.) 2 X,(pacrBop) 0,06 0,21 0,0013
2 Xy(pactop) + H,O0 @€ HOX + H+ + X~ | 3,9.10* 7,2-107° 2.10713
3 3X0™ 2 2X™+ X0, 107 101 10%
4 4X0; 2 3X0;+ X 10%® 10-3 10-33
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TAJUTMIECKYI0 CTPYKTYpY JibJa. CTPyKTypa KiIaTpara aHaJIOTWYHA JIPYIHM Ta30BBIM
THIpaTaM (CM. TJ1. 1).
B xyopHoit Bozie Yacts Monexyn Cl, IHUCIIPONOPIIHOHUDYET:

Cl, + H,0 2 HCI + HCIO

MexaHu3M peaxiuy JUCIIPOIIOPUMOHHPOBAHHUS BKITIOYAET IOASIPU3ALIUIO MOJIEKYJIBL XJI0pa
Mostekynoit HO, o6paszoBaHue npoMexXyTOUHOTO COeNMHEHUS U TIOCJIEAYIOILYIO €T0 JUCCO-
nManuio ¢ obpasosanuem Cl™:

5~ 8+ 8+ O~ 5+ 8-
Cl—Cl + H,0 - [H,0—CI—Cl] 5> H' + [HO—-Cl—-(]]

8+ b-
[HO—CI1—-Cl] -» HOCl + CI”

IIpH xpaHeHUH Ha CBeTy XJIOpHOBaTHCTas Kuciota HCIO pacnagaercs Ha HCl u xucno-
PO1, NO3TOMY KMCJIOTHOCTD PaCTBOPA NMOCTENEHHO YBEJIUYUBAETCS, 2 PABHOBECHE CMEILAET-
Cd BNPaBO.

KoMGuuupyst noreHuuansl E° peakuuii

Cl, +2e-=2Cl°, E{ = 1,36 B
0, +4H' + 4e~=2H,0, E;=1,23 B
MOXHO OLEHUTB TIOTEHLHAN IpoLecca
Cl, +2H,0=2HCl + Oy, E3 = E; ~ E5=0,13B

B INIpUCYTCTBUM ILENOYHBIX PEareHTOB, HanpuMep Na,CO;, peakums Qucrpo-
MOPLMOHUPOBAHUS MPOTEKAET HEOOPATUMO:

Cl, + Na,CO; + H,0 = NaHCO; + NaCl + HCIO

CMeIEeHNIO paBHOBECHS BIIPABO TAKKE crioco6eTByeT nobareHue cosneit cepebpa, ok-
cunos pryu(1l) HgO wan sucmyra(111) Bi,O; s nepeBona B ocamok XJIOpUI-HOHOB:

2Cl, + 3HgO + H,0 = Hg;0,CL{ + 2HCIO
2Cl, + Bi0; + H,0 = 2BiOCH + 2HCIO

IIpuBeneHHEIE PEaKIINK UCTIONB3YIOT IS MONYYEHUS pactBopoB HCIO.

XnopHoBarucTas kucaora HCIO 1 rumoxiopurst naxe Tpy caboM HarpeBaHUHU
AUCTIPONIOPLUOHUPYIOT. JTHCTIPONIOPLHOHUPOBAHNE TEPMOTMHAMUYECKH HanuGosee
BEPOATHO JI0 XTTOPUA- U XJIOPaT-HOHOB (peakuus Ne 3, cM. Tabi. 8.4). HecMorps Ha
6/IM30CTEL 3HAYEHHIT KOHCTAHT paBHOBECHS peakuuit Ne 3 u Ne 4 (cM. Tabn. 8.4) nns
XJiopa, CKOPOCTb IIEPBOIf U3 HHUX CYILIIECTBEHHO GOJbIIIe, YeM BTOPOIt. Bricokas 3Heprus
aKTHBALIUK peakuuu Ne 4 o6ycoBneHa NOBLIIEHHEM NPOYHOCTH CBSI3H M YBEJMYe-
HHEM S5KpaHUpoBaHuA xy1opa B paxy ClO™— ClO;— ClO;.

3HauuTeNbHAsI CKOPOCTh PeaKIIy IHMCIIPONIOPLIHOHUPOBAHMS BHIHYXAAET IPO-
BOIUTD CHHTE3 THIIOXJIOPUTOB NIPU MOHIDKEHHOMN TeMIepaType:

2NaOH + Cl, £ NaCIO + NaCl + H,0

IIpy B3auMoORECTBIM Xe XT0pa ¢ HEOXTAaXIAEMbIM PacTBOPOM IIENOYH IIPOHCXO-
AUT pa3orpeBaHue pacTBopa M 06pa3syloTCs XAOpAaTHL:

6KOH + 3Cl, 25, KCIO, + 5KCI + 3H,0
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TakuM 06pa3oM, COBOKYITHOCTh TEPMOIMHAMHUYECKUX U KHHETHUECKUX (haKTOpPOB
OGYCITOBTMBAET CJIEMYIOLIHII COCTaB MPOAYKTOB B3auMoneiicTeug B cucteMe Cl, + H,O:
PacTBOpPeHHHIH B Boze xiuop (oH mpeobnanaer), HCI, HCIO, HCIO;.

st 6poMa ¥ Mona KOHCTAHTHI paBHOBECHST PEAKIIMH JUCTIPONIOPLIMOHNPOBAHUSA
CYIIIECTBEHHO MEHbIIIEe, YeM B Cliyyae xjiopa (CM. 1abn. 8.4), mosToMy 6poM U HOJ
MPUCYTCTBYIOT B BOIHOM pacTtBope B BHIe Br, u I,. JeiictButensHO, OpoMHas U
HOIHAs BOJA MPH XpaHEHHHU HE Pas3iaraioTcs M UMEIOT HEATPaIbHYIO PeakiIulo.

Crenens ruapomisa Gpoma rpu 20 °C B HaCcHINEHHOM pacTBope cocraniser 0,85 %,
B0,01M—4,2%,a80,001 M — 17 %, 15 HaCHIIIEHHOTO PacTBOpa HOXAa CTENEHb
THIPOJIH3a cocTaBisieT okoo 0,7 %.

B 11e109HBIX pacTBOpax 6pOM U MO JUCTTPONOPLHMOHUPYIOT NMONOGHO Xiopy. On-
HaKo yBeJIMYeHHE pa3Mepa aToMa rajioreHa ¥ aHuoHa XO NpHUBOIUT K MOBBILIEHUIO
CKOPOCTH IUCITPOIIOPLIMOHMPOBaHus. 1103TOMy HECMOTpsI Ha GOJNbIIOE 3HAYECHHE
KOHCTaHTbI paBHOBECHS (CM. Tabil. 8.4), CKOpPOCTb 3TOM peakuHHU IpH Mepexone OT
xyopa K 6poMy B MOy CYIIIECTBEHHO YBEJIMYNBAETCH.

YCTaHOBJICHO, YTO MEXaHN3M AUCIPONOPLUHOHUPOBAHHUS SABIACTCA ABYXCTATHITHBIM, NIPO-
LIECC MPOTEKAET Yepe3 CTaauio o0pa3oBaHUA GCPOMUT-HOHOB:

HBrO + BrO = BrO; + H" + Br-
BrO; + BrO = BrOz+ Br

B peaynrtare oH BrO™ B pacTBOpax MOXHO OOHApYXWUTH B 3HAYUTENHHBIX KOH-
LIEHTpaLMsX JIMIIbL pH TeMmeparypax Huxe 0 °C:

2NaOH + Briig NaBrO + NaBr + H,0

CKOpOCTh TUCTIPONIOPUMOHUpOBaHus HoHA 1O BesMka Npu 060t TeMIepary-
pe, MO3TOMY B pacTBOpax OH HE CYIIECTBYET:

6NaOH + 31,5 NalO, + SNal + 3H,0

CocTaB NMPOIYKTOB B3aUMOJENCTBHS TAJIOTEHOB C BOMOI 3aBUCHT, TakuM oGpa-
30M, OT KHUCJIOTHOCTH CpeJbl, BOSMOXHOCTH BRIBEIeHHsI U3 Chephbl peakiMi KOHed-
HEIX WA UCXOTHEIX BEIIECTB, TEMIIEPATYPHOI 3aBUCHMOCTH KOHCTAHT PaBHOBECHS
M CKOPOCTEi peakuMii JUCIIPOTIOPLIHOHUPOBAHMSI THITOTAIOTeHUT-HOHOB XO™.

8.6. TAIOTEHOBOIOPO/IbI

'8.6.1. Crpoenne

Ha puc. 8.7 npuBelieHa cxeMa MOJIEKYJISIpHBIX opbuTaneit Mmonekya HF u HCL.

Pasnoctb sHepruit 1s-op6uranu atoma somopona (—13,6 3B) u 2s-opburanu aTo-
Ma ¢ropa (46,4 3B) Bemvka (-13,6 3B + 46,4 3B = 32,8 3B) (cM. puc. 8.2), moaroMy
CBSI3BIBAIOLIAS MOJIEKYJIIpHasi OpOUTaNL lo ¢opMHpyeTcss B OCHOBHOM (Ha 90 %)
2s-opbuTtaIsIMH ¢Topa. DHeprusa opouTanu lo OKa3kBaeTCs CaMOW HU3KOM, U OHA
HUrpaeT BaXHEHNIyI0 posib B CBA3bIBAHMM aTOMOB BoJopoXa U ¢ropa. Opburanu ls
aToMa BOZopoJa U opbuTanu 2p, atoMa ¢propa o6pa3yioT MOJIEKY/ISIPHBIE HECBSA3BI-
Balomye 26"~ U paspeixisiomue 3o*-opouTani. OCHOBHOI BKian (~90 %) B 06pa-

294



AO AO MO AO
E} (H) (HF) ® E} (H) (P_I_Cl) D
it: /’/--—-3::---.\ -l’i //’ 3c* \\\ ;
Pid \ :\\ \\“\\ J/
» 1 s ’\+'ﬂ"ﬂ'
Yottt TN e
\‘\:\‘\ 20‘“ecn II:'I"’ \‘\- - % - -";Il/
““-----ﬂv----kl*' ;; ‘__-_#__l
\‘ "‘ :: . o
¥
a 0

Puc. 8.7. Cxema MosekynspHbix opburaneit monexyn HF (a) u HCI (6) (och z mpoxoauT
4yepe3 UEHTP aTOMOB BOAOPO/A M IaJioreHa)

30BaHMe lo- U 2c-opburaneit BHOCAT opbutamu ¢ropa. Dro O3HA4YaeT, YTO OHHU B
Gonbluel CTENEHN MPHUHATEXAT (HTOPY, YeM BOIOPOLY, a 3NEKTPOHEBI, PaCIIONO-
KEHHEIE Ha 3THX OPOUTAIAX, MPAKTHIECKH JIOKATH3OBaHE! Ha aToMe ¢Topa. Takum
00pa3oM, 3JIEKTPOHHAsSI IUIOTHOCTh B Moitekyne HF cMemena K atoMy ¢ropa, a

cBasbr H*—F* okasniBaercs TOJISIPHOM: aTOM (PTOPa HECET HEKOTOPLII OTPUIIATENb-
HEI, 2 aTOM BOIOPONA — TIOJOXUTEILHEIA 3apsi.

PacripenienieHue 371eKTpOHHON IUIOTHOCTH MOXeET GBITH PaCCUHUTAHO WIH ONPENESICHO 3KC-
TIEPUMCHTATIBHO W TPEICTaBICHO B BUlE CeueHUst Monekyisl HF HeKOTOpOil ILTOCKOCTEIO
(puc. 8.8). TOUKH C OAMHAKOBOH 3IEKTPOHHOM ILTOTHOCTBIO CoeIMHEHB! IMHUAMU. Pacnpene-
JICHHE 3JIEKTPOHHOH IUIOTHOCTH HE CHMMETPUYHO. BOsbiuas 3ekTpoHHas wiorHocTb cocpe-
AoToyeHa BOJIM3H sapa dropa. TeM He MeHee YacCTh EKTPOHHOMN IIOTHOCTH pacnpenesieHa
MeXny aToMaMH QTOpa M BOAOPOAA, M ITO COOTBETCTBYET KOBAIEHTHOMN CBA3M.

Op6uranu 2p, n 2p, atoMa (TOpa 110 YCIOBHSAM CUMMETPHH CIIOCOGHDI y4acTBO-
BaTb B 00Pa30BaHUM 7-CBA3EH, HO y aToMa BOZOPOXAA HET JOCTYIIHBIX MO 9HEPTUH
p-opbutaineit. [TostoMy 1n-opburanu (cM. puc. 8.7, @) OCTAIOTCSl HECBA3BLIBAIOLINMHU.
JBa 13 BOCEMH 3JIEKTPOHOB (OJHH OT aTOMa BOIOpO- ‘
na, CeMb 0T aTtoMa ¢Topa) pasMemalorcs Ha lo-op-
GHUTaH ¥ 0OYCIIOBIMBAIOT CBA3b MEXIY ATOMaMH BO-
noporna U ¢ropa. OcTaBUIMeCs WECTh 3IEKTPOHOB 3a-
HUMAIOT 26" - U 1n"*®-op6uTam. Onu ocna6isIoT
CBA3b BOAOPONA C (HTOPOM, TaK KaK MPUHUMAIOT y4ya-
CTHE B MEXIJIEKTPOHHOM OTTANKUBAaHUU. TakuM 06-

Pa3oM, 3JIEKTPOHHAs KOHPHUrypauust Monekyiasl HF
uMeert Uz [10][26™ )2 [17"°")4.

HuarpamMmma monexysipHeIx opbuTaNelt Npu Nepexone
or HF k HCI neckosnbko uameHsieTcst (CM. puc. 8.7, 6), uro
CBSI3aHO ¢ M3MEHEHHUEM SHEPTHH H Pa3MEPOB ATOMHBIX Op-
Ouraneii rajioreHa. DHepruu 3s- u 3p-opGuraneit atoma
XJI0pa YBEIUYHBAIOTCA W NPUOJINXAIOTCA (0COBGEHHO 3Hep-
s 3p-opOuTaneit) K 3HEprUyM ls-OpOUTANTH aToMa BOIO-

Puc. 8.8. Pacnipeaenchue snexr-
POHHOIi IUIOTHOCTH B MOJIEKY-
ne HF
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Taoauna 8.5

CnoiicTBa rajoreHoBo0poAOB

CeoiicTBO HF HCI HBr HI
HJnunHa cBa3u H—X, um 0,092 0,128 0,141 0,161
DHeprus cBsasu, KIX/Mob 565 431 364 297
BHTIBUA 00pa3oBaHus, KIX/MOJbL =271 -92 -36 27
JAunoabHbIi MoMeHT, D 1,86 1,11 0,79 0,38
pK, =-1gk, 3,2 -9.,0 -11,2 -124
ty, °C -83 -114 -87 -51
Lo, °C 20 -85 -67 -35

poza. YMeHBLIAeTCs ¥ pa3HOCTh SHEPTHil 35- U 3p-opOuTalieii. Bce 3To IpHBOAUT K TOMY, UTO
B 00pa3oBaHHH MoJIeKyIspHEIX opOuTaneit HCI yuyacTByior Kak 1s-op6uraiu Boaoponaa, TaKk
u 06e 3s- u 3p-opbuTanu aroMa xiopa. Bzaumoneiicteie (1iepeKpbIBaHHE) aTOMHBIX Ls-, 3s-
U 3p-opbuTaieil NIpUBOIMT K 06pa30BaHHMIO MOJNEKYJSPHBIX opbuTateit lo, 26" u 3o*,
npuyeM 26" "-opOUTAb 110 3HEPr UM OKA3BIBAETCS GIM3KOM K SHEPrHHU 35-OpOUTAIM XI10pa U
HOCHT B OCHOBHOM HeCBA3BIBatouuii xapakrep. Kak u B mostekyste HF, 1n-opGurans ocraer-
¢ HeCBA3hIBaOUIEH. YdacTHe ls-opOutaiin aToMa Bomopona B 06pa3oBaHUH |c-op6uTain
YMEHBUIAET CMeEILEeHHE 3JIEKTPOHHOM TUIOTHOCTH K aTOMY XJIopa M TeM CaMBIM ITOHHXaeT
noasspHocTh MoJieKynel HCI o cpaBHenuio ¢ HF.

B 11€10M 110 Mepe yBeJTMYEeHHs SHEPTHI 1S~ U np-OpOUTIEH, YMEHBIIEHHUS MX pa3HO-
CTH, a TaKXe YBeJIMYeHUs pa3Mepa atoMa raoreHa B psay H— HC1—HBr— HI so-
KaJIN3alus 37EKTPOHOB Ha OPOUTAISIX aTOMa TajloTeHa M TIONSIpHOCTh MojeKyr HX
YMEHBIAIOTCA. DTO COIacyeTCs C IPOCTHIM IPABIWJIOM: €M MEHBIIIE pa3HOCTh JJIeK-
TpooTpHuareabHocTe atoMoB H U X, TeM Hinke mosasipHocTh Mostekyanl HX.

ITonsspHOCTH MONEKYNIBI KOMUYECTBEHHO XapaKTEPU3YeTCs TUIOJIbHBIM MOMEH-
ToM. lunionsHele MoMeHTH YOrIBaloT B psaany HF — HCl— HBr— HI. C Touku 3peHus
METOa MOJNEKYISPHBIX OpOUTANIell TOMAPHOCTE OMNpenensaeTcs pa3HOCThIO HEPTHT
B3aMMOAEHUCTBYIOIINX 1s-OpOUTATIH BoAOpONa U ns-, np-opOMTaIeil aTOMa rajloreHa.
Kak oTMeuanocs, B psany F— Cl— Br—1 5Ta pasHOCTE, a TaKXe CTeneHb JIOKaIn3a-
1IMH 3JIEKTPOHOB Ha aToMax rajoreHa M MOJSIPHOCThL Monekyn HX yMmeHbIIaoTCs.

ITo Mepe yBenuueHHNs pa3Mepa aTOMOB TaJIOre€HOB JUIHHA cBsi3H H — X ysenmun-
BaeTcs, sHeprus cBsisu H—X ymeHbInaercsa., YMeHbllleHHe 3HepruH cBsa3u H—X
TIPHUBOAUT K TIOBBIIIEHUIO SHTANBNNNA ob6pasoBanus B psany HF — HCl— HBr— HI.
Hanpumep, HI B cTaHmapTHeIX yCIOBHAX 00pa3yercsl M3 TIPOCTHIX BEIIECTB YXKE C
MONIOLIEHUEM TEIUIOTHI, T. €. SIBJISETCS SHAOTEPMUYECKIM CoemUHeHHeM (Tabi1. 8.5).

8.6.2. ®u3nyeckue CBoOCTBa

B craHAapTHBIX YCIIOBUSIX TAIOTEHOBOAOPOABLI — GECIIBETHHIE Ta3bl C PE3KMM 3alla-
XOM (cM. Tabu. 8.5). C pocTOM MaccChl M pa3MepoB MOJIEKY/T YCHJIMBAETCS MEXMOJIEKY-
JIIpPHOE B3aUMOIEMCTBHE U, KAK CJIEICTBHE, TIOBRIIIAIOTCH TEMITEPATYPHI IUIABJICHU
# xuneHus. OpHako misi HF 3HaveHUs TeMiiepaTyp IUIABJIEHHUS M KUTIEHHUS, TIONY-
YEHHBIE 3KCTPaNOJSAIUel B psny onHOTHIHEBIX coexnHeHnii HF—HCI—HBr—HI,
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DTOPOBOIOPOA KAK HeBOAHMI pacTBopuTens. Xunkuit HF coctout us NOJUMED-
Heix uenei (HF), paanuyuHo#t 1inHEL, a Takoke HEKOTOPOTO KOJHYECTBA auMepos H,F,
M, BOSMOXHO, LIHKIHYeCKUX TeTpaMepoB H,F, u rekcamepos H¢Fs. B omnume or Boas
¢bparmenth (HF), He 06pa3syior TpexMepHOTo KapkKaca, 1o3ToMy OH 00J1agaeT MeHb-
1Ie# BA3KOCTBIO ITO CPABHEHHIO ¢ BOJOI. JKumKHii $TOPOBOAOPOL TPOBOAMT 3MEKTPH-
YECKHI TOK, YTO OOBIICHAETCS paBHOBeCHEM

3HF @ H,F'+ HF;, K= 107"

Cuna HF 3HaumMTenbHo Bo3pacraeT B TNIPUCYTCTBHH JIBIOMCOBBIX KHCJIOT, CIIOCOOHBIX
CBSI3bIBaTh (PTOPUA-UOHHI B IIPOYHBIE KOMILIEKCHI:

SbFs + 2HF 2 H,F*+ SbF;
B cpeze xuaxoro ¢pTopoBoI0pOaa HOHHU3MPYIOTCS MHOTHE OPraHHUECKHE COeTHMHEHUS
¢ GYHKUHMOHAILHBIMH IDYIIIIAMHU;
C;H;OH +2HF 2 C,H;0H, + HF;
(CH3),0 +2HF 2 (CH;),0H" + HF;
a TaKKe HEKOTOpBIe HEOPFraHUUECKHE COJH:
KNO; +6HF € NOj+ H;0" +K' + 3HF,;

OTH pacTBOpEI 06J1a12I0T BEICOKO# 3JIEKTPOIIPOBOAHOCTHIO.

Mornexyna HF sBnsiercst 1uraHaoM cinaGoro moss, o cuie YCTYNaoUUM MOJIEKY-
Jie BOIb! M ropua-HoHy. [ToaTomy KoMiutekcst ¢ HF, mocTpoenHble Mogo6HO akBa-
MOHaM, HarlpuMep [Ni(HF)6]2*, CYLIECTBYIOT Jiuub B XuakoM HF. PdropuaHeie koM-
IUIEKCHI MHOTHX METAJJIOB, HAIIpOTUB, YAaCTO YCTOHYMBHEL U B BOJE:

[AIFg]"(Kyer = 4,7 10%), [FeFgl> (K,er = 1,3- 10'6),

B cpene Xunxoro ¢propoBonoposa MHOTHE XJTOPHABI IPEBPALLAIOTCS BO tropunsi,
YTO UCTIONb3YeTCst B HEOPraHUYeCKOM CHHTE3e:

TiCl, + 4HF = TiF, + 4HCl

OKa3BIBAIOTCS CYIeCTBEHHO HIDKE HalifleHHHIX 9KCIIEPUMEHTATLHO (cM. Tabi, 8.5).
AHOMAJIBHO BEICOKHME TEMITePaTYPHl TUIABJIEHUS U KMITeHUS ¢TOpoBOIOpOIa OOBSIC-
HSIOTCS yCUIICHNEM MeXMOJIeKYIIPHOTO B3aUMOJICCTBHA 3a cYeT 0O6pa3oBaHMS BO-
AOPONHEIX cBs13elt Mexny monekynamMu HF. Teepastit pTopoBoIOpON COCTOMT M3 3HT-
3aroo6pa3sHbIX MMoJTMMePHBIX Leneit (puc. 8.9). B xuukoM u razoo6pasznoM HF srutoTn
no 57 °C nipucytcTayior onuromeps ot (HF), no (HF)g. Qs HC, HBr, HI o6paso-
BaHMe BOIOPONHBIX CBsI3ei HE XapaKTE€PHO M3-32 MEHBILEH 3MEKTPOOTPHLIATENbHO-
CTH arOMa TaJIoreHa.

. 0,155 i ,,®\°
\M’ 120 \/\M’ Mo
OF 0,100 um

oH

Puc. 8.9. 3ursaroo6pasHsie nemny B TBepaoM HF (MTYHKTHPOM IT0Ka3aHbI BOAOPOIHELIE CBA3H)
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Aseorponnt HX — H,0. BaxHoit ocobenHocTbio pactBopoB HX B Boae smisiercs
00pa3soBaHHE a3€OTPOIIHBIX CMECe, KOTOpPBIE NIPH TIOCTOSHHOM JABJIEHUM KUIIAT Ge3
HM3MEHCHHA COCTaBa U TeMIlepaTyphl (Tabi. 8.6, puc. 8.10).

TIpu nasneHuu | atm 3HaueHus TeMmmeparypsl KuneHus H,O (Touka A), a3¢0TpornoB
HF — H,0, HCl—H,0 (touku B), HF (rouka C), HCI (touka D) (nocnenusisi na pH-
CYHKe He TokasaHa) coctasisiior 100, 112, 109, 20, -85 °C coorBercrBenHo. JIunuu 1
TIPENCTAB/IAIOT 3aBUCHMOCTh COCTaBa I1apa OT TEMIIEpATYphl, a4 JIMHUKM 2 — COCTaBa
XUIKOCTH OT TeMITEpaTyphl. B a3eoTponHbIx Toukax B coCTaBbl napa M XXHUIKOCTH COBIALAIOT
(cM. Tabx1. 8.6). OTMeTuM, uTo pactBopuMocts HF B Bozie cymiecTBeHHO Bhie, yeM HCL
Ecnu nieperonaTe pas6asneHHbIe, HanpuMep 10 %-¢ pacreopet HF u HCI, To coaepxa-
Hue HX B mape (uumsi ) okaxercs Gosiblle, 4eM B XHAKOCTH (JIMHHS 2). Taxum
00pa3oM, BHayaJle OTTOHsETCs ap, oGorawenHbii H,0O. Konuenrpauns HX B xuako-
CTH ¥ TEMIIEpPaTypa KUIIEHHSI CMECH TIPH 3TOM IIOBBIILAIOTCSA A0 TEX TI0p, 1IOKa He Gyzaer
JAOCTHTHYT COCTaB a3coTpolia (Touka B), manee cMech Gymer kumerbh 63 M3MEHEHMA
Ccocrasa (a3 1IpH MOCTOSAHHOM TeMIiepaType (cM. Tabu. 8.6). HaoGopor, eciti neperoHsTh
pacTBOpbI 60J1ee KOHUEHTPUPOBAHHEIE, YEM a3€0TPOITHAsE CMECh, TO cofepxanue HX B
Tlape YBEJIMIMBACTCS, a B XUIKOCTH YMEHBILACTCS IO TEX IOp, 1I0KA COCTABBI XHUAKO-
CTU M 11apa He CoBTafyT. TakuM oGpa3oM, HATTMUME a3€0TPOITHHIX CMECeit Ae/laeT HEBO3-
MOXHBIM TOJIHOE pa3fiesiecHHe cMecH Ha KoMmiioHeHTH HX 1 H,0 MeronoM neperonku.
Onnako ecnn B cucreMy HX—H,0 BBeCTH BONOOTHMMAIOILIEE CPEACTBO (H,SO,(xoH1y.),
P,05 1 1.11.), TO a3e0TpoII paspyiaeTcs, YTO NPUBOJHT K TIOJIHOMY PA3EICHHIO CMECH.

Ta6auna 8.6

Cocras u cpoiicTBa a3zeorpomubix cMeceit HX — H,0

CaoiicTBO HF HCl HBr HI

toms "C (1 aT™) 112 109 124 127

Konuenrpauus HX, mac.% 38,0 20,2 47,6 56,7

ILrotHoCTD, r/cM? (25 °C) 1,14 1,10 1,48 1,71
t,°C

ITap
100
80
60
40
20 C
1 L 1 I =20 1 1 1 L
0 20 40 60 80 100 0 20 40 60 80 100
Conepxanne HF, mac. % Conepxanne HCI, mac. %
a 6

Puc. 8.10. ®azoBoe paBHOBecHE XKUAKOCTb — Map B cucteme HF — H,0 (a)
u HC1—H,0 (6) mpu P=1 at™
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8.6.3. XuMuueckue cBoificTea

Braromapst BLICOKO MOMASIPHOCTH Ta3o00pasHbie HX Xopollio pacCTBOPHMEI B BOJIE®,
HanpuMep B 1 o6peMe Boxwl npu 0 °C pactBopsiercd 507 o6vemoB HCl win 612
o6peMoB HBr. ITpu oxmaxnenun Hipke —20°C 13 BOIHBIX pPACTBOPOB BhIIEJIEHH KPHU-
crawrornaparsl HF - H,O, HCI - 2H,0 u T.11., KOTOpbIe NMPeACTaBISIOT o060t Taio-
rerunsl okconns [H;01'F, [H;0,]"Cl". Takum 06pa3oM, pacTBOpeHHE TAIOTEHOBO-
IIOPOJIOB B BOJIE SBIAETCH XUMHUYECKHUM TPOLIECCOM.

B BogHBIX pacTtBopax HX ycTraHaBiaMBaeTCs IPOTOJINTHIECKOE PABHOBECHE

HX + HOH 2 X + H,0* (X =F, Cl, Br, I)

T.€. 3TH PACTBOPHI SABJISIOTCS KHUCJIOTaMH.

B pssny HF — HCl— HBr— HI crenens npoTtonmsa, T.e. clia KMCIOT, YBEIMIU-
Baetcsl (cM. pK, B Tabm. 8.5) mo Mepe pocta pasMepa aHMOHa X ¥ YMEHbIIEHUS
3HEPTUH TeTePOJIMTHYECKOTO pacmana

HX(pactBop) & H'(pactBop) + X (pacTBOp)

Bonnrie pactsoprt HCl, HBr u HI Benyr ce6s1 kak cubHbIe KMCIIOTHL. B pa36as-
JIEHHBIX BOJIHBIX pacTBopax HF siensteTcst cmaboit kucnoroit (pK, 3,2), 4TO CBSI3aHO
¢ BEICOKOI aHeprueif caa3n H—F mo cpaBHenmio ¢ sHeprueit ¢cBsizsu H—O B More-
Kyze Bolbl. OIHAaKO IpH NMOBRIIIeHNH KoHUeHTpauun HF Beiire 1 M cuta KMCIOTH
yBeJIMYuBaercs. 3a cueT oOpa3soBaHUS BOMOPOXHOM CBS3HM 0Opa3yioTcs ruapodTo-
pun-nonsl HF;:

HF + F~ = HF;, K = 3,86 (20°C)
IIO3TOMY ITPOTOJINTHYECKOE PABHOBECHE CMELIACTCS BIIPABO.

Kucsele dbropuns! mejIoYHBIX METAJIOB MOTYT GBITh BBEIAE/IEHB! B CBOGOAHOM BuIe. OHU
conepxar JiMHelHBI aHWOH [F—H—F]™ u ycroitumsbl K meiicTBUIO Boael. ['uapodropun
kanua KHF, miasutca 6e3 pasnoxenus npu 239 °C, a npu remnepatype Briie 400 °C pas-
naraercs:

KHF, £ KF + HF?

Oco6eHHOCTHI0 GTOPOBOAOPOAA U IUTABUKOBOWM KHCIOTH ABIAETCA CHOCOOHOCTh pasbe-
JIaTh CTEKIIO:

Na,0- CaO. 6SiO, + 28HF (r.) = 2NaF + CaF, + 6SiF,T + 14H,0
Na,0: CaO- 6Si0, + 36HF (pactBop) = Na,SiFg + CaSiFs + 4H,SiF¢ + 14H,0
MO3TOMY NIpH paboTe ¢ HUMH MOJIB3YIOTCS MOCYAO#, cleaaHHol U3 TedoHa.

C yBemueHNeM pasMepa U YMeHbIIeHHEM 3HEPTUM HOHU3AlMHA aToMa TaJloreHa
BOCCTaHOBHUTeIbHAsA crocoOHocTs B pany HF—HCI—HBr—HI ysBenruunBaercs
(tabn. 8.7). Hanpumep, wiaBukosasd HF u comsanas HCl XucioTsl ¢ KOHLIEHTPHPO-
BaHHOM CepHOM KMCIOTOI He B3auMoleiicTyioT, a HBr u HI e oxucistiores:

2HBr + H,S0,(konu.) = Br,T + SO,T + 2H,0
8HI + HzSO4(KOHH.) =41, + HzST + 4H20

* TaI0reHOBONOPOMH TAKKE XOPOIUO PacTBOPHMEI B cniuprax. Hanpumep, B 1 11 sTanona npu 17 °C
MOXeT OnITh pacTBopeHo 327 n HCI.
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Tab6nuna 8.7
Cranpaprasie noresunans (E°, B) peaxuun 1/,X; + e~ = X~

F Cl Br I
+2,82 +1,36 +1,06 +0,53

8.6.4. Ioxyuenne

H3BecTHEI YeThIpe OCHOBHBIX METOA CHMHTE3a TaJIOT¢HOBOAOPOIOB.

IIpsmoii cuaTe3 3 anemenros. OTop U XI0p pearupyioT ¢ BOAOPOIOM CO B3DHI-
BOM, YTO SIBJIACTCA CIEACTBHEM LIETHOTO MeXaHU3Ma peakiuuu. OIHAKO eC/Id BOIO-
POA TIO/KEYb Ha BO3MyXE, a 3aTeM BHECTH B COCY]I C XJIOPOM, OH CropaeT 6e3 B3phiBa.
CxuraHHe XJopa ¢ BOXOPOIOM SIBJISIETCS BaKHBIM TIPOMBIILIEHHBIM CITOCOGOM I1O-
myqeHust HCl. O6pasyioiuniicst X10poBogopo pacTBOPSIOT B BOJE. HexkoTtopoe ero
KOJIMYECTBO MAET Ha TIONy4eHHE XIIOPHCTOTO METWJIAa M STWIR, XI0pCYIb(pOHOBOIA
KHCIIOTH. COJISTHAasA KMCIOTa UCTIONbL3yeTCs IS 006pabOTKH METAUTMYECKUX MTOBEPX-
HOCTeH, OYHCTKM He(TH, THAPOJIN3a YIJIEBONOB, B TIPOU3BOACTBE THOKCHIA XJopa.

BpoM u mon pearupyior ¢ BomopomnoM Gonee CIMIOKOHO, OMHAKO BBIXOI HEBe-
JIMK, TIOCKONILKY paBHOBeCHe

H, + X, 2 2HX (X = Br, I)

CMEIIEHO BJIEBO.

Boirecnenne HX w3 ux coneii. I'a3zoo6pasunie HX Brumensiores MIpU NeiiCTBHHA
KOHLCHTPMPOBAHHLIX PACTBOPOB HEJIETYYMX KHCJIOT Ha TBEPALlE HOHHBIE TAJIOTEHH-
bl METAJUIOB:

CaF, + H,S0,(70—85 %) = CaSO,) + 2HF*

BTOT METOI JIEXHUT B OCHOBE MPOMBILLUTEHHOTO MPOU3BOACTBA GTOPOBONOPOA U IUIABHU-
KOBO#H K1ciotsl. Muposoe npoussonctso HF npessmuaer 1 mud 1 B ron, HF HUCTIONB3Y-
€TCS JULA TONy4€HNS HEOPTaHMIECKUX (PTOPHIOB, HTOPOPraHMIECKMX COeTUHEHHUIA,
TIPH TPaBJICHHM CTEKJIA, CIIYXXHT KaTalHU3aTOPOM AIKMIIMPOBaHH.

BsauMoneiicTBHe noBapeHHO comu ¢ KOHIICHTPUPOBaHHOM CEPHOM KUCIOTOU
TIpY ¢1a6OM HarpeBaHUH NPHUBOAMT K O6Pa30BaHUIO KHCION COMNHU:

NaCl + H,S0,(70—85 %) = NaHSO, + HCIT

HaneHeiiiliee HarpeaHue (¢t > 530 °C) NMPUBOIMT K BHIIETEHUIO TOTOIHUTEILHOIO
KOJIMYeCTBa rasa.

NaHSO, + NaCl £ Na,S0, + HCIT

ITpu nomyyernnu HBr u HI, o6anaomumx cuisasMu BOCCTaHOBHUTEIBHBIMHA CBOM-
CTBAMM, HCIOJIB3YIOT HENETyYMe KUCIOTbI-HEOKUCTUTeNH*, Hanpumep H,PO,:

o
KX + H3PO4(K0HH.) = KH2P04 + HXT (X = Cl, Br, I)
* BoaHmnit pactBop HBr MoxeT GbIth MOMYYEH € BbICOKMM BBIXOZIOM JAeHcTBMEM Ha Teepabiii KBr

30 %-# H,SO, ¢ mocnefyomuM oXTaxIeHUEM CMECH, OTAENEHHEM kpuctaioB KHSO, u otroHkoit
aseoTpona.
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I‘mlponns TAJIOTEHHIIOB HEMETALI0B. BoNbIITMHCTBO TAJIOTCHUAOB HEMETAJUIOB OT-~
HOCATCA K COSAUHECHUAM C KOBAJICHTHOM! CBSI3BIO U TUAPOJIUIYIOTCS C BBIICJICHUEM
COOTBCTCTBYIOIIETO TaIOTCHOBOAOPOAA, HATIpUMED:

SiCl, + 3H,0 = H,SiO; + 4HCIT

JUist TIOJTY4EHNS TaNOTEHOBOAOPOAOB YACTO UCTIONB3YIOT PeaKI[MM THAPOIN3a Ta-
Jorenunos docdopa PX; (X = Cl, Br, I):

PX3 + 3H20 = H3PO3 + 3HXT
W 06pabotky cMmecu ramorena X (X = Br, I) u kpacHoro docdopa Bomoit:
2P(xpacHsiit) + 31, + 6H,0 = 2H;PO; + 6HIT

T'anorennpoBanne yriaesoxopoxos. [Tpy x10pUpoBaHUM ¥ GPOMUPOBAHUM ATKa-
HOB U UVKJIOAIKAHOB B KaY€CTBE MOOGOYHOTO MPOAYKTA 0GpasyloTca TaloreHOBOLO-
ponsl. B HekoTophIx cTpaHax, HanpuMmep CIIIA, TaKuM METOROM TIONYYalOT OCHOB-
HOE€ KOJIMYECTBO XJIOpOoBoAopona. BaauMoaelicTtBie 6poMa ¢ AEKaTUHOM (IeKaru-
ponadranunom) CioH g siBnsieTCS yRoGHBIM 1a60pPaTOPHEIM METOAOM cUHTE3a HBT.

KoHiieHTpYpOBaHHEIE PaCcTBOPH GPOMOBONOPONHONM KUCJIOTH IONYYAIOT B3au-
MozencTBreM 6poMa ¢ cepoit B BOMHOM pacteope. O6pasyrommiics HBr oTroHsI10T B
Brze azeorpona. KoHLEHTPUPOBaHHEI pacTBOp NOAOBOACPOAHOM KMCIOTE MOXKET
GHITH MOJTy4EH NMPOMYCKAHUEM CEPOBOIOPOA YEPE3 CYCTIEH3MIO MOIA B BOLE:

H,S + I, =2HI + S

8.7. TAIOTEHN/IbI METAJUIOB 1 HEMETAJLIOB

Tanorenuner TunuyHeix HeMeTtawios (SiCly, SFe) npeacraBnsior coGoit KoBa-
JICHTHBIE COCIUHEHMS, COCTOALUME, KaK MPaBUIO, U3 MOJeKya. [ajoreHunn mie-
JIOYHHX U WIEJTOYHO3ICMEIBHEIX METAJUIOB SBJISAIOTCA MOHHBIMU BeliectBaMu. OHU
PacTBOPUMEI B BOJAE, UMEIOT BBICOKUE TEMIICPATYPH IUIABICHUSA U KUTICHUA. BOJIh-
LIIMHCTBO TAJIOTCHUIOB 3JIEMEHTOB TEPBOM IPYNIEI MPU aTMOCHEPHOM HaBICHUU
KpUCTALTU3YIOTCA B CTPYKTYpHOM THrie NaCl, u s nns xinopuna, 6pomMuna u
oA He3ust peanusyercs Gosee IUIOTHas CTpyKTypa (cTpyKrypuseiii tvm CsCl).
3Ha4YCHUSI TEMIIEPATYp TUTABJICHHUS Tajlore-
HUIIOB 3JIEMEHTOB TIEPBOI IPYNIIEI MOHO-
TOHHO TIOHIIXAIOTCS C POCTOM MEXATOM-
HBIX PacCTOSTHMI B KPHUCTAUIE, KOTOPHIE
TaKX€ OIPENEISIIOT U 3HEPTUIO KPUCTAN-
Ji4ecKo peiretku (puc. 8.11). Muorue 6e3-
BOJIHBIC TaJIOTCHUIBI ATIOMUHHS U TIEPEXOA~
HEIX METAJUIOB UMEIOT TIOJTUMEPHOE CTPOE-
HUE, CBA3b MCTA/I—TAJIOTCH SIBISIETCS TIpe-
WMYLIECTBEHHO KOBAJIEHTHOM.

HoHHEIE TalOTeHUIbI, 32 UCKIIOYEHNEM 4000’13 0,22 026 030 0347 mm
GTOPUNIOB, TIPY HOPMAJIBHBIX YCJIOBUSIX HE
riaposu3yorcsa. Oropuasl rHIPOIH3YIOTCA
110 CXeMe

Puc. 8.11. 3aBUCHMOCTB TeMIIEpaTYphI TDTABIIE-
HM$I TATOTEHHAOB LUIEIOYHBIX METAJUIOB OT
2F" + H,0 = HF; + OH~ MEXaTOMHOTO PacCTOSIHUSA F B KPUCTaJUIe
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MerToapt nonydeHns 6e3BOUBIX rANOTEHHAOB. Be3BONHEE raIOTe HUAK MOXHO MO-
JIYYUTh HECKOJTBKMMHM crocobamu.
1. TIpsaMoe B3auMoONEHCTBHE METAILUIOB C TAIOTEHAMMU:

Bexson

2Sb + 312 _> 2Sb13
HWIN raJiIorcHOBOAOpOAaMU:

Fe + 2HCI(r.) 5 FeCl, + Hy?

2. HuskotemnepaTypHOE raJIOTeHUPOBaHUE METAIUIOB B CPelie AOHOPHLIX PACTBO-
pureneit (cnuproB R—OH, a¢upos R—O—R u 1.11.), KOTOPOE NMPUBOAKUT Ha NeEpPBOiA
CcTanguy K o0pa3oBaHMIO CONBBATA;

EtOH
Mg + 2HCI — 5 MgCl,- 6EtOH + H,1
HpPI Harp€ésaHHWH B BaKyyM€ NMPONUCXOONUT A€COJIbBaTallus:

MgCl,- 6EtOH 222§ MgCl, + 6EtOH?
BaKyy™m

Tlpu cunTe3e GropHaoB B KauecTBe PTOPUPYIOILIMX ATEHTOB OBGLIYHO HMCMONB3YIOT P1O-
POBOAOPOA, WM MEXTaNIOTEHHOE CoequHeHue, Hanpumep CIF;:

3Ni + 2CIF; 5 3NiF, + Cl,1
3. TanorenupoBanye okcuuos ¢ nomouikio Cl, (Bry) B npucyrcTeun YIJIS:

Ta;0s + 5C + 5Br, 5> 2TaBr, + 5COT

B kauecTse raloreHUpyIOIMX BEWECTB UCTIONB3YIOT Takke NH,CI, CCl,, COCl,,
CngZ

La,0; + 6NH,Cl 5 2LaCl + 3H,01 + 6NH,?1
2A1,0; + 3CCly 5 4AICL + 3CO,T
C0304 + 3C1F3 = 3C0F3 + 3/2C12T + 202T

4. lernapartaums KpUCTa/UIOTHAPATOB. B KauecTBe peareHTa, OTHUMAIOLIETO Boay,
MCTIONB3YIOT XJIOPUCTHII THOHW:

12 + 6SOzT + 12HC1T

Ilpu nepexozne oT HTOPUIOB K MOAMAAM CTETIEHb KOBAJICHTHOCTH CBS3M BO3pa-
CTaeT, a SIHTANBITUA 00pa30BaHUs U YCTOWYMBOCTE TaJIOT€HUAOB YMeHbIIaeTcss. Ha-
TIpUMeED, TpyAHO MoayuuTs Cul,, ¢ moMowmbio TBepaodazHOro CHHTE3a MoydeHa
JVIBb HecTexrnoMeTpuyecKas dasa Cul, g. CywmecrsoBanue Pls craBurces moa coMHe-
HUe. Momun xene3a Fel; moay4aloT KOCBEHHEIM ITyTeM O peaKIMu®;

Y51, + (CO)¢Fel, —"s Fel, + 4CO

* Yoon K. B., Kochi J. K. // Inorg.Chem. 1990. V. 29. P. 869.
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AHaJIOTHIHBIE XTTOPUIE! U GTOPUAEI, HATIPOTUB, YCTOWYMBHI.

PaccmarpuBast ranoreHuIE! IEPEXOIHBIX ¥ HEKOTOPBIX APYTHX METAILIOB, HE CKIIOH-
HBIX K 006pa3oBaHUIO YMCTO MOHHBIX COCAWHEHUMH, CIEAYET pasNdyaTh Ge3BOMHBIE
TaJIOTCHUABI U MX rHapatsl. Tak, xnopun xene3a(Ill) kpucrammayeTcss U3 BOXHOTO
pacTBopa B BUIE KpaCHO-KOpH4YHeBoTo rekcaruapara FeCl;- 6H,0, KoTophiit umeeT
VOHHYIO KpHcTaJUIMYecKyo pemeTky: [Fe(H,0),Cl,)*CI™- 2H,0. ITpu Harpesauuu u3
HETO0 HEBO3MOXHO TNOJYYUTH Ge3BomHmI xnopun xeneda FeCl;, MOCKoasKy npu
9TOM HPOTEKAIOT CIIOXKHBIE PEAKLMU THAPOIM3a U 00pa3s0BaHUsI MHOTOSIIEPHBIX OKCO-
U TMAPOKCOCOCANHEHUM, aHAIOTUYHO ONMCAHHOMY BBILLIE UIS aMIOMUHUS (I1. 4).
Beapoambie raoreHn B!, HANPOTHB, 33 PEAKMM UCKITIOUEHUEM (XIIOPUL xpomMa(III))
TIpY TIOTIAJAaHUH B BOAY THIPATUPYIOTCA U KPUCTAJUTU3YIOTCS U3 PaCTBOPOB B hOpME
KPHUCTAUIOTHIPATOB.

8.8. COEIMHEHHUA TAJIOTEHOB C KHCJIOPOJIOM

BunapHrie KuciopoaHsie coeMHEHNs (Topa HA3LIBAIOT GTOPUIAMHU KHCIOPOLA
BCJIEACTBUE TOTO, YTO MO 3JIEKTPOOTPULATENBHOCTH PTOP MPEBOCXOAUT KHUCIOPOL,.
OcranpHble TalOTEHE! B KHCIOPOAHBIX COEANHEHMAX (GOPMATBLHO TPOSBIISIOT MOJI0-
XWTEJIBHBIE CTETIEHU OKUCEHHUS. CBSI3b TaIoTeH—KHCIIOPOA ABJISETCA HENPOYHOH,
YTO BBI3BAHO CWJIBHBIM B3aUMHBIM OTTJIKUBAHMEM aTOMOB C BHICOKOM 3JIEKTPOOT-
PUIATETBHOCTHIO U CIa0BIM prt — dr-cBsi3biBaHUEM. [103TOMY OKCHIBI TaJIOTEHOB HE-
YCTOWYMBEI ¥ B3PBIBAIOTCSA MPU HE3HAYUTENEHBIX MEXAaHMYECKHX, TETIOBBIX U BIIEK-
TPOMarHUTHBIX BO3ACHCTBHAX. HekoTOpEIE COEIMHEHUS TAIOTEHOB ¢ KUCIOPOAOM
NpeacTaBICHH B Ta0. 8.8.

Hudropun kucnopoga OF, MoXeT GBITh TOMYYEH TPU TPOTYCKAHUN ¢rTopa ge-
pe3 2 %-it BoaHsI pactsop NaOH:

2F, + 2NaOH —~55 OF,1 + 2NaF + H,0

Ilpn ysennmyennn koHueHTpau NaOH prixon OF, yMeHbIIaeTCS M3-3a TIPOTEKA-
HUSA MOGOYHOM peakinu

OF, + 2NaOH = 0,7 + 2NaF + H,0

Mudropun Kuciaopoaa — CHIBHBI OKHCIUTETBHO-(TOPUPYIOLMI areHT, Mc-
TOJIB3YEMBIN JUIs1 cMHTEe3a GTOPUIOB GIArOPOIHEIX Ta30B

300—400°C
Xe + OF2 —am—) XCFZ + 1/202

TIpy MpoTyCKaHUM 3NMEKTPHYECKOTO Pa3psiia Yepe3 OXJIAXICHHYIO CMech BTopa M
KHCIIOpoZia MOXET OBITH HOMy4YeH Apyroit dropun — O,F,. OH conepxuT csa3p O—O
NMOXOOHO MEepPOKCHAAM.

Oxenn xnopa(I) CLO (3akuch XJI0pa) — XENTO-KOPUYHEBEIA a3 C 3araxoM,
TIOXOXHMM Ha 3afax xjopa, Ho Gojee peskuM. Ero mosyualoTr, mpornyckas ToK xiopa
4yepe3 TPYOKY CO CBEXECOCAXKIEHHBIM U 3aTEM BBICYIIEHHBIM OKCHIOM prytu(Il):

3HgO + 2C12 = Hg302Clz‘L + CleT

O6pazyrommiics Cl,O koHReHcUpyIoT npy TeMmnepatype ~60 °C. CoeanHeHMe Kpai-
HE HEyCTOMYHMBOE, NIPH MOBLILIEHHOM TEMHEpaType pasjiaracTcs co B3PHIBOM.
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Ta6nuua 8.8

Hexm'opue COCAHHECHHA IAJIOTCHOB C KHCJIOPOAOM

Coenn-| ty | faun, d(X—0), AGy,
nerme| °C °C Crpoenue . KIIK/MOTTh Cocrosinve
OF, [|-224]-145 ) 0,141 -98,6 |BecuserHnit
FmF ’ ras
Cl,0 |-116] 2 O 0,169 97,9 |Cserno-ko-
ClmCl PUYHEBBI ras
ClOo, | -60 | 10 /ﬁg\ - /Cl /Cl 0,147 120,6 |Xentslit ras
0180 Y057 No
ClLOg | 4 — o) o Her nau- — TeMHo-Kpac-
> /119\ HbIX* Hast XXUIKOCTh
\ / \
CLO, [ -90 | 82 0] 0,141 — BecuBeTHas
3 / I\I;\Cl/ 0,171 KHMAKOCTh
\ / o
Br,O4 | — —_ 0 0,186 — BneaHo-xen-
Br / \B 0,161 ThI€ KPUCTAI-
// \\ JIbI
LOs |400 | — /O 0,178 — BecuseTHbie
Py 1392 I 0,193 KPHCTAJLIbI
/ \\ / \

* Crpoenue Monekynsl Cl,O04, cyliecTyiouteit B nape, He nmsydeHo. B xpucramnax [ClO,]+[ClO,4]-
mmHa cesasn Cl—O B xatnoHe 0,141 uM, B anuoHe 0,144 um.
Cl,0 xopomio pacrBopuM B Boae (ripy temmnepatype 0 °C B ogHoM o0beme H,O

pactBopsiercs 200 o6seMoB Cl,O), ero BOTHBIN pacTBOp NMPOSIBIISIET CBOMCTBA C1aboit
KHUCJIOTHI:

H,0 + C1,0 2 2HCIO

JlaHHas peakuus ABJISETCA OGPATUMOM, TIO3TOMY PAaCTBOPH XJIOPHOBAaTUCTOM KMC-
JIOTH UMEIOT OTYCTIMBHEINA 3aTlax €€ aHTHAPUIA.

3aKkuch XJI0pa SIBISETCA CWIBHBIM OKUCTUTENEeM. [IpH KOHTaKTe C BOCCTAHOBHUTE-
JISIMH, HalpUMEP C aMMHAaKOM, OHa B3pHIBacTC:

3CLO + 10NH; = 2N, + 6NH,CI + 3H,0

Huokcun xyopa ClO, — eAVHCTBEHHEIN U3 OKCHAOB TAIOTEHOB, KOTOPHIA IIpo-
U3BOJAT B NPOMBHILIICHHEIX Maciutabax. OH UCNONB3yeTCA KaK OTOENIMBAIOIIEE BE~
IIECTBO, a TakKe WIS obe33apaXuBaHus Bogel. Ero nomyyator, nporryckas SO, ye-
pe3 NMOAKUCIEHHBIH PacTBOP XJIopaTa HAaTpUS:

2NaCIO3 + SOZ + HzSO4 = 2NaHSO4 + 2C102T
a B HEOOBINX KOJIMYECTBAX ACHCTBHEM XJ1I0Ppa Ha XJIOPHUT HaTpUA:
2NaClO, + Cl, = 2NaCl + 2CIO,T
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OGpa3ytomuiicst ra3 HEMOCPENCTBEHHO B peak-
TOpe pa3baBiAIOT a30TOM, YTOOH M36€XAaTh

o o
B3peIBa. B maboparopHeix yenosusix ClO, cuu- O of!
Te3UpyIoT U3 xjopara KClO; u BraxHoit ma- { o,
BEJIEBOM KMC/IOTHI B IIPUCYTCTBUM KOHUEHTPHU - L+)

POBaHHOI CEPHOI1 KUCIIOTHL: p
2KC103 + H2C204 + HzSO4 = KzSO4 +
+ 2ClO,T + 2CO,T + 2H,0

JMOKCHA XJTopa BHIAENSETCA B CMECH C CO,,

YTO CHMKAET BEPOATHOCTL CIIOHTAHHOTO pa3-

Joxenus1. Ecnu xe ucnonp3oBaTs TOIBKO KOH-

neHTpupoBanHyio H,SO, u KCIO;, To peak- Puc. 8.12. Crpoenne Kpuctamion CL,04
UYs CTAHOBUTCH B3PLIBOONACHOIN;

3KCIO; + 3H,SO,(xon.) = 3KHSO, + 2CI0,T + HCIO, + H,0

Pa6orars ¢ ClO, cienyer Kpaiine OCTOPOXHO:. OH B3PBIBACTCA OT MEXAHUYECKOTO
BO3/ICACTBUSA, BBEACHUS B CUCTEMY JIIOGOTO BOCCTAHOBUTE IS (BOCCTaHOBUTENEM MO-
XET CIYXWUTh JlaXe PEe3UHOBas Npo6Ka), pu HarpeBauuu 1o 100 °C.

Mornexyna ClO, umeer yriosoe ctpoenue. B umenouHoi cpene ClO, nucnponop-
HVOHUDYET:

¥

2CIO, + 2NaOH = NaClO, + NaClO; + H,0

Okcun nona(V) 1,05 — eqMHCTBEHHBIIH TEPMOINHAMUYECKH YCTOMYNBEIA OKCHT
ranoreHos*. Teepaeiit okcun 1,05 cocrour us Morekyn O,1010,, cBa3aHHbBIX MeXTy
Co6oit CrabeIM MEXMOJIEKYTSIPHEIM B3auMofeicTBeM. Ero TIOJTyYal0T ACTHUIPATALIN -
eit noxHoBaroi kucnorsl HIO;, anrumpunom KOTOPOii OH ABIg€eTCS. Peakuuio npo-
BoztaT Tipu 230 °C B noToKe cyxoro Boamyxa. [,0s HCHOJNB3yeTCs] KaK OKUCIUTEND B
KOJTHICCTBEHHOM aHaN3e s onpeaencuus CO:

5CO + 1205 = Iz + 5C02

Brizensomuiics: B 5KBUBAIEHTHOM KOJIMYECTBE HOX OTTUTPOBHIBAIOT TUOCYIbGATOM.

Oxcun xnopa Cl,04 06pasyercst IpH 030HOM3E ClO,. B xuaxoii dase oH Haxo-
AUTCA B paBHOBeCHHM C pagukanoMm ClOs;, a B TBEpAOM BHIE COCTOMT M3 UOHOB:
[CIO,]'[CIO,]" (puc. 8.12)*,

Beicumit oxcun xnopa Cl,0;, — MacnsHuCTas GecHBETHAS XHAKOCTB, JIETKO B3PHI-
Baetca. Monexyna Cl,0; noctpoena us AByx TeTpasnpos ClO,, uMelomux obIIyio
BepumHy. Cl,O; — aHrMAPUI XTOPHO#M KUCTOTED HCIO,. Ero nonyyaior nerumpara-
M€ KOHLIEHTPUPOBAHHOM XJIOPHOM KUCIOTHI C nomoiusio P,Os ¢ mocaenyomeit
OCTOPO3KHO# MEPETOHKOM B BaKyyMe:

2HCIO, + P,05 £ C1,0,1 + 2HPO,

* UspecTHHI Takxke oxcuasl 1,0, ((IO)[103)) n 1,0y (I(105);). HenaBHo cuHTE3NpOBaH oKCHA 1,Oy,,
COIEPKALUMI MO B CTENEHIX OKUCIECHHUS +5 U +7. CM. Kraft T., Jansen M. // Z. Anorg, Allg. Chem. 1996.
V.622.P. 167.

** Tobias K. M., Jansen M. // Angew. Chem. Int. Ed. 1986. V. 25. P, 993.
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TepMOIMHAMHYECKAA M KHHETHYECKAs CTaOHIBHOCTh. BOJIBUIMHCTBO OKCOKMCIIOT
FaJIOTEHOB CYIIECTBYIOT TOJIBKO B BOOHBIX pacTBOpax. XMMHYECKHME CBOMCTBA KUCIIOT U
HX COJIEl ONpeneNsIoTes CTabUIBHOCTEIO (YCTONYMBOCTBIO) AaHMOHOB B KMCJIBIX, HEili-
TpaJIbHBIX M LIEJIOYHBIX Cpenax.

CylIecTBYIOT ABa MOAXOAA K ONpeeTeHHIo CTabWIBHOCTH: TePMOAMHAMHYECKHi
U kuHetmdecKmit. CoeqMHEHNE HA3BIBAIOT MEPMOOUHAMUYECKY YCMOduUBbiM, ECTT OHO
CaMOMPOM3BOJILHO HE MOXET MPEeBPATUTECA B APYTHE COCAMHEHUS. DTO ONpEneIeHIe
OCHOBAaHO Ha 3aKOHAaX TEPMOAMHAMUKM U OTHOCHUTCH K PaBHOBECHIO COCIMHEHMS C
MPOLYKTaMM €0 pacrajza WiM npespaweHus. TepMoaAMHaMMYECKHii NOAX0 Onpene-
JIsieT BO3MOXHYIO CTEMEHD MPEBpAILEHUsI UICXOAHBIX BELIECTB B KOHEYHEIE, T.€. KOH-
cTaHTy paBHoBecus K. B cBolo ouepenh KOHCTAHTa paBHOBECHS, CBsSI3aHA € Pa3HOCTHIO
sHepruii I'nbGca KOHEYHBIX U MCXOOHBIX BEILIECTB YpaBHEHHEM

AG: = (ZAG;] —[ZAG}} = -RTInK.
i KOH J HeX

Yem MmeHblie AG;, TeM 6Gonbite K, a, cnenoBaTenbHO, COEANHEHHE TEPMOAWHAMU-
JecKM MeHee CTabMIbHO (YCTOIYUBO).

CoequHeHNEe CYUTACTCA KUHemu4ecKu yYCmoiyugbiM, €CJIU OHO HE IPETCPIECBacT
M3MEHEHHUH Bo BpeMeHU. KMHeTHueCKUH NMOIXOA CBA3aH ¢ ONMHUCAaHNEM CKOPOCTH ycC-
TAHOBJIEHUA TEPMOIUHAMUYECKOTO PAaBHOBECHS, T.€. C MEXaHM3MOM peakluui. Ecin
BpeMs CYIIECTBOBAHUSI COEAMHEHMS — BpEMs NPEBpPalIEeHMs €ro B KOHEYHbIE COeaU-
HEHUS — JOCTATOYHO BEJIMKO, Hampumep 6oJibilie BpEMEHH, HEOOXOANMOro IJISl €ro
MOEHTH(PHUKALMH C TIOMOLIBIO T€X WIH HUHBIX METOAOB, MOXHO FOBOPUTh O KHHETH-
yecKkoi yCTOHYMBOCTH HAHHOIO COEAMHEHMS.

Koraa peus MOET O paBHOBECHH, TO MOXHO HCIOJIB30BaTh TEPMUH MepMoOUHaMU-
yeckas cmabuabHocmb, WIK NPOCTO cmabusviocmb, g XapaKTEPUCTUKH KHHETHYE-
CKOM YCTOWYHMBOCTH MCTIONB3yeTCH TEPMUH UHEPMHOCb, 8 Iy KWHETHYECKOH HEyCTO#M-
YUBOCTH — AQOUABHOCHD.

O6paboTka 6poMa 030HOM TIPH HM3KHMX TEMIIEpaTypax MPMBOAMT K o0pa3oBaHUIO Cpa3y
HECKOJIbKIX HEyCTOHUMBEIX CoeuHeH it Br,O, Br,0;, Br,O4, BrO;. OuM ABIAIOTCH KPUCTAT-
JINYECKMMH BELLIECTBAMH XEJITO-OPaHXEBOT0 MM KpacCHO-KOpHYHeBOro 1BeTa. Ilpn komMHaT-
HOM TeMImepaType pa3sjaraloTcs.

8.9. OKCOKUCJIOThI TATTIOTEHOB

DopMyTHl ¥ Ha3BaHUS OKCOKHCJIOT TaJIOTEHOB U X coJIEl (B CKOOKax) MpUBEe-
HEHI B Ta61. 8.9.

8.9.1. Okcoxuciaorsi HXO

TumnoranoreHuTHBIE KUcA0TH HXO M3BEeCTHH JMILB B pa30aBiICHHBIX BOXHBIX
pactBopax*. MIx nmosyyaior B3aMMOIEHCTBHUEM TAIOTEHA C CYCTIEH3UEH OKCHIA PTYTH:

2Br, + 3HgO + H;0 = Hg;0,Br,d + 2HBrO

* MakcuManbHas KoHueHTpauus B pactsope: HCIO — 20 %, HBrO — 30 %, HIO — npenebpe-
XHUMO Marnasi.
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Tabauua 8.9

Ha3BaHus OKCOKHMCIIOT FajIOT€HOB H HX COJE

Crenens Xnop Bpom Hon

OKHC-

nexust | dopMyna Ha3BaHue dbopmyna Ha3BaHWE dopmyna Ha3BaHHeE

+1 HCIO |} Xnopxosatucras | HBrO BpomuoBatucrast | HIO | Honnosatvicras
(THITOXJTOPUTEL) (rurmo6poMuTHI)

+3 HCIO, | Xnopucras — — — —
(x10pUTHI)

+5 HCIO, | XnopHosaras HBrO; | BpomHoBaras HIO, |HonHosaTas
(x10opaTel) (6pomarhi) (onarsr)

+7 HCIO, | XnopHas HBrO, | Bpomuaa HIO, |Meranonnas
(Tepxtopars) (nepbpomarni) H;I04 | Oprononnas

(nepuonater)

I'MnoranoreHUTHEIE KUCIOTHI ABNSIOTCA ClaGhIMIL. ITpu mepexone ot xy10pa K Moy
TI0 MEPE YBCTTMICHUSA pannyca U YMEHBLICHUS 3JIEKTPOOTPUHATEILHOCTH aTOM I'aIo-
reHa ciaabee CMeNaeT 3MEKTPOHHYIO [UIOTHOCTE OT aToMa KHCIIOpOma U, TEM ca-
MHIM, citabee monsipusyer cesasp H—O. B PE3yJIbTATE KUCIOTHHIE CBOMCTBA B PSILy
HCIO— HBrO— HIO ocnabmsmiores (cm. PK, B Tabn. 8.10), 2 OCHOBHHIE YBETMYMBAIOTCA.
HoxHoBarrcTast KUCI0Ta ABNSACTCS yKe aMmporepreM coemuenueM (pkK, = 10,1).

I'IroxXI0puTEL ¥ THITOGPOMUTEL MOTYT GHITH TIOJTYYEHEBI TIPU B3aMOACHCTBUU ra-
JIOrCHa € OXJIAXACHHEIM PaCTBOPOM ILENOYN. B NMpOMBILUIEHHOCTY TaKUM obpasoMm
TIONYYa10T OCTMIBHYIO U3BECTD;

Ca(OH), + Cl, = CaCI(OCl) + H,0

l'unoranoreruT-noner XO~ HeyCTOWYMBEI U JIETKO JUCTIPOTIOPHUOHUPYIOT Ha ra-
noreHua- X~ W ranoreHat-uoHsl XO3 HOHH (CM. Ta6iL. 8. 10).

Kaxk crenyer U3 3Ha4eHMIA KOHCTAHT PaBHOBECHS (cM. Ta6. 8.10), vonsr OBr™ u
OI" oka3seIBalOTCSA TEPMOAMHAMMYECKHU OONEe crabwibHbIMU, yeM OCI™. CkopocTsb
XK€ peaKuM JUCTIPONIOPUMOHUPOBanUA B psiny OCl —BrO™— IO ysenuumBaercs.
BT0 06YCIOBNIEHO YBETMYEHNEM PaIiyCa I'AIOreHa H €ro JOCTYITHOCTH JI/IS1 HYKJIEO-
bwibHoM araku. Takum o6paszoM, TEPMOAVHAMUYECKAST U KHHETUYECKAS CTAOWIh-
HocTb B psy HCIO — HBrO — HIO M3MeHSIOTCS B IPOTHBOMOOXKHBIX HAIIPABICHUAX.
JIeACTBUTENIEHO, KOHCTAHTA PABHOBECHS MMCTPONIOPHMOHUPOBAHHUS THHOXJIOPUT- MOHA

Ta6nauua 8.10
Csoiictsa kucaor HXO u nonos XO~

CaoiictBo HOCI HOBr HOI
E° B(pHO):HOX+H' + e = 1/,X, + H,0 1,63 1,59 1,45
E°, B (pH 14): XO + H,0 + 2¢ =X + 20H" 0,94 0,76 0,49
pK,;: HXO 2 H' + OX° 4,5 8,3 11,0
KoHcraHra paBHoBecus: 3XO™ 2 2X™ + XO; 10% 10%5 102
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Beannabnas u3BecTs. DTO CMELIAHHBIN XTIOPUI—HITOXIOPUT KAJIBLIUS; BITEPBLIE ObLI
nofayyeH B 1798 r. npornyckanueM X1opa Haj BIaXHBIM THIPOKCHAOM Kanbumsi. Pop-
Myna CaOCl, He oTpaxaeT peaNbHEIl COCTAB MPOAYKTAa, B €r0 CTPYKTYPE COMEpPXKATCH
anuonsl CI', CIO", OH", Monekyns! Boabl. Jonroe BpeMs GenunbHas U3BECTh HAXO-
JMIa LIUPOKOE NMPUMEHEHHE B KaYyeCTBe AC3NMHGUUMPYIOIEr0 M 0TGEIMBAIONIETO CpeI-
cTBa:

2C30C12 + COz + Hzo = CaC12 + CaCO; + 2HCIO
KaK UCTOYHHMK XJI0pa M KHUCI0OpOoaa:
CaOCl, + 2HCI = CaCl, + Cl, + H,0

2Ca0Cl, = 2CaCl, + O,

OnHako M3-3a HM3KOTO cofepXaHus (36 %) akTMBHOrO X10pa M IUIOXO pacTBOpM-
MOCTH B BOJZie €€ ITPOU3BOJCTBO PE3KO COKPATUIIOCH.

Ha cMeHy 6ennnbHOI M3BECTH MPUIILTH THITOXTOPUTH KaNblMs U HaTpus. [uno-
XJIOPHUT KamlblMsl NMOTy4aloT 1o MeTony Matucona. Ha nepsoii cTanuy oCyiuecTBisiior
xnopuposanye (10°C) cycrieH3MM T'MAPOKCHAA KaibliMs B BOOHOM pactBope NaOH.
TTpu oxnaxaeHnu 1o —10 °C 13 pacTBOpa BHINIAAAIOT FEKCArOHATbHBIE KPUCTAIUIBI TPOi-
HOM cMelIaHHOM COJIH:

Ca(OH), + 4NaOH + 3Cl, + 9H,0 = Ca(OCl),- NaOCl - NaCl. 12H,0 + 2NaCl

OnHOBpPEMEHHO TFOTOBSIT BOIHH PACTBOP FMITOXIIOPUTA, IIPOIYCKasl X0 Yepes3 pas-
GaB/eHHYIO CYCTIEH3UIO TMAPOKCHUAA KAIBLMS, TaK YTO XJIOPUA M MIIOXTIOPUT OCTa-
I0TCSl B PacTBOpE:

2Ca(OH), + 2Cl, = Ca(OCl), + CaCl, + 2H,0

Tlpy B3auMOIEHCTBMM 3TOrO PacTBOpPa ¢ TPOHOMN CMeIAaHHOMN CONMbIo 06pasyeTcs
0CalOK OUTHIpaTa TUIIOXTOPHUTA KaJbLMSA:
2Ca(0Cl),- NaOCl- NaCl- 12H,0 + Ca(OCl), + CaCl, = 4Ca(OCl),- 2H,0 +
+4NaCl + 16H,O

Jlonst akTUBHOTO XJI0pa B TMITOXJIOPHTE, TIOMYyYEHHOM TAKUM CTIOCO60M, coctasiseT 70 %.

XopourM orbenMBalOLMM JeiiCTBUEM OGanaeT TaKxXe XapeneBass BOAa — pac-
TBOP, 00pa3yIOIMICS TIPH HACBIMIEHUH XJIOPOM OXJAXAEHHOr0 pacTBopa TMAPOKcHIA
HaTpHS.

BEJIMKA, HO CKOPOCTE pacriajia Majia. YCTONYMBOCTh TUTIOTAJIOTEHUTOB TTOHMXKAETCS
BHU3 110 Tpynte. TBepasie TMITOOPOMUTEI cOXPaHAIOTCS JIMIUE TIPH TEMITEPATyPE HIDKE
0°C, a TBepABIE TUTIOMOOUTEI BOOGILE HE CYLIECTBYIOT.

PacTBOpEI I'MNOTAIOTEHUTOB UMEIOT CHIBHOLIEIOYHYIO PEaKIUIO, a MpoIMycKa-
nue yepe3 HuUx CO, IIpUBOIUT K 0Opa30BaHUIO KUCIIOTHI:

NaClO + H,0 + CO, = NaHCO, + HCIO
T'unoranoreHUTHEIE KUCIOTH U UX COJIU SIBISIIOTCA CUJIBHEIMU OKHUCIUTEISAMMU:
6NaClO + Br, = 2NaBrO; + Cl, + 4NaCl
2NaClO + Mn(Cl, + 4NaOH = Na,MnO, + 4NaCl + 2H,0
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nE° B

-1 0 1 2 3 4 5 ¢ 7
CreneHs oKHMCIeHust
nE’, B a

-1 0 1 2 3 4 5 6 7
CreneHs oKMcIeHust
8

nE° B

| Br . . . \ . . \
-1 0 1 2 3 4 5 6 7
CreneHs oKMcIeHust

6

Puc. 8.13. Inarpamma BoNIBT-3KBMBANEHT — CTe-

TIEHb OKMCJIEHHUs I xnopa (a), GpoMma (6),

Hona (6) B xucnbix pH 0 (crutomssie JIMHUMH)

u wenouHeix pH 14 (nyHxkTHpHbIE JIMHHMK)
pacTBopax

OxucnurensHas ciocobHocTs Kucnor HXO u noHOB XO~ yMEHbILAETCS BHU3 TIO
TpyMIe. BTo CleAyeT U3 CpaBHEHUS CTaHRapTHHIX TOTCHUUANOB E° (cM. Ta6. 8.10)
M HaKJIOHA JIMHWHA, COCAMHSIOIMUX BOJNBT-3KBUBATECHTLI map HXO/X, n X°/0X~
(puc. 8.13). Tax, PaCTBOPLI THIIOOPOMUTOB U TUTIOUOANUTOB MOIYT OBITH TIOJYYEHLI

MO peakuum

X +0CI' = OX™ + Br (X = Br, I)
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8.9.2. Okcokucaorst HXO,

N3 okcoxkucnor HXO, uzsectHa auius xaopucman kucaoma HCIO,. Boausie pac-
tBopel HCIO, nonyuator o6pabotkoit cycnensun Ba(ClO,), pa3baBreHHOR CepHOt
KHMCIIOTOM:

Ba(c102)2 + HzSO4 = BaSO4~L + 2HC102

HCIO, apnserca KMcnoTol cpeHei cunbl: pK, 2,0. XJI0pUTH UCIONB3YIOT IUIST 0TOE-
JuBaHUA. X TTosTydaloT MATKUM BocctaHoBineHueM ClO, B m1es04HOM cpere:

2CI0, + Ba(OH), + H,0, = Ba(ClOy), + 2H,0 + 0,1
2CI10, + PbO + 2NaOH = PbO,! + 2NaClO, + H,0

BpoMuT 6apus CHHTE3UPYIOT M0 PeakiU

Ba(BrO), + 2Br, + 4KOH =<5 Ba(BrO,), + 4KBr + 2H,0
pH 11

8.9.3. Oxcognciaorst HXO; H Mx cosin

Oxcokuciorsl HXO; 6osiee ycToMUMBEIE, 4€M THITOTAJIOTEHUTHEIE KUCIJIOTHL. XJIOp-
HoBataa HCIO; n 6pomHoBatass HBrO; KHCIIOTEI TOTyYEHEl B pacTBOPaxX C KOHIICH-
Tpanueit Huke 50 %, a nogHoBaras HIO; BEIIENEHA KaK MHAWBUIAYAIBLHOE BElIC-
ctBo. OHa npeacTaBageT coBoi GeclBETHRIE KPUCTALIHI (£, = 110 °C), oueHs X0po-
1LI0 pacTBOpHUMEIE B Boze (236,7 r B 100 r Boasl npu 0 °C).

Pactsopst HC1O; u HBrO; nosnyuator xneiictsueM pasdasineHHoi H,SO, Ha pac-
TBOPBI COOTBETCTBYIOIIMX -COJICH, HAIPUMED:

Ba(CIO3)2 + HzSO4 = 2HCIO3 + BaSO4~L

Ipu xoHueHTpauuu pacrsopos Bhilue 30 % xkucnorst HBrO; u HCI1O; yacto pas-
JIaraloTcs Co B3PEIBOM. '

HonHoBaTyio KHCIOTY HOJYYAIOT OKUCIIEHNEM Hoha OeIMsAniell a30THOMH KUCHIOo-
TOM, XJIOPHOBATOM KMCJIOTOM WM KOHLICHTPHPOBAHHEIM PAaCTBOPOM MEPOKCHIA BOAO~
pona:

12 + 5H202 = 2HIO3 + 4H20

ITpu HarpeBaHUM MPOUCXOIUT €€ ACTHOPATAINS:
300°C
2HIO3 i 4 1205 + HzO

Csoticrsa okcokHcioT HXO;, a Takke JUIMHEI CBSI3€il U BAJICHTHHIE YIJIH B MH-
paMUAAILHEIX MoHax XO; npeacrapieHb! B Tadx. 8.11.

B BomHsIx pactsopax HXO; ABmstioTcs CHIBHEIMU KucnotaMu. B psanmy HCIO; —
HBrO;— HIO; HabmoaaeTcsa HEKOTOPOE YMEHBLIEHNE CHIIBL KUCIOT (cM. Ta6. 8.11).
DTo0 MOXHO OOBSACHHUTE TeM, YTO C POCTOM pa3Mepa aToMa TajloreHa NMpOoYHOCTh
KpaTHOM CBA3M X2:O yMEHBIIACTCSA, YTO TPUBOAUT K YMEHBIIEHUIO MOJAPHOCTU
cBs13 H—O 1 ocioxHsieT ee TeTepoIn3 B BOAHBIX pacTBOpax.

I/IOJIHOBaTaH KPICJIOTa.'B KOHUEHTPUMPOBAHHBIX pacTBOpax OUMEPHU3YCTCA:
105 + HIO; 2 [H(I0s),]", K = 4
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Tabnuua 8.11
Crpoenne u cpoiictsa anuoros XO;

CBOHCTBO ClO; BrO; 103
Hnuna cesasu X—O, HM 0,148 0,165 0,181
Yron OXO, rpan 106 104 100
E*, B (pH 0): 6H" + XO;3 + 5¢" = '/,X, + 3H,0 1,47 1,52 1,20
E°, B (pH 14): XO; + 3H,0 + 6e- =X + 60H" 0,62 0,61 0,26
pK,: HXO; 2 H' + XO0;3 -1,2 0,7 0,8
Koncranta paBHoBecus: 4X0; 2 X~ + 3XO; 102 10733 1073

ITO9TOMY M3 KHCJIBIX PaCTBOPOB YacTO KPHMCTALTH3YIOTCS HE CPEIHHeE, a KMCJIbIE COJH, Ha-
npumep KH(I10;),, KH,(105),.

TBep,uHe raJIOT€HAThI SABJIIOTCA CUJIBHEIMU OKUCITUTEISIMU:
2S + 2KBrO; = K,S0, + Br, + SO,

B pany BrOj; = ClO5 > 103 okHCIHTeNBHAs CIIOCOGHOCTD YMEHBIIAETCS, YTO CEAYET
M3 COTMOCTABJICHMS CTAHAAPTHHIX MOTEHIMANOB E° (cM. Tab. 8.11). JdeicTBUTENRHO, B
KHCJIOH cpelle TIpH B3aUMOJIEHCTBIM GpoMarta HaTpysl C HOLOM BERIIESIeTCs CBOGOX-
HHI 6poM:

2NaBrO3 + Iz = 2NaIO3 + Br2
a B3aMOJICIICTBHE HOMA C PaCTBOPOM XJIOpaTa HaTpHsl MPUBOAUT K BBIIEJICHHUIO XJiopa:
2INaClO; + I, = 2Nal0, + Cl,

Conu Bcerza 6oJee yCTOMYMBH K HArpeBaHHIO, YEM COOTBETCTBYIOIIHME KACIOTHL.
B yacTHOCTH, HEKOTOpHIE M3 HONATOB BCTPEYAIOTCS B MIPHPOAE B BUIE MHHEDANIOB,
Harpumep nayraput NalO;.

TepmonvHaMuyeckasi cTaGHIBHOCTE aHHOHOB XO3 1O OTHOLIEHHIO K pacranay
Ha meprajoreHaT-XO, W rajgoreHun-uoHH X ysenamumBaercs oT ClO; x 10;
(cM. Tabn. 8.11, puc. 8.13).

B BonHEBIX pacTBOpax aucnponopuuoruposanue KCIO; He IpOHCXOMHT AaxXe IpH
KUMSIYECHUH.

Ipu Harpesanmm TBeproro KClO; no 500 °C BO3MOXHO AMCIIPONIOPLIAOHUPO-
BaHHE:

4KC10, 2§ 3K 10, + KCl

a pu Gosree BHICOKOH TeMIeparype — pasnoxeHue* pacrutapa KClO,:
4
KCl0, 23%S, K1 + 20,1
* PasnoxeHue MeEPXJIOPATOB M XJIOPATOB C BhizeIeHMEM O, xa’ranulsupylo'r THAPOKCUABL OFHO-

WUMEHHBIX MeTaioB. Cm.:. Huxumuna 3.K., Huxumuna H.H., Pocosoecxuii B.4. // XKypH. HeopraH.
xumuH. 1998. T. 43. Ne 12. C, 2075.
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Kozebarensanie peakuuu. BoicoKasi CKOPOCTh BOCCTAHOBNEHMSI uoaaT-uoHa 103
HOAMI-HOHOM I mpuBesia K OTKDRITHIO KOJIEGAaTeJIbHEIX peaKlnil, Ha3bIBAEMBIX Xy-
MHYECKMMH YacaMu. [1pu cMelnBaHuyu GeCLBETHBIX MTOAKMCIEHHEIX pacTBopoB Na,S0;,
NalO; B npucCyTCTBuu Kpaxmana IPOMCXOAT CIEAYIOLINE IPOLECCH. Moxua-uoH,
obpasyioLuiicst B pe3yibTate peakiuu

10; + 380 =T + 3505~
COITPOITOPIMOHUPYET C HOLAT-HOHOM:
105 + 6H" + 51" = 31, + 3H,0

C BBHUICJICHHEM MOAa, 00pa3yloliero ¢ KpaxMajioM SIpKO-CHHUH Komiuieke. Omuako
Jajiee MOX BOCCTAHABIMBAECTCS CYJIbPUT-HOHOM:

31, + 350% + 3H,0= 61" + 6H"+ 3S0;”

M OKpacka ucyesaer. OHa NEPUOTNYECKH U3IMEHSETCH OT GECLBETHON A0 CHHEH u
HaoGopoT HO Mepe u3MEHEHHst OTHOWIeHust I,/I”. YKa3aHHBIC peakuwuu ONMCAHBI B
1885 r. X. JlannonsroM. OfiHa 13 NIEpBEIX KOJIEGAaTEIbHEIX peaKiiuii, Ipu KOTOPOH OKHC-
JICHHBIE W BOCCTAHOBJICHHEIE (DOPMBI HCUE3AIOT U IOABIAIOTCS NEPHOAMIECKH, OGHAa-
pyxeHa B 1959 r. B.T1. Xa6otuHckuM Ha nipumepe B3aumoneiicteus KBrO;, cysnsdara
uepns Ce(S0,), n MasloHOBO! KucJioTel B cpene H,SO,. '

B npucyrcTsun Karanmsatopos, HampuMmep MnO, win Fe,0;, ynaercs He ToJIbKo
CHU3UTDL TEMIIEPATYPY Pa3IoXEHHUsA, HO U U3MEHUTD HalpaBJeHHe PEaKIUU

2KCIO, —Jf%% 2KCl + 30,1

TepMuyeckoe pasmoxeHue GpoMaTa M MolaTa KAIHMSA HA TaJoTeHUI U KMCIIopoJ
TIPOTEKACT B oTCYTCTBUE KaTaym3aTopa npu 330— 530°C,

Teepmbie Xy10paThI ABNAIOTCS CHIBHBIMH OKHMCIIUTENSIMH, HCTIONB3yEMbIMHU B IIH-
porexHuke (KCIO; — Gepronerosa conb, Ba(ClOs),). OnHako B BoXHOM pacTBope
HX OKHMCJIUTENBHAS CTIOCOOHOCTh TIPOSIBIISIETCS JIMILIb B KUCIol cpene. Hampumep,
OKHCJICHHE TOPSTYUM PaCTBOPOM GEPTONIETOBOM CONM HOOMI- U HUTPUT-HOHOB TIpo-
HUCXOIUT TOJBKO IPH TTOAKUCIEHHM:

2KCIO; + 12KI + 6H,S0, = 6K,S0, + 5I, + 2KCI + 6H,0

8.9.4. Okcokuciorst HXO, ¥ Hx coan

Crpoenne u nonysenne HXO,. Yncras xnopHas xucmora HCIO, — 6GecusetHas
XUIKOCTB (IWIoTHOCTh 1,76 r/cM3 (25 °C)), cMemmBaeTcst ¢ Bomoi B TIOGHIX COOTHO-
IIEHHSAX.

W3 KoHUEHTPHPOBaHHBIX BOAHBIX PACTBOPOB NMPH OXJIAXIECHUHN XTOpHAs KUCIOTA
BhLIENAETCs B Buae ruaparoB HCIO,- nH,0O (n = 1—3). BpoMuas kucnora HBrO,
M3BECTHA IUIIB B pacTBopax. Monsr Cl0; u BrO; MMEIOT TeTpasnpuyecKoe CTPOCHHE
(tabn. 8.12).

Optononnas kucnora HsIOg — GecrBeTHoe KpHCTATMYECKOE BELIECTBO, IUIa-
BALLEECS C pasnoxeHueM Ipu 128 °C. Ctpykrypa ee B ominuue ot HCIO, mocTpoena
u3 okrasnpoB (HO);sIO, cBsi3aHHEBIX MEXTy Co6oii BomopodHBIMH CBA3IMH H—O---O
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Bepronerora coas. Bepronerosa conb — Xynopat Kamus (I, = 357 °C)— kpwucran-
JIM3YETCs U3 PACTBOPOB B BUAE GECLIBETHRIX YeLTyiiyaThiX KpHUCTALIOB (puc. 8.14). OHa
TIIOXO pacTBOpUMa B XONOAHO# Boge (7 rB 100 r Bogsi 1 31 B 100 8 %-ro pacrBopa KCl
npu 20 °C), HoO xopowIo — B ropsiueit. Cmecu GepTONIETOBOM COMM C MHOTMMH BOCCTa-
HOBHTENAMHU (YyryieM, cepoif, docdopom, cynbbunom cypeMei(I11)) B3pHIBOONACHEL:

2KCIO, + 38 = 2KCI + 350,1
5KCIO; + 6P = 5KCI + 3P,0,
3KCIO; + Sb,S; = 3KCl + Sb,0, + 350,71

Ilpu paGote ¢ 6epTONETOBOH COMBIO HEOOXOMMO IIOMHMUTb, YTO NPM AEHCTBHM Ha
HEe CEpHOM KucioTh o6pasyercst ClO, — B3phB-
YaThii ras.

Bepronerosa cons ucnonssyercs B NPOU3BO-
CTBC CIIMYCK, MMPOTEXHUYECKUX CMeCeil JUIs oc-

BETHTE/IBHBIX PAKET U eitepBepkoB. O6pariaTh- @

Cs C Hell cleayer KpaiiHe akKypaTHO.

B npomeninensoctu Gepronerosy conn noJry-
YaIOT ACHCTBHEM KANTMITHOM CETUTPEI HA KOHIICH-
TPMPOBAHHEBI/ PacTBOp XJIOpaTa HaTPHS MM
KaybLmst. Xiopar HaTpust o6pasyercst pu 3JIEKTpO-
JIM3€ XJIOPHAIZ HATPUS B OTCYTCTBHE AHAabparMeL

.
NaCl + 3H,0 =% NaClO, + 3H,"

Jnst nonyyenus pacteopa xyopara KaJbLIUs
Harperoe 10 67 °C U3BECTKOBOE MOJIOKO HaChi-
LIAIOT XJIOPOM, a 3aTeM YNapHBalOT PacTBOP X0
TEX 110D, 110Ka €ro INIOTHOCTh HE CTaHET PaBHOH  Puc. 8.14. Crpoenue 6eproneToBoit
1,35 r/em3, comu KCIO,

B TPEXMEPHBIN KapKac: IuMHa cBsseit I=0 u [—OH 0,178 u 0,189 M cooTserT-
CTBEHHO. W3BeCTHEI U Ipyryie VIOMHEBIE KUCIIOTH: Mema- HIO,, me30- H3104 u Tpu-
noxuast H;IO,, Takxke nocrpoennune us okrasfipoB (HO)sIO, coemnuennux apyr ¢
ApPYTOM B GECKOHEYHHE uenu (puc. 8.15):

Co ) 0 [ -0 0
HO—LY Ho{'}/ - Ho{% O\(|1I O\(|I|/ o
O 71N\ TN NN
o HO" 4yOH HO 4y4lO OH”O_ on®H
HXO, (X = Cl, Br) H;IO, HIO,

XJI0pHYIO KHCIIOTY TIONYYaloT NeHCTBHEM KOoHueHTprpoBanHO# HCI Ha 6e3Box-
HEIM Tiepxitopar Hatpus NaClO,;

NaClO, + HCl = HCIO, + NaCl{

XJI0pHz HATPHst, HEPACTBOPUMETH B KoHueHTpupoBanHoit HCI, otaensior punsrpo-
BaHWEM, a QWILTPAT KOHIIEHTPUPYIOT TUCTWUISIIMEN TIPY TIOHMXXEHHOM NaBJICHUY
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Ta6auma 8.12

Crpoenne u cBoiicrsa anuonos ClOy, BrOg, 102'

CBoiicTBO ClO; BrO; 105
Inwuua cbssm X—O, HM 0,14 0,16 0,18
Yron OXO, rpax 109,5 109,5 ~90
pK,: HXO, 2 H' + XOj -10 -9 -
pK,: HJO, 2 H' + H,I0; — — 33
pK,: HJIO; 2 H* + H;I0} — — 8,3
E°, B (pH 0): XO; + 8H' + 7e~ = |/,X, + 4H,0 1,39 1,59 —
E°, B (pH 0): HsIOg + 7TH' + 7e = 1/, + 6H,0 - - 1,34

(0,1 xITa) B MPUCYTCTBMM KOHLEHTPMPOBAHHOM CepHOM KUCIOTH. OGpainarscs ¢
XJIOpDHOM KHMCJIOTOM CJleXyeT akKKypaTHO, TaK KaK OHa JIETKO B3pBIBACTCS TPH KOH-
TaKTe ¢ OpraHHMYECKUMH BEIECTBAMH.

Pacreops GpoMHo# kucinorsl HBrO, moyyaloT IOAKUCIEHHEM Nep6poMaToB
NaBrO,, KOTopHe B CBOIO OYepeh CHHTE3UPYIOT 3JIEKTPOJIM30M pacTBOpoB 6poMa-

Ilpasnaa ITommura. Wanyxuuonnsiii 3¢gdexr. Bospactanue cuilbl KMCIOT B pAIY
HXO—HXO0,—HX0;—HXO0, MOXHO OOBACHHTH ¢ TOMOIIBIO SMITMPHICCKHUX I1pa-
B, copMyaupoBaHHuIX JL. ITomuHroMm.

Ilepeoe npaguno: 3HaUEHUE NTEPBOIT KOHCTAHTHI JMCCOLIMALIY OKCOKMCIIOT (HO),XO,,
OIIpEENseTCs: YHCIOM m KOHIEBBIX (HETMIPOKCWIBHEIX) aTOMOB kKucinopoaa. Kow-
cranTy auccoumaumi pK, = -lgK; xucnor (HO),XO,, MOXHO OUEHHTD IO YPEBHEHHIO
pK| =8 — 5m. D10 IpaBWIO KAYECTBEHHO OOBACHAIOT TaK HA3RIBACMBIM UHOYKYUOHHHIM
agpexmom. IHIyKUMOHHBIN 3¢ GEKT 3aKTI0UAETCH B TOM, YTO Gojee 3IeKTPOOTPHIA-
Te/IbHEI KOHLEBOH (HETMAPOKCWIBHBIN) aTOM KMCJIOPOAA CMELIAeT Ha cebsi MeKT-
POHHYIO IUIOTHOCTb OT aTOMa XJIOpa. ATOM XJIopa ¢ BO3POCIIMM ITOJIOXKHTENBHEIM 33~
DSIOM B CBOIO OYEpEh OTTATUBAET JEKTPOHBL OT aTOMa KMCIOpOoaa TUAPOKCIIILHOM
rpynnbl. Takum 06pazoM, KOHLEBOI aTOM KMCI0POJa IIOHIKAET 3IEKTPOHHYIO IIOT-
HOCTh cBsism H—O, ocnabiser ee U TeM CaMBIM YBEIMYMBAET JIETKOCTh OTIUCILUICHHA
IPOTOHA MOJICKY/IaMH BOJBIL.

Tlo mepe nepexoaa or HXO k HXO, 4Mcii0 KOHIIEBRIX aTOMOB KMCJIOpPOAa ¥ MH-
JIYKUMOHHEI 3¢ ¢eKT yBeaMIMBaIOTCs, 8 CHJia KHCIOT COOTBETCTBEHHO BO3DacTaer:

0
HO—CI: Ho—é'l-—rz) HO—CIY HO i:lll Yy
i " \\?O \\?O

o) o)

Cuia KMCJIOT BO3pacTaer

(N
>

Bmopoe npasuno: NocieRoBaTeNbHbIE KOHCTaHTBI quccoumaumy Ky, K, K;, ... MHO-
roocHOBHEIX KucioT (HO),XO,, (n > 1) Haxonstcs B otHOweHMy 1:1075:107'°, Bro
IIPaBWJIO SBISIETCS SMITMPHYECKUM. YMEHBIIEHHE KOHCTAHT AUCCOLMauMy o0ycIoB-
JIEHO YBEJIMUECHHMEM 3apsina aHHWOHaA.
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Puc. 8.15. Crpoenvie meranonHo# kucnorer HIO, (oktasgper I05(OH) coenvHeHs! peGpamu
B LIEIH)

TOB, a TAKXKE OKHMCJICHHEM MX (PTOpOM MIH (HTOpHIAaMU KCEHOHA B pa3GaBlIeHHBIX
LIEJIOYHBIX PaCTBOPAX:

NaBrO; + F, + 2NaOH = NaBrO, + 2NaF + H,0
Oprouomyio kucnoty HsIOg BbiENSIIOT TIpH 0GMEHHOM peakinu
Ba;(H2106)2 + 3H2$O4 = 2H5106 + 3BaSO4Jf

C MOCNENYIOLMM yIlapUBaHUEeM (HIbTpaTa. MCXOOHEI IepHOoNaT CHHTE3UPYIOT 1O
cxeMe

NalO; + 4NaOH + Cl, = Na;H,;I0¢d + 2NaCl + H,0

2Na;H,I0; + 3Ba(NO3), 2" =5 Bay(H,I0¢),d + 6NaNO,

Kucnorasie csoiicrsa HXO,. XiiopHas ¥ 6poMHas KHMCIOTHI COZEPXAT 110 TpH
KOHLICBBIX aTOMa KMCJIOPOAa U NPUHAIJIEXaT K YUCIy Haubosee CHIbHBIX KUCIOT.

B Monekyne HsIOg conepXuTest JIMLIb OMMH KOHIEBOH aTOM KICTIOPOJA, TIO3TOMY
OPTOMOAHAS KMCJIOTAa B BOZHHIX paCTBOPAX MPOSIBJIAET CBOMCTBA C1a60it MATHOCHOB-
Hoit KucnoTel: K; = 5107, K, = 5.107%, K; = 3.107'2, KOHCTaHTH TMCCOLMALIAM
HsIO¢ 1o weTBepTOif M NATOM CTYNMEHSM Maibl, © B BOJHBIX LIENOYHBIX PACTBOPAX
MOXHO OTTHTPOBATk TOJIBKO IIEPBbIE TP NMPOTOHA, YTO COOTBETCTBYET 06Gpa30Ba-
Huto coneit Tma NaH4I04, Na,H3;I04 u Na;H,I04. B Kucibix cpegax yCTOWYMBEL
TETpa- ¥ TPUTHAPOOPTOIIEPUOAAT-HOHBI, KOTOPbIE HAXONATCS B PABHOBECHH IPYT C
APYrOM U C TIOJIMMEPHBIM MeTarlepuoaaToOM:

10; + 3H,0 2 H,I0F + H;0%, K = 1,86- 10-10
B cna6ome1oyHbIX pacTBOpax npeobianaeT TUrHApOOPTOIEPHOAAT- HOH H,IO¢™.

Tlpn HeitTpanu3auuu BOXHEIX PaCTBOPOB OPTOMOMHO! 'KMCIOTHI THIAPOKCHIOM HaTpus
obpasyercsa manopactsopuMslit Na;H,104. OH npespaluaercs B cpeqHMH oprouoaat NasIOg
JMILD NIOX ACHCTBHEM M3GHITKA OYeHb KOHIIEHTPHPOBAHHOM WIENOYH, OKCHIA WK IEPOKCH-
Aa HaTpHs. XOPOLIO pacTBOPMMBIH B BoAe MeTaniepuoaar NalO, nony4aior 06paboTkoit Kuc-
JIOH CONMM KOHLIEHTPHPOBAHHOI a30THOH KMUCJIOTOH Y KOMHATHOM TeMIieparype:

Na;H,10¢ + 2HNO; = NalO, + 2NaNO; + 2H,0

MapaynenpHo ¢ HUM 0BGpasyeTca M «rHapaTs NalO,-3H,0, kotophiit Ha camMoM Heje
npeacrapisier Coboit KMCIYIO cosb Na*(H,O*)H;IOé“. Ee nerxo otaenuts ot NalQ,. Us-3a
Jrydiueil pacTBOPHMMOCTH 3Ta COJb BHIAENAETCA U3 pacTBopa JHMIIb NpH oxaaxueHuu. [Ipu
noJiesaYMBaHUK 06e CONM BHOBb IIEPEXOAT B MCXOAHBIH Na;H,10q.

Cpennye nepyuoatsl 06pasyloTcs B pa3baBIeHHBIX pacTBOpax JIHUIb B TOM cliy4ae, eCIH
obpasyiowascsa conb 061a%aeT IPOYHOM KPHCTALTHIECKOI PELIETKOM. Tak, npu aefcTBHM
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Ha pacTBOp HHUTpaTa cepebpa KMCIBIM niepuoaaroM Hatpus npu pH 2— 3 Habmogaercs o6-
pasoBaHME JTMMOHHO-XeNToro ocanka Ag,H;I0q, a npu pH 3 — uepHoro ocamka cpeameit
conmu Ags1O;.

Oxucinresmabie cBoiicrea HXO4. Bce OKCOKHMCTOTHI SABISIOTCS CHIIBHBIMY OKUCITH-
TeJIIMH, 0 Y€M CBHIETENBCTBYET MOJOXUTENBHBIN HAKJIOH JUMHUHN, COSTUHSIOLIMX
BOJIBT-3KBHBAJICHTBI OKMCJICHHBIX ¥ BOCCTAaHOBJIEHHEIX ¢opM Ha puc. 8.13. B pamy
ClO;—BrO;—10; (H;s104) Ha6GmonaeTcss HEMOHOTOHHOE U3MEHEHUE TepMOIMHA-
MMYECKOM CTAOMIBHOCTH M OKMCJIMTENILHOM CIIOCOGHOCTH: GpOMHasi KMCIOTA U ee
COJIM OKa3HIBAIOTCA OoJiee CHIIBHBIMU OKHCIUTENSIMYA, YeM COOTBETCTBYIOLIHME KHC-
notel 1 conu xyopa CI(VII) u noxa I(VII). D10 nerko oueHUTs 110 HAKJIOHY JUHUH
s nap BrO,/Br,, ClO;/Cl, u 10;/1,. AHanornyHele HapyUIeHUS B TOCAEIOBATENb-
HOCTM M3MEHEHHSA CBOICTB OKCOKMCIOT HAOMIONAIOTCS W JUIA APYTHUX 3JEMEHTOB
YETBEPTOTO MEPUOIA.

PaccMarpuBaembie aHOMaINM B CBOICTBax HepGPOMATOB CBA3aHEl ¢ NOHIKEHHEM IIpOY-
HOCTH ¢BA3H Br—O o cpaBHeHHIO c0 cBsi3bio Cl—O. BT0 B CBOIO OYepeb BEI3BAHO YBEIH-
YeHHEM (CM. pHC. 8.2) sHeprHit 4s- u 4p-op6uraseit aroma GpoMa 110 CPaBHEHHIO C SHEPIH-
SIMH 25- U 2p-opGHTajeit KMCIOpoaa, a CIeA0OBATeIbHO, ¢ YMEHBIICHHEM B3aMMOACHCTBHS
(nepekpuiBanus) 4s-, 4p-opGuraneit Gpoma u 2s-, 2p-opbuTaeit KMCI0poaa (IHEPIMH aTOM-
HbIX 25-, 2p-, 3s-, 3p-, 4s- u 4p-op6uraneit cocrasnsmor 32,4, 15,9, 25,3, 13,7, 24,1, 12,5 5B
COOTBETCTBEHHO). [ToBHEILIIEHHE CTAGUIBHOCTH M YMEHBIIEHHE OKMCIUTENBHOM CIIOCOGHOCTH
okcocoeauHenit npu nepexoge Br(VII) — I(VII) o6ycnosieHo ocoGeHHocmMu CTPOCHMS
H YBEJTMYEHHMEM NPOYHOCTH CBi3M |—O B OKTa3ApHUUYECKUX MOHAX H2106 10 CPaBHEHHIO CO
cBs13b10 Br—O B TeTpasapax BrOj;. AToMm Moaa 1o cpaBHEHHIO C aTOMOM GpoMa MMeeT GOJb-
Mt paguyc, VTS HEro XapaKTepHO KOOPANHALMOHHOE YHCTO 6. YBeTMUEHHE YHCIa KOOPIH-
HHUPYEMBIX aTOMOB KMUCJIOPOZA IPMBOANT K POCTY YMC/A 3J€KTPOHOB Ha CBS3LIBAIOIIMX M
HECBA3BIBAIOLIMX MOJICKYJISIPHEIX OPOHTANIAX M COOTBETCTBEHHO K MOBHIIIEHHIO TPOYHOCTH
CBS3H.

TakuM 06pa3oM, ¢ TOUKH 3peHUsT TEPMOAVHAMHMKY HauboNee CHIBHBIMYA OKIC-
JIUTENIIMU ABJIAIOTCA MepOpoMaThl, a Hanbosee cnaGhiMy — mepuonatel. OQHAKO B
BOIHBIX PaCTBOpaX pPeakUusA OKUCIEHHUs C yyacTeM roHoB BrO; u ocobenno ClO;
TIPOTEKAET KpaifHe MEIUICHHO: B PaCTBOpAX IEPXJIOPATHI MPAKTUYECKH HE MPOSBJISIOT
OKHCIIUTENBHBIX CBOMCTB. Tak, mepxyiopat HaTpus B CTaHOApPTHHIX yenoBusx (pH 0,
C = 1 Monp/n) He BoCCTAHABJIMBAET MOMU ¥ HUTPUT-UOHBL, B3aumoxaeiictaue 70 %-it
HCIO, ¢ MarHueM ConpoBOXIAeTCA BHIAENEHHUEM BOIOPOMA;

Mg + 2HCIO, = Mg(Cl0,), + H,T

a 1 M pacrsop HBrO, ne sripensier xnop u3 HCL B ciygae xe H;IO; Bce 3TH peak-
LMY TPOTEKAIOT 663 KMHETUYECKHUX 3aTPYIHEHU, HalTpUMep:

H5106 + 2HCI = HIO3 + ClzT + 3H20

TakuM o6pasoM, TepMOTMHAMUYECKHE U KAHETHYECKUE (DAKTOPHI B PACCMaTpPH-
BaE€MOM CIy4yae ACHCTBYIOT HECOTTTACOBAHHO.

YBenuueHue CKOpOCTH peakuuy okucienus B psaay ClO; < BrO; < H,IO? o6yc-
JIOBJICHO YMEHBIlIeHHeM 3Hepruu cBsi3u E(Cl—O) > E(Br—0) > E(I—0), pocToM
pazuyca aToMa rajioreHa, yBeJIM4eHHEM JOCTYITHOCTH €To I HyK/IeopWIbHOH aTa-
KM aTOMaMH BOCCTaHOBHTENS, a B ciyyae HsIO; — cymecTBoBaHUEM KOPOTKHX
(0,178 uM) u uHHBIX (0,189 HM) cBaseit I—O.
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Ilepronarsl HAXOAAT IUMPOKOE TIPUMEHEHTIE B J1aGOpaTOPHO NMPAaKTUKE KaK OKHMC-
aureny. C ¥X NIOMOLIBIO paCIeUISTIOT CBsi3b C—C B BHIIMHATBHBIX IMoJax 1 B-Kero-
CIIMpTaXx.

CHJIBHEIM OKHCIIUTENEM B TBEPIOM COCTOSTHUM SIBJISIETCS NepxjIopaT aMMOHMSA
NH,CIO,. Ero npumeHsIoT B KauecTBe OKUCTUTENS B paKeTHBIX ABHraTenax. be3sos-
HHI TIepXJIOpaT MAar"Hus («aHrUAPOH») MCTIONB3YeTCS KaK OCYLIUTED.

OxucIuTeNbHAS CIIOCOGHOCTD OKCOAHHOHOB YMEHBIIAETCA ¢ yBeauueHueM pH.
Takum o6pasoM, comu ABIAIOTCH Gonee CIAGEIMU OKHCIIUTENSIMH, YeM COOTBET-
CTByIOIIME UM KUCoTel. Hanmpumep, s peaximu

ClO; + 2¢e~ + 2H' = CIO; + H,0
B COOTBETCTBUH C ypaBHeHHeM Heprcra

. 0,059, [H')[CIO;] .. [C10;]
= ~ —_— l__
E=E° + > le CI03] E 0,059pH+0,03g[ClO;]

3HAaYEHUe TIOTEHIIMAIA yMeHbIaeTcst ot E°= 1,20 B npupH 0 1o E°=0,37 B nipu pH 14.

Cnemyer TakXe OTMETHTB, YTO MOHLI BOAOPOJa HE TOJBKO M3MEHAIOT 3JEKTPOXHEI
MOTEHUMANT, HO M CYLUECTBEHHO YCKOPSIOT OKMCJTITENBHO-BOCCTAHOBUTENLHYIO PEaKIIUIO.
BT0 CBA3aHO ¢ NPOTOHNUPOBAHHUEM aTOMOB KHCIOPOa B OKCOaHHOHE M ocnabieHueM CBg-
3u Cl—O0, a Takxe ¢ yBeTHYEHHEM MEKTPOGHUIBHOCTH XJIOPA 110 OTHOLIEHHIO K BOCCTAHO-
BHTCJIIO, HECYIUEMY 3JIEKTPOHEL. D1eKmpouiom Ha3HBAIOT 4YacTHLy, BBICTYIIAIOLLYIO B POJIH
aKUernTopa 371eKTPOHOB, O6BIYHO OHa HeceT Ha cebe 10T 0KUTE b 3apsaa. [TporoHuposa-
HHe annoHa XO, NPUBOAHT K MOBHILIEHHIO Ha aTOMe XJIOpPa HOJIOXMTEIBHOTO 3apsaa, T.e. K
BO3PacTaHMIO €ro 31eKTPOPMIEHOCTH. DTO Aenaer ero 6ojee JOCTYIHEIM JUIS aTaKU HyK.Aeo-
¢uros — vactui, o6naKAOLIMX HENIOAENICHHOMN 37EKTPOHHOMN Napoii. '

Bonuelie pacTBopsr nepxnoparoB Boobiie He NPOABNAIOT OKHUCTHTENABHEIX CBOICTE, HMEH-
HO 3TH COM HCIONB3YIOTCA B aHATMTHIECKON XMMUH [UIS CO3TaHHS B pacTBope HeoOXoaH-
MOH MOHHOM CWJIHI, '

Tlepyonarer B 0TIMUME OT NEPXIOPATOB M 11epGpOMAaTOB ABNAIOTCHA XOPOIINMY JTUraHIa-
MM, CTIOCOGHEIMM O6Pa3OBLIBATE C METALTIAMH HPOYHBIE KOMILIEKCEL JBa nepuonar-uoHa
CO3HAIOT UIs KATHOHA METaLIa MACATBHOE IUIOCKOKBAJPaTHOE OKDYXEHHE, TEM CaMBLIM CTa-
OWIM3MDYSt METAUL B 37IEKTPOHHOI KoHdurypauuy d8, nanpumep Cu(1II):

Tpu nepuonar-mona cosparor Bokpyr Meramna IIPaBWJIBHOE OKTa3APHUECKOE II0JIE, TEM
CaMBIM cTabuiIH3Mpyst KoHbHUTypaumo dS mis Co(IIT) u Ni(IV)*.

Konuenrpuposaunrie PacTBODPEI XJIOPHOM U OPOMHOI KHUCJIOT 110 CBOEk peanb-
HOM OKUCIMTENBHON CIIOCOBHOCTH, 0e3yCI0BHO, BO MHOTO pa3 MPeBOCXOMIAT TBEP-
Y10 OPTOMOAHYIO KMCAOTY. HacTs Belecrsa B HUX TIPUCYTCTBYET HE B BUIE MU30HPO-
BaHHBEIX HOHOB XO,, nMelommx hopMy TPAaBUIIBHOTO TETPas/pa, a B BUAE MOJIEKY

* Levanson W. // Coord. Chem. Rev. 1997. V. 161. P. 33.
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WIN UOHHBIX aCCOLIMATOB, OOJaKaloIIMX ropasno 6olee HU3KOH CUMMETPHEN H Cy-
LIECTBEHHO OOJbIIe MabHUIbHOCTHIO. JleicTBUTEIbHO, KOHUEHTPUPOBAHHLIE pac-
. TBOPH XJIOpHOM M 6poMHOI KuCNOT, ocobento B cMecu ¢ H,S80,, AelicTByoT Kak
CWJIBHBEIE OKUCIUTEIM U B3PHBAIOTCH B IIPUCYTCTBHH CJIEOB OPTAHUYECKUX COEIH-
HEHMM, HaIlpuMep TIpH TONAagaHWuU TIBUTH, a TakKe IpU HarpeBaHMH,

Harpesanve OpTOMOZHOI KHCIOTH IPHBOIUT K €€ JerHApaTalMy 0 MeTa-(OpMEL

<100°C , H10, + 2H,0

12 MM pT. CT.

H,IO4

KoTOpad JULIb IIPpH boJiee BBICOKHX TeMIiepaTrypax IpeTeprieBacT OKUCIMTCIBHO-BOCCTaHO-
BUTCJABHOC ITPEBPAILCHHC!
>120°C
2HIO,—— 2HIO; + O,T

Bonee BeicOKasg TepMHYECKas YCTOHYMBOCTH TBEPAHIX COJIEH OOBACHACTCS MX HOHHBLIM
CTPOCHHEM. BJICKTPOCTaTPI‘{CCKOC B3aPIM01.Iel7!CTBPIC HMOHOB ITOBHIHIACT 3HEPIUI0 KPpUCTAILIN-
YyeCKOH PEUICTKHN 1 COOTBCTCTBCHHO CTaOWJILHOCTb. Meranepnonar HaTpHsA OTLICTUIACT KHUC-
JIOpPOZ TOJBKO IIPHM HarpCBaHHH:

2Nalo, 22°C, oNaIo, + 0,1
BaKyyM

OKHCJIHTENhHO-BOCCTAHOBHTEbHBIE PeaKIHH ¢ NEePeHocoM Kucaopoaa. B BoaHbIx
pacTBOpPax OKHC/IMTEIbHO-BOCCTAHOBHMTE/IBHEIE PeaKIMM OOBIMHO INPOTEKAIOT B He-
CKOJIBKO CTaiuif, Ha XaXI0il M3 KOTOPBEIX MOXET IIPOUCXOAMT IIEPEHOC OJHOTO WIH
JBYX 371eKTpOHOB. Ciyyail repeHoca AByX 3/MEKTPOHOB (3MEKTPOHHOM NapH) 4acTo
CONPOBOXIAETCS MHUIpALMeil aToMa KMCIopoga OT OKMCIHTENS K. BOCCTAHOBHTEIIO.
ITpuMepoM TaKOro HpoIecca MOXET CIYXHTE B3auMoJeiicTBue CYb(pHUTa C XJIOPHO-
BaTHCTOM KUCTAOTOM™:

SO + HCIO= SO} + H* + CI'

Pe3ynpTaTHl M3ydeHMs KMHETHKH PEaKiMM I1OKa3hIBalOT, YTO HA IIEPBOM CTaaMH
HMOH SO§', B KOTOPOM MMEIOTCS B 3J1eKTPOHa Ha pasprIxisioweit opbutanu (Hykiieo-
¢wn), aTakyeT BaKaHTHEIE d-op6HTaIH aToMa xjopa (anekrpoduina). IIpu atoM obpa-
syercs xiopcynbhonar-uon CISOj:

HOCI + :S03” - [HO—Cl—S0;]* — OH™ + CISO;

B aK'I'PlBPIszBaHHOM KOMIUIEKCe (MHTEpPMEANATE) XJIOP BRICTYIIAET K&K MOCTHK MeXny
HO™ u SO;". Bropas craaust — runponus xjaopcyinb¢oHaTa — npoTeKaeT 6LCTPO:

CISO; + H,0 — SOF + CI” + 2H*

CKOpOCTb IIEpBOIl peakKlIMH, ABAIOEHCS TUMUTHPYIOLIEH CTaguel, onpeaensercs
JIOCTYITHOCTBIO aTOMa XJIopa 1151 HyKJieodnisHOM araku, B pany Cl,= HCIO < HCIO, <
< HClO; < HCIO, yBennumBaetcsi 3KpaHMPOBAHME XJOpa aTOMaMM KHCIOpoaa, a
3HAYMT, ¥ YMEHBIUIAETCSH CKOPOCTh PeakUMH, B KOTOPOit 3TU MOJIEKYJBl WM HOHBI
BRICTYNAIOT KaK OKHCJIUTENH. DTO MHTEPECHHI i1 (paKT, TOCKONBKY B pACCMATPHBACMOM
PAY OKMCTHTEIBHAS CITOCOGHOCTD YMEHBILAETCS KAaK ¢ TOUKHM 3peHUS] TEpPMOAHMHAMH -
KM, TaK U C MO3NLMI KMHETHKH.

* Fogelman K. D., Walker D. M., Margerum D. W. // Inorg. Chem. 1989. V. 28. P. 986.
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Ilpu Gonee BrICOKO# Temneparype womar Boc- HCIO 3= HCIO, 3 HCIO; 3= HCIO,

CT2HAB/IMBAETCA A0 MOJHAA: 14 it 11y
coo-c [HBO] o : HBrO, = HBO,

2NalO; — 2Nal + 30,1 T+ it it
Opronepronar Hatpusi NasIOq, nanporms, Bu- [HIO]  5Z====% HIO; I HIO,
JepXHBaeT HarpeBanue ao 730 °C, (H;s10)

Ha puc. 8.16 nokazano u3aMeHeHue Kuc- Puc. 8.16. YBeser e CHITBI KUCIOT (=)

. . e . L ” ’

JIOTHBIX CBOVCTB, TEPMOIMHAMMYECKO! CTa-  renvomuuaMHuecKoi CTABHIBHOCTH (=)

OUNBHOCTH W OKHCIHUTENBHOIN CIIOCOOHO- ¥ OKHMCIMTENBHON CIIOCOBHOCTH (=b)
cti (pH 0) OKCOKHMCIOT TaJIOTeHOB. OKCOKHCJIOT FaJIOreHOB

8.10. MEXTAJIIOTEHHBIE COENJUHEHUA

B ommuue ot 271eMEHTOB APYTHX IPYIII TAJIOreHH B3aUMOIEHCTBYIOT APYT € IPYToM
¢ 00pa30BaHKEM GOJTBILOrO YHC/A TAK HA3BIBAEMBIX MEXTATONeHHBIX COSAMHEHMH (WK
MHTepraJioreHuaoB) obmeit popmyms XY, (n =1, 3, 5, 7), rne X — Gornee TsOKENHIIA,
Y — Goree nerkuii u 6oree 3MEKTPOOTPHLIATENLHEIA raoreH (1a6. 8.13). M3BecTHH
TaKXe TOMOSANEpHHE MOJMKATHOHH X, (n = 1—35) v nomianuons X, (m = 3, 5,
7, ..., 21) ranoreHoB.

MexrajyioreHHbIe COEOVUHEHHUS CHHTE3UPYIOT IIPU HEMOCPEICTBEHHOM B3aUMO-
AEHCTBUM TIPOCTBIX BEIECTB, BAPbUPYs COOTHOLIEHMsI PEAreHTOB, TEMIEPATYpy M
IaBJIeHuE:

230°C

Cl, + 3F, 225 2CIF,
Br, + 3F, 225 2BrF,

I, + 3F, 25 21F,
350°C
Clz + 5F2 _— 2C1F5
250 arm

Br, + 5F, > 2BrF,
I, + SF, 2S5 2IF,

I + 76, 2222%C oI,

Tab6bnumua 8.13
MexXraJoreBEnie COeMHERASA, YCTOUMBLIe npu 25 °C

XY, CoenvHeHue
XY CIF, BrF, IF, BrCl, ICl, IBr
XY, CIF;, BrF;, IF;, I,Clg
XY, CIF;, BrF;, IF;
XY, IF;
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Tabnuua 8.14

YcoBus cHETE3a H CBOHCTBA HEKOTOPBLIX MEXraJloreRHbIX COeIUReHuil

Ycnosus peakunu |y, | foms DHeprus CBs3u
XY, Coctonmue X, +n0,=2XY, | °C | C | %" | x_v, ix/moms

CIF; |Becusernsii ras 200—300°C | -156 |-100] 1,38 172
BrF; |Cserno-xentast xunkocts -40°C, CCI;F 9 126 1,28 201
ICl Py6unossie urner (a-op- [ 25°C, sksumo- | 27 ()| 97*+ 0,43 208

Mma) JISPHOE COOTHO-

KpacHo-kopuuHnesnie HICHHE peareHToB | 14 (B)

WIacTUHKYU (B-cdhopma)
ICl; |Opanxesrie KpucTamis: 25°C, m3bmiroKk | 101**| 64**| 0,43 —
(1,Clg) | ¢ peskum 3anaxom XJIopa
IF; BecusetHbI ra3 250—300°C 7 | — 1 1,38 231

C 3aTXJIBIM 3a11aX0OM
IBr YepHO-KOpHYHEBbIE KpH- 45°C 40 | 119] 0,10 175

CTaJLIBI € 3a11axoM 6poma

* Ay, — Pa3HOCTb /MEKTPOOTPHLATENbHOCTEN 2eMeHToB X 1 Y,
** Pasnaraercs.

MexranoreHHble COefVHeHUS B OOBIMHBIX YCIOBHAX MIPeACTaBSTIOT COBOI ras3Hl,
KIIKOCTH WM JIETKOILIABKHe TBEP/IBIe BellleCTBa MOJIEKYJISIPHOTO CTPOEHHS (Ta6i. 8.14).
Onu cocrosaT u3 Moiekyn XY,, B KOTODBIX HeHTPAIbHEIA aTOM X HaXOOUTCA B
OKDYXeHHUH U3 1 aTOMOB Y. 3HaYeHHe 1 yBeJIMIUBAETCS C POCTOM OTHOLIEHHS PAfivi-
YCOB rx/ry. @OpMY MOJIeKyJIBI MOXHO OTIpeeIUTh 110 MeTony I'vitecriu (puc. 8.17).

ITo pusMyecKUM CBONCTBAM MeXTATOreHHBIE COCAMHEHHUS 3aHUMAIOT TIPOMeXy-
TOYHOe TIONIOXeHUe MeXIy OOpasylolUMH UX raoreHamMu X, ¥ Y, OIHaKO u3-3a
HEOIMHAKOBOIA 3JIeKTPOOTPULIATeIbHOCTH aToMOB X U Y coenvHeHus: XY B OT/IH-
4de OT X, ¥ Y, SABJISIOTCS TOISAPHBIMH.

ITpouHoCTs B3 X—Y 3aBUCHUT OT PasHOCTH 3JIEKTPOOTPUIIATEJILHOCTe i aTO-
MOB rajioreHoB X # Y: 4eM pa3HOCTB GOJIblile, TeM MIPOYHee CBA3b. B pSIIy COeqWHe-
HU# XY, ¢ OMMHaKOBBIM aToMOM Y YCTONYMBOCTD YBeJIMYUBAETCA C POCTOM CTelle-
HU OKHUCneHust atoMa X (puc. 8.18). HampuMep, crernens gucconuanuu ICl Tpu
100 °C cocrasnster Beero 1,1 %, B TO BpeMst Kak ICl; ipu 3100 TeMrtepaType MOSTHO-
CThIO pacrniagaercst Ha ICl u Cl,.

6

Puc. 8.17. Crpoenne monexkyn CIF; (a), BrF;s (6), IF, (6) m mona IClﬁ‘ &)
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Bce MEXTaJTOTCHHBIE COCIUHEHUS pasnararwTcs Bogoit. MckimoueHue COCTaBJIsIET

b xnopug 6poma BrCl, koropsrit obpasyer ruapar 3BrCl . 23H,
Huxe 18°C. Ilpogyktamm rugponmsa XY, B GonblmHCTBE Ciy

O, yCcTOMYUBBIL
YaeB SIBJISIOTCS

raJJoreHoBogopogHass xucnora HY bonee SJICKTPOOTPHLIATENILHOIO rajoreHa Y u

OKCOKHMCIIOTa MEHEEe SJIEKTPOOTPHLIATEBLHOTO X B TOM 3Ke CTCIIEH

M B HCXOOHOM COCIMHEHUU:

Br"’F; +3H,0 = HBr"0, + SHF

B CJ1y4ae €CiIM Takast OKCOKUCII0Ta HEYCTOMYMBA IT

HUPOBaHHeE:

ICl; + 2H,0 = [HIO,] + 3HCI
S[HIO,] = 3HIO; + I, + H,0

5ICl; + 9H,0 = 3HIO; + I, + 15HCI
Ipu runponuse ¢propunon XF, o6pasyiorcs OKCO(TOPUIHI:
CIFs + 2H,0 = FCIO, + 4HF
IF; + H,0 = IOF; + 2HF

Yem MOJIIPHEE MOJIEKYa MEXTATOre HHOIO COCOMHECHUS, TEM 11O,

THIPOJIN3.

I'aoponus B wenounoit Cpene NMPUBOIUT K 06

HIUX KHACJIOT:

IFs + 6KOH = 5KF + KIO, + 3H,0

CIF + 2KOH = KF + KCIO + H,0
3ICI; + 12NaOH = 2NalO; + Nal + 9NaCl + 6H,0
MexrarnorenHsie coequHeHns 10006HO WHINBUIYaTbHBIM TajJIOTeHaM SIBJISIIOTCS

CWIbHBIMM OKHCIIMTENSIMU. WX yacTo HCITOJIB3YIOT B 1a60

YCHNA BBICIINX raJIOTeHUIOB NMEPEXOOHBIX Me-
TaJJIOB:

2Co + 6CIF = 2CoF, + 3Cl,

MexranoreHnsle coequneHns XY, Moryr
BBICTYIIaTh KaK B POJIM KMCJIOT, TAK ¥ B POJTH
ocHoBaHut JIetouca. Ipu stom obpasyiorcs
@HMOHHB! XY, WIN KaTUOHB XY 3, KOTODEIE 10
CTPOCHMIO M CBOMCTBaM GIM3KM K TOMOsigep-
HBIM TTOJTMKAaTHOHAM U MTOIMAHMOHAM rajore-
HoB. HampuMep, npu pacreopennn TPUXJIO-
puna nona B SbCls o6pasyioTcst KpucTammb
[ICL,]"[SbCl4]", a B KOHLEHTPUPOBAHHOM CO-
JITHOW KHUCJIOTE€ — TETPaxXJIOPHOIHASA KUCIIO-
Ta, KOTOpas BBIIENACTCS M3 PACTBOPA B BUJE
OPaHXEBBIX TUIACTUHYATBIX KPUCTAJIOB, He-
YCTOMUYMBBIX Ha BO3NYXE:

4H,0 + ICl; + HCI = HICl,- 4H,0

W OKHCJICHUS, YTO

POHUCXOOHNT ee JUCTIPOITIOPLINO-

JIHEE TTPOTEKAET

Pa3OoBaHUIO CoJIe COOTBETCTBYIO-

PAaTOPHOM NPAaKTHKE 151 IOy~

CIF BrFCIF
IF ! _CIF;
~200F- BrF,
»a
§ BrF5
S —400}F
'§ IF,
© 600
-800 IF,
H ] 1
3 5 7

CreneHs oKucneHUS

Puc. 8.18. 3aBucumocts AG7(XF,) ot cTe-
NIEHU OKMCIEHUs rajgoreHa X npu 25 °C
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Ee comm — Tetpaxnopuonarsl — 6onee ycroitunsel. Tak, KICl, miasures npu 116 °C
C pa3jioXeHWEeM, OTIEIUIAS XJIOp:

KICI, £ KICl, + Cl,

Ipu 210 °C conb pasnaraercst Ha MO, XJI0P ¥ XJIOPHI KaIus.
Hurunpar KICl, - 2H,0 o6pasyetcs B hopMe XeTBIX UIJI IIPH TIPOIYCKaHUM XI0pa
yepe3 ronkucaeHHbit HCl koHueHTprposaHHHit pacteop KI:

KI + 2Cl, + 2H,0 = KICl,- 2H,0{
TIpM B3aUMOJEHCTBMHM MONaTa ¢ KOHLEHTPUPOBAHHOM CONSTHON KMCJIOTOM:
KIO; + 6HCI(konu.) = KICl,-2H,0! + CL,T + H,0

I'anorennan noaa ICl u ICl;. B cucreme I1— Cl (puc. 8.19) o6pasyrorcs iBa KOHIpy-
9HTHO MmiaBsIMxcsi coequHeHus: a-1Cl (¢, = 27°C) u ICl; (¢, = 101 °C), o6pa3syio-
LIMX MeXIy COOOH 3BTEKTHUKY, MMEIOHIYI0 cocTas 50,5 aT. % xjiopa M IIaBsSIIYIOCH
npu 22°C. Monoxsiopuz noza ICl kpucraminsyeTcs B BUAE pyOHHOBO-KPACHBIX UTOMb-
YaTeIX KPUCTAIIOB, pacTBOpUMbIXx B CCly. Mx nonyyator, nponyckast Cl, Hag Cyxum
nonoM. Teepaetit ICl U uox o6pasyoT 3BTekTHKY, miassamyocs npu 10 °C. IMocne
TOTO, KaK MOJ pacIuiaBwics, o6pasopasiuniicst [Cl OTTOHSIOT U3 3BTEKTUYECKOIO pac-
IIaBa.

B kpucramnax (puc. 8.20, a) mosnexynsl ICl 06bequHeHE! APYT ¢ APYTOM B LENOY-
KM, 06pa30BaHHbIe YEePENYIOLMMHUCA MEXMONEKYIAPHBIMU CBA3sIMU [-+-]1 u I.--Cl.

Xnopuz nopa(l) neTyd yxe npym KOMHATHOM TeMIlepaType, IIO3TOMY €ro XpaHST B
MJIOTHO 3aKpHIThIX cocynax. Bo BmaxHoM Bosayxe ICl; jierko paznaraercs.

Kpucrannel TpuXIopuga MOAA COCTOAT M3 miiockux Monexkyn I,Clg, B KOTOpBIX
nse rpynnuposky ICl, CBS3aHEL IBYMsI MOCTUKOBBIMM aTOMaMM xjiopa (puc. 8.20, 6).
B napoBoit ¢ase onu nonHocTeio pasiaraiorces Ha ICL u Cl,.

Bewecrsa ICl u ICl; pasapaxarole AeiiCTBYIOT Ha KOXY, OCTAaBJIsisl HA Helt Bones-
HEHHBIE $3BbI, Pa3beJalOT KAYy4YyK U PE3HUHY.

t,°C
o 0,24 uMm
100 ICL; (101°C) .
L +ICh 09 0,30 um
80 0-0
L [ L
60 0,31 uMm ?
a o I
40+ L+L ao-ICI L+IC13 O Cl
27°C
L+l 0,27 1M
20r  L+1C1 ‘
I, +ICl1 IC1+ICly
t - ) . . 91°
0 20 40 60 80 100 0,24 um
Conepxanue Cly, ar. % 6
Puc. 8.19. ®asoBas guarpaMma CHCTe- Puc. 8.20. Ctpoenue Monekyi:
Mo [,—Cl, (L — pacmias) a — a-ICl; 6 — L,Cl,
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¥ TIDY B3aMMOIENCTBIM GEpPTOIETOBOM COMM C MOIOM B Cpefe KOHIIEHTPUPOBAHHOM
HCI:
45°
2KCIO; + I + 12HCl(xonwt.) 225 2KICI,- 2H,0 + 3CL,T + 2H,0

MeXTaOreHHBIE COSXMHEHHS UCTIONB3YIOT B KaY€CTBE HEBOAHBIX MOHU3MPYIO-
X pacTBopurenelt, wist npoussonctsa UF, a Takke i pasneneHns MpORYKTOB
Aenenns anepHoro Tomwnea. Ipu 06paboTke cMecH NPOMYKTOB NENEHUS SAEPHOrO
TorummBa ¢ momolusio CIF; IuyToHN# 1 GOMBIIMHCTBO META/IOB 06pa3yloT Maiose-
Ty4ne GTOPHABI, YTO MO3BOJISIET OTHEIUTH OT HUX Gosee JeTydmit UFg:

U + 2CIF; = UF¢ + 3CIF

8.11. ITOJIUKATUOHBI U NTOJHUAHHUOHBI TAJIOTEHOB

B oTmyme oT APYTHX raJoreHoB MoK P B3aUMOEHCTBIN C CHITBHBIMM KHCTTO-
Tamu JIbtouica ofpasyer ycToiunBhle moaukaTHons I3, I3, 1%, I3%:

2L, + 3AsFs 2%, o3 [AsF]™ + AsF,

ST, + 3AsF; 2% o[ ASF]™ + AsF,

Bce onn nmetor sipkyto okpacky. Uon 1,*, HanpuMep, o6pasyeT B XHIKOM SO,
WM GTOPCYNBGOHOBOM KHUCIOTE SIPKO-CHHUE PacTBOpBI, IIBET KOTOPHIX MpH OX-
JIXNECHUH CTAHOBUTCS KPaCHBIM M3-3a 00pa3oBaHus AuMepoB 13+, TTonuKaTHOHE
M0Zia MTOCTPOEHE! 13 1eneil (puc. 8.21, a, 6); cBsa3b I—1 B HMX HECKONBKO MpoYHee
1 Kopoue, yeM B Monekyne I,, 6raronapst ynajgeHuio 3J€KTPOHa ¢ w -OpGHTaIH

1,30 um

Puc. 8.21. Ctpoenue MoJMKaTHOHOB 1 TTOJIMAHHOHOB MOLA:

a — I3 B [AsFg]; 6 — 1§ B I;[AICL]; ¢ — I B Buze GecKOHEUHBIX Lerel; 2 — Ly 3 I5 B momoctu
aMWI03Bl
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(cM. puc. 8.3). Yrnosas dpopma MOJIEKYJl 00YC/IOB/IeHa OTTATKMBAHMEM CBOGOTHEIX
9JICKTPOHHEIX Map aToMa Moxa.

Kpome romosinepHbIx nosyyeHs u reTeposiiepHble NMOJIMKATUOHBI, Hanpumep CIF;:
CIF; + SbFs = [CIF,][SbF¢]~

W3BecTHO, YTO pacTBOPMMOCTb MOXA B BOLEC Maja, HO PE3KO BO3pAcTaeT IpHU
no6asneHnu K pactsopy KI. Yeennuenue PacTBOPMMOCTH CBSI3aHO ¢ 06pa3oBaHMEM
MOJIUMOAUN-KOHOB;

KI+ 1, 2 KI;, K= 710 (¢ = 25°C)
KI; + I, 2 KI5, K=9 (£=25°C) u .51

Hon I3 Moxer umeTp muHeiHOE CUMMETpUYHOe (IuMHa cBsisu [—I 0,29 HM,
kpucrauisl [As(C¢Hs),]1'13) unmm HecumMeTpuuHoe (mmmHa cessu I1—1 0,283 n
0,303 nm, kpucrawet Cs'I;) crpoenue.

Honunonun-uonst 15, 15, I; mOCTpoeHs M3 TWIOCKMX 3Ur3aroo0pasHBIX LeNei
(puc. 8.21, 6) u BBIIENAIOTCS B BUAE COJIEl ¢ GOTBIINMH katuoHaMu. KauecTseHHas
PCaKIMs Ha MOX — TEMHO-CHHEE OKPAalMBaHME KpaxManaa* — o6yc/oB/IeHa obpa-
30BAHMEM COCNMHEHMIT BKIIIOYEHUST MOJIEKYJ MOMNA, a TAKKe IMOJMUOOUA-NOHOB B
CHNPAICBUAHEIE TIONOCTH MOJIEKY/l aMUJIO3Bl — PacTBOPUMOM B BOIE YacTH Kpax-
Maa (puc. 8.21, 2). OTHOCHTEIBHO HEYCTONUMBLI B BOTHBIX pactBopax I5 crabunu-
S3MpYETCA B BUAE KOMIUIEKCA ¢ aMu030i. ITpyu HarpesaHum KOMILIEKC paspyiaer-
€4, M OKpacka MCYe3aeT, HO NIPU OXIAXACHWM MOSBISETCS BHOBb. VI3BECTHBI M IIO-
Jmxopun-noHsl. Hanpumep, PCls, mosydeHHHIi mpsameim CUHTE30M, UMEET KeJ-
TBIA LIBET M3-32 IPUCYTCTBUS HOHOB ClL.

YCTOMYNBOCTD MONMUTATOTeHUAHBIX KOMIDIEKCOB C OIHUM M TEM Xe KAaTHOHOM
TManacT C yMCHBLICHNEM pazMepa aToMa rajioreHa B psiny I — Br— Cl. Tak, KOHCTaH-
ThI 00Pa30BaHMSI TPUTAIOrEHHU-HOHOB B BONHBIX pacTeopax mnpu teMmneparype 25 °C:
Xy + X7 2 X3 paenet 710 (I), 17 (Br), 0,2 (<.

HWsBecTHEI M cMewaHHbIe MOTHaHMOHEL Mx CHHTE3UPYIOT, HAIIPUMeEP, N0 PEaKLUU MeX-
Ay raloreHuaoM metawia v rajioreHoM: CsBr + Cly = CsBrCl, .

KonTpoasusie Bonpoch

1. CpaBHMTE MOJISIpHBIE KOHLEHTPALMH X2 B6pome (d = 3,19 r/cm*) m xstope (d = 3,214 r/n)
Npu H. y. YeM oOBACHSAETCS, YTO KUIKU I 6poM sBnsieTcs Golee CIBHBIM OKHUCJIUTENIEM, YEM
razoo6pasHelii xi0p?

2. MoxHo Jin nonyuurs HBr aHanornyuo HI, mponyckas ceposonopon yepes 6poMHYIO
Bo#y?

3. O6bscHuTe, 0YEMY PACTBOPUMOCTE XJIOpa B KOHLEHTPUPOBAHHON CONISTHOH KUCIOTE
CYUIECTBEHHO BhILIE, YE€M B BOAE, & B HACHILEHHOM PAcTBOPE MOBAPEHHOM COJMM — cyle-
CTBEHHO HUXe (pHC. 8.6, a).

4. Tuapare! dropoBogopona umeior cocrap nHF - H,O (n =1, 2, 4), a rugpath Bcex
APYrux ranoreHoBoaoponos — cocras HX - nH,0 (n 2 1). YeM 310 BhI3BaHO? BbicKaXKiTe
Tpeanosoxenne o ctpoennu ruaparos 2HF - H,O u HCI- 3H,0.

5. Kucnsle XJ10puabl, aHaIOrMYHEIe ruapodTopraaM, M3BECTHEI JIUILD IS TIKEJIBIX H[e-
JIOYHRIX METAJUTOB M KPYITHBIX OPraHUYECKHX KaTHOHOB. IToyeMy B OT/IMuHe OT rugpodTopu-
IOB OHM HALEJIO I'MAPOJIU3YIOTCS BOLOMN?

* B cniekTpe MoOrMoLeHus eMy COOTBETCTBYET mnosioca npu 600 HM.
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6. TTouemy ranoreHMIB! ETOYHO3EMEBHBIX METALTOB HMEIOT GOJlee BHICOKHE TeMIlepa-
TYPE! IUIABJCHUS, YEM AHATOTHYHbBIE COeNUHEHHS MIETOYHBIX METALIOB ¢ 6JIM3KUM MOHHBIM
panuycom (KCl £, = 776 °C, r(K) = 0,133 um; BaCl, 1, = 960 °C, r(Ba®) = 0,138 um)?

7. O6GBSICHHTE, MOYEMyY BIIaXKHas XJIOpHas U3BECTh IIPH XpaHEHHH Ha BO3yXe NpHoGpeTa-
€T XapaKTepHBIi 3anax okcuga xiopa(l).

8. Okcun Br,O, npencrasnsiet co6oit nepbpomar 6poma. M306pa3uTe ero cTpoeHue, pac-
CTABbTE CTENICHH OKHUCJIEHHS M MPEACKAaXHUTE NPOMYKTHI €r0 MIEJOYHOTO TMAPOJIH3a,

9. KoHueHTpUpOBaHHBIi PacTBOp 6POMHOBATOM KHCIOTH MOXHO MOJTyYHTh B3aUMOIEH -
CTBUEM BOAHOM CycrieH3uM GpomaTa cepebpa ¢ 6poMOM. 3anuiuuTe YDPaBHEHHe peaKLHH.
BosMoxHa 11 3ameHa 6pomata cepebpa GoJiee HellieBRIM GpOMAaTOM Kaus?

10. BosMOXHO Ji1 nosTyYeHre nepxiopara AXCTIPOTIOPLHOHUPOBAHHEM XJIOpaTa, NepOpo-
MaTa AUCNIpONOpUHOHHpOBaHHeM Gpomara? TTouemy?

11. Tlepronathl B OTIMYKE OT NepXIOPATOB CIIOCOBHB! OKUC/IUTD B BOJHOM PAacCTBOpE HOHK!
Mn?* 1o nepmanranara. CoracyeTcs Jn 3TOT BaKT CO 3HAYEHUSIMHU CTAHAAPTHBIX 3JIEKTpO-
AHBIX MOTEHLMANOB? B KaKoi cpelie CllellyeT NMPOBOAUTL 3Ty PeaKuHio, uTOGHI YBEJIMYHUTh
OKHCJIMTENBHYIO CIIOCOGHOCTH IMepHoaara?

12. TIpu narpeanuu 1,94 Mons Br, nipu 1727 °C B aBTOKIaBe 06beMOM 250 J1 YCTaHOBH-
Jioch nasnenne 207,4 xIla, a npu Harpepanuy 1,23 Moss Br; npn 1027 °C — 56,2 ITa. Haii-
ante AHy.c, ASqye, AU, M CTeNeHb THCCOLMAINH,

13. TMpemnoxute crnoco6 MOMyYeHHS U BBIIETEH U KICl,- 2H,0, ucnonssys B KauecTBe
CAMHCTBEHHBIX HCTOYHHKOB HOIA M XJIOPA KPHUCTALTHYECKHUI MO U XIOPUI, KATHS COOTBET-
cTeeHHO. Hanuuure ypaBHeHns peaknumit u ykaxute YCJIOBHS UX NPOTEKAHUS,

14. Ucnonbays nuarpammy Jlatumepa (pH 14):

10; %, 100 2425, 1,

| 0,204 B 0

0,535B __
> 1

OINpe/ie/INTe 3HAaYeHHe E,; KOHCTAHTY PaBHOBeCHS PeaKLMH AMCTIPOTIOPLHUOHAPOBAHUS HOHA
IO” (pH 14) B cTaHgapTHHIX YCIOBHSX; MAKCHMATBHOE 3HAYEHUE pH, mpu xotopom uger
peaknusi ConponopyuoHupoBanus 10; u I,

15. Mcnionk3yst Meton I'iutecniu, npeackaxure ctpoenHe CIF;0 u BrF,07™,

16. PoccHiickMe XMMHUKH IOKa3aIH, YTO HArpeBaHHMe HOIATA HATPHS CO MIEJOYBIO IIPUBO-
JUT K TUCTIPONOPLHHOHHPOBAHUIO:

4NalO; + 12NaOH Z2=%20°C, Ny |, 3Na IO, + 6H,0

YTO NnpoM30iiAeT, eCNU NPOAYKTH peaKunu 06paboTaTk pa3baBieHHON CepHOM KHCHAOTOMH?
Hanunre ypasHenue peakuuy.

17. 3Hast, YyTO PACTBOPMMOCTE reKCaTOPOCHIIMKATA KATHS HAMHOTO MeHbLie pacTBOpHU-
MOCTH GEpPTOJIETOBOM COJIH, MPEJUIOXHUTE METOJ, NOTYYeHUs PACTBOPA XJIOPHOBATON KHCJIOTHI
13 KClOs. Kakum o6pasom KCIO, B mBe cTagun MOXHO nepesectd B Ba(ClOs),, xopoo
PacTBOPHUMBLA B BOJe?

* Ellern A., Boatz J.A., Christe K. O. et al. // Z. Anorg, Allg. Chem. 2002. V. 628. P. 1991.
** Huxumuna 3. K., Huxumuna H. H, // XypH. Heopran. xumum. 2002. T. 47. Ne 7. C. 1052,



I'nasa 9
XMMUS DJIEMEHTOB 18- I'PYIIIBI

9.1. OBIIIAA XAPAKTEPUCTHUKA

OnemenTsl 18-it rpynmer: renmit ,He, HeoH ;oNe, apron jgAr, KpurroH yKr,
KCEHOH 54 X€ M PaJlOH ggRn — Ha3BIBAalOT HHEPTHHIMU (WM 6J1arOpONHBIMM) ra3aMi.
DneKkTpoHHas KOHMUTYPaLUS IEPBOTO MPEeNCTaBUTENS IPYIIIHl — reus — 1s2. Ato-
MBI OCTAJILHBEIX MHEPTHRIX Ta30B HA BHELUIHEM YPOBHE MMEIOT BOCEMb BAJIEHTHBIX
9JIEKTPOHOB, YTO OTBEYACT YCTONYMBON 3JIEKTPOHHOM KoHdurypauun. Hekoroprie
CBOICTBa MHEPTHEIX ra30B IIPEACTaBICHH B Tabn. 9.1.

CeoiicTBa 31emenToB 18-ii rpynns

Tab6auua 9.1

CaoitcTBO

Ne

Ar

Kr

Xe

Rn

Bapan anpa Z

DJIeKTpOHHAs
KOHbHUTrYpamsa
B OCHOBHOM
COCTOSIHUH

ATOMHEBI
paguyc, HM

ITepBas sHeprus
MOHM3auWH 1,

KIDK/Monb

DHeprus BO3oyxX-|
JleHus
nstnpS—
— nsnp’(n +1)s,
Kx/Monn

DNeKTpOOTpHIIA~
TEJILHOCTE:
no IMoauury
no Omnpeny —

Poxosy

152

0,122

2372

5,50

10
[He]2s22p°

0,160

2080

1601

4,84

18
[Ne]3s23p5

0,192

1520

1110

3,20

36
[Ar]3d'%45%4p°

0,198

1351

955

54
[Kr]4d"5s5 5

0,218

1170

801

2,60
2,40

86
[Xe]4/1*5d'%5%6p8

0,220

1037

656

2,06

326



ITomHoCTRIO 3aBepilIcHHAS KOHMUTYpALFs BHELTHETO 3JIEKTPOHHOTO CJIOs (B CIIy4ae
TeJIMSA ¥ HEOHA) WK HAJIMYME OKTETa 9JIeKTPOHOB OOYCJIOBIMBAET BHICOKHE 3Haye-
HUS SHEPTHH MOHM3alIMH aTOMOB MHEPTHHIX Ta30B U, KaK CJIENCTBME, MX HU3KYIO
XUMHYECKYIO aKTHBHOCTE. CITOCOGHOCTh aTOMOB 3THX 3JIEMEHTOB BCTYIATh B XUMHU-
YECKMEe peakI[MH BO3PacTaeT ¢ POCTOM aTOMHOTO paauyca BCJIEACTBUE OCIabIeHUs
MPHUTSKEHUS BAIEHTHHIX 3JIEKTPOHOB K AIpy. JdefCTBUTENBHO, NP IBIDKEHUU BHU3
TI0 TPYMIIE MOCJIEHOBATENIEHO YMEHBIIAIOTCS 3HAYSHUS SHEPTUit BO30YXKIECHUS U 9HEP-
Yt MTOHU3aUMHK (CM. TabJ1. 9.1). DHeprust MOHN3AIMK KCEHOHA OKA3HIBAETCSI MEHBILIE
9HEPIMHM MOHM3AITUH MOJIEKYIIH Kuciaopona (1180 kIx/Mons), uro mobymuwio H. bapr-
Jierta mpoBecTH cUHTe3 XePtFs 1Mo mMeromnke, pa3paboTaHHON VIS aHAOTHYHON
conu okcurenwna O3[PtFg]". K HacTogieMy BpeMeHH IMOJYYSHB XUMHYECKHE CO-
€OTHEHHS JINILD TSDKEJIBIX MHEPTHHIX Ta30B: KPUIITOHA, KCEHOHA U palOHa.

9.2 HAXOXJEHHNE B ITPUPOJE. IIOJIYYEHHUE

Ienunit — BTOpOI (MTOCJIE BOXOPOHAA) JIEMEHT MO PacHpOCTPaHEHHOCTH BO Bcee-
JIeHHOM. B TO Xe BpeMs Macca «3¢MHOTO» TeJIMS COCTaBJISIET JIUIIb OOHY MUJUTMOH-
HYIO MaccH 3¢MHOM Kophl. Ha CojtHile 3HaYUTENIBHOE KOJIMYECTBO siIep reus oopa-
3yeTcsd TMpH SIIEPHOM «TOPEHMH» BOAOPOXNA, MOITOMY COHECPXKAHHME STOTO 3JIEMEHTA
Bo BceneHHoit mocreneHHO Bo3pacTtaer. ['enmit o6pa3yeTcss TaKKe MpU o-pacrnanc
panMoHYKIMAOB. OH 3aIoJIHAET IMyCTOTH B PaMMOAKTHUBHEIX TOPHBIX MIOPOHAX T MU-
HepaJax, a OTTyHa rnornanaeT B atmocgepy. B Buie npuMecH reyit COMyTCTBYeT Me-
TaHy. OCHOBHHM HCTOYHUKOM TeJIUS ABISETCS MPUPOIHEI ras.

Bce MHepTHEIE Ta3H, IJIABHEIM 00pa30M — aproH, COAEPXATCS B BOBI[YXC SIBJISI-
IOIIEMCST CHIPBEM JUIS MX MPOMHBILUICHHOTO TOJYYEHHS.

PanoH — panMoakTuBHHIM 371eMeHT. Haubosee ROJIroXXMBYIIHA nsorton “**Rn,
o0pasyoimics Npy a-pacnajue 226 Ra, nuMeeT nepuon nonypacnana 3,82 gHa. OguH
TpaMM paaHsi-226 3a CYyTKM BHIESET 6,6 - 10‘4 M panioHa. B MuHepanax Topus npm-
CYTCTBYET HEKOTOPOE KOJIMYECTBO HM30TOMNa 2Rn (nmepuox monypacnana 55,6 c),
KOTOPBII paHplile Ha3BIBAIM TOPOHOM.

Cxema paszeJieHHs1 XHIKOIO BO3Myxa Ha (PpaKIiiM{ IpeacTaBjleHa Ha pHc. 9.1.
DpaKIMOHHON MUCTWUISALMK MOABEPraeTCd BO3AYX, TILATENHLHO OUYMIIEHHHINA OT

ITornoluexue ITornomenue
CNIEZIOB TSKENBIX HEOHa YITIeM
pu —190 C

Puc. 9.1. CxeMa ppaxyyHOHMPOBAHHUS XXUIKOrO BO3AyXa

327



MUKDPOYACTHIL MBUTH, & TAKXE OT YINIEKUCIIOTO Ta3a M BOMSHBIX napos. Ha BepxHux
Tapesikax cobupaeTcst 6osnee neTyyas bpakums, cocrosinas U3 HEOHA U renvst, u3
KOTOpoif abcopbumeit Ha yrre npu —203 °C BBIICTIAIOT HEOH. AGCOPOLIMOHHEII MeTOx
OCHOBAaH Ha 3aBUCHMOCTH abCOPOLIMOHHBIX CBOMCTB ra3a OT ero MOJIEKYJSIPHOM MacChI:
€M OHA BBILLE, TEM JIyYllle ra3 abcopOMpyeTCs yreM. IMockonbky TeMmneparypa
KUIICHUA aproHa (-186 °C) nexut Mexay TeMNepaTypaMu KUIeHus asota (~196 °C)
1 kucinopona (~183°C), aprou (s Bo3myxe ero conepxurcst Gosnbliie, yeM 1106010 apy-
TOro MHEPTHOTO ra3a) COGMPAETCS B BUIE OTHEIBHOMN ¢pakimy. Ha HykHMX Tapenkax
KOHAEHCHPYETCS XUAKOCTD, COCTOSIIIAS MPEUMYILECTBEHHO U3 KHCJIOPOAa ¢ MpHMe-
CBIO TSDKEJIBIX MHEPTHBIX TA30B: KPHITTOHA (f,, = —153 °C) 1 KceHOHa (f,, = —108 °C).
Ee BHIEpXUMBaIOT Npn TeMrnepatype ~183°C — temneparype kuneHus KHUCIOpOoJa,
TEM CaMBIM pasliesiss Ha Ta30ByIo (PPaKLUIO (KIenopon) n XuaKyio (CMech KPUITO-
Ha 1 KceHOHa). 2Kuaxyio dpaximio nensr ITyTEM IMOBTOPHOM MEPETOHKM IIPH TeMITe~
parype -153°C.

9.3. ®PU3NYECKHUE CBOMCTBA

Bce mHepTHBIE Taswr (Tab. 9.2) He MMeIOT uBETa, BKyca U 3amaxa, objamaoT
HU3KNMH TEMIIEPATYPAMU IUIABIEHUS U KUIEeHUs. WX MOJIEKY/BI OMHOATOMHEIE W
B3aUMOAEHCTBYIOT APYT C NPYTOM JIMILD 3a CYET CIaGhiX JIOHNOHOBCKHX CHJI, BO3pa-
CTalOIIMX C POCTOM aTOMHOTO paayca. B ToMm xe PALy YBETMYUBAETCS U PACTBOPH-
MOCT®b B Bone. Tax, ecnu renmit — OEMH U3 CaMBIX MaJIOpaCTBOPUMBIX B BOJE Ta30B,
TO PACTBOPUMOCTD PaJIOHa TIPH TeX XK€ YCIOBHSAX B HECKOJIBKO pa3s BbILE pacTBOPH-
MOCTH KUCIOpOAa. AproH, KpUITTOH U KCEHOH 006pasyloT K1aTpaTthl Ha OCHOBE BOJEI
Y TUIPOXMHOHA, HanpuMep Xe - 3C4H,(OH),, B KOTODBIX ATOMBI MHEPTHOTO Ta3a
PACIOIOKEHBI B MONOCTSIX CTPYKTYPHI BEILECTBA-«X03sMHa». MeHbline 110 pasmMepam
aTOMBI Ie/IUsI M aprOHa He CHOCOGHHI YAEPXKUBATHCA B MONOCTSX,

Ta6naunna 9.2
CaoiicTBa npocThIX BemecTs
CaoiicTtso He Ne Ar Kr Xe Rn
CraHnapTHas SHTANBNUS HC- 0,08 1,74 6,52 9,05 12,65 18,10
napenus, klx/mons (20°C)
ts °C -272,2*| 2486 | -189,4 | -157,4 -111,8 | -71,0
tous "C -268,9 [ -246,1 | -185,9 [ -153,4 -108,2 | -62,0

Conepxanue B Boanyxe, % 5210 1,8.103( 0,934 [ 1,1-1073 8,7-106]6,0. 1018

Macca rasa B atmoccepe 3em- 3,71 - 10° 6,48-10'°(6,59-10'*(1,69.10'92,02. 10°] ~]0-
Ju, T

PactsopumocTs B Boze nipu 8,6 10,5 33,6 59,4 108,1 230,0
20°C, mu/n

* Mon masnenuem (renuit — emuHCTBEHHOE BemecTso, He CYIHECTBYIOLIEE B TBEPAOM COCTOSTHHK
TIpK aTMOC(EPHOM [aBNeHUH).
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9.4. XUMUYECKHE CBOVICTBA. ®TOPUIHI KCEHOHA

WcTMHHBIE XNMIYECKHE COEOMHEHNS TIOMYYEHBI JIMILD IUTsl KPMIITOHA, KCEHOHA
1 pagoHa*. Jlyylille BCero u3ydeHa XMMHsI KCEHOHa, TaK KaK COEMMHEHNS KPUIITOHA
KpaifHe HEyCTOMYMBHI, a PafoOH PagMOAKTHUBEH.

BzaumoneitcTBre KceHOHa co TOPOM NMPUBOIUT K o6pa3oBaHuIO cMecH QTOpHU-
AOB, B KOTOPOJ} B 3aBUCHMMOCTH OT YCJIOBUIT POBEAEHNUS peaKLiny TpeobiafaeT In-,
TeTpa- Wi rekcadropux (puc. 9.2). YooGHBIM METOIOM CHHTe3a IugTopuaa, Mo3Bo-
JIAI0IMM U30€XaTh MPAMOro GTOPUPOBaHUS, SBISETCA OKUCIEHHE KCEHOHA dro-
puzoM cepebpa(ll) B mpucyrctBuu xucinots Jnionca:

2AgF; + 2BF; + Xe = XeF, + 2AgBF,

BsanmoneiicTeue KceHOHa ¢ rexcadTopHIOM MIAaTUHHL, No3BosuBILee BapmieTty B 1962 1.
OTKPEITh COCIMHEHNSI HHEPTHHIX ra30B, HEAABHO BHOBE NPUBJIEKIIO BAUMAHHE Y4eHOro, Bapt-
JETT JOKasan®*, 4TO rOpYMYHO-XEJITOe BEI[ECTBO, obpasyioleecss NpH B3aMMONEUCTBHH
KCEHOHa M rekcapTOpHAa MJIATHHHL B COOTHOLIEHHH 1:1, npexacrapiser coboit nonumep
(XeF),"(PtFs),”, npu HarpesaHHuu NPEBPALIAIOIIMACH B OPAaHXEBO-KPACHBE KPHCTALIH
XeF'Pt,F;,.

DTOpPHAB! KCEHOHA MPEACTARISIOT cO60ii GecIBETHBIE JIETYYre KPUCTAITHYECKUE
BELIECTEA, JIETKO TUAposu3yiolnecs (Tabi. 9.3). Indropun KceHoHa 06pasyeT Heyc-
TOWYMBHIE PACTBOPHI, KOTOPHIE B TEUEHUE HECKOJbKUX YaCOB pa3naralTcs:

2XeF, + 2H,0 = 2XeT + 4HF + 0,1

Terpa- u rexcadropun KceHoHa ropasno 6oee YyBCTBMTENBHEI K BJIAre BO3IyXa —

TIpn TIONagaHUM B BOLY OHM MTHOBEHHO THIPOJIU3YIOTCH C O6pa30BaHMEM OKCHUIA
XeO;***:

6XeF, + 12H,0 = 2XeO; + 4XeT + 30,1 + 24HF
XCF6 + 3H20 = XCO3 + 6HF

6 I
B npHCyTCTBUM CIIENOBBIX KOIMYECTB BOIb 06pa- § 5t XeFs
3yI0TCsl OKCOGTOpHAR! KceHOHa: XeOF, — Gecuper- <
Hast JieTy4ast Xuakoctb u XeO,F, — GecupeTHsle le-  § 4f
TYYHE KPUCTAUIBI; & 3
g 3]
XeFs + Hy0 = XeOF, + 2HF !
2 L

XCO] + XCOF4 = 2X502F2

C BBICOKHMM BBIXOZOM OKCOMTOPHIB MONYYAIOT MO
peakunu XeFg ¢ NaNO;,

—
T

0 100 200 300 400 500 600
DTOpHab KCEHOHAa MMEIOT MOJIEKYJISPHOE Temneparypa, *C
cTpoeHue (puc. 9.3). CrpoeHue nx MOJICKYTMO-  pyc g9, 3aBHCHMOCTE PAaBHOBECHOTO
KET OBITh MPENCKA3AHO TPU TMOMOIUM MOIETH  papreriya LM, TeTpa- 1 rexcabTopH-

Twutecrin. Cornacto monemm XeF, — nuHeit- A KCEHOHA OT TeMIIepaTyphl

* Mpu TEMIEPATypax, GIM3KKX K aGCOMIOTHOMY HyIIO, 3aHKCHPOBAHO BaH-Jiep-BaaJIbCOBO B3aH-
MOZIECHCTBHE MEXIY aTOMOM Ar M HEKOTOPHIMH MOJIEKYIaMK (HF, HCI).

** Graham L., Graudejus O., Jha N. K., Bartlett N. // Coord. Chem. Rev. 2000. V. 197. P. 321.

*** Huston J. L. // Inorg. Chem. 1982. V. 21. P. 685.
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Ta6iauua 9.3

CaoiicTBa (TOpHIOB KCEHOHa

CaoiicTBO XeF, XeF, XeFq
ty, °C 129 117 50
AHj, x]Ix/Mons -176 =251 -338
d(Xe—F), um 0,200 0,195 0,184
0,223 (MOCTMKOBHIIf)

*!I B tetpamepe (XeFg),.

Hasl MOJIEKYJla C TPeMsl HEMONEJIECHHBIMH JICKTPOHHBEIMH TapaMu, JEXalMUMU B
9KBaropualbHOM mIockoctu (tun AB,E;); XeF, umeer ¢opMy KBampaTa ¢ IByMs
HenoxeneHHuMY 1apamu (tun ABLE,), a XeFy — ncKaXeHHOTro oKTasapa ¢ OgHOM
HETMONENICHHOM Mmapoii 271eKTpoHOB (TUI ABGE). CBOGOIHEIE MOJIEKYITBI XeFg n3BeCTHHI
B I1ape, a TakXe B pacIliaBe, II¢ OHU HAXOMITCS B PABHOBECHH ¢ TeTpaMepaMH [XeF]4*.
JlokazaHo, 4TO B ra3oBoit daze moiekyna XeFg COmEpXHMT HEMOZEIEHHYIO K-
TPOHHYIO Mapy, KOTOPasi IIPOXOOUT Yepe3 LeHTP OMHOM M3 rpaHel okrasampa. Oco-
GEHHOCTBIO 3TOM YaCTHIIBI SIBJISETCS HEMPePHIBHAS 1 OBICTPAs MEPECTPOItKa CTPYK-
TYPHI B pE3YJIbTaT¢ MUTPALMH JIEKTPOHHO Mapsl M0 Pa3IMYHLIM IPAHSIM OKTasnpa
Yepe3 MPOMEXKYTOYHOE COCTOSHUE, B KOTOPOM Mapa HaXOOUTCS B LIEHTPE OFHOTO U3
pe6ep. Trepawiit rekcapTopur — nosmmep, cocrosumit u3 ¢pparmertos XeFs u ato-
MOB (pTOpa, CBSI3BIBAIOLIMX MX APYT C APYToM (puc. 9.4).

HekoToprie aBTOpH paccMaTpuBalOT 06pa3oBaHue CBSI3M Xe—F Kak pe3ysibTaT
pacrnapuBaHus p-9JIEKTPOHOB KCEHOHA 3a CUET MX IIEPEX0oNa Ha BAKAHTHHIN Sd-mox-

180° F F
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F F
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-
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F Fae——}———nF F. F F " F
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Xe \ = o
/ \ ‘/ \ Xe\\\l /Xe 90
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Puc. 9.3. Crpoenue Monexyn XeF, (a), XeF, (6), XeF, (auHaMuuecKas MOAETH C MHTPH-
pyomiei 371eKTpoHHOI napoit) (¢), XeOF, (2)

* Burbank R.D., Jones G.R. //J. Amer. Chem. Soc. 1974. V. 96. P, 43.
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0,302 um

« PSR

0,200 uM

Puc. 9.4. CtpoeHue:
a — xpucraioB XeF,; 6 — TerpaMepoB U rekcaMepoB B CTpyKType XeFg

YpOBeHb. DTO HEBEPHO, TaK KaK 3aTpauuBaeMasi Ha 310 sHeprua (>1000 xxx/Moib)
He MoXeT OBITh KOMIIEHCMPOBaHa IpH 00pa30BaHUK OJUHAapHBIX cBstzel (E(Xe—F) =
= 130 xJIx/Mosp). MeToa MOJeKyIISIDHBIX opGrTayieil onuckBaeT o6pasoBaHue GTO-
PUIOB KCEHOHA C TTO3MIIHIA TPeXIEHTPOBLIX YeTHIPEX3JIeKTPOHHBIX CBsi3eil. Harrpu-
Mep, B obpazoBaHMM MOJIEKYJIBI XeF, yJacTByIOT p,-OpOUTaJiM aTOMa KCEHOHa U
IIBYX atroMoB ¢Topa (puc. 9.5). x B3auMomeiicTBe IIPUBOIUT K BOZHUKHOBEHUIO
TpeX MOJIEKYJSPHBIX c-0pOnTaNeil: CBA3BIBAIOIICH, HECBA3LIBAIONIEH W Pa3pBIXIISIO-
1Ied, ITepBhle JBe M3 KOTOPHIX 3arlOJIHEHBI 3JIeKTpoHaMU. ITopsanok cBsI3U, TaKUM
06pa3oM, OKa3bIBaeTCA PABHBIM €IUHMILE, YTO COFIACYeTCs CO CIIEKTPAIbHBIMU TaH-
HeiMU. CoeIMHEHMS, COoIepXalllle TPeXUEHTPOBBIE YETHIPEXJIEKTPOHHHIE CB3U,
Ha3bIBAIOT 2UNepeaeHmMHbIMU.

£ AO MO AO
(Xe) (XeFy) (2F)
20, F Xe F
5p, -ﬂx\" A
\\\\ cg \\

£, 00 006 60
Puc. 9.5. Cxema MoneKynsapubIx opoutaieit Monekynsl XeF,. CripaBa rioka3aHbl KoMOHHaI UK

aTOMHBIX OpOHTaJIei, y4acTBYIOIMX B (hOpMHUPOBAHNH KaXIOit U3 MOJIEKYJIADHLIX opbuTtanei
MOJIEKYJBI
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DTOPHIbI KCEHOHA SIBIIAIOTCS CHIIBHBIMM OKHCTHTENSIMU. OHU TpeBpallamT 6po-
Marthl B lepopoMaThl, MOIATHI B I1e PUONATHI, cepy B rekcadropun, conu Mapranua(Il)
B NepMaHraHaThl:

3XCF2 + 8 = 3Xe + SF6
5XeF, + 2Mn(NO;3), + 16KOH = 2KMnO;, + 10KF + 4KNO; + 8H,0 + 5Xe

Ha atoM ocHoBaHo ucrionb30BaHte GTOPUIOB KCEHOHA B CHHTE3e BBICIIUX (PTO-
PHIOB IepeXoIHbIX METAJUIOB™:

XeF, + 2CeF; S Xe® + 2CeF,

JApYruM BaXXHBIM CBOHCTBOM (TOPHIOB KCEHOHA SBIISETCS X CIIOCOGHOCTD BHIC-
TYNath Kak JOHOpaMM, TaK M aKIeNnTopaMu (HTOpua-MOHOB. JIOHOPHbIE CBOMCTBa
youiBator B pany XeF, > XeFg > XeF,. C PFs, AsF;, SbF;, PtFs 1 npyruMut TMITMYHBI-
MM KucnoTamu JIbionca HauGosee JIETKO B3aMMOLNEHCTBYeT IudTopun KceHoHa, 00-
pasyst conu [XeF]'[MFq]~, [Xe,F;]*[MF]™:

XeF, + AsF; = [XeF]'[AsF{]"

B HEKOTOpPEIX cityyasix BOZMOXHO 3aMemmeHue ¢ropa B [XeF]* Ha aTom asora, xj10-
pa** wim ymiepona:

XeF; + CI” + 2SbFs = [Xe—CI]*[Sb,F,,]" + F~
XeF, + CsH;—BF, = [C¢Hs—Xe]'[BF,]

TakuM criocoGoM mosyyaloT U Ipyrue KCCHOHOPraHWYeCKUe coeAMHeHus. Peakuuy,
TIONIOGHBIe TOCTe e, poTeKaloT Giaromaps GOJIBIIOMY SHEPTeTUYECKOMY BBIMT-
pHily 1npu obpasosaHuM cBsiau B—F.

BsaumopneitcreueM XeF, ¢ M3GHITKOM NneHTa¢hTOpHIa CYpPbMBI NPH JaBIeHUM
3arM yganoch MOMYYUTH TEMHO-3eJIeHble KPHCTaJUIbI, ColepXallre ImapaMardut-
HBIIf KATMOH TUKCEHOHa Xej:

4XCF2 + SSbFS = 2XC;[Sb4FZl]_ + 3F2

Paccrosinne Xe—Xe B KaTMOHe COCTABISeT 0,309 HM, YTO CBUAETENBLCTBYET JIMID
006 oueHb c1aboM B3aMMOIEeHCTBUM***,

AKIIENITOPHBIE CBOMCTBA YOHIBAIOT B psany XeFq > XeF, > XeF,. Ouu Haun6ojee
XapaKTepHB! ISt reKcadTOpyaa KCEHOHA, KOTOPHIi JIETKO BCTYIIAeT B peaKkiuu ¢
GTOPUIAMM TSIKENIBIX ILEIOYHBIX METAUIOB (py6unvst v nesus):

XeFg + CsF = Cs'[XeF;]”

Peakiio nposoasT B cpene neHradTOpUna 6opa, ABIAUIErocd CWIBHOJIOHOPHEIM
pactBopuTeneM. O6pasyomuiics renrrapTopokceHatT(VI) BhimensieTcs NMpu oxiax-
ACHUM B BUIE XKEJTHIX KpUCcTaJUIOB. [Ipy HarpeBaHuM OH NpeBpaiaercs B okTadTo-
POKceHar, yctoituuBheIi go 430 °C:

2Cs'[XeF;]” 25 Csj[XeFy]* + XeF,

* Kucenes HO.M. // Koopa. xumus. 1997. T. 23. Ne 2. C. 83.
** Seidel S., Seppelt K. // Angew. Chem. Int. Ed. 2001. V. 40. P. 4225.
*** Drews T, Seppelt K. // Angew. Chem. Int. Ed. 1997. V. 36. P. 273.
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XuMus KpunTona. 151 KpUINTOHA M3BECTHBI JIKIL coennHeHus co propom B crene-
HHU okucnenus +2. @ropun KrF, o6pasyercs u3 npocrbix BemecTs NIpU TeMIlepaType
Xuukoro asora. Ero o6er4Ho nosyyaior, nponyckas ajeKTpudecKuit paspsi 4yepes CMeCh
KPUITOHA C GTOPOM, B pEaKkTope, OXIaXKAAEMOM XUIKUM a30TOM (puc. 9.6). B paspsine
SJIEKTPOHBL aTOMOB KPUNTOHA NEPEXOAAT B BO3OYXAECHHOE COCTOSHUE U npuobpera-
10T CMIOCOGHOCTB BCTYNATh B PEAKLIMIO ¢ HTOPOM. Kpuc-
T AM(TOpUIa KPUNTOHA OCENAIOT HA CTEHKAX peak-
Topa. B CTaHIapTHBIX YCIIOBUSIX OHM MEIJIEHHO pas3fiara-
I0TCst Ha GTop M KpunTtoH. ITo CTpoeHMIO U CBOIiCTBAaM
KrF, nanomunaer audropun KceHoHa, seassich o cpaB-
HEHMIO C HUM ewue Gonee CunbHbIM okuciuteneM. KrF,
OKHCJISi€T TpHGTOPUA 30j10Ta 10 NeHTadbTOpHia, NeH-
Tadropua xnopa no moHa [CIF]", NpeBpalaeT Merai-
JIM4ecKoe 30J10To B 30510T0(V):

7KrF; + 2Au = 2KrF'[AuFg)~ + 5Kt

IIpy HarpesaHUM KOMILIEKCHAs CONb pasylaraeTca Ha
¢rop, KCeHOH U meHTadbTOpUA 30/10TA:

Tednonosne
NnpoOKH

KrF'[AuFg]” —L5 AuF; + KrT + Fy1

HHTepecuo, uro cBoGORHBIIH Top B oTIMuME OT AUDTO-
PHJIa KpUIITOHA HE CMIOCOGEH OKHUCIIUTD 30JI0TO 10 AuFs,

Mono6uo XeF, mia KrF, XapaxkTepHbl JOHOPHEIE
CBoiicTBA:

Puc. 9.6. Peakrop st cunTe-
KrF, + AsFs = [KrF}'[AsFg]~ 3a KrF,

Ha ceropusinmit neHs 310 camoe YCTOWYHBOE COeIMHEHUE KCEHOHa.

CyiiecTBoBaHKe yCTOIYMBOTO HOHA [XeFs] % mosBonser TIPETIOIOXUTh BO3MOX-
HOCTb CHHTe3a OKTadTOpHIa KCeHOHa. ONHAKO BCe IOMBITKU €ro TIONlyY€HUST 10
HacTOAIIETO BPEMEHU YCIIEXOM He YBEHUYAIUCH.

9.5. KHCJIOPOIHBIE COEAVHEHUA KCEHOHA

K¥ucroponseie coennHe HUS M3BECTHBI JIMILB TS KCEHOHa, Kcenon o6pasyer npa
okcupa: XeO; u XeO,, 06a 4pe3Bbryaiio HEYCTOMYUBBI U JIETKO B3pPBLIBAIOTCS OT
Majieliiiero corpscenus (puc. 9.7). Okcun XeO; 06pasyeTcst IPU THAPOIM3E TETPa- U
reKcahTOpUIOB WM NIPU JeHCTBUH rexkcagropu-
Jla Ha OKCHJT KpeMHUS:

2XCF6 + 35102 = 2XCO3 + 3SIF4 ”

Xeo o= =Xe\
B cBoGomHOM Buae OH TpecTaBaseT coboii Bec- 2z~ \§§ // 0
IBETHBIC KPHCTA/UIbI, XOPOILIO PACTBOPUMEIE B BO-  © " 0 o
Ie. Ero BomHbIe pacTBOPHI HE U3MEHSIOT OKpacKu 0
WHIVKATOPOB, XOTS B IIPUCYTCTBUM 1LEJI04H 06pa- a 6
3YIOTCHl CONM KCeHOHOBOH Kucnothl H,XeO; —  Puc. 9.7. Crpoesue monekyn XeO; (a)
KCEHAaTHI. u XeO, (6)
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Yianoch BHLIETUT JIMIID KUCIIbIe KCEHATHI 1Iie-
JO4YHBIX MeTtayuioB coctaBa MHXeO,, KoTopsie
IpY 100aBJIeHUM M30BITKA IIIEIOYM TUCIIPOIIOP-
[IMOHUPYIOT:

2NaHXeO, + 2NaOH = Na,XeO4+ Xe + O, +
+2H,0

Tak nonyyalor rnepkceHaThl — COJH ITEPKCEHO-
HoBo# kucnorel Hy,XeOq OHu comepXar MOH
[Xe06]4', VMEIOLLWI OKTa3IpU4eCcKoe CTPOeHHE.
TBeprble coNM ETOYHBIX METAJIIOB BBIIEPXH-
BaloT HarpesaHue no 200°C, a B BOOHBIX pac-
TBOpax YCTOWYUBHI MU B CHJIbHOIIEIOYHOM!

ol o cpene, OMHAKO M B 9THIX YCJIIOBUSAX OHU CHJILHO
0 1 2 3 4 5 6 7 8 rugponusyorcat. Harmpumep, npu pH 11—13
CreneHb OKMCEHMs npeo6nanaer uoH H;XeOg, nanpHeiilliee yMeHb-
Puc. 9.8. Jvarpamma sonsT-oKpupa- LEHHE pH mpuBOOHUT K BOCCTAHOBJIEHHIO IO
JICHT — CTeIleHb OKHUCJIEHUS IJIsE KCe- KCCHATOB:
HoHa B xucibix pH 0 (crutownas u- 2H;3XeOg = 2HXeO; + O,T + 2H,0
HUA) U wenoyHsix pH 14 (nyHk-
TUDHAs JIMHUA) pacTBOpax HeiictBiieM Ha mepkceHathl 100 %-it cepHoit
KUCJIOTHI ITOJYYaloT BBICIIHI OKCUI KCeHOHa
XeO,:

Na4XeO6 + 2stO4 = 2Nast4 + XCO4T + 2H20

OH nipencrapisier coGoit GeciiBeTHHIN ra3, CaMOIPOU3BOJILHO B3pbiBaoIuiics. YyTb
GoJiee yCTOMYMBBI €70 PaCTBOPHI B TOHOPHBIX pactBoputesix (BrFs, HF), ux MoxHO
XpaHUTh npu TeMreparype —33 °C. Monekyna XeO, nipencrasisier co60il NpaBUilb-
HBIA Terpasnp. Terpaokcun KCEHOHA M MEepKCeHAThl — OJHM U3 CaMBIX CHJIBHBIX
okuciuTenei (puc. 9.8).

KOHTpOJleHe BONIPOCHI

1. Hanvuvre ypaBHeHMs1 peakuuii rekcabTopHia KCeHoHa ¢ GropuioM pyGuaus, NeH-
tadpropunom docdopa, Bonoit 1 pacTBopoM nosapeHHoM conu. Kakue cBoiicTBa nposeiser
5TO COeAMHEeHHe B KAXKIOM Ciiydae?

2. HoH [Xe,F;]" 1o 4MCITy BaNEHTHBIX 3/IeKTPOHOB M303/1eKTPOHEH I5. Beickaxure npen-
MOJIOXEHUS O ero CTPOeHUU U reoMeTpuH. CBoil OTBET MOTHBHpYiiTe.

3. B 2000 r. nosiBIiIOCH COOGLIEHUE O MOIYYEHUH M€PBOTO OPTAaHMYECKOTO COeaNHeHUs
kceHoHa(IV) no peakuun C¢Fs—BF, ¢ TerpadTopuiom xceHnoHa (-55°C, CH,Cl,). Hanu-
LIMTE YPABHEHME PeaKLMH, 3Has1, YTO UCXOMHBIE BELIECTBA PEATMPYIOT B COOTHOIeHHM 1: 1,
a eMMHCTBEHHBIM IPOAYKTOM siBNisieTcs TeTpadropbopar. [Ipearnonoxure, KAKOBO reoMeTpH-
4YECKOE CTPOeHHMe KaTUoHa, BOCIOJb30BaBUIMCH MOAE/bIo [utecu.

4. B nipucyTcTBUMM BoAbl AUGTOPUI PaXoHa THAPOIM3YETCS aHAJIOTMYHO AUBTOPUILY Kee-
HoHa. Hanuumure ypaBHeHHe peakiLiy.,

5. Teepanlit AuTpar Hatpus pearupyet ¢ XeFg npu 70 °C ¢ o6pasoBaHueM oKcobTopHIa
XeOF,, xorophiit, BcTynast Bo B3aumozneicrsue ¢ u3bbitkom NaNO;, naer XeO,F,. [To6oy-
HBIMU HpOAyKTaMM oBeux peakuuit sieisiiorest NaF u dbropun nutpouwna NO,F. Hanuinure
YPaBHEHUs peakuuil. B Kakux ycoBusix obpasyercs HpeumyliecrBeHHo XeOF,, B Kakux —
npeuMyiiecrseHHo XeO,F,? U3o6pasure ctpoeHue XeO,F, u NO,F.
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6. Pacyersl, BhIONHEHHBIE 110 LMKy Bopua—abepa*, noka3wBaIoOT, YTO TUIOTETHYE-
ckast conb [ArH]'[F]™ umeer suepruio Ha 544 xJIx/Monb BeILE, yeM cMech Ar + HF, T.e.
OYEHb HEYCTOHYMBA U BPSU JIM MOXET OBITh IoNiyueHa. [HUNOTETUYECKOE COEqUHEHHE
[ArF}*[SbFg]™ npesocxomut no 3Heprum cmech Ar + F, + SbFs Bcero Ha 105 KJIX/Mob.
Hasosure npyrue conmu, nomo6Hele 310d, KOTOpHIE B GyaymieM Haubosee BEPOSTHO MOJY-
YUTh U NPEJIOXKNUTE METOMA MX CHHTE3A.

7. Uon IF;” nzoanextpoHeH audropuny KceHoHa, ONUILHUTE €10 CTPOSHUE METOAOM MO-
JIEKYJIIPHBIX opOuTaseii.

8. IlpuBenuTe rpuMepbI U3BECTHHIX BaM JIEKTPOHACHUIIMTHBIX, TUTIEPBAIEHTHBIX COENN-
HEHUIH.

* Christe K. O. //Angew. Chem. Int. Ed. 2001. V. 40. P. 1419.



IIPUIIOXEHUA

Hpnnoxéune 1

XumMA9YeCKHe CBOMCTBA HATPHS M €ro COoeaMHeHMi

10
NaO,
023P
H,0+ CO,(u36.) H Oz
I—NE_I@NI-E +CO,+H0 Cl,
t°, an.ToK
to

H,0

[NaCO, [NaCl 5 ror{NaOH

H,S0, gaco3 200 °C|H,SO,(xonw) | O,

NaCl(Ts.) 37°C
[ NaxSO, [+ iz — NaHSO, | | NaO; |—="% |

600°C 400°C
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MMpunoxenwue 2

Xumugeckne cBoiicTa Gepwiins u ero coeMHe HUH

lﬂe(CH;COO)ﬂ l Be,O(NO;), l
H,0 (CH,C0),0 120°C
Be(NO;),

[ Be,O(CH,C00), |-CHiCOOH [BeCh 22 |spc
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CO,, H,0 t° OH", H,0 ——
Be(OH), |——2=2 e : — [Be(OH),J* |
CO BpEMeHeM BCCO3- 4H2 0
— Be;(OH),(CO;) xH,0 fm—— C0,+H,0

t° C03_

I [BC(C03)2]2_|

12 Heopranuueckas xumun, tom 2
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NMpunoxeHnue 3

XuMuYecKne CBOHCTBA Gapus M ero CoeNHHECHHH
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HMpunoxenue 4

Xumuveckne cpoiicTa 6opa ¥ ero coexunenuii
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CrenreHs oKuceHns
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XuMHYCCKHE CBOMCTBA AMIOMHHHAS H €0 coeAHHeHHH
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MpunoxeHue 5
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Ipunoxenue 6

Xumuyeckue croiicTea Yrliepoaa H ero coenmnenmii
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HOpunoxenue 7

XnmuueckHe CBOMCTBA KPEMHHS H ero coeJuHeHH

CreneHy OKUCIEHRA
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IMpunoxenwue §
Xumugeckue CBOIACTBA 0J10Ba K ero COeIHHeHHii
Crenens okucnenng

eve
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XuMHuYeCKHE CBOICTBA CBHHIA H €0 COeTHHEeHMH

CreneHb OKUCICHUA

IIpunoxeHue 9
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IIpunoxenue 10
XumMueckHe cBOMCTBA 230Ta €ro CoeTuHeHmiH

Crenens okucienus

-3 -2 -1 ) 0 + +2 +3 +4 +5
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IIpunoxexnue 11
Xumuueckue caoiicTsa gocdopa H ero coeruHeHHiH

CreneHb OKUCIIEHAA
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IMpunoxenue 12
XuMurgeckne cBoiicTBa CYPHMBI H ee COeIMnenuii

. CreneHs okucnenns
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NaOH + O, Ag'

I NaSbO, | NaSbO, H,0
N32C03 N32C03 Na[Sb(OH)6]

. 0, t°

CaSh, Jo—C2! [sb c2z° Sb, [5b,0; | NaOH
t t. .

! I Sb,05-xH,0 ’

HNOGO®) reo, 50}

H* - NaOH SbOCl,
[:Sb o:]c1 CO, + H,0
H,0
Cl H,0
T Zn, HCI 2 M <re 1 Cl, (136mrToK) 2
| SbH; | =__SbCl; ] ﬁ,' SbCl, ,L
HCl(xonm.) H,S
Zn — H,[SbCl] | |H,s [ Sb,S,
H,S HCI| | (NH,),S
[Csbss, = MHO9S: o) 5os, ]
HCI| [(NH,),S

I (NH,);SbS; l



IMMpunoxeHue 13

XuMHAYecKHe CBOACTBA BHCMYTA H €ro COeHHeHHH

CrerneHp OKMCICHHSA

0 +3 +5

Out gl

—1 i.
H2’ t’ L__2_3—}‘— t°
t°

l BIONO3 Na202 | Bi205 'XHzo I

HNO,||¢° H*
HNO;(30 %) OH", Cl,

B_i_l,_—:_.—2|_Bi§_~IO) t —1 NaBiO
[BiCL | OH

Cl - Mo OH-, Cl
2 OH Bl(o% 2
! H,S

| Bi,S; l

348



6¥¢

ITpunoxenue 14

XnMHYeCKHe CBOHCTBA cephbl H ee COeTHHeH il

Crenexs OKHCIICHUS

-2 -1 0 +1 +2 +3 +4 45 +6

R0 st

H,S + NaOH mazszal - (TI

[ Na,S¢~0,
N H,0

[Nesi] NaOH  rgamiso, Nass,0, FP%°C Ghso,

Zn,S,0
[ Z0:8:0, S0,| [NaoH 600°C NaOH
Na B NHj(x.) ClL,
[ES_;I‘_*— Szcwaz J Iﬂa2803]
H+ Clz t° Zn NaOH H+ 02, V205, 450 oC

° — (o) =it 1 H.0
[t Zggg S _F = ={ so, |—ukamban _5m HO e
B H,0 2 M Mo,

i) 8

H*||C,H;ONa H,0|}| PCl ] TOK

[Nans ] | socl, | [ MnS,0, | (15,0 |
N32CO3

[ Na:$i06 |



IIpunoxenue 15

XuMAYecKHe CBOHCTBA CeJieHa H ero COeIHHeH i

CrelneHb OKUCIICHUS

=2 0 +4 +6
C12 Se% HCl L_I-_ISe()3 |
H,0 P,04
HNO;(koH1L.) E—1 C ==
ste 3 =1 H,Se0 I
— H,0,30%) 11—
|A12363 |‘| Al H,0 OH | |H*
02 ~ 1 NaNO; + NaOH X
H0 " EI'Se o 563500 I G Nay0) [Na,SeO, ]
| HzSe |*l Hz, ’ N32CO3
Na,O
[Na;SeO; ] —

t

350



IS¢

Ilpunoxedue 16

Xumuueckue CBOHCTBA XJIOPa M €r0 COEXMHEHHIi

CreneHb OKMCIeHHA
-1 0 +1 +3 +4 +5 +6 +7
F o1 P2, 230°C = F,
20c  LYE | 1 357, 250amLCIFs
H,0
SO HgO
[s0,Ci P (xaudape)  HgO G [HCI0;] [HCio;]
H,0 H,0) [saxyym H*
H,0 0;, 0°C
HC —2—{ G, f=—{rocr] [NaCio, |- 32 Cio; = . Ch0s | [ ChO, ]
+
KMnO, H* | BO NaOH (pacraop) B0 10, 50, H+___|HaSOuxomm) H,0| |P,0s
a
Meranm o'c  [NaoC — Naclo, -[HCIO,]
t KCl (Hac)  |KOH
i - :l/(pacmp) H,S0,
Lcr | T00°C. M0, 0, [KcIo, (xoHIL.)
500°C

— KCIO, I



(44

Ilpunoxenue 17

X#uMHYIecKHe CBOIHCTBAa OpOMa H €ro CoexHHenHil

CreneHpb OKHMCIEHHS

-1 0 +1 +3 +5 +7
F,, -40°C [ F,
I BrF; I 30°C BrF;
Cl,(m36b1T0K) + H,0 H,0
E——] P Clh, t* m—=—7 H,0 ;—l—-—] 20°C, Bpems
PBr3 I_BrCl — —Bl'2 l HBrOJ |
H,SO,(xoH11.) KCl H,SO,||Ba(OH),
H,0 KBrCl, IBa(BrO,);I | HBrO, |
KOH BaCly(xoru,)  KOHI||H*
-KBr
H KOH o ,—I- DILTOK
| 2 >0°C
[HBr f— { B} KBrO ——] KB, |-y KBrO, |
KOH, ¢°
2 270°C
KOH H3PO4(KOH1I.)
Fe, H,0, K,CO;, ¢°
| KBl . Cl,
r |
¥ (wm H,0, 351. T0K) 390°C
Cl,, KOH, ¢r°
390°C




€St

IlpunoxeHue 18

XuMHYECKHe CBOMCTBA HOJA M er0 COeXHHEeHHi

CreneHn OKHCIIEHHS

-1 0 +1 +3 +5 +7

[Nl 10, < NaOH = mrs,

f
H;PO4(xoH11.) NaOH H* H,S0,
H,0 KCl + HCl KCl, HCl H* Ba(NO,),

i1 1 KCl + HCl(xoHIL) 71— 140°C
W IK[IC12]| I KI[ICl,] | { HIO; | I H;104 I

Cl, + H,0; H,0,(30 %); HNO(nsine) Doy pr.cr.
co

>
o] {mo]




IlpunoxeHue 19

XHMHYecKHe CBOHCTBA KCEHOHA M €ro COeIMHeHMiH

CreneHs OKMCICHHA
0 +2 +4 +6 +8
25°C
A2 BCIXE ] [CaXeFs]  [CoXeRs]
H,0 200°C e
CsF
| CSzXCF7
CsF
1 400°C, 6 at™ [ l::
| ?e I Fz; Fz:xe =51 =1 XCF4 I XCF6 ]“_‘ XCO4
H,0 H,SO,(xoHL.)
Fy; Fy: Xe=20:1
L Ba(OH),

354



Ilpunoxenune 20

ILNOTROCTS BEPOATHOCTH HAXOXAEHHS JIEKTPOHA HA NOBEPXHOCTH Cepsl PATHYCOM F C HEHTPOM B Aape”

D

0 3 6 r/a 0 6 12 rla

0o 2 4 6 r/a 0 6 12 r/a 0 8 16 24 r/a

0 5 10 15 rfa 0 9 18 27 r/a 0 12 24 36 r/a

0 10 20 r/a 0 15 30 r/a 0 24 48 r/a

.- —
oA *D= 4rnr?|R%; R — paxamanbpHast COCTRBJIAIONIAs BOTHOBOM (yHKUMH; pacCTOSHHUE r BhIpaXeHO B GOPOBCKHMX paaMycax a = 53 nM.



Ilpunoxenue 21

OrHOcHTeNbHBIE 3HAYMEHHA 3HeprHA E aTOMHBIX OpOHTANIEH B 3aBHCHMOCTH
OT 3apsiaa Z snpa

107

10°

10!

10

103

104

1 1 1 L1t 1 111 | | | S I I |
10° 10 102 Z

356



Ilpunoxenue 22

H3meHenne 3/IeKTPOOTPHIIATEILHOCTH  HENEPEeXOAHLIX 3JIeMEHTOB
B IPYNIIAX H NEPHOAAX

|
; 0 ! | { { | i |

| 1 2 13 14 15 16 17 18
|

Howmep rpynmma

Howmep nepuona

357



Ilpunoxenune 23

Tpeyroinnuk BaH-Apkens — Kerenapa*

Ay
Honnasn
CBA3b
CsF
3 .
Cs,0 LiF
CsCl Li,0
° BeF,
CsBr ' Be,0
2 . ° BeF;
CSzS e LiBr HE
B,O
S0 CF,
CsH ® BeBl’z
e LiH : o110
I CsSn e BBr, *CO, NF;
* BeH, eNO \OF,
.Sng SHs * CBr,
Cos }.1 Be B H, C Brz‘ 1N2 0, F,
0,75 1 2 3 4
Meranyeckas Zy KoBaneHnTHast
CBA3b CBA3b

* Jensen J. //J. Chem. Educ. 1995. V. 72. P. 395.

358



IIpunoxenune 24

Tpernunas fuarpaMMa aJuIoTponHbX Gopm yraeposa*

Anmvas
Jloucneitmur

KapGuHo(monnuHo)-

Cxo AnMasonono6HHe
aaMa3nl

Cy dyrepeHn

* Caadxoe A. M. Kap6uH — Tpertnbst atotponHas dopma yrrepoaa. — M.: Hayka, 2003. — C. 16.

359



09¢

Ilpunoxenune 25

Pamnycnl (;\) ATOMOB H HOHOB®

030 1093
2,08
Li @ Be@ 0:.80 0,77 0,73 0,74 H Ne
"® c® n @
Lo, Be2+o0 31 ® N® 00_071@F

R
Al s p 07(L40) F (L),
Mg @um S

Na()ogs Q%5 A00,50
g @@é@éé 0088 s &
9 63
0 81 Oo 622(1’7483(1 6249’54 Sez-
Mo Tc A2 Cd m g, Sb  Te Br Xe
@@@ 2
Srz‘@ Y3+O°93 . ag (29 Qoo

Cs Os Ir Pt A Hg T1 Pb Bi Rn
@ OBOOOEG®E @~
A OHY T Rt

" Atownt ATOMB ¥ MOHBEI HEMETAUTOB MOKAa3aHbl LBETOM; /Ul aTOMOB HEMETAUIOB JaHbl KOBAIEHTHHIE PATNYCH, IUIs ATOMOB META/UIOB — MeTA/UTHYECKHUE
PajMyChl, JUIi HOHOB — KPHCTALIOXMMHYECKHE PAIMYCHI.



CIIMCOK JINTEPATYPBI

CupaBouYHHKH M SHIHKJIONEIHH

Kupzunyee A. H., Tpywnuxoea JI. H., /lagpenmoesa B.I. PacTBOpMMOCTb HEOPTaHUYECKHUX
BelectB B Boae. — JI.: Xumus, 1972.

Jypse FO. I0. CripaBoYHHK I10 aHAJIMTHYEeCKOi xuMuu. — M.: Xumus, 1989.

CpoiicTBa HeopraHndeckux coequHeHuii / Ilox pen. B.A.PaGuHoBnya. — JI.: Xumus,
1983.

Caoiicra anemeHToB / ITon pea. M. E. dpuua. — M.: Merautyprus, 1997,

Xumnueckast sHuuKIoneaus: B 5 . — M.: Poccuiickast sHumkoneansa, 1988 — 1999.

Ameau Jxc. DnemeHThl. — M.: Mup, 1993.

IIpakTHYEeCKHe PYKOBOICTBA

Kapsakun FO.B., Anzenoe H.H. YncTole XHMHYECKHE BelecTBa. — M.: Xumus, 1974.

Kntounuxoe H.I. Heoprannmuecknii cnHre3. — M.: IIpoceewenne, 1971.

Knrounuxos H.I'. PyKoBOACTBO N0 HEOpPraHH4YeCKOMy cHHTe3y. — M.: Xumus, 1997,

Jepnep H M., Ionop A.A. YKa3atenb NnpenapaTMBHLIX CHHTE30B HEOPraHMYECKUX, KOMIT-
JIEKCHBIX M 3JIeMeHTOOpraHMYeckux coenmHenmit. — JI.: Xumusa, 1986.

IIpakTikym no HeopraHnyeckoit xumun / ITox pen. 10. 0. TpetbakoBa. — M.: Manarens-
CKHit HEeHTp «Akamemusa», 2004,

Panonopm ®. M., Havunckas A.A. JlaGopaTopHble METOABI MOJIYYECHHUS YMCTBHIX ra3oB, —
M.: THTHUXII, 1963.

Punan P., Yemany H. PyKkoBOACTBO K NMPaKTHYECKMM paboTaM IO HEOpraHMYeCKOMN XH-
MuH (HeMetauibl). — M.: Mup, 1965.

PykoBoncTso 1o HeopraHu4eckoMy cuHTesy: B 6 1. / ITox pen. I'. Bpayspa. — M.: Mup, 1985.

CuHTe3bl HeOpraHMYeCKUX coequHeHHmit: B 3 . — M.: Mup, 1966.

Yuyebuasn auTepaTypa

Axmemoe H. C. O61ias 1 HeopraHuyeckast XaMus. — M.: Beicuu. k., 1998.

Auconcon JI. TepMonMHAMHUYECKHE aCIEKThI HeOpraHMYeckoit xumun. — M.: Mup, 1985.

Kapanemoany M. X., Apaxun C. H. O611as u HeopraHuyeckas XuMus. — M.: Xumus, 1992,

Kommon @., Yuakuncon [xw. OCHOBbI HeOpraHM4yecKoit xuMun. — M.: Mup, 1979.

Kommon @., Yuakuncon Jw. CoBpeMeHHast HeopraHnueckasa xumus: B 3 r. — M.: Mup,
1969.

Hapau-Cabo H. HeopraHnueckast KpUCTAUIOXHMHS. — Bynaneiur: M3a-Bo akageMuH Hayk
Beurpun, 1969. : ’

Hexpacoe b. B. OcHoBbl o6wieit xumun: B 2 1. — M.: Xumus, 1973.

Heoprannueckas xumus: B 2 1. / 10. 1. Tpetosikos, JI. M. MapteiHeHKo, A. H. Fpuropses,
A.10.1luBanze. — M.: Xumus, 2001.

O6uias xumua. buopusndeckasa xumMua. XuMHsA GHOreHHBIX 3/IEMEHTOB. — M.: BoIcIL. 11IK.,
1993.

IHo3un M. E. TexHOMOrHs MUHEpANbHBIX coneit: B 2 1. — JI.: Xumnud, 1974.

Penxwue u paccesHHsie anementsl: B 3 1. / ITon pen. C.C.Koposuna. — M.: MUCHUC,
1996 —2003.

Cmenun B. /., Llegemkoe A.A. Heopranndeckas xumus. — M.: Beicur. k., 1994,

Cyeopoe A. B., Huxonsckuii A. b. O6masa xumus. — CII16.: Xumusa, 1997,

361



Typosa H. 5. HeopraHnuecKasi XMMusi B Tabnuuax. — M.: BeicLumit XuMuueckuii KoJutemx

PAH, 1999.

Yeaii 5. A. BBeieHre B XMMMIO TOJYNPOBOAHMKOB. — M.: Beicll. wwik., 1975.

Yeaii 4. A. O61as 1 HeopraHuyecKkas XUMMs. — M.: Beic. k., 1997.

Yanac A. CrpyxtypHast HeopraHuyeckast xumusi: B 3 . — M.: Mup, 1987.

Xaycxpogm K., Koncmeta 3. CoBpeMeHHBIIt Kypc o6iweit xumum: B 2 T. — M.: Mmup, 2002.
XHMHMYECKast TEXHOJNOTHsS HEOPraHUYECKMX BelecTs: B 2 T. — M.: Bricwr. wk., 2002,
XUMHS ¥ TEXHONOTHSA PEIKHX M PAacCEsSHHBIX 31eMeHTOB: B 3 T. ~ M.: Boicu. K., 1976.
Xorou [lwc. HeopraHnyeckast xumusi. CTpoeHHe BELLIECTBA M peaKUMOHHAs CrIOCOBHOCTD, —

M.: Xumusa, 1987.

HWlpaiigep lxc., dmxunc Jxnc. Heoprannyeckas xumus. — M.: Mup, 2004,

JlononnnATebHAN IHTEPATYPA

K raase 1:

Kuzau A. ., Cmacunesuu JI. C. Xumus ruapunos. — JI.: Xumus, 1969.

Jenckuii JI. A. @usnka n xumus tputus. — M.: Hayka, 1981.

Maxkeii K. BonoponHsle coequHeHus MeTaIOB. — M.: Mup, 1968.

Diizenbepe JI., Kayyman B. CTpyKTypa M CBOMCTBa Boabl. — JI.: T'unpomereonsaar, 1975.
K rnase 2:

Boavnoe H. H. TlepekucHble COeAMHEHMS LIETOUHBIX METALIOB. — M.: Hayka, 1980.
Heanoe B. M., Cemenenxo K. A. Harpwmit. — M.: Hayka, 1986.

Hmxkuna JI. C. Tuapokcuasl TUTHs, pybuams u uesus. — M.: Hayka, 1973.

Kedpunckuii H.A., S[koeaes B.I. Li-MOHHBIE aKKyMYJIATODHI. — KpacHospck: TlnaHera,

2002.

M.:

Haowes B. E., Cmenun B. JI. X¥iMUs ¥ TEXHOJOTHSI COEIMHE HUA JIUTHS, pybuMs u tiesus. —
Xumusg, 1970.

Xupaoxa M. KpayH-coeauHeHus. — M.: Mup, 1986.

K raase 3:

Koean b. H., Kanycmunckas K.A., Tonynosa I. A. Bepunnit. — M.: Xumus, 1975.

Podsakun B. B. Kanbuuii, ero coeIMHEHHS ¥ CILTABEL —~ M.: Merauryprusaar, 1967.

Deepecm JI. A. Xumus Gepunnus. — M.: Mup, 1968.

Diidenzon M. A. Marumit. — M.: Mup, 1969.

K riaase 4:

Boabnos H. H. Tlepokcobopatei. — M.: Hayka, 1984,

Jeonrox H. H., JTeonok JI. H. Kpucramioxumust 6e3BoaHbIX 6opaToB. — M.: Xumus, 1983.

Hudenyy K., Jaycou Jlnc. XuMus 60pa30THBIX COSTUHEHHMA, ~ M.: Mup, 1968.

.IlpomusBoncTBo mmHo3ema. — M.: Xumus, 1978.

Tkauee K. B., Iaviwesckui I0. C. TexHoNnOrus HEOPraHMIECKMX COEMHEHMIA 6opa. — JI.:

Xumms, 1983.

Dedopos I1. H., Akuypun P.X. Vnamit. — M.: Hayka, 2000. :
Dedopos I1. H., Moxocoes M. B., Arexcees . IT. Xvumns rajuins, UHAKUA U Taunsa. — Ho-

Bocubupck: Hayka, 1977.

Yaawii B. II. Tugpookucu metauioB. — Kues: Hayka, 1972,

K riaase 5:

Alinep P. Xumus kpeMHesema: B 2 T. — M.: Mup, 1982,

Koconranosa T. 5. Kap6unpl. — M.: Xumus, 1968,

Jubay . CTpyKTypHasi XHMHsi CHWIMKATOB, — M.: Mup, 1988.

Xumus ncesnoranoreHuzos / Ilon pexn. A. M. F'ony6a, X. Kesnepa, B. B. Ckonenko. — Kues:

Bumia mik., 1981.

K rnase 6:
Bpuxyn H.K., Kosnoeckuii M.T., Huxumuna JI. B. TunpasuH u TMAPOKCWIAMHH M HX

NMPUMEHEHME B aHAJIMTHYECKOM XMMHUH. — AnMma-ATa: Hayka, 1967.

Todosuxos A.A. BucmyTossie cynbdoconn. — M.: Hayka, 1972.

362




Epwos B.A., Mumenoe C.J. Dnexrporepmus docdopa. — CII6.: Xumus, 1996.

Kopbpudxc 1. Docdop. — M.: Mup, 1982.

Munuosuy M. A., Murnuoeuy B. M. Conn azorucroit Kuciaorsl. — M.: Xumus, 1979.

Pyxuaadse B.T. Mbiubak. — M.: Xumus, 1969.

Camconos I. B. Hemerannnueckue HUTpuasl. — M.: Meramtyprusaar, 1969.

TexHosorus ¢gocdopa. — JI.: Xumus, 1979.

TexHosiorust pocPOPHBIX M KOMIUIEKCHBIX yno6peHuid. — M.: Xumus, 1987.

K raase 7:

bsenan K. XuMus cejieHa, TeJulypa U nojionus. — M.: Mup, 1971.

Boawncxuii H. IT. TuocepHas xucnora. [TonutroHartel. Peakuns BakeHpoaepa. — M.: Hay-
Ka, 1971.

Kydpaeyee A.A. Xumua n TexHonorns ceyeHa u tejuypa. — M.: Xumus, 1968.

Menxosciuii M. A., Seopckuii B. T. TexHonorus cepel. — M.: Xumus, 1985.

Pasymosckuii C. JI. Kuciiopon — aneMeHtapHbie GopMsl U cBoitictBa. — M.: Xumus, 1979.

Camconos I B., [Iposdosa C. B. Cynsdunel. — M.: Mertaqyprus, 1972.

K raase 8: :

Hcuxaea H., Kobascu E. @rop. — M.: Mup, 1982.

Kcenzenxo B. H., Cmacunesuy JI. C. XMMUs1 1 TEXHOJIOTHsI GpOMa, HOJIa M X COEIMHEHHH. —
M.: Xumusg, 1985.

Hurxumun A. B. XuMust KHCJIOPOAHBIX coequHeHmit ranoreHoB. — M.: Hayka, 1986.

Huxumun A. B. ®ropuabl 1 okcudTopuasl rajjoreHoB. — M.: Hayka, 1989.

Hukonaes H. C., Cyxoeepxoe B. D., Hluwkos 10./., Anenvuxosa H. . X¥MHs TATIOUTHBIX
coequHeHuit ¢ropa. — M.: Hayka, 1968.

Duanxoe . A. MexranouaHnie coennHenna. — Kues: M3n-so Akanemun Hayk YCCP,
1958.

Dypman A. A. Heoprannueckue xopuabl. — M.: Xumus, 1980.

Illymaxep H. Tlepxnoparbl. — M.: Mup, 1963.

SAxumenro JI. M. TIpOU3BOACTBO XJIOpa, KAyCTHUECKOMN COMBI M HEOPraHMYECKHX XJIOPITpO-
IykToB. — M.: Xumus, 1974.

K raase 9:

CoenvHeHns 6naropoaHeix razos / Ioxa pen. M. @, Iyunenkosa. — M.: Aromusaar, 1965.

@Dacmosckuii B.I., Posunckuii A. E., Ilempoeckuii 1O. B, UHepTHBIE rasel. — M.: Xumus,
1972.

Dunxeavusmeiin A.A. UueptHoie rasu. — M.: Uan-so AH CCCP, 1979.



OIJIABJIEHUE

TIDEIHCIIOBHE .........covectariiiirrinsesissiseenisressesaeseeseseereesesesasaseasssesssssasorsessesessses e eseeeeeeeee e eeeneee e 3
THABA 1. BOMOPOLL ...ttt ettt ee e e s st e s eseesssessses e e e e sss s sons 5
1.1. [Tonoxetine B [Tepuonmnyeckoii cucreme. Maotonsl. HaxoxneHue B IPUPOZE ......... 5
1.2. DHU3HUCCKHE CBOMCTBA «....vvcurrrnrsreviseseessisessseseeesseneseesesesesesssssssssssssssssssssssssssssssenes 7
1.3, XHMHUECKHE CBOMCTBA «.vvveveerraresserenrereerireneareseessseessessesessessesessessessesssrsssssssssssssssssss 9
LA TIOMYUEHHME «..v.eveeveceecrinrereaesssiesssssesssessssessososassnessesensnsesensosassssssessssssssssssssssssssaes 11
L5 TIDHMEHEHHE .....cenierirerensenserinressessesinesesossosessesessessessonsosessessessssessensssssssssssesssssssses 12
L6 THUIDHIBL «...oocvvniniiectncecenenesesasstsssese st enassestssatests s s aesasesesesesssesessessseses s eossees 13
L7 BOMA oottt ettt e ee e seee et s te e eas e e et ne s 16
1.8. TICPOKCHI BOMOPOA ....vovoverrerrereriresiseassissssoseneaeseneessessssesesssssasasessssssssssssssssssssssessn. 23
TnaBa 2. XuMHS 30eMEHTOB 1-H IPYIIIIBE ........ovovoveeeeeceeeeeeseseeeeeseeee e ees s seseeee e 28
2.1, OOLUAA XAPAKTEDHCTHKR .....vvvesrervesisensenssressesseessessensesssssssessessssssssssssssssssssssssssesesss 28
2.2. HaxoxXAeHHUE B IPHPOME. TTOMYUEHHE 1.vvveveeeeerreereeeeerseeesssssnsses oot eeeeeees 31
2.3. DHBHUECKHE CBOMCTBA .vvvevevevveessinrarerveseseneeseesessssesessssssssesesssessessssssssssssesssesssess. 33
2.4, XPMMUYECKHE CBOMCTBA ...v.v.veerrirerunrresisissscsiseesenseneessesssssssssosesssssssesssessssossssssesss 34
2.5. COCIMHEHHUSA C KMCTOPOMOM ...v.veeuieeeeerirrersersoessensesessessenssrsesessssssessssses s essesesesons 38
2.6. TMIPOKCHABI SIEMEHTOB 13 TDYIIIIBI ...vevvveeeeeeeeeerersreeressseseseseess oo 40
2.7. CoMH 3NMEMEHTOB 1= TPYIIIIBI w..ececevevrnrreeeaeeeeeeeeeeeseeseeesesesesesesesseseeseee e eeee s 41
2.8. KOMILTEKCHbIE COEAMHEHHUS JIEMEHTOB 1= TDYIIIIBL v.vovevovvevevsessesesesesessees s 43
I'naBa 3. XUMHSA 3JEMEHTOB 25 TPYIIIIBI .........o...oovreeoeeeeeenesesieesoresseseesessssesesessssssesessssssseno 48
3.1. OOILAR XAPAKTEDHCTHKA ...veveerererrrerossoreseresereaseeesessesssssessesssssssssssssssssssseeeesessses 48
3.2. HaxoxneHHe B IIPHPOLE. TIOMYUCHHME .......ovvvereeeeeeiereersesreeneseeesesess e 50
3.3, DUINUECKHE CBOMCTBA «....vuvvvvveerersisiasssssssseseseeeseessseseseseseresssssesesesssssseeseess s s 52
3.4, XPIMMUECKHE CBOMCTBA ......vvveecersrereresroseseeseeeeesssesesessesesassessessosssssssssses s 54
3.5. TaNlOTEHUABI METALIOB 2-H TPYIIIIBI cuvovuveeeeerereeeereessessesssssssssssseseseeee s eeeeee e e ssnns 56
3.6. CoeIMHEHHS C KUCTIOPOAOM M THIPOKCHIBL «.evvvvvovorrereeessessesesesssesososesseeoseoesoee 58
3.7. ConM OKCOKHCIIOT U KOMIUTEKCHBIE COCIMHEHHMM «.evvvvvoverreeesereesseeeeeeesoosesssees 59
I'naBa 4. XuMHA 31€MEHTOB 138 IPYIIIBL ............c.ovvvvevreeeeeeeeessieeseesesos s 68
4.1. OOLUAS XAPAKTEDHCTHKA «..vvvvvrereverreresissosseeseseesesessresessessssssessss s eeeseseseeseseeesseseos 68
4.2. HaxoxpieHHe B IIPUPOZE. TIOMYUCHHE ......cvvevereereeeeeesreiees oo 70
4.3. DUIMYECKHE CBOMCTBA ..voveverversrsrarrsreceseesesesseseessssesssssesesssssesssssessssssseness e eeeeoen 72
4.4, XUMMUECKHE CBOMCTBA ...ecvvvvveriresisisreisererereneseseesssssssesesssesssssssesessssssssessssssess e essos 74
4.5. BonoponHbie COEAMHEHMS IEMEHTOB 13-8 TDYIIIIBL ..evuvevvensiseeeeoeoeoeeoos oo 76
4.5.1. THIADHIBL GODA ...ecvvnvevreririrrresierenesiessnesseeeeeeseesensssesssssssessessssssessssesesssssese e 76
4.5.2, CTpoeHHE M CBOKCTBA GOPHIIOB METAIIIOB .......vveveeeeeeeeeeeeeeess oo 81
4.5.3. TuAPUIBI ATIOMHHUS, TAUTAS, HHAMA M TAUTHS o.v.v.eeeveeeesoeeeoeooeoeoosoesos 82
4.6. TaIOTCHUABL BEMEHTOB 13-H TDYIIIIBI ... oo 84
4.7. OKCcuIBl, OKCOKHCIIOTHL, OKCOAHHMOHBI M THAPOKCHIBI 3IeMEHTOB
I3 TDYIIIIBL......otiiiteteicrecnieneete st s e eene et e e e esesessssses e e s e e 89
4.7.1. KHCITOPOIHBIE COEMMHEHHS BOPA +.eoeveveeerereererrersssseenesssosoeses oo eeeesoe s 89
4.7.2. OKCHAB! ¥ THIPOKCUABI AMIOMMHMS, MHAMS W TAUTH veeeeeoeeoeoeeoesoe 93
4.7.3. Conn M KOMIUIEKCHBIE COENMHEHMS IEMEHTOB }3-if TPYIIIBL ...ovenenerernnnnnnns 96
4.8. CoeTMHEHHUS SJIEMEHTOB 13- TPYIIIIBI € 830TOM ....voveeoeeeeeeseeeoeeeoeeeoooooe oo 102

364



I'z1aBa 5. Xumns 3J€MEHTOB 14-5H FPYIIIBE..........c.cceeeeiiereneiiieriernnessseraeesonsnnesssnecssessiassarnns 105

5.1. OOILAA XAPAKTEPHCTHKR ..vvvreeeesecrurreneerrssesseeeeesssssssnneessssesssassensssssssssrssastesassorsorssnts 105
5.2. HaxoxmeHue B IPUPOAE. TTOMYUEHHE .......ceeeieernreeeeiniiiiinniieassessisinsenseesssssssinsssssas 108
5.3. DUBHUECKHE CBOMCTBA ......oeeveseeeseresseesssecessassosesssssessssssssessssssessssessesssesessstansssses 110
5.4. XMMMUYECKHE CBOMCTBA 1uevverirerrrrrrreeersriissraessesssossarsessssssssssssaassaosssssrsstasssssssssssanssnes 114
5.5. BomopoaHble COeAMHEHUA 3JIEMEHTOB 14-1 IDYIIIIBI ...uuvneeereeeiieeormunreneassssnossssssens 119
5.6. KuiciopoaHslie coeAMHEHNS IMEMEHTOB 14-I TDYIIIIBL ....vveeeriuerrenionnensesisrnsssesesnens 122
5.6.1. KMCIIOpOJHBIE COCAMHEHHUS YTIIEPOMA ....vvvvererereeersvveeresrarnesssnsseesemssnsssarsssans 122
5.6.2. KHciiopoaHbIe COEMHEHMA KPEMHHS ..........ccvrerreeeereeessossssresssesssssssanssnasees 129
5.6.3. KuciopoaHble coeqMHEHUS TePMAHUSA, OI0BA M CBHUHLA ......eveeeeurreersorneness 136

5.7. Tanore HUABI MEMEHTOB 14-I1 TPYIIIIBL «eoivcururrreiieeeriisenesirnsesosrassssssssssssrnsssassessnnes 144
5.8. AsoTcoaepXaiupe COeAMHEHUS SJIEMEHTOB 14~ IPYIIIIBL ......vvveevenreeerierveneessunenss 148
5.9. CoegHeHNS 3/IeMEHTOB 14-ii IPYIIIBI C XATBKOTCHAMH .......ccoeverereereirrereneeenenanns 149
I'1aBa 6. XuMHA 3JEMEHTOB 15-H FPYIIIBI ...........ccovveveeerereerienrecierrriesesrenrearsesesssssssssesssseasnns 155
6.1. OBILASA XAPAKTEDHCTHKA ...vevevversrersseessseseseessssesssssosessssessssssessesessesssssesssssssasssnssees 155
6.2. HaxoxneHue B IPUPOAE. TTOTIYUCHHE ........ccovvvrrrerrrrieisrriineisieesssresssnssesssssseesessans 159
6.3. DUBMUCCKIE CBOMCTBA ..c..vveveieeeereerseerseerseessessssssesssesssesssessssssssssessssssssesssesssesssesns 161
6.4. XPMHUECKHE CBOMCTBA ....e.ocvveereresrneisressssesssessssesassesessssssssssssssssssssasessasnsessnsessssees 165
6.5. BoaopoaHble COEAMHEHHUS TEMEHTOB 15-H IPYIIITBL ....occcvveereerrseesrsresesneesssreseenes 170
6.5.1. CrpoeHne u puandeckue CBOUCTBA DH; ...oovvvvvriiiiieriericrecrervir e 170
6.5.2. XuMunueckue cBoictBa DH; ..........coveveees rereereeeeeseesstreaereesstaeesnsresntrenbeeans 173
6.5.3. TIONYUEHHE DH; .oocvvevcriecrervirieesieesreesresseresssnsssseessssssssensesesessesersessessessans 179
6.5.4. TuapasuH N,H,, ruapokcuiaMuH NHLOH ..........oovvivvveeviicrecnirirerinceienne 180

6.6. OKCHIBI STTEMEHTOB 15-1 TDYIIITBL ...vevireeeurereeseeseesseessessesssreesassseessasessessasssasssaees 183
6.6.1. OKCHIBI Q30T .....cccviererirrerverreesssesseessesssesssasssassssesasssssstsessasssssssssstesssesssessnes 183
6.6.2. Oxcuanl docdopa, MBILLBAKA, CYPBMBI M BHCMYTA ...c..ouvverrererseresssnsesesess 193

6.7. OKCOKMCIIOTBI, THAPOKCUIBL M COJIA SJIEMEHTOB 15-M TPYIIIIBL .ovcovvverviereceneceene 195
6.7.1. OKCOKHCIIOTBI @30TA ...evveveeeereerresseesnssseeesasesassnassnsssssssssssessssssssssssssnssessssas 195
6.7.2. OKCOKHCTIOTBI OCHIOPA ...vvvvrereieeiiieirsressnesisteereesssesssssessssessssesessssesssssanes 205
6.7.3. OKCOCOCMMHEHNA MBILIBAKA, CYPEMBI M BHCMYTA ...cccvevverrerneesuesrsareesssssesses 213

6.8. TayloreHUABI ITEMEHTOB 15-I TPYIIIIBL «..cvevvviireeerererrireeeseeseeenreeaeasessessesnsssensnsens 219
6.9. Cy/bGhUABI 3TIEMEHTOB 15 TDYITITBI c.vveeereeeieesseeessveissseessressressssesessssessessssanssssess 222
Iaasa 7. XumHst 97eMeHTOB 16-H MPYIHIBE...........cccovveireeiiiienereniirinnineeisensivecesisesssnesssssesssses 226
7.1, OOLUASA XAPAKTEDHCTHKA ...eeeeeerrreeiirrersessseeesisreessssessssssssssssssssssssssssssssssessesssessenses 226
7.2. HaxoxeHue B IPUPOAE. TTOTIYUCHHE ....cuuvvevuveririeeirieissresseesssssssssssssssessseesssnessnnes 228
7.3. DUBHUECKUE CBOMCTBA .......ocveevviervesseireisseessasssesssesssssssossesssesssasstessssssseossessssosssssns 231
7.4. CTpoeHHe MOJIEKYJIBl KMCIOPONA M MOJIEKYIIAADHBIX MOHOB .covvevvseevresnessessreessenns 237
7.5. XHUMHUYECKHE CBOMCTBA .......cccovveiesrsrerensseresessssesssssesesssssrsonssesssssassesessarssssssssesssnnnes 240
7.6. BomopoaHbie COEAUHEHHS STEMEHTOB 16-1 TPYIIIIBL ...oevvvvereecreesvesereereseserssnecenns 243
7.6.1. CTpoeHHE MOJIEKYT Y DUIMYUECKHUE CBOMCTBA .....vvereveereeeraeerereeresssessnnssnns 243
7.6.2. XuMuyeckue cnoncma ............................................................................... 244
7.6.3. TIOMYUEHHME ...vvveveeeerreiiviisisresseesnesssseesssessseessssssssnssssressosessssssssnnessnssssessesans 246
7.6.4. Cynpupl, CeTeHUAB! M TEUTYPUABI METALIOB .....eeeovereerreneeeessteseesesnssess 246

7.7. OKCHUIBI XATBKOTEHOB ..c....vvecueersveecssrsssserassrarsessssesessesesssssssnsssssassssssessssssssssssesernres 250
7.7.1. Ilony4yeHue U Gpu3nyeckue CBOUCTBA JUOKCHUIOB DOy ..oocvvvvvevrverervreennnnns 251
7.7.2. XuMHyecKre CBOUCTBA TUOKCHIOB DOy ..ovvvvuviriiriiriesiireiisressssessessassssnssnes 253
7.7.3. IlonyyeHue U CBOHCTBA TPHOKCHAOB D3 .ocvvvierieiieeieieiinreenseeesresessssesans 255

7.8. OkcOKHMCTOTHI XATBKOTEHOB D(IV) .oovivrriiiiiiiiie s ssssessnesiesesnsenss s 257
7.9. OkcoKHMCIIOTEL XAMBKOTEHOB D(VI) ..cvvvviiiriiieiciicciic e sriasssiesssesssseesneesnnessbness 261
7.10. MHoroo6pa3suie oKCOKHUCIOT CEPBI(VI) ...ociriireriiiriiiriinieiinieeneiesesee e e ssereeeeneesnes 267
7.10.1. THOCEpHAas KUCIOTA M THOCYIIBMATBL ..coovveeruveerverrereenareesansersssssassensossnsanes 269
7.10.2. InTHOHOBAR KHCJIOTA, MTOJUTHOHOBBIE KHCIOTBI M HX COMH ...oovvvrerneeennns 270



7.10.3. TIepOKCOCEPHBIC M FANOrE€HCYBADOHOBBIE KHCIOTEL ..o 271

7.11. TATOTCHUABI XATBKOTEHOB ...cvvvvvvrrvsnrseransrsssenseesesseessssssesssss s seseeonsons 273
7.12. OKCOTQMOTEHMIBL .......ovccovevereeneenrsvansanssanesassseeeseseseessssssesssoss s e se s eenn 276
[napa 8. XUMHS 3N€MEHTOB 175 IPYIIIBL..............ocoovemereeeeessrensoooseo oo oo 279
8.1. OBILAT XAPAKTEPHCTHKA ......uovvenereneernrrensrssncesneeeseessessessseessss s sooeosooe 279

8.2. HaxoxneHue B IPUPOTIE. TIOMYUCHUE «.eoveveeseeeeoooooooon eerireeeserersennene 281

8.3. DUIMYECKHE CBOMCTBA ...vevvvevervanrrnsisnssieeaseeeeseesesssessessessos e ses e eeeens e 284

8.4. XMMHUUECKME CBOMCTBA ......vvvvrveorvenrrvenseenseeseenaeeeseeessssessseessoes s eesoeooe 287

8.5. B3aMMONEHCTBHE TANOTEHOB € BOMOM ...vv.vvvovveveveeneeenreesrenseos oo 290

8.6. TATTOrCHOBOMOPOIB ........couvvurerererienssanisensesneseseeeesesesesesssees s seses e eeeeeeoe oo 294
B.6.1. CTPOCHHIE ....e.vvvvsecenneeeesinsees st eee e eses e s e 294

8.6.2. DUIHUECKHE CBOMCTBA .....vvnveervereneeneeesseeeeeessessies s 296

8.6.3. XMIMHUECKHE CBOMCTBA ...vvuvvurrvesvseneenseseesseseessesseses s oeeees o 299

8.6.4. TIOMYUEHHE ........ovceerreeenerinisrenee e ese e ee s os e 300

8.7. TallOreHUABI METAIIOB M HEMETAIIIOB .............cveenneeeenesreesesreesosssoo oo soooeeon 301

8.8. CoenuHeHMS ranoreHoB ¢ KHCTIOPOMOM ....ouuvenvnnunninnerasssersrssseesssenssnssesssssssssnnnsnnnns 303

8.9. OKCOKMCIIOTBI TAMIOTEHOB ......o.vevervanveersseseesvesesesesenesess e 306
8.9.1. OKCOKMEIMOTEL HXO ...cccouevumrirrrurunnieiceneeeeseeeeesseesses oo 306

8.9.2. OKCOKHEIMOTEL HXO ..cvuvvnrunernreeeionreeeeeseeessessses oo oo 310

8.9.3. OKcOKHCTOTEI HXO3 M HX COMM ..ocvoneenereenereeeseesseoeeosoeoooooooeooo 310

8.9.4. OKcOKMCTOTBHE HXOy M MX COMM ..o..voveeneneeeeeees oo 312

8.10. MexrajioreHHple COCMMHEHMSA ...eeeerrinrniiirensecenreeeeinnesieeerenesseesereseessnssssnssssessn 319
8.11. TIONMKATHOHEI ¥ TIOJIMAHMUOHBI TAMOTEHOB «..o...eovevervonreeososooo oo 323
Tnapa 9. XuMHSA 35€MEHTOB 18- IPYIIIL ...............vooceeeeeeeeresesee oo oo 326
9.1. OBLUAS XAPAKTEPHCTHKA ......vovvrerernrrereranresiseesesseseeesessssesesssss s esoseeos s ooseseo 326

9.2. HaxoxueHue B puposie. TIOMYMEHHE «..eeeverenireiinieeeeeeeeeeees oo eeeeeeeesseese e 327

9.3. DUINYECKHE CBOMCTBA .....vuvvverervernrrannrresneeneerseesesssssoessess s oo oseseseeeeseeooe 328

9.4. XMMHMYECKHE CBOUCTBA. MTOPUIEL KCEHOHA vvvvvveveverreeseoooeooooooooooeo 329

9.5. KHC/IOPOIHBIE COSMMHEHMS KCBHOHA «vv.vvvvveveneeenereeresreesrsossoooooooooeooooooooen 333
TIDHIIOKEHMS ....ovvvoerrverrneecosecre et eesssnssessessssosenseseneeeses e s eeeseeese s eeese e 336



Yuebroe uzoanue

Jlpo3noB Aunpeii AnaToibeBuY,
3nomanos Biaagamup Ilasnosny,
Maso I'anuna Hukonaesna,
Cuupuaonos ®esnke MakcoBuy

Heoprannaeckas XMMHsA
Tom 2
XHMHSA HENEPEXOAHLIX 3JIEMEHTOB

VYyebnux

Penakrop H. b. Kosaaega
Texuuyeckuit penakrop O. C. Arexcandposa
KomnblorepHas Bepcrka: M. @. Pomuna
Koppekrop JI. B. lagpusuna

JRanosATHBH NpeAOCTABICHH H3AATEILCTBOM

Uzn. Ne A-917-1/2. Moxnucado B neyats 26,04.2004, dopmar 70 % 100/16.
Tapuutypa «TaiiMen. TTeyats odceTnas. Bymara tun. Ne 2. Ven. new. i1, 29,9,
Tupax 4000 3x3. 3aka3 Ne 13353.

JInuensus UL Ne 02025 ot 13.06.2000. M3naTensckuii UEHTp «AKajeMus»,
CanuTapHOo-3NKAEMHONOrHYecKoe 3aKouerne Ne 77.99.02.953.71.003903.06.03 ot 05.06.2003
117342, Mocksa, yn. Byrneposa, 17-B, k. 328. Ten./dakc: (095)330-1092, 334-8337.

OtneuyataHo na CapaToBckoM noaxrpaduieckoM koMbuHare.
410004, r. Caparos, yn. Yepubienckoro, 59.



