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NO3HAETCA H
a He

WUcTUra, KOHEMHO, OnHa W BE€YHA, HO ...
JOCTYNHA TOJNBKO MO YacTAM, Majlo-TIOMAJY,
pasoM B OOIIEM CBOEM IEJIOM M ... MyTH OJIS OTLICKa~
HUS YacTeil UCTUHEI MHOT00DPa3HEL.

A H Mendenees
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nPEANCNO

4e6HM KA TMOJI0KEHbl KBAHTOBO-MEXaHUUYECKHe, CTPYKTYPHBIE,
ecKUe U KHHeTHYecKHe 3aKOHOMEepHOCTH Ha YpPOBHE MOHUMa-
TOB IIEPBOrO Kypca.
X a COCTOMT U3 AByX dacTeil. B mepsoit wactu "O6uias xumus"
S(OMOTDEHLEL OCHOBONOJIATAIOIMEe TEOPETHYOCKHE Pasfel Kypca XUMUH.
% Bropoit. wacty "Heopranuueckas xumusa" o6cykIIeHH CBOMCTBA XHMHU-

B ocuoO

HHUA C

cucTeMe. B 3aKkII09eHMH paccMOTPEHH BOMPOCH XMMHUYECKON 3KOJMOrUU.
Monyyenne NMONHOUEHHLIX 3HAHHI MO XUMHY OCHOBAHO HAa KOHKPETHOM

Q@HGCKHX 3NEMEHTOB B COOTBETCTBHU € HUX IIOJIOKEHHEM B HepHOﬂH‘IGCKOﬁ

o
@%

ApencTaBNeHUU 06 H3y4YaeMHX BeIIECTBaX U MX MNpeBpameHUAX, 4TO B
BHAYHTENBHON Mepe CBABAHO € CephLe3HHEM U CaMOCTOATEILHEM BEIIIOJHEHU-
eM nabopaTOpHEIX pa6OT M pellleHHeM 3afad U yhpaxuenuit. [Ins sTtoro
npegHasHayeno moco6ue: H.C. Axmeros, M.K. Azusosa, JI.J. Baguruxa.
JlaGoparopHEle ¥ CeMHUHApCKHUe 3aHATHA MO O6Well U HeopraHuYeckoil
xumun: —M., Bricwasa uikosa, 1998. DTo mocofue cOBMECTHO ¢ JIaHHBIM
V4e0HHUKOM COCTABAACT ©IUHEIA KOMILJIGKT.

APBTOp cepaeuHO 6narosapeH JiaypeaTy [ocynapcTBeHHO# IpeMHM aka-
eMuKy MexJyHapoAHO!N aKaleMUU Hayk BEICIIEH WIKOJH, JOKTOPY XHMH-
!ﬁecxnx Hayk, npogeccopy fl.A. Yrao 3a neHHrle 3aMe4YaHUA U COBETH MPHU
\‘b6cym11eHHH pYKOIHCH.

! 3ameuaHHMA ¥ INOxedaHHs Npockba HappaBaATs mo axgpecy: 420015,
¥. Kaszann, yn. K. Mapkca, 68, KasaHckuii rocy/lapcTBEHHBIH TEXHOIOTH-
A"};ecmn?I YHUBEpCUTET.
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W CTUHEBIT XMMUK JOKeH yMeTb [OKABLIBATE [1O3HAH-
Hoe ..., T.e. AaBaTb eMy 00 BACHEHNE ...

M.B. Jlomonocos

[pasui Hay4HOMYy [O3HaHMIO U NpeaCKa3aHU0 TIPea-
BMA€ETh HEBO3MOKHO.

JLH. Mendeaees

BBEAEHUE

XUMUIO MOXKHO ONpeleJIATh KaK HayKy, M3y4aollylo BellecTsa U NPO-
mecchl WX TPEBpalieHud, CONPOBOXAAIOIMECST N3MEHCHUEM cocTaBa M
crpoenus. B xuMudeckoM mpolecce [[POUCXOMIAT TeperpynnupoBKa aTOMOB,
paspulB XMMUYECKUX ¢Bsi3eil B UCXOJHBIX BelllecTBax U obpasoBaHne XUMU-
qecKMX CBS3ell B MPOJYKTaX peaKInM. B pesyibpTaTe XUMUYECKUX peaKknui
NPOUCXOUT IPEeBpaIleHNe XUMHYECKOH dHepruy B TEIJIOTy, CBeT U Ip.

flapik xuMuu — (POpMYJIHl BellecTBa M ypaBHeHUA XUMUYECKUX peak-
muit. B ¢opmy/ie BemecTBa 3aKOAMPOBAHA nadopManusa o cocTabe, CTPyK-
Type, peaKIMOoHHON CIIOCOBHOCTH 3TOrO BemiecTBa. M3 ypaBHEHUSA peakiun
MOKHO TOAyYuTh WHPOPMALMIO O XUMUHYECKOM npouecce W €ro IapaMeT-
pax. Hayuurscs paciuuppOBEIBaTh 3TY nadopManuio — BaxHAsT 3ajata
M3y4YeHus1 Kypca oOmei u HeopraHu4eckoll XUMUH.

CoBpeMeHHas XUMUs NpeACTaBjlAeT cOGOH CHUCTEMy OTAEJBHBIX HAYTHBIX

NMCHUIVIME:  ODIIei, HeopraHHUYecKoH, AHATUTHYECKOI, OpPFaHUYECKOH,
pusuIecKOn, KOJJIOMIHONM XUMMM, OUOXMMUM, FEOXMMHUM, KOCMOXUMMWH,
3JIKTpOXUMHUU U T.J. OcHOBOIl XUMWUYECKOH HayKH ABJIAIOTCHA aTOMHO-
MOJIeKyJIIpHOe Yy4eHue, 3aKOH coXpaHeHUA MaTepuH, nepuoAuYecKun
3AKOH U TEOpUsS CTPOGHUS BOIIecTBa, y1eHUE O XMMHUYECKOM Ipoiecce.

YACTb NMEPBAHA
OBLUAA XUMUA

Pazpen |

Mepuopnyeckas CUCTeMa XUMUHECKWUX SNIEMEHTOB
n.WU. MeHpeneesa

Harypa TeM maue Beero YAUBHUTEIbHA, 4TO B [POCTOTE
CBOEli MHOTOXWTPOCTHA M OT MAajloro uucia NpUHMMH
IpOU3BOAUT HEUCUMENUMbBIE obpasbi CBOMCTB, NepeMeH
U ABJEHUN.

M.B. Jlomonocos

CrojicTBa MpOCTHIX M CIAOWKHBIX TeJl HaXoAsATCsl B
MepUoaMUecKoi 3aBUCUMOCTH OT aTOMHOrO Beca die-
MEHTOB TOJBKO [OTOMY, YTO CBOWCTBa IPOCTRIX M
CHIOMKHBLIX Te1 CaMi COCTABIIIOT pesynbTaT CBOMCTB
IeMEeHTOB, UX 06pasylolnX.

I W Mendeaees

OTKpBITHE MePHOJUYECKOr0 3aKOHA H TePHOAMYecKONd CHUCTOMBI XUMM-
geckux snementoB JI.M. MenneneesuM (1869) 3apepumiio pasBUTHE aTo~
mucTuyeckux npencrapieduit B XIX B. OHO 1noka3ano, 4YTO CydlecTBYeT
 CBSI3b MEXKY BCEMH XUMHUecKMMH deMeHTaMM. llepoauyeckuir 3akoH, 1m0
mueHuio JI.M. MeuaesneeBa, ciefyer paccMaTpUBaTh Kak "omHO HU3

106061eHn i, KAk WHCTPYMEHT MBIC/IH, €IIe He HOoABepraBmMKicA A0 CUX IIOp
'HHKAKUM BHJOH3MEHOHMAM', KOTOpHIL "KJAET ... HOBBIX HpUIIOKEHUN 1
yCOBEpLISHCTBOBAHHI, MOAPOOHONH paspabOTKH H CBEXUX cun". B XIX B.
‘MepMOJIMYECKHH 3aKOH M CHCTEMa BJIEMEHTOB IpPE/CTAB/ANUA JINMIL redu-
‘anpHOe sMIuprYeckoe 0606menne GaKkroB; UX PUIMUECKUH CMBICT N0JIroe
l BpeMsA OcTaBajcAd HEPacKpHITHIM. OTKPHTUE NMEPHOAMYECKOro 3aKOHA MO~
' TOTOBMJIO HACTYIJIGHUE HOBOTO 9Tana PasBUTUA HAayKW — M3YUEHUS CTPyK-
| TYPBI ATOMOB. JT0, B CBOIO OYepelb, AAJI0 BO3MOXHOCTb [VIyGlKe BHIACHUTD
' IPHPOAY XMMUYECKUX OIEMEHTOB M 06BACHUTL PALL 3aKOHOMEPHOCTEHN

| IEPUOANYECKON CHCTEMBI.
; B cO3IaHHH COBPEMEHHOI TeOPHH CTPOGHUS aToMa 0coGyio POk ChIrpa-
ian . Pesepdopn, co3naBiMi ILJIaHETAPHYIO MOJeb aToMa (1911), u
i H. Bop, npeanoxuBIURil NepBYIO KBAaHTOBYIO TEOpMIO CTPOGHUS aTOMa

1(1913).
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rai1ABA 1. XUMUIECKHUE DJAEMEHTHI.
HEPHOILI/I‘[ECKI/IVI 3AKOH

§ 1. IOHATUE XUMUUYECKOTI'O 3JIEMEHTA

BiM3KOe K COBpPEeMEHHOMY OIIpefesieHne XUMMYECKOro 3JeMeHTa OblIO
naso J.VM. MeHnesieeBbIM: "[Tod uaenea 3ACMEHMOB doaxno modpasyae
samb e AAMePUCALHBLE COCTNAGHBLE HACTYU RPOCMBT U CAOKHBT MEL,
KOMOpblE NPUCEIOT UM UIGECTRHYIO CO60KYNKOCMY PUIUNELCKUT U TUMUNEC
wuz ceoticme. Ecau npocmomy meay coomeememeyem NOKAMUE 0 HACTNUYE,
Mo IACHMEHMY OMEEUAEM NOHAMUE 06 amone'. .

XUMHYGCKHI 3eMEHT — BTO COBOKYIHOCTH ATOMOB ¢ OJWHAKOBBIM
sapagom Axpa. HocureieM IO/IOKATSALHONO 3apsifa ALpa ABIAOTCA MPO~
roupl. VIX umcio ollpefelisiel BEIMYUHY 3apsi/la Anpa, ¥ CJAel0BaTeIbHO,
aTOMHbIH (TIOPSIKOBBII) HOMED XUMHUYECKOTO snemenTa. QcHOBHBIE XapaK-
TePUCTUKHM 1acTUll, 06pas3yrolnX aToM — npoTOHAa, HEATPOHA 1 JJEKTPOL2,
npusesiens: B Tabn. 1. Macca aJleKTpOHa [OYTHA B 1840 pa3 MeHbllle MACCH
nporosa u Heiirposa. IlosToMy Macca aToma TpaKTHYecku papHa Macce
AIpa — CyMMe MacC Kyxaonos (npOTOHOB H HEWTPOHOB).

Ta6naniua 1l Ceepetimsa o HEKOTOPBIX aleMEHTAPHBIX YaCTULAX

Yacruua Cum- Macca nokost, | OTHOCHTeNBHASA Bapsin, Ka
BOJ KT Macca, a.eM. ¥
[Iporon p 1,673-10727 1,007276 1,602-10712
Heirpon n 1,675-10°27 1,008665 0
JTeKTpoH e 9,109- 10731 0,000549 1,602-10719

\

* Aromnas eldHMLA Macchl (a.e.M.) pasHa 1,6606- 10727 xr.

BaxcHoit xapaKTepUCTUKOH Apa ABJIACTCA MACCOB0E wucao A, KOTOpoe
paBHO OOIIeMy YMcily HYKJIOHOB — NpOTOHOB Z U HEUTPOHOB N sxopswmx

B AAPO:
A=Z2+ N
Buja aTtoMoB ¢ JaHHBIMM HMCaMU NPOTOHOB M HeTPOHOB HA3bBIBAIOT
nyxaudoa. PasHOBUIHOCTH OLHOTO M TOro Ke XUMHYecKoro OJJIeMeHTa,

OT/IMYAlOmMecss Maccoll aTOMOB, Ha3bIBAIOT wzomonanu. Sapa aTOMOB
M30TOTIOB Pa3jIndaloTcs 4YUCIOM HEATPOHOB. Tak, M30TONaMU KalblUd

6

apnsoTes Hykauas*: 30Ca (20p, 20n), $2Ca (20p, 22n), 42Ca (20p, 23n).
MpuHsATa Takke 3alich M3OTONOB C YKa3aHHEM TOJBKO MAaccOBOTO HUHCIIA,
Hanpumep: kanbuuii-40, Kanenuii-42, KaIbluin—43.

Macca spa Beerja MeHblUe apH(pMerHyecko cyMMBl Macc NPOTOHOB H
HOHTPOHOB, BXOAAIUX B €ro cocrab. PazHocTh Mexay 2TMMM BeTMUMHAMHU

HaspBalOT Oegpexmon maccel. 'Fak, Macca sAqpa U30TONA TeJIHA sHe (2p,
2n) pasHa 4,001506 a.e.M., TOrga Kak CyMMa Macc JByX INpOTOHOB U ABYX
HeitTpoHOB cocTapisier 4,031882 a.em. (2-1,007276 + 2-1,008665), T.e.
nederr Maccsl pased (0,030376 a.e.M.

JledbexT MaccH COOTBETCTBYET 3HEPIMH, KOTOpas BhAEIAeTCA IPH o6pa-
30BAHUM AFpPa U3 cBOGONHBIX NMPOTOHOB M HEATPOHOB U MOKET 6LITH BBI-
YyHCJ16€Ha U3 COOTHOUIOHHS:

AE = Amgc?,

rne A E — usmeHeHue 3Hepru; Amg — nedeKT Macchl; ¢ — CKOPOCTh CBeTA
B BakyyMe (¢ = 3-108 m-c™1).

CornacHO 3TOMY COOTHOLIEHHMIO YMEHBIIEHHE Macchl Ha 0,0304 a.e.M.
Npy 06pa3OBAHMU ANPA Te/lvsi U3 JBYX MPOTOHOB M JBYX HOHTPOHOB COOT-
percTByeT Bhieneruo 4,52-10712 . CnepopatesibHo, 06pa3oBaHue OfHOTO
mons spep (6,02-1023 simep) renua-4 M3 NPOTOHOB M HEHTPOHOB NOJIKEH
COTIPOBOK/ATbCS BHIJGIEHUEM OTPOMHOrO KOJIMYecTBa JHEPIrUu:

AE = 453-10712-6,02-1023 = 2,72-10'2 [Ix.

Clle[0BaTe/ILHO, JHEPrUst CBA3M HYKJOHOB B s/pe B MHJ/IJIMOHBL Da3
PeBHIIAET IHEPIHI0 xuMUYeckoll cBasy. [losToMy NpH XHMHYECKHUX MpeB-
paleHUAX BENIeCTB ATOMHBIE APa HE U3MEHAIOTCA.

B HacTOsmee BpeMA M3BecTHO Okoao 300 ycroiyuemx u cebiwe 1400
PAIMOAKTHBHEIX Afep. 3aMEUYeHO, YTO ANpa, cOnepskaHHe 2, 8, 20, 28, 50,
82, 126 npoToHa WM HEATPOHA, 3aMETHO OTIMYAIOTCA IO CBOHCTBaM OT
Anep OCTaJbHLIX 1eMeHTOB. Ilpexamosiaraercsa, YTO STH MALUUECKUE UCAR
HyK/JIOHOB COOTBETCTBYIOT 3aBEpLICHHBIM 3JEDHBIM CJI0AM, NOZOGHO TOMY
KaK 3TO Habiiogaercs [Ja 3JEKTPOHOB B NIEKTPOHHOI 060/104ke aToMa.

SAapa MOTYT COAEPkKATH MAHYECKOE YUCIIO MPOTOHOB WM HEHTPOHOB, a
TAKKE TeX ¥ APYrHX ([IBaxel Maruueckue sapa). K aBanibl MarH4eckuM

* -
MaccoBoe UMCIO M ATOMHBIA HOMEp SJIeMeHTa (YMciio npoToHOB) 0603HAYAIOT
YMCMOBLIMU MHIEKCAMU CJIeBa OT CMMBOJIA XMMUYeCKOTO QJeMeHTa; BEPXBUNA MHICKC
O3HAYaeT MACCOBoe YMeJIO, HWKHUA — 3apAd Aapa.
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orHOcsiTes snpa 3He (2p, 2n), '§O (8p, 8n), 28Si (14p, 14n), RCa (20p,

20n}, 2%%Pb (82p, 126n). Tlo wucay mPOTOHOB MAarM<eCKUMH ABJAIOTCA 123%Ni,
505N, a MO YucJIy HEATPOHOB MArnyecKUMU ABJAIOTCA 88Sr (50n}, Ba
(82n), 139La (82n), 14°Ce (82n) u np.

§ 2. KOCMUYECKAS PACIIPOCTPAHEHHOCTbD
XUMHNYECKUX 3JIEMEHTOB

AHanu3 KPUBLIX, OTPAXAIOIIUX 38BUCHMOCTE KOCMUYECKOH# pacmpocTpa-
HEHHOCTH XUMHYECKUX 5JIEMOHTOB (a7l Gmikaiimero okpyxenus ColHed-
HOM CHCTeMB) OT HX aTOMHOro HoMepa (puc. 1), mo3BosseT caeNaTh CIey-
IOIIMe BHIBOABI: 1) PaclpOCTPaHEHHOCTh 3J6MEHTOB HEDABHOMEPHO yMeHb-
[aeTcsi ¢ BO3PacTaHMEM aTOMHOTO HOMepa 2JIeMEHTa, 2) Hambonee pacn-
POCTPaHEHEl BOAOPOA U Fesuil; KOCMHYIECKOE BOIIECTBO COCTOMT NPUMEPHO
Ha TpM UeTBEPTH M3 BOAOPOJA M Teua (1o Macce); 3) orHOcUTeNbHasA pac-
NPOCTPAHOHHOCTE ATOMHEIX ANEp ¢ UETHBIM YHCJIOM TIPOTOHOB (C YETHEIM 2)
BhIe, 4eM ¢ HeueTHenl Ha 3emse, Hampumep, 3/16MGHTH ¢ HETHHIMH
ATOMHBIMM HOMepaMH cocTaBiAloT 86%, ¢ HeUeTHEMH — 14% maccun  3eMm-
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HaHHBle 0 KOJIM4ecTse atomob lg C otnecensl k C'= 1° 106 aTomos kpemums. Crmoumasi KpH-~
Basi - YeTHble Z, NYHKTYPHBIE - HEYeTHble Z
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HOM KOpBHI; 4) MEePHUONHUYESCKH IIOBTOPAIOIMECS MHKY HA KPHUBHIX COOTBETCT-
BYIOT B OCHOBHOM s/ipaM ¢ MarM4ecKUMH YHCIaMy IPOTOHOB HJIM HEHTpO-

nos: jHe (2p, 2n), '30 (8p, 8n), ¥Si (14p, 14n), $5Ca (20p, 20n), 53Zr

(40p, 50n), '33Sn (50p, 69n), '3eBa (56p, 82n), 235Pb (82p, 126n).

[ns paHHOro »jeMeHTa 60jlee DACIPOCTPAHEHEl H30TOMEI C YETHEIM
YUCTIOM HeHTPOHOB Y MEHEE — C HEUETHRIM UMCJIOM IIPOTOHOB ¥ HEHTPOHOB.

PacnpocTpaHeHHOCTL 5/1IEMEHTOB 3aBUCUT OT MHOTMX (PaKTOpPOB, HO B
KOHEYHOM CYeTe ONpEeNe/AeTcA BePOATHOCTHIO AAEPHBIX peaKnuil ux o6pa-
30BaHUA M OTHOCUTEJILHOM yCTOMYHBOCTHIO OT/ASJLHBIX H30TOIOB.

Usyuenye pacnpocTpaHEHHOCTH XUMUYECKUX DJI@MEHTOB [IPOJIMBAGT CBET
Ha npoucxoxpaeHre CONHEYHOH cucTeMul, 3eMJlM, a TaKxKe IIO3BOJISIET
NOHATE (PU3HUYECKMe U XHUMHUYECKME NpomeccH B KOCMOce, pa3paborarhb
TEOPHIO 06pPa30BaHUA XMMHUYECKUX B/IGMEHTOB.

\

§ 3. PAJMOAKTUBHOE NNIPEBPAILEHUE XUMNYECKUX
SJIEMEHTOB

[IpeBpameHue XMMHYECKUX 3TIEMEHTOB OCYIUECTBJIAEGTCS B Pe3yJbTaTe
ANEPHHYX peaknuid. [[epBLIM IIaroM B Hay4HOM peUIEHWU NpOG6AEMEI Tpe-
BPAIIeHHUA JIEMEHTOB ObLIO OTKpHITHE A. Bekkepesnem B 1896 r. pamuoak-
TUBHOCTU ypaHa. O6bsicHeHHEe PAJHOAKTHBHOCTH KaK CJGICTBUS PacIIeIiie-
Hua agep (D. Pesepdopa, ®. Comnu, 1903) nokasriBaeT, 4TO XUMUYECKUL
JJIEMEHTEI HE ABJIAKOTCA BEYHBIMU U HEH3MEeHHLEIMU, a MOLYT IIpEeBpPAIATHLCA
Apyr B apyra. C 5TOro MOMEHTa NOJIiy4dsa TBepAble Hay4Hbl€ OCHOBBI U
3a/laya HCKYCCTBEHHOTO IIPEBDPAINSHHA 3JIEMEHTOB. 3aKOHOMEPHOCTH Tpe-
BpaIeHUss ANEP XUMHYECKUX DJIEMEHTOB HU3YUAOT S0EPNAL TUMUL.

Haubonee wacro BcTpevaercst Bui pacnafa sifiep, Ha3bIBAeMBI 6ema-pacnado.

IIpu sroM AnPO McNyckaeT ©NeKTPOH € 3a cueT NPeBPallleHUsl OTHOTO HETPOHA
AOpa B NMPOTOH:

n-—p+ e+ v

Yactb oHepruu, BrlmeNsoLlefcss NpU J-pacnafe, YHOCUTCS BMeCTe € aHTHMHeTPUHO

~
ve. Heitrpuno v, u anmuHesrpuno ;e — BJleMeHTapHble YaCTUIEI, JIMILIEHHblE 3apsi-
Ia ¥ OTIMYAOIIMecs] OAPYr OT APYyra CIMHOM.

[lpu B=pacnaje sapsi siipa yBeAMuMBaeTcs HAa eIMHMIY, MACCOBOE e UUCTIO
He M3MeHsleTCs, T.e. obpa3yercst ANpO APYIoro oileMeHTa, aTOMHLIA HOMep KOTOpOro
Ha eMMEMUY bosblle, weM y ucxomuoro. Tak, npu f<pacnage usorona Topnsi-234

obpaszyercst U3OTON NPOTAKTMHUA-234, a pu F=pacname sucMyT™210 mpebpamaercs
B nonoHuit-210:



284y, — 234 ~ 210 — 210 ~
soIh = g Fa * g+ ve g3Bl gab2 t g+ ve

151 sinep C YACVIOM HeHTPOHOB, MeHDIIMM YMCJIA TPOTOHOB, XapakTepeH npyroit
Bug f-pacmaja — ROSUMPONHL pacnad, T.e. pacmaj ¢ BEIEJIEHMEM MO3UTPOHA.
[loaumpon — BNeMeHTapHasl HacTuia ¢ ATIEMEHTAPHBIM TIOJIOIMTEIIBHBIM 3apANOM U
\accolt oekTpona (€'-uacTMHA)- p*-Pacman ABJIsETCS CECTBUEM npeBpalle st

OJIHOrO TPOTOHA B HEATPOH:

p—pn + e + ve

Tlpu mosuTpoHHOM pacnane 3apsi Anpa yMeHBIIaercs Ha eMHMUY, a MaccoBoe
uncio (kax v npu f -“-pacrnaje) He M3MeHseTcH. TipumepoM [*-pacnaja sBIAETCH
NpeBpaIeHe U30TONA yrnepona-11 B usoron 6opa-11:

o —p B + ¢ + ve

K rakoMy ke MaMeHeHMio Anpa, Kak U npu p*-pacnaje, NpUBOTAT IMEKTNPOMH—
wnith agream. OTo SIBJIEHME COCTOMT B TOM, HTO ANeKTPOH, HaXOJAWMIACA Ha ONHOM
13 GIMKaiiNX K sIIpY CI0€B, saxpaThiBaercs saapoM. [Ipu oroM OnvH U3 NIPOTOHOB
AApa NPpeBpaIAeTcA B HEATPOH:

p+e&=—rn+ le

HAIpUMep:
40y, — 40
19K = 18Ar + e

Hauboblide MSMeHEHNs] MCXOJHOro sAnpa HabonaoTes Npu aasda-pacnade.
Bhifesiennie spoM 0-ACTULbI (sopa resns-4) npUBOAUT K 00pasoBAHMIO 1 30TONA
alleMeHTa ¢ 3apSAAOM SIpa HA [Be eIMHUIEL meHbllle uexonHoro. Maccopoe umudio
PM 9TOM YMeHbIUaeTcsl Ha 4eThIpe eqmEMIbL. a-Pacrnan panbosiee xapakrepeH N
TSIKENTBIX OJIEMEHTOB, HAIpUMep [Wisi M30TONA ypana-234.

PaccMorpesHble THMBI PajMOaKTUBHOrO NpeBpAILEHUs Fflep HACTO CONpOBOX A~
JOTCS Y-U3Ayuenues, CBA3AHHBIM B OCHOBHOM ¢ nepexojoM 06paszoBaBlIerocs FANpa
13 Bo3OYkIEeHHOro B OCHOBHOE (HOpMaJlbﬂoe) COCTOSIHUE.

Jlsisi TAKENBIX SNIEMEHTOB Hapsay ¢ & M (-pacnanoM BOBMOXHO CAMOIPOUI™
BOJILHOE (CHOHTaHHOe) meneHle sinpa Ha OBe YACTU. Ono XapakrepHo s TpaHC—
ypPaHOBLIX BJIEMEHTOB. .

TIpOAOKUTETILHOCTD KU3HU ATOMOB onpeeisercsa CTpoesueM UX ALeP
¥ XapaKTepuayercs nepuodor noaypacnada T1/ , T.e. BpeMeHeM, B TeUeHue
2

KOTOPOTO pacllafiaeTcst II0JIOBUHA BCEro HAJMYHOTO YHCjIa AAep JAHHOIO
anementa. [lepuon nonypaéna,u;a J3MeHseTcA B OYeHb MHUPOKOM JHAMA30HE
— OT HECKOJLKMX THICAYHBIX JOJIel CeKYHJb 10 MHOTHX ThICSAY MUJITTHOHOB
sler. BONBIIMHCTBO M3OTONOB UMEET MNEpHOZL nonaypacmnana oOT 30 no 10
nueit. OyeBuaHO, 4TO HA Jemle UMEIOTCA TE 3JIEMEHThI, KOTOPBI® HE noa-
10

BePIVIACH PAJUOaKTUBHOMY pacnauy 3a 4 5—o MJpjh. JieT — BpeMmia CyHIecT—
BOBAHUS HAllell NJaHeThl — WIK 3anachl KOTOPHIX NOCTOAHHO MONOMHAIOT-
¢s1 33 CYET COOTBETCTBYIOUNIMX SII€PHBIX NPEBPaIieHuit.
Bcg 3/IEMEHTH MePUOAMYEcKON CHCTeMbl, PACHOIOKEHHbIe N0CTe BUCMY-
ta g3Bi, panuoakTuBubl. W3 HUX TONbBKO AApa Topusa-232 (Tl/ = 1,4-1010
2

ner), ypasa-235 (T1/2 = 7-10® ner) u ypana-238 (TI/ = 4,5-10° ner)
2

UMEIOT JI0CTATOYHO 60JBIION Nepuoj nojypacnaia U MOTJIMA COXPaHUTHCA
na 3emie B Tewenue 4,5—5 mupa. Aer ee cymecrsosanus. Jlpyrue sneMen—
THI, PACHOJOKEHHBIE B NEPUOJAMYECKOH CUCTeME 33 BMUCMYTOM, NOCTOAHHO
06pasyloTcs 3a cYeT ecTeCTBEHHOTO PajMOaKTUBHOrO pacnaja Anep 232Th
2357 y 2381J. ’

Huxke npusenes nocjaeqoBaTe/IbHbIA PAL PaLUOAKTUBHBIX npeBpaniesui
B pAAY ypaHa-238:

Y

o' * 122 wun 927 2,67-10° netr

o 226 ¥, 22p, o _y28p %
5107 7ot 582 1622 nes 86" 2823 mmeit S4 3,05 mnn

o 210 }
. TI
. Qé;Pb B 24, 19,7 mun 81 1,32 muH
26,8 Mun 83 2 2lap o
o
¢

19,7 mun # 1,5-10°4
210 g, 2iop: N o
-— 82Pb ia 210 y 206

238 o - -
U ———y 234 _.L.; 234 B 234 o
927 45.10% ner 907 24,1 mus

230
— °,Th

14

221 net 83 502 mer 84 138 mmeit g, P'b (crabuien)

§ 4. ANEPHBIE PEAKIIUHN

[long AgepubiMM PeaKUMSIMU NOHMMAETC B3aUMOIENCTBUE COOTBETCT-
ByrOUIUX YacTUI (HeMTPOHOB, NPOTOHOB, @-4acTUI M JPYCMX ATOMHBIX
Ajgep) ¢ ALPAMU XUMUYECKHUX IJIeMEeHTOB. Hau6onee npocThle sigepHble
peaKmuK XapaKTepU3YIOTCA CAeAYIomUM MEeXaHu3MOM. Onua u3 6omM6apau-
PYIOIIMX 4ACTUH 3aXBATHIBAETCA AJPOM-MUILEHBIO M OOpa3yercs NpOMexy-
TOYHOE COCTABHOE SIAPO € O4YeHb KOPOTKOH NPOAOJNKUTEIbHOCTBIO HKUBHU
(~ 1077 ¢). Mociennee ncnycKaer 276MEHTAPHYIO YACTUIY MJIM JIETKOE AAPO
1 npeBpaulaerca B HOBOE AIDO.

BriepBele MCKYCCTBEHHOE SIEPHOE NpeBpalieHne OBIJIO OCYyuIecTBICHO B
1919 r. Peaepdopaom. Emy ymanock npyu 06AaydeHnn a-4vacTUyamu npespa-

TUTH a30T B KUCcaOpoi. IIpoMexyTodHoe cOCTABHOE AP0 B 9TON peakuuu —
usoron ¢ropa '8F:

14 4
IN + iHe — (5F) — 1[0 + H

11



MosAaTHO, 9TO AJA NPEOAONIeHUA KYIOHOBCKUX CUJI OTTAJKUBAHUS ANpa
60M6APAUPYIONIUE YACTULEI [IOJKHEL 067a7aTh 60JILILON 3HEPrUuei. JKcIe-
puMeHTanbHaA PU3UKA ¢ [OMOUIBIO PAa3IUYHOrC poja yekopuTeneil pemn-
7a 3a7a4y MOJYYEHUs YACTHL C JHEPruell MOpANKA HECKONbKMX MUJIAAD-
foB 5aexTpoH-BoabT *. Takue YacTUnel paHplle HaGMIO[aUCh TOJNBKO B
KOCMMYECKUX Jy4aX U TO B HUYTOXKHBIX KOJTUYECTBAX.

Huske npuBeJEHE! IPUMeDH AAEPHLIX peaKuuii * *:

1. Peakuuu non neitcTBHeM o—vacTHL (MOHOB %Hez*)
1‘71N + gHe—+ 1;0 + }H l?,N (o, p)lgo
ZBe + 3He — léC + (1)n 3Be (o, n)léc
2. Pearuuu moj jedicTBMeM TPoTOHOB (MOHOB %H*)
?INe + |H — 'JF + jHe 7 Ne (p, o);F
ggCu + iH — gan + :)n ggCu (p, n)gan
3. Peakuun non meitctBueM OeiTpoHOB (MOHOB fH*)
2Mg + 2H — Na + JHe 2;Mg(d, o)?’Na
1K + [H— 0K + [ H {K(d, p)jgK
4. Pearuuu nopn feicTBUEM HEATPOHOB
B + ln — [Li + jHe 'IB(n, a);Li
%Co + ln— 52Co + y  53Co(n, 7)55C0
5. Peaxuuu nox gmeiicrBueM ¢poToHOB (’)‘-I/[B.Hy‘lel{]/[e)

63 62 1. 63 62
2sCu + 7 — ,,Cu + 26Cu(, n),gCu

2% 27 26
1AL+ 7= Mg+ p DAI(y, p)IMe

*15B = 1,60201-1071° s; 1 oB/Mone = 96486 ok /MoJib,

** lpuHATA CIENYOMAA COKPAIIEHHAA 3allUch ANEPHBIX PEaKLUMi: B CKOGKAX
CHAYaJid YKas3kIBaloT O6oMOapaupylollylo uacTHULy, 3areM 4YacTULy, MojlyyaeMylo B
pesylbTare peaKUMU; jieBd oT CKoOOK CTaBAT CMMBOJI MCXOOHOro SApa ¢ COOT-
BeTCTBYIOMMMHY HHIEKCAMH, CpaBa — CHUMBOJI IIOJIy4AeMoro siipa U ero MHIEKCHL
12

Pemaionyio pojib B PasBUTUN AMEPHOU XUMUKM CHIDaJO OTKPLITHE B
1639 r. nponecca nenedus sifgep ypasa npu obaydeHUU HEHTPOHAMU:

235

92U + (l)n — ?éKr 4+ 4By 4 3(1)n

56

B peakuMsax nenesus sAAPC PACIISIUIASTCA HA JBA HOBHIX CUJIBHO PaJAMOaK-
TUBHEIX SJPA € HEONMHAKBHIMU MaccaMu. Peaknus JlejieHHs siipa cOOpo-
BOXKJA€TCsI BEIJIEJIGHMEM OrPOMHOTO konuyectBa 3Hepruu. Ilpm nporeka-
HUHN, HAPUMED, PAacCMaTPUBAeMORl peaKINU BrlJeisiercA sueprus 21010
k/lx/mones unu 8,4-10!10 k/lx/kr 235U. Dro cOOTBETCTBYET TEILIOTE CrOpa-
HUsK 2 MJIH, KT BEICOKOKAJOPUMHOIO KaMEHHOI'O yIJIA.

B peaknum nenesusi na OOMH 3aTpaveHHblil HeATpoH obpasyercsa 2—3
HOBLIX He{TpPOHA, KOTOpDLIe, B CBOIO O4Ye€pedb, MOI'YT BHI3HBATL PEAKIIUIO
neneansa sgep. Takum o6pasoM MOxeT NPOUB0ITHU JIABMHOO6pa3HOe yBe-
NUYeHHe 4YMCAA DACIIETVIAGMHX Afep, T.e. uenwas peaxyud. Eean we pe-
I'y/IUpOBaTh PA3BUTHe LEneil, TO IHpOolece IPOTeKAeT MPaKTHYeCKH MIHO-
BEHHO U cOMpOBOKkAaeTcA B3pHBOM. Ha 3TOM OCHOBaHO nEHcTBHE aTOMHOI
GOMOHI.

YnpapnseMble peakliMyl fenenust sgep (ypaHa, IyTOHUA) UCIIOMb3YIOT-
cA B AJePHHX peakTopax. [IpM 3TOM IIPOUBBOJUTCA BHEPIUsi U MHOJIYUAIOT-
¢sl pagHOaKTHBHble U3OTOMILL JPYTUX 3JIEMEHTOB.

BakHEIM BUAOM S[IEPHLIX PEAKIUN ABISIOTCA MePAosdeprbie Peaxyuull.
OTO peakumy CcIAUAHUA (CUHTE3a) AaTOMHEIX sigep B 6ojee cioxsble. B
KadecTBe NPHMepPa TEPMOANEPHON peaKnUM MOXHO TPUBECTH CHHTE3 sAaep
reJIusi W3 AAep BOJAOPOJAa (IPOTOHOB) IO CYMMapHOMY yPaBHEHUIO:

4 H — JHe + 24

TepMOAnepHEHE DEAKIUHY CONPOBONKAAKTCA BHITCHUEM KOJOCCATILHOTO
KojiddecTBa 3Heprum. Tak, B pe3ysbrare cUHTE3a euUsi U3 BOAOPOAA
IOJIKHA BHAEAUTHCSA OIPOMHAA 3Heprus, pasHad 644 man. k/Ik ma 1 r
Bofopona. Ona B 3 MIH. pa3 6Gonnlue, 4eM 3HEPIUs, BHJEIAEMas NpU
COKUTAHUM BOAOPOAA, U B 15 MIH. pa3 60MbIIe YHEPIUM, MOMYHAEMOR IIPH
CKUTAHUM BEICOKOKAMOPNHHOIO KAMEHHOIO YIVIA.

Pemenne npo6nemMbl ynpaBiseMEIX TEPMOSJEPHBIX PEAKIUiA MO3BOJIUT
YeJIOBEYECTBY MUCIOJIL30BATL HEUCYEPIIAGMEIE 3allackl BHYTPUAJEPHOMR 3Hep-
TUU.

WNayyenue 3aKOHOMEDPHOCTEN AACPHEIX MPEBPANICHUI BAXKHO ANA YCTa-
HOBJIGHUA MNPUPOARI AJEPHEIX CHJI U CO3JAaHUA TEOPUHM CTPOSHUA AJAPA.
N3syyenue ANEPHEX PEAKIUIA UMEET X GOJBINYIO MPAKTUYECKYIO LEHHOCTD.
OTO Mpesk e BCero MCIONL30BAHNE AIEPHOM IHEPIUU, UCKYCCTBEHHOE MOy
UEeHMEe HOBHX XHMMYECKHUX IJIEMEHTOB, Da3HOO6pPa3HBIX pajuOaKTUBHEIX
nzoronos. PasBuTne TEXHUKM YCKOpEHUS YacTUI MO3BOMMIIO BOCCO3NABAThH
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B 1aB0OpaTOPUKM MPOUECcCE, NPUGIMKAIOIIUECd K NPOUCXOAAIIUM B 3eMHOU
KOpe M KOCMUYECKOM IPOCTPAHCTBe. JTO JaeT BO3MOXKHOCT: NPeNCTaBUTH
reHe3uc XUMUYECKUX 3JIEMEHTOB B MPUPOJE.

§ 5. CUHTE3 3JIEMEHTOB

B 1869 r., xorna JI.M. MenneneeBsim OBl OTKPBIT HEPUOAHTIECKUI
3aKOH, 661710 M3BecTHO Beero 63 onemenrta. Ha OCHOBaHMU NMEepUOAUYECKOro
sakona JI.M. MenpmesneeB npejckasan cynjecTBoBaHue 12 HOBBIX 3J1eMeHTOB
u s tpex us Hux (Ga, Ge, Sc) onmcan cpoiictBa. B rTedeHue mosmyseka
(1875—1925) 6r1m o6HapyXeHbl B IPUPOAE MOYTH Bee 3J1eMEHTHI, Pacrojlo-
skeHuble B Tabaune Menaeneesa no ypana. IlyTeBOAHON BUTHIO AJIA MOUCKA
M YCTAHOBJGHUA XUMUYECKOHN OPUPOALI JIEMEHTOB SBUJICS MEPUONNIECKU
3aKOH W METOJ mpepckasanus, ucnonszoBannslil 1. Y. MengeneeBsim.

C 1925 r. ocraBaiauch He OTKPBHITHIMU TOJBKO 3JIEMEHTEl C ATOMHBIMU
Homepamn 43, 61, 85 u 87, KOTOPHE, Kak OKa3aloch, He 06Pa3YOT yCTON-
YUBLIX WU30TOHOOB. IlepBrlM GBI MOMydeH CUHTETHYECKHUM NyTeMm TexHenui
Tec — 43-i1 2/1leMenT, KOTOPHIHA 3aIlOJIHUIl NycTOBaBIIyI0 A0 1937 r. xneTky B
IEPUOINYECKO cucTeme MEXIY MOAUONeHoM K pyTeHuem. TexHenuil Brep-
Bole OB MOJIYYEH IIpH OOJyYeHUU MOMUOAeHa NedTPOHAMU!

98 2 99 1 98 99
wMo + 'H — "Te + ;n uan ,Mo(d, n);;Te
B 1940 r. obaydYenuem BUCMYyTa q~4acTUIaMK NMOJydeH 85— 3jeMeHT acTaT
At:

209p: | 4 211 1 200 211
g Bi + JHe — " At + 20w " Bi(a, 2n)7 At

Onementsl 61-it (npomernit Pm) u 87-i1 (bpanyuit Fr) 6l 06napyxeHsl
B IPOAYKTAaX SIIEPHOrO pacnaja ypaHa.

JInst cuHTe3a TpanCypanOBEIX 3JIeMEHTOB UCIOJB3YIOTCA peakuuu, B
KOTOPHX Y4YaCTBYIOT HEHTDPOHBI, IedTPOHBI, 0-9aCTHUBI C dHEPTUed nopaa-
ka 3-1012 k/Ix/mMone M mHOTO3apsAambie MoHbl (10B3* 12C4+ NS+ 16067
?22Nel0*) ¢ smeprueit go 1,2-101 x/Ix/mons (130 MaB).

Venexu B cunTe3e U U3YyYEHUU TPAHCYPAHOBBIX JJIGMEHTOB B OCHOBHOM
CBsI3aHBl ¢ PabOTOll aMepUKaHCKMX ydenbix KanudopHUHCKOro yHuBepcu-
tera (r. Bepxnu) mopx pykoBogctBom [. Cubopra u ydeHsix HucruryTa
AfepHeIX uccaenoBanunii (r. Jlyéna) non pykosoacrsom ['.H. ®aeposa.

B 1987 r. B [Iy6ue upu 60M6apAMpOBKe ANEp TOPUA UOHAMM KasibiUA,
a ypaHa MOHaMM aprona 6Ll CUHTe3UpoBaH diemenT 110.

llepuop, nosiypacnaza TPAHCYPAHOBBIX JJIEMEHTOB OBICTPO yMEHbINIAETCA
¢ pocrom 3apsifa sapa. OHAKO UMEIOTCA OCHOBAHMA CYMTaTh, YTO cpenu
CBEPXTAXKEIbIX 3JIGMEHTOB MOBLIIICHHON yCTOMYUBOCTHIO NOJIKHEL 06/1a/1aTh
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A0pa ¢ 3aMKHYTHIMA HYKJIOHHBIMU CJI0SAMHM € MarndecKUMU YUCiaMU HPOTO-
HOB Z = 114 u 126 u geitrpodor N = 184.

PazButue pusankn u xuMum TpapcypaHOBEIX 3JIEMEHTOB HeMOCPeCTBEH-
HO OCHOBbIBacTcsA Ha nepuoamndeckom sakcoHe JI.W. MenpgeneeBa. B cBoio
oyepesb MCCIJOBAHUA B 00JIaCTH TPAHCYPAHOBLIX 3j1eMeHTOB He TOJIBKO
yrayonsaioT cBeleHUA O cTPOSHUM U CBOMACTBAX ATOMHBIX AP, HO TaKxKe
paclUpsAIOT HAIIK NIPeJCTABICHUA O CTPYKTYPE MEePUOTNYIECKONH CUCTEMEL.

HecmoTpsa Ha OrpomHBIE NOCTUXEHMA HayKM 3a MpOIIefllee CTOJeTUE,
cucreMa [ V1. MeHpeneeBa B INpUHNUNAX [OCTPOEHUA He mperepreia
CKOJIBKO-HUOY/b 3ameTHHIX WN3MeHeHuil, pa3BuTHe NpeACTaB/CHUNA O Ie-
PHOMNYECKON cucTéMe MO CYTU Jela KOCHYJIOCh JIMIIEL PaclIUpeHUs ee
HUKHEN rpaHUnkbl.

YMecTHO 3pecs BenoMuUTs BoickaspiBaHHe JI.U. Meunneneea: "'Tle-
PHONMYECKOMY 3aKOHy Oyaymiee He IPO3UT paspylleHueM, a TOJAbKO HaJ-
CcTPOHKU K pa3BUTUEe obemaer' .

§ 6. ATEPHBLIE PEAKILMY B [IPUPOJIE

Ha usydeHun sakoHomepHOCTell ANepHBHIX peakyuili U PaaoaKTHBHOLO
pacnaga CTPOATCA TEOPUM NMPOUCXOKITCHUA XUMUYECKUX DJIEMEHTOB M UX
PacrpocTpaHeHHOCT! B npupofe. Kak nmokaswiBaloT manuble spepHoit u-
BUKM U acTPODU3UKK, CMHTE3 U MpeBpalleHue BJIEMEHTOB IPOMCXOLAT
Ha BCeX CTaJWAX DBOJIIONMM 3Be3l] KaK 3aKOHOMEDHBIA mpouecc MX pas-
BUTHUA.

O6paszosanune Afep ¢ ycjlokHeHUeM HX COCTABA MOKET NPOVCXOLUTbL B
npupose Mu6o nyTeM cAMAHUA 3aPAKEHHBIX YacTHy (d/lemeHTapHLIX dac-
TAL WM aTOMHBIX fAfep) APYr ¢ JApyrom, JAu60 B pesyjbTaTe peakyuil
NOrJIOmeHUss HEeHTPOHOB. YCJIOBUA, HEOOXOAMMBIE /s OTUX MPOLEccoB,
BO3HUKAOT /MO0 B Helpax 3Be3J] pa3iiMyHbIX TUIOB, Te 3apiAxeHHble
H4aCTUHEI YCKOPAIOTCA [PKU BHICOKUX TeMmIepaTypax (mopsaKka cOTeH MWI-
JIMOHOB I'pajlycoB), 1M60 B 3Be3AHEIX aTmocdepax, rie YacTHHbl YCKOPSIOT—
€A MOUIHBIMM 3JICKTPOMAIHUTHBIMUA IOJIAMHU.

IIpu 10—20 miH. rpamycoB B 3Be3gaX NMpOTeKaroT peakuM HpeBpane—
HUSI BOAOPOAa B Tesiuil. OTa peaKuusi — OCHOBHOH UCTOYHHUK OFPOMHOI
dHeprun, nonepxkuBapmeil Connne n 60ALMUKHCTBO 3Be3 B pPacKaJleHHOM
COCTOAHUU.

B 3Beanax npyroro tuna u Bospacra npu TemIneparypax Bhire 150 min.
rpajycoB INDPOTEKAOT TepMOAMEPHble peaknuu requs c obpasoBaHueM
YCTOHYIUBEIX M3OTONOB yIJIEPOAa, KHCIOPOAA, HEOHA, MAIHMSA, cEphHl, apro-
Ha, KaJdbpua U Ap.:

‘He(a, 7)*Be(a, 1)12C(a, 7)160(a, 7)?°Ne(a, 7)24Mg
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[IpoTeKaroT TakXke peaKIHU ¢ y4acTUEeM IPOTOHOB M HEHTPOHOB M 06pasy-
10TCS 3JIeMEHTH! BILUIOTH IO BUCMYTA.

O6pa3oBaHKe CAMBIX TSKEJBIX 3JIEMEHTOB — ypaHa, TOpUsd, TPaHcypaHo-
BbIX 3JIEMEHTOB — MPOHCXOJUT TPU B3pbIBe cBepXHOBHIX 3Be3dj. Ilpu Takom
B3pHIBE BHLCBOGOXKAETCA KOJIOCCATTBHAA JHEPrUsi, U TeMnepaTypa AOCTHAraeT
nopAxka 4 MIpA. TPagycoB, 4TO TMO3BOJSIET OCYUIECTBUTbCA PeEAKIUAM
06pasoBaHUA CaMBbIX TAKEIBX 3JICMEHTOB.

B Helpax IJiaHeT HE MOT'YT BO3HUKATHL CTOJIb BbICOKUE TEeMIepaTyphl, a
CJ1e[OBATENILHO, U TIPOTEKATEL CTOJBL PasHooOpasHbIe ALepHBIe PeAKIUHU, KAK
B ropauux 3sesgax. Ha 3emie nmpeBpallleHue 3/6MEHTOB B OCHOBHOM 06yc-
JIOBJIUBAETCA PajMOAKTUBHBIM pacnajoM. OTO NPUBOAUT K HEKOTOPOMY
M3MEHEeHHIO M30TOMHOLO COCTABA CYHIECTBYIOMIMX 3JIEMEHTOB, K3 KOTOPBIX
25% pamMOaKTUBHBIL.

B Heppax 3emiu 06HApPYXKEHB TAKKe HUYTOKHBIE KOJIAYECTBA HEKOTO-
PHIX U3 CUHTE3MPOBAHHBIX B Jiaboparopuu dj1eMeHToB (mpomerus, dpan-
IUA, HENTYHUS, IWIyTOHUA, TexaenuA ¥ ap.). [lo-BUaUMOMYy, OHM BO3HMKa-
JU KOTJa~-TO B 3HAYMTENBHBIX KOJMAYECTBAX, OJHAKO BCJeACTBUe HeycTON-
quBocTH ucuesdnu. B wmacrosmiee BpeMs 9TH 3j1eMeHTsl 06pa3yioTes B pe-
3yJIbTATEe SAAEPHBIX pEAKNMiA, BHI3BIBAEMBIX KOCMMYECKHMM JydJaMm, WK
KAK HOPOAYKTHl PATUOAKTUBHOIO paclajna LpPYrUxX 2JIeMEHTOB.

F'J1ABA 2 3JIEKTPOHHASA OBOJIOYKA ATOMA
XUMHUYECKOI'O DJIEMEHTA

§ 1. UCXOJJHBIE IPEJACTABJIEHUSA KBAHTOBON
MEXAHWKH

Teopus cTpPOGHUA aTOMa OCHOBAHA HA 33KOHAX, ONMUCHIBAIONIMX JIBUMNKE-
Hue MUKpOYAcTUl (BIEeKTPOHOB, ATOMOB, MOJIEKYJ) M HUX cucTeM (HaIpu-
Mep, KpucTajioB). Maccel u pa3Mepsl MHKPOYACTHUI, YPE3BBIYANHO MaJibl
0 CPABHEHMIO C M3cCCaMHM U pa3MepaMH Makpockonudeckux Tesl. [losromy
CBOMICTBA M 3aKOHOMEPHOCTH JBMXEHUS OTAENbHON MUKPOYAacTUObl KadecT-
BEHHO OTJM4YaloTcA OT CBOWCTB M 3AKOHOMEPHOCTEN [OBUIKEHUSI MAKPOCKO-
MMYEecKOoro Tesla, U3yYaeMbIX KJjaccHueckoil dusukoi. /lpukenne u B3ap-
MOZEMCTBUA MUKDPOYACTHUI, OIMCHIBAET KeaHmogas (WINA 604x08a%) MEXAHH-
ku. OHa ocHOBBIBaeTcs Ha IIPEACTABJIEHUM O KBAHTOBAHMM DHEPIUHU, BOJHO-
BOM XapaKTepe ABUNKEHUA MUKDPOYACTUI, U BEpOATHOCTHOM (é*ramcmqec—
KOM) MeTOJ€ OIMUCAHUA MUKPOOGLEKTOB.

KpanTOBHI XapakTep M3JydYeHHsI H NOTJIOMEHUs 3Heprun. [IpuMepHo B
sadane XX B. uccienoBanus psiga ABNeHud (M3JydeHWI pacKaleHHbIX
Tesl, $oToaddeKT, AaTOMHBIE CIEKTphl} NPUBENIM K BBIBOLY, HTO JHeprus
pacnpocTpaHsiercss U Nepegaercs, HNorjomaercd U UcHyckaeTcsAd He Hellpe-
16

prBHO, a JUCKPeTHO, OTHEeJIbHBIMU NOPUHUAMH — KBaHTaMU. BHepI‘IAﬁ CUuc-
TeMBl MUKPOYACTUI TAKKE MOXKET HNPUHHUMATH TOJBKO ONpeJeleHHble 3Ha-
4eHUSA, KOTOPBIe ABJIAIOTCA KPATHBIMU YHC/IAMU KBAHTOB.

Iipenmosokenne 0 KBAHTOBOW 3HEPruM BHOEPBHE OBIJIC BBICKAZAHO
M. IlnankoM (1900) u mnosxke o6ocuoBano A. DiHmreliHom (1905). Ouep-
I'HA KBaHTa € 3aBUCUT OT YACTOTHl M3JIydeHUA v:

€ = hy, (1)
rne h — nocmosunas aanxa (h = 6,63-1073¢ Ix-c).
Yacrora KonebaHWil v U JIJIMHA BONHBl A CBASAHB! COOTHOLICHUEM:
Av = ¢,

I€ € — CKOPOCTH CBeTa.

Coryracto cooorHowenuio (1), ueM Memblile NnMHA BOJHBI (T.e. 4YeM OGolblie
yacroTa kosebaHni), TeM Gosblue omeprus ksanra. YV, naoBopor, uem Gosnpiue
LIMHA BONHBEI {T.e, YeM MEHbIUE YACTOTA KOJIEGAHMIT), TEM MOHBLIE SHEPIUS KBAHTA.
TakuM o6paszoM, yibTpacdhUONICTOBBIC U DPEHTICHOBCKUAE Ny4M obnajalT 6Gonbliei
QHEPTHeH, YeM, CKaXKeM, PAIMOBOJIHEI MK UHGPAKPACHBIE JYHM.

BommoBoit XapakTep ABHXKEHMS MMKpOdYacTHL,. I/ ONMCAHUS 3JEKTPO-
MArHATHOIO W3JIyYEHUS MPUBJIEKAKOT KAK BOJIHOBBIC, TAK U KOPIYCKYJAp~-
Hble [IpEACTaB/IeHUA: ¢ OQHOM CTOPOHBI, MOHOXPOMATUYECKOE WU3JIyUeHUE
pacripocTpaHsieTrcd Kak BOJIHA M XapaKTepu3yercA INJHHOW BOJAHBI A (uiu
YacTOTON KOJIeGaHUs v); ¢ APYrOil CTOPOHBI, OHO COCTOMT M3 MUKpPOYac-
TAL — GOTOHOB, NEPEeHOCANNX KBaHTHI 3Hepruu. SfBnenusa audpakmuu
9/IEKTPOMAIHUTHOTO U3JlydeHUA (CBeTa, PAZMOBOJIH, Y-/y4eil, PEHTreHOBC-
KMX Jiydeil ¥ IIp.) [OKA3BLIBAIOT €ro BOJIHOBYIO NMPUpoAy. B To xe Bpems
EKTPOMATHUTHOE WU3JydeHue o6iafaer 3Heprueill, Maccoil, NMpOU3IBOJUT
Zapilenne. Tak, BBIYMCIAEHO, 4To 3a rof Macca ConHia yMeHbmaerca 3a
cder uznydeuuns Ha 1,5 1017 kr.

Jlyu pe Bpoitne npepsoxkun (1924) pacnpocTpaHUThE KOPHYCKYJISPHO-
BOJIHOBbIe IMpEACTaBJAGHMA Ha BCEe MUKPOYACTUALBI, T.C. IBUXKECHHE JIIO60L
MUKPOYACTULHl paccMATPUBATE KAaK BOJIHOBOHM Nporecc. MaTeMaTudecku
3TO BolpaskaeTcss coomuowenuen Oe Hpodag, COTIIACHO KOTOPOMY YacTHUe
Maccofl m, ABUKYIEHcA CO CKOPOCTBIO U, COOTBETCTBYET BOJIHA JJIMHON A:

A = h/(mv). (2)

Funoresa ne Bpoiis 6bula skcnepuMeHTANBHO MOATBepskeHA OGHapy-
XeaueM JudpakKnUOHHOrO ©  HHTepdepenmuonroro 3ddeKToB HMOTOKA
9NekTpoHOB, B HacTOsmiee BpeMsa AUQpaKOusA TOTOKOB 3JIEKTPOHOB, HeH-
TPOHOB, NPOTOHOB IMUPOKO WUCHOJL3YETCA JIA U3y GeHusA CprRTypr Be-
mects (cM. pasgen 1V). ! . '
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- CorylacHO COOTHOWISHMIO {2), ABMXKEHHIO 31eKTpoHa (Macca 9,1-10731 ki,
ckopOcTh mopazka 106 M/c) orpevaer BonHa AnuHON nopsaxa 10710 M, T.e.
ee ANMHA cOoM3MepMMa ¢ pasMmepamMu aToMOB. [losroMy mnpu paccesHUH
3IeKTPOHOB KpUCTA/IaMH Habnogaercs Audpakpus, npudeM KpUCTAIIABI
BBIMIOJTHAIOT PONEB AN(PAaKIHMOHHON pelleTKH.

C pBMKEHMEM € MaKpOYacTHr, Ha060pOT, acCOUMUpYeTcss BOJIHA CTOMb
manoi anuesl (1072° M U MeHBIIe), YTO 3KCNEPUMEHTATEHO BOJTHOBOW NpO-
fece 06HAPYHKUTE HE yAAETCA.

llpuanun  BeonpepencanocTH. B. FeitsenGeprom ycranosnen (1927)
NpUHIOLUN HEeONpEeAEeNeHHOCTH HEGOIUOKKO 00HOBPEUENNO
mouno onpedeiums nodomenue muxpowacmuysl (ee Kxoopdumamwm) u ee
xoauxecmeo deuxenus (UMNYABC P = mV).

MaremaTiyeckoe BEIpakeHue NPpUHIMIA HECTpEIEIOHHOCTH MMEeT BUZ:

h h
2 — ? —
AzAp oy WM AzAv G- (3)

rae Az, Ap, Av — COOTBETCTBEHHO HEOIpEAEJIEHHOCTH B IIOJIOKEHMU, UM-
NyJAsCe ¥ CKOPOCTH YACTUIH.

W3 coorHomenuit (3) cnenyer, 4To ueM TOUHee ONpeReseHa KOOpAMUHATA
yacTHUB (YEM MEHbIIe HeONpeAeNeHHOcTs Az), TeM MEHee OIpeR&IeHHOM
cTaHOBHTCA ckopoers (6onbmwe Av). U Hao6opor, yeM TOYHee u3BecTeH
UMIYILC (CKOpOCTh), TeM 60Jlee HeONPENeIEHHO MEeCTONONOKEHUE YaCTHIH.
TaK, ec/y IOJIOKEHHe BJIEKTpOHA OMpeAesieHo ¢ TOuYHOCThI0O a0 10712 M, TO
HEOIpE/IeNIHHOCTL B ckopocTd cocTaBuT 58 000 kM/c.

Jina MaKpowacTHy BeJIMYMHA OTHOWEHMA h/m oueHr Mana (r.e. HHY-
TOXHO MaJil Az U Av), IO3TOMY JJIA HUX CIPaBeIJIMBEL 3aKOHB KJaccH-
YecKOMl MEeXaHMKHM, B PaMKaxX KOTODHIX CKODOCTL U IOJIOKEHHME YacTHIbI
MOTYT 6bITH TOYHO ORMpE/eJIeHbl OJIHOBPEMEHHO.

KBaHTOBaHME 3HepruM, BOJHOBOW XapaKTep MABH:xEHUA MHUKpOYACTHII,
NpUANUN HEONMpPEASNSHHOCTH — BCE HTO MMOKABBLIBAET, 4TO KJaccHYecKas
MEXaHMKAa HeNpUroaHa [JIsI ONMCAaHMA [OBeeHMsA MUKpouacTHl. Tak,
COCTOSIHME DJIEKTPOHA B ATOME HEJIL3A IMPEJCTABUTbL KAK [BIKEHHE MaTe-
pHANBHON YacTHUbl MO KaKoi-To opbure. KBaHTOBas MexaHHMKa OTKa3bIBa-
eTcsi OT YTOYHEHMA MOJIOKEHUA DJIEKTPOHA B NPOCTPAHCTBE; OHA 3AMEHET
KJIacCHYECKOe MOHATHE TOYHOTO HAXOXJEHHS YacTHIH MOHATHEM CTATHC-
THUYECKONA BEPOATHOCTH HAXOKJEHHUA SNEKTpOHa B JAHHONW TOYKE NpOCT-
paHcTBa UM B 2yeMedTe o6veme d V BOKpyr azpa.

§ 2. 9JIEKTPOHHOE OBJIAKO

Bommosas ¢yExmma. [fockonrky NBibKEHHE HIIEKTPOHA MMEET BOJIHOBOM
XapaKTep, KBAaHTOBasd MeXaHHMKa OIMCHIBAET €r0 JBM)KEHHME B aTOMe IpH
NOMOINM 604H080% Pynxyuu 3. B pasHEIX TOYKaX ATOMHOrO IPOCTPAHCTBA
18

3Ta (PYHKIHUA NPpUHMMAET pa3Hblie 3HAYeHUsA. MareMaTHdecKn 3TO 3alUch-

BaeTcAd pABEHCTBOM ¥ = ¢ (z, y, 2), A€ z, ¥, 2 — KOODIAMHATH TOYKH.
OU3NYeCKU CMBICT BOTHOBON GYHKIHMH: e KBAApaT % XapaKIepusyer
BePOATHOCTL HaXOXIEHHUA DHIIEKTPOHA B JaHHON TOUKE AaTOMHOTO MHpocT-
paHcrBa. Besmuyuna ¢2d V npencrasnser co60it BepoATHOCTL 0BHADPYKEHUA
pACCMATPUBAEMON YacTUIL B 31€MeHTe 06bema d V.

B kavecTBe MOIENM COCTOAHUS HJEKTPOHA B ATOME MPUHATO IpPEeAcTaB-
JIeHue 06 saexmponmonu ob6.4axe, TIOTHOCTH COOTBETCTBYIOIUX YUYACTKOB
KOTOpOTO IMpONOPIUOHATEHA BEpOATHOCTH HAXOXKAEGHHUA TaM DBIIEKTPOHA.
Onga U3 BO3MOXKHHIX (DOPM 3JIEKTpPOHHOTO 06NaKa B aToMe IOKa3aHa Ha
puc. 2.

OTOT pUCYHOK MOKHO UHTEpIpeTUpOBaTh cileayromuM obpasom. Jomye-
TUM, 4YTO B KaKOH-TO MOMEHT BpeMeHU HaM ynajoch c¢ororpadpupoBarh
NOJIOKEHUE DJIeKTPOHA B TPEXMEDHOM IIpOCTPaHCTBE BOKpYr Aznpa. Ha
dororpadpum 310 oTpasurca B BuAe Touxku. IloBropuM rakoe onpeneneHue
Teicaun pa3. Hoswie dororpaduu, caesaHHEEe UYepe3 Majible MPOMEKYTKU
BPeMeHU, OOHApPYKAT 3JIeKTPOH Bce B HOBHIX MOJIOKEHUAX. MHoxecTBO
TAKKUX q;'o"mrpacbm‘fl Npy HaJIOKEeHUU 06pasyloT KapTUHY, HANOMUHAIOU[YIO
obnako. OueBugHO, 06riako OKaxercs Hanbojlee IUIOTHBIM TaM, /€ Hal-
boabllleg YUCIO TOYEK, T.e. B 0OJMACTAX Hanb0Jee BePOSATHOTO HAXOKIOHNS
ayiekTpoHa. OYeBUAHO, YeM MPOYHEe CBA3L 3JEKTPOHA ¢ AJAPOM, TeM BJIKT-
pOHHOe 067aK0O MeHBIe 0 pa3MepaM U IUIOTHEE N0 paclpeAesieHUI0 3a-
pAna.

DNEKTPOHHOE 061aKO YaCTO U306PaKAIOT B BUNE tPANUYHOU NOBEPTHOC-
mu (oxsaTeiBaonieil npuMmepHo 90% anekrpoHHOTro obiaka). [lpu 3TOM
obo3HaueHUe ILJIOTHOCTH € MOMOINLI0 TOYek omyckaroT (puc. 3). O6nacrts
NpPOCTPAHCTBA BOKPYT AJApa, B KOTOpOH Hamnbojiee BEPOATHO IpeShIBaHUE
IEKTPOHa, HA3LIBAIOT opbumaasio. DopMy U pa3Mephl rpaHUYHON MOBEpX~

-
L/

P ue. 2. DnexTpoHHoe of- P uc. 3. Ceuenue rpaHuy-
JiaKo HOM IOBEPXHOCTU
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HOCTH TPUHATO cYUTaTh (OPMOii U padMepoM OpOUTanu (37eKTPOHHOrO
obsaka).

BriuMcsieHHe BEpOATHOCTU HaAXOKIEGHUA DJEKTPOHA B NaHHOM MecTe
aToMa (MOJIEKYJIbI) M ero dHepruM — CJIONKHAA MaTeMaTH4YecKas HpoGJeMa.
Ona pelaeTcss ¢ MNOMOIIBIO YpaBHEeHHs, NOJIyYHBIIEro HAa3BaHHUE 604K08010
ypaenenus Hlpeduniepa.

Ypagsenue lllpenvurepa cBs3bIBalOT BOJHOBYIO (DYHKUMIO ¥ ¢ NMOTEHUMAJIbHOM
aHepryuen oiektpona U v ero NoJjiHow oHepruen E:

h2
V29 + (E - =0,
s VYt (E- U
u s
rjie NepBBljl YHNEeH COOTBETCTBYET KUHETUHECKOW SHEPIMU 3JIEKTPOHA] Vg = ) +
>y Y .
+ W) + 52 CyMMa BTODBIX NMPOM3BOJHBLIX BOJHOBOM (GYHKUMY 1 IO KOODAWHA-
(] z

TaM I, ¥y U E; m — Macca OleKTpoHa; b — nocrosAHHas [Inanka.

He BBIACHAS MaTeMaTHMHeCKWl CMBIC] BOJIHOBOTO YDABHEHWsl, OTMETHM, 4YTO ero
npUeMiieMble PELIeHMsA BO3MOXKHBI TOJIBKO NpPU BNOJHE ONPENeTEHHBIX NUCKpPETHbIX
BHAYEHUSIX OHEPrMM  QJIeKTPOHa. PasnuuHbiM  GYHRUMAM ¥, ¥, U3, ..., ¥n
KOTOpbIE SIBJIAIOTCA pelleHUeM BOJIHOBOTO YPaBHEHWUS, COOTBETCTBYeT CBOE 3HadeHMe
suepruit: By, By, Es, ..., Fp.

BonHoBasi (byHKUMSA, ABIAOWAsAcA peuledneM ypashenus Illpenuhrepa, Hasbi-
BaeTCA Op6Umansio.

Ha puec. 4 v 5 nokasaHbl rpadVKM uaMeHeHMA ¥ U ¥F JUIA 3JeKTpOHa aToMa
BOJOPOAa B SaBUCUMOCTM OT PACCTOSTHUS oT siipa 7, OTBedaiolue JIByM pasHbIM
3HAYEHUsIM ero sHepruu. WzobpaxeHHble Ha puc. 4 KpUBbHIE He 3aBUCAT OT HalpaB-
JIEHUS, B KOTOPOM OTKJaJbIBacTcA MaMepsieMoe paccrosHue 7. 3TO 03Hadaer, 4ro
UIeKTPOHHOe 0bMako obmajaer chepudeckoir cuMMerpuedt (cM. puc. 2 u 3). Kpupas

w2

~Y

r

P uc. 4. Tpadurn ¥ u U2 s aeKkTpoHa aToMa BOJIopoja ¢
HAMMeHbIleN DHepruen

20

\_/| g »

Puc. 5 Ipaduru ¥ u WZ 115 snexTpoHa aToMa BOOPONa B BO3BYHKIEHHOM
COCTOAHUU ‘

1) pacronoxeta MO OfHY CTOPOHY OT oc paccTosiHuiA (ocu abcumcc), T.e. BOJIHOBast
GYHRUMA MMeeT MTOCTOSHHBI 3HAK; 6YAEM CUATATH €To MOJOKUTETHLHBIM.

[Ipy npyroM sHaveHUM /IEKTPOHa KpUBbIE 1 ¥ 97 MMelOT BUJ, NOKA3aHHLI Ha
puc. 5. B oToM caydae No ofHy cTOpOHY OT Ajfipa BONHOBas (hDYHKUUSA IOJOKUTETb—
Ha, 0 JpYyrylo — OTpULATe/IbHA; B Hadajle KOODJMHAT 3HAYeHMe 1 .o6pau1ae'rc;1 B
Hysb. Kpupasi ke 92, ecTecTBEHHO, cOOTBETCTBYET TOJILKO NOJIOKUTETLHBIM 3HaYe—
HUsiM ¥2. PaccMaTpuBaeMasi BOSIHOBasi bYHKUMS M ee KBajpaT He obsiafaloT cie—
PHYeCKO! CUMMeTpMell. OJEKTPOHHoe oOJIAKO cOCPeOTOYEHO BJOJIb OCM I, a B
IJIOCKOCTH Y2, NEPHEHAMKYNADPHON 9TOW OCH, BEPOATHOCTL NMpPebbIBaHMA QIeKTpoHa
paBHa Hymwo. [losToMy BrerTpoHHOE 0671aK6 UMeer hopMy raHTeN M.

§ 3. ATOMHLIE OPEUTAJIU -

KpanToBHEe uwmcna. Op6uTanr MOKHO omucaTh ¢ NOMOMmBIO Habopa
K8AHMOBHIT Nuces: B — TJIaBHOE KBAHTOBOe 4UC/O0, | — OpOUTaNbHOE KBaH-
TOBOE YHCJIO, M| — MACHUTHO® KBaHTOBOE YUCIO.

[nasroe kBaBTOBOE YHCNO. JHepreTwdeckue yposaM. COrnacHo ycioBU-
AM KBaHTOBaHMA JJIEKTPOH B ATOME MOMET HAXOJNUThCS JIMIIL B ONpenesieH~
HbIX KBaHTOBBIX COCTOAHMAX, COOTBETCTBYIOIIUX ONPeAeJeHHbIM 3HAUCHUM
€ro 3HEpruM CBIA3U ¢ AQPOM. . |

Tak, BOTHOBbIe (YHKUMHM, NOJSydacMmble peIICHUEM BOJIHOBOTO YPaBHE-
HUA AJs1 aTOMa BOAOPOAA, COOTBETCTBYIOT TOJILKO TaKMM JHEpPIUAM, KOTO-
pble 3a1al0TCs BHIpaXKeHHEM

E=-2176-100% L e wwn E=-136 1 0B,
n n

rae n — raaBHOe KBaHTOBOE Yucno; n = 1, 2, 3, ..., .
Hepexon anexkTpoHa U3 0QHOro KBaHTOBOrO COCTOSIHMS B Apyroe cBsi3aH
CO CKAYKOOOpa3HEIM Hu3MeHeHueM ero sHeprur. [padudeckn sHepruio
KBAHTOBBIX COCTOAHMIA M KBAHTOREIe NEPEXOABI 3TEKTPOHOB MOXKHO U306pa-
3UTH ¢ I[IOMOMILIO cXeMBl JHeprerudyeckux ypomreii (puc. 6). Ha cxeme
POPU3OHTaNbHEIE JIMHAU [POBefeHbl HA BHICOTAX, NTPONOPHMOHAIBHBIX
21



3HAUEHUSM 9DHEPTUM  3JIEeKTpOHa B
£28 aTOME BOJIOPOAA. BeprukanbHble

Fe Ha Hy Hp 1% CTPEJIKM YKA3HIBAIOT Ha BO3MOXKHBIE
KBAHTOBBIE IIEPEXOIHL.
or Zz? KpauTOBOE COCTOAHME aTOMa ¢ Hau-
r > Fifi Z:; MeHpIIE  SHeprueil F;  Ha3bBaloOT
2r cepun ocnoonsiy.,  OcTanbHBI®  KBAHTOBHI®
&l SE Mawens n=2 cOCTOSHUs ¢ 60Jee BHICOKMMM YPOBHS-
4T cepas mu sHeprun Ez, Es, E4, ..., HAa3BIBAIOT
9T banemepa 8036ymdennsi . IJEKTPOH B OCHOB-
2 HOM COCTOAHUM CBA3aH C AAPOM Hau-
7r gonee npouHo. Korma e aTom Haxo-
-§ quTcs B BO3GYKAEHHOM COCTOSTHUM,
-gr CBSI3b DJIEKTPOHA C sAPOM OcjiabepacT
10}t BIUIOTH 0 OTpbIBa DJIEKTPOHA OT aToMa
47+ : npu E_ u npeppallieHus €ro B NOJIOKU-
7zr TENBHO 3apSIKEHHBI UOH.
i ey B OCHOBHOM COCTONHMU ATOM MOXeT
14 c;;:; HAXOLUThCS HeOTpaHWYeHHOe BpeMsi, B
ANaimara pO3GYHAEHHOM K€ COCTOSHMM — HUH-

Puec 6. Cxema SHEpreTMHECKHX ToskHBie nonM cexyHapl (1078-1071 c).

ypOBH.eVI M KBaHTOBblE TNEPEXOIbI BoabyxpeHue aroma npoucxonutT

aToMa BOIOposia npu  HArpeBaHUM,  JeKTPOpaspAne,
norsyomieHuu cera u T.4. llpu 9TOM B K060M ciydae aToM nOTJI0MaeT
JMIIL ONpEeseHHble KBAHTH JHEPTUU, COOTBETCTBYIOMIMC pa3HOCTH PHEp-
reTMyecKuX ypOBHeil snexTpoHoB. O6paTHbIA MepexOn 3JeKTpOHa cOnpo-
BOXAETCS BbIAENEHUEM TOUHO TAKMX e KBaHTOB SHEpTHH.

- KpaHTOBble NEpeXOAbl 3JIEKTpPOHa COOTBETCTBYIOT CKAUKO06pasHOMY
MBMEHEHWIO CPEHETO pa3Mepa 3JEKTPOHHOIO 06jaka: yMEHbIISHUE 9HEp-
[MU CBS3U 3JIEKTPOHA C siAPOM COOTBETCTBYET YBEJIUHEHUIO o61;eM§ 0bnaka;
yBesIMueHue DHEePrUN CBA3N — CKATUIO OGIIaKa.

ATOMHEBIE CIEKTpbl. DKCIEPUMEHTAIbHO KBaHTOBaHWE JSHEPrUU aTOMOB
O6HApYKUBACTCA B MX CIHEKTPaX MOIJIOMEHMA U MCMyCKaHUs. ATOMHﬁIe
CNEKTpHl MMEOT JIMHeliuaTslii XapaxTep (puc. 7). BosHuknOBeHME JMHUY B
cnexTpe O6yCJOBNEHO TeM, 9TO NpHM BO3OYKAEHUM ATOMOB (HarpeBaHUU
raza, 3JIEKTpPOpa3pslLe M Np.) 3JEKTPOHBI, NPUHUMAs COOTBETCTBYIOIIUE
NOpIVMM SHEPLUM, NEPEXOAAT B COCTOAHUE C 60J1ee BBICOKMMM 2HEpreTuyec-
KUMM YpOBHAMU. B TakoM BO36yxAeHHOM COCTOSHHU ATOMBI HaXOAATCA
SWIID HUYTOKHBE ROJM ceKyHabl. IlepeXop 3JeKTPOHOB B COCTONHUM C
60see HMBKUMU DHEPTeTUYecKUMY yPOBHAMY CONPOBOXIAETCs BHIASNICHUEM
KBAHTa DHEPrUM. JTO OTBeaeT MOSBJICHUIO B CMEKTpe OTASTBHBIX JUHM,
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Puc. 7. JIuHuM BUjRMMOTO cheKTpa aToMHoro Bogopoja (cepust
Banbmepa)

COOTBOTCTRYIOUIMX M3JIy4eHHIO ONpefesieHHOM wacToThl KosleGaHui (nJiuHbI
BOJIHEI). ,

HockonbKy rasoobpa3Hblii ATOMHBIE BOZOpOA CONEPXKHMT MHOMECTBO
aTOMOB B pal3HbLIX cTefleHsAX BO3OYmIeHUsi, COEeKTP cOCTOUT M3 6oabloro
YHcJsa JJHHUHA.

KBanTopnie mepexoan BO3GYMAEGHHHIX 3JIGKTPOHOB € Paz3jIMUHbIX ypOB~
Heil Ha mepBuiii (cM. puc. 6) oreeualoT rpynne AMHMIA, HaXOAAIIMXCA B
yabrpaduonerosoit obnactn (cepus Jladmana); mepexonbl BO36GYKIESHHBIX
3JIeKTpOHOB Ha BTOPOil YPOBEHb B OCHOBHOM COOTBETCTBYIOT BHAMMOI 06~
Jactv cnektpa (cepus baasaiepa); npyrue cepuM HEepexONOB BblPaXKeHbl
AJIMHHOBOJIHOBOM 06/1acThiO clieKTpa. Buaumeiil cnekTp Bogopoaa (cM. puc.
7) BO3HUKAeT NpH Depexone BO3GYMNEHHBIX 3JIGKTPOHOB B COCTOAHUE C
rJIaBHBIM KBaHTOBHIM 4ncioM n = 2 (cepus Baasauepa).

Op6uTanbnoe kBaHTOBoe YHc0. QopMir opbmrane#. [Insa xapakrepuc-
TUKH QOopMbl OpOHTAIIH, a CiIefoBaTeIbHO, H GOPMEI 3JIeKTPOHHOTO O6IaKa
BBeJleHO OpbHTa/lbHOe KBaHTOROe umciio | JlonycruMble 3HaueHusa uducna [
onpenensiioTcs 3HAYEHHEM [VIABHOrO KBaHTOBOrOo umcia n. KsanTtoBoe
yucio | nmeer 3navenna: 0, 1, 2, 3, ..., (n — 1).

OpburanbHoe KBaHTOBOE Yucio | npuHATO 0603HAYaTh GYKBAMHU:

Op6uTaabHOe KBAHTOBOE YUCTO { ..cvvvevrreesrannrens 012345
OOOBBAYEHMS +vvveeeecvevnninreressrnnnnnieraasnes e spdfgh

Jns Kaxnoro 3HAYEHMS TIJIABHOrO KBAaHTOBOrO 4YHcJa OpGHTa/IbHOE
YHCAO NPUHUMAaeT 3HadeHWs, 3akjiioueHnble Mexny 0 u (n — 1):

CnaBHoe kBauro-  Opb6uTasbHoe KBaH- O603Ha4eHNe OpOUTAIN
BOe YUCIO N ToBOE Yreo | (symextporHOTO 06TAKA)
1 0 1s
2 0,1 2s, 2p
3 0,1,2 3s, 3p, 3d
4 0,123 4s, 4p, 44, 4f
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X2

P u c. 8. Qopma s, p- U d-opbutaneil. [lokazaHbl Takie SHAKH BOJI-
HoBo#l GYHKIIMK

Takum 06pa3oM, AJls DJIEKTpOHA [EPBOTO 3SHEpreTudecKoro ypOBH3
(n = 1) BO3MOXHA TOJILKO OAHA ¢opma opbuTanu, ajisi BTOPOro 3HEpreTu-
yecKOro ypoBHst (n = 2) BOBMOKHB 1Be (HOPME op6uraneil, nJsi TPETHETO
ypoBHs (n = 3) — Tpu u T.A.

CorlacHO KBAHTOBO-MEXaHWYECKUM pacyeTam s-opOutaiu HMeIoT opmy
mapa, p-opburany — Gopmy raHTeIH, d- u fop6utasin — 60Jlee clIOXKHHIE
dopmbl. QopMbl PpaHUYHON IOBEPXHOCTU §-, P- U d-OpOuTajiell NOKAa3aHbI
Ha puc. 8.

Iipu 0603HAYEHUU COCTOAHUA 3IJEKTPOHA [JlaBHOe KBaHTOBOE quc-
JIO NYUIyT Nepej CcUMBOJIOM op6UTAIBHOIMO KBAHTOBOro YUCJA. Hanpuwmep,
45 oaHayaer »JeKTpoH, y Koroporo n = 4 m 1 = 0 (o6nako umeer dopmy
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mapa); 2p o3Hayaer 3JIeKTPOH, y kotoporo n = 2 u [ = 1 (o67ako umeer
dopmy raHTenu) u T.A. :

MarauTrOe KBanTOBOC 9HciO. IllpocTpancTeennan opHenTanua op6HTa-
ne#t. JInsA xXapaKTepucTUKU NPOCTPAHCTBEHHOrO pAaciloJOmeHusA opbuTtaieit
NpuUMeHAeTes MAHUTHOE (OPUEHTUPOBAHHOE) KBAHTOBOE YUCJIO M.

Yucno 3HayeHHI MArHUTHOIO KBAHTOBOIO YUCJ/a 3aBUCUT OT OpbuTann-
HOrO KBAHTOBOrO 4ucia u pasHo (21 + 1):

OpburanbHoe kBan~  MarHutHoe KBaHTOBOE Yneso opburaneit ¢
ToBoe Yucio | qucno my NaHHBIM 3HaYeHueM |
0 0 1
1 1, 0,-1 3
2 2,10, -1, -2 5
3 3,2,10,-1,-2,-3 7

5~COCTOSTHHIO OTBEYAET ONHa OpPOUTAb, P-COCTOSTHUIO — TpH, d-COCTOS-
HUIO — IATH, fCOCTOsAHUIO — ceMb U T.A. OpbuTaiu ¢ OAHHAKOBONW PHEpru-
el HA3BIBAlOTCH Gupoxdennviay, Takum 06pa3om, p-cOCTOSIHIE BLIPOXKIEHO
TPEXKPAaTHO, d—COCTOsTHUE — IMATUKPaTHO, a fCOCTOSTHUE — CEMUKpATHO.
O61uee xe yueao opburtaiell NaHHOTO IHEPreTUYECKOTO YPOBHs PaBHO N2,

[lo xapakTepy OpueHTanuu B OpOCTpPaHCTBE Pp-OpOUTATIM OGO3HAYAIOT p.,
Py 4 Py (cm. puc. 8). d-Op6utanu, OpMeHTMPOBaHHEE CBOMMH JIONACTSMK
no OCAM KOOpAWMHAT, 0b603Ha4aloT dzz_y2 n d, a d-opbuTajin, OpHEeHTUPO-

BaHHbI® JIODACTAMM MEXAY OCAMM KOODAUHAT, OGO3HAYAT dry, dy, U d;
(em. puc. 8).

2

Pasnuune B opHeHTALIMM OJEKTPOHHBIX OOJNAKOB OTHOCUTENBHO ODYL [Pyra
No3BoJisieT oOBACHUTL CIeKTpbl aTOMOB B MarHUTHoM Tofde. Ilpn  neicTsum
Ha aTOMBb! BHeIIHero MarHWTHOTO TIOJIST MPOMCXOOWT pacilelVIeHVe JIMHUHM MX CIIeKT-
PoB — BO3HWKHOBeHHe HOBBIX OfM3JIeKAIUNX JIMHUHA. 3To 0OyCIIOBIIEHO M3MEHEHMeM
XapaxTepa paclosloxeHUs SJeKTpoHHBIX 0ONakoB OTHOCHMTENbHO JpPYT [PYra B
COOTBETCTBHH ¢ ''H03BosieHHBIMK" yIVIaMM IIOBOPOT2 KakAOro W3 HHX B MaTHMTHOM
no’se.

Pajguanspoe pacnpefesiesde. 31eKTPOHHEOM IWioTHOCTA. Pacnpeneiechue

- 3JIGKTPOHHOW DJIOTHOCTU OTHOCUTENBHO sApa u306paxaloT ¢ MOMOLIbI0
KPUBOH paaualbHOIO paclpepeyieHust BepositHoeTu (puc. 9). OTa Kpusas

IOKa3nIBaer BepOﬂTHOCTh TOPO, qyTO BHQKTPOH HaxXoauTcsi B TOHKOM KOH-
NEHTPUYECKOM IIAPOBOM CJIOe Paauyca r TONIMHL dr BOKpYTr sapa. O6hem
satoro cnosa dV = 4nr2dr. O6luas BepOATHOCTb HAXOKIEHUSA VIEKTPOHA B
arom cnoe (4rr2dr)y2.
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n=1 n=2 - n=J
(=g {=0
i 28 0 —
N -
S | t=1
3 ’ ”
k .
A i I=1 /)
i 2p | l=2
Ja
0 0 1 1 1 i F]
0z 0204 86 98 0204 Q6 98 10 12 15
i ran r.4M

P u c. 9. PaguanbHoe pacnpeillelieHUe BepOsiTHOCTM HaxoxJie-
HUS OJIEKTPOHA (BJIEKTPOHHOM IUIOTHOCTH) B aToMe BOJOPOIa
Ha PAcCTOAHMU T OT ALpa

Puc. 9 orpaxaer aaBucumocTb 47r2dr oT r. Kak BUAHO, 3J1€KTPOH JIO-
60i1 op6uTanM ONpefeseHHOEe BpeMa HAXONUTCA B OOJIacTH, 6nuskKoit K
agpy. Ilpu 3TOM BepOATHOCTb HAXOXAEHMA BOAM3M AApa OpU AIHHOM
3Ha4YeHUU TUJIABHOIO KBAHTOBOrO 4Hcia A  s-3JIeKTpOHa Hal’l60ﬂbmaﬂ,
MEHbIlle — JJisi P-3JeKTpQHA, eme MeHblie — pJiad d-31exTpoHa M T.Q.
DileKTpOHHAA INIOTHOCTH 110 OpOUTalAM paclpenesisercd HepaBHOMEpHO.
HyseBbie HONOMXEHMs Ha KpUBOH HasbipaloTcs yaaaau. OHM OTBEUAIOT
A3MEHeHUIO 3HaKa BOMHOBOM QYHKIMHU (cM. pHc. 5).

Yycsio MaKCMMYMOB Ha KpUBO# paclpefie/leHUst JeKTpOHHOM IJIOTHOC~ .

TH ONpeeNsAeTcs r/aBHHIM KBAHTOBHIM YMCIOM. [l $-3JIeKTPOHOB HHCIO
MAKCHUMYMOB Ha KpUBOH BEpOSATHOCTU HAXOXKIEHUs 3JIeKTpOHa HUCTeHHO
PAaBHO 3HAYEHMIO [JIABHOrO KBAHTOBOTO HYUCJa, JAJIA P-3/IeKTPOHOB — Ha
eAMHUIY MEHbIlle, a AJis1 d-3/1eKTPOHOR — Ha [Be €UHUUbI MCHbIE 3HAYE~
HUs rJIaBHOrO KBAaHTOBOrO ducna.

CouBoBOe KBaHTOBOe YHMCHO. M3ydeHre TOHKOH CTPYKTYpbl ATOMHBIX
CHeKTpOB II0Ka3a/l0, Y4TO KpOMe Da3jIuuusA B pasMepe o6iakos, X POpMBI
M XapaKTepa PacloJIOkeHUs OTHOCHUTENbHO IPYr ApYra BJeKTPOHBI padJiid-
vatoresa cnuxo.a®. COMH MOXHO NpPEACTABUTL KaK BEpeTeHOoOOpa3HOe Bpa-
[IleHie 3eKTpOHa BOKpYr cBoeil ocH. JIj1d XapaKTepHCTHKM CIIMHA 3JIeKT-
pOHA BBOAMTCA YeTBEPTOe KBAHTOBOE UHCIO M, HA3bIBAGMOE CRUHOGHLA.
Ouno wMeer 3HaueHHA +1/2 u —1/2 B 3aBUCHMOCTH OT OJQHOW W3 JBYX
BO3MOKHBIX ODUEHTAIMI clIMHA B MACHUTHOM ILOJIe.

* CnuH no-aHrsMiickn "'BepereHo”, "Beprern”.
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Ipaamun Hayma. B 1925 r. B. Haynu 6w BhICKAa3aH NpUHUMI: 6
amoae He moXem bumb 0oYr SAEKMPON0S, UMEWWUT 00UNAK06bL Habop
BCET uEMBPET KBAHMOBHT wuces. VHBIMU CNOBaMH, NAHHBIMH 3HAYCHHAMU
KBAaHTOBBIX uucesl N, l, mj ms; MOXeT XapaKTepU30BaThCA TOJBLKO OIUH
JIeKTpOH. I nio6oro Apyroro 3jeKTpOHAa B aTOME JOJDKHO OLITh MHBIM
3HaYeHHE XOTA OB OJHOrO W3 KBAHTOBLIX YHCeJl.

W3 npurunna IMaynu HemocpeacTBEHHO BbITEKAeT, UTO Ha OIHONW Op6H-
Ta/li MOXKeT HaXOAUTbCA JIMIIL [Ba 3eKTpoHa — ¢ ms = +1/2 u —1/2.

CnepoBaTenbHO, B S—COCTOSIHUH (OJHA OpBUTANL) MOXKET GbIThL JUIIbL /Ba
3JIEKTPOHA, B P-COCTOAHUM (TpU OpPOMTANM) — LIecTh, B d-COCTOSAHUH (OATH
opbuTanieil) — eciATh, B f-COCTOAHUM (ceMb OpGUTalleil) — YeThblpHAANATH
BJIeKTPOHOB H T.J.

Iockonbky wmcno opOuTalieil JaHHOrO 3HEpreTHYECKOTO YPOBHA pPaBHO
n2, EMKOCTH 3HEpTeTUUeCKOTO YPOBHA cOCTaBAsAeT 2n? 3NEeKTPOHOB.

'TABA 3 NEPUOTUYIECKAS CACTEMA
A.A. MEHJIEJIEEBA KAK ECTECTBEHHAA KIACCUO®HUKAIIUA -
QJIEMEHTOB 1O 3JIEKTPOHHLIM CTPYKTYPAM ATOMOB

§ 1. 9JIEKTPOHHAA CTPYKTYPA ATOMOB

Kondurypanus s1eKTpoHHON 0607104UKYU HEBO3GYKNEHHOIO aTOMa onpe-
JAEIACTCA 3ApANOM €T0 ALPa. JIEKTPOHBI ¢ OQUHAKOBBIM 3HAYEHUEM TJ1ap-
HOTO KBaHTOBOTO 4HCJIa 7t 06pa3ylOT Xg@HmMoswtl cA0l GIU3KUX MO pazsMe—
pam o6nakop. Cnou ¢ n = 1, 2, 3, 4, ... 0603HAYAIOT COOTBETCTBEHHO GyK-
Bamu K, L, M, N, ... . Tlo mepe ynanenua or Aapa eMKOCTb CJIOEB YBeJH-
YUBAETCS U B COOTBETCTBUU O 3HadeHHeM 2n? cocTapndeT: 2 (n = 1, caoii
K), 8 (n = 2, cnioit L), 18 (n = 3, cnoit M), 32 (n = 4, cnoit N), ... snexr—
poHOB (Taba. 2).

KpaHTOBbLIE c/lOM B CBOIO OYepe[h HOCTPOEHBI U3 NOPCA0ES, OOBELUHAIO-
MMX 3JIeKTPOHBI ¢ OJHHAKOBbIM BHAYEHHEM OpPOUTAIBLHOrO KBaHTOBOIrO
aucna [ Tlogenoit cocTouT us opbumadei.

Hanbosnee ycToituuBo cocTosHme aTtoma, B KOTOPOM BJEKTPOHBI HMEIOT
CaMYIC HHU3KYI0O HEpruio, T.e. HaXOAATCA B OGMOKANIIMX K AAPY CIOAX.
IocnenopaTenbHOCTL SHEPreTHYECKUX COCTOAHMIA B HOPAAKE BO3pacTaHMA
SHEPTUH OpOUTaJIell MHOTOMIEKTPOHHOTO aTOMa MOMHO IIPeICTABUTb B BHIe
ciepyiomero paga: 1s < 25 < 2p < 35 < 3p < 45~ Jd < 4p < 55 * 4d <
<5p < bsw~bdr~4fu . (puc. 10),

Hopsajgok sanonteHuss opbuTaneii HJaHHOrO MOACHOS [OZ4HHAETCS
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Tabaurima

CumBonbl opburanei
MakcumMansHoe unc—
MakcumansHoe ypc—~
70 BIIEKTPOHOB C

I'maBHOe KBaHTOBOE
JI0 NIEKTPOHOB ¢

yucsio n

Op6uransHoe KBaE—
MariuTHoe KBaHTO—
BO€ UYKCNO MY
CnuHoBoe KBaHTO—
BOE UMCIO Mg

ToBoe uucio |

IaHHbIM 3HayeHueM [

{eMEOCTD KBAHTORO—

ro NOACIOA)

OaHHBLIM SHaueHHeM 0l
| (eMKOCTb KBAHTOBO~—

ro ciosi 2n?)

KBaHTOBLIt CcII0H

DpaBsuny XyHJIa: cyunapuoe cnunosoe E
MUCRO SAEKMPONOE 0ANNOLO NOJCA0S DOAXNHO n= 1 2 3
6ums MaxcuLarsH b,

o
[}

OTO0 npaBuso o3Hawaer, uyTo SHepreTUdeckH
BLICOQHO, KOraa B OpOMTAaNM HaXOQUTCA OILUH
9nekTpOH. UHEIMU cnoBamu, op6utanu naxuo-
TO NOACNOA 3aNONHAIOTCA CHadana MO OLHOMY,
SaTeM [0 BTOPOMY 37EKTPOHY. DJIeKTpOHKI
¢ NPOTUBONOJIOKHBIMU CcIUHaMU Ha OOHOU 1
TOH e Opb6urtanu 06pasyIoT NBYX3/1eKTPOHHOR
OBJIAKO M MX CYMMApPHHLH cHuH PaBeH HYJIIO.

ONEeKTpOHHbBIE KOHpUrypauuu atomop ssie—

MEHTOB B OCHOBHOM COCTOSHMM HPUBENEHH B
Tabn. J.

FEEF -

I

[ I

llopsinok  dbopmupopanus IEKTPOHHBIX
0607I04eK aTOMOB MOMNHO OpOCNefUTL TaKAe
[0 [IOMellleHHBIM Ha, $hop3anax KHUrU BapuaH-
TaM  MlepuOaUYecKOli TabjMIB  3J]JeMeHTOR
L. Menneneepa.

lpu  cocrabnenuu  cxem pacIpejlenedus S
SJIEKTPOHOB B aTOMe MOJB3YIOTCA CIeAYIOMMMU
0003HAYEHMSMU: TrOPUBOHTAILHAS gepra —

OpbUTankb, cTpelka — 9JIeKTPOH, HallpaBJleHUe

Py c. 10. Mpumepras cxema
CTP&IKU — OpUEHTAIUS ero CruHa, OHEPTEeTH YecKUX YPOBHeit

MHOTOQJIEKTPOHHOIO aTOMa,

ONEMEHTH MaJBIX nepHoAioB. [leppuiit mepu-
O, COCTOMT W3 ABYX 3JE6MeHTOB. B HEBOBOYH~
ACHHCOM aTOMe BOJ:[OpOJla 3JIe’KTpOH HaXxoauTcA Ha IepBoOM BHepI‘eTquCKOM
YPOBHS, T.€. 3/1eKTpOHHAA dOpMYyna HEBO3OYKAEHHOTO aTOMa BOAOpOna 1!,
Hockonrky s-anekTponHOe 0673K0 umeer Gopmy uiapa,

MOJe/IL aTOMa
BOAOpPOAa MOMXHO NpencTaBUTH CXEeMOJ

B cootperctBun ¢ npurnuom Ilaysm B opHol op6uramu MOT'YT Haxo-
AUTBCA J1Ba BJIEKTPOHA ¢ HpOTHUBOMONOMKHBIMU cnunamu. (CJle0BaTeNLHO,
3/IeKTPOHHAA HOpPMY/a CcAeAYIOWEro nocie BOJIOPOAa WIEMEHTa — resus
ABA 5-371EKTPOHa 06PA3yIOT NBYXINEKTPOHHOE 06/ aKO:
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Tab6auia 3. DNexrpoHHbie KOHPHUTYPaLUM ATOMOB 201eEMEHTOB

Mlepu-{ Z | Dinemenr | SseKrpotitasi Mlepr- Z | Omemenr | DJexrpoHas
ol koHUrypauust | ox KoHdUrypalusi
1 1 H - 1s 27 Co 3d74s
2 He 1s2 28 Ni 3842
29 Cu 341048
i He]2st 30 Zn 3d104¢°
i ;le [252] 4 31 Ga 3d104 s24p!
) B 2s22pt 32 Ge 3dl04524p2
2 6 C 2522p? 33 As 3d194524p3
7 N 2522p° 34 Se 3d1_04s241.')‘1
§ | O 2522p1 35 | Br 3104245
9 F 2522p° 36 Kr 341045245
2246
! i i 37 | Rb [Kr]5st
a Ne]3st 38 Sr 5s?
g iI/Ig E’)sz] 39 Y 4d5s?
13 | Al 3523 p! a0 | zr Ad5
3 14 St 3s23p2 41 Nb 4d15st
B | P 323} 42 | Mo 4655t
6 | S 3523 p? 43 | Tc 4855
17 | a 35235 44 | Ru 4dT5s!
18 | Ar 352395 45 | Rb 455!
) 46 Pd 4410550
K Ar)4st 47 Ag 4(110531
;?J Ca -Elsz] 48 | Cd 449552
21 | Sc 3di4s2 49 | In 44105525 p}
4 22 Ti 3d24s? 20 Sn 44105 25 p2
23 | v 342 51 | sb Ad105 25 p3
24 Cr 3P4 52 Te 44105525 pt
25 Mn 3b4s? 53 I i 4d105825p°
2% | Fe 346452 54 | Xe | 441052595 -

a0

F o e

e

L Es

Ipodormenue maba. 3 .

[lepu-] Z | OneMenr |nmexrpoHHas [lepu- Z | Onemenr | IsnexrpoHHAA
on rkoudurypauus | ox koHbUrypauua

55 Cs [Xe]6s! 83 Bi 5d106 526 p3
56 Ba 62 6 84 Po 54106 526 p*
57 La 5d16s2 85 At 5d'06 s26 p
o8 Ce 4652 86 Rn 5d106 5265
59 Pr 465

60 Nd 41652 &7 Fr [Rn]74

61 Pm 4652 88 Ra 782

62 Sm 4562 89 Ac 6dl7s2

63 Eu 41765 90 Th 6d27 s

64 Gd 4f5d6s2 91 Pa 5R7d7s2
65 Tb 4642 92 U 5£6d.7 2
66 Dy 4106 52 93 Np 56d!7s
67 Ho 4f116s2 94 Pu 56752

6 68 Er 4112652 95 Am 5f7s2

69 Tm 413652 06 Cm 5f6d7s2
70 Yb 414652 97 Bk 586d7s2
71 | Lu 4f145d16s2 7 98 Cf 5072

72 Hf 5d26s2 99 Es HA17 s

73 Ta 5d836s 100 Fm 52752

74 w 5d46s2 101 Md 53752

75 Re 5d%6s° 102 (No) 50472

76 Os 5d%6 52 103 (Lr) 6d7s2

77 Ir 5d76s2 104 Ku 6 d27 s

78 Pt 5d% st 105 Ns 63752

79 Au 5d106st 106 | - 6d4752

80 Hg 5d196s2 107 | - 65752

81 Tl 5d106526 p! 108 | - 65752
82 Pb 5 d106 526 p? 109 - 6d77s2

110 - 64572

Bropoit u Tpernit neproanl copepxar no 8 saementon (cm. Taba. 3). Y
. OJIEMEHTOB 2-TO TepHOfa 3ananHsercs caoil L (n = 2): cnavana 2s-0p6u-

TaJlb, 3aTeM NOC/Ie/[OBAaTENILHO TPH 2p-opbuTtanu: g

25

2p

Huxe npueegenst anexkrponnnie Gopmynbl, a Takke MOLEIH HEKOTOPHIX
- QTOMOB 3J1éMeHTOR 2-T0 mepHOAA:
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sB 1s%2:%2p'

N 15224%2p°
44

'H' 2p + \

2s

.H.

1s

HaduHasi ¢ KMCJOPOKa, 2p-opbuTanu 3alOJMHAIOTCA 0O BTOPOMY 3JIEKT-
POHY:

§0 15°25°2p*

VY HeoHa BOCeMb BHEUIHMX SIeKTPOHOB 06pasyloT BblCOKOCUMMETPUHHYIO
CTPYKTYpY U3 Yerhipex JIByX3JEeKTPOHHbIX O0JIaKOB:

oNe 1572522p®
E\

32

B atoMe HeOHA NOCTUTAETCA MAKCUMAJILHO BO3MOXHOE 4HUCJIO 3JIEKTpO-
HOB BO BTOPOM KBaHTOBOM cJioe. Takum 06pa3oM, o6iee YUCIO 3JTEeMEHTOB
BO 2-M IIEPUOAE COOTBETCTBYET MAKCUMAJbLHO BO3MOXKHOMY YMCHY 3JIEKTPO-
HOB BO BTOPOM CJIO€ aTOMaA.

Y snementoB 3-ro mepuoja 3aponusiercs cnoit M (n = 3), cocrosmumii
u3 3s-, 3p- u Jdopburancii. Kak u Bo 2-M nepuone, y ABYX IEpBLIX 37e-
mentoB (Na u Mg) sanonusiores s-opbutanu, y wecrd pocienHux (Al —
Ar) — p-opburanu, Hanpumep:

) ,lNa[is’2.22Pﬂ3.1 + o 3p T 3d
3s

1sP [is’2322p°]3,23pa _H_ + _}p_ + . 3d
3s

sAT [1:’2322;;‘]3:23;;5 _H_ ‘H- -H- _H' , 3d
3s

3p

YV aromoB Na, P u Ar B nByx mepBbix ciosax (K u [) nosropsercs
CTPYKTypa aToMa HeOoHa, MOITOMY Ha IPUBEIEHHBIX CXeMaX [OKa3aH Xapak-
Tep 3aMOJIHEHUS TOJILKO BHELIHEro ciosi M. -

Y pocnepHero snemeHTa 3-1'0 Depuoda — aprona Ar (kak u y Ne) za-
BepliIaeTes] 3allOJHeHUe s~ U p-opbutaneil, T.e. BHEIIHUN ¢JIO# NipencTaBis-
er co60il COBOKYIIHOCTb 4YeTblpeX jBYX3JIeKTPOHHBIX O6JaKOB (OZHOTO B
¢opme mapa, Tpex npyrux — B Qopme raHrenu). Pacnpenenedue paguanb-
HOHM 5JIeKTPOHHON IUIOTHOCTU B aTOMe aproHa mokazano Ha puc. 11. Ha
9TOM pUCYHKEe II0 MaKCUMyMaM pAaclpeieseHus 3JIeKTPOHHON [JI0CKOCTH
MOXHO pa3auyuth K-, [- u M-ciou aToma
aproHa. . K

OJIeMEHTbI, B ATOMaX KOTOPHIX 3alOJIHsA- L
I0TCs1  S-OPOUTANIM, HA3BIBAIOTCS S$-SACMECH-
MaAY, a 3JIEMEHTHI, B aTOMaX KOTOPLIX
3allONIHAIOTCST  p-OpOUTANH, p-aaenten—
maau.

OneMeNTH GONbmMX mepuonos. Ilepu-
onbl 4-i1 U b5-i1 copepaxar no 18 anemeHTOB
(cM. Tabn. 3). Y aromoB »1eMEHTOB 4-TO
nepuosa HadUHaeT 3aloNHSTbCA 45-0p6u- r
tasip cnost N (n = 4). IlosiBnenune 3nekTpo- Py 11 Pacripefiesienie oMex-
Ha B 45COCTOSSHUM IIPU HAJMYUM CBOOOJ- TPOHHOM MJIOTHOCTH B aTOMe ap-
HbiX Jd-op6utaneil 06ycnopiuBaerca axpa- IoH2

4rriy?
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0 —
Huposanuel (BaCJIOHeHI/IeM) sapa IJIOTHBIM U cUMMETpUYHBIM E)JIBKTI% :0
apM cnoem 3s23pé. B cmssm ¢ OTTAJTKHMBAHUWEM OT 3TOTO CJOA JU1HA
3/16KTpOHA aTOMa Kaliud H 90-po BJEKTpOHA aToMa KajbluiA OKA3LIBAETC S

sHepreruyeckd BbIMONHBIM 4 s-cOCTOSTHUE!
10K 1522522 p83 523 pB4s!
20Ca 1522522 p63 523 pOds?
cJie
llpu naibHeiiieM BO3pacTaHUN 3apsia SAApa y C/eayiomero no
Kajibiusl 3JeMeHTa — CKaHauiA cocTOsiHMe 3d CTAHOBUTCS JHEpreTHHecki

Gosce BHITONHBIM, UeM 4p. -
[ocKOABKY B d-COCTOSHUU MOXET HaxOMUThCS NeCcATh INEKTPOHOB,

¢ - a:
op6uMTATH 3aNONHAIOTCA W B aTOMaX cJeAyIOmUX 3JIEMEHTOR 4-po mepuon

,Sc 1522522p53523p3 dl4s?

57 Ti > 342452
25M1’1 > 3d54S2
sFe > 36452
3020 I 34042

DeMeHTbl, B ATOMaX KOTODbIX 3allOJHIOTCH d-op6uTany, Ha3bIBAIOTCA
d-saemenmant, Y d-31eMEHTOB 4-ro mepuoAa, clea0BaTeIbHO, nocTpauBa-
ertesi caoit M no 18 31eKTpCHOB.

I[locne 3amoaHeHUA 3d-op6uranent y nocJeAyonuX mecTd anememoia
(Ga — Kr) 3anoJHsiores p-op6UTAIM BHEILIHEro CJI05. Takum 06pa3om, 4-it
HepMOJl HaYUHAETCsA ABYMHA s~aJIeMeHTaMu U 3aKaH4YUBaeTCA MIeCThIO P
3eMEeHTaMM, HO B OTJIu4He OT 9-r0 U 3-TO NEpUOAOB MEXAY S5 M p-aJleMeH-
TAMU pACIOJIArarTCA AeCATh d-351eMEHTOB. }

B 5-M nepuoje 3alloHeHUe J1EKTPOHHBIX ¢JI0eB U MOJACIOEB TPOUCXO-
AT, KaKk W B 4-M nepuone, a WMEHHO: ¥ NBYyX [epBHIX (s—aneme;non Rb.IiI
Sr) u imecTH NOC/HEAHUX (p-onementoB In — Xe) samoHAeTCs BHEIHUH
ciaoii. Mexny s u p-daeMeHTaMU pacnonaratoTcd  J1ecATh d-371eMEHTOB
(Y — Cd), y xoTOphIX aamOJHAIOTEs d-Op6uUTaly IIPe/BHEIIHero cosA (4d-

oA CAOi). | N
[llecToii MepuON, COACPKHUT 32 dJeMeHTa (cM. Tabn. 3) M TOKE HAUUH

eTesi ABYMsi $-DJIEeMEHTaMM (Cs u Ba). [lanee, y JlaHTaHA Ha4YHHaeT 3aloJj-
HsThcs d-Op6UTaJb NpenBHEIIHero cJ105 (5 d-opcnoi):

s7La 1522322p53s23p63d104824p64d105s25p65d1632
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Y cnepyromux 3a nanradom 14 snementos (Ce — Lu) sHepreTndeckn
Gosee BHIPOAHO 4fCOCTOAHME 1O CPABHEHUMIO C Sd-COCTOSTHUEM (eM. puc.
10). [oaromMy y ITMX 3/IeMEHTOB HPOHCXOAUT 3aNONHEHUE 4 fopbuTtaneil
(TpeTuil cHapyXu CJIOH):

5sCe  1522522p63523 p63d104 524 p64d104 25525 pb6 52
17Lu > > > 4£45d'6s2

V nocnepyromux anementos 7Hf — goHg npopomkaoT 3a00IHATECSA 5d-
opbutanu. Kak M nsTeiif, mecToll Nepuoi 3apepllaeTcs WeCThIO p-3J16MeH-
tamu (571 — gsRn). Takum 06pa3zom, B 6-M mepuoae, kpOMe ABYX s-3jie-
MEHTOB, JEeCATH d-3J1eMeHTOB M lLIecTH pP-dJIEMEHTOB, paclonaraioTcs elle
YeTh pHAANATL f-3716MEHTOB.

B cenpMom mepuoae mmerotcs apa s-anementa (Fr, Ra), 3a Humu cneny-
for d-anement Ac n uerbipaaanats fonemento (Th — Lr), nanee cHopa d-
snementhi (Ku, Ns, anementst 106—110). B npOTUBOMONOKHOCT OPERBIAY-
MMM 7-i1 1epuon He 3aBepllleH.

MaoxeHHOe NOKa3blBAeT, YTO MO Mepe pocTa 3apAja iapa MpOUCXOAHUT
3aKOHOMEpHAsi I[epuoauYecKad [IOBTOpAEMOCTb CXONHBIX JJIEKTPOHHBIX
CTPYKTYp 3/EMEHTOB, a CJENOBAaTeNbHO, U [OBTOPSEMOCTb UX CBOUCTB,
3aBUCSIIAX OT CTPOSHUS 3JIEKTPOHHON OBOI0YKU aTOMOB.

D10 oTpamaer cilenylomas GOpMYIMPOBKAa O ep U OAMYECKOro
33 KOHEAIa CE0UCMEE NPOCMHEL Gewecms, 4 MAKxKe .c6oucmea u Hopast
coeduMERUT JAeMeNMO8 HATOOIMCL 6 MNepuoduxeckol 3asUcuMOCU O
3apsoe 20pa AMOM08 IAEMEHTNOB.

§ 2. CTPYKTYPA IMEPUOJMUYECKON TABJIMILBI
XUMUYECKUX BJIEMEHTOB

CyiuecTByeT MHOrO BapMaHTOB U300paXeHUst NEpUORMYECKON CUCTEMBbI
anemenToB JI.. Menpeneesa (Gonee 400). HanbGonee pacnpocTpaHeHb
KJeTOYHble BADUAHTHI, & M3 HUX — BOCBMH-, BOCEMHAALATU- U TPUANATU-
IBYXKJETOUYHbIe, COOTBETCTBYIOLINE EMKOCTH CJIOEB U3 8, 18 u 32 snexTpo-
HOB.

Oaud W3 BapuaHTOB BOCBMUKJIETOYHOMN TabAUIbL (TaK Ha3blBacMbIi
KOPOTKUI BapUaHT) NnOMelleH Ha OepBoM ¢op3anme KHMrW, & TPUANATH-
JBYXKJIeTOuHasi Tabauna (AJHHHbIT BAPUAHT) — Ha BTOpOM ¢op3ane KHU-
ru. BocemHaauaTMKNeTOYHbI BApUAHT IpUBEJCH B Tabn. 4.

XuMUUecKUe 3JEMEHTLL 110 CTPYKTYpe HeBO3OYXAeHHBIX aTOMOB OAPa3-

| MeJIAIOTCS HA eCTeCTBEHHble COBOKYNHOCTH, YTO OTpaXeHO B MepuOautec—
f/ koii cucTeme B BUJle TOPU3OHTAJILHBIX U BEPTMKAJILHBIX pN0B — HEPUONOB
g U rpymniL. ’
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Taéauia 4. [lepuommeckan Tabumua wedenron JI.M. Menpeneesa
(nonyaymHHEDA BapuanT)
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Ileproam ¥ cemeticTBa 3emerToB. Kak MbI BUJENM, mepuon, npeiacTab-
JisieT cOGOH II0C/IeAOBATSILHBI pAJ 3716MEHTOB, B aTOMaX KOTOpPBIX MpOMc-
XOnUT 3allOJIHEHHe OAUHAKOBOI'C 4YUCHA JIEKTPOHHBIX CJIOEB. HpH ITOM
HOMEp IMepuMOna coOBlagaeT cO 3HaYeHUEeM IVIaBHOIO KBaHTOBOrO 4YHCA
BHEILIHEr0 OHEpPreTUYecKOro ypoBHA. Passmune B mocienopaTenbHOCTH
3allOJIHeHU:A 3JIEKTPOHHBIX C€JI0eB (BHEUIHMX U 60siee OMU3KHX K SAApY)
O6bsicHACT IIpUYIMHY pa3JHMYHON NJIMHBI TEPHOJOB.

Y aToMOB s- U P-3JIEMEHTOB 3alOJHAETCsS BHEUIHMH coil, y d-dnemeH-
TOB — MpeABHENIHUI, y f-3/1eMeHTOB — TpeTHil cHapyxu. [loatomy oTnuuus
B cBOficTBaX HauObOsiee OTUETIIUBO IPOABJIAIOTCS Y COCEAHMX § (P)-BJIeMEH-
T0B. ¥ d- U B OcOBGHHOCTM Y f-OJEMEHTOB OQHOrO M TOFO e MepHofa
OTNIMYUSA B CBOMCTBAX NpPOABIAIOTCA MEHEE OTHETIIUBO,
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d- v FOneMeHTH NaHHOrO epuona OOBEAMHAIOTCH B cemceticmea. B
4—6-mM Depuonax p cemeiictBa 1o 10 3JeMeHTOB OOBeAUHAIOTCA d~dIEMEH—
Thi. JTO cemeitctpa 3d-(Sc — Zn), 4d- (Y — Cd) u 5d- (La, Hf — Hg) sne-
MeHTOB. B 6-M u 7-M nepuonax B cemeiictsa 1o 14 SaeMenTon O6beUH A I0T—
¢ foneMeHTH. OTo cemeiictea 4fonementop (Ce — Lu), HasbipaeMbix
Aaumanoudany, u 5fomementos (Th — Lr), Ha3biBaeMbIX axmunoudaaiy.

B BOCHMHKIETOUHBIX U BOCEMHAMIATUKIETOUHbIX BapUaHTaX NepUoAU-
HECKOM CUCTEeMbl ceMeCTBa JIAHTAHOWUJOB U AKTMHOMAOB OOGBIYHO BBLIHOCAT
3a Ipenesst Tabimubl (cM., HallpuMep, Ta6a. 4).

Ppymust ¥ moarpymnm. DnemenTor IepUOAUYECKON CHUCTeMBI MONPA3Nc—
JAOTCA HA BOCeMb rpynn. [osoxenne B rpynnax s- u p-snemen-
TOB ONpeAesAeTCA OGHMM YMCIIOM BJIEKTPOHOB BHEHIHEFO C/Os. Hanpuwmep,
docdop (3523p3), umeromuii Ha BHELIIHEM cJI0€ MSiTh 3JEeKTPOHOB, OTHOCHT-
caAkV rpynne, aprou (3s23pf) —x VIII, kanbumit (45%) — ko II rpynne u
T.J. i C T

[lonoxenune B rpynnax d-snementon OOYC/IOBNIUBACTCsT OBIUM YUCIIOM S—
9JIEKTPOHOB BHELIHEro u .d-3/eKTpOHOB HpeapHeliHero cioes. Ilo ITOMY
IIpU3HaKy [epBbie ILIECTb OIEMEHTOB KakaOro CEMeHCTBA d-3/1eMeHTOB
pacnonaratoTcsi B OJHOW M3 COOTBETCTBYIOWMX FPYII: CKaH M (3d'4s2) B
I, mapranen (4454s2) B VII, xeneso (3d84s2) B VIII u 1.5 Iluux,
(3d'%4s2) |y xoTOpOro mpenpHelIHMII cOH 3aBepllleH U BHEIIHUMU ABJIAIOT-
csi 452-31eKTPOHBE, OTHOCUTCA KO 1] rpynmne.

[lo HanMuMIO Ha BHemHeM cnoe AUIMIL OxHOPO BNIEKTpOHa Menb (3d!104s!),
a TaKKe cepebpo (4d'95s') u sonoro (5d196s') ornocst k I rpynne. Ko6anut
(3d74s%) u nukens (3d84s?), popmit (45s') n pannagmit (4d°), upupuit
(5d74s?) u nnamuy (56d%s!) mmecte ¢ Fe, Ru u Os 06biuro HOMEIHAIOT B
VIII rpynny.

B cootBerctBun ¢ 0co6enHOCTSIMU 3MIeKTPOHHBIX CTPYKTYpP cemelcTBa 4 f-
(nantanounm) u 5f (akTMHOMAEI) BneMeHTOB nomemarot B I rpynny.

DNeMeHTBI rpynn NOxpaspessioTcs HA I O ATpYyOOs. s u pDie
MEHTBLL COCTABJIAIOT TAK HA3BIBAGMYIO 14G6NYH0 DOATPYNNY, WU noarpynmy
A; d-areMenTH — nobounyro, umu nonrpynny B. Kpowme TOTO, 4YacTO B
0CO6YI0 HOAIPYNNY Tak HA3LIBAEGMbIX THUIMYECKUX IIEMEHTOR BBIAEIISTIOT
SJIEMEHTBI MaJibiX epuonos. B mocnenneM cayuae, cornacuo B.B. Hekpaco-
BY, SJIGMEHTbI rpYINbl IOAPa3NEIAIOTCA HA TPU MOATPYNNbE THIIMYecKUe
SJIEMEHTBI M 1Be MOArPYNIbl, COCTABICHHbIEC U3 3MEMEHTOR GOMBIIUX nepuo-

} nos. Hanpumep, IV rpynna IepUONUIECcKO CUCTEMBI COCTOUT U3 CJIEAYIO-
" IUX OOArpymil: ‘

TUNUHECKNe oIeMenTh:
C  1s22622p2
St 1522522p53523p2
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JsleMeHTHl MONrPYNILI THTaHA

Ti ... 3234532452
Zr ... 45°4p84 42552
Hf ... 5525 p65d%6 52

DsteMeHThi NOATPYNIbLI repMaHnst

Ge ... 3523p83d!04524p2
Sn .., 4524 pb4 4105525 p2
Pb ... 5525p55 d106.526p?

JIaHTaHOMAB! M aKTMHOKALI MHOTrAa OOBEAMHAIOT BO BTOpble NOGOYHLIE
Hoarpynibl. B kamnoit M3 HUX 0O JABa 3JieMeHTa — OJUH JAaHTaHOUJ W
OAWH aKTUHOMN,.

rJ1ABA 4. NEPUOJAYHOCTH CBOUCTB XUMHIECKHX
SJEMEHTOB

§ 1. DHEPTUA MOHU3AILUY ATOMOB

Bece cpolicTBa 37eMeHTOB, oONpelelideMble 3TeKTpOHHON 06OTOYKOMN
aTOMa, 3aKOHOMEPHO M3MEHSAIOTCH [0 HepuOAaM U I'pYNNaM DepUOANYIecKOMH
cvcreMbl. HamoMHuM, 9YTO B psdy 3JEMEHTOB-aHAJIOIOB 3JeKTpOHHBIE
CTpYKTYpPHl CXOAHBI, HO He TOoxAecTseHHBI. [losTOMy mpm mepexoiae OT
ONHOTO 37ieMeHTa K ApYrOMYy B TpyOiaX u HNOArpynfaxX HablopaercA He
NpocTOe MOBTOpeHMe CBONMCTB, a UX 60Jiee MM MeHee OTYETIMBO BbIpaXeH-
HOE 3aKOHOMepHOe U3MCHEeHUe,

XuMuyeckasds OpUpOAA 37IeMEHTa OO6YCJIOBJIMBAETCA CIOCOGHOCTBIO €ro
aTOMa TepATb U NpUOBpeTaTh 3JE€KTPOHBI. JTa CHOCOGHOCTb MOMeT OBITDH
KOMUYECTBEHHO OucHeHa aneplueid WoNU3AUUU aTOMa M ero cpodcmeoa X
SAEKMPONY.

Dueptued uonusayuv amoaa Ey masweaemcs xoaurwecmeo ouepluu,
HeoBTOOUMOE 0AL OMPHBL IAKMPOHE O HEGOILYXKOEHNOLI0 AMOALA.

OHeprus HOHM3ANMM AaTOMA BBIDAXKAeTCA B KWIOMKOYIAX Ha MOJb
(xJlx/MONBL); nOMyckaeTcA BHECUCTeMHAsd eAMHMNA 3JIeKTpOH-BOJIBT Ha
moatb (5B /mons).

JI7151 MHOrO37IeKTPOHHBIX aTOMOB 3HepruM MoHusauu¥ Ey, E, Ej, ..., E,
COOTBETCTBYIOT OTpBIBY NEpPBOro, BTOPOro M T.A. 3JeKTpoHOB. [lpu 3TOM
Becerna Fy < E; < Ej; Tak Kak yBelHYeHUE 4MCjia OTOPBaHHBIX 3JIeKTpOHOB

NpHUBOAUT K BO3pACTaHUIO NOJOKHTEILHOIO 3apAna 00pasylomeroes HoHa. -

OHepruy MOHU3auMM AaTOMOB HEKOTODBIX 3JIeMEHTOB IHpHUBEAeHbl B
Taba. 5.

W3 Tabaunbl ciepyeT, 4TO JHEPTuUsi MOHM3ApMM aTOMa 3aBUCHT OT €ro
aneKTpOHHONW KOHuUrypauun. B dwactHOCTH, 3aBepllieHHBIE 37l€KTpOHHBIE
€70 OOHApY#MBAaIOT NOBHILIGHHYIO YcTOWUMBOCTH. HaumeHbUIMMM 3Haye-
HUAMM 3HepruM UOHU3anMU F| 067aparor s-3/eMeHTH meproil rpynnsl (Li,
Na, K). 3uaueHue xe snepruii nonuzanuu E, y HUX pe3ko BO3pacTaer, 4TO
OTBeYaeT yAaJeHUIO 3eKTpOHa M3 3asepllieHHOro cios (ns?np u 2s? y Li).
38

Tab6nuia 5 Oueprus nonmzaumn E, (M]Jlx/Monn) aTomoB 1
OJIHOATOMHBIX KATMOHOB HEKOTOPHIX 3JIEMEHTOB

A DrieMenT El E2 Eg E4 ES E(,

1 H 1,31

2 He 2,37 5,25

3 Li 0,52 7,298 11,81

4 Be 0,899 1,76 14,85 21,01

5 B 0,80 2,43 3,66 25,03 32,83

6 C 11,09 235 .| 4,62 6,22 37,83 47,28
7 N 1,40 2,86 § 458 7,47 9,44 5327
8 0 1,31 3,39 5,30 7,47 10,99 £3,33
9 F 1,68 3,37 6,05 8,41 11,02 15.16
10 Ne 2,08 3,95 6,12 9,37 12,18 15.24
11 Na 0,49 4,56 6,91 9,54 13,35 16,61
12 Mg 0,74 1,45 7.73 10,54 13,63 17,99
13 Al 0,58 1,81 2,74 11,58 14,83 18,38
14 Si 0,79 1,58 3,23 4,36 16,09 19,78
15 p 1,01 1,90 2,91 4,96 6,27 21,27
16 S 0,9996 | 2,51 3,36 4,56 7,01 8,49
17 Cl 1,25 2,297 3,82 5,16 6,54 9,36
18 Ar 1,52 2,67 3,93 5,77 7,24 8,78
19 K 0,42 3,05 4,41 5,88 7,98 9,65
20 Ca 0,59 1,14 4,91 6,47 8,14 10,5
21 Se 0,63 1,23 2,39 7,09 8,84 10,72
22 Ti 0,66 1,31 2,65 4,17 957 11,52
23 Y 0,65 1,41 2,83 4,51 6,299 12,36
24 Cr 0,65 1,496 2,987 4,74 6,69 8,74
25 Mn 0,72 1,51 2,25 4,94 6,99 9,2
26 Fe 0,759 1,56 2,06 5,29 7,24 9,6
27 Co 0,768 1,65 3,23 4,95 7,67 0,84
28 Ni 0,74 1,75 3,39 5,30 7,28 10,4
29 Cu 0,75 1,96 3,55 5,33 7,71 9,94
30 Zn 0.91 1,73 3,83 5,73 7,91 10,4
31 Ga 0,58 1,98 2,06 6,2 8,64 -

Aunanoruuno aas s-anemedton Il rpynme (Be, Mg, Ca) yaaneHunio siaekrt-
POHa 13 3aBepileHHOro cy1osA (ns?np® u 2s2 y Be) OTBevaeT peskoe MOBbIlIE-
HUe 3Hepruu noHuzauum kEj. :
KpuBas 3aBucuMocTy 5Hepruy OTpLIBa IEpBOTO HEKTPOHA OT ATOMHOTO
HoMepa 3ileMenta (puc. 12) MMeeT SBHO BBLIDAXEHHBIN NEPROLUUECKHIE
- 39
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P u c. 12. 3aBUCHMMOCTb BHEPTUM MOHUZALMU ATOMOB OT ATOMHOTO
HoMepa siieMeHTa

xapakTep. HauMeHblueit bsHepruefi HOEM3aUUKM OOCNANAIOT S-3JI€MEHTHI
I rpynnel, Haubonpweit — s u p-snemertsl VIII rpynmei. Bospacranme
SHEpPTMM MOHM3aLMM IPHU Nepexome OT s-371eMeHTOB | rpynmbl Kk p-dneMmen-
tam VIII rpynne 06ycnosnanBaercsa BO3pacTaHUEM 3apAfa AZpa.

Kak BugHo Ha puc. 12, npu nepexome or s-iementoB | rpynmer kK p-osieMentam
VIII rpynne! SHEPrUsA MOHWZALUM U3MEHSIETCS] HEMOHOTOHHO, ¢ MPOSABJICHUEM GHYym-
penneti nepuoduunocmu. CpaBHWTeNbHO GONBLUIUM 3IHAUEHWEM SHEPIMM MOHM3aUUK
o6napmator aneMertsl 11 rpynmbt (Be, Mg, Ca) u V rpymuet (N, P, As). B 10 xe
BPEMS CPABHUTEJILHO MEHblIee 3HayeHHe DHEPFUUM MOHUBaLUM Mmetor oseMeHTwl 111
(B, Al, Ga) u VI (O, S, Se) rpynn. [Ipuunra nposiB/eHUsi BHyTPEHHEN MEPUOAUT-
HOocTM 6Gyner obcysxpaeHa MpPU DPacCMOTPEHMM KOHKDETHBIX CBOMCTB XWUMUYeCKMUX
o/leMeHTOB (CM. 4. 2).

§ 2. CPOACTBO ATOMA K 3JIEKTPOHY.
QJNEKTPOOTPUUATEINLHOCTL ATOMA

Cponcreo. Cpodcmaon amoaia x daexmpony b, naszviaaemces snepremu—
weckull affexm npucoedunenus aeXmpora K HEAMPAALHOMY amoay D ¢
npespaULeRLEn €10 6 OMPUYATLeAbHbIT oK D™

CponcTso atoMa K 3JIeKTpOHy BblpakaloT B k[k/Mosb; pomyckaercs
BHECHCTeMHasA enuHuna 3B/Moab. CpoaeTBo K 3JI€KTPOHY YMCIEHHO PAaBHO,
HO NPOTHBOIOJIOKHO II0 3HAKY DHEpPrMM HOHU3ALNMM OTPHILATENIbHO 3aps-
JKEHHOI'O HOHa 3.
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[louATHO, YTO CPOACTBO K DJEKTPOHY 3aBUCHT OT 3JEKTPOHHON KOHU-
Irypalyuy aToMa.

Haubonpmum cpopcTBoM K anextpony obiaajawor p-ainementsl VII rpyn-
nbl (ta6n. 6). CpocTBa k 9JEKTPOHY HE MPOABJAIOT ATOMH ¢ KOH(Urypa-
uueit s2 (Be, Mg, Ca) u s2pS (Ne, Ar, Kr) win sanonopuny sanosHenHble
p-noacnoem (N, P, As):

Li Be B C N 0] F Ne
sl s #pl #p2 #2pt a2pt £p5 s2pb

Ee, xx/Mons ... 59,8 0 =27 -1223 7 -141,0 -327,9 O

OTO ABNAETCA JOMOJHMTENIBHBIM JTOKA3ATE/ILCTBOM MOBBLIINCHHOM YCTONYM-
BOCTM YKa3aHHBIX JIEKTPOHHBIX KOHGHUrypalyii.

Ta6nuua 6. CpoacrBo aToMOB M OJHOATOMHBIX aHWOHOB * K asekTpoHy K,

zZ AtoM, anvon | E,, kIlx/Monb A Arom, anuon | E., xJlx/Monn
1 ‘H -72,8 16 S -200,4
2 He 0 S +590
3 Li -59,8 17 Cl ~348,8
4 Be 0 18 Ar 0
5 B =27 19 K -48,4
6 C -122,3 20 Ca 0
7 N +7 21 Se 0
N- +800 22 Ti -20
NZ +1290 23 A% -50
8 0 -141,0 24 Cr ~64
9 (ON +780 25 Mn 0
g F -327,9 26 Fe -24
10 Ne 0 27 Co -70
11 Na -52,7 28 Ni -111
12 Mg 0 29 Cu -118,3
13 Al -44 30 . Zn 0
14 Si -133,6 31 Ga -29
15 P -71,7

*

OtpuniarenbHoe suauenne E. o3HAYAET HKIOTEPMUYECKMIl TIpoLiece - BblAeeHUe
SHEepruM npu MpUCOeNUHEHUM SIIEeKTPOHA; MOJIOKUTENbHOEe 3HaYeHUe F, o3HadaeT oH-
HoTepMuHeckuit npotiecc (MOrMOLEH e BHEPTUM ).
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BrljesienyeM 3HEPTUM COMPOBOKIaeTcs NpUcOeLNHEeHWe OIHOTO 3JleKT-
POHA K aTOMaM KHMCJAOpPO[a, cephbl, YIepoaa U HeKoTophiM apyrum. Ciemo-
BaTeNbHO, AJS THX DJAEMEHTOR CUJbl NPUTSIKEHUS K SJApY JONOJHUTE/b-
HOTO 3JIEKTPOH A OKasblBalOTCsl BONBUIMMYU, MeM CHJbl OTTAJKUBAHUSA MEAKY
JOTMONHUTENLHEIM 3JICKTPOHOM M 3JEKTPOHHON 060J0YKOM aToMa.

[Iprcoeamuen e mMocneAyOMMUX 3NeKTPOHOE, T.e. IBYX, TPEX 2JIeKTPOHOB
M 60Nlee K aTOMY, COTVIACHO KBaHTOBO-MeXaHUYeCKHWM pacyeTaM, Mpoilecc
supoTepmuueckuit.  [TostoMy omHoaTOMHBIe (NmpOCTEIE) MHOTO3apsIHBIE
aauonsr (027, S27) N3°) B cBOGOAHOM COCTOSIHMM HE CYHIECTBYIOT.

AnexTpooTpUNAaTeAbAOCTL. [loHsTHe 3slekTpooTpunarensHocTH  (D0)
ABAsiercA yeaoBHbIM. (OHO NOSBONsAET OUEHUTh CMOCOGHOCTHL aTOMAa JEAHHOIO
37€eMeHTa OTTATMBATh Ha cebs INeKTPOHHYIO MJIOTHOCTL DO CPAaBHEHHUIO ¢
ATOMAMM [OPYTHX a7neMeHTOB B coeguHernd. OUeBMAHO, uTO ITA CHOCOO-
HOCTb 3aBUCHUT OT DHepTHU MOHU3ALMUM ATOMA U €TI0 cpOJICTBA K 3MEKTPOHY.
Cornacro ognomy u3s onpenenenuit (MannukeH) 371eKTpOOTPULATCTBHOCTD
ATOMAa Y MOXKET ObITh BHIpAKeHa KAK MOJYCYMMa €rO 3HEpruu MOHUBAILMU K
CPOACTBA K 3AeKTPOHY: ¥ = !/o( By 4+ E¢). UMeercs okono 20 wkan siexr-
POOTPHLIATENILHOCTH, B OCHOBY pac4yeTa 3HavyeHWii KOTOPBIX 110JIOMEHB
pasHble CBOWCTBA BelleCTB. 3HAYEHUS 3AEKTPOOTPHUIATENbHOCTEH Pa3HBIX
HIKad OTANYAIOTCA, HO OTHOCHUTENLHOE PACIOJOKEHUEe ATEMCHTOB B Py
3NEeKTPOOTPHUIATENBHOCTCH MPUMEPHO ONAHAKOBO.

B mikane anexktpoorpuunarensuocreir, no Hoauury (puc. 13), anextpoor-
puuaTencHocTe (propa npunsara paHoit 4,0. Kak Bugno Ha puc. 13, B
nepuogax Habmrojaerca O6ILasi TeHAeH sl POCTA BAEKTPOOTPULIATEIBHOCTH

Nlepuodss q
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J 70
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P n c. 13. lllxana snekTpooTpuuaTensHocTe mo [loauury
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2J1eMeHTOE, a B MOArpynmnax -- ee najeHuda. HanMmeHbminMy 3HAYEHHAMU
AJIeK TPOOTPUIIATENBHOCTH XapaKTepU3YIOTCH s-dieMeHTHl | rpynnel, a Hau-
6obIUMK — p-3aeMenThl VII rpynmsl.

Ctporo roBops, 3MEMEHTY HeJb3A NPUNHUCATH NMOCTOAHHYIO 3JIEKTPOOT-
pulatenbHocTh. OHA 3aBUCHUT OT MHOTMX (paKTOpOB, B HAacTHOCTM OT Ba~-
JeHTHOTO COCTOSHMSA JJIEMEHTa, THIA COeLUHEHUs, B KOTOpUe OH BXOIMT, ¥
np. Tem He MeHee 3TO IOHSITHe MOJE3HO AJA KAaYeCTBEHHOTO O6BIACHEHMA
CBOMCTE XMMHUYECKON CBABU M COSAMHEHMIA.

§ 3. ATOMHBIE U MOHHBIE PAJNYCBI

BeneneTsue BONHOBOTO XapaKTepa [BWKEHUS 3JeKTPOHA aTOM He nMeeT
CTPOrO OnpegeseHHbIX TpaHui. [1o3TOMy HM3MepuTh A6COMIOTHBIE Pa3Mephl
aTOMOB HEBO3MOKHO. 33 paguyc cBOGOIHOrO aTOMa MOMHO [PUHSATh Teope-
THYECKU pACCYUTAHHOE MOJOKeHWe TJIaBHOMO MaKCMMyMa IJIOTHOCTH BHeIl-
HUX 3JIEKTPOHHBIX 06JaKkoB (puc. 14). DTO Tak HasblBaeMbl opbumassnbil
paduyc. Kak Buano wa puc. 14, B paay anemeHTos maHHoro nmepnoga (L1 —
Ne) op6uTaneHble paanycsl aTOMOB ¢ POCTOM 33psAja ALpPa B UeJOM YMeHb-
watorest. [loaToMy H3aMeHenWe aTOMHBIX M MOHHBIX pPajiMycOB B MepUOAM-
UecKoji CHcTeMe HOCUT MepHommdeckuit xapaktep (puc. 15). B nepuogax
aTOMHble ¥ MOHHBIE PaaNychl MO _ '
Mepe YBeJWYeHWsI 3apsAia siapa B s H
o6mem ymenbmawtesa. HauGons- i
liee yMmeHblIleHWe PpaluycOB Hab- r
JMIONaeTcst Y 3JeMeHTOB  MAaJbIX 0,053
MepUOJOE, TAK KaK Y HUX IpOHc- [ ©Li
XOAUT  3alOJiHeHWe  BHelllHero L 52
3MeKTPOHHOrO ciosi. B 6onpiuux
epHoOaax B NpejaeliaX ceMelicT d-
u foanemenTos HabJoI aeTcs
6osee [J1aBHOe YMEHbILEeHUe paju-
YCOB. DTO yMeHbllleHHe Ha3bIBAIOT 25t 20
COOTBeTCTBEHHO d- U fcxaTneMm. B
NOATPYNNAX DJEMEHTOB paJluychl

15!

4riyp?
S
<

Ne
ATOMOB ¥ OJHOTHUIIHBIX MHMOHOB B
0611leM YBEJIMYHUBAIOTCS.
Hpa}cTuquKn IPYUXOANTCA * s .
0 0,032 o1 02 r, HM

VUMeTb NIeJI0 ¢ PaJuyCaMH aTOMOB,

CBA3AHHBIX APYr ¢ IpyroMm TeM P uc. 14. CxeMui paclipefeleHus pajm—'
WA WHBIM THIOM XHMHUYecKOil  KaJbHOM OJIeKTpOHHOI IIJIOTHOCTH B aTOMaXx

cesizu. Takue pammychl caenyer N ONp6MTaJIbele pamuycel atomos H, Li, Be
u Ne
paccMaTpMBAaTE KaK  HEKOTOpble
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afpexmuenme (1., mNposBAsAOmMUE ceba B JAECTBUU) BEIMYHMHBL
OddexTUBHEIE paiMychl ONPENe/SIT NPU U3y4eHUH CTPOESHHUS MGJCKYJA H
KPHUCTAJJIOB.

§ 4. BTOPUYHAS NTEPUOIUYHOCTD

W 3Menenue cBOMCTB — DHEPTMM MOHMBALMM M CPOJCTBa K 3JIEKTPOHY,
ATOMHBIX PagUycoB M T.I. — B MOATIPYNNAX 3JEMEHTOB O6BIYHO UMEET HeMO-
HOTOHHBIN XapakTep (cM. puc. 12, 13, 15). Ha KpuBBIX U3MEHEHMs CYMMBI
HePBBIX YETHLIPEX DHEPrMil MOHM3ANMM M OPOGUTAIBHBIX ATOMHBIX PajUyCOB
B pagy C — Si — Ge — Sn — Pb uMewrca BHyTpeHHMEe MaKCUMyMH H
muauMyMmbl (puc. 16). Kak caenctsue 3Toro, HEMOHOTOHHBII XapaKTep
NpOABNAETCA M B H3MEHEHMM APYTHUX ¢BOMCTB coeauuenmii. HeMoHOTOH-
HOCTh W3MEHEeHUs CBOKMCTB 2JIEMEHTOB B MOArPYINEe MOJy4Msa Ha3BaHUE
BMOPUNHON NepUOTUNHO CTNA,

HeMonOTOHHBIA XapaKTep NPOABISETCHA, HAIPUMED, B 3HAYEHUSAX SHEDP-
MM JMCCONMALMM MOJIEKYJ TajJloN€éHOB B 3aBUCHMOCTH OT ATOMHOTO HOMepa
rajorena:

oF 17C1 35Br 55l
F2 C]Q BI‘Q 12
Enve, KK/ MOTB v 159 243 190 149
(E*5+5°5), 38
501 oC
3o+
1o}l \si Ge
Sn Pb
Jot
70 rHM
Fsi Ge sn__":’ 185 Puec. 16. 3aBucumoctb cymmbl
] /x—-" {gm UOepBbIx YeThipex BHepruil MoHU-
4 s SallMM U OpOUTAJIBHBIX pagHy-
S, g COB ATOMOB p-oleMeHToB |V
0w 0 7o W7 IPYTIBI OT ATOMHOr0 HoMepa



Paazpnen |l
Xumuueckas cBA3b

XyMUdeckad HAaTypa CIOKHON HacTULb orpejieNIAeTcA
HarTypoll oVieMeHTapHbIX cOCTaBHBIX dacTel, KoJauiecT=
BOM MX M XHMMHUYecKUM CTpoeHHEM.

A.M. Bymaepos

BaJieHTHBI MTPUX — CHMBOJMYeCKoe, abcrparupoBal-
Hoe u306pakeHHe KBAHTOBO-MeXaHW'1€CKHUX B3aHMO—
DelCTBHI QNeKTPOHA M aTOMHBIX Anep.

B.M. Boavxurwmetn

Vyeyue 0 XMMMUYECKOR CcBA3HM —— LEHTpajlbHaA npo6aema xumunu. He
3Has [PUPOLY B3aUMOzEACTBUA ATOMOB B BEIUECTBE, HeJAb3s TOHATH HIpU-
YHHB MHOTOO6Da3sUA XMMUYECKMX COSAMHEHMH, Mpe/cTaBuTh MEXaHM3M HX
06padoBaHMA, COCTaB, CTPOEHHME M PEAKLHMOHHYIO cnocobrocTs. Cozpanue
HaZ[eKHONM MOIEJIM, OTpakalOmiell CTpOBHHE ATOMOS, MOJIeKYJl M MpHUPOAY
U Mesk Ly HUMM, MO3BOJIUT ONPEAEIUTL CBOMCTBA BELIECTS, e npuberas K

IKCIIEepUMEHTY .

COBOKYNIHOCTh XMMUYECKM CBA3AHHBIX AaTOMOB (nanpumep, MOJIeKyJa,
KpHeTalll) NpeacTaBiser co6Oft cTOMHYIO CHCTEMY ATOMHBIX AAEp M JJIEKT-
ponos. XMMMYecKas CBA3b OCYIECTBIACTCA 3a cYeT 3JeKTPOCTATHYECKOro
B3aMMOEHCTBUA JIEKTPOHOB U ALep aTOMOB.

Gi 010

P u c. 17. PacnpeneneHie oJIeKTpOHHON
IUIOTHOCTH B MOJIeKyJle BOAbI
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CoBpeMeHHble METOJBl HCC/Ie0Ba~
HUMA MO3BOJAIOT KCMEPUMEHTAIBHO
ONpEeAeINTD NpPOCTPaHCTBEHHOE
PacTosiokeHMe B BELIECTBE aTOMHBIX
simep. JlaHHoMy NPOCTPaHCTBEHHOMY
pasMeIeHHIO ATOMHHIX J1€p OTBE-
yaer ONpefesieHHOe pacHpeiesieHne
3JIGKTPOHHOM  TUIOTHOCTH. Brisic-
HMTh, KaK paclpenelsierca OJIeKT-
pOHHAA IJIOTHOCTB, MO CyTH Jena, U
O03HauaeT oONHMcaTh XWUMHYECKYIO
cBsiBh B BemecTse. JlJ1s 3TOro HEOG-
XOIUMO TOYHOE pelueHue ypaBHE-
uus lllpeguHrepa, YTO OCYIIECTBIE-

HO TOMbKO AJA MoHa HY, cocTosmero M3 AByX MPOTOHOB M OZHOrO 3JTEKT-

pona. JlisA cucreM ¢ aByMA M GONBIIMM YMCJIOM BJIEKTPOHOB MPUXOAMTCA
NpUMEHSATh NMPUOIHUKCHHEIC METOZbI.

PesynbTaT NpUGIMKEHHOTO pacyeTa PAaclpesiesieHUs  JJIEKTPOHHON
IJIOTHOCTM B MOJekyJde Bonbl mokasaH Ha puc. 17. Konrtypueie jguiun
COCMMHAIOT MEcTa OJMHAKOBOI JJICKTPOHHOM! MJIOTHOCTH.

B 3aBMCHMOCTH OT XapaKTepa pachpejeleHus 3JeKTPOHHOH IJIOTHOCTH
B BELECTBE pa3jiMyalOT TPM OCHOBHBIX THIa XMMHYECKOH CBABU: KOGAAECHII-
w0, uonuyro U aemasauneckyro. B "uMcToM" BUAE NMEpEYMCITEHHBIC THIIbI
CBASM NPOABIAIOTCA Ppefko. B GonbmMHCTBE COSIUHEHHH HMEET MECTO
HaJIOXKEHUE PAa3HBIX TUIIOB CBA3H.

I'J1 A B A 1. OCHOBONIOJIATAIOIMIHUE MPEACTABJIEHUAA
XYUMUIECKOHA CBA3H

§ 1. HEKOTOPBIE TAPAMETPBI MOJTEKYJIBL

Mosexyaoti HA3LIBAIOT MUKPOYACTULY, OOGpasOBaHHYIO W3 AaTOMOB H
CIOCOGHYI0 K CaMOCTOATEJNBHOMY CyiiecTBopanMio. Monekysa umeer mo-
CTOAHHBIA COCTAB, BXOAAIIMX B HEEe AaTOMHBIX AIeP M (HHUKCHPOBAHHOE
YUCAOG 3IEKTPOHOB.

NndopManuio 0 CTPOCHMM BEINECTBA MOXHO NOJYYMTh, MCCIENYd €ro
pmsMYecKkne M XMMUYECKMe CBOMCTBA. B yacTHOCTM, ¢ MOMOmBIO (pusHyec-
KMX METOJOB MCC/ICLOBAHMSA ONPee/AloT OCHOBHBIE MapaMeTPhl MOJIEKYJI —
MEKDBAZEPHBIC PACCTOAHMUSA, BAICHTHbI® YIJIBl M FEOMETPUIO MOJIEKYJI.

DKcnepUMEHTaNbHO yCTaHOBIEHO, uyTo B MoJekyne soanl H;O paccrosi-
HUe Mex Iy AZpaMM BOZOpPOAa M kKuciaopoga coctaiaser 0,096 M. Mexknb-
AlEPHOE PACCTOSHME MEKAYy XMMUYECKM CBABAHHBIMM ATOMAMN Ha3bIBAIOT
daunotl cessu.

Yron Mexpy BOOGpakaeMbiMM JIMHMAMM, MPOXOAAMIMMM 4Yepe3 sAnpa
XMUMUYECKHM CBA3AHHBIX aTOMOB, Ha3biBAIOT GaAeKMHbLY. B MOJEKyne BOAbI
oH coctapaser 104,5°.

TakuM 06pa3oM, MOJIEKyJa BOAH MMeeT yraoBylo ¢opmy (cm. puc. 17).
JIis HarJIAAHOCTM MOXHO MPUHATH, YTO B HEA aBe XMMUYECKUE CBA3U

O—H (nnuuoi dOH = 0,096 aMm = 96 nM), pacnoJsokeHHBIE NOJ, YIJIOM

2 HOH = 104,5°. CrpoeHue MOMEKyJBl BOAbl MOXKHO BBIPa3HThb CTPYKTYP-
HOM hopmy0¥i:
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BakHeilineil XapaKTepUCTUKONW XMMMUYecKO! cBA3M SABIAETCA IHEPTUA,
ONpeJeNAmas ee MNPOYHOCTh. Mepoil NIPOYHOCTH CBA3U MOKET CAYXUTH
KOJMMYECTBO 3HEPTUM, 3aTpayMBaeMoe Ha ee pa3phiB. [ ABYXaTOMHBIX
MOJIEKYJT SHEprUA CBA3M PaBHA BHEPrUM AMCCONMALMM MOJIEKYJ Ha aTOMBI.
Tak, sHeprus Aucconuauuu Epye, a clegoBaTesbHO, U IHEPrHA CBASH Ky
B MoJekyae Hi coctaasior 435 w/lx/mons. B monekyne ¢ropa Fi ona
paBHa 159 KILxc/Mdnb, a B MoJieKyJe a3ota Ny — 940 k/lak/Mois.

Jns MHOroaToMHBIX MoJsiekyqa Tina AB, cpeausas sueprus cBA3u EAB =

= 1/n yacTu BHEPTUM LMCCOUMALMYN COSJUHEHUA Ha ATOMBI:
AB, = A + nB, EAB = Eppe/n.
Hanpumep, sHeprusi, NorJjolaeMas B npomecce
H,O0 = 2H 4+ O

pasHa 924 wJlx/moabs H,O. Ho B monexkyne sogm o6e ceasu O—H pasHo-
IEHHBI, MO3ITOMY CpPeIHSsl SHEPrus CBA3U EOH = Epuef2 = 924/2 =

= 462 x/x/Mons.

JIJIMHBL M SHEPTUU CBA3M, BAJICHTHHIE YIJIbl, a TAKKE dKCIePUMEHTATBHO
onpefenAeMble MATHUTHHIE, ONTUYECKHE, JEKTPUUYECKHe U ApPYrde cBOWCT-
BA BEIIECTB HEMOCPEACTBEHHO 3aBUCAT OT XAPAKTepa Pacllpee/ieHus dJeKT-
poHHOM mnuaotHOeTM. OKOHYATENPHOE 3aK/IOUEHME O CTPOEHHMM BEIeCTBa
AEJIAl0T MOoCcJe COMOCTaBieHUs] WHGOPMaNMU, NONYYEHHO! DPasHBIMU METO-
maMy. COBOKYIHOCTb KCIEPUMEHTAIBHO MONYYEHHBIX JAHHBIX O CTPOEHUH
BelllecTBa 0GOGIIAET KBAHTOBO-MEXAHUYECKAS TEOPUsT XUMUYECKOH CBABH.

XuMHyecKkad cBA3b B OCHOBHOM ocymecTBiisiercad TaK Ha3blBacMbIMU

BaJEHTHHIMU 3JIGKTPOHAMHU. ¥ S§- M p-3JIEMEHTOB BAJIEHTHBIMM SBJIAIOTCA
3JIEKTPOHBI OpOUTANEll BHEIIHEro ¢JodA, a Y d-3JIEMEHTOB — BSJIEKTPOHB —
s-opOuTanu BHELIHEro cnofs U d-opburtaneil OpeABHELIHETO CION.

§ 2. IPUPOJA XUMHUYECKON CBAA3U

Xumuyeckas cBA3b 06pazyeTcss TOJNBKO B TOM ciaydae, €cjM NpH cOIH-
MEHMM ATOMOB ([ABYX HJM OGOJBIIEro YHcJAa) MOJAHAA DHEPrUA CUCTEMBI
(cymma kMHeTHYeckOf M MOTEHHUANBHOR HEPIUit) MOHUKACTCH.

PaceMoTpuM mpocTefillylo M3 BO3MOXKHBIX MOJICKYJAAPHBIX CHCTEM —
MOJEeKYAApHBIA HoH Bogopona HY. (Ora yacTMHIA NOJNydaeTCA NpPH OGJayde-

HUM MoJekyn Bogopona H, saextponamm.) B Hem oxun snexTpoH ABuker-
cs B 071€ ABYX AAep — npotoHoB. Paccrosune mexay aapamu s H} pasno

0,106 um, a sHeprua csaz3u (aucconuanuu Ha atoM H u mon H*) cocrasns-
er 255,7 k/lx/Monb. Takum o6pazoMm, 3Ta yacTUA BeChMa [POYHAA.
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P u c. 18, Cusibl B3aMMOZencTBUS Mexay IPOTOHaMM W JIEKTDOHOM B
MonieKyJisipaHoM noHe H3

B monexynsapHom nohe HJ neficTBYIOT 371eKTpOCTATHYECKHE CUIIBL JBYX

TUIIOB — CUJIBl NMPUTSKEHUA 3JIEKTPOHA K O60MM SApPaM M CHJIbI OTTalKH-
BaHMA Mex]y agpamu (puc. 18).

Cuila OTTaZNKMBaHUA NMPOABIAAETCA MEXKAY IOJOKUTENBHO 3apAKEHHBIMH
AOpaMu H; u Hl‘; (puc. 18, @). Cunbl OpuUTANKEHUA AefiCTBYIOT MeXAy

OTPMLATENIBHO 3APAXKEHHBIM 3JIEKTPOHOM € U IIOJIOKUTEIBHO 3apAKEHHbi-
MU ALPaMU — MPOTOHAMMU H; " H}; (puc. 18, 6, s).

Cuna MexwamepHoro Bzaumopmeiicteua f .,

A

PacmnoNOKEeHUA ANEp U CTPEMUTCA pa3BecTH MX ApYr oT apyra (eM. puc.
18, a). OueBuaHO, MoNeKyna obpasyeTca B TOM clydae, ecld PaBHOpeMcT-
BYIOIIafl CUJ NMPUTAKEHUA U OTTalKMBaHUA paBHa HYNI0. VHBIMM cioBaMu,
B3aMMHOE OTTaJKHMBaHME sALep (npoToHOB H/‘; u H];) LOMKHO OBITE CKOM-

H* HamnpaBJieHa BJOJIb OCH
B

[ICHCUPOBAaHO MPHUTAKEHUEM FIEKTPOHa K ALpaM. JPPeKTUBHOCTE mociel-
HET0 3aBUCUT OT MECTONOJNOKEHUSA DJIEKTPOHA € OTHOCUTENBHO ALEP.

KoHeuHo, TOUHO onpese/nuTh NOJIOKEHUE 3JIEKTPOHA B MOJIEKYJI€ HeBO3-
MOKHO, HO MOXKHO paccMOTpeTbh BEPOATHOCTH €0 HAXOXAEHUA B MPOCTPaH-
CTBE OTHOCMTENBHO fAfep. Tak, B M060/ MOMEHT BpeMEHM HIEKTPOH MOJKET
OKa3aTbCA B MOJOMEeHHMH, M300pakeHHOM Ha puc. 18, 6. B gpyro# MomeHT
3JEeKTPOH OyAeT HAaXOAUTHCA Yke B HOBOM MOJIOKEHUM, Hanpumep U3ob6pa-
#EHHOM Ha puc. 18, a.

CpasHuM pesynapTUpyIOmee AeficTBME CUJ NPUTAKEHUA U OTTAIKMBA-
HUA npH 5TUX KOHUrypanuax. O603HAYMM CHUIBl NPUTAKEHUA ITEKTPOHA
K NpOTOHaM f, e M fH* o @ MX MpOeKnuu I - . Korga asnextpou

A B A
HaXOAMUTCA B MOJOXKeHUH 6 (cM. puc. 18, 6), TO €ro UpHUTsAKEHUEe K NPOTO-
HaM (cuabl f e U H“e') CHOcOBCTBYIOT MX COMMMKEHUIO (CHUIBI f'+e_ n
A B A

I/I ’
H*e
B
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fI-,I*e‘)' Korpma xe umeer MecTo KoHgurypauus ¢ (cm. puc. 18, @), TO Bo3HU-
B

KaeT Apyrasi cuTyanus. B sToM ejyuae cHIBl IPUTAKEHUA (f},l*e‘ H fI-’I"e‘)
A B
HalpaBJieHbl B OHY CTOPOHY M OTTaJKMBaHMUE MPOTOHOB He KOMIEHCHPYIOT.
Cne0BaTeNIbHO, COrJIACHO BO3MOMHBIM IOJIOKEHUAM 3JI6KTPOHA OTHOCH-
TEeJILHO IBYX NMPOTOHOB B MOJIEKylle MMeeTcs O6JacTh CGL3biganus U 06—
JaCTh ANMUCEL3biEaNUL MM paspsizaenus (puc. 19). Ecam snexrpon noma-
naer B 06JaCTh CBA3LIBAHUA, TO XUMHUYecKasA cBA3p obpasyerca. BEcam xe
3JIGKTPOH TNomajaerT B O6/acTh pa3pbIXJEHUA, TO XMMUYECKas CBA3b He
obpa3yercH.

WHBIMM C€JI0BAMHM, XMMHMYECKas CBA3b BOSHMKAET B TOM cJjy4dae, €CJaH
3JIEKTPOH OKa3BLIBAETCS B IMPOCTPaHCTBE MeXAY AApaMu (B CBABHIBAIOLIEH
06sacTH). XMMHYECKas CBA3b OCYIIECTBAACTCA 32 CUET IEKTPOCTATH YecKO~
rO B3aMMOJCHCTBUA MOJOKUTENBHO BapAKEHHBIX AAEP M OTPHIATENBHO
3apAKEHHBIX ICKTPOHOB. OTO MPHUBOJAUT K MOHUMKEHUIO NOJHOM IHEPrUM
CHCTEMBI IIPM 06pa30BaHMM MOJICKYJB! U3 aTOMOB. YeM 6osblie BblAe/NACTCA
NPY 9TOM SHEPrUH, TeM MpOYHEee XMMHUYECKAs CBABD.

§ 3. KPUBAS MMOJHON SHEPIUU IJI1 MOJTEKVJIbI

Kak yxe ykasbiBasioch, JJIA MOJIeKyJAPHOrO HoHa Bogopopa Hj moxmo

no ypaBHeHMio lllpegunrepa TOYHO BBIYMCJUTL 3HEPrUI0 3JIEKTPOHA U
pacnpejiesiecHde 3JI€KTPOHHOM NJOTHOCTM. PesynpTar Takoro pacyera OTpa-
waer puc. 20. Kpusas [ oTBeuaeT cOCTOAHHUIO, KOrzna SJIEKTPOH HaxXOmUTCA
B CBA3BIBAOmEH O6sacTH. ODHEpreTMYEcCKUH ypOBEHb TAKOIO IMOJOXKEHUSA
JMeKTPOHA HA30BEM C6A3u8aH0WuL U 0003HAUMM ero o. Xapakrtep B5TOH
KPMBOW MOXHO OGBACHUTbL TEM, YTO MO Mepe COMUKEHUSA NMPOTOHOB B CBSA-
spiBatoNieif 06aactu (cM. puc. 18, 6) BHauane npeo6aagarOT CHJAB OPHUTA-
MEHUs, a 3areM CcHUJIBl oTTajkuBaHMA. [losroMy BHauame nHabmopaercs
MOHOTOHHOE IOHMMKEHHUE NOJHONH DSHEPIMU CUCTEMBI, IO AOCTHKEHHH Ke
MUHUMYMa — pe3Koe ee ypenuyenune. MUHUMYM Ha KPMBOM NOJHOMH 3Hep-
My OTBEuYaeT Hanbosee ycTOHYMBOMY COCTOAHHMIO CHCTEMbI U3 ZIBYX IIPOTO-
HOB M OJHOTO BJIGKTPOHA, T.€. YCTOHUYMBOMY cocrosiHMio MoHa HY. Muuu-

MyM OHEPrMM HA KpPMBOil OTBeYaeT PaBHOBECHOMY PacCTOAHMIO MexIy
OpOTOHAMMU (dHH = 0,106 M), rny6buHa MUHUMyMa — BSHEprus AUcconMa-

uuu uona HY na arom H u mporon H* (EH+ = 255,7 xx/Mons).
2

Crepyrommii sHepreTmdyeckuil ypoBeHb MOJIGKYJIAPHOTO MOHA BOJOPOJA

50

i

a7 62

43 d M

Puc 19. Obnactn cesAsbBaHUSA Puc 20. 3aBUCUMOCTb MOTEHLM-

¥ pa3pbDUIEHHA B MOJeKyJIApDHOM albHOIl GHepPrMM  MOJIEKYJAPHOro
+ .

-note Hj voHa H} npy HaxoxieHUH oJIeKTpo-

Ha B cBsizbiBaollell (kpupass I) u
paspbixasiiouleit (kpHBas 2) obia-
ctH

(puc. 20, kpusaa 2) MHHMMyMa He MMEET — MOJIEKyZa B DTOM COCTOAHUH
obpasoBarbea He MomeT. [logo6bHas cuTyanMs BOBHMKAET, KOTa 3JIEKTPOH
HaxonuTes 3a sapamu (cM. puc. 18, @), T.e. B paspeixasiomei o6iactn. B

9TOM CJiy4Ya€ CHJIa OTTaJKMBAHUA TNPOTCHOB He KOMIIEHCUDPYETCHA cusion

INPUTATMBAaHMA K JEKTPOHY. JHEepreTUYecKMH ypOBeHb TAaKOTO IIOJIOXKEHHU A
3JIEKTPOHA HA3OBEM Pa3psZAfowuM U 0603HAUUM 7 *.
Takum o6pasom, ob6pasosanue xumuyeckoit cBasu B H), obycmosneno

| TeM, YTO BJIEKTPOH ABMIKETCA OKOJIO ABYX sAgep. Mexny AnpaMu mossnaser—

¢ 06JacTh ¢ BBHICOKOl IJIOTHOCTBHIO OTPHMLATENBHOrO 3apAna, KOTOpas
"eraruBaer" MmoNOKMTENBHO BapskeHHBle sxpa. IlpuTskeHne yMeHpmaer
MOJIHYIO BHEPrHiO CUCTEMBI — BO3HHMKAET XUMMUUYECKass CBA3b.

I' J1 AB A 2. TEOPUSA MOJIEKYJSAPHHX OPBUTAJIEA

§ 1. MOJIEKVJIAPHBIE OPBUTAJIH

Jna onMcaHMA XUMH4eCKO#H CBA3M IMMPOKO MCHOJB3YIOTCA ABa MOIXO-
Aa: TEOPUA MOJEKyNsapHuix opburaneit (MO) u Teopus BameHTHHX CBABeH
(BC). B passutuu teopuu BC ocobas sacayra npunaiiesxut [eittaepy u
Jlonnony, Caerepy u Ionuury; 8 passutuu teopuu MO — Manaukeny u
Xyupy.

CorsacHo TeOpUM MOJEKYIAPHHX OpOGHTANCH MOJIEKYJa PacCMATPUBAET-
Cl KaK COBOKYNMHOCTh MOJOMHUTENBHO 3apsKeHHBIX AJEP M OTPUIATENBHO
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3aPSKEHHBIX SJICKTPOHOB, i€ KaK OBl 3J€KTPOH JBHXKETCA B IOJIE OCTalb-
HBIX DJIEKTPOHOB Y BCex Azxep. ‘

Onucate MoJiekyJay corjacHo Teopud MO — 5T0 3HAUMT OmpeneiuTh
THN ¢¢ OpbuTanell, MX OSHEPTMIC M BBIACHUTL XaPaKTep pacupeaenaeHus
3JIEKTPOHOB MO OpOGMTANAM, T.€. PEIUUTh TE Ke 3ajauM, YTO M [IpU pac-
CMOTPEHWH 3JIEKTPOHHBIX CTPYKTYP aTOMOB.

Kak 6by10 moKaz3aHO, 3JIEKTPOH MOXKeT HaXOIUThbCA B CBﬁBbIBaIOHLeM
Wiy paspelxafoomeit 06aacTax Mosekynbl (eM. puc. 19). B coorserctsuu c
3TUM Pa3JIMYAIOT CBASBIBAIOIME M Pa3pPhIXIAIOLHE MOMEKYIAPHbIE OpbuTa-
Ju. B cBAsbIBalOmeil MOJEKYJIAPHON OpOMTanM 3JIGKTPOHHAS IJIOTHOCTD
KOHLEHTPUPYETCA MeKIY AAPaMU, B Pa3pbIXAAIOME MOJCKYJIAPHOK 0pOu-
TanM — 3a A7ZpaMu, a MeXJy HUMHM OHa paBHA HYJIO.

Monekyasipusie OpOUTANIM MOXKHO NPEACTABUTh KAK PEe3ynbTaT KOMOU-
Hanuu opbuTasieil aTOMOB, 06pa3ylomMx MoJekyny. PaceMoTpum 06pa3soBa-
Hue op6uTaiieil ABYyXaTOMHON MosiekyJapl, Ilpu cOnukernn AByxX aTOMOB HX
OpBMTANN MEepeKpbIBaAIOTes. M3 KakABIX NBYX NepeKphiBAIOMUXcsd ATOMHbBIX

opburaneit 06pa3yoTest gBe MOJIEKYJIAPHHIE OPO6UTalu — OJHa CBA3BIBAIO-

mas, apyras — paspeixiasoman (puc. 21).
Ecan op6buranmu atromoB A u B, o6pasymomux monekyny AB, oGosna-
4UTh \IlA u \I/B, TO BO3MOXKHblE KOMOGMHANMN MOMXKHO 3AIMCATH:

V¥, =¥ oV s V.= sV — ¥
+ Y, + ¢ B - AN ¥
DTN KOMOUHALMM MPUBOJAT K OOpPa30BAHHIO CBA3BIBAIOMIEN MOJIEKYNAPHOMN
opbutanu V. ¥ pas3pbixiAmeil MonekynApHoi opbutanu V..

Kospdpunuentsl ¢ yka3hBalOT A0JI0 yJacTHA COOTBETCTBYIOMIMX aTOM-
HbIX Opb6uTaneil B OPpMUPOBAHUM MOJIEKYJIA PHBIX.

A0 fepexpsiBanue A0 Mo
—
o F4 F4
‘@ @ Ompuyamepence &s
% —
Aonowumensioe b6

P u c. 21. CxeMa 06pasoBaHus CBsisblBaloulell g W paspbiXJsioueil o :

MOJIEKYJISIDHBIX OpbUTalelt IpU TlepeKphIBAHUM aTOMHBLIX S-Op6uUTase
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Jasi caydas [IBYXaTOMHBIX MOJIEKYJ ¢ OJMHAKOBBIMU sznpamu (Fomo-
AAEPHBIX MOJIEKYJ) BKJIaj, aTOMHBIX Opb6UTaneil B MOJekyaApHble 6yneT
OLMHAKOBBIM, T., €| = C3 M C3 = Cq4.

Monexynsipubie Op6UTanu 0603HAYAIOT rpedeckUMU 6yKBaMM (cO 3Be3-
JIOUKOM AJA pa3phIXIAKUEH opbuTanu). MOJIeKy.TIﬁprle opburanu, obpa-
30BaHHLBIE  [IepeKphIBAHMEM  aTOMHBIX
opOuTaneil Mo OcH PACIOJIOKEHHUA ATOM-

AO MO A0
HBIX AEP, HA3BIBAKWOT g-opbumassau. E .

Ilpumem, 4TO AApPa ATOMOB PacHOJIONE- L
HBl M0 OCH z M TepeKpbiBaHME ATOMHBIX // \
opburaneil ocymectaaserca no ocu. llpu / \
CJIOKEHUH S-aTOMHBIX opbuTtasieii o6pa- —-l-s-‘—-(/ \_2.‘._
3yeTest  cBASBLIBAIOMAA  ABYXIEHTPOBasd B\ J
MOJIEKYAAPHasA Op6uTanb os. I1pu BBIYM- \ ///
TaHUM ATOMHBIX OpOUTalell o6pa3yeTca Q\’:Gs__l

Pa3pBIXIAIOMAA JBYXIEHTPOBAA MOJEKY-

AApHAA OpOUTANL 7 ‘
P u c. 22. OHepreruueckas auar-

O6pa3oBaiie MOJEKYJNSAPHBIX OpOMTa- PaMMa 1s-aTOMHBIX U 0 MOMeKy-

Jefl M3 ATOMHBIX W306pakaloT B BHme - P P °pv6ma‘neﬂ ABYXATOMHOMN
. TOMOSIIEPHOA MOJTEKYJIhI

InepteMmuneckoti Juaipamuust, rpe Mo
BEPTUKAJIM OTKJa[blBAlOT 3HayeHMA sHepruum E opburaneit (pume. 22).
Cniepa m cnpaBa Ha [UarpaMMe NPHUBOAAT SHEPreTUYECKUE YPOBHU ATOM-
HbIX opbUTaneil, B cepegUHe — ypOBHM MOJIEKYAAPHBIX Op6UTajIel.

CeazpiBalommas MOJIEKY/AApPHass OpOGMTalNb XapaKTepU3yeTcs IMOBBIILEH-
HOW DJIeKTPOHHONM IJVIOTHOCTBIO B MPOCTPAHCTBE MENKIY AZAPaMM, IIO3TOMY
Takasda opOuTanp DHepreTudecku 6ojiee BLIFO[HA, YeM ATOMHBIC OpOUTAMH.
Hao6opoT, Ha paspslX/AOmen OpSUTANTM 3JeKTPOHHAA [LUIOTHOCTh KOH-

a

P u c. 23. PachpenienieHde 27eKTPOHHON IUIOTHOCTU B CEASLI-
Bajolent (@) U PasphiXJIAIOWER (6) MOEKy/sIPHBIX OpOUTATIAX
MoserynapHoro H3
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HEHTpUPYeTcsl 3a AzpaMd, IOBTOMY NomobHast opbuTtank bdHEpPreTH4YecKH
MEHee BBITOLHA, YeM MCXOIHBIE ATOMHbIe OpPOMTalu. YPOBeHb DHEPruu
CBA3ZBIBAIOIISH OpOMTANM HA CXEeMe PACNOoJiaraloT HUMKE YPOBHA MCXOAHBIX
ATOMHBIX Op6uTaneil. B ciyyae pasphXJIAOMHAX opbuTaneil MX SHepreru-
YecKoe MOJIOKEHME HAa CXeMe BbIlle MCXOLHbIX aTOMHBIX ‘opGMTaneﬂ.
Pacnipenenenye 3/eKTPOHHOI NJIOTHOCTH B CBASBIBAIOHIEH U pa3pbiX-
JAOIIell MOJCKYJIAPHBIX OPOUTANAX MOJEKYJsApHOro uona HJ mokasaHo Ha

puc. 23, a, 6.

§ 2. IBYXATOMHBIE TOMOSAIEPHLIE
MOJIEKYJIbI

JIByXaTOMHKE TOMOAJIEPHHE MOJEKYJAH 3ieMenToB l-ro mepuoma. VY
aJIeMeHTOB 1-ro mepuona BajieHTHOI sAsasercA ls-opburans. Ilostomy
NpUBeNeHHAA HAa pHUc. 22 sHepreTUdYeckas JOUarpaMMa cHpaseAsivuBa JJIA
ABYXbALEPHBIX MOJEKYIAPHHX obpasosanmit Tuna H7, H,, Hel, He,.

Won H} cocTtouT M3 AByX NMPOTOHOB U OAHOTO JIEKTpOHA. EcTectBenno,

YTO €AMHCTBEHHBIM 3JEKTPOH 3TOr0 MOHA [OJIKEH 3aHUMATL JHEePreTHYecKH
HauGoJiee BHLIFOAHYIO OpOUTANbL 75 (cM. puc. 22). Takum obpasom, 3JeKT-
pounas ¢opMynia uona H} B OCHOBHOM COCTOSAHUM '

Hi[al].

2

Obpa3zoBanye 3TOro HOHA M3 ATOMa BOJAOPOAA M NMPOTOHA MOMHO NpEAcTa-

BUTH YpaBHCHHEM

H[1s!] + H*[1s9] - H[ol].

B Moneryne H, gsa suaexrtpona. CorjiacHo NPUHUMIIY HaUMMeHbINESH
sueprum u npuununy Ilaynm sTu aBa s7eKTpOHA ¢ NPOTMBOMOJOMHHMM
CIIMHAMM TaKKe BACENSAIT 0-OpbuTanp. Peakuuio o6pa3oBaHMA MOJIEKYJIbl
BOIOPO/la M3 ATOMOB B cUCTeMe 0603HAYCHUI TEOPMH MOJEKYJAAPHBIX OpPOU-
Tajlefl MOXHO 3AMUCATH ‘

H{1s] + H[1s!] > H,[e?).

B Monexynsipuom purenmii-uone Hel Tpu 57€KTPOHA, ABa U3 KOTOPBIX

3aCeNIAIOT CBASBIBAIONYIO, TPETUI — PaspBIXJAIONIYIO OPOUTENE!

He;[aga:l].
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B cucreme n3 n8yx aToMoB reaus He, yeThipe sjieKTpoHa — 1Ba Ha
CBA3BIBAIOMICH M [Ba HA Pa3pbIXIAIOLIEH OpOUTANAX.

Ilo xapakTepy pacrnpenefieHUA 3JMEKTPOHOB MO MONEKYJAADHBIM Op6GUTa—
JIAM MOXCHO OIEHUTb 3HEPrUI0, AJIMHY M TNOpALOK CBA3KM. Kak HM3BECTHO,
HAXOMJEHUE JIEKTPOHA Ha CBA3BIBalOmIeil OpOUTANM 03HAYAET KOHLCHTPa-
MIO BJIEKTPOHHON MJIOTHOCTH MWy ALpaMH, a 5TO OOYCJOBJIMBaeT COKpa-
HIEHHEe MEKBALEPHOrO paccTOAHMA M yNpouyHeHMe Mosexynwl. Hao6opor,
HAXOKIEHUEe DJJIeKTPOHA Ha pasp'bIXJmlomeﬂ opOHTanIM 03HAYaeT, UTO
BJIGKTPOHHAA IJIOTHOCTh KOHIEHTpMpyeTcsa 3a AzapaMu. B aTtoM caydae,
cleLOBaTEeNIbHO, DJHEpPrus CBA3BIBAHUA CHIUGKaeTcsA, 8 MeKbAAcpHOe
paccTOAHUE YBEJIUYUBAETCA:

' H H, Hej He,
MonekyJisipable opbu-
TaU
75
- - 4+ W
¢ + o H H
OHeprus AUCCOLM-
aluy, E,:mc,
kK /MOJB «oocvvennn. 255,7 435 230 -
MexbsnepHoe paccros-
HUe (IVIMHA CBsIaK)
d HM i, 0,106 0,074 0,108 -
[opsnok ceAsM........... 0,5 1 0,5 -
B pany H) — H; — He} no Mepe 3amoiHeHus 3TeKTPOHAMM CBA3BI-

BalOmeil OpoMTanu DHEPruA AUCCONMAIMM MOJIEKYJ BO3PACTAeT, ¢ MOSBJe-
HMEM Xe DJIEKTPOHA Ha Pa3pbIXiaAmeld opburanu, HaobOpOT, yMeHblIaeT-
cA. Mexbanepuoe paccTosiude BHAYATE YMEHBINACTCSH, 3 3aTeM YBEJUYMBaA-
ercsi. Mosekyna renus B HEBO3OYXKICHHOM COCTOAHMM HE CYLIECTBYCT,
TaK KaK ¥ HGC OMHAKOBO YMCJIO CBABBIBAIOUIMX W PAa3pHXIAMMUX 3JCKT-
POHOB.

XapaKkTep pacnpefe/ieHUsl JeKTPOHOB [0 OpOMUTANAM NO3BOJAET OLE-
HUTP NOPAAOK CBA3U KaK NOJYPa3HOCTb YMCJa CBASBIBAIOIMIMX M PaspbIX-
JIAKOMUX DJIEKTPOHOB:

Yueno cBA3BIBAIOIIMX
BJIeKTPOHOB

Yucno paspbiXJisiommx

QJIEKTPO HOB
[lopapok ceflzap = P

b}
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HerpyaHO MNOACYMTATH, 4TO B MOJeKyJApHOM uoHe Bojopona HI u
nurenmii-uone He) mopsaok cBAsM paBeH 0,5, B MoJiekyse Bojopona — 1, a

B CHCTeMe U3 J1BYX HEBO3OYXKIEHHBIX ATOMOB rejldsa — HYJIO.

JIByxaTOMHEE TOMOSAJEPHHE MOJIEKYJAH 3JEeMEHTOB 2-T0 mepHoja. Y
37eMEeHTOB 2-To mepuona kpome ls-op6utaneii B 06pasoBaHMU MOJIEKYJIAD-
HbIX Op6uTaleil IPUHUMAIOT YYacTHE 25, 2pg -, 2py~ U 2prOpbUTany. Mpu-
MeM, YTO ATOMBbl PACIOJIONKEHH HO ocy z. UTO6HI ATOMHEIE OPGUTATM MOIJIM
KOMGMHHPOBATBCA ¢ OGPA30BAHMEM YCTOMUYMBHIX MOJIEKYJSPHBIX OpGUTa-
JIeif, OHM JOJIKHBI MUMeTh OJM3KHEe JHEPIrMM U I[epeKDHIBATLCA B 3aMeTHOM
cremenn. C 06pa3opaHMeM CBAZBIBAIOIIEH U Pa3PHIXJIAIOMIENH MOJIEKYIAPHON
OpOHUTAIM KOMOMHMpYIOTCA T€ OpO6uTaau, B32aMMHOE MNpPOCTPAHCTBEHHOE
PACIIONIOkEHHE KOTOPHX OTBEYAeT UX MOJIOKUTEIBHOMY M OTPUIATETHHOMY
HNEepeKpHIBAHUIO.

Eciu nna 2s- v 2p-opburasneit sHaYMUTeNbHO padiIUuvie O BHEpPruM, TO Iepe-

KpbIBaHUe 0 TUIY 8. — p_ (5. — p ) TpAKTUHYecKU He ocyulecTsisiercs. MoxHo
A B "B A

nperiedpeib Takme KomOvnauveh lsA — 1sB-0p6MTaﬁeS?i BCAEACTRNE HWUTOMHON

CTeNeHM MepeKphiBaHMA OYeHb MaJblX [0 pa3Mepy BHYTPeHHMX ls-opburaseit.
Torga ocrajibHBIM TpeOOBAHUSIM OTBEYAlOT CjefyiolllMe coveraHusi BaJieHTHBIX
opburaeit dNeMeHTOR 2-T0 MepUoja.

Kom6unanusa wus 2s-opburaneii (kak u 15-OpGMTaneii) COOTBETCTBYET
“ *
06pa3OBAHMIO [IBYX MOJICKYJIADHHIX 0-Op6UTaneif TMna: o U ¢, XapakTep

Nepexpsibarue AO MO
B = SEENS SRS S
Pz Py &

ampuyamensioe

Pz Pz
NanaxumensHoe

P 1 c. 24. Cxema 06pa3oBaHUSl U3 P,-aTOMHbIX opGuTallelt CBSi-
sbIBalOWENl O, U pasphIXJsolLEen o, opburajeil IByXaTOMHOM

ro Mo;l,c(epﬂoﬂ MOJIEKYJBI
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NepPeKpPBHIBAHUA 2p,OpOuTaNelf CYLUIECTBEHHO OTIUYALTCA OT NepeKpbiBaHUA
2p;- u 2pyopburaneii. Kom6bunanua aToMHHIX 2p,rop6uranedl (BHITAHYTH
BJOJIb OCH Z) N8ET MOJIEKyJIApHbe opbutanu o, u o (puc. 24). Kom6uua-

IMA Ke ABYX 2p,opburaneil naer MOJIeKyJspHble T-OpOUTAmU: T, U 7r;

{puc. 25). Ecin BMecTO aTOMHBX 2p,-0p6UTamieii cKOMGMHUpPOBATD LBE 2py-
OpOMTaNH, TO MOJYYaIOTCH AHAJNIOTMYHBIE MOJIEKYIAPHBE OpOUTANIM T-THIA,
HO noBepHyTthie Ha 90° BOKpYr MexAAepHOii ocuM MoJeKyds. [lockoabKy
BHEPrUsA 2p,~ U 2pyopSuTanell OAMHAKOBA M OHM [EPEKpBIBAIOTCA OMHA-
KOBBIM CNOCOGOM, BOSHUKAIOLIME MOJIEKYJIAPHbIE OPOUTANIM Tz U Ty MMEIOT
OZMHAKOBYIO SHEPrUio U OPMY; TO ke caMOe OTHOCMTCA K T,- U r;-opén—

TalAM.

MoxHo npencrasuth ¥ Apyrie coueTaHMsi aTOMHbIX opOUTalleli, HApUMep, KAk 3TO
MoKazaHo Ha pHc. 26. Ho mopobHoe codetanve k oGpasoBaHMIO MOJIEKYJSPHOM
OpbUTal He TNPUBOAMT, TAK Kak B 9TOM C/Iy4ae MOJIOKUTEIbHOE MepeKphiBatie
MOMHOCTBI0  KOMIEHCUPYeTCsl OTPUUATEJIBHBIM TepeKpLIBaHUEM. 3To — HysEeBoe
nepeKphiBaH1e (HaKoIUIeHUe SJIEKTPOHHOI IJIOTHOCTM B OLHOM 0BJIACTM KOMIIEHCH-
pyeT ee yMeHbllleHMe B Apyroit).

Cornacno CIIEKTPOCKOMUYECKHNM IO aHHBEIM MOJIEKYJIADHEIE 0p6P[Ta.HI/l
ABYXaTOMHBIX MOJIEKYJ JIEMEHTOB, PACHOJIOAKEHHBIX B KOHNe nepuonpa Ie-

Nepexpsrbanue
AD MO
F4
My +
+
+
Z —
My

flonowumensnoe

P uc. 25. Cxema 06pasoBandsi U3 pg- P u c. 26. Hynepoe nepe-
ATOMHEIX OpOMTajielt cBA3LIBAOUEH T,

p6 len L z KpbIBaHMe ATOMHBIX Op-
W paspeIXNOWlell 7T, MOJIeKYIAPHBIX GUTanei

opbuTasieli ABYXATOMHOM FOMOsepHOi
MOJIEKYJIbI

o7



PHOAMYECKON TabJMIbl, CIEAYIOT B TAKOM MOpAAKe [0 BO3PACTAHUIO IHEP-
ruu:
* — * __ * *
g, <o <o, <m =7 T, =7, <0,
JHepreTMUYecKMe AMarpaMMbi aTOMHBIX M MOJIEKYJSPHBIX OpOUTasel
ZIByXaTOMHBIX MOJIEKYJl 3JIEMEHTOB 2-TO MepHoza MOKa3aHbBl Ha PUC. 27,a.
Bocnmosnip3yeMes SHEpreTHYecKOl nuarpaMMoil Ha puc. 27,a 0jis BHIACHEHMA
PACIIPENENCHUA WIEKTPOHOB HO opburanam B monekyine Fy. Ilpn srom
IpMMeM BO BHUMAaHME DHepreTMyeckuii MOpAAok opburtanei, npunuun Ilay-
am u npasmiao D'yupa. Torpa peakumio o6pasopaHMs Moslekyinbl Fp u3
ATOMOB MOXKHO 3allMcaTb TakK:
IF[2629p5] = 20 *2 o212 r2q *2 1 *2
2F(2522p%] = Fy[olo 2olminln 2x ) 1.
Ilpu suepretuueckoit 6ausoctu 2s- U -2p-opbuTaleil 3JMEKTPOHBI Ha Oy
M 0,OpOUTANAX B3aUMHO OTTANIKHBAIOTCA M IMOTOMY Ty~ M T, OpOUTanu
JHEpreTHyYecky 60Jee BHITOAHEI, YeM 0Op6uTans. B aTtoM ciyyae mopszaok

3ANONHEHUA MOJIEKYJIAPHBIX OPOMTANeif HECKOIbKO uaMeHsieTcs (puc. 27,

6) ¥ COOTBETCTBYET HOCJIELOBATEILHOCTH:
* — * * *
o <o, < T, = 1ry< g, < .= 7ry< o,.

IMogo6bHasa NOCJAeNOBATENLHOCTE 3ANONHEHHMA XapaKTepHa [Jsd JAByX-
ATOMHBIX MOJIEKYJ 2JIEMEHTOB Hayaja nepuona, BJoTh 10 Nj. Tak, sjekt-

AO MO AO AO MO AO
o, 6';
E //_.-—‘_\_\ E ,‘,_.....__7,‘\
I I N o S N
~ 7 ——— o .
o M X 7 \\\\T \,_..Z_—(LA//}#
O——— NV S Yo (g
P y ){\ n, wm /y\\l
P
U; N X > N X \
e i/ )‘ / oy XN
/ N § 4 \ AN s -
s d N s "'_'(\ \ /’
———— D NS 1,7
N Vd \\‘l O s
G, 4
\, s ’ p

P u ¢. 27. DHeprerudeckasl quarpaMMa s M p-aTOMHbIX U 0- U T-MOJIEKYJIAP-
HBIX opbUTaJeil NIBYXaTOMHOM MOMOSIIEpHON MOJIEK VJIbL:

a — Npyu 3Ha4NTEeJIbHOM U 6 — npu HEe3HAYUTEJIBHOM JHEPreTH1eCKOM pasnuinmn s~ u p-
opburanei
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POHHYIO KOH(UIypalui MOJIEKYJ/IbI a30Ta B OCHOBHOM COCTOSIHMM MOXHO
IpeCTABUTDh CACAYIOMMM 06pasoM:

‘ NQ[O’EU:zﬂ%‘II’;O’ﬂ.

MonexynsipHple OpOUTaIM YACTO 0DOZHAYANT COOTBETCTBYIOLIUMU CUMBOJIAMH,
MCXOLA U3 UX IoBefleHWs P oNepalidsx cUMMerpuu. Tak, ecsu opbuTanu o-Tuna
(eM. puc. 21, 24) MBICTEHHO TNOBEPHYTH BOKPYI MeXbsANEpPHOM OCH MOJIEKYJnl Ha
180°, To mnoJsiyueHHasa ¢opMa opbuTalell 6ymeT HeoTJIMYUMA OT NepBOHAYAJILHOM.
IIpu noBopoTe 3HAK BOJIHOBO# (PYHKLHU ITUX OPOUTAIIEA He UBMeHsleTCsl: 0pOUTAIIL
CUMMETPUNKA OTHOCUTENBHO 9TOM ollepaliid. AHaJIoOrWYHO Befer ceDA aTOMHasA s-
opbuTainb. Mosekyssipible opO6HTaNH, CHMMETDUYHBIE OTHOCHTENIbHO BpalleHUst
BOKDYT MeXK'bALePHON OCH, 06O3HAHAlT Ipedeckol GYKBoil ¢ (aHalor JIATHHCKOro
8).

Herpyano BUAeTh, UTo MoJeKyJsipHble opbuTand m-tvma (cM. puc, 25) mpu
noropoTe Ha 180° BOKpYTr MeKBANEPHON OCH MOJIEKYJIbI OKaGhIBAIOTCH QHIMUCUA-
AEMPUYHBLAUY OTHOCUTEJIBHO 3Tou onepaly: 3HAK BOJIHOBOM (byHKLIMM U3MEeHseTcst
Ha IPOTHBOMNOJIONHBI. AHAJIOMUYHO ToBefeHWe aToMHOW p-opbutanu. Monekynsp-
Hble OpPBUTAIM TAKONO TUNA 0603HAYAIOT Ipeveckoil GyKBoM 7 (7 — aHaJjloT JIATHHC-
KOro P).

Onsa onucanusi opbutaseil Ucnonbayercsl oNepauMsi CUMMETPUM, Ha3biBaeMmast
unsepcued. JTa ONepalnsl cOCTOUT B crenyoueMm. Uz kakoii—nubo Touku opbutaiu
Yepes ee LEeHTp MPOBOAAT MpPsMylo M I0Jy4aloT CUMMETDUYHO PAaCIOJIOXKEHHYIO
BTopyic To4ky. EcZIH B HOBOM TOoYKe 3HAK BOJIHOBOM (HYHKLUW HE MBMeHAETCs, TO
Op6UTa/Ib HA3LIBAETCA CHMMETDUYHOM OTHOCUTENBHO MHBepcHM. A obozHadenus
COOTBETCTBEHHO CHUMMETPUYHOTO0 U AHTUCUMMETPUYHOrO MOBeleHUs] OTHOCUTEVIbHO
WHBepPCUM YacTo YNOTpeGJsiioT HeMellkde cioBa gerade M ungerade, uro cooTBercr—
Byer TepMrHaM 'vernbiit" u "Heuernwut". MosiekysispHble opbuTaiu 0 u o, —
YeTHble, UX MOMXKHO 0003HAYUTH Og. K 4eTHbIM OTHOCATCA TakKe opbUTATIH w; H

r;, UX MOXHO 0BOZHAMUTH rg. Op6utamn o3 (0;) ¥ Ty,y HaoGOPOT, HeueTHble, H

X 0603HAYAIOT a: U T, COOTBeTCTBeHHo. Ecan BocmosibaoBaThcsi paccMOTpeHHBIMH

CUMBOJIaMH, 3JIEKTPOHHYI0 KOH(HUIypailio Mojekyje! ¢propa ¢ y4actieM ls-, 2s- u
2p-0JleKTPOHOB MOXKHO 3amicaTh ClefyoumuM obpasom:

(lag)2(10:)2(2ag)2(205)2(30g)2(11ru)4(11rg*)4.
Apabckde uudpbl Nepel CUMBOJIAMU opbUTasell 0603HAYAIOT HOMEp SHeprerT-
YeCKOT'0 ypPOBHA, BKIOYAOLIEro opSUTalM JAHHOW CHMMETPHH.

B Ta6n. 7 npuBeseHb! KOHTYPHBIC AUarpaMMbl MOJHOM M OpGMTANBbHOM
9JeKTpOHHOM MmiIoTHocTH B Monekymnax H,, Li;, B,, nocrpoensnie ¢ mo-
Mompio IBM. _ ’
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Ta6nuua i KourypHble AarpaMupl CyMMapHoOro M OPOUTAIILHOTO PACIpE/iesIeHI st

ex Hy, Liz, By

ISKTPOHHOM IJIOTHOCTH B MOTIEKYJIaX

Monexynspnas  opbumans

Nommag
2NEKMpoHKas
ANGMHOCTS

Monexyna

3
3

®2
u

Li

f16g Ie

26y ]

Ta6nuuas. DHeprusi, JUIMHA U NOPSIJIOK CBSI3H ABYXATOMHEIX
TOMOSIIEPHBIX MOJIEKYJI M MOHOB JIEMEHTOB 2-TO NIepHoia

M onekynsapHbie +
opbuTanu B, C; . N, N,

|
|
L,
¢||
|
+||

R R AR T

e+
S+
S+

++

Tlopsaok cBs3M 2,5
Mexwancproe 0259 0,131 0,110 0,112
PaccTOSHHNE, HM
D Heprus AHCCOUN- 2804 620 o1 843
auuKn, KJIx/Moab
Monexymipuble
op6uTann 0, F, (Ne;)
3 - = | #
E 3
< T

++
+ 3+

# 4

£+ .
+++, | ]2
++
+4

o Wl o | H

d I

2 4| H |

Topsinok cBs3n 2,5 2 1 0

Mexhanepuoe 0112 0,121 0,141 -
paccTosHHME, HM

642 494 159 -

3Heprﬂfl AHCCOU N~
aguu, kI x/Monb

X Ceenenusi 06 SHEPrud, NJIMHE U MOPAJKE CBA3M TOMOSAIEPHBIX MOJEKYJ
‘ ,;,f 3JIEMEHTOB 2-T0 NEpHO/la mpHuBeeHH B Tabia. 8. Kak BUOHO U3 3THX AaH-
¥ uux, B pagy B, — C; — Ny no Mepe 3anmoiHeHHsA CBASHIBAIOUIMX MOJEKY-
‘,;"“J[ﬂprIX op6uTalieil yMEHbIAETCA MEXbAAEPHOE PaCcCTOSHME U yBEJMYUBa-
€rTcA JHeprus Jucconuaumuu Mojekyn. B pamy N, — O, — F, no mepe
‘BaMOJIHEHUA PaspHXIAIOMMX OpGUTajleil, Hao6OpOT, MeXbALEpHOe pac-
CTOAAHHE BO3PACTAET, a JHHEPIrMM [AMCCONMALUMH MOJEKYJ] YMEHBIIASTCA.
§ Monexyna He, Boo6mie HecTa6UJIbHa BCJENCTBHE OIMHAKOBOTO YHCJA
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Eavo,
kx/mone
840

420

L
1 0 1 0 1 2 3 2 { 0 Hopanokcenau

P u c. 28. 3aBUCUMOCTL PHEPrUM JUCCOLMA-
MM MOJIeKYJl OT MOPSAKA CBSABH

CBABLIBAIOIMX W PAa3PLIXAAIONMX 3eKTPOHOB. AHANOrMYHO OObBsACHAETCA
TOT aKT, YTO M OCTAJIbLHHE 61aropoAHbIe Ia3bl OJHOATOMHBL. 3aBUCHUMOCTD
' BHEPrUM JHCCOIMALMH MOJIEKYJ OT YHMcjla M3 BaJIGHTHHIX D/IEKTPOHOB W~
JrocTpupyer puc. 28.

" Kak Buguo u3 Tabn. 8, yna/ienue 37eKTPOHA ¢ PasphIXJAomei op6ura-
M NpUBOAMT K BO3PACTAHMIO 3HEPrHH JUCCOUMAIMH W YMEHBINECHHIO
MEXbAAEPHOro paccrosiiua. O6 3TOM CBHAETENLCTBYET, HalpuMep, CpaBHe-
Hue panHbx 71 O, u O}. Haobopot, ynajtenne d7eKTpOHA CO CBABHIBAIO-

meit op6UTany NpUBOAMT K yMEHLINCHHUIO SHEPTUH JHCCOUHALMK K BO3pac~

TAaHUIO MEKBANEPHOTO PACCTOAHHMA, O YeM CBUAETeNIbCTBYeT, HAalpHUMep,

cpaBHEeHME JaHHBIX 41 Ny m N3.

Crpyxrypasie GopMysn MoJexyZn. B npocredliux caydadaxX XapaKTrep
pacnpesieieHMs 3/I€KTPOHOB MO MOJEKYJIAPHBIM op6UTaNAM NO3BOJSET
MmocTpoUTh CTPYKTYpHYO (opMmyny monekyabl. Tak, B Monekyne N, (em.
Tabs. 8)

2 *242 42 42
(7(7 rxﬂyaz

NOpAAOK cBA3HM J 3a cder w%rgag—aneicrponon. OcranbHble 37IEKTPOHB — 02
M 02 — BKJIaL B XUMMYECKYIO CBA3h NPAKTUYECKU HE BHOCAT. HUx moxuo

paccMaTpuBaTh NOpUHANJISKAILINM OTHnEJNIbHBIM aTOMaM B BHAE HECBA3LIBAK-
IMX TEKTPOHHBIX NMap:
:N = N:
B monekyne N, onHa 0—Bs3b M JBé T—CBA3U.
62

B monekyne F, nopsanok csasu 1:

20 2021242 p ¥2 ¥2,
0(7 Uzﬂ'xﬂ'yﬂ'x W'y

Ee ocymecTsasAOT 02-3MEKTPOHB. OJEKTPOHH JPYTHX MOJMEKYIAPHBIX

Op6HUTaNel MOKHO pacCMaTPMBAThb KAK HECBA3BIBAIOIIUE, T.e. MPHUHALIEKA-
IIMEe OTAENbHBIM aTOMaM

CilokHEe TPeNCTABUTL TAKMM IPUEMOM CTPYKTYPHYIO pOPMY.Ty MOTeKy-
sel kuenopona O, (eM. Taba. 8):

20 %2022y ¥l p ¥1
0T O"Z?rxﬂ'yﬂ'x 1l'y

Cornacuo npasuny XyHpaa, nBa 3JIeKTPOHA PacHpEleNsioTcs MO ABYM

T *-op6uTansm: 7r*17r;1

Hopsnox csasu B Monexysne Op paber 2. 3a cueT ¢2-57T€KTPOHOB OCyLie-

CTBAACTCH 0—CBA3b.
3a cyer m-u 7 *-3NEKTPOHOB OCYIECTBJSAETCS 7—cBA3M. Torza cTpoeHue
MosieKynsl Oy MOMHO MPECTABUThL CTPYKTYPHBIMU (HOPMY/IaMU:

0 2=0: 18871 :0=0:
TpeMs TouKaMi 0GO3HAYEHH CBA3M, O6YCTOBIEHHBIC ABYMS T U ONHHUM

T *-37IeKTpOHAMH, 3TO OTBeYaeT NopAaKy cpsasu 0,5.
Bo Bropoit dopmyne HenapHble TOYKM O3HAYAIOT T ;— ur ;—:mem*ponm.

Tpoitnaa cBssL o6ycnoBnena agwiwzﬂnempwmu. Ho sa cuer apyx n*-

3NEeKTPOHOB NOPAACK cBsA3M B Monekyne O, paseH 2.

Pacnipenenenue 371eKTpOHHONH NJAOTHOCTH B OpGUTANAX MOJEKYAsl O,
NOKa3aH Ha puc. 29.

OHepraa HORM3ALHH MoJieKyn. B nmpsMoil 3aBHCcHMMOCTH OT XapakTepa
pacnpeneyieHus 3JEKTPOHOB 10 CBA3LIBAIOIMM H Pa3pHLIXAAIOIMUM MOJEKY-
JAPHbIM OpOUTANAM HAXOMUTCS 3HEPrusi MOHM3aOMM MOJEKyJa. Kax Mol
BUJENIH, B [ABYXAaTOMHON MoOJEKyJie CBA3bIBAIOINNE DIMEKTPOHB CBA3AHBI €
AApPaMH TpoYHEe, YeM B aToMe, a paspbixasitomue — Haobopor. Takmm
o06pa3oM, 3HEprusd HMOHM3ANMH MOJMEKYJbl, BEPXHIA 3aHsATas opburtanb
KOTOpPOil ABASETCA CBA3LIBAIOMICH, BHIIIE, 4EM TAKOBadA CBOOOXHOIO ATOMA.
Hanpumep, sueprusi uonusanun monexynet Ny (1503 k[ak/mMonb) Gonbime
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P u c. 29. Pacnpenenenue snemponﬂoﬂ*nnml{ocm B MOJIeKyJle
*
O, o opbUTATIAM O W O g-, Ty, Rz U T

sHepruu uoHuzanuu aroMma asora (1402 w/x/monp). Ecanm ke BepxHAA
3aHATA® OpOHUTA/b MOJIEKY/Ibl SBIAETCS PDa3pPHIXJIAIOWEA, TO SHEPrus
MOHM3a MM MOJIEKYJIbl MeHble, 4YeM aToMa. Tak, JHeprus HOHMU3ALMH
monexynbl Oy (1164 k/lxk/Moab) MeHbIle SHEPrHH MOHM3ANUH ATOMa KHC-
nopofa (1314 x[Ix /Mons).

MarsvTHIE CBONMCTBA MONEKYN. XapaKTep PACTDENENEHUS 31€KTPOHOB
M0 MOAEKYJISAPHBIM OpOUTANSIM NMO3BOAAET 0ObACHUTL MATHUTHEIE CBOHCTBa
Monexyn. Ilo MBrHMTHBLIM CBOMCTBAM Da3siU4alOT NEPAUAIHUMHbE W OUl-
marnumusie BemecTBa. [lapaMarHMTHBIMA SIBJISAIOTCS BEIECTBA, Y KOTOPHIX

* UMEIOTCA HernapHbIe 3J€KTPOHBI, ¥ AHAMArdHHUTHBRIX BEIECTB BCE 3JICKTPOHDbI

IMapHBIE.

Kax BumHO u3 Tabn. 8, B MOseKyne KHUCAOPOAa WMeeTCs ABa HemapHBIX
97€KTPOHA, I[I03TOMY OHA I[1apaMarHWTHa; Mojekyina ¢Topa HenapHbIX
9JIEKTPOHOB HE MMEET, CJeA0BAaTeNbHO, OHa AuaMarHUTHa. [lapaMarHWTHEI

Taioke Moslekyna By u Monexynspreie nons HY u Hel, a Monexynnl Co, N,

H, — anamMaruuTHbL.

Oxpacka pemiecTs. Teopuss MOnEKyIsIpHBIX OpbuUTaneil no3BoasieT 06L-
SICHUTbL OKpacKy coeamuenuii. OKpacka sABAsercA pe3yabTaToM u3bupa-
TEIBHONO MOTJIOIIEHUA COENMHEHNEM W3NYTEeHHA BUIMMON YacTH 371eKTPO-
MarHUTHOro ciexTpa. Tak, ecam coenUHEHME TOTIIOIAET U3JYHCHHE HKEeJITO-
3eseHOll wacTH crexTpa (gamHa BoaHe H500—H60 HM), To HabmogaeTcs
¢dbuonerosas okpacka BemecTsa. NMEHHO Takylo OKpacKy WMeeT, HanpyuMep,
MOJICKYJSIPHBL MOA,.

Tun sHepreTnyeckoil AuarpaMMbl opOUTaNEi MOJNEKYNL MOJA aHAJIOTHU-
4eH pnnarpamMMe mojekyasl ¢ropa (em. Taba. 8). MowHO cuuTaTh, UTO
OKpacKa uo7a B OCHOBHOM 00s3aHA MEPEXOLY JJEKTPOHA NpH BO36ysxICHUN
¢ 7 *-opbuTanu Ha cBOGOAHYIO ¢ }-opbutans. CornacHo ypasaenmio € = hv,

3TOT Nepexod MPOUCXOAWUT HpH IIOIVIOUEHNY 3JIEKTPOMATHUTHOrO M3yde-
HUs ¢ OJUHOW BOJNHB mopsaka 520 HM, T.e. KBAHTOB, OTBEYAIOIIUX KEJITO-
B€JIEHOW YaCTHU CIEKTPA.

M

§ 3. IBYXATOMHBIE TETEPOAAEPHHE MOJIEKYJIHI

lereposinepHbie (pa3HO31EMEHTHBIE) NBYXATOMHBIE MOJEKYJbI OMUCHIBA-
I0T TAK )K€, KaK rOMOsiIepHHIE J1ByXaTOMHbIE Monekyabl. OaHAKO, IOCKOIb-
Ky pe4b HAET O pa3HbIX aToMaX, JHEprus aTOMHLIX opbuTaneii u UX OTHO-
CUTEJIbHBIU BKJAJ, B MOJIeKyJIﬂprI‘e OpOUTANIN TOXKE Pa3IHYHBI:

v, = clwA + cQwB; v = c31,bA — C4’I/JB.
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P nc. 30. DHeprernueckass AnarpaMma opOuTaled
reteposiiePHot ABYXaTOMHOM MOJIEKYTIbI

B ceasniBalomyo op6uTanbs GONBIIWIA BKJAI, BHOCHMT Op6GHTann 6Gosee
3/IEKTPOOTPALATEILHOrO aTOMa, 3 B Pa3pHXIAIONYI0 -~ OpGHTANL MeHee
3JIEKTPOOTPHIATEILHOrO  aToMa. JlOHmycTUM, 5MEKTPOOTPHHATENBHOCTD
atoMa B Gosbme anektpooTpunarensHocti atoma A. Torpa c; > ¢, ¢ >
> Cq.

CssasnBaonmme opOuTaiy N0 3Heprun 6auxe K opbutansaM Goiee
3J1eKTPOOTPHIATE/ILHOIO aTOMa, pa3puixisoiuMe — 6Gnuxe K OpGHTAAM
MeHee 3J1eKTpPOOTpulaTebHOro atoma (puc. 30). O6pasno rosops, 3/ekT-
pOH Ha cBA3BBauiell op6uTanu GONBIIYIO YacThb BPEMEHH NpOBOAUT BOK-
pyr sAnpa 6ojiee 37eKTPOOTPHALATEILHONO aTOMa, 3 Ha pa3phxadlomeit
op6uTan — BOKPYT AApa MeHee 3/IeKTPOOTPULATEILHOrO aTOMa.

O xapakrepe pacnpeneneHus 3J€KTPOHHON IJIOTHOCTH B reTepoAAepHOit
MOJIEKYJIe MOXHO CYAUTh NO KOHTYPHOH JAMarpaMMe, NpHUBeAEHHOA Ha
puc. 31 ans monekynel CO U M303NM€KTPOKHON el romoknepnoﬁ MOJIEKYJIHN
N.

a ' - ]

P u c. 31. KoHtypHas avarpaMMa pacnpellelleHUsi 31EKTPOHHOA MAOTHO- -
ctu Mosexyn CO (a) u No (6)
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§ 4. TPEXATOMHBIE IMHEMHBIE MOJIERYJIBI

Monexkyna BeH,. 11151 MHOroaroMHBIX MOJIEKYJ MOJIEKYJIApHas opOUTalb coc-
TaB/IsieTcsl U3 OPOUTAJNM LleHTpasibHoro atoMa (i 4) M Tak HasblBaeMoil IpyTITNOBOM

opburamu (Ypp):
V, = qiya+ cYrps V_ = c3ty.a =~ cq¥rp.

[pynnoBas op6WTajb MpefAcTamisier coboM pPe3ysbTaT KoOMOMHAanMKM opburtanen
nepucepUdecKUX aToMOB (JIMTAHMIOB).

PaccMoTpum TpexaroMuyio moserynay -BeH,. Ona mmeer smueitnyio ¢opMy (puc.
32). Poab lleHTpasibHOro aToMa Urpaer aToM GepWLIMs, a aToMbl Bogopona — poilb
JWraHfoB. ¥V Gepellyinsi — aileMeHTa 2-T0 MepUofa — BaJIeHTHBIMU SIRJISIIOTCS 28—,
2pg—, 2py~ 2propburann (puc. 33, a), y aromoB Bomopoja — ls (puc. 33, 6).
Op6uranu 1s 1Byx atoMoB BOJODOA COYeTAlOTCS B ABE TPYIIOBBIe op6UTaMN (pucC.
33, 6). OnHa w3 HMX ) cocrouT U3 ls-opburanel ¢ OLNHAKOBBLIM B3HAKOM BOJIHOBO
dyHRIMKN, Opyrast i, — ¢ Pa3HbLIMM 3HAKAMW BosHOBoM (yHKuMM. [Ipyrux couera-
HUi1 opbUTaslell BOAOPOAA B TPEXaTOMHOI MoJIEKyJe ObITh HE MOXKET.

Ja-ar
Is Wls

)
A
¥ -
sz©‘<} IS\V !/' \Vl.s
F4
0
H, Be Hp 2Py
@ - 7
: E 2p,
a

y
P u c. 32. BsanMHoe pacrio- P u c. 33. Op6urans enTpalbHOro atoma (a)
JIOXEHNE ATOMOB B MOJIEKYIIe ¥ TIpyNnoBbie opbWTaaM JMrainoB (6) mis
BeH, TPexaToOMHOM JIMHeNHOM MOJIEKYIIbI

Kak BunHo M3 pinc. 33, Mo ycioBUSIM CMMMETPUM BOBMOXHEI ClenyiollMe coye-
TaHWs OpOUTAJe)! [IeHTPaJbHOIO aToMa U IPYIIOBLIX OpGUTANIE:

V. (05) % thos + ;5 W, (02) % thop, + U
‘I’-(U:) o — i V(0N top, — o
a 67
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[epBoe coueraHMe NPUEOAUT K 06pa3oBaHKIo TPEXIEHTPOBOI CBA3bBalolieN 0
M TPEeXueHTPOBOM paspbixysouieh 0:-op6m'a.neﬁ (puc. 34). Couetanue 2p - u Y-

opbutasiell NMPUBOGNT K OBpa30BaHMI0 TPEXLEHTPOBOJ CBASBIBAIOMIEN 0y M TpeX-
LeHTPOBOM paspbixisiloielt o ;-opoutaneit (puc. 35).

Cornaciio puc. 33, Mo YCTOBAAM CHMMETDPUM WIS 2Py~ ¥ 2p,opburanedt atoma
Gep/UTUs TNOAXOAAWMX IPYNNoBbX opGuranedt Her. (Coveranne 2pr~, 2p,opbura-
Jeit U Yq-, Yy-opbvTanel NpUBOIMT K HYJNeBoMY NepekpbiBasmio.) TakuM 06pasowm,
2p;~ u 2pyopbutamy B o6pasoBaHMM MOJNEKYJAPHBIX opbuTajeft yuacTus He mpu-
HuMaitor. OHKM nepexonsAr B Monekyny BeHo B HeMsMeHHOM CocTosiHMM B KavecTpe
P u c. 34. CxeMa 0BpasOBAHUSA 0sCBASLIBAIOWEN U 0 I-paspbix- HECOIIBBAIOWUT ONHOLEHTPOBBIX MOJIEKY/IAPHBIX OpOUTasell, NpYHALNEKALMUX AUITD
Nsolliedt opGutaseit Mosekynbl BeHs aToMy Gepwutus (puc. 36). DHeprus SUeKTPOHOB Ha HECBASHBAIOMINX OPGUTANSX
Takas xe (BepHee, Mou™ Takas Xe), KAK U Ha aTOMHbIX opburansx. Hecpsisbisato-
LMe MoJleKyAApHble opbutany obosnavator T -MO (7, u r;)

JlnarpaMma sHepretnvecknx ypoBHeit Monekynbl BeHs npusenera sa puc. 37. B
COOTBETCTBMM ¢ GONILIIE/l BAEKTPOOTPULATENBHOCTBIO BONOPOLA ero opOUTaiM B
cxeMe pacniofiokeHBl Hibke opburaielt GepunmusA. Yervipe BajleHTHBIX JIEKTPOHA
HeBozGyxnentoir Mosekynb! BeH; {nBa anexrpoHa ot aToMa 6Gepwutua ¥ ZBa oT
IBYX aTOMOB BOJODONa) PACTONAraloTCH HA Oy U 0OPGUTATSX, YTO OTMCHIBAETCA
EeKTPOHHOM KoHdurypauuei

2. ¥
olo .
‘\‘AL". - . - .

TakuM 06pa3oM, XMMUYeCKasy CBA3L B OpbuTaim Opbrranu Opburanu
mostexynie BeH; ocymecrsnsierca za cuer Be BeH, H
LBYX SIEKTPOHHBIX Nap B CBA3BIBAIOUIMX o

P u c. 35. CxeMa o6pazoBaHisi 0, CBSIZbIBAOLIEN W 0 -PaspHIXISOLIEt . TPeXUeHTPOBbIX Og¢ U O ropbuTasx. £ /i f“ \‘
- ¢ ]
op6uTaTeit Momexynbt BeH, Kaxkgasm us OBYX 9IeKTpOHHBIX Nap B / ,_.___\\\
paBHOM cTeneHy NPUHAIIEKUT o06OUM 2 AVEE R 7 \\
W S
aToMaM Bojopoma. [looToMy  MoskHo 1 // \
cuutath Topanok ceasu Be—H pasubIM ) W
2s \\\\
1, a crpoeHue 9TOi MOJNEKYNbI BbIPa3UThb —-H——(\ \ \
cTpykTypHoil ¢opmynonn H~—~Be—H. Ona VA
1
NoKa3biBaeT, 4o cBfA3n Be—H paBHoueHn- \\\ .I'A.J}._
3,
HBl — WMET OAMHAKOBYIO SHEPrHio W \\\ —
\ vy
DVHY, VL /:/
Manexkyna COj. Monekyna okcuna \'“—H—,
. \ o9 7
yriepona (1V) nuneitnan, nestomy noecr- —

poete o-MO ana  wonekynsr CO»

ocyilecTBaAercsi Tak xe, kak u gas [ # ¢ 37. DHepreTudeckas amarpamma

L . opbHTasIei HeltHoW ¢ y
JuHEiiHON TpexaToMHoil Moflekynb BeH. - po 1 JIMHERHON TpexaToMHOM Mo-

Jleryabl 6€3 T-CBABbIBaHYS HA NMpHMepe
Onuako y atoMa kuclopola B oT/indMe Re,

OT aToMa BOjopolla HMETCA opfSHTaMM

P uc. 36. HecpasbBaiollde 7 -OpOUTATH MoJe-

KyJel BeH,
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Puec. 38. Op6uran uentpanbHore aroMa (a) o
rpyNoBble op6utamy (6) IJIA TpexueHTPoBoy JNHeH-
HO# MoJiekyJbr CO4

p-tuna. CienoBatesibHo, opbutasieil B Molexyde CQO, 6oiblie, 4eM B MoJekyje
BGHQ. .
Ha puc. 38 mokxasaHbl BaneHTHble opOMTAIM [EHTPAJILHOIO AaTOMA YTIJlepoja U
rpyMIoBble OpPOGUTAIM (4TOMOB KMC/IOpDOA), COCTABIEHHbIe M3 WX Z2p-opbUTaeil.
Benencreue 6osbliioro SHepreTMYecKoro pasiiMyus 28~ u 2p-opbutaieil kuciopona
y4yacTem 2s-opbutaieit MoxHo npenebpeyb. CoveTaHue opbutaseir 2s — ), 2p; —
12 TIPHBOIMT K 06pa3oBaHMI0 MOJIeKYJIADHbIX opbuTalleit o-Tuma: &, W o':, o, "

o, (puc. 39).

Komburanusa opburanein 2p, — i3 ¥ 2py — 15 NPUBOZUT K OBpasoBaHMUI

TPEXIIEHTPOBBbIX opGuTaleit T-Tuna: T, u T, T, M r; (puc. 40). Has rpynnoebix

opbuTanen 4 " s MOOXOAAIWMX MO CUMMETPHM OpOUTAJEll IEeHTPAJbHOTO ATOMA
Her, noatoMy B Modexyle CO, oHM UrpaloT posib HecBASbIBAOWMX W 0BosHAYAIOTCH
r; " r;. HecasbiBaiomne op6urtany JIOKANH30BaHbI ¥ aToMOB Kuchopoda (puc.

40).
DOHepretudeckasn quarpamma Mojexyibl CO, npusepena Ha puc. 41. Pacnpepe-
JleHVe JBeHAMIATH BAJIEHTHbIX BJIEKTPOHOB (YeTblpe — aToMa YTJepofla W BOCEMb —
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P u c. 39. CpsiabiBaloliive ¥ pas3phixisiomive o-opburamu Movtekyasl CO;

P u c. 40. CeasbiBaiolilite, paSpbIXAAOUINEe U HECBASLIBAIOULHE x-Op~
6uray Monekyib! CO2



Opburtanu Op6uTtanu Op6urann
C co, 0

! \
1) /ot \ N
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2 I’ \\\\—'H—H— J__H_‘__

P u c. 41. OHepreTudueckast aHarpaMMa
JIMHEENHOJ TPeXaTOMHOM MOJIEKYJbl ¢ o-
u m-cBassiMu Ha npuMepe COy

JBYX aTOMOB KMCTIopofa) Mo opburaisiM Mmosekyanl COp cooTBercTByer siieKTpoH-
HOM KOHQUTypal Uy
2 ;22 w20 202
TLOMToT T2
[lpu yuere 25-37€KTPOHOB ABYX aTOMOB KHMciIopoma — A u B snexrponnyro koHGH-
rypaiuio Mosiekyiasl CO, MOXHO 3alMCcaTh:

2062 72 52272 r® 22
ZSAZSBO'SO‘ZTFxTyﬁx’ L

Yerbipe Naphbl 3IeKTPOHOB — ag, 172;, r%, 1r§ IPUXOAATCA HA YeThbIPe TpeXUeHT-

poBBIE CBSI3bIBalOl[Me OpPOUTAM, T.e. HA KaXAbIM U3 aTOMOB KHcJlopola NMPHXOAUT—
¢Sl MO JIBe NIapbi CBASLIBAIOMMX OJIEKTpoHOB. TakuM 06pasoM, MOMXHO CYUTaTh, UTO
MOPSIIOK CBSI3M MekAY aToMaMu KHUcllopoda M YIViepolla B MOJIEKyJe CO, paben 2.
DOro MOXHO OTPasUTh CTPYKTypHoit dopmyson O=C=0.

§ 5. IATUATOMHLIE TETPASAPUYECKUE MOJIEKYJIBEI

OTHOCUTENLHOE pPACIIOJIOXKEHHEe ATOMOB BOAOPOAA M yrijepoja [IJId
TeTpasapudeckoil Monekynsl Merana CH, npuBeneno na puc. 42. Kak
BUJHO W3 PUCYHKA, IPABWIbHBIA TETPasAp MOMKHO MOJYYHUTL, MOMECTHUB
72

UEHTpaJibHBIi aTOM B LEHTpe KYb6a, a 1e-
pucepuyeckre aroMbel — B €r0 MNPOTHBO-
IIOJIOXKHBIX BEPIINHAX.

B ofpasoBanuu op6UTaNiell  MOJIEKYJIb
CH4 npunumaior y4dactue 2s-, 2p,~, 2py u
2p,opbutanu aroma yraepoaa u 1s-op6u-
Tall dYeTblpex aToMoB Bogopopa. BosMomx-
Hble COcOOBl IEPEeKPHBAHUA BAJIGHTHHIX
opbuTaielt aroma Yyriepoaa M 9deTnIpex
aTOMOB BOJIOpO/la ITOKa3aHbl Ha puc. 43.

Puc 42 BzauMmHoe pacnojio-

KoM6uHanusi 2s-opbBuranu Jepora M ls-
P yrepon KeHue aroMoB B Mostekysne CHy

opbuTaneil 4yeThIpeX aTOMOB Bomopona (puc. 43,
@) NpUBOAMT K OBPABOBaHMIO MATUIEHTPOBBIX MOJEKYIADHBIX O U O';-x)p6u'ra.ne171.

Kombunanus 2py—, 2py-, 2propbutanesn yriepona u 1s-opburaleit aTOMOB BOLOPO—
na (puc. 43, 6) cooTBeTcTBYeT 06pa30BaHMIO TPeX CBABLIBAIOLIMX op (05, 0y, 0z) U
TPeX paspblXJSIOWMX Op (o ;, a;, a';) TISITUIEHTPOBBIX MOJIEKYJISAPHBIX opbUTalielt.

Xapakrep NepekpblBanusi 2p-, 2py U 2propburaneir atoma C ¢ 1s-op6uransMu

aToMoB H onunakoB. CllenoBaTesibHO, BOSHMKAIOUMeE [IPM 3TOM TPU MOJIEKYJIsiPHblE
* -

Up—opémé.nn (WM COOTBETCTBEHHO TPH apaop6ma.nn) MMEIOT ORMHAKOBYI0 GHep—

TUIO, T.e. OHM COCTABJISIIOT TPUKAb! BHIPOMAEHHBIN YpOBEeHb.

a ) g

P u c. 43. llepekpriBanue 2s- (a) u 2p-opburanen (% aToMa yriepofa c ls-
OPOUTANIAMU YeThIpex aToMoB BOIOPOMA B MoJIeKyJle H,
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" Dueprerdeckads aMarpaMma

Opsxgum Op%u;uu 0p6|;{ﬂnn opbuTaned  MOJIEKYJH  MeTaHa
o ’,‘ . npupesena Ha puc. 44. Hepos-
i B 6yxnenHas monexyna CHy nmeer
/ \ . [ABa CBA3HBAOUINX M JBa pad-
Ey , / \ PHXAIOMHAX 3HepreTHYecKHX
Py If_:_ \\ ! ypoBHsA. Pacnpepenenue BOCHMH
4 ‘\ [ l" BANIGHTHHIX O/IEKTPOHOB MOJICKYJIHI
\‘ / 24—  umerana (uetnpe or aroma C n
\/ i—f—- yersipe 0T atomoB H) coorser-
X Mo CTBYeT 3JIeKTPOHHON KOHQUTrypa-
'l \\ /ll MM
’I \\ I/I’
Y ST oAotodet
—.H.._.L o @, o, l,

‘ Kaxpas u3 MoONekyJIApHHX
Py c. 44. DHepreTMyeckas nuarpaMma OpOMTaJledl OXBaTHBaeT Bece aTO-
opbutaneil TeTpasnpMuecKoi MOEKYJIBl MBI MOJIEKYJH H  [OITOMY IO
6es w-caaapBatuA Ha mpumepe CHy XapaKTepy paclpefiesleHusi 31eKT-

POHHOH NJIOTHOCTH BCE YeThipe
aTOMa BOJAOPOAA& PABHOUEHHH. JTO MO3BOJAET CYHTATH, YTO B MOJIeKyle

HMEIOTCH YeTnipe paBHonenhnle ceasn C—H:

H

H—C—H

H

BanernTHiie 57GKTPOHB paciiofaraloTcs Ha OpOGUTANRX ZBYX 3IHEpreTH-
yeckux yporHeil (puc. 44). Iosromy monexyna CHy umeer nBa mepshix
OOTeHUMala HWOHU3BNMM. YaneHue 3IJIeKTpPOHA ¢ oyOpOGutanmu Tpebyer
Gonbmedt shepruM (2132 kJx/MOnb), YeM ¢ onHON M3 op-opburtanu (1274
kJx/Mons). )

Kak mokaspmBaloT pacyeThl, 2¢-0p6UTaNb aToMA YIVIEpO#a No CBOel SHeprum
pe3Ko oTamuaercs oT ls-op6utanm aToMa bogopoaa. IlosToMy no sHeprermueckuM
ycloBusiM KoMOMHANMA 2s-0p6HUTayM ATOMA YTJlepods C MeThIpbMA 1s-opGuransamu
yerbipex aTOMOB BOINOPOIA K B3AMETHOMY MNePeKpblBaHWI0O He NMPUBOIMUT, & CleloBa-
TeNbHo, 250pOMTaNb aToma YyIyiepoda B MoJieKyJje MeTaHa HMrpaer DoJlb HeCBA3bI-
paloufeit. TakuM o6pasoM, B Montekyne CHy B OeMCTBUTENBHOCTH XUMHYecKas
CBA3L OCYUIECTBJIAETCS 3a cyeT OBYX 2p-37eKTDOHOB yriepoja M 4eTbipex 1s-aurext~

L

POHOB UeTbIpex aTOMOB Bofopoaa. OUeBHIHO, YTO W NPU TAKOM OGBLACHEHHM COXpa-
HsIeTCsl BLIBOJ O DaBHOLEHHOCTM BCEX 4eThIpeX aTOMOB BONOPOAa MOJIEKYJIbI MeTaHa
u paBHopeHHoctn cBsaseit C—H.

§ 6. COIIOCTABJEHUE OHEPTETUYECKHUX JTUATPAMM
OPBI/ITAJTEVI MOJIEKVYJI PASHOT'O CTPOEHUA

ConocTaBUM 3HEprerudecKkre UarpaMMbl OpGUTaNeil JIMHEMHOW, Tpe-
YTOJIbHOM, TeTpa’fnpUYecKOd, TPUrOHAJIbHO~IIMPaMUAANBHON K yTJIOBOW
MOJeKyn 6e3 m-cBa3eil:

% ¢
] 2 oy 0

e
*
07— 0y — — 0, Lz ¥ __ oy —
E * »* » »* > *
Q’;__. [ fq— . 05 — [ p—— [+ P
[
n
° 6 a ° 4
1rx____1ty N, _.H_g'z "H‘

o, _ ‘H“";
A T T
T e S

BeH; BH; CH4 H3N H,O
TpeyrosnbHas Terparapudeckas MupaMuaaIbHas Vriosas

JluneiHan

Ilo Mepe mepexoma B 3TOM psy OT JIMHEHHON K TeTpasjpHUYecKOi
MOJIEKY/Ie 4YUCI0 MOJIEKYJIAPHBIX o-opbuTaneil yBe/lMYMBAEeTCA, a YACIO T-
opbuTaiieit yMeHbImaeTcs. B  TPUroOHaibHO-MMpaMUOaibHON  MOJEKyaé
YHUCJIO o-OpOHTa/Ied TO e, YTO U B TPEYTOJLHON, HO BMECTO HECBA3LIBAIO-
el T-op6uTain NMeeTcst HECBABLIBAIOIIAN 0‘;—Op6PITaJIb.

Pacnpenenenne 3/€KTPOHOB 10 MOJIGKYJIAPHBIM OPOMUTANIAM MOXKHO

), OTPa3nuTb B CTPYKTYPHHIX (dopMynax Mojiekyn. llpumem BO BHHMMaHuMe, 4TO
|, HaXOm[ICHUE JICKTPOHA B 0-OpGUTANN COOTBETCTBYET 0-CBA3M MEKILY aToO-
b MaMH. OJIGKTPOHBL ¢°- U 7°-OpOHTaIell UrpaloT poJb HECBA3HIBAIOMINX M
§ npuHaaekaT UEHTPAILHOMY aTOMY:

B6H2 BH3 CH4
oiol diokal o20%050%
H—Be—H H H
B C~—
Y H/ \ H
H
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Kak BunnO M3 cpaBHenus puc. 37 M pHc. 41, 1A MONEKYN ¢ T-CBA3SAMU
9HepreTHYecKas nuarpaMMa OpOHTaJIedl clloXkHEee, YeM [ MOJieKyn 6e3 7-
cBsi3el. B yacTHoCTH, BMecTO HecBsidmBaowielt 7°-Op6HTATH B MOJEKY/Iax c
T-CBA3KMBAHMEM HMEIOTCA T- M T *-OpOGHTAJN.

PaccMoTpuM  nuarpamMMy MonekynasipHmx op6utaneit Momekynsl BF,
(puc. 45). Ora Monekyna, kak U Monexyna BHj umeer ¢popmy nnockoro
TpeyronbHuka. Ho Tak kak atoMbl ¢propa mMelor op6uTanM, cnocobHBIE K
06pa30oBaHHI0 MOJIEKYAPHBIX Op6MTa/ielt 7-Tuna, B Moiekyne BF; umeror-
cA M MOJIEKYAApHHe 7~ u 7 *-op6urtanu. Ecnu He y4nTHIBATH 25-51eKTpoO-
HOB aTOMOB (Topa (254, 25, 25;), 9Ta MONEKyna coaepxur 18 BaJleHTHBIX
37eKTPOHOB (3 a;eKkTpoHa artoMa B, 15 3/1eKTpOHOB Tpex aTOMOB F). Us

A
H

OpGutanu OpbGuranu Op6uranu
£ ‘\ B . BF3 » F
‘:-‘: — o __Gy 3
\
/17 Tanh
/1 v
A EL A
4z R
.y W
\ Iy W
v W

Pue, 45. DHepreTnyeckasi amarpaMma opb6MTaieit
TPEYTroNbHOH MO:I]CKYJIBI C OG- H R-CBA3IMH Ha npuMepe
BF3
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HMX 8 BJIEKTPOHOB HAXOAATCSH Ha YETHPEXUeHTPOBHX Os, Oz, Oy U T
op6UTANAX, OCTaJbHBE — Ha HECBA3LIBAIOWUMX OpOHMTAINAX, JIOKANN3OBaH-
ANX Ha aroMax ¢Topa. CBA3HBAKOILYI0 3/EKTPOHHYIO KOH(Hrypauuio
Monexkynsl BF3 MOxRO M306pa3uTh dopMyoi

2
030505

Ilockoavky B Monekyne BFj cBA3b OcymecTBisieTcss TpeMs! o-dJIEKTPORHE-
MU MapadM M OJHOU T-3JIEKTPOHHON Napoil, NOPALOK CBA3N B—F cocras-
asier 1 1/3. Takum 06pa3oM, MOXHO HpPeACTaBHTb, YTO MEKAY aTOMOM Gopa
M KaxARM M3 aTOMOB (TOpa MMeeTcs OfH3 0-CBA3b, & T-CBA3bL [1EJOKATU-
aoBaHa 1O BceM TpeM cBiaaM B—F. CkalaHnoe MOxHO M306pa3uTs cie-
AyomHM o6pa3oM:

Takoe ke cTpoeEHe UMEIOT MOHH BOS, CO3; NO; u monekyna SO,
H303NeKTPORHLEe Monekyne BF;:

0~\\ 3- e 2- e
Npoo| | N0 "o 5=0
o=

o”° o o=

TeopHs MONEKYNApHHX Op6HUTajleil Halllla IIHPOKOE NpHMeHeHHe, TaK
KaK JaeT caMHii o6muil moAXoA KO BceM THIIAM XMMHMYEcKHX cOeJHHeHHi.
JTa TEOpUA JOMHHHPYET B TEOPHH XMUMHYECKO# CBA3N M TEOPETUYECKOMN XH-
MuH BooGme. Ee MaTeMarudeckuit anmnapar Haubonaee yJAobeH AAA npopene-
HUSA KOJHYECTBEHHBIX pacyeroB ¢ noMouisio OBM.

I'J1 AB A 3. TEOPHsI BAJIEHTHLIX CBA3ER
§ 1. HACBIIIAEMOCTH KOBAJIEHTHON CBA3H

PaccMoTpuM B paMKax TeopuM BajleHTHHIX cBs3eil xapakTepHbie ocobeH-
HOCTH KOBaJICHTHOH CBA3N - HACKLAeMOCTh, HANPaB/JI€HHOCTb U NOAApH3ye-
MOCTbD.

OaHo M3 BaxHeINX cBOcTE XUMMYECKOH CBS3II - €8 HAChIUAEMOCTh.
Bcaeacrene nachbiulaeMOCTH CBA3M MOJICKYJIbl HMEIOT OMpeleeH bl cocTaB
H CYIMerTBYKOT B BUAe JHCKPETHBIX H4acTHI ¢ OIIPeAeIeHHOIl CTPYKTYpOft.

Teopust BaneHTHEIX cBsA3ell (NOKANM3OBAHHLIX JNEKTPOHHBIX Map) HCXO-
JHUT K3 NMOJOKEHHSA, YTO KakKIaA napa aTOMOB B MO.JIEKYJE yNep:KHUBaeTcA
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BMecTeé NpH NOMOIIM OAHOM HUAH HECKONBKHX OOMMX 3JIEKTPOHHBIX Oap.
TakuM 06pa30M, B NPEACTABICHUH TEOPUM BAJEHTHBIX CBA3CH XUMMYECKAA
CBsI3b JIOKANN30BaHA MEKAY ABYMSI aTOMaMH, T.6. OHa JBYXIEHTPOBasl M
JBYX3JI6KTPOHHA. '

O603HaYeHHE ¢ MOMOMIbIO YEPTOUKM XUMUYECKOH CBA3U B CTPYKTYPHHIX
dopmynax coepunenunit

H

H—H :N=N: SO~ H—C—H
H
Hy N, H,O CH4

HamJo obocHoBanue Gaaronaps teopun BC.

BanentrocTs. [lon BanmeHTHOCTBIO moOApasyMeBaeTcsi CBOMCTBO aTOMa
AAHHOrC 3JIEeMEHTA MNPHUCOEAMHATL WM 3aMemaTh ONpPEeAENIeHHOEe YHUCIIOo
ATOMOB JIpyroro aneMeHTa. Mepoit BaJIeGHTHOCTH IO3TOMY MOXeET O6BITH
YUCIO XUMHUYECKUX CBs3eld, o6pasyeMblX [ aHHBIM aTOMOM ¢ ApPYrUMH aTo-
Mamu. TakuM 06pa3oMm, B HacTOAIEe BpPeMs MO/ BAJIEHTHOCTBIO XMMUYec-
KOT'O 371eMeHTa O6LIYHO MOHMMAETCs ero crnocoGHOCThL (B 6ojlee y3KOM CMbic—
Jie — Mepa ero cIIOCOGHOCTH) K 06pa3oBaHMI0 XMMMYECKHMX cBsAsedl. B npen-
CTABJICHUM METOJla BaJIEHTHHIX CBA3ed YHCIOBOE 3HAYEHHE BaJIeHTHOCTH
COOTBETCTBYET YMCY KOBAJIGHTHBHIX cBsA3efl, KOTOpbIe 06pasyeT aTOM.

O6pasoBaHNE MONEKYJNb BOAOPOJa K3 aTOMOB MOXKHO NPEACTABHMTDH
cneAyromuM 06pa3oM (TO4YKa O3HayaeT 3JIGKTPOH, YepTa — Napy 3JeKTpo-
HOB):

H-+ -H=HH wm H- + -H=H-H

[Tockoneky mpeGriBaHHEe ABYX 3JEKTPOHOB B MOJIe AGHCTBUSA ABYX SIep
SHepreTMYecKH BBHIOAHEE, yeM HaxXOXACHHEe KakAOTrO 3IJIeKTPOHA B [10JI€
CBOEro sifpa, B 06pa30BaHMM KOBAaJIGHTHHIX CBA3EH MOryT NMpUMHUMATh y4ac-
THE BCce OJHOINEKTPOHHBIe obnaka. Hanmpumep, aToMEl Kucaopoaa M a30Ta
MOTYT COGJUHATLCS € JABYMs M TPeMs (COOTBETCTBOHHO) OJHOBaNEeHTHHIMH
aTOMaMM BOJIOPOJA:

"N 2s22p°

Ht+++

0 25°2p*

£ .H,'H'-z?'«f-

H

-é=+2ﬁ—— H:Ei: :1:1-+3|:1—-—= ¢H

iz

B paje ciyyaep YHOIO HENAPDHBIX 3NIEBKTPOHOB YBEJIMYHBAaETCA B pe3y/lb-
Tate BO3GYKJEHNS ATOMA, BHI3LIBAIOIIErO Pacnaj] ABYXINEKTPOHHBIX 06sa-
KOB Ha OAHOdMeKkTpoHHble. HampuMep, aToM yraepona B OCHOBHOM COCTOS-
HUM MMeeT ABa HenmapHHIX 2JekTpoHa (25?2p?), a npu BO3GYXKAEHUN OLHOTO
U3 25-3JeKTPOHOB B 2p-COCTOSAHUE BO3HMKAIOT YeTHIpe HeMapHHIX 3MEKT-

poHa:

C* 2s'2p?

E C 2522p?
Wi T ot

2s

BesleacTBME 3TOrO aTOM YraepoOAa MOXKET COeNHATHCA, HalpuUMep, ¢ de-
THpbMA aToMaMu ¢Topa (2522p°), MMeIOMUMM 1O OAHOMY HenapHOMY

3NIEKTPOHY:

:F:

-C+ + 4-F: = :F—C—F-
:F:

Bos6ykeHue aTOMOB [0 HOBOTO BAJIGHTHOIO COCTOSHHMSA TpeGyer 3arpa-
THl ONpeAEIeHHOi HHEPTUH, KOTOPaR KOMNEGHCUPYETCH DHEeprueil, BRIACIse-
Mol mpu o6pasosalum cesseit C—F.

JloHOpHO-aKNenTOpHLI MexaHW3M 00pa30BaHHA KOBa/JIEHTHON CBA3H.
BosmMoxeH M ApYroil MeXaHW3M O6Gpa3sOBaHMA ABYXUEHTDOBOH JABYX3NEKT-
POHHON CBA3M, 3 UMEHHO NPM B3aHMOJENCTBHMM HAcTHL, OJHA M3 KOTOPEIX
MMeeT napy 3JeKTPOHOB A:, Apyras — cBOGOAHYIO opbuTans 0OB:

A: + oB = A-B

lloHop  aKuenTop

YacTHa. NpefoCTaBJAsIOMAA AJA CBA3H BYX3NeKTpOHHOe O06JaKo,
Ha3bIBAETCA JONOPOA; YacTHla €O CBOGOJHOM OPOGHTaNLIO. MPHHMHMAKIIAS
3TY 3NeKTPOHHYIO Mapy, Ha3LIBACTCS aXyenmopo.

MexannaM 06pa30BaHHA KOBAMEHTHON cBA3I 3a cYeT JABYX31eKTPOHHOro
06naka OAHOTO aroMa M cBOBOAHOH OpPOHTAaNM JApPYroro Ha3blBaeTcs

JOHOPHO-AXY ENMOPNBLAL.
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BanesTHHE BO3MOXHOCTH 3JIeMeHTOB.lMIMess B BuAy 00a omucaHHbIE
BHIIIIE MeXaHMBMa OO6Pa30BaHUA KOBAJIGHTHOH CBABH, PAaccMOTPDUM BaJleHT-
HBIE BO3MOXHOCTM aTOMOB 60pa, yriepoja M a30Ta. JTO 3JEMEeHTHl 2-To
Hepyuola, ¥ CJe/0BATE/IBHO, MX Ba/ICHTHHIE BJIEKTPOHBI PACIPEAESIIOTCA 10
YerbtpeM .OpOHUTaIAM BHEIIHErQ cJIoA: OAHOU 2s- ¥ TpeM 2p-

B 2s522p' C 2s522p? N 2s22p?
YA SR i
‘H’ 2p ‘H‘ 2p ‘H’ 2p

2s 2s 2s

[lockonsky y 60pa M yrieposa UMeIOTCsS 3HepreTHuYeckd OJiM3KUE CBO-
6oaHEIe 2p-op6uTtaiu, NPH BO3OYKIACHUHM ITHU 3JIEMEHTH MOTYT Ipuobpectu
HOBHI€ 3JIEKTPOHHbBIE KOHPUTYPALNH:

£ B* 2s!2p? C* 25! 2p?
TR

2s 25

B cooTBercTBHMM ¢ 4YMCIOM HemapHHIX 37eKTpoHOB atoMH B, C u N
MoryT 06pa3oBaTh COOTBETCTBEHHO TPM, YeThIPe M TPU KOBAJICHTHHIE CBA3M,
HaTpUMep ¢ aToMaMM BOLOpona:

H H H
i l ) | ) I
B+ 3H- 9 0B-H -C-+4H- = H=C=H :N- 4 3H- — :N-H

| | |
H H H

AroM 6opa uMeer cBOBORHYIO Op6UTaldb, IOITOMY B 'Monemyne BH;
nebuuut snekTpoHosB. B Monexkyne xe NH; mpu arome azoTa uMeercs
HeloZle/leHHas (HecBASBIBAIOMIAs) 3JEKTPOHHas mnapa. TakuM o6pazoM,
monexyna BHs Mmoxer BelcTymarh kak akuenrop, a Modekyna NHj, nao6o-
POT, — K&K [OHOD 3JIeKTPOHHOW maphl. MHEIMM cnoBaMu, LeHTpaJbHBIE
aTOMbl TOM M [JpYroil MOJeKyJbl cHocOOHBI K 06pa3OBaHMI) YeTBEepTOi
KOBAJICHTHOM CBA3M 110 JOHOPHO-8KIIEITOPHOMY MEXaHU3MY.

IIpocTeiimuit noHOp 3/JeKTPOHHON mapsl — ruapui-uor H-. Ipucoenn-
HeHMe OTPUUATEIBHOTO TMADHUA-MOHa K Mosekyne BHy npusoauTt k 06-
Pa30BaHMIO CJIOKHOTC (KOMIUIEKCHOTO) MOHA BH; ¢ orpunarenbueiM 3aps-

JOM:

80

akuenTep AOHOD

IIpocTeiimuil aKHEeNTOp 5JEKTPOHHON Maphkl — MPOTOH H*; ero nmpucoe-
punenne K Monekyie NHjz toxe mpuBoaur K 06pa30oBaHMIO KOMIJIEKCHOTO
! .
nona NHj, Ho yxe ¢ noJ0KNTONBHEM 3apAKOM:

- H BT
! I
H-N: + OH* — |H=-N-H
i l

H H |-
e JOHOp  aKlenTop

. U3 comoctaBneHus cTpyKTypHHX popmya monekynsl CH, m koMnneke-
limerx monos BH; n NHj

+

H H H
N | 1
H—B-H| H-C~H |H=N-H
[ | I
H H H

HHO, YTO aTOMB 60pa, yriepoda M a30Ta B 3TUX COSAMHEHUSX 4Yerblpex-
gastentubl. Crexyer ormeruTs, urto B moHax BH, u NH Bce dersipe cpAsu

BipasHONeHHE M Hepa3JMYUMBI, C/IGOBATEILHO, B HOHAX 3apAl ReJIOKaTu3o-
¥han (paccpegoTOUYeH) MO BceMy KOMILIGKCY.

. PaccMOTpenHbBIe TIpUMepH IIOKAa3bIBAIOT, 9TO CMOCOGHOCTE aTOMa 06pazo-
I BLIBATL KOBaJIeHTHBIE CBA3U O6YCJIOBIMBAETCA HE TOJBKO OAHOIJIEKTPOHHHI-
MU, HO M JBYX3JIeKTPOHHBIMH 06JIaK&MU MJIM COOTBETCTBEHHO HalIMYUeM
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P 1 ¢. 46. Cxembl nepexprisanus opbutaseit npu oGpasosaHun o-, T-, S-cBA3el

Cutaa-ces3b OCyIMIECTBAACTCA NPU NEPEKPHIBAHMK OGJIAKOB BAOIb JIMHYIM
COeAuHEHnA ATOMOB. [Tu-c643% BOBHMKAeT IPU NEPEKPHIBAHUN 3JIEKTPOH-
HEIX OGJ2KOB nmO 06e CTOPOHH OT JIMHUM COeIMHEeHMA aToMoB. Jleivma-
c613% 00A3aHA NEPEKPHIBAHUIO BCEX YETHIPEX JIOMAcTell d-3JIeKTPOHHBIX
0671aKOB, PACHOJOKEHHHX B napajlefbHbX miockocTax. Mcexoms us yeno-

BUM CHUMMETPUU, MOKHO CKa3aTb, YTO 3JIEKTPOHH $-OpPOUATANEN MOTYT yda- |

CTBOBaTh JHUIUIb B O-CBA3LIBAHUU, P-3JIEKTPOHH — YK€ B 0~ M T—CBABLIBA-
HUH, ‘4 d-3JIEKTPOHEL — KaK B 0- M 7-, TaK U B é-cpAsbiBanmu. [Ina fop-
buTtaneil cnocobH nepeKpHBAHUA e[e PasHoOGpazHee.

MaxkcuManpHoe nepexpsiBaHne 06IaKOB, O6pasyIONNX 0—CBA3M, COBMA-
A2eT ¢ JUHHel, COeNUHAImEe neHTpe aToMOB. [lockonbky smekTpoHHBIE
o6naka (KpoMe s-06j1aKa) HAmMpaBJeHbl B MPOCTPAHCTBE, TO M XMMUYECKHE
cBA3M, OOpasyeMsle ¢ MX Y4acTHeM, NPOCTPAHCTBEHHO Hampasiexbl. Tak,
TaHTeJeBlHble p-OPOUTAIN DACHONONEHH B ATOME B3aMMHO MEpHeHIUKY-
nApHO. CJIe0BATeNbHO, yroJa MEX/y CBASAMU, OGPABYEMBIMU P-3JIeKTPOHA-
My aToMa, foskeH 6uTh 90°. TakuM 06pa3oM, NpoCTPAHCTBEHHOE PACHONO-
XeHUe 0-CBsi3eil OnpelensieT NpOCcTPAaHCTBeHHYIO KOHPUTYPAINIO MOJEKY.

[IpocTpancreenssie GopMynsl Mosekysl BecbMa pasHOO6pasnbl. Tak,
moneryna CO; umeeT nuHeitHylo cTpykTypy, Monekyna CH, — rerpasapu-
deckylo, Monexyna NH; — nupamupansmyio, sogel — yraosywo, SO; —
TPEYTOIbHYIO.
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JInsi 06bsACHEHUA NPOCTPAHCTBEHHOH KOH(UIypauum MOJEKys CyllecT-
ByeT pAn Teopuit (Mogerneit). PaccMorpum Monens rubpuimusanuy OpOuTa-
Jeil.

Moznens rubppaMsanan aTOMHEX opGuraneii. O6biuHO XMMHUYECKUe

: CBA3H o6pa3y10Tc5I 33 c4eT 3JIeKTPOHOB PAa3HbIX 3JHEpreTUYeCcKUX COCTOA-

# 4yeM 10 gApyrywo, T.e.
Y IJJOTHOCT B HEHl CKOHUEHTPUPOBAHA

N .
§i opbuTaselt ne cymecrsyer. Teopus

' HUA MOJIEKYJI.

mmit atoma. Tak, y atomos Gepwinna (2s22p!), 6opa (2s'2p?) u yrimepona
(25'2p®) B O6pasoBanMM CBABEH OJHOBPEMEHHO IPUHUMAIOT yIacTHE KAk s
tak u p-anexTponnl. HecMotpsi Ha pasnuume HOpM HCXOAHHIX 3JIE€KTPOH-
HBIX O6JIaKOB CBA3W, O06pa30OBaHHBIe ¢ UX YYACTUEM, OKa3bIBalOTCs PDABHO-
[eHHBIMH ¥ pAacnojoXensbiMu cuMmerpuuno. B monexynax BeCly, BClz u
CCly, manpumep, patentnstii yron CIICl pasex 180°, 120° m 109°28°

B cooTseTcTBeHHO!

' SN
N s
1

180° fo

Cl

Cl
109° 28/'C ‘
C
cl §c1
Cl

¥  Kak Xe HopaBHOLEHHBIE MO MCXOJHOMY COCTOSHHIO 3JIEKTPOHBI 06pasy-
b ot paBHOleHHble XuMuyeckue cBA3u’ OTBET Ha 3TOT BONMpOC NaeT Mpem-
_cTaBleHne o rubpudusayuu sasenmuse opbumaset. COTJIACHO DTOMY Mpen-
| CTABJIGHMIO XMMMUECKUe cBA3M (OPMUDYIOTCA BNEKTPOHaMH He "dmcThx”,
'a "cmemwaneEnx', TAK HasHBaeMBIX tubpudnnmz opbumaset. Ilocnenume
SBJIAIOTCS pe3yNbTATOM CMEIeHMA ATOMHWX opbutaneil. Wuaze roeops,

Crnenyer OTMETHTH, YTO, KaKk Ou3M- X
| YecKuii nporecec, rU6pUAN3 AU A

¥ TUOPUAN3AIMHY  npeACcTaBaAeT cOo6oM
b yIOOHYI0 MOZeNb HAarJALHOTO Olyca-

¢ Ha puc. 47 nokasana rubpuanas
b Op6uTallb, BOBHHUKIIAA 3a cyeT KOMOU-
'Hanuu & U p-op6uraneit. QOua 6osblie
( BHITAHYT& MO OJHY CTOPOHY OT sAIpa,
3JIEKTPOHHAA

y

P u c. 47. QopMa sp-TUOPHUIHONA Op-
Ouramm

IO OjJIHYy CTOpOHY B GOJBIIEHA CTenewwu,

yeM no apyryw. Ilostomy xuMmdeckas
83



(S+p+p+p) - 9pdumany

Yemeoipe spJ-opdumany

P u c. 48. Tnbpuansaumns BanenTHbIX opburaei

CBA3b, O6pa3OBaHHAA C y4YacTHeM 3IJEKTPOHA CUOGPUAHON OpOGUTAIH,
AoskHa 6biTh 607ee NPOYHOIL, YeM O6pa30OBaHHAR 3TEKTPOHAMM OTAENbHBIX
$- 1 p-opburaneii.

Xapakrep ruGpiHAN3alny BANSHTHHX Op6uTaneil NEHTPAILHOTO aToOMa M
HX MPOCTPAHCTBEHHOE pAaCNOJ0XKEHUE ONDEeACHSIOT MPOCTPAHCTBEHHYIO
koHurypammio Monekyn. Tak, npu xoMOGMHANMM ORHON s~ W OAHOM p-
OPOHTa/IM BOBHHKAIOT IBE $p-TH6PUAHBIE OPOUTANU, PaclOJOKEHHHE CHM-
MerpHuyHO mop yraom 180° (puec. 48). Orciona u cBA3M. o6pasyeMbie
y4acTHeM 3J1eKRTPOHOB ITHX OPGHTAlIel, TaK#e€ paclofaraloTest MOA YITIOM
180°. Hampnmep, y aToMa 6epusuiua sp-rubpuimsanna opbuTanell 1poss-
aserca B Moaekyne BeCl,, koropas BenencTBHe 3TOro uMMeeT aunetnyro
dop.uy (puc. 49, a)
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Cl Be—4/Cl
U/

180°

KoM6unanus tpex opburtajeil — oqHOH s- M ABYX p-TUNa — NPUBOAUT
K 06pa30oBaHMK) TPeX Sp-TU6GPUIHLIX OpOGUTATIel, PpAcHOJOXEeHHLIX mnOJ
yraom 120° (em. puc. 48). Iloa TakuM e yrioM pacrnOaralOTcsa U CBA3M,
06pa3OBaHHBIC ¢ yYacTHEM 3JIEKTPOHOB 3Tux opburaneit: Hanpumep, Benen-

| cTBHe sp-ru6puausanvi OpbHTaneil aToMa 60pa MOJIeKyJla BCl; umeer

mpeytoasnyro gopuy (puc. 49, 6). Pacnpenenenme XUMHUYECKHUX CBszeil

1~-. MOXHO N peAcTaBUTh CHEIYIOMIE cXeMOIi:

Cl 1
\B /CO
, 120
Cl

Kom6unauua yereipex opburaieii — OfHOH s~ W Tpex p-TUma — MPUBO-
IUT K sp? — sp3-rubpnansanmu, npu KOTOPOU 4Yersipe rubpHiHbIe opbuTam

@ . CMMMETDMYHO OpMEHTMPOBaHH B MpOcTpakCTBe mopx yriom 109°28° (cM.
® puc. 48) x uerelpeM BepuwiMHaM mempaadpa (puc. 49, 8). Terpasapuuec-

® ®
® ¢
®
Rl ®
®—(4)
g ©
®
(4

P u c. 49. IIpocTpalCTBeHHOE DACHOJIOKeHHe CBA3el ¥ Kondury-
palysi MOJIEKYII.
a — NUHeiHas; 6 — TpeyroyibHasi; ¢ — TeTpalfipyhyueckas; ¢ — TPUroHasb-
HO-OMIIMpaMWjiasibHas; ¢ — OKTadJpHUeCKasl; € — NEeHTaroHasbHO-
BUIIp aMUIanbHAaT
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KOe pacIosiokeHMe cBA3eil 1 (opMa TeTpasApa XapaKTepHHl IJIA MHOTHUX
coeinuesudt yrnepoaa, sanpumep, CCly:

Cl
109’2/3'C’
cl C§

Benenerue sp3-rubpuansanuu opburtaseil aTOMOB a30Ta M 60pa aHAJNO-
TMYHYIO CTPYKTYPY uMeioT vonst NHY u BH.

Cl
Cl

KoM6urauusa opbutaieil TMna OfHONM s, TpeX p- U OAHONW d- MPUBOAUT
K spid-rmbpuamsanuy. 3TO cOOTBETCTBYeT NMpOCTPAHCTBEHHOM OpMEHTALMU
nATH spd-rubpuaHmx opOUTANell K BEpIIMHAM MPUIONdAbNOt bUNUPAMU Tbi
(puc. 49, 1). B cayuae sp3d2-rubpuansanuu mects sp3d2-TuGpUIHHX Op 6u-
Tallell OPUEHTUPYIOTcA K BepuHaM oxmasdpa (puc. 49, 0). Opuertamusa
ceMn opburaneil K BepIIMHAM newmaionassnot bunupamudwn (puc. 49, )
cooTsercTByer spid® (msm sp3dif)-rubpuamsanyuy BalleHTHBIX op6uTaneil
HEeHTPaNbHOTO aTOMA MONEKYNb (KOMIJeKca).

Bimsnme HecBABHBAIOMEH 3JIEKTPOHHON HapH HEHTPANLHONO aTOMa Ha
cTpoeHme MOJIekyn. Brile Gninm paccMOTpeHB NpaBUNbLHLIE TeOMETpUYec-
Kue $opMBI MOJIEKYJ M KOMNJIGKCOB ¢ BaJIeHTHRIMH yriiaMu 180, 120 u
109,5, 90° Onnako, cOrnacHO JKCIEpUMEHTANBLHBIM JAHHLIM, 3HAYMTEIHHO
4a11e BCTPeYalOTCA MOJIEKYJ bl U KOMIUIEKCH ¢ HECKOJIBKO MHLIMH 3HAYEHM-
AMU BaJeHTHHIX YI7I0B. BanmenTusle yrawl B Monekynax NH; u HyO, wanpu-
Mep, cocraBasior <ZHNH 107,3° m ¢<HOH = 104,6°. Cornacuo Teopum
rUOpNAN3alMU LeHTpPalbHbIe aTOMBI STMX MOJIGKY’ O0pa3syloT XMMHYecKHe
CBA3M 33 CYeT 3JIeKTPOHOB sp’-rHOpUAHLIX Op6UTaleil. Y aToMa yriepona
Ha yeTblpe sp3-TH6puAHble OpOUTAIN NPUXOAMTCSA HETHIPE BJIEKTPOHA:

e 4+ + + 4+

Jro onpenenser obpasopanue uersipex cBazeit CH u pacnonoxenue
aTOMOB BOJAOPOZa Monekynbl Metana CHy B Bepumnax rerpasapa (puc. 50).

Y aroMa a30Ta Ha uerbipe sp3-rHOpuAHLIe OPOMTAIM NPUXOAMTCA HATH
3JIeKTPOHOB:

4+
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P u c. 50. IlepexphiBanye BajneHTHbIX opbutaieii B Monekynax CHy, NHg, HoO

i CnemoBaTesbHO, OIHA ITapa 3JIEKTPOHOB OKA3bIBAETCHA HecBASHIBAIOMIEH U
i zannMaer ogHy na sp3-ru6pmAHBHIX OpOMTa/lell, HAIPABJICHHBX K BepIUMHE
¢, Terpasapa (puc. 50). Monexyna NHz uMeer ¢opmy TpuroxanbHON nupa-
W MuABL

VY aroMa Kucnopo,u,a Ha 4erwpe sp3-rubpuianbie Op6UTANTM NPUXOAUTCA

IIeCTh 3/IeKTPOHOB:
o 4 # + +
3

‘Tenepb YK€ HEeCBS3LIBAIOLINE 3JEKTPOHHBIE Napbl 3aHMMAalOT J1BE rubpua-
Hele spi-opburanu. Monexyna HyO umeeT yraosyio ¢opMy.

B npejcTaBleHMAX Teopud TrUOPUAMBAUME YMEHBIIEHHE BAJeHTHOrO
" yrna HOH B pany CH, (109°28") — NH; (107,3°) — Hy0 (104,5%) o6pacusa-
erca cnepywomuM o6pasoM. B paxy C—N—O sHepretnueckoe pasnuiue
‘Mexay 25 M 2p-opOUTANAMM yBENMYMBAeTcs, MOITOMy BKJIaj 2s-opbuTamed
opy ruGpUINBALUM ¢ 2p-OPOUTAIAMM yMeHpIlaercA. JTO NPUBOAUT K
YMEHbIICHIMIO BAJGHTHOTO yIJIa U MOCTeneHHOMY NpUOIMmkenuio ero k 90°

Mopenb JI0KaTM30BAHHLIX 2JIeKTPOHHEX nap. COracHO 3TON TEOpPuH,
CTpOEHME MOJIEKYJIbl ONpenesAercd B3aUMHBLIM OTTAJIKMBAHMEM CBA3BIBAIO-
WX W HECBSBBIBAIOMIAX SJIGKTPOHHLIX Map LEHTPalbHOro aroMa. Bausnue
YUcla CBS3BIBAIONIMX U HECBABHLIBAIOMINX 3JIGKTPOHHLIX map UEeHTpaJbHOrO -
¥ atoMa HA IPOCTPAHCTBEHHYIO KOHMUIYpalyio MONeKyn Tuna AB noka3aHbl
Ha pHc. 5l.
: Cornacuo sroit Teopun, Monekynsl CHy, NHs u HyO oTnOCATCSt K MOJIE-
b kynaMm tuna AB4, AB;E* u AB,E; coorBercteenno. Monekyna CHy umeer
¢GOopMy NpAaBUIIBHOTO TETpPasipa ¢ ATOMOM yIJepoAa B uedrpe (puc. 51, a),
a B monekyne NH; (puc. 51, 6) onka u3 Bepmmn TeTpasapa 3aHATa HeCBA-

*E — HecBsA3bIBaloOWasl AIEKTPOHHAA Napa.
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P ¢. 51. Biausiiue cBA3HBAIOIUX U HECBA3LIBAIIMX O/IEKTPOH-
ubx nap (E) mexrpanbHoro atoMa Ha IPOCTPaHCTBEHHYIO KoHuU-
IypaLHnio MOJIEKyJL:

a — TeTpadsp; 6 — TPUTOHAJIBHAS NMpaMia; 6 — TPUrOHATIbHAA 6Up a-
Mg @ — yroosas GOpMa; 0 — MCKAKEHHbIA TETpasp; € — T-¢opma; x
— nuuedHas GopMa; 3 — OKTad[p; u — TeTparOHalbHadA nupaMmja, x -

KBaApaT

3EIBAIOMEI BJIEKTPOHHON Mapoil U MOJIeKyJia MO3TOMY HMMeeT ¢OopMy TpHUTO-
HanpHOH nupaMuab. B monexyne H,O (puc. 51, 6) ABe BepIIMHBI TeTpadll-
pa 3aHATH 37€KTPOHHBIMU MapaMy, a cama MOJIeKyJia UMEeT YTJIOBYIO (V-
06pa3sHylo) ¢opMy. :

CpsA3bBalOmIas 3JGKTPOHHAS Mapa (JOKaJMW30BaHHAA MEXAY. JBYMA
aTOMaMi) 3aHMMaeT MeHbIIe MecTa, YeM HecBaamBalomas. IlosroMy orran-
KMBaHUe MNpOABAAETCA B HAMOOJNBIIEH CTENEHH MeXJy HeCcBA3BIBAIOMINMU
IapaMM, HecKOJBKO MEHbIIe — MexIy HecBA3bIBAIOmEd U CcBABBIBAIOILEH
Mapoji M HaUMeHee — MEKIY CBASHBAIOMIMMU 3JIeKTDOHHBIMM TMapaMH.
VBeaMueHMeM uHcia HEecBA3HIBAIOMMX 3JIEKTPOHHEIX Tap: UEHTPAalIbHOro
aToma O6bsicHAeTci ymensmenne panentmoro yraa HOH B pany CHy
(109,5°; monexyna tunma AB4) — NHj (107,3°; momexyna tuna AB3;E) —
H,0 (104,5°; monekyna tuna AB,E,;).

B3ayMHBIM OTTAJKUBAHNEM CBA3HIBAIOIIAX W HeCBASLIBAIOIIUX VIEKTPOHHLBIX Map
LEHTPAJLHOTO aTOMa MOMKHO OOBACHUTH BJIUsiHWe Ha pasMepbl BaJIEHTHBIX YTVIOB
pUpoABl Tepudepudeckux aToMoB (WM UX rpynnuposok). Hanpumep, B pany NH3
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(107,3°) u NF3 (102°), H2O (104,5°) u OF; (103°) BasneHTHble yTUIbI yMeHbIIAIOT-
ca. CpsAsbiBalolliee BMIEKTPOHKOE 00J1aKO BaHUMAET TeM MeHbINW obbeM (JIOKAIU30—
BaHO B GoJiblell cTelleHW), YeM BhIlle BJIEKTPOOTPULIATENBHOCTD NepudepudecKoro
aroMa. [lockonbKy dTop WieKTpooTpHuaTeNbHee BOAOPOAZ, RNEKTPOHHAS apa CBS—
su O — F JiokanuzoBaHa B MeHblieM oObeMe, deM OVIeKTPOHHAS rapa cBASK O —
H. WNHbIMU coBaMy, B3aUMHOE OTTAJNKUBAaHUe OBIIeKTPOHHBIX fap cBsAseil 3 — F
MeHblle, YeM OMeKTpoHHbIX map cpsiseit O — H. IlooToMy orTankuBalomee BIMsAHUe
HECBABBIBAIONIUX BJIeKTPOHHbIX fap B ciIyvae Moidekyn NF; u OF, npusogur k

YMEHBIIEHUIO BAJIEHTHOTO yIVia B GoJiblIel cTereHu, YeM B ciyuae MosieKysl NHg u
H,0.

C NOMOMIBIO TEOPHM JIOKATMB3OBAHHBIX 3NEKTPOHHBIX Map MOXKHO TOKA-
3aTh, YTO NPU NATU O-3JIEKTPOHHLIX NapaX HEHTPaJbHOTO aroMa A BO3-
MOMKHBI MOJIGKYNHE cocTaBa AB:; TpHroHanbHO-GMIMPaMUIANLHON (POPMEI
(pue. 51, 1), AB4E — uckaxkenno-rerpasapudeckoit (puc. 51, d), AB3E, —
T-o6pasHoit (puc. 51, e) m cocraa ABy;E; — nummeitnoit (puc. 51, x)
¢GOpMEIL.

Hlectnn o0-3/1eKTPOHHLIM TapaM aromMa A OTBe4aloT Moaekyisl ABg,
AB;E, AB4E, coorsercTsenno okTasnpuueckoit (puc. 51, 3), TeTparoHab-
HO-IMpaMuaaneHOi (pHc. 51, u), kBagpaTnoit (puc. 51, x) dopmsr.

BnuanMe wMciia JIOKATM30BAaHHBIX SJIGKTPOHHBIX M[ap [EHTPaJALHOTO
aTOMa Ha NPOCTPaHCTBEHHYIO KOHMUIYPAIHIO MOJEKY HOKa3aHO B Tabn. 9.

Tab6anuna9 Uncio J0KaIM30BAHHHX ATEKTPOHHBIX IAp
LEHTPAJILHOIO ATOMAa M NPOCTPAHCTBeHHAs] KoH(pHUrypauns Moexyn AB,,

g-37IeKTpOHHBIE TTApH atoMa A
leomerpuueckas dhopMa,
cBA~ | Herio- M COCTAB MOJIGKYJIbI [TpuMepn!
tu»[cJ PacnosioneHud 3pBa- Aesies
olue] Hble
Jluneitroe 2 0 Jinuenuasn AB, BeH,, BeCls
Tpeyronbhoe|- 3 0 [Inockun rpeyrosibhiuk AB; | BFg
2 1 VroBasi AByE SnCl,
Terpanpapu- | 4 0 Terpasap ABy CCly, CH4
YecKoe 3 1 TpuroHa/ibHasA N¥paMUAa H3N, NF3
AB3sE
2 | 2 | Vuiosan ABE, H;0, OF,
5 Tpuronans- | 5 0 Tpuronanveas GumupaMu- PCls
HO-6UNU paMu- na. ABs
JaJjibHOe 4 1 HenpabusibHblil Terpasi SF,
1 ABLE :
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Tpodormenue maba. 9

0-OneKTpoHHbIe MTaphl aToMa Al
FeoMerpuveckas dopma
cBA~ |Heno- ¥ COCTSB MOJIEKYJIBI MpuMepbl
wc- | pacnonoxkenndapiBa-| deseH
Jio joline| Hole
3 2 T~o6paaHa.a AB3E2 CIF 3
2 3 Jluneiinaa AB,E; XeFy, IF;
Oxrasapu~ | 6 ] Oxrasgp ABg SFe, SiF%
Yeckoe 5 1 TerparoHallbHas MApaMu- IFs, SbF2
na ABsE
4 2 Tnockuit kBagpar AB4E, XeFy, ICI;
Henraro- 7 0 IMenraronanvhan 6unupa- IF,
HaJlbHO-GHUIIN- Muaa AB;
paMunanpHoe | 6 1 HenpasuneHbit okrasnp XeFq
ABE

§ 3. KPATKOCTb (IIOPAJIOK) CBA3H

Jlo cux nop Oblnu PaccMOTPEHH MOJEKYJbH ¢ OAMHADHLIMH CBA3SAMH,
T.e. MONEKydnl JUmb ¢ o-cpA3AMu. OAHAKO 3HAUNTENIbHO 6Oee pasHOO6-
pa3HB MOJEKYJbl ¥ KOMIUIEKCHble MOHBI, CPefHSA KPaTKOCTh (mopsinoK)
¢BH3M B KOTODPHIX Gonbure eguHumsl. Ilosumenne kpaTHoeTu cpAsi 06A3a-
HO HAJIOKEHMIO Ha o—Bs3b 7~ ¥ S-ceszeil. Hanpumep, B Monekyne Ny,
UMeEIOLIel TPOHHYIO cBA3b

:NEN;
Onna u3 cBA3el o-TUNA, OBe APYrue — 7T-THNA, OTBEYAKUNe P, — P2y Pr —
Pr U py — Py NEPEKPHIBAHUIO COOTBETCTBEHHO (cM. puC. 46).

B suneitnoit Monexyie CO; kaxAblilt aToM KHCAOpoBa oObelHASETeA- ¢
aTOMOM YI1epoja OJHO# - Il OZHOil T-CBA3LIO: :

O=(=0
ToBhiliTeHMe KpaTHOCTA CBA3H NPUBOAMT K YNPOUYHEHHIO MERATOMHOIN
CBA3M W YMEHBUICHWIO MEXBAJEPHOro paccTosiHus (A/MuHB cBA3n). Tak,

3HeprMu AUCCOUMALKMH Ha aTOMB MoJekyn ¢ropa F, (:F=F:) n asora N,

(:N=N:) coorBercrenno pasubl 159 u 940 kJx/Mons.
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BriusHue m-cBA3HBAHUA Ha MEKBANEPHOE PACCTOSHME XOPOLIO MITIOCT—
pupyet pan C,He—C,H,—C,H,:

C,Hsg CoHy CoH,
H3;C—CH; H,C~CH, HC=CH

B KOTOPOM DAcCTOAHHE MeXJy aTOMaMU yrjiepoja IO Mepe NOBBILIEHW:
KPATHOCTY CBABH yMEHBHIAOTCS U COCTaBAsAeT cooTBercTseHHo 0,154; 0,135
u 0,120 am.

Jenokanmsopamnas 71—cBA3b. PaccMOTpMM XMMHUYecKHe CBA3M B Kap6o-
HaT-MoHe COZ". DTOT HOH MMeeT TpeyrospHoe ctpoenue. COryIaCHO Teopuu

BAJIGHTHBIX CBsi3eil aToM YIJiepOJa 3a C4YeT 3JIEKTPOHOB Sp-TUGPUIHBIX
opburaneil obpasyeT TPM o-CBA3M, JekallMe B IUIOCKOCTM nox yriaoM 120°.
YerpepTerit 371eKTPOH yrnepoaa o6pasyer m—cBAsh. BaleHTHOe HachIINEHWME
OJIHOTO ATOMa KMCJIOPOJa JOCTUTAETCS 33 CYeT OGPA30OBAHMA T-CBA3M, ABYX
JpyrMX — 3a CYeT NPUCOSNUHEHUs OJIeKTpOHA. CTPOEHMe TAKOTO HMOHA
U306paxkaloT GopMyJIoi

—O\ - 2 -
—O/C"O

HemocTaTkoM Takoro usoGpameHUsA sIBIAETCS JOKAAUBalWs T-CBABH U
OGyCIOBNIGHHAA 3THM Kaxyllascs HEPaBHOUEHHOCTh cBAzeit C—O, uTO
IPOTUBOPEYUT MAaHHBIM 3KclepuMeHTa. [[03TOMY B TeOPHMM BaJjleHTHBIX
cBAzeit crpoenne anuona COZ%™ psoGpakaerca He OJHON cXeMoif, a HabOpOM

%' U3 TpeX PABHOLEHHLIX:

—O~ z Ox _ Ly
00 —0>¢ 0

—O~ 2
C—0O—
oz
PaBHOLEGHHOCTE BCeX CBsABeil CBUIETENLCTBYET O AENOKAJM3aUUN  T-
¢Bsi3u (T-37eKTPOHHOrO o6JiaKa) ¥ OTPMUUATENBHOTO 3aPAL3 HA BCE ATOMBI
Kucyoposia. Toraa MoxHO OGOATUCE OIHOM cXeMOM ¢ M306paNKeHUeM 160~
KaTM30BAHHOTO 7-3JIEKTPOHHOro 0O6JaKa B BUJe MYHKTHUPA:

\‘\ 2_
=0
o?

Benencrsue pesiokanmsauuMy T-37eKTPOHHONO O67TaKa HOPAJIOK CBA3U

C=0 cocrasnser mpumepro 1 !f;. J\amHa cBs3M B MOHe CO% dCO =
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= 0,129 UM M sABASAeTcA NTPOMEKYTOUHON MEKAY IAJNHUHON OJAHHAPHOM
d = 0,143 uM » nBoitHoIl d = 0,122 umM cpazeit.

—

Paccyxjan analornussiM 06pa3oM, MOXHO MOKa3aTh, 4T0 B moHe NQOj

BCJICACTBHE N€/10KaJM3alHK 38pAN0OB U T-CBA3HM BCe TPU aTOMa KUCIOPOaa
PaBHOLEHHBI, dNo = 0,121 um. B monexyne xe HNQOj; onHa uz ceaseii NO

oA MHapHAas, dNO = 0,141 uM, ape apyrue — GNUBKA K JBOMHbIM, dNO =

= 0,121 am:

B xavecTBe eile ofHOIO MpUMEpa CHUCTEMBI € AENIOKATU3OBAHHBIMU T-CBABAMM
paceMoTpHM Moniekysty Getizona CgHg. OHa nmeer dopuMy IJIOCKOTO WIECTUYTOBHM-
ka. Kampgeift u3 mecT aToMOB yIvepoia B KOABlle MOXeT pacCMaTDUBATLCS Kak
HAXOFAWMACA B COCTOSIHUM sp—rubpuivsaunu ¥ obpasylolMit TP O—CBA3U €
BanteHTHRIMU yryiaMyt 120° (puc. 52). Ha obpasopatine atux tpex o—cBsizeil (ABYX
C—C u oaHoin C—H) kaxkgemt yriiepogHbil aToM 3aTpadMBaer TPHM H3 YeThIpex
BaJICHTHEIX WVIeKTPOHOB, OCTAJILHBIE I1HeCTh PJIEKTPOHOB BCEX WIECTH YTJepOJHbIX
aTOMOB Daclo/araloTcsi Ha p-opbutaifix — Mo OJHOMY ¥ KakJoro aToMa yTJepoxa.
Yerpeproe 3MekTportoe o6/lako KakIOM0 aToMa yIjlepofa OpUEeHTHUpYeTcs IeprieH-
IMKYNAPRO K IocKocTH Bersonbroro kosbua (puc. 53). Ama Takux cocemsux p-
BNEKTPOHHBIX 06aka MOLYT nepeKpbikaTbest, oBpasyst 7-CBAS MexIy ABYMs
atoMaMM yriepona. [Ipu 3roM kakloe U3 pONEKTPOHHBIX OBNAKOB MOXET Coye-

P u c. 53. Pacrionokenue p-orieKTpoH-
HbIX o0laros B MolekyJle 6eHzoma

Puc. 52 0-Ceaan B Monekyse Gen-
30na
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W CTOIYMBA,

TaThCsl € PaBHOM BEPOATHOCTHIO KaK € p,~objlaKoM, HaXOAAUMMCH clpasa, Tak B €
pro0NaKoM, HaXoAAIWMMCS cJieBa ot Hero:

H H
C C
HC/ \CH HC/ \CH
H(|3 (|3|H e H(IJ| (|3H
X~ NF
H H

ChienoBatenbo, MOXKHO CYMTATh, YTO BO3SHHKAET [oflepeMeHHo A-CBS3b TO ¢
ONHMM, TO ¢ IpYIMM aTOMOM YT/lepoja. B lenoM, 910 NPUBOIUT K 0Opa3oBavMIo
TpeMs OVIeKTDOHHLIMM MapaMyu  e[MHOM \ '
CBsI3H, PpaclpocTpakslolleiicd Ha BCe
atoMbl yrneposa OeH30JILHOIO KOJIBLa.
O6paayiorcs fBe OOGNACTH KOHUEHTPalMK
WIEKTPOHHON IUIOTHOCTY, paclosiokeHHble
mo obe CTOPOHBI MJOCKOCTH O-CBA3El

a3 OKA3BIBAIOTCH paBHOLlEHHBIMU H,
enoBaTeNbHo, MmonobHas cucreMa Gonee
YeM CHCTeMa C TpeMA no-
M30BaHHLIMM  JBOMHBIMMH  CBA3AMU
Iy olipeesleHHBIMI ATOMaMM YIJiepo—
8. Takum obpasoM, B Mosnexysne GeH3ona
dcBA3M, Nexallde B IUIOCKOCTH GeH30/bHONO KO/blLia, /IOKATM30BaHbl, a T-CBA3M,
CNOJIO/KEHHBIE NEePNEHIMKYINAPHO NJIOCKOCTH KOJIblla, He JIOKaSIU3CHaHbI:

Puec 54. n-Cpsiau B MoneKyle Gen-
30J1a

JenokanusoBannast CBsisb B MoJsieKyile GeHzona oBycioBNMBaeT NOBHIUeHWe MOPSAN-~
Ka CBA3M MexJy aroMaMyu U COKpallleHHe MeXbANEpPHOI'0 pAacCTOSHUS, T.e. d B

cC
CgHj; cocrasasier 0.139 mM, Torga xak d = 0,154 uuM, a d(‘——C = 0.135 nm.

Pa('CMOTpE’HHbIﬁ MaTepHal 1nOKa3bIBaeT, YTO XHMHUUYecKas CBA3b MOxer
OCyWlecTB/ATbeA npu noMouy oaxoro (Hj) mmm asyx axexrponos (H,),

oxBarbiBaTh 18a (H!, H;) man 6onpmee umcao aromos (CO2, CgHg). 310

93



TFOBOPUT O TOM, YTO KJjaccH4YecKoe NpeJCcTaBlieHHe O BaJleHTHOCTH Kak
yic/e ABYXIEHTPOBLIX cBA3el He Moxer ObITh BceoxBaThiBaromuM. Ecim
aTOM OKpYXeH 7 AaTOMaMH, 3TO He O3HAuaeT, 4YTO 'OH O0O0pa3yeT =n
OBYXIIGHTPOBHIX CBA3EH. :

§ 4. IIOJIAPHOCTDL M NOJIAPU3YEMOCTD CBA3H

CBs3p MexAy aTOMaMu pa3HBIX 3JIEMEHTOB Bcerna 6ojlee UM MeHee
HOJIAPHA, YTO O6GYCJOBJCHO Pa3/MUMeM 3JIeKTPOOTPUILATEIBHOCTEH ATOMOB.
Hanpumep, B Monekyne xnopuzaa sogopoaa HCl ceasyiomee anekTpoHHOe
06JIAKO CMeHIeHO B CTOpOHy boJiee 37€KTPOOTPUIATENIEHOTO aTOMa XJ0pa.
BenieacTBue 3TOre 3apsl AApa BOAOPOJa He KOMIEHCUDYETcsA, & B aToMe
XJ0pa AJIeKTpOHHAA MJOTHOCTH CTAHOBMTCA W3OLITOYHON 1O CPAaBHEHUIO C
sapazoM sAxapa. WHbmMu cnosaMu, atoM sogopoaa B HCl nomspusosan
NOJIOKUTEILHO, & ATOM XJopa orpuuaresbo. Ha aroMe Bofoposa BOSHUKA-
€T MOJIOKMTE/ILHBIH 3apAJ, Ha aTOME XJIOpa — OTPMUATeNbHBI. JTOT 3apsas,
5, HaBLIBaeMBI @ fexmuonsil, MOXKHO YCTAHOBHUTH JKCIEPUMEHTAIBHO.
CornacHo uMelomuMca OaHHBIM 3¢ deKTUBHEIA 3apAld Ha aToMe BOJOPOJAa
Monekynslt HCl coctaBnser 6H = 0,184, a Ha aTOMe XJOpa 601 = 0,18—

aBCOJIIOTHOTC 3apAja 3JIOeKTpOHA. MOMXHO cKa3aTh, YTO €BA3b B MOJICKYJ/Ie
HCl umeer nma 18% wuonnwbrit xapaxrtep, T.e. monspHa. Huke npusenenst
3HauYeHuA 3¢GPEeKTUBHBIX 3apsA0B* Ha aToMax KHCIOpOJa B OKCHAAX
3JIEMEHTOB 3-TO NepHOa:
Na20 MgO A1203 SiOQ P205 SO3 01207
PP erTUBHBIN :
BAPAL .oevn e 0,81- 0,42- 0,31- 0,23 0,13 0,06~ 0,02-

Od¢ddexrusneit 3apsg na aroMe kucaopoaa B ClyO7 HUYTONXHO Mal M
ca3p Cl—0 6smska Kk Henonsipuoil, toraa kak B NayQ OH cocraBnser
0,81—, T.e. B 3TOM COeIVMHEHUN XMMUYECKas cBA3b CHWJILHO nojsApHa. [lorn-
JEHUEe MOJIAPHOCTH CBA3M B 3TOM PsAAY COOTBETCTBYET YMEHBIICHNIO Pa3JiM-
YUsS B 3JIEKTPOOTPUUATEILHOCTAX 3JIEMEHTOB, 06pa3yIOmX COeflMHEeHUA.

TakuM 06pazoM, IO CTENEHN cMemeHus (MOJAPU3aUUM) cBA3YIOMETO
BJIEKTPOHHOTO O6JaKa CBA3L MOMKET GbITH HeNOJAPHOH, NOJIAPHOH U MOH-
HON. Henonspras ¥ MOBHasA cBASM NpelcTaBAOT cO60M KpalHHe ciiydau

*3HaueHus 8, onpenesisieMble PasHBIMM MeTONaMU, CYIIECTBEHHO DAIKYAKTCS.
[IpuBoguMble 3pech 3HAUEHMA O WHTepecylOT HAC C TOYKU 3PEHMA WIITIOCTPALUU
obieN TeHfeHIUM UX UBMeHeHUSA B PANY OJNHOTHIHBIX COeQUHEHMI.
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" nonapuoit csasn. CoelMHEHMA ¢ MOHHONM UM KOBAJNEGHTHON CBA3AMU BCTpeda-
| JOTCA BHAMMTEJLHO Dexe, 4YeM COeJMHeHMs ¢ IOJNAPHOM KOBAJEHTHOM
" CBA3BIO.

IonsipuayemocTs cBABH. [INA XapaKTepUCTHKN PeaKkIUOHHOM cmoco6-

&, cnoco6HOCTH CTAaHOBHTHCA IONSIPHOH (WM 60Jlee MOJSPHON) B pesysbTaTe
ZIeACcTBUA Ha MOJIEKyJy BHEIIHEro 3JeKTpudeckoro nonsd. Tak Kak ¢ Kak-
IbIM aTOMOM UJM MOJIEKYJIOM B CBOIO O4YepeAp CBAZAHO 3JJIEKTPUYECKOE
gt [oJie, TO cOeJIMHeHUe NOJIKHO MOJSPU30BATHCS TAKKE U NPU ACHCTBUM HA
#, MOJIeKyJly ApYrMX MOJIOKYJl, CKaXeM, NapTHepa N0 peaKLWH.

B pesynbTaTe MonApU3aNUU MOXET NPOUIONTH TMOJHBIN pa3phblB CBA3H ¢
nepexoloM CBA3SHBAIOmEH 3JEKTPOHHONH napel K OJHOMYy U3 aTOMOB W
o6pa3oBaHMeM OTPUIIATEIBHOIO M MOJOXKHMTELHOIO HMOHOB. AcHMMMeTpUY-
HBI pas3pelB cBA3U ¢ 0Opa3cBaHMEM Da3HOUMEHHBEIX HMOHOB HAa3BIBAETCA
temePoAUMULECKUM:

.
3

N

H- + :@1: _— :(:?l: = H* 4+ Cl-

TOMOJIATUYECKUI pasphIB
(auccounaimus)

reTepOSMTUYECK N PasphiB
(MoHUBAIUSA)

lereponuTueckMil pa3phiB OTIMYAETCA OT Pa3pyUIEHWs CBA3UM NPHU
pRciane MOJIEKYJIHI Ha aTOM M paZuKal. B nocsenneM caydae paspyumaer-

yuayuy U npouecc uonxudayuy; B ciayde HCl nepsruiit mabmopaercsa npu
MUYEeCKOM pacna/ie Ha aTOMBI, BTOPOl — NnpU paclajie Ha MOHBI B pacT-

= Cremennp (cocTosiEMe) OkHclenns yieMeRTOB. [lonb3ysch npe/cTaBJCHH-
/M 06 3JIeKTPOOTPHUATEILHOCTH DIEMEHTOB, MOXKHO [ATh KOJHWYECTBEHHYIO
l/OIEHKY COCTOAHMS aTOMa B COSJIMHEHMH B BUJE TAK Ha3HIBAeMOH cmenenu
MM COCMOANUS OKUCAEHUS.

CreneHs OKMCAEHNA — DTO MOJOKUTENbHOE MM OTPUIATENBHOE YHCJO,
KOTOpoe nmpUCBaHBAIOT 3JIEMEHTY B cOelMHeHuM. [IpUHUMaeTcs, 4TO O6BIY-
Hasd cTeleHb OKMCJEHUA BOAOpOJa paBHa +1, a kuciaopons —2. Ousnyec-
KOro cMpiciia cTeneHb OKHCJIOHHs He uMeeT. JIMWIL B cliydae UAEalbHOIO

+ IOHHOTO COe/IMHEHHUSA CTEIleHb OKMCJICHUS 3JIEMEHTOB COOTBETCTBYOT 3apsly
Y +1-1

» BX uoHos. HanpuMep, B KCl zapsax ma aroMe kanua 6iu3ck k 14, a 3a-
- pAn Ha aroMe xiopa 6am3ok K 1— C yBesuyeHueM cTeneHy OKMUCICHUS
PeanpHelil 3apAJ Ha aTOMe B COSJUHEHUU YMEHbIAETCs .
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3HaK CTONEeHH OKMCJIEHMA 3aBUCHT OT 3JI6KTPOOTPHIATE/IbHOCTH o6pa-
3yIOUWMX COCAMHEHHE SJIeMEHTOB. Tak, B COOTBETCTBHMM € pasuiueM B
3JIEKTPOOTPUIATEILHOCTAX a30Ta (3,0), Bomopona (2,1) u oropa (4,0)
asory B NH3 mpumuchIBaeTCH OTPMIATENbHAA CTeNenb OKUCJIeHHUSA —3, & B
NF3 — AOn0XUTENbHAS cTeneHb OKUCJIEHUR +3.

pH NONBL3OBAHNM CTeNeHsMH OKUCTIEHUS] MOJIe3HO [PUAEpKUBATHECA CIEYIOMIX
HpaBWL

1) cymMa CTereHeil OKMCJIeHUS aTOMOB B moboit dacrilie paBHa €€ 3JIeKTpH-
yeckoMy sapsny. CregopartesbHo, CrefleHb OKUCTEHUA VIeMeHTA B ero MpoCTOM’
BelecTBe paBHa HYJIIO;

2) B COeQUHEHUMH C APYTVMH SreMeHTAMU ¢drop Beerga MposBIAET CTefleHb
OKNIeHNA —1;

3) cremeHb OKMCIeHUSA KHcopona B CcoeMHEHUAX OBLIYHO paBHa —2 (xpome

+2 -1
" QF,, HyOp » 1p.);

4) creneHb OKMCJeHUs BOJOPOMa Halle +1 u pese —1 (KH, CaH,);

5) MaKcuMaJbHasd TONOKHUTENBHAA Creflelb OKHUCTeHHA STeMEHTA OBBIUHO HHC-
JleHHO COBIIAIA€T C HOMepOM €ro IPyIbl B Meplomnueckolf cucreMe. MakciMamib-
HAST OTpULATeNbHAas CrelieHb OKWCIEHUA WJIeMeHTa paBHa MaKCHMAJIBHOM TI0JIOKH-
TeJILHOM CTelleHH OKMCIEHUS MUHYC BOCEMb.

Hcitioyesie -coCTaBAAIOT (pTOp, KUCIOPON, Teliil, HEOH, aprok, a Takie e~
MEeHTBI TIOATPYIINBl KoBATBTa 1 HUKeJISA: MX BbICIIAs CrefleHb OKUCIEHNA BhIpaxaey
s UACIIOM, SHaueHHe KOTOPOro HUe, 4eM HOMep FPYNibl, K KOTOPOH OHH OTHOC
csi. V oneMeHTOR TIOATPYNMb Mel, HaobopoT, BhiCMas CTelleHb OKHCIEHHs Gor
efUHNLBI, XOTA OHU W orHocATcA K1 rpymme.

Jina oTpaxeHUs B HA3BAHUAX IABYX3JIEMEHTHBIX (6uHapHBIX) COEAMHE
HUi OTPMHATONBLHON CTENEHH OKMCICHMA 3JIeMEHTOB K MX JIATUHCKUM
HasBaHMAM Hobapisierca cydobukc —ud, HANpUMeEp: NaCl — xmopua HaT-
pusi, HF — ¢dropun sopopona, H;N — murpun sogopona, NFy — dropun,
asoTa. [[O7OKMTEIbHAA CTONEHb OKMCJISHUS DJIEMEHTA YKa3blBaeTca B CKOG6-
kax puMckoil mudpoit: FeCly — xnopun xkenesa (111), FeCl; — xnopun,
Kejle3a (H). ' -

§ 5. TUIIbl KOBAJTEHTHBIX MOJIEKYJI

HenonsapEHe H NONADHKE MOJEKynAH. B 3aBMcHMOCTH OT XapakTepa
pacnpefe/ieAUs 3JeKTPOHHON MJIOTHOCTH MOJIEKYJbl MOTYT 6bITE HENOAAP-
HEIMM U HOJAPHLIMA, B HEMONAPHHIX MOJEKYJIaX LeHTPHl TAXEeCTH MOJI0KN~
TeIbHLIX W OTPHUHATEIbHBIX 3apsanoB cosnafawoT. llondprbie MOJEKYJIBI
SABJASIOTCA OunoAfau, T.e. CHCTEMaMH, COCTOAIIMMM M3 [ByX DaBHBIX NO
96 ’

T

Be/IMYMHE M HPOTHBOMOJIOKHHX M0 3HAKY 3apAnoB (g+ M ¢—), HAXOAAMMX-
csi H& HEKOTOpOM pacctosinuu | apyr or apyra. Paccrosinue mexay HeHTpa-
MH' TSUKOCTH MOJIOKUTEILHOrOY OTPHUATEILHOTO 3aPANOB HASHIBAETCH JAt-
noti dunoas. IlonApHOCTE MOJIEKYJIH, KaK M HOJSPHOCTh CBA3HM, ONEHHBAIOT
3HAYCHHEM e€e DHJIeKTPUYEeCKOro MOMeHTa JUICJAA 4, NPeACTAaBARIOWero
coboil mpousBefeHUE AJWHEI AUNONA | Ha 3HayeHHe BJIEKTPHUYECKOrO 3a-
psna:

p=lg

JlnuHa QMOONR MMeeT 3HAYeHMe MOPAAKA nMaMeTpa atoMa, T.e. 10710
a 3apan aekTpoHa 1,6-1071% Kn, mostoMy 3/1ekTpUYecKuii MOMEHT AMIOJsA
uMeeT 3HayeHuR MopAnka 10729 Kn-m (xynon-merp) *.

INEeKTpUYEeCKHA MOMEHT AHNO/AA MOJIEKyAsl HNpeacTabBiasier coboil pek-
TODHYIO CYMMy MOMEHTOB BCeX CBS3e/l W HEeCBASHBAIOLMX 3JEeKTPOHHBIX
nap B MofNeky/e. Pe3y/lbTaT CAOKeHHMS 33aBUCHUT OT CTPYKTYPH MOJIEKYJIM.
Hanpumep, Monekyna CO; UMeeT cUMMeTpHUYHOE JINHEHHOE CTPOSHUE:

§- 28+ §-

[ N am———

”(‘n pCO

IostoMy, xota ceasu C=0 U MMEIOT CUJIBHC AOJSIPHHIA XapakTep, Bjen-
CTBHE B33MMHOIH KOMAGHCAHMU MX 3JEKTPUYECKUX MOMEHTOB NUINOJNA MOJe-
syna CO; 8 nesoM Henonsipua (g = 0). Ilo aToi ke ApHYHHEe HENOJRPHH
JICOKOCMMMeTpHYHble Terpasxpuyeckue Monekyan CHy, CF4, oxragpu-
ckas Monekyna SFg u 1.4,

Hanporus, B yraosoit Mosekyne H,O monsipasie csasu O—H pacnonara-

cAa
®nec
cou

4o/TCA TOL YIIIOM 104,56°. [osroMy uUX MOMEHTH B38HMHO HE KOMIIEHCH-

PYIOTCA ¥ MOJEKYJia OKasbiBaercA nonspuoit (g = 0,61-10°2% Kn-m):

za_
0 «
a+;% ‘\{';H

JJIEKTPHYECKUM MOMEHTOM [HMOJIS 06/31810T TAKXKe YTJI0Bas MOJEKyla
50,. nupauuaansusie Moaekynsr NH;. NF; u 1.n. Orcyrersume Takoro
MOMEHTA CBILETEBCTBYET O BBHICOKG CHMMETPUUHOH CTPYKTYPE MOJERY.1Hl,
HATIfYHe 3JEeKTPUYECKOr0 MOMEHTA AMIONAA — O HECHMMMETPDHYHOCTH CTPYK-
TYpH MOJeKkvaw (Ta6a. 10).

*3eKTpHYeCKUA  MOMeHT
1D = 0.333-1072% Kn- M.

AunonsA MHorga Bhipakalor B aebasix (D)
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T a6 anua l0. Crpoetiie M 0XRMAEMAS NOJAPHOCTD MONEKYI

Tun IlpocTpaHcTBeHHARA OxunaeMast ITpumMepsi
KoHurypaums NONAPHOCTh
Ay TanreneBngHan HernoiisipHasn H,, Cla, N,
AB " fonsipuas HCl, CIF
AB5 | Juneinan Henomnsiprasi | CO,, CSy, BeCly(r)
AB;| VmioBan [Tonapran H50, SO,, NO,
ABC| Jluneinan " COS, HCN
AB3| [Ilinockorpeyronskan HenonsipHas BCl;, SO;
ABj3| TpuronansHo-mmpamuaanshas | [losiapHas NHjs, PCl;, NFy
AB3| T-o6pasHas " ClFs, BrFy
AB4| Terpasnpuyeckas HenonsipHasn CHy, CCly, SiF,
ABy IlstockokBagpaTHas " XeFy
AB;| MckaxenHorerpangpiiecKas [MonsipHas SFy, TeCly
AB; TpuronanbHo-6unupamMunans- | HemosiAapHas PFs, PCls (r)
Has
AB;s Kpaaparso-mipamy nanbHas [Monaptas 1F;
ABg| Oxrasgpuueckas HenosisipHas SF¢, WF
AB;| [MHenraronansHo-Gunnpammn- " IF,
NaNbHas

Ha 3nHayeHne 37€KTPHMYECKOTO MOMEHTA [MNOJNA MOJEKYNH CHABHO
BAMAIOT HECBA3HBAIOMMWE 3JCKTPOHHHEe napol. Hanpumep, Mosmekynn NHjg
u NF3 MMeIOT OfMHAKOBYIO TPUTOHANBLHO-NHPAaMUAAIBHYIO dopmy, moasap-
HocTh cBszelt N—H m N—F rakxe mpummepno ogmnakosa. Opmako snexT-
puyeckuit MoMent aunona NHj; papen 0,49:1072% Kn-M, a NF; — Bcero

B=049-10"PKn-m B=0,0710"PKn u

P u c. 55. Croxenne aeKTpHdeckuX MOMEHTOB IMIIONS
CBA3BIBAOIMX M HeCBASHIBAIOIUX IEKTPOHHBLIX Iap Mo-
jexkyn NHg u NFg
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0,07-1072% Kn-M. 310 06BbsAcEAeTca Tem, 4To B NH; BanpaBienne 3nexkTpu-
YecKOro MOMeHTa AMmoJs ceassiBafomes N—H u necssAsmiBalomeil 371eKT-
POHHOM mapel COBUAJAET M JIDH BEKTOPDHOM CJIOXKEHHHM OO0ycJIOB/IMBaeT
6onpmIoil 3neKTpMyecKui momeHT aumons. Hao6opor, 3 NF3; MoMeHTH
cBAzeit N—F M 3MeKTpORBON maphl HAOPABJEEH B NPOTHBOIOJOXKHLIE
CTOpPOHBI, IO3TOMY HpH CJOKEHMH OHM YacTMYHO KOMIeHcupyiorcs (puc.
55).

3Hasi GKCHepHUMeHTAJIbHBIE 3HAYCHHA MOMEHTa IHUIoNsA, MOXHO paccuuTarhb
TOJIApHOCTL CBA3ell ¥ 2d¢eKTHBHEIe 3apfAnbl aToMoB. B mpocreiimeM ciydae
JBYXaTOMHBIX MOJIEKYJ] MOXHO NMPHOMIKEHHO CUMTATh, YTO UEHTpBl TSDKECTM 3aps—
OB CcOBARJAlOT C siApaMH, T.e. | paBHO MeXDbsAEPHOMY DACCTOSHMIO WM HIJIMHE

cBsiau. Tak, B Monekyne HCl MexbsimepHoe paccrosHme cocTapiser dHCl =

= 0,127 uM. Eciu 651 XJIOpHA BOROPOLA GBI YHCTO MOHHBIM coeqMHeHHeM (¢ paBHO
sapany anexrpona 1,6¢10719 Kin), To ero MoMeHT munouisi 6bU1 611 paBeH

#=1,6-10"19 Kn-1,27-10710 » = 2,032-1072% Kn-wm.

B IOeiicTBUTENBHOCTHM e MOMEHT LWIOJNS ra3006pa3Horo XJopuja BOAOPOJA

_paBet 0,347:1072% Kn-M. Oro cocrasisier npuMepso 18% oT snauenms, paccyuran-

HOro B MPEZAMNOJIONEeHUM MOHHOTO XxapaKrepa cBAsu. TakuM obpasoM, adpdexrTuBHbEe
sapsAael Ha aroMax H u Cl B Moserkyne HCl paBumt 0,18% a6comotnoro sapsanma
3JIeKTpOHA. )

3HaveHNs ANEKTPUIECKIX MOMEHTOB JUIONS HEKOTODBIX MOJEKY] NpUBEAeHb! B

‘rabx. 11.

Tab6auuall Dnexrpaieckuii MOMEHT JAMIIONSA /i HEKOTOPHIX MOJIEKYJ

Monexyna, fu+ 1029, K- M |[Mostexyna [p+ 1029, Kn-m || Mosekyna| p-1029, Kn-uM

H, 0 HBr 0,263 S0, 0,53
N, 0 HI 0,127 NH; 0,494
CO 0,033 CO; 0 PH;4 0,183
NO 0,023 H,0 0,610 SO3 0

HF 0,640 H,S 0,340 BFy 0
HCl 0,347 NO, 0,097 CH4 0

MruoBenskie H HWEAYKOEPOBaHHHE AMIOMM. Mojekyyia mpefcraBisieT
€060l JHHAMMYEeCKyI0 CHCTEMY, B KOTOPOHl HPOMCXOXHUT MOCTOSHHOE [IBH-
JKeHHe 3IeKTPOHOB M KonebGauue Axep. IloaToMy pacupemesieHHe 3apsalOB B
Hell ge MOXeT OLITh CTpOTO mOocTOARHBIM. Hanpumep, Monekyny Cl, orHo-

ScAT K HENIONSPDHBIM: 3HAYEeHHe €¢ 3JIeKTPpHYeCKOro MOMeHTa AHMNOoAsa paBHO
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Hymio. OfHAKO B KaXABIH JaHHBIA MOMEHT POMCXOJAUT BPEMEHHOE CMellle—

+ - - +
HUEe 3apsflOB K OJHOMy W3 aTOMOB XJIOpa: él — (éll WIIH él — (éll c
obpasopaHuEM tHOBenNnT muxpodunosed. [lockonbKy mono6HOe cMelteHne
3apAA0B K MIOO0OMY U3 aTOMOB DABHOBEpOSITHO, CPelHEe paclipeiesieHue
3apsAL0B KaKk pa3 U COOTBETCTBYET cpeflHeMy HYJIEBOMY 3HAYEeHUIO MOMEHTa
JNIIOJIA. ’

[t DONMsIpHBIX MOJIEKYJT 3HaYeHHe MOMEHTa JUIOJs B KaX /bl JaHHBLI
MOMEHT BDEMEHH HECKOJLKO GOJIBIIE WM HECKOJBKO MEHBHIE €0 CPelHero
sHayenus. HanpaBieHne M Be/IMYNHA MrHOBEHHOTO JAMIIONS HOABEPIKEHB!
HepPephLIBHEIM KONMEOAaHMsIM M N0 HAOPABJIGHMIO OH MOXET He COBMNAJAATh C
HapaBJIeHUEM [OCTOAHHOrO MOMEHTa gunonsi. Takum obpasom, mni00yio
HEMOJIAPHYIO U HONSIPHYIO MOJIEKYJly MOXKHO paccMaTrPMBATh KAaK COBOKYI-
HOCTb HEPUOAHYECKHX OueHb OBICTPO MEHSIOMIMXCA 0 BEMHYMHE U HAlpaB-
JIEHUIO MTCHOBEHHEIX MUKPOJMITOJNEN.

Ilon, peiicTBMEM BHEIUHEro 3JEKTPUYECKOTO MOJsI MOJIEKYNa IONs-
pusyercs, T.e. B Heil MPOMCXOAUT MepepacnpeesieHNe 3apsiaoB, M MOJe-
KyJla IpHOOpeTaeT HOBOe 3HAYCHUE DTEKTPUYECKOro MOMeHTa Aumons. Ilpu
3TOM HeNOJIAPHBlE MOJICKYJBl MOTYT HPEBPATUTbCs B NMOJspHBIE, a MOJAP-
HHIe CTAHOBATCA elle Gosee nonspHeiMu. Mnaue roBops, moa aelicTBueM
BHEIIHErO DJNEKTPUYECKOTrO IOJAs B MOMNEKyJiaX MHAYIMpYyeTcs JUIONB,
Ha3LIBAEMBIH HeGedeNNsu U UNOYYUposannsn. B oTnuune or mocrosiH-
HEIX W MCHOBEHHBIX HaBefeHHBIe (MHIYNHPOBAHHEIE) AMIOIM CYUECTBYIOT
JIMIUb OPHM JelicTBMH BHeWIHero yiekrpudeckoro noss. Ilocne mpekpaie-
HUSA JeiicTBUA TNOJA HaBeJACHHHE AUNONM ucdye3alor. [lonspHocThio M
HOJIAPUSYEMOCTBIO MOJIEKYJE O0YCJIOBJIEHO MEXKMOJIEKYJISIPHOE B3auMOoeicT-
BUE.

I' T ABA 4. HOHHAS CBsi3b. HEBAJIEHTHLIE TUIIH CBA3H

§ 1. MOHHASA CBA3b

llpuposy MoOHHON cBA3H, CTPYKTYpPY M cBOMCTBA MOHHEIX cOeAMHEHUH
MOXHO OOBACHUTE JNMEKTPOCTATUYECKUM BiauMmojeiicrBueM uoHoB. Cnoco6-
HOCTh 3JIEMEHTOB 0Opa30BHIBaTh NPOCTHE MOHB OGYCIJIOBIIEHA 3JICKTPOHHOM
CTPYKTYPO# MX aTOMOB. DTy cIOCOGHOCTb MOMKHO ONEHHUTb 3Heprueil MOHHM-
3allUH M CPOACTBOM aTOMOB K 3JIeKTpOHY. [loHATHO, 4TO Nerue Beero obpa-
3YIOT KAaTHUOHBI 3JIEMEHTH ¢ MaJOil JHepruedl HOHU3ALUM — IIEJIOYHbIe M
MEOYHO-3eMeNbHEIe MeTalisl. O6Gpa3soBanme Xe B yCJIOBUAX OOBRIYHBIX
XAMUYECKUX NpeBpallleHUNi MPOCTHIX KAaTUOHOB JPYruX DJIEMEHTOB MeHee
BEPOSITHO, TaK KaK 3TO cBsi3aHO ¢ 3arparoil 60NbIIO# DHEpruM Ha MOHM3a—
OHIC aTOMOB.
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[IpocThie aHMOHHEI Jierde Beero oOpasylor p-anementsl VII rpynnbi
BCJIEACTBME MX BHICOKOTO cpoficTBa K 3JekTpoHy. [lpucoeaunenue oanoro
3JIEKTPOHa K aTOoMaM KHCJIOPOAa, cephbl, yriepoja, HEKOTOpHIM ApYyTuM
JJleMEHTaM cONpOBOXKAaeTcs BhlAeeHMeM dHepruu. [lpucoenunenue xe
NOoC/eNYIONUX SJEKTPOHOB ¢ OOpa30BaHMeM CBOGOAHBIX MHOTO3aps/IHBIX
NPOCTEIX AHUOHOB MecTa He uMmeer (cM. Tabn. 6), MO3TOMY COEAUHEHHUS,
cocTOSAMe U3 MPOCTHIX HOHOB, HeMHOToumcieHHH. OHM Nlerye Bcero
06pa3yioTcsi OpU  B3aUMOJEACTBMM IIENIOYHBIX M MIENIOYHO-3eMEJIBHBIX
MeTallnos ¢ rajgoredHaMu. OIHAKO ¥ B 9TOM cJiydyae 3JIEKTPOHHAsA IJIOTHOCTH
MeXKIY HMOHaMM He paBHa HyJI0, HO3TOMy MOXHO [OBOPUTH JIMIOB O
OpEeUMYHIECTBEHHOM  NpOsIBJIEHMM  MOHHON  cBsisu.  Paamycmr ke
O/JHOATOMHBIX ~MHOTO3apsiHBIX MOHOB NPEACTaBJIAIOT €060  YMCTO
yenoshple BesuuuHbl. IlpescraBiedne O MOHHHIX KpHCTaNnax — 3TO
H1€ATTH3UPOBAHHAA MOJEJb.

HenanpasiieHEOCT M HEHACHINACMOCTL MOHHOM CBSA3H. OJIeKTpUUYecKHe
3apAA L UOHOB OOyC/IOBIUBAIOT UX IPUTSKEHUEe U OTTAJIKMBAaHUE U B LEJIOM
ONPENEAIOT cTEXHOMETPUYECKUI cocTaB coeaunenusi. MoHE MokHO mpena-
CTaBUTb KaK 3apsKeHHEe IIaphl, CUJIOBHIE OJISA KOTOPHX DPABHOMEPHO pac-

 IPeAeNsIIoTCA BO BCEX Hampap/ieHHsAX B mpocrpadcrse. IloaToMy KaxabIin

WOH MO)XeT IPUTAruBaTh K cebe MOHBI
MPOTUBOIMOJIOKHOIO 3Haka B JIOOOM
Hanpasiennu. WUnave ropops, HOHHAA
CBA3bL B OTJIMYME OT KOBAJEHTHOM Xa-
paKkTepusyercs nenanpaenennobmsm.
onsaTHO, YTOo B3auMOxeiicTBUE APYT
¢ APYroM ABYX HOHOB TIPOTHBOIOJION-
HOTO 3HaKa HE MOMeT MpHUBECTH K ITOJI-
HOIl B3aMMHOI KOMOEHCANUM HUX CHIIO—

Puc 56. Pacn -
BeIX noneit (puc. 56). B cuny artoro y CIPSANICHHE SISKTDH

YeCKUX CUJIOBBIX IOJIell OBYX pa3Ho-

" HUX COXpaHsAETcA CIOCOBHOCTD OpUTA- WMcHHBIX UOHOB

IrUBaTH WOHBI I POTH BOIOJIOHHOTO
3HaKa M 1o JApyrMM HanpabilenusaMm. CrnemoBaTeJIbHO, B OTJAHYHE OT
KOBaJIGHTHOIM NOHHAS CBS3b XapaKTepU3yeTcsl TaAKKe HENaCHUudenocmsio.
Crpyxrypa wmommEmX coepumenmii. Bcenescrsme HemHampaBjieHHOCTH M
HEHACHIIAEMOCTH MOHHO CBA3M DHEpPreTMuecku HaubOoJee BHIOAHO, KOTAa
KaX/Ablii MOH OKPYXEeH MaKCHMMaJIbHBIM YHCJIOM HMOHOB NIPOTHBOIOJOKHOIO
3Haka. QaHAKO M3-3a OTTAJIKMBAHUA OAHOMMEHHBIX MOHOB APyl OT Apyra
YCTOHYUBOCTE CUCTEMBl JAOCTHraeTcs JIUIML OpH ONPEAENICHHON B3aUMHOM
KOOPJMHANUHU HUOHOB. |
B ornuume OT KOBaJIEHTHHIX COEAMHeHMH KOOPAMHAUMOHHOE YHCIIO
(k.4.) B "uncro" MOHHBIX COCAMHEHUAX He 3aBUCUT OT cnenuPUKN 3MIEeKT-
POHHOI CTPYKTYPH 3J€MEHTOB, a Onpelensiercsi cOOTHOUIEHMEM pa3MepoB
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NacCl CsCl

P uc. 57. CTpyKTypHBII THII XJlo- Puc. 58. CrpykTypHsiit Tun xmio-
puna Hatpus NaCl pina uesus CsCl

noHoB. Tak, NpU cOOTHONIEHMM HOHHBIX paauycosB B npexpenax 0,41—0,73
HMEeT MecTO OKTadApUYecKad KOOpAMHanMs HOHOB, NPU COOTHOIIEHUM
0,73—1,37 — kyOugeckas xoopauHanMs u 1.1. Hanpumep, npu B3auMoznei-

creun uoHos Na* (r . 0,098 am) u Cl- (TCI' = 0,181 umM), cooTHOIIEHHE

3HavYeHUit paauycoB Kotopelx paBHO 0,54, BO3HMKaeT OKTa3jgpuyecKasi
koopauHanus (puc. 57). IlonobHas B3aMMHaA KOOPAMHANUA HOHOB JOCTH-
raercsi npu o6pa3soBaHUM NPOCTO KyOHUYecKoit KPpHUCTAIMIECKON pelleTKH
xiopuna Harpusa (puc. 57). Coornomenne monneix paanycos Cs* (r o+ =

+

= 0,165 umM) u CI- (rCi' = 0,181 um) pasuo 0,91, yro coorsercTByer

KyOuueckoii koopAuHamuu (puc. 58).

Takum 06pa3oM, B OOBIYHEIX YCJIOBUSX MOHHBIE COEAMHEHUA NPEACTAB-
JAI0T c060 KpMcTaJIM4ecKue pemlecTsa. 1103TOMy Iisi MOHHBIX COeIMHE-
HMil ToHsiTHe npocThix AByxWOHHBIX Monexkysa TMna NaCl n CsCl rtepser
empics. Kaxnapiil kprerann cocrout M3 orpomHoro 4Mena umoHos: Na,Cl, u

Cs,Cl,,.

§ 2. METAJIVIMYECKAS CBA3b

CyuiecrBeHHble c¢BeleHUs1 O MPUPOAE XUMMYECKOH cBA3M B MeTrallnax
MOXHO TOJIyYUTh HA OCHOBAHMM MX JABYX XapaKTepPHBIX OCOOGeHHOCTeH IO
CPABHEHMIO ¢ KOBAJIEHTHBIMM M MOHHBIMU coeqMHeHUsiMM. MeTannsl, BO-
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NEPBBIX, OTNNYAIOTCA OT APYTUX BelllecTB BHICOKOH
3NEKTpUYecKOil NPOBOIUMOCTRIO U TENJIONPOBOJ-
HOCTBIO, BO-BTOPBIX, B OOBIYHBIX YCJOBMSX ABJSA-
JOTCS KPHCTANMUYEeCKHMH BEIECTBAMM (33 HCKJIIO-
YyeHHEM PTYyTH) ¢ BBICOKMMHM KOOPJWHANNOHHBIMHU
gHcsaMH atoMoB (puc. 59).

Uz nepBoro xapakrepHoro csoificTea wMeTajlna
cneayeT, 94ToO No KpaikHeHd Mepe JacTh 3JIEKTPOHOB
MOXCET NepenBUrarbesi MO BceMy o6beMy Kycka
meranna. U3 BTOporo cBoiicTBa METANJIOB cliiellyeT,
9YTO MX ATOMBI He cBsi3aHBl APYTr ¢ APYroM JIOKaJIHu-
30BAHHBIMM JBYX3JIEKTPOHHBIMM CBA3AMM. YMCIO BAJEHTHBIX 3/1€KTPOHOB

P u c. 59. B3auMHast Ko-
OpIMHALIMSI aTOMOB B
KPUCTa/e AUTUSA

aToMa MeTajljla HEeJOCTATOYHO [Jisi oOpa3oBaHMs NOAOOHBIX cBsA3eil co
'BCEMM €ro cOceAsiMH.

Hanpumep, suTHii kpucralnuilyercsa B KyOH4ecKoii 00beMHO-[IEHTPUPO-
BaHHOH pellleTKe, U KaXIBI €ro aToM MMeeT B KpHcTa/ljle 10 BoceMb OyM-
KallUX coceNHUX aToMoB (cM. puc. 59). Jlas o6pa3oBaHUsA I BYX3J1€KTPOH-
HBIX cBs3€ll B MOAOGHON cTPYKType aTOM JIMTHs AOMXKeH Obln OBl mpenoc-
TaBUTh BOCEMb JIEKTPOHOB, YTO, KOHEYHO, HEBO3MOXHO, TaK KaK OH MMeer
Wb OUH BaleHTHHIM anekrpon (1s2241).

IIpupony xummuyeckoif cBsi3zm M XapaKTepHBIE OCOOEHHOCTH METAJJIOB
'MOJKHO OOBSICHUTH Ha NMPUMEpEe JIMTHsl clIEAyIOWUM o6pasoM. B kpucranie
JIUTUS OpOMTANIM cOceAHMX aTOMOB nepekpbiBaiores. Kaxnmii aroM mnpe-
'},noc'ramme'r Ha cBjA3b YeThpe BaJleHTHbe OpOMTAAM M BCEro JMIIb OAUH
BAJTEHTHBIA 2JIEKTPOH. 3HAYNT, B KPUCTA/UIE METAa/lia 4MCJIO 3JIEKTPOHOB
BHAYMTENLHO MeHblIe yucsia op6uTtanieii. [losToMy 2eKTPOHEI MOryT nepe-
'XOJMTh M3 ONHO¥M OopbMuTanu B APYryio. TeM caMbIM 2IeKTPOHBI PUHMMAIOT
‘yJacTue B 0ODAa30OBaHMM CBSISM MEXJy BCEMH aTOMaMM KpHcTalljla MeTalljia.
K ToMy e aToMBl MeTa/isIOB XapaKTepH3yIOTcs HEBHICOKO JHEprueit MOHM-
‘3aUM — BaJIEHTHBIE DJIEKTPOHBI c1a60 yAep)KMBAIOTCS B aToMe, T.e. JIErKO
‘mepeMeIaTes [0 BceMy KpHcTajlty. Bo3MosHOCTE mepeMelteHust 1eKTpo-
‘HOB IO KPHUCTANY ONpEeAeNsAeT 3IeKTPUYIECKYIO MPOBOAMMOCTh MeTallna.

Takum o6pa3oM, B OTZIMYME OT KOBAIEHTHHIX M MOHHBIX COEIUHEHWIl B
Merajnax HeOONBINOEe YMCIIO 3EKTPOHOB OAHOBPEMEHHO CBsI3BIBAET GOb-
/OI0e YUCJIO aTOMHBIX ANEP, a caMU DJJEKTPOHBL MOryT nepeMelarbes B
‘Metanye. Mnaye ropopsi, B MeTalnax MMEET MECTO CHJIBHO J€JIOKAIN30BaH-
“Has xXuUMH4ecKad cBa3b. COrjiacHO OJHON W3 TEOPHIl MeTalJ MOXHO pac-
CMaTpHUBATh KaK IJIOTHO YINAKOBAHHYIO CTPYKTYPY U3 [OJIOKMTEJIBHO 3apsi-
KEHHBIX MOHOB, CBSIBAaHHBIX JPYr € JAPyroM KOJUIEKTMBH3MpPOBAHHBIMU
3MleKTPOHAMM (B/IEKTPOHHBIM [a30M).

Benenersne HeNMOKaJIN30BAHHOCTH META/UIMYECKON CBASH JUIA €e onmca-
HMs JIyqIie Bcero MOAXOMUT TeOPHs KPMCTAIIMUecKHx opGUTateil.
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§ 3. MEXKXMOJIEKYJIAPHOE B3AMMOJENCTBUE

Meaxny MOJIEKYNTaMH MOXeT OCYUIEeCTB/IATHCA KaK JJIeKTpOCTaTU4YecKoe,
TaK ¥ JOHOPHO-AKIENTOPHOE B3AUMOIeicTBUE.

DNEKTPOCTATHYCCKOE BIAWMOMCHCTBME MOJICKYA. OTO B3auMOJelicTBUE
MOJIEeKYyJT MNOoApa3fensiloT Ha OPpHEHTAIlMOHHOe, WHAYKIHWOHHOE W Jucnep-
cnornoe. Hanbonee yumsepcalbHO (T.e. HPOABAAETCA B JIOOHIX CJy9asx)
Jucnepcuonnoe, Tak KaKk OHO 0OOYyCJIOBJI@HO B3aMMOJENCTHEM MOJEKyJa ApYT
¢ ApYroM 3a CcY9e€T UX MTHOBEHHHX MuKpoaunonefi. Ilpu cOnumxerun mone—
Kyl OpMeHTauus MUKpOJAUnoneH nepecraer OpITh HE3aBMCUMONH M MX NOsB-
JIeHUe 1 UCYe3HOBEHNEe B Pa3HBIX MOJIEKYJIaX IPOUCXOAUT B TAKT ApPYr APy-
ry. CHHXpOHHOE NOsBNCHME ¥ MCYE3HOBEHME MUKPOAMIONEH PA3HBIX MOJe-
KYJl CONPOBOMXJAeTcss MX npUTAxeHueM. Ilpu orcyreTBHM CHHXPOHHOCTH B
NOABJEHUHN U MCYE3IHOBEHUH lidHRpOIlI/IHOJIeI‘;l NpOoUCXOOUT OTTAJIKMBaHUE.

Opuenmayuonnoe (OUNONB-AUNOIBHOE) B3aUMOACHCTBAE MpPOABJIAETCS
Mex Iy TIONSIPHBIMU MoJsiekynaMu. B pesynbrate GecnopsamodyHOro TenaoBoro
ABMXKEHUSl MOJNIEKYA NMpH UX cONUXEeHMM ApYr ¢ APYroM OAHOUMEHHO 3aps-
JKEeHHpIe KOHIB AUNOJeil B3aMMHO OTTaJKMBAajOTCA, a IPOTUBONOJIONKHO
3apsiKeHHbe NPUTATUBaIOTCA. JeM 6osiee NOMAPHB MOJIGKYJIBI, TeM CHJIb-
HES OHU NPHUTATMBAIOTCSA K TEM caMBiM OGOJNBILE OPUEHTANVOHHOE B3aMMO~
AcHCTBHE.

Huoyxyuonnoe B3aumoneiicTsMe MOACKYA OCYIECTBIAAETCA 3a cYeT HX
UHAYUUPOBAHHLIX Junosefi. JomycTuM, 4YTO BeTpeYaloTcsi NOJASApHAsA M
HenoJsApHaA Mosiekyanl. Ilox neficrBuemM monsipHON MOJIEKyJIBI HENOJISIpHAsA
Mostekyna aedopmHUpyercs M B Hell BOsHMKaeT (MHAYUMpYyercsi) IMIOINE.
NuaynupoBasHsli JUMOIb OPUTACMBAETCA K NOCTOAHHOMY MUIONIO NOAAp-
HOMl MOJIeKYJlbl M B CBOIO OYEpEAb YCUJIBACT NIGKTPUYECKMII MOMEHT
JUNOJNSA NOJAPHON MOJICKYJIBL.

Wupyknnonkoe BzanMopneiicTeue TeM 6oaplle, YeM 60JbIIE MOMEHT
JUNOJIA U NONAPU3YEMOCTb MOJleKyJIbI.

OTrHOCUTENBHBIN BKIAA KaXAOro M3 PACCMOTPEHHBIX BUIOB MEXMOJNEKYy-
NAPHBIX CUJI 3aBUCUT B OCHOBHOM OT ABYX CBOHCTB B3aMMOAEHCTBYIOMIMX
MOJIEKYJI: MOAAPHOCTH M monsApusyemocru (Aedopmupyemoctu). Yem Bpitue
NONAPHOCTB, TeM 3HAYUTE/NbHEe pOJb OPHUEHTALVMOHHBIX CHMJI; YeM 60sbIué
JepopMHPYeMOCTh, TéM 3HAUHTENbHEE pOJib AMCIEPCHOHHBLIX cua. HHIYk-
IMOHHBIE CHABl 3aBHCAT OT 0Gomx BaKTOpOB, HO caMlii OGLIYHO WTPalOT
BTOPOCTENMEHHYIO PO.Ib.

Cunbl MEAMOJIEKYIAPHOTO B3aUMOJEHCTBH, BO3HUKaOIMe Ge3 mepeia-
Y aToOMaM!l 3JIeKTPOHOB, HOCAT Ha2BaHHe eaudepeaaﬂmcoeur cul

HayueHne 3.1€KTpOCTATUYECKOrO MEXMOJNCKYNAAPHOro B3aUMMOEICTBUA
uMeeT GObILIOE 3HAYEHUE 7151 UCCJIEOBAHMS CBOMCTB M CTPYKTYPH ra3os,
JKUAKOCTEH H TBEpABIX BemlecTB. BaHnepBaalbcoBbl cubl 06ycI0BANBANOT
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MPUTSKEHNE MOJIEKYJI M arperanuio BellecTBa, NpeBpauleHue rasoobpas-
HOTO BEIIEeCTBA B JHMIKOE M Jajlee B TBepAOe cOocTOsiHMe. Tak, npu oxjaxk-
NeHUM rasoo6pasHOro XJiopa, HanpuMep, oO6pasyloTcsi KPUCTAJLIH, COCTaB-
neHnbie U3 Monekyn Cly, Mexay KOTOpBIMU AERCTBYIOT JMCIEPCUOHHBIE
CHUJIBL.

[lo cpaBHeHMIO ¢ KOBAJEHTHOM CBS3bIO BAHJEPBAAJIBCOBO B3AUMO-
neficteue oueHs camabo. Tak, ecnu 3Heprus aucconmanyu Monekynsl Cly Ha
aToMbl coctapaser 243 k/lx/Monb, TO 3Heprusi cybauManuy (BO3rOHKHM)
kpuctannos Cly cocrapaser 25 kIl /mMons.

Jlonopao-akienTopHOe B3aNMOAcHcTBHe MONekyd. OHo BO3HMKaeT 3a
cYer JIEKTPOHHON mapwsl ONHOM MOJIeKyJbl U cBOOOIHOM opOuTanu Apyroi.
310 B3auMOpeicTBMe NMPOABIACTCSA B NEPBUYHBIX AKTAX MHOTMX XuMHUYec-
KMX peaKlMii, JIGKUT B OCHOBE KAaTaIMTMUYECKHUX MpOneccoB, obycJioBlnBaeT
COABBATALIMIO MOJICKYJ M MOHOB B PACTBOP&X, MOXET NPHBOAMTL K 06pa3o-
BAHUIO HOBBIX COSJAVMHEHUN.

3a cyer JOHOPHO-BKUENITOPHOTO B3aMMOJEHCTBUs, HApUMep, MOJIEKYI
BFs u NH; o6pasyerca coepuneHue (MEXMONEKYIAPHBIA KOMIJIEKC) coCTa-
pa BF3;-NHj:

b- &+
H3N - BFs - H3N'BF3

[Ipu 3TOM nonoxuTeNbHO MOAsApU3OBaHHBEI aToM 6opa B BFj, umero-
nmi cgoboAHyl0 opburank, BHICTYNaeT B KayecTBe akuenropa. Orpuua-
TEJIBHO MOJAPU30BaHHBIA aToM asota B NHj;, umelomnit necpsaseiBaloulyio
napy 3/MEeKTPOHOB, BHICTYIAET B KayecTBe JIOHOpa.

H F H F

| l |- ]
H—N: 4+ 0oB—F —+ H—N—B—H

l l |

H F H F
ACHOPp  aKLentop

DHeprus MeXMOIEKYJAAPHOro AOHOPHO-AKLENTOPHOTO B3auMOAeHcTBUA
Kosebnercst B IIMPOKOM uHTepBaie or 6 Ao 12 kMlx/Monk, 4yro 6amM3Ko K
3HepruM BaHJepBaanbcOBa B3aumoldeicTBusa, A0 200—250 kllx/Mone —
3Ha4YeHlA, CONOCTABUMOIO ¢ JHEPTrHel KOBAaIeHTHBIX cBA3eil.

B kavecTBe npuMepa MEXMOJNEKYASDHLIX KOMIUIGKCOE MNpUBeldeM COeaMHeHWs
mona co cimproM l;- CH3OH, ammmaxkom I;-NHj. Gewizsonmom I,-CgHg, adupowm

dt 1a-O(CHy)y. Ilpnt ob6pasoBaHM¥M OTHX COEIMHEHMA MONEKYJa HOAa BhiCTynaer B
il KayecTBe AKUENTOPa AIEKTPOHHO! Naphl 3a cyeT cBoBOJHOM MoJjeKyJsapHon x*-
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G'SUS U:R'IﬂyWI 1ry 0'2.



DHeprus JyUccolManuy YKABaHHBIX KOMIUIEKCOB Ha,
MOJIeKYJbl cocTapAsieT pcero 8—20 kJlx/Monb. 3HauM-
TeILHO NpodHee jJOHOPHO-AKILENTOPHOE B3aMMOjlei cT-
Bue B komruiekce AlCl;-NHj: osHeprusi gucconuanum
aroro CcoefMHEeHMsT Ha MoJexyldbl cocTaBiasier 230
k[l / Mo,

JloHOpHO-3KIeNITOPHOE B33MMOeMCTBUe MEX]y MO-
JleKyJIaM{ "4acTo o0yCJIOBJIMBAeT Iepexoj] BellecTba M3
FasoBOro B JKUAKOE U TBePjl0€ ArperaTHoe COCTOAHUSL.
Hanpumep, B rasoBom cocTosAHMM judTopuy Gepui-
Puc 60 Crpyxrypa JMA HaXoQUTCA B BHje JIMHERHBIX mollekyn BeFy:
kpucraisia dropuga OGe-
puiuinst BeF'y a

o Be QF

3a cyeT cBOBGOIKEIX OpGMUTalelt aToMOB GePUJIMS M HecBASLIBAIOLUX {Heolpe-
J€JIeHHEIX) 7eKTPOHHBIX NAp aToMoB (dTopa Mexay Mojekyiamu Bel; BoaMoskHo
JIOHODHO-aKUeNTopHOe B3auMojeficTBHe. JTa BOBMOMHOCTL DeajU3yercsl HMpU noHU-
KeHUM TeMmIepaTyphl: MoJjlekyJsl BeF; accopumpytoress ¢ obpasopaHueM MOJMMeEp—
HOI mouekyntl BepnFj, — kpucramwia BeF, (puc. 60). B nem atom Be umeer 4
KOBAJIEHTHbIe CBSBU.

§ 4. BOOOPOJHAS CBSI3b

Muoroyuciieduple SKCOEPUMEHTANbHBIE JaHHBIE CBUAETENbCTBYIOT O
TOM, 9TO aTOM BOJAOPOHA CNOCOGEH COSAUHSITHLCA OLHOBPEMEHHO C IBYMSA
OPYrUMH aTOMaMi (BXOMSIIMMHU B COCTaB PasHbIX MOJEKYJ WIM OJHOH M
TOH e MOJEKYJIbI):

b+ 6 -
RA-H:.--:BR,;

C onnum u3 aroMoB (A) BOLOpOx OGBIYHO CBA3AH 3HAYUTENBHO CUJIbHEe
(3a cuer Kopa/enTHOi cBasu), 9eM ¢ apyrum (B). Mocrennsas cpase nomy-
yMsia Has3BaHMe 6000poodnoti. Ee 06bryHO M306pakaloT TOYKaMU WJIM MyHK-
TUPOM. ’

BO,U,OPOI_LH&H CBsA3b [0 MPOYHOCTHU HpeBOCXOﬂHT BaHﬂ,epBanIbCOBO
B3auMoneiicTeue, U ee aneprua cocrasasier 8—40 kJlxk/Moas. Onnako ona
OOBIYHO Ha NOPANOK caadee KOBaneHTHOH cBsisH. Bomopoanas cBA3p Xa-
paKTepHa AJA COEAMHEHMN BOAOPOAa ¢ HauboJsiee 2IMEKTPOOTPUUATENbHbBIMU
anementamu; ¢ropa (25—40 klx/mons), kucmopoza (13—29 xkx/mons),
a30ta (8--21 K/l /MOMB) — M B MeHBIIEH CTENEHU XJ0pPa U Cephl.

O6pasopanue BOOOPOAHONH CBA3M 06A3aHO HUYTOKHO MaIOMy pasMepy
NOJOKUTEABLHO MOJSIPU30BAHHOTO aTOMa BOAOPOLA M eroc cHocoBHOCTH
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rJy60KO BHEIPATHCA B IEKTPOHHYIO OOOJIOYKY cocesiHero (KOBAJIEHTHO ¢
HMM He CBA3AaHHOIO) OTPUUATENILHO MOJSIPU30BAHHOrO aToMa. Besemcrsue
3TOrO NpPHM BO3HUKHOBEHMM BOJOPOAHOM CBA3M HApsAY C JEKTpOocTaTHYec-
KMM B3aUMOZEMCTBMEM MOPOSBASETCs W JOHOPHO-AKUENTOPHOE B3anMoO-
nercreue.

Bozpopoznast ¢cBsA3p BeCbMa pacNpoCTpaHeHa M UTPaeT BakHyIO pOAb NPU
accOLMalUU MOJIEKYJ, B IpOIeccaX KPUcTANIN3auuu, pacTBOpenus, obpa-
30BaHUl KPUCTAJVIOTMAPATOB, 3JIEKTPOMUTUYECKON AMccOonManui U APYrux
BaXKHbIX (PUBMKO-XUMUYecKUX mpoleccax. Hanpumep, B TBepaoM, xUAKOM
U Jake B Fa30BOM COCTOSHUM MOMeKydH ¢propuaa somopoaa HF accoummu-
pPOBaHBI B BUI3aroo6pasnbie LENOYKH BUIA

-
5— g:r_,=.F_‘\ o+ H"':E\
R Qg H‘s
.F: Q:ﬂ “‘A '?: \1340/ =

9T0 00YCcJIOBJIEHO BOMOPOAHON CBSBEIO.

Monekyia BOABE MO¥eET 0Opa30BHIBATH YETHIPE BOAOPOLHBIE CBA3M, TaK
KaK MMEer [Ba aTOMa BOAOPOAA M [IBE HECBA3HBAIOIIUE 3MEKTPOHHBbIE
napbl:

)

OTa CHOCOGHOCTL MOJNEKYNIbI BOABl O6GYCIIOBJIMBAET CTPOEHUE BOIBI M
“AbOA.

Bopopoanas cBA3p wurpaer 6OMbIIYI0O POJNIL B XUMHHU OpraHuy4yecKux
COeIVHEHUN, NONUMepOB, OenkoB. Bceseacrsue HeNpPOYHOCTH BOAOPOIHBIE
CBA3M JIECKO BOBHUKAIOT M JIETKO Pa3pbIBalOTCs NpHU OOLIYHO TeMIiepary-
pe, YTO BeCHMa CYINECTBEHHO AJs GHOJIOTHYECKUX MPOLECCOB.

['JI A B A 5 KOMIUIEKCOOBPABOBAHME. KOMIUIEKCHBIE
COEJMHERNAS

§ 1. KOMIVIEKCOOBPA30OBAHHE

Kak wu3BecTHO, cuAbl NpUTAMEHUA [AEACTBYIOT HE TOJNBKO MEKAY
aTOMaMM, HO U MEeXAY MOJeKyJaMHu. JTO NOATBEPkKIAETcst TEM, YTO B3au-
MOnelicTBME MOJIEKYJT 4acTO NPUBOAMT K 00pa3OBaHMIO Apyrux, 6ojee
CroxHerx Monmekysn. KpoMe Toro, razoo6pasubie BewlecTBa Npu COOTBETCT-
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BYIOIUMX YCJIOBUAX NEPEXONST B XHUJKOE U TBEpJOe arperaTHoe COCTOsHHe.
JIro6oe BemecTBo B KAKOI-TO MEpe pacTBOPHMMO B JpyroM BEIIECTBE, 4YTO
OnATB-TaKM CBUIETEIBCTBYET O B3auMmomeicTsuu. Bo Bcex sTUX cayvyasax
O0OBIYHO HabJMIofaeTcs B3aMMHas KOOPAMHANUA B3aUMOAEHCTBYIOIIMX 4Yac-
THL, KOTOPYIO MOXHO ONpee/uTh Kak KXoauniexcoobpasosanue. OHO HUMmeeT
MECTO, HAOpUMEp, IPU B3AUMOJEHCTBUN MOJEKYJ ¢ WOHAaMH, NPOTHBONG—
JIOXKHO 3APSKEHHBIX MOHOB M MOJIEKYJ Apyr ¢ apyrom u t.n. Tak, obpa-
3yOMMecss NpH pacTBOPEHHM CoOJeil B BOJE HOHBI CFUADPATUPOBaHMH, T.€.
BOKDYT' HUX KOODJAMHWPOBAHH MOJIEKYJBl pacTBopuTelsi. Baaumuas koop-
IWHAKUA MOJIEKYJT Habijoaaercs IpH MEpexo/e BelecTBa U3 Ta3oBOro B
WKUJIKOE U TBEPAOE COCTOSIHUA U IIp.

IIpuyuHOt KOMIJIEKCOOGPA30BAHUA MOXKET OBITh KaK 3JeKTPOCTATH-
Yeckoe, TaKk M JOHOPHO-aKIENTOPHOE B3aHMOJEHCTBUE, OCYIECTBJAEMOe
MexJy HOHaMH U MOJICKyJaMu, MeKIy MOJICKYJaMu.

§ 2. KOOPJIMHAILMOHHBIE (KOMIJIEKCHHIE)
COEJIMHEHUA

OcHoBononaraiouye NpeAcTaBleHUusi O KOMIJIEKCHHX COSIUHEHUAX BBEJI
B Hayky mBeiuapckuit yvenblili Anedpen Bepuep (1892). B passuruu
XMMUN KOMIVIECHBIX COEJIHMHEHMI GOMBIIVIO pOAL ceHIrpain Tpyiw JLLA.
Yyraeea u ero wmHorouucnenublx yueHunkos — M.UM. Yepusesa, A.A.
Fpunt6epra, B.B. Jle6enunckoro u ap. [lo BepHepy, B 60apmimnHcTBe KOMI-
JIEKCHEBIX COeUHEHMI Da3/INYaloT oHYMPENKIOW N enewnrow cdepu. Ha-
npuMep, B komnnekcubix coegunenusx Ko[BeF,], [Zn(NH;)4Cl; suyrpen-
HIOIO cgepy COCTaBAIOT TPYNIIMPOBKM aToMOB (koMiltexcel) [BeF ]2 u
[Zn(NH3)4)2*, a BHewHIOWL chepy — coorBercrBenno nonsl K* u Cl-. Ilent-
pajbHBIi aToM (MOH) BHyTpeHHel cdephl SIBIAETCA KounAexcoobpasoeame-
A€M, a KOOPAVHUPOBaHHBIE BOKPYT HEro MOJEKynn (MOHBI) — Auiandamu.
B ¢dopmysax xommnexcHbIX coenuHeHMi BHYTpeHHiow cdepy (koMIzekc)
YACTO 3aKJIOYalOT B KBAJPATHBE CKOOKHU.

O6menpru3HaHHOrO onpenenenus NoHATUA "koMmnnekcnoe coennuenue
HeT. OTO 00yc/lOBNEGHO pa3HOo06pa3ueM KOMIICKCHHX COSIMHEHMH U KX
XapaKTepHbIX cBOiicTB. B jaGopaTopHOit IpaKTMKe XHMHKM Yallleé BCero
HCIONB3YIOT COENVHEHNS B TBEPJOM U DPACTBOPEHHOM coctosiHuu. Jlns stux
yCTIOBUI MOXKHO AATh CJCAYIOIIEe ONpeNeseHHe KOMICKCHBIX COSIUHEeHU:
XKOMNAEKCHBLAUY HAIBLOAIOM COCOUNENUS, 6 YIAAT KPUCTIAAA0E KOMOPHLE
Hazodxmcsz KOAUNAEKCHL, CnDCOﬁ’H’blC x CGMOCmOEmeﬂbHDmy cywecmsoaanuw
6 pacmeope. Cnenyer OTMOTUTh, YTO TaKOE OIPENECHUE, KOHEUYHO, IalieKo
HE HCYeplbIBaeT CYIEeCTBa HpobieMbl W NPHUMEHMMO JUIOE B W3BECTHHIX
npeenax.
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Knaccupuuxamaa koMiuvlekcos. Jlo XapaKTepy 3JEKTPUYECKOTO 3apsja
paBIMYAIOT KAaTMOHHBIE, AHHOHHBIC ¥ HEHTpalibHbie KoMIjekch. B mpubnu-
JKGHMM MOHHOM MOZEJHU 3apsA/l KOMIIIEeKCca NpeicTaBisieT coboit anrebpan-
YECKYIO CyMMY 3apsAAoB 06pasylolnux ero 4acTull,.

Kamuonnsiti KOMIIEKC MOMKHO paccMaTpHBaTh Kak OODa3OBaHHBIH B
pe3ynbTaTe KOOPAMHALUU BOKDYr MOJOMUTENBHOTO HOHA HEATPAlbHBIX
monekyn (H,O, NH; u ap.). Monexynsr H;O u NH; B HOMeHKIarype
KOMIIJIEKCHBIX COGAMHEHNH Ha3biBalOT -aX6a- U ~aMuUK COOTBETCTBEHHO!

[[Al(OH;)]Cls — TpuxsIOpPH 1 reKCAAKBAATIOMUHUA, WU
xJlopna rexcaakpaamomunns (111)

[Zn{NH3)4]Cly — puxutopupg TeTpaaMMUHUMHKA, UM
x7lopuy TerpaammuHimtka (11)

Coepuuenus, coaepxkammne aMMUHOKOMIJIEKCHI, Ha3bIBAIOTCS QMUUUAKA-
mamu, copepKalne aKBaKOMIJIEKCH — tudpaman.

B poan komniekcoobpazoBareslsi B GHUONHOU KOMILIEKCe BBHICTyMaer
aTOM ¢ [OJIOXKUTENBHON CTeNEeHbI0 OKMNCIEeHUs (MONOKUTEBHBIR HOH), a
NUraHaMd  SABASIOTCA ATOMBI € OTPULLATEIBHONH CTENEeHbIO OKUCJIEHUs
(anMonsl). OTpHUnATENIBHEIA 3aps KOMIJEKCa OTpaKaloT AO06aBleHMeM K
JIATUHCKOMY Ha3BaHUIO KOMIJAeKcooOpa3pBaTesisi cyppuKca —-am, Hanpu-
Mep:

Ko[BeF 4] Terpadropobepunnar (1) kamus
K[A}(OH),] Terparupokcoattomutar (111) kamms
Nay[SO4) — Terpaokcocyisdar (VI) Hatpus
K2[Be(SO4)2] aucynsdarobepunnar (11) kammsi

Hefirpanbuble KOMNJIEKCH 06pa3yOTcA NPU KOOPAWHAUMYN BOKPYF aTroMa
MOJIEKYJl, & TaKKe NPH OJHOBPEMEHHOW KOODAMHAIMM BOKDYT MONONKHTEb—
HOTO MOHa-KOMIIJIEKCO00pa30BaTesisi OTPUIATE]IBHBIX MOHOB M MOJIGKYyJl.
Hanpumep:

[Pt(NH3)2Cly] — muxnopoguammutniarusa (11)
[Ni(CO)4)] - Terpakapb6oHUi HUKeIA
[Cr(CeHg)e] — nubenzonxpoMm

DNEKTPOHEATPANBHHE KOMIJIOKCH, CJHEOBATeNBHO, SBJASIOTCA KOMII-
JIEKCHBIMU COSIMHEHUsIMU Oe3 BHelIHeit cdepsl.

Ponp xoMmmnaexcooObpazoBaTesisi MOXKET ULpPaTh JIOO0A 3JEMEHT NepUuoau-
yeckoil cucrembl. B coorsercTBUM cO cBOEll XMMHMueEcKoOfl NpHUpOnOH Heme—

. TAJLIMYecKUEe 3JIeMEHTH OOBIYHO JalT aHWOHHBbIE HOMIIJEKCHI, B KOTOPHIX
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pOJIb JIMTAHIOB MIPAIOT aTOMbl HanGOJee 3JIEKTPOOTPULATENILHBIX JJIeMeH-
tos, HanpuMep K[PFg], K;3[PO4], K;[PS4]. Yto ke KacaeTca TunuuHbIX
METAIMUECKUX JJIEMEHTOB (LUENOYHBIX U IEMOYHO-3€MeNbHBIX METAJJIOB),
TO CNOCcOBHOCTE K OOpAa30BaHUIO KOMIUIEKCHBIX COeIMHEHUI ¢ HeopraHuyec—
KWUMW JMTaHxaMy y HUX BBIpaxeHa ciiabo. M Merompuecss HEeMHOrouuceHHble
KOMIIJIEKCHBI® HOHBl SABINAIOTCA KaTHOHHpIMu, Hanpumep [Sr(OH;)q|Cly,
[Ca(NHj)g]Cl,. AMdorepHble aneMeHTHl, KOTOpPble 3aHMMaIOT [POMEXYTOou-
HOE NOJIOKEHNEe MeX 1y TUNMJIHBIMA MEeTAJUIMYeCKUMM ¥ HEMEeTaslInIeCKUMH
5JIeMEHTaMU, OBpa3yloT KaK KaTHOHHble, TaK W aHMOHHBIE KOMILIEKCHI,
manpumep [Al(OHy)¢|Cls u K[AI(OH),].

Knaccmdpmxamms marasgos. JIMraHasl MOTYT 3aHUMaTb B KOOpJAMHAIKA-
OHHO{1 cepe OZHO MJIM HECKOJBKO MECT, T.6. COBAMHATLCA ¢ IeHTPalbHbIM
aTOMOM MOCPeACTBOM OAHOIO MJIM HecKONbKuX aroMos. Ilo sToMy mpusHaky
pa3jinyaloT MOHOAEHTATHBIE, IUAEHTAaTHble, TPUJEHTATHBIe, ..., MOJMUICH—
taTHble nuranasl (ot sgart. dentalus — umerommit 3y6el). [I[pumepamu MoHO-
JEeHTaHTHBIX Jinrad o asisiioress nonel C1°) F-) OH™) monexynet NHy, H,0,
CO u gp. K 6uzeHTaHTHHIM OTHOCUTCS, HaNpUMep, MOJIEKyJa 3TUIIeHauna-
muta HoN—CH,—CH,—NH; (cokpawmentoe o603Hauenue en). Kommiexcesl c
[OJIMAEHTAHTHRIMU JIMTaHAaMU Ha3blBAlOTCH XEJIATHHIMM (MM KJIeLIHEBUI-
HelMu, oT rpeu. chelate — xnemus). Huske npusesensl HexenaTHbI U
xenaTHe# KomItekest Megu (11):

H, H,

2+ 24
HgN\C /N H3 H2(|j"N\C /N"THQ
11 u
HoN-"  NWNH, H,C=N~"  \N—CH,
H, Hy
[Cu(NHj)q]2* [Cu(en),]?*

B KaygecTse 6“I[eHTaHTHbIX JUTraHagoB 4acTo BbICTynaIOT TaKXe HOHB!
CO%', SOg' U UM NopobHbIE:

NHj
| O
Co S
1N N0
NH;

o))

MHorne nuraHap MOrYT BBHICTYNATh TaKXe B KauecTBE MOCTUKOBBIX
aToMoB (IPyNI AaTOMOB) B MHOrOsiAEpHBIX (MOJNMMEPHBIX) KOMIJIEKCAX.
Hampumep, ueHTpajpHBE aTOMBl OKTa’d[ApPUYECKHX KOMIUIeKcoB (puc. 61)
MoryT 6bIThb coefquHEHbl IOCPENCTBOM OJHOTO, ABYX WMJM TPEX MOCTUKOBHIX
aToMoB (rpynn artomos). [lomo6Has kapTuHa HabGllofaercsi, HalpUMep, B
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P u c. 61. [IByxbaneptble KOMIIeKCh:

OKTa3/Pbl 00beMHEHbI [10CPEACTBOM OfHOro (a), ABYX (6), Tpex (&) MOCTUKOBLIX STOMOB

coeanHeHusix kobanwvra (I11). CrpykTypHbie (HOpMyNBl HEKOTOPBIX U3 HUX
NpUBEAEHEl HIKE:

NH; NH, H
HaN\] H | _~NHy O
HyN—Co0—0—C o—NH, | Cl; (HsN)4Co Co(NHgz)4|Cly
HsN-" | | “N\NH, O

NH; NH, H

H,
g N\-
(H3N)3; Co——0O—— Co(NHs): |[Cl;
N
Hp

KoMmiekcHble coemuHEeHMs MMPOKOrO pacnpocTpaHeHbl B INPUPOJE,
WUTrPAlOT BaXHYK pojb B 6Guosiornueckux npoleccax. locrarouHo ynomsa-
HYTb X€JaTHBE KOMIIJIEKCEl — eMOrJIO6UH KPOBH (KOMIIEKCOO6pa30BaTesln
Fe?*) u xyopoduinn seneHplx pacreHuil (KOMIekcoo6pazoBatens Mg2*).
KoMmnuiekcHele coepnHeRus HaxomsaT camoe pa3sHOO6Pa3HOe IpaKTHUECKOoe
npumenenue. Tak, oGpa3oBaHne XeNATHEIX KOMIUJIEKCOB MCHOJIB3yeTcs OpU
YMAr9eHuM JKeCTKONM BOABI M pacTBOPEHMM KaMHeH B MOYKAaX; BaKHEUINYIO
POJp UrpalT KOMIJIOKCHBIE COeAMHEHUS B aHaJUTHYECKOH [PaKTHKe,
NpOU3BO/JACTBE METAJLJIOB U T.[I.

§ 3. OMUCAHUE KOMIUIEKCHBIX COEAUHEHUN C TO3ULIUNA
TEOPUMU BAJIEHTHBIX CBA3EN

Teoppm CTPOEHU A KOMIJIBKCHBIX COeAUHEHUNH BO3HUKJIA N3 MONBITOK

OTBeTuTs Ha BOMNpPOC, MOYEMy MHOTME YCTOHYMBBIE MOJIEKYJIbl CIIOCOGHBI

NpUcoeAUHATECA K KOMIUIEKCOO6pa3oBaTeio.
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ILJIH 0ObscHEeHU 0Opa30BaHUA M CBOJICTB KOMILJIEKCHBIX COeJIMHEHUN B
HacTOAIee BpeMs MPHUMEHSIOT DAN TeOpUil, B TOM 4YHCJ/Ie TEOPHUIO BaJjleHT-
HeiX cBaseit. O6pa3oBaHHe KOMIJIEKCOB TEOPUA BaJIEHTHHIX CBA3EH OTHOCHT
3a cUeT MOHOPHO-aKUENTOPHOrO B3auMMOMEHCTBUSA KOMIJIEKCOOODa30oBaTeN s
v aurangos. Tak, ofpasopaHue Terpadapudeckoro uoHa [BeF4]?” moxkmo
OOBbACHUTL CIEAYIOLIUM 0OPAa30OM.

2s 2p
Be?t e ;m — — —

5p3 -rubpu nM3aLmMs

Won Be?*, umeromuit ¢cBoboanLIe 2s- u 2p-0pOurany, ABIASETCSA aAKUHENTOpPOM
4eTplpex JMeKTPOHHBIX Map, NPeIoCTaBAsieMEX PTOpUI-MOHAMU:

F F2-

~
Be?* 4+ 4:F- — Be

F / \F
aKuern-  JOHOD Terpad Topobepui-
Top nar(I1)-von

Terpasapudeckoe crpoenue KommiaekcHoro uona [BeF,]?” o6ycnosneno
sp3~rubpuauzanueil BAJTeHTHLEIX OpOuTaieil 6epuins.
TakuMm xe 06pa30OM MOXKHO MOKa3aTh, UYTO MPH B3aMMOIEHCTBUM MOHa

Cr3*
45 4p

id
et 4 4 — e - —

d?sp’-rubpunuiauus

¢ MOJNEeKyJiaMd BOAB 0O6pa3yercsi OKTadApUYeCKME KOMIJIEKCHBIA MOH

[Cr(OHg)q]3":

OH, .
HO~_| _~OH:
Cr?* 4+ 6:0H, — \Cr
1,077 | “NoH,
OH,
aKygernTop JOHOD rexcaakbBaxXpoM

(111)-uon

Okradppudeckoe cTpoeHue 3T0ro MoHa (cM. puc. 5l, 3) onpexensercs
d2sp3-rubpupusanveit opbuTaeil XpoMa.
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OxTasapuyeckue KOMIIGKCH 06pa3ylOTCst TaKkKe MpH B3auMOLENCTBUH
nona Cr3* ¢ ¢ropua-, ruapokcua- U ApyraMy JUraHJaMu:

|
F F
Cré* + 6:F — \Cr/
P F /I \F
F
aklenrop noHop rexcacgTopoxpomMar
(11T }-mon

OH .
HOS | _-OH
Cr
1o~ | “SoH
OH
TeKCArUAPOKCOXPOMAT

(111)-+10m

NH 3 3+

NHa~_ | ~NHsg
Cr

NH”" | “N\NH,
NHg4

aKkuenrTop  HOHOp rexcaamMuHoxpowm (111)

Cr3* 4+ 6:0H —

aKuenMop  JoHop

Cr3* 4+ 6 :NHz —

Bonee moapo6HO XuMHUA KOMIIEKCHBIX coeauHEHHH paccMaTpuBaeTcs B
4. 2, pasgene III.



§ 3. UCCJIEJOBAHUE BELIECTB B MATHUTHOM HOJIE

[lo oTHOMIEHWIO K BHEIIHeMY MACHUTHOMY IOJIO PasiaudaloT dud.uar-
HUMKBLE U NAPAAAHUMMLLe BONlecTBa. J[MaMarHUTHbIE BEHlecTBa OKa3plBa-
IOT TPOXOXKIEHUIO MATHMTHBIX CHUJOBHIX JIMHUN OoJplIee cONMPOTUBIEHHE,
Yem BaKyyM, M NO3TOMY BHElIHee MarHUTHOE Mone MX BelTaikuBaeT. Hapa-
MAarHATHBIE BellecTBa, HANPOTHUB, NPOBOAST MarHWTHBIE CUJIOBHIE JMHUH
Jydiile, yeM BaKyyM, M IO3TOMY MarHMTHOE NOJE BTATMBaeT TaKMe BEecT-
Ba. [lomerienHrle MeKaAy MOMIOCAMU CHABHOTO MArHWTa, IepBble OPHEHTH-
DPYIOTCS TNEPNEeHAMKYJIAPHO cUAOBbIM JauHuaM (puc. 106, a), proprie —
B/IONIb cMMIOBBIX AuHMit (puc. 106, 6).

Cronip pa3jinyHOe NOBEAEHME AWa- M TapaMalHHTHbBIX BellecTB 06yc-
JIOBJIGHO DPA3IMYHLIM XapaKTepOM WX BHYTPEHHMX MArHWTHHIX noneit. Kak
M3BeCcTHO, BpAleHME 3JEKTPOHCB BOKPYr OcH CO3/1a€T MarHUTHOe IOJe,
XapaKTepu3yeMOe CHUHOBBIM MATHMTHBIM MOMeHTOM. Ecan B BeurecTwe
MArHMTHBIE HOJA 3TE€KTPOHOB B3aMMHO 3aMKHYTH (CKOMIIEHCMPOBAHbI) M UX
CYMMapHBIH MOMEHT paBeH HymlO, TO BElIECTBO SABIAETCS JMAMATHUTHBIM.
Ecnan pke MarHUTHBI® NOJIA DJIEKTPOHOB HE CKOMIIEHCHPOBAHBI U BEULECTBO
vMeeT cOOCTBEHHHHI MAarHWTHHIH MOMEHT, TO OHO ABAAETCH NapaMar-
HATHBIM. Tak, aTOM BOAOpPOZA, MMEIOIMIMI OJAWUH DJEKTPOH, NapaMarHUTeH.
Monexyna ke H, nmaMarHMTHa, Tak Kak OpM 0O6pPaz0BaHMM XUMUYECKON
CBA3M TIPOMCXOAMUT B3aMMHAA KOMITEHCAMA .COMHOB 3IEKTPOHOB.

OTHoOmeHne BeulecTB K BHEIUHEMY MArHUTHOMY MOJIO MOMKHO McCiIeo-
BaTh C MOMOIIBIO YCTaHOBKM, M3oObpaxenHoin Ha puc. 107. Haxopsmeecs B
CTEKJIAHHON aMIyJyie BeiecTBO TapUpYIOT Ha Becax. BKI0O4aloT 371ekTpo-
MArHUT M ONpPEeeNA0T BOZHUKAIONIee HPU ITOM BTATCMBAHME UM BBITAIKH-
BaHWEe aMNy/bl, YpaBHOBermuBasa Beckl. (JYEBUHO, YTO BTATCMBAHWE Napa-
MATHUTHOrO BeHIecTBa B MarHUTHOM 10se BygeT Tem Oonblie, yeMm GOJbIIe
Y Herc HemapHBIX 37eKTpOHOB. TakuM 06pa3oM, M3yYeHWe MarHMTHBIX
CBOMCTB NO3BOJIAET YCTAHOBUTHL YMCJIO HENAPHBIX 3JIEKTPOHOB B BeuiecTBe M

pacOpefeieHne 1eKTPOHOB HO OpOUTATIIM.

_

-6

=5

P 1 c. 106. lloBeneHue B MarHUTHOM Miose nia- Puc 107, Onpeneneniie
(@) ¥ napaMarHUTHBIX (6) Belwecrs MaTHWUTHOW  BOCIIPHMMYMBOC-
™

Paszpen V
BBe,u,eHme B TeOpnio XmMmnyeCKmnx nNpoLleccon

XuMKyecKoe NpeBpallleHHe, XMMAYecKasl DeaKLMsl eCTh
I7aBHBIA rpefiMeT XUMHUKM. W3ydeHUe pasiMUHBIX
CBOMCTB DJleMeHTOB M MX COeAMHeHUN, B YacTHOCTH,
CTPOEHMSI ATOMOB M MOJeKyJ Jael B CYUIHOCTH JIsA
XUMMWN  BCHOMOraTelIBHBIA  MAaTepual, obierdaloniui
IFIABHYIO 3ajadyy — 3ajady palyoHaJIbHoro yIpabJie—
HIUA XMMUYecKMM IHpeBpameHreM... YeM riybxe U
noapobHee MBL 3HaeM CBOWCTBa BeHlecTBa M ero cTpoe—
HMe, TEM YyBepeHHee MoOXeT JOeACTBOBaTb XWMMMK B
CBOMX CHHTe3aX.

HH Cenenos

XM YecKoe NMPEBPaleHne — 3TO KayecTBeHHBIM CKadOK, HPHM KOTOPOM
MCYe3aloT OAHU BerlecTsa u obpa3yroTesa apyrue. lpoucxomsuias mpu aToM
NEepecTPOoilKa 37EeKTPOHHBIX CTPYKTYP ATOMOB, MOHOB U MOJIEKYJl cOIPOBONK-
L3eTCA BHIASJCHUEM WJM TOIJIOIEHWEM TEIUVIOTHEI, CBETa, JJIEKTpUYeCcTBa W
T.II. — NpeBpallleHUeM XUMHYECKO# BSHEePrUM B APYroi BHJ SHEPTUH.

Juepretudeckne >pdexTsl peaknuit uzydaer mepaorumui. Jlanuse o6
sHepreTyeckux 3PdexTax peaknuM MCHONb3YIOTCA s pacdeTa IHEPruu
MEKATOMHBIX U MEXMOJEKYASPHLIX cBA3el, IS BHISICHEHUS CTPOGHUA WU
Pe3KLMOHHON CIOCOGHOCTH BOINECTB, MJisi YCTAHOBJIGHWUA HANPaBlIeHUA
XMMUYECKUX TIPOLECCOB, JJsl pacdeTa HEPreTMdecKnx 6ajlaHcOB TEeXHOIO-
rMYeckuX HPOLEccoB U T.J.

CocTosikMe cucTeMbl (BELIECTBA MJIM COBOKYNHOCTM BELIECTB) ONMCHIBa-
0T ¢ TIOMOMIBI0 PAJA MapaMeTpoB — TeMmepaTypsl T, maBlieHMs p, o6beMma
V, Macesl m, JIns XapakTepucTHKM COCTOSAHMA CUCTEMbl M NPOMCXOMSLINK
B Hefl U3MEHEHW BaXXHO 3HATH TAKIKE M3MEHEHME TAKMX CBOMCTB CHCTEMBI,
Kak ee BHyTpeHHsnA 3Heprus U, satansnnst H, surponus S, sHeprus I'n6-
6ca (. Ho U3MEHEHUIO 3TUX CBOMCTB CUCTEMBI MOKHO CyAMTbL, B YACTHOCTH,
06 sHepreTHKe NpoLEeccos.
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I'J1 ABA 1. BHEPI'ETUKA XUMWYECKHUX NPEBPATIIEHUT
§ 1. TEINJTOBOW DDOEKT PEAKIIUN

XUMUUECKHC peakpguu OOKYTI0 APOTEKAKT HpH TOCTOSIHHOM [ ABJICHUY
(ianpuMep. B OTKpBITON KOIGE) Uan NPH MOCTOsANHOM oObeMe (HanpuUMep,
B @BTONIABE), T.6. SABIAIOTCSH COOTBETCTBEHHO W300ApHBIMM MM U30OXOPHBI-
MH TIPOIECCAMM,

JHepreruyeckuil 3QperT XUMUYECKOro Oponecca BO3HMKAET 3a cueT
H3MEHeHMS B (UCTeMe BHYTPeHHek sHeprud U wam suranenvu H. BHyTpen-
HAA 3HepTrMA -— ITO OOUIMI 3AllAC 3HEpPTHU CUCTEMBbl, KOTOPBIA CKJIAJBIBACT-
CH U3 3HEPrUM JIBUOKCHUS If B3aUMOIEICTBUS MOJIEKYJ, JHEPTUU [BUKEHUS
W B3aUMONCHCTBUSA fJep U ICKTPOHOB B ATOMAX, MOJIEKYJIAX U KpUcTall-
Jax, BHYTPUAJLEDHOM DHOPIUM H T.af. (T.€. BCE BUJbI JHEPIUU KPOME KUHe-
TUHECKON DJHePruM CHUCeTeMbl KK 11eA0T0 U €¢ MOTeHgUAJILHOI JHepruu
IIOJTOMEH U ).

[Ipeniionoxum, 4To HEKOTOpAs ¢UCTEMA 3a CHEeT MOCJOLNEelMs TellOthl
() mepexoauT us cocTosinus I B cocrosnve 2. B ofmem cnyvae sra Tenniora
pacxogyercs Ha U3MeHCHMe BHYTPeHHOH Juepruu cicremer A [ 1 Ha copep-
nierie padboTsl NTPOTHB BHEIHUX cu1 W Q = A/ + W,

[IpuBeaennoe ypaplenue BHIPAKAET 3aKOH COXpaHEHUA HHeprun ",

[Mpenmonoxum, 910 cucTeMa 3a cHeT MOMVIOIGERNA TONAOTE () nepexo-
AMT ¥13 HATAMLHOTO cocTosnuA [ B KOHPUNOe coCTOossHKe 2 Torga:

A[ = (r’rQ b Ul

Adns xumuieckux peaknpmil nmoa paboToH HPOTHB BHEUIHMX CHU NOIpa-
3yMeBaeTes paboTa NpOTHB BHEWHero gaBieHnsd. O6huHO OHa cOBeplLIAeTCs
34 CYET DPACUIUPEHUS CUCTEMDL 11ATIDUMCeD, [OPU BBLIACICHMM Ta3a B XONE
pakiuu (puc. 108). PafoTa NpoTUB BHOIIHETO NABNCHUA PABHA MpPOUBBENE-
HUIO JABEHUS p Ha UamelleHue obbeMa cucrteMm AV npu nepexone ee us
cOCTOARKUA | B cOcTOsHMEe 2

W= pAV, AV =V, — V), W=p(Vo— V).

[Ipu mzoxoproMm nponecce {(V = const), nockonLky uU3MeHeHus o6bheMa
cucTeMel He npoucxoanT, W = (. Torga nepexony cucTeMbl U3 cocTOAHUSA
['» cocroanuue 2 oreenaer paeenctno: Qy = Uy — U = AU. Takum obpa-
30M, €CIM XHMMIECKAsT DEeAKIMA TpOTeKAeT NMpPpH NOCTOAHHOM OOBeme, TO

*r
3akoH COXpaHetinsd 9HePrMl HasbiBAOT TAKKE Repsbia 3AKOHOM TIlej)JUDdUH(l—
JUUKTL.

176

Brewxee
[aBneHve

03003(K)

P u c. 108. Pabora, BbiosiHAemasl XMMUYIeCKoH crcTeMon
IPOTHE BHENITHero NaBIeHUs p (noplieHb HEBECOMBIN )

BbIJIENIEHME WU TOTJOUICHUE TEenJIOTHI QV CBSA3aHO ¢ U3MEHEHNeM BHYTpeH-

HEW DHEpPruM CUCTEeMBbI.
lpu uzo6aproM nponecce (p = cost) TENNOBOM spdext (Jp paBer

Qo= AU+ pAV, Qp = (Up — 1)) + p(Vo = V)

Wiy

Qp = (Ug + pUz) —(Ul + pU1)~

Brenev o6osuavenue [/ + pV = H Torpa Qp = H, — Iy = AH.

Besquunny H Ha3bBAOT IHMAAsRUEN. OHTAIBIMIO MOXHO paccMaTpu-
BATH KaK DHEpTHIO pacliMpeHHO chcTeMbl. TakuM 06pa30oM, eclu 0pu
M30XOpHOM Mpopecce IHepreTUUeckuil dQ@PEKT peakuuu paBeH M3MEHEHUIO
BHYTpeHHeit sHepruu cucTembl Qy = AU, To B cayuae u306apHOTO Mponec-
ca O pABEH UBMEHEHUIO DHTANbIUK cucTeMmbl Qp = AH.

DHepreTuyeckuit 3hdeKT peaknuu, NpOTEKAIoMlell MpH NOCTOAHHOM
NaBIeHMM, OTIMYaeTcsi OT DHepreTdyeckoro vP@eKTa peakluu, NpOTe-
karomeit npu nocrosienoM o6beMe. IHoaasnsiomee OONBIIMHCTBO XMMU-
JECKNX peakpuil MPOUCXOAUT Mpy HOCTOAHHOM [laBJIC€HUU. [TosTomy B
NadbHelilleM MBI 6y/leM OCHOBHOe BHMMaHMe YIeNsATb H3003pHBIM INpO-
LeccaM M OIEeHUBaTh dHepreTuyeckuil dQdexT peaknud M3MEHEHUEM SH-
TajlbIUU CHCTEMBI.
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§ 2. TEPMOXUMUWYECKUE PACYETHI

Temtopsie 3¢ PeKTs! peakuilil ONPeneNIAIOT KaK SKCIEPUMEHTANLHO, TaK
M ¢ IOMOHbIO TepMOoXuMUYecKkux pacyetoB. Crengyer OTMETUTb, YTO HEBO3-
MOXHO ONpeJesuTh abCOMIOTHBIC 3HAYEHUA BHYTPEHHEN JHEPruM U DHTAb-
nuu. OgHaKo 1711 TePMOXMMUYECKUX pacYeToB 3TO HECYINECTBEHHO, HO-
CKOJIBKY MHTepecyeT dHepreTudeckuii apdeKkt npouecca, T.e. M 3 M e H € -
H M € COCTOSIHNSA CUCTeMbl — u3MeHeHue 3nadenuin U u H.

Hpu sxsomepauuveckus peakunsx TeryioTa BB L E€Jd A eTCc 7, T.e.
YMEHBIIBEeTCA SHTAIbONA, UM BHYTPEHHAA HSHEPTUS, CUCTEMBI, U 3HAYEHUS
AH n AU pgnan uux orpunarensusl. Ilpu sndomepuunecxuzr peaknuax
TeNIOTa morsxomaeTcs, T.e. Hu U cucrems Bospactaior, a AH u
A U MMeIOT noMokNTeIbERE 3HaAYeHNA.

s Toro 4TOGH MOXKHO 6BUIO CPaBHUTL 3Heprerudeckue 3 (PgeKTH!
Pa3lM4HpIX HOPOLECCOB, TEPMOXUMUYECKHE Pacdersl O6LIYHO OTHOCAT K 1
MOJb BenecTBa U YCJIOBUAM, NPUHATHIM 3a cmakdapmusie. 3a CTAHIAPTHRE
npunuMaior gasienne 101 325 Ila u Temneparypy uwame scero 25°C
(298,15 K). Crangaprasie Tensiossie 3¢ deKkTs IpnHATO 0603HaTaTh AH, .

(B Uzge).
Tennoehle ahdeKkrhl Maslo YYBCTBUTENLHBI K M3MEHEHHIO TeMIlepaTyphbl U jaBiie—
auA. Tak, pas peakuun

C(rpacur) + COy(r) = 2CO(r)

yBesMueHne TeMrepaTypsl oT 500 fo 1500 K npuBoauT K yMeHBIIEHHIO TeIIOBOIO
opderta ¢ 173 po 165 r/Ix, T.e. Ha H%.
Ilpy yBesmuennn pasnerus or 108 go 5+ 105 rlla tenmoroit odderr pearuun

1/aNo(r) + 3/3Ha(r) = H3N(r)

yMeHBIIaeTcA Beero Ha 5%.

YpaBuenua XMMuUeckMXx peakuuil ¢ yKkazaHmeM TemioBoro sdpdexTa
HA3BBAIOT mepaoTuMuLeckuMy ypasrenusuy. TepMOXMMHUYecKkoe ypaBHe-
He peakyuu CMHTe3a 1 MOJIb BOIBI MUMEeT BUJ

) = o
Hy(r) + 1/,05(r) = HyO(x), AHS . = —285,83 x]lx
B TepMoxuMuueckux ypaBHOHMAX yKaspiBaeTcs TakKxke (hasoBOe COCTOM-
HUe U mnoauMopdHads MoZHUdUKALUA pearMpyloumMx M 06pasylonuxcs
BEIIECTB: I' — ra30Boe, XK — XKUJKOe, K — KpPUCTA/INYecKoe, T — TBepjoe,

P — PacTBOpEHHOe U Jp.
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3akoH [lecca. B ocHOBE TepMOXUMHUYECKHUX PAaCHYETOB JIEHKUT 34KOH,
chopmymuposanuetit [.U. Ceccom (1841): menacsont sfgexm 3asucum
moavko om suda (RPupoodst) U cOCTROKHUR UCTOOHHT BEWECMO U KOHEUNBT
npodyxmos, Ko He 3ABUCUM OM RYMU RPoYeccd, T.e. OM UUCAQ U TAPAKME-
Pa RPOALEKYMOUHBT CAJUL.

Tak, o6pasoBanme okcupa yriaepola (IV) us rpadpura u KHCAOpOsia
MOXKHO pACCMATPUBATL WIM KaK HEIOCPEJCTBEHHBIN pe3y/IbTAT B3aNMOIEH-
CTBUA [IPOCTHIX BEUIECTB

C(rpadur) + Oy(r) = COy(r), AH,

WM Kak pes3yJbTAaT npolecca, NPOTEKAIUIEro Yepes MpOoMexyTOTHYIO
CTannIo 06Pa30BAHMA M cropaHusa okcuza yriaepofa (II):

C(rpaur) + 1/,0,(r) = CO(r), A H,
CO(r) + 1/,0,(r) = COo(r), AH;
WU CYyMMapHO

C(Fpa)(bi/IT) + OQ(P) = COQ(I‘), AHQ -+ AHg

Cornacno 3akory lecca, temyoeble adderTel o6pasosarusa CO; kak
HemocpeACcTBeHHO W3 [POCTHIX BEUIeCTB, Tak M UYepe3 NTPOMEeKYTOUHYIO
cTanuio obpasopanus u cropaina CO pasun AH; = AH, + AHj.

[lpuBeneHHble paccyKACHUSA MOXKHO TPEICTABUThL B BU/E TaK Ha3bIBae-
Moit sumaasnuinot cvaipascun (puc. 109). Pazinune B ypoBHSX 3HTaIb-
OAY UCXOMHBIX BEIIECTB, [TPOMEKYTOYHRIX U

KOHeYHBIX MPOAYKTOB Ha OMarpaMMe OTBedaer dmlﬁmm
TEIMIOBbIM aperram COOTBETCTBYIOUMX Clepuaum)+ Oalr)
peakmuu. a

o suTanemuitnoit auarpamme (puc. 109) nin 4Hy

COUr) + Yz 05(1)

L

NpUBEEHHOMY Bblille PpaBeHcTBY HeTpyaHO —/00f
BLIYMCJAMTL OAHY M3 Bequdun A H, 3Has fBe
apyrue. Kak wusBectnHo, Temnoswle 3ddexTtt -zpgf |44
o6pazoanusa CO, (AH,) u ropenns CO (A Hs) AH;
OnpefensAlTes 3KCIepUMEeHTaNpHO. TenyioBoik _ gz
xe addext obpasopanna CO (A H;) mameputh

T

T

COg(r) |
HEBO3MOJKHO, TAK KAK DU OPEHMM YITIepola B _ qol-
yenoBUAX HenocTaTKa KUCJAOpoaa oOOpasyercs
emeck CO u CO;. Ho remmory o6pasoBaHuA i )
2 Y Pueo 109 OHranbnoufinas

CO MOXKHO paccUuTaTh [10 N3BECTHBIM 3Ha‘({e— AVATAMMA ORHCTCHAS Ipa-
nusam AH) (—393,5 wJlk/Monp) u AH; (—283,0 gyyra
ko /mMomw): AH, = AH — AH;, AH, =
= —110,5 ks /MO,
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Onraneous (Tewiora) o6pasoBadMA. B TepMOXHMHUECKUX pacdeTax
HIFPOKO HMCHOJBL3YIOT JHTANBINHK (TemsoThl) 06pa3oBaHus pelecTs. [loa
SHTaNbIHENR OGPA3OBAHUSA [IOHHMAIOT Ten/0BcH dpdeKrT peaklnu o6pa3oBa—
A 1 Moab BelllecTBa U3 NpocThX BellecTB. OGBHIUHO HUCHOAB3YIOT CTaH-

L4PTHEIC JHTAALIIUY OOpPABOBAHUA; UX 0B603HAUYAIOT AH;6P hog ATH AH} 20

(vacTo OgMH U3 MH/AeKcOB onyckaioT). CTaHIapTHBE DHTATBIMM O6pa3cBa-
HUSA TPOCTHIX BELIECTB, YCTONYMBHIX B CTAHAAPTHHIX yCJOBUAX (ra3oobpas-

Ta6nuual8 CraHgapTHast SHTANBIMA 06PA3OBAHUS (AH} 208)

HEKOTOPLIX Bel{ecTB

Beuzecrso A H}’zgg Beutectro A 1{},25*8
k1 /MOTh Kk / MoTTb

Al(r) 326,3 H,0(x) 285,83
Al3*(p) 530,0 H,S04(x) 8142
Al Og(x) -1676 K*(p) 251,2
ALy (S04)s(x) -3442,2 KCl(k) 435,9
C(anmas) 1,828 KClOg4(x) -391,2
CHy(r) -74,86 KNOy(k) -493,2
co(r) 1105 KOH(x) 425.8
COy(r) -393,5 MgSO4(k) -1301,4
CaCOs(x) -1206,9 MgSO4-TH,O(k) | -3384
CaCly(x) ~795,0 N(r) 472,8
CaF (k) 1220, NO(r) 90,25
CaO(k) -635,5 NOx(r) 33
Ca(OH)(x) -986,8 NO3(p) 2075
Cl(r) 121,3 Na(r) 108,3
Cl(r) -233,6 Na*(r) 606,1
Cl(p) -167,2 NaCl(x) 4111
H(r) 217,98 NaOH(x) 4256
H*(r) 1536,2 NapSO4(k) ~1384,6
H* (p) 0 O(r) 246,8
HBr(r) -34,1 Os(r) 142,3
HCI(r) 92,8 OH(p) -230,2
HF(r) -270,9 S(MoHoKNIMH. ) 0,38
HI(r) 26,6 SO,(r) -296.9
H,N(r) 46,19 SO4(r) -396,1
HNOjy(s) 174,3 S04 () 430,0
H,0(r) -241 82 Zn0(xk) 3506
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HBI KUCJIOPO, KUAKHI OPOM, KpHUcTaUTHYeCKH HOJ, pPOMOHYecKasa cepa,
rpaduT ¥ T.0.), TPUHUMAOT paBHBIM HYTO. CTaHIApTHHIE JHTAILOUU
06pa30BaHUA HEKOTOPHIX BellleeTB NMpUBEAeHE! B Taba. 18.

CornacrHo 3akoHy [ecca mensopoit adpdexr peaknuu paBeH cyMMe 2H-
TaJbIOKi 06PA30BAHUSA NPOLYKTOB PEaKIMU 34 BHIYETOM CYMMBl SHTANbLITUI
06pa3oBaHKs HCXOAHBIX BellecTB, A peakuuu BUA

aA + B+ ...=dD 4+ eE + ...

reriopoit sdhdexr A H onpenenserca paBeHCTBOM

] - o o . ° A o
AR (dAHf’D + eAHf’E + ..) (aAHf,A + b Hf’B + )
HJIU
AH=3AH; o —LAH;

Tak, ans peakuuy B3aUMOJEACTBUA KPUCTANTNYECKOTO OKCHAA ATIOMH-
HUs U 1a3006pa3Horo okeumga cepul (IV)

Alzog(K) + 3803(1") = AIQ(SO4)3(K)

TeNOBOKH 3pGeKT B cTaHnapTHHIX ycaosusx AH, onpepensiercsa ypaBHe-

HUEeM

=AR

—(AF° + 3AH° .
7, Aly(S04); ¢ )

AH £, AlO, f, S04

208
CornacHo qaHHBIM Ta6u. 18 Tensopoil 5pdeKT 3T0i peaKuu cocTaBIAET

ANl

bos = 1 Mome (—3442,2 w/lk/moms) — [1 mome — (1676,0 w/lxk/moms) +

+ 3 momb (—396,1 x/lx/mons)] = —577,9 w[Ix.

Bor eme [Ba TpuUMepa pacdera TeIUIOTHI peakLpu {3Ha4YeHus AH} 208

IpUBe/leHb! 1101 POPMYIIAMU BEINECTB ):

*He anst Bcex BeliecTB yCTaHOBJIEHBbI ToYHbIe 3HAYeHHS AH} 29y || PMBOIMMBIe

B DA3HBLIX JIATEPATYPHBIX MCTOUHUKAX, OHM YACTO BechbMa IPOTUBOpPeuYMBEL I[losTo-
MYy pesyJIbTaThl BblYMcIeHUMi A H® ¢ UcHonb3oBaHUeM AH} 955 MOTYT COILIECTBEHHO
2t

pasnuyaThes. JTo OTHOCUTCA U K PAccMaTpUBaeMBIM Jadlee pacderaM AS U AG.
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CaCOs(k) = CaO(k) + COy(r)
-1206,9 -635,5 -393,5

AH,,. = [(4635,5) + (-393,5)] - (-1206,9) = 177,9 k.

2KClOa(x) = 2KCl(x) + 304(r)
2(-391,2) 2(4359) 0

AH . = [2(-435,9) + 0] - 2(-391.2) = -89 4 Ik

OHTANBIUN 006PABOBAHMS WBBECTHb! NPUMEDHO AJA 4 THIC. BEIECTB B pasilni-
HBIX COCTOSTHUAX. OT0 MOBBOJISET UMCTO PACUETHBIM IYTeM YCTAHOBUTbH OHEPTeTH-
Heckne 3ddeKTbl CaMbIX PasHo0OPa3HBIX IIPOLECCOB.

ITpuBesieM Hekortopble HPUMEpPH! pacueTa SHepreTHUecKux adPeKTOB MPOIeCcCoB.

Tennosolt addexr pacTBopeHust BellecTRa AH; .

KOH(x) = K*(p) + OH(p)
4258 2512 - 230,2
AH, = [(-251,2) + (-230,2)] - (425,8) = -55,6 k[l

pacts

KNOs(x)= K'(p) + NOs3(p)
93,2 -251,2 2075

AH g = [(-251,2) + (-207,5)] - (493,2) = 34,5 ]k

Terlora (3HTasIbIINA) dasoBoro Nepexoa

Na(x) = Na(r)

0 108,3
AH L =108,3 -0 = 108,3 klx.

SOg(?K) = SOq(F)
-439,0 -396 1

AH = (—396,1) — (—439,0) = 42,9 k[Ix.

ucn

OHEPrus AUCCONMALMN [IBYXATOMHBIX MOJTEKYNl Ha ATOMBI (OHEPIUS XiMuTecKol
cBsian — AH, = Ey)

anc
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Cly(r) = 2CIr)
0 2(121,3)

AR = 2(121.3) - 0 = 242,6 x[Lx.

anc

NO(r) = N(r) + O(r)
90.25 472,8  246,8

DM, = (4728 + 246,8) - 90,25 = 629,35 wllx.

SHeprusi TIpeBpallleHUsl aToMa B MOH (OHEepruA HOHM3aUUU AH;’mﬁmg CpOICTBO K

anektpoHy AH, ).

3n.cp
H(r) = H*Yr) + ¢
21798  1536,2
AH; o = 1536,2 - 217,98 = 1318,22 k[lx
Cliry + ¢ = CI(r)
121.3 -233.6
A .= (-233,6) - 121,3 = 354,9 xJIx.

an.cp

C NOMOILBKO TEPMOXHMHYECKHX pacyerTos MOXHO OlpeleyIMThL 3aHepriio
XHMUEeCRITX (.'BS'ISP]T!, 3Hepruw Kpl‘lCTﬂa‘l.’lH‘-lE(’KOl:'l pPeleTKH, DHEPTHR) Meik-
MOJIEKYAAPHOro B3aMMOJECTBIA. 3HTAJLNEO pacTBOPEHUA II COIABBATA-
UMy (ruapaTtanum), sHeprerndeckiie 3¢hdekTsl PA3OBHIX mpeBpalueHiii I
T.1.

OHCpPrusl XMMMUCCKON CBA3U. 3HAUEHUAMU DHEPLHM CBAZH YACTO NO.T1b-
3VIOTCA 15 BHUMCACHIIA TeN10BLIX 3PGEeKTOB peaxknMii. ecsiu Hel3BeCTHh
3HTATbNMY 00pa30BaHUA BELleCTB, yyacTBYOLIMX B peakunax. Co 3Haye-
HUSIMU Ke TenaoT oSpa30BaHNA, BO3TOHKM. JUCCOUMALMM M APYTHX DHep-
reriigeckix 3¢ @eKTOB NONL3VIOTCA IANA onpeledeHUA MPOYHOCTH Mek-
ATOMHBIX. MEXKIIOHHbLIX H MEAMOTICKYJIAPHLIX B3AUMOICHCTBHH.

Boiutie.1uM sdepruto xnmitdeckoii csasn H—Cl (EHCI = —AHH_Cl) B

MOJIEKYIe  XJopHaa  BOJOPOJda MO M3BECTHOH DBHTaNbLOiIT 06pa30oBAHiA

AHIH(‘I = 928 k1&/Moab  m 3HEpruu THCCOMMALMII  MOTER)N.1

HAQAH, = 4350 wla/mom) u CLAH = 2426 wIx/voa) wa

A MYSe

ATOMBL.
Onpasopsatte Moaekysr HCL 13 ppoeTmX BELIECTB MOMKHO  MBiCIe1HO
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pa3s6uTh Ha cTaguu: Aucconmanus monekya Cl, u Hy Ha atomsl ¥ oGpaso-
sanue moderyn HCI u3 atomos (pue. 110):

1/,Cly(r) = CUr), /A H, .Cly

Anc

1/,Hy(r) = H(r), 1/2AH; Ho

auc

Ho(r) + CI(r) = HCL(r), AHY

1/aHy(r) +1/:Cla(r) = HCUr), A o

B cooTBercTBMM ¢ 3aKOHOM lecca aare6papueckas cymMma TelJoOBBIX
3 heKTOB MpOMekyTOUHLIX cTaiMii o6paszosanua HCl M3 mpocTeix BellecTs
paBHa 3HTaneuy o6paszoanna HCl:

]/QAH;MCCIZ—FI/QAHO H2+AH;‘I—C = AHO

amc 1 fHCU
AH;{—CI = AH},HCI —1/,A H}’MCCIQ —_ 1/2AH;”CH2,
AHH—Cl = (—92,8) — (217,5 + 121,3) = —431,6 w/lk /mMoith,

T.e. DHEprus cBA3U EIO{ = 431,6 kI /moub.

—C
O6pasoBanue XJOpULa BOAOPOAA U3 NPOCTHIX BOLIECTB — OpoLect aK30-
Tepmudeckmit. CormacHo

AR AH

e = Ao (VA Hyyele + 128 Hpy Ol

3Heprus, BhZeNAlowaics npd o6paszosanun ceaszeit H—Cl 8 1 moms HCI
(431,6 k]l /Mosb), nepexpHBaeT pacXon dHepruu Ha paspuis cszeit H—H
u C=Cl B 1/2 wmoawr H, (217,56 wlx/mons) u 1/2 moms Cly (121,3
K/ /MOJIB).

TakuMm 06pa30oM, IKIOTEPMUUYECKUMH SIBIIAIOTCS T€ PEaKkIMM, IPU KOTO-
PLIX DPOAYKTHI O6JafatoT 60JIee MPOYHLIMH XUMHUYECKUMHU CBA3ZAMU, YeEM
HUCXO/HbLIE BellecTsa. YcJIOBUs BOBHMKHOBEHMWs IHOOTEpMHUUHOro agddekra
peaKIMM, eCcTeCTBEHHO, mpsAMO mpoTtuBononokHbie. Tak, o6pasosanne NO
u3 N; u O — nponecc 3HAOTEPMUUECKUIL:

1/oNo(r) 4 1/504(r) = NO(r), AH°

FNO = 90,2 r/Ix/mMonb.

B 3TOM ciy4ae Ha pasphlB XHMUYECKHX CBsi3ell B MCXOMHBIX BeIeCTBAX
B !/, mons Ny u B 1/, mosms Op — TpeSyercs Gombille IHEPTUM, 4yeM ee
BLIZENIsleTcsl TpH o6pas3oBaHMM npoaykra, T.e. 1 moms NO M3 atomos (pHc.
111). '
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P uc. 110, OHranenuihas
IuarpaMMa 0o6pa3oBaHUA
HCl ua npocThiX BelecTs

Puc 111. DHraneNuilHast aMarpaMma ob-
pasopatnst NO 13 NpocTHX BelllecTs

OJHEprusi KPHCTAJUIMIECKON pemerkd. OJHeprusi KpHCTaIMYecKoi
PeLLIeTKH OLEHHWBAeTCs KOJMYeCTBOM 2HeprMM, KOTOpOoe HeOGXOJMUMO 3aTpa-
TUTh V15l Pa3pyIUeHMs] KPUCTAJIMYECKOH pellleTKU Ha cOCTaBHbLIE YACTH M
yhaleHUSz WX ApYr OT Apyra Ha 6ecKoHedyHo 6oawuioe paccrosnue. Ilo
3HAYEHUSAM IHEprHM KPHUCTAIIMYECKON peIIeTKH MOXKHO CYIMTh O THIe
,” XMMHYeCKON cBA3M B BemecTse ¥ ee 3HeprHd. TIOHATHO, YTO HAUGOIBIIYIO
{¥ BHeprMIO KpMCTaLIHYecKo pelIeTKU MMEIOT MOHHbIe W MOHHO-KOBANleHT-
Y. Hble KPHCTasLIpl, HAUMEHBIIYIO — KpPHUCTaJel ¢ MOJEKYJApPHON pemerkoit
4§ (ra6n. 19). Merauis o 3HAYEHMAM SHEPIMM KpUCTALTHYECKOH peIIeTKM
" 3aHMMAIOT TTPOMEXYTOYHOE MOJIOXKEHHUE.

l" s
)

¥
I

Ta6naumaly. IHeprua (U;s)s) HEKOTOPHIX KPUCTAIMYECKHX pPelIeTOK

I
I)i’ Kpucranmuyec-] Tpumep | U . Kpucrannmdec- Mpumep Uyagr
"tv Kas pelleTKa k1K / MOTTH | KasA pemeTka & Jik/ Mostb
i
Iﬁ‘:‘ Wounas NaCl 7851 AroMHO-Me- K 89,2
‘ LiF 1024 TaJJIMYeCKasA Cr 397,5
KOH 790,5 Monekynsaphas CHy 10,0
KNQO; 684,5 ¢ JUCIIEPCHOHHBIM H, 1,004
Aromuo-kopa-|Clanmaz) | 715 B3aUMOIENCTBHEM
NeHTHAs SiC 1250 MomnexynsipHas H,0O 50,2
¢ BOJIOPOIHOIM HF 29,3
CBABLIO

185



#e Ecan ras, obpa3sylomuiics B pe-
KJw/MOns 3yNLTaTe BO3rOHKH, COCTOMT U3 Tex
¥e YacTul, 4TO M caM KpHMCTalI, TO
BHEpTUA KpUCTANNMYECKOH peluer-

800t Na(r)+ CI(r)
Kil COBMAZAeT CO 3Ha9YeH!IEeM JHep-
600+ o My perFcL  TMM BOBrOHKM (cy6baumanuu). ITO
Oyomay¥ ] . OTHOCHTCA K MOJIEKYJADPHBIM, aTOM-
40 Na(r)+Clin) HO-KOBAa IEHTHBIM } ATOMHO-MeTaa-

anueckiM kpuerannam. Tarkum 06-
pasoM, B OJTOM cJy4ae 3HEpPTMIO
KPUCTATTMIECKON peILeTKH MOXHO

2001 ™3
Na(x)+ 2 Clalr)

0 Y e .y O peJleyINThL IKCNEPUMEHTATbHO.
Bo3eNa ' peuffaCl” “Nal  Jpeprpg ke MOHHOM KpUCTANLIH-
'?wr Frac YeCKOM pellleTKH 3KCIepUMEeHTalb-
—éo0l- NacCl(x) HOMY oOnpeje/ieHHIo He MNOANAeTcd,

Tak Kak TNpM BO3TOHKE MOHHBIX
KpUCTaN10B  00pa3yloTcs  aTOMBbl
wia moaekynsl. Ho aHepruio MOH-
HOIl KpPHCTAMNHYeCKOH  pelueTkd
MOKHO BB{UHUCIAUTE M3 DKCIEpUMeH-
TANbHBIX JAHHBIX [0 SHEpPreTHKe ApYruX NpolieccOB ¢ MOMOUIBIO TakK Hadbl-
paeMoro yuxaa Bopuwa — I'abepa. Jna xnopuaa HaTpUA ITOT UMK n306pa-
JeH B BUJE SHTANBLNUIHON nuarpaMmsl Ha puc. 112.

KpucTanauueckuit XJIOpHI HaTpHA (MOHHAA pelueTka) obpasyercd B
peayLTaTe peakliMi KPUCTATIIMYECKOFO HATPIA 1 ra3006pa3HoOro Xi10pa:

Na(k) = 1/2Cly(r) = NaCl(k). AH‘}.,_,_,,q = —411.1 xJIx/Mo1b

Ten:1080it 2¢pdeKT 3TOoro mpouecca COOTBOTCTBYET SHTAJIBINM 0Opa3oBa-
HUA KpUCTALIMYecKOro NaCl(AH} 295)-

P c. 112. DuranenMitHasi oHarpaMaa
015t pacdera SHEPTHMM KPUCTALTHYECKON
pewerky NaCl (st Bopra-Tabepa)

O6pazopanne NaCl 43 MpOCTHIX BELIECTB MOKHO Takke NpeAcTABHTH B
Biiae [10C1e/0BaTeNEHBIX CTaAM MOMY9SEeHUA U3 KpHCTALIHYECKOro HaTpisA
M rasoo6pasHOro MOMEKYIApPHOro xJ0pa Fa3000pa3HBIX MOHOB Na*t u CI°
(pne. 112)

BOBCOHKA (ATOMMBALNA) MOHI13a LIt A
Nafr) »  Na(r) — Nut(r)
AN . = 108.3 kT /Momn . = 495.8 K Tx/MoT0
BO3T Na HOHUS Na
TirccouMau A (ATOMHU3AUNA) NPHCOPINHEHIe X1eKTPOHA
Clyr) -+ CNir) -+ C'I"(r)

= -351.4 kidlx/MoaL

1, = 1213 kDo /MO
/_.lH:mc , 121.3 kdx/Momb AH;'I.('p(‘l

Cl
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M Mocjaenyollero MX B3aMMOAeHcTBUA ¢ 06pPa30BaHMEM WOHHOTO XJI0pHIa
Hatpusi NaCl:

Na*(r) + Cl'(r) = NaCl(x), AH

pewmr NaCl - UNaCl

CornacHo 3akoHy lecca

AU —AH

NaCl = per NaCl = 2 gy + 24 +

poar Na

+ LA +AF

e Clp nonus Na Hsn.cp cr

Moncrapass yudposble 3HAYEHUS, TOTYIUM

UI:TaCl = 785,1 k/x/Mons.

06 3TOM e HenocpencTBEHHO CBUAETENbCcTBYET SHTalbOUAHAA auar-
pamma (puc. 112).

JHEpPrUI0 HOHHOM KPHMCTANIMYeCKON PeleTKH MOXKHO BBIYMCIMTH TaKike
N0 M3BECTHBIM IHTANBIMM 06pPa30BaHUA MOHHOTO COSLWHEHWS U SHTANbIUU
06pa3oBaHUA COCTABJAIOUIMX €r0 HOHOB!

NaCl(k) = Na*(r) + CI(r)

AR =AK

peu fiNa* +AH a

for a f.NaCl

Jast paccMoTpeHHOro nmpuMepa corsacHO 3HadeHusm A HS, U

NaCl
k/x/Mons (Taba. 19).

OnTanbuma (Temwnora) rujparanMM HMOHOB. VIHTeHcHBHOCTR B3aMMO-
JeiicTBUA MOHOB PACTBOPEHHOTO BEIIECTBA ¢ MOJEKYJaMW BOIB MOKHO
0XapaKTepU3OBaTh BEIMUMHOMN sumassnuu (mentomst) wopamayut A Hyypp
— KOJIMYECTBOM TENJIOThl, KOTOpOE BhIAENAETCs NpH mnepexone 1 Moub
MOHOB M3 BaKyyMma B BOOHEII pacTBOp.

3HayeHupe A Hrypp MOXHO PacCYUTATh, UCMONb3YS W3BECTHbIE 3HAYEHH S
3HTANBOUM JpYruX nponeccos. Tak, pacTBOpeHHe HOHHOTO CcOSIMHEHUA
MOXHO TIpeICcTaBUTh B BUIEe OBYX CTaIMN: padpylleHMe KPHUCTaAJIHYecKomn
pewerky Ha cBobomgHBIe MOHBL M TUaparauMa MoHos. Torma, corsacHo
3akony lecca, Tensosoit adpdekr (JHTanBOUIO) pacTBOpeHUs A Hpacrs MO~
HO mpencTaBuTh B BUAe ajarebpaudecKoill CYMMBI 3HEprud (3HTaNbIHNY)
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pa3pYiIeHUs KPUCTANTHYECKON peleTkH A Hpey ¥ 3HTaNLIMU THAPATAIUH
nonos A Hrypp:

AHpacTB = AHpeux + AHmup

KN

AHrvmp = AHpaCTB - AHpem-

DHeprus KpUCTAJIMYECKOH PpEINeTKM HW3BecTHa ANA MHOTHX WOHHBIX
cOeMHEHHUIT; TemIOTy PacTBOPEHUSA BelleCTB MOXKHO ONpelesIUTh 3KCIepH-
meHTanpHO. I[IpM pacyere Mo yka3aHHOMY YPaBHEHHMIO HaXOJAT CyMMapHOe
3HayeHUe 3HTaJIbOMKW rUapaTaiilMM KaTHOHa M aHHOHa. OHTaABOMK TUApPa-
TagUM JaHHOTO WOHA ONpeAeAIT MO MU3BECTHOW 3HTAJBNWM THApATanHy
MOHa OPOTHBOMNOJIOKHOTO 3HaKa.

HerpynHo moragatbes, YTO 3HTaNLNUA MIApaTauM 3aBACUT OT 3apAna
U pa3Mmepa TMAPATHPYEMOTO MOHa. B pany woHOB ¢ OOHOTUINHOA 3JEKTPOH-
HOIl KOH(UTypanMei SHTaNbMUA THIApPaTalMU BO3pacTaeT ¢ yMeHbHIeHHEM
pa3Mmepa MOHa, HalpHMep:

Lit Na* K* Rb* Cs*
T, HM evrreeeniaieeeraeiennnneernninnns 0,068 0,098 0,133 0,149 0,165
AH KK /MOTTB ... 5314  422,6 -3389 -313,8  -280,3

298,ruap’

M ¢ yBeJIMUYeHMeM 3apfAla MOHa, HallpUmep:

Na* Mg?2* Al
Ty HM oeeniiieceeee e e e .. 0,098 0,074 0,057
AH;Vmp’ K1k /MO 4226 -1953,9 -4694.5
Paspymenne KpUCTA/IMYECKON PpEIIeTKM Ha CBOGOJHbIE HOHBI -- NPO-

necce 3HporepMudeckuit (A Hpew > 0); ruapaTauMsa MOHOB — TIPOMECC 3K30-
Tepmuuecknit (A Hrypp < 0). Tarknm 06pasom, B 3aBUCMMOCTH OT COOTHOILIE-
HuA 3HaueHMil AHpey M A Hpygp Temmosoil 3¢ GHeKT pacTBOPEHUA MOXKET
MMETh KaK [OJOKUTENbHOe, TaK M OTpUnaTesbHOe 3HadeHMe. Tak, pacTBo-
peHMe KPUCTANIHYECcKOro MMAPOKCUIA KalMad CONPOBOXKOAeTcA BbileNeHH-
eM TemnoThl, T.e. Ha paspylleHue KpucrannMueckoii pemersn KOH
© —
Tpe6yeTci MeHbIle 3HEpruM (AHpem = 790,5 kJIx/Mosb), 4YeMm ee
BHIJeAeTca pU rapatanuy Honos K* (AH° Kt = —338,9 k/Jlx/Moub)
ruap
v uonos OH™ (AH® _ = —510,5 v/lx/mMons). Hanporus, pacTBopeHue
rugp OH

KPHCTAVIHYECKOTO HUTPaTa KalliAd — IIPOLecC 3H0TePMUUYECKMH, TaK KaK
188

Ha DPa3pymeHMe KpHcrasuiMueckoi pemerskd KNOj (AH;eul = 684,5

k/lx /mMonb) 3aTpauMBaeTcsA 6oJblle 3HEPTMM, YeMm €e BbijeNsercAd OpHU M-

paTaunu uowos K* u NO; (AH"FMHp NO: = —309,6 x/lx/Mons).

I'JI1 AB A 2. HAIPABJAEHHOCTbh XHMHUYECKOH
PEAKIUHN

§ 1. OHTPOIIUA

BonsmMHCTBO  mponeccoB mnpencTaBaAlT coGOW  IBa OZHOBPEMEHHO
NPOUCXOOAMMX ABMEHUA: mepeiady 3HEeprUM W U3MEHeHHe B YHOpAno4YeH-
HOCTH DACMOJIOKEHUA YacTUL, OTHOCHTENbHO ApYr apyra. YactunmaMm (Mone-
KYJIaM, aTOMaM, MOHaM) MpHUCYIe CTpemjeHHe K GecHopAZOYHOMY IBMKe-
HMIO, MO3TOMY CHMCTEMa CTPEMMTCA HepeiiTh U3 Gosiee YHopAAOYEHHOTO
COCTOAHUA B MeHee ymopAnodensnoe. Tak, ecau, HapMMmep, 6aJJIOH € Ta30M
COeMHHUTEL C COCYIOM, TO I'a3 u3 GajlyioHa GYAeT pacHpenelAThCA OO BeeMmy
o6bemy cocyna. llpu sToM cMcTeMa M3 Gonee YHOpPAZOYEHHOTO COCTOAHMA
(¢ MeHBIIMM GeCHOPAAKOM) MEpexXoqUT B COCTOSHWE MeHee YmOpAmLOYeHHoe
(¢ Gonpmum Gecnopsiakom). KonuyecTsenHoit Mepoit 6eciopAgka ABAAETCA
sumponus S. Ilpn mepexome cucrembl M3 6GoJiee ynopsiJOYEHHOTO B MeHee
YHOPsiIOYEHHOE COCTOsiHME 3HTPONMs BolpacTtaer (AS > 0).

Ilepexon e cMcTeMBI M3 MeHee YNOpAAOYEHHOTO COCTOAHMA B Gojee
YOOPAJOYCHHOE CBA3aH ¢ YMEHBIIGHMEM JHTPONMM, M CcaMONPOM3BOJIBHOE
NpoTeKaHHe MOAO06HOTO mpornecca MeHee BepoATHO. Tak, AcHO, 4TO B pac-
CMaTpUBaeMOM IpHMepe HeBepOATHO, YToObl a3 caM co6OH cob6paJsicsi B
6annode. B caydae mepexoma cHcTeMBl M3 MEHee YNOPAALOYEHHOTO COCTOS-
HMA B GoJsiee yNopAAOYEHHOE SHTPOMUA cUcTeMbl ymeHbinaerca (AS < 0).

Herpyaso mokasarth, 4TO 3HTPOINMA BO3pACTaeT NPH MEPEXOde KU IKOC-
TH B NHap, OpH PaCTBOPEHUU KPUCTANIUYECKOTO BemiecTBa M T.1. Bo Beex
3TUX ciayYyadX HabMIOfaercss yMeHbIUEHMe HOPsiKa B OTHOCHTENHHOM pac—
nosoxeHnuH 4actun. Hao6oport, B mpoueccax KOHAEHcanuM ¥ KpUCTAIIH 33~
IIMM BEUIecTB JHTPONMA YMEHbINACTCH.

BepoATHOCTs pasmMuHBIX COCTOAHMIT BemecTsa (a3, KpUCTANIMYECKOe,
HUIKOE) MOMKHO ONMCATH KaK HEKOTOpOe ero CBOMCTBO M KOJMYECTBEHHO
Bbipa3uTh 3HaveHuem sHtpomuu S [B [Lx/(K-mosp)]. DHTpomMM Bewiects,
KaKk M MX BHTaJbOWM 06pa30BAHMA, HPUHATO OTHOCHTH K OOpelesleHHBIM
ycmoBuAM: o6biyHO K Temmepatype 25°C (298,15 K) u pasmenuio 101 325
Ha. Durponuio mpu smux yenoBuMAX 0603HaYaOT S,93 W HaBBIBAIOT CTAH-

AAPTHOM 3HTpONmMeN. 3HaueHUA cmandepmuot swmponuu ANA HEKOTODHIX
BelnecTB npHBeneHsbl B Tabn. 20.
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T a6auua 20 Crannapraas onrpomus (5,4,) HEKOTOPHIX BellecTB

5308 5,08 ;08
Bemecrgo I/ (Kx | |Bemecrso Tx/(Kx | | Bemecrso T/ (K>

XMOJIb) XMOJIb) XMOsb)
Ag(x) 42,55 Fe(k) 27,15 NaCl(x) 72,12
AgBr(k) 107,1 FeS(x) 60,29 ||NapCOs(x) | 136,4
AgCl(x) 96,11 | |Ge(x) 31 (o) 160,95
Agl(x) 1155 | |H*(p) 0,00 ||0yr) 205,04
Al(k) 28,35 | {Hy(r) 130,52 ||Oa(r) 238,8
AlSb(k) 69,03 HNO3(x) 156,6 OH (p) -10,86
BaCOj(x) 112 H3N(r) 192,6 P(6enlit) 41,1
BaCly(k) 126 H,0(r) 188,72 || P(kpacHsut) 22,8
Ba(NOj3)y(x,| 214 H,0(x) 70,08 || Pb(x) 64,8
BaSO4(k) 132 H,0(x) 39,33 |[S(r) 167,7
C(anmas) 2,368 | |H,504(x) 1569 ||Sq(r) 228,18
C(rpadur) | 5740 | |KCl(x) 82,56  |[Se(r) 377
CO(r) 197,54 KCl03(x) 142,97 |[Ss(r) 444,2
CO(r) 213,68 | |KOH(x) 79,32 |1S05(r) 248,1
CH4(r) 186,19 | [MgCOa(k) 657  ||SO4(x) 122,05
CaCly(k) 113,6 MgO(x) 26,9 Sb(k) 45,69
CaCOs(x) | 929 | |Ny(r) 1999 |!Si(x) 18,82
CaO(x) 39,7 NH4NOy(k) 151 Si0y(k) 42,7
Cl(p) 56,54 | INO(r) 20,6 }|SiOyfer) 46,9
Cly(r) 2229 | [NO(r) 240,2  ||Sn(x) 51,65
CrOs(k) 71,96 N,O5(r) 178.,4 ZnO(x) 43,64

CooTBeT¢TBEHHO CTeneHU GeCIOpSAKa SHTPONUA BEIECTBA B TA30BOM COCTOSTHUM
3HaAYUTENbHO 6oJIbllle, YeM B JKUIKOM, 4 TeM Oomee — 4eM B KPUCTAJIINYECKOM.
Hanpumep, cranjaprias suTpomus Bombt S,o. = 70,08 Ik /(K- momb), a Bopsmoro

o

napa 5298 = 188,72 lx/(K-mons). V BemecrBa B aMopdpHOM COCTONHWM OHTPONMSA

Gonblre, 4em B KpUcTaUuiMueckoM (6oslee yNOpsIHOYEHHOM) COCTOAHMM, HANpUMEp
IS CTERJIOBUIHOIO M KpUcrasndeckoro Si0; craHmapTHble OSHTPOTIMM paBHbl 46,9
u 42,7 Ix/(K-Monp) coorpercrBedno, CramapTHasi ourponusi rpacduta (5,740
Iox/(K-monb)] Gombure, dem ammasa [2,368 Tx/(K-monb)], ormudatomerocs ocobo
KECTKOM CcTpyKTypoit. [IpH OaHHOM ATDETATHOM COCTOSIHUM SHTPONMSI TeM BHAYM-
TenbHee, Yem Gonbine aTroMoB cojepxkurcas B Monekyne. Taxk, onrpormust Oy (r)
[238,8 IIk/(K-momb)] Gombiue, Hem rasoobpasubix Oy [205,04 Tx/(K-mons)] u O
. [160,9 Hox/(K-momb)).
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3HadeHUAMU 3HTPONMU BelllecTB MNOJML3YIOTCA OJIA YCTaHOBJEHUs H3MeHe-
HUA 3HTPONHU CUCTEMBl B Pe3yJsibTaTe COOTBETCTBYIOINMX npopeccos. Tak,
IJIA XUMUYECKOH peakuyuH

aA + B + ... =dD + ¢E + ...
U3MEeHeHle 3HTPONUH cHcTeMBl 6yjaeT

AS° = (dSD + eS;3 + ) = (a.S'A + bSB +...)

50054

LS

nex”

L] _— 0 —_
AS —ESnpon .

06 u3MeHeHHM 3HTPOIMU B XUMMYECKONW peaKIMH MOMXHO CyIUTh 10
n3MeHeHHIo0 o6beMa cucTeMbl B xode peaknuu. Hanpumep, B peakuuu

= 87,8 Jx/K

1/2C(rpadur) + 1/2C0y(r) = CO(r), AS; .,
Habmnonaercs yBenuuenue ob6bema (AV > 0); caemosaTenbHO, 3HTpONUs
Bozpacraer (AS > 0). B caydae ke peakuuu 06pa3oBaHHMsi aMMHaKa M3
BOZOPOIA U a30Ta

3/2H2(F) + l/zNg(P) = H3N(I‘), ASO

hes = — 103,1 /K
Hao6opoT, o6beM cucreMbl yMensimaeTcsa (A V < 0); cnegoBaTensHO, 3HTPO-
nus ymensmaeres (AS < 0).

Ecnu ke peakuus nporekaer MexAy TBEpIpIMM BELIECTBAMU, HallpUMep

Al(k) + Sb(k) = AlSb(k), AS:

298 —

—5,01 Ix/K

TO W3MeHeHUs O0ObeMa CHCTeMbl U ee 3HTPONMU HPAKTHIECKH He NPOUCXO-
Aur. To e OTHOCHMTCA M K mpoieccaM, 8 KOTOPHIX KOJWYecTBO (MOJIb)
ra3oo6pa3Hbix BelllecTB He M3MeHAETCA, HATpUMep|

C(rpadur) + Oy(r) = COxK), AS:

bos = 2,9 Ix/K
Boapacradiie 3HTpONMHM B cHcTeMe Ha30BeM 3HMPOnNUliNsia Haxmopoa.

ITOT baKTOp NPOSBIAETCA TeM CUJIbHee, 4eM BEHIlE TEMIIEPATYDA.

Konuuecrsenno surponmitnenii dakTop MOXHO OUSHMTs NpPOU3BELEHMEM

TAS n supasuts B epunnnax suepruu ().
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N3Menenue 3HepruM cuUcTeMbl H430BEM IHEPLEMUYECKUM WM IHMAAL-
nutinea Paxmopon. KonuyecTBeHHO 9Ta TOHIEHUUA CHUCTEMBl BBIDAXKAETCA
Yepe3 TensoBoli 3ddeKkT mponecca, T.e. 3Havennem AH.

§ 2. DHEPTHUA T'MBBCA

CaMonpoM3BOJIBHO, T.e. 6e3 3aTpaThl pabOThl HW3BHe, CHCTEMa MOXET
MepexOoUTh TOABKO W3 MeHee YCTOHYMBOTO COCTOAHMA B GOjlee ycTOWYUBOE.
W3 paceMoTpeHHOro ciepyer, YTo B XMMMYeCKHMX NpolieccaX OJLHOBPEMeHHO
NEeHCTBYIOT [OBE TEHIEeHIMM: CTpeMyleHWe 4YaCTMIL OOBLeNMHUTHCA 3a cYer
OPOYHLIX CBA3GH B 6O/Mee CAOKHLIe, YTO YMeH bW aeT 3HTAadb-
U CHCTEeMBbl, H CTpeM.TIeHMe JacTHL, pa3beIHHUTHCA, YTO Y B € J1 |
yuBaeT O9HTpPONHMIW MHbMU c10BaMU, TpOABAsAETCA JedcTBHe
IBYX NpAMO HPOTHMBOMOJOKHBIX (AKTOpoB — oHrasbnuiHoro (AH) wu
surponuiiHoro (TAS). CymmapHuit a3 deKT 3TUX OBYX MPOTHBOMOJIOKHBIX
TeHfeHI Ui B Nponeccax, HPOTEKAIOMMX NPK HOCTOAHHBIX 1" M p, OTpamxaer
UameHenue sueprun [ ubbca G*:

AG=AH—TAS.

Xapakrep H3MeHenMsa d3HeprMM ['M66ca mospossier cyAMUTL O NPUHIU-
MUAJILHOM BO3MOXHOCTH MM HEBO3MOXKHOCTHM OCYIIECTBJICHHA Ipolecca.
VYenoBueM OpMHOMTHAABHONR BO3MOKHOCTHU TIPOIECCa SBJAETCH HCPABEeHCTBO

AG < 0.

NHeIMH c10BaMH, CamMOTpOU3BOILHO MPOTEKAIOT PeaKLM, ec/id 3HepTHUs
['u66ca B HCXOMHOM COCTOSIHMM CHCTeMbl GOJIbHIC, YeM B KOHEYHOM. YBeaU-
YyeHUe 3HepruM I'm66ea

AG>0

CBUAETE/NbCTBYET O HEBOBMOXKHOCTM CAMOHPOM3BOJBHOIO OCYLIECTBJICH U
Opoilecca B JaHHLIX YCaoBUsX. EciM ke

*DT4 PeMYMHA HasBaHA TAaK B 4ecTh aMepMKaHckoro ydeHoro [Ix. Yunnapaa
I'm66ea (1839—1903) — opHOrO M3 OCHOBOMONIOKHMKOB XHMMMMECKOR TepPMOJMHA-
mukn. Cornmacko AH = AG + TAS ugacte temotel TAS wger Ha cozgaHue
Gecriopsinka  (eciiosiesHo pacceMBaeTcsl B OKDYKAKOWYIO cpefly) M T09TOMY He
MOKeT OBITH MCIIOJBL30BaHa Vsl COBepLIEHWUs DabOThl; ee HASBLIBAIOT YaCTO CEA3AH-
ot smepuuedr. Yacrb remmorsl A G moker ObITh HCNONB30BAHA 18 COBeplIeHWs
paborel, U mosroMy sHepryro ['Mb6ca 4acro Ha3BIBAIOT TakKe C60600HOU FHEpIUel.
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AG =0,

CHCTEMa HAXOJMUTCA B COCTOSHMU XMMMUYGCKOTO PABHOBECHS.
OBTANLIMAHENA M SHTPOUHAHHA GaxkToOpH M HanpapieHHe mponecca. B
COOTBETCTBHUHU ¢ ypaBHeHMeM

"AG=AH - TAS

CaMONPOU3BONIBHOMY MPOTeKaHMI Hpomecca CHOCOGCTBYIOT YMeHbileHHe
3HTAJbNIMK W YBeIMYeHHe 3HTPONUM cUCTeMbl, T.e. Korga AH < 0 u AS >
> 0.

llpu npyrux coveranusax xapakrtepa usmesenuit H u S BO3MONHOCTHL
opouecca onpejefsier AUG0 SHTANLNUAHBINA, AMG0 3HTPONUAHBIA DaKTOD.
PacemoTpum age cnenyomme peaknuu:

CaO(k) + COy(r) = CaCO4()
AH,,, = —178,0 kllx, AS,. = —160,48 JIx/K.

208 298

AG,, = —130,2 klx

CaCO3(x) = CaO(k) + COy(r)

AH,. = 1780 xllx, AS,, = 160,48 Hx/K,

208 298
AG 0 = —62,7 w]lx.

llepsas peaknusa 5K30TepMUTECKAs, IPOTEKAET ¢ YMeHbIUCHMEM O6heMa.
BoamoxnocTs 310t peakuun (AG < 0) onpenensiercst meficTBUEM IHTamlb-
NMUIAHOrO (haKTOpa, KOTOpOe mepeKphiBaeT NMPOTUBONEACTBUE 3HTPONTHIHOTO
$akropa (mo abeomorHomy 3uadenmio |AH| > | TAS]).

Bropast peakumus sHporepmmyueckas, mpoTekaer ¢ yBelMYeHHEM 0GBLeMa.
Boamoxnocrs 310l peaknum (AG < 0), nao6opor, onpenensiercs 3HTPO-
OUitHbIM - GakTopom. IIpM BEICOKOM TeMmmepaType 3HTPOHUITHBII (parTOp
MepeKphIBAET 3HTANBIUAHLIA akTop (T.e. |AH| < |TAS|) u peakuus
HPOTEKALT CAMOIPOU3BOIILHO.

Bausiane TempeparypH Ha HanpamieEMe peaxmmM. (COrjacHO ypaBHe-
HUIO

AG=AH—TAS

BAMAHMe TeMuepatyps Ha A (G onpepenseTcs 3HaKOM M BendduHoln AS. Ha
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puc. 113 nokaszadHa 3aBHCHMOCTH
AG psaga peaklUil OT TeMIilepa-
Typbl *. s peakiuu

2C(rpacur) + Oy(r) = 2CO(r),
AS >0

-400 '_\C;:: 0= GO0 npoTeKaloue - ¢ YBEJIY YCHUEM

M JHTPONMM, NOBHILIEHUE TeMnepary-
60 2Cop; PHl OPUBOJAUT K yBEJMIEHHIO OTPU-
HatensHoro sHadeHs AG. Bwico-
KOTEMAEPATYPHBIA  peXHUM  OGaaro-
Puec. 113. 3asucnmocte OGF DALE  prygrerByer NPOTEKAHWIO NPOLEC—
ca. JIns peaknyuu

L I\

1. 1 1
J00 1q00 tsop 2000 T K

OKCHIIOB OT TEMIIePATYPbI

2Hg(x) + Oy(r) = 2HgO(x), AS < 0

IPOTEKAIOMEN ¢ YMeHbHIeHHWeM OSHTPOMMH, ¢ HROBLILIGHMEM TeMAEPaTyphl
OTpUIATENbHOE 3HaueHUe A G yMenpmiaercd. CleOBaTeNbHO, B 3TOM ¢y -
qyae BblCOKOTGMﬂepaTyprIﬁ PEXHUM OpenATcTBYeT NPOTEeKAHWIO npouecca.
IIpu coorBercrByouleit TemnepaType A npUoDpeTaeT MNOJOKHTENbHOE
3HAYEHME, U TOTJA PeaknMs [O/DKHA MPOTeKaTb B o6paTHOM HAMpaB/IeHUH.
Kak BUmHO Ha pHc. 113, usmeHenMe 3Haka A nnsA 3TOH peaknMH JOCTHU-
raerest npy 500 K. Brime sToil TeMneparyphl peakuysi RpoTeKaer B 06paT-
HOM HaNpaBJIeHUH:

2HgO(x) = 2Hg(x) + Oy(r), AS >0

Taxum o6pa3oM, MpM HU3koTeMmepaTypHoMm pesxume (no 500 K) pryts
OKHCJSCTCS KHCJAOPOAOM, B TO BpPEMsi KaK IPM BHICOKOTEMOEPATYPHOM
pexume (Beiie 500 K) okeup prytH pacnagaercsi ¢ BblJeeHUEM KMUCIIOPO-
Aa. JTH mporneccsl MOXKHO MCHO/NbL30BATh [/t NMOJNYYCeHHUsI KHUCJIOpOAa B
na6opaTOPHH. ,

ECIIH JKe NpH NpOoTeKaHUWHU nponecca SHTPOHMﬁ cUcTeMBl HE U3MEHSETCH

T0 3HadeHMe AG OT TemmepaTyphl NpakTU4YeckM He 3aBUcHT. Tak, AnsA

peaknuu

C(rpacdur) + Oa(r) = COy(r), AS20

*Ecnu npenebpedb Biausndem 1 Ha sHadenna AH n AS, To NpuBeneHHas
saBicuMocte AG = f(T) sABnsiercsA ypaBHEeHMeM NpsiMoi, HAKIOH KOTODOH ofl-
penensiercs sHakoM A S, Ha puc. 113 mpu AS > 0 npsamas uger BHu3, npu AS <
< 0 — BBepx.
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saBucUMOcTh AG = f(7T) Ha puc. 113 Bolpaxaercsi NpsMOI, MPAKTHYECKH
napanelbHOi ocH abceruce.

IIponecchl, mporekaiomme ¢ yMmeHbMenueMm sHranenuu (AH < 0) u
yeenudenem sHtponuu (AS > (), npaktHuecky Heo6paTume. B
aToM caydae A G secerga 6yneT UMeTh OTpUIATENIbHOE 3HAYEHHeE, KaKylO 6Bl
TeMNepaTypy HU NPUMEHAJIH.

K neo6paTuMeIM mpoumeccaM OTHOCHTCA, HanpUMep, pasfiOkeHHe XJIopa-
ta (V) kanus:

2KClOs(k) = 2KCl(k) + 20,(r)
AR

Yos = —89,4 kJlk, AS.. = 4943 Ix/K

Crannapraas suepras I'm66ca o6pasorarms. [lof cTaHIAPTHON dHeprH-
eii 'n66ca obpasosanus AG’} NOHUMAIOT H3MeHeHne 3Heprun I'mé6ea npu

peaknuy oGpasobaEua 1 Mojb BemecTBa, HAXONAUErOCA B CTAHIAPTHOM
COCTOAHUM. ITO ONpejeeHne NOAPasyMeBaeT, YTO CTaHAAPTHAs JHEPTHs
['n66ca 06pazoBaHUA NPOCTOTO BeIIECTBA, YCTOYMBOIO B CTAaHJAAPTHBIX
YCI0BUAX, paBHA HYMIO.

Namenenue sHepruu I'n66ca, kak M M3MeHeHMe DHTanbOMK U HHTPOMUM
CMCTEMBI, He 3aBUCHT OT NyTH nponecca. [losToMy nns peakuun UAa

aA + B+ ... =dD 4+ ¢E + ...

MW3MEHeHMe CTaHAAPTHONW 3HeprMu I'M66ca AG° paBHO pasHOCTH MeKIy
CYMMOM cTaHAapTHHX 9Hepruit [M66ca o6paszoBanna NpoayKTOB peakuun M
CYMMOH CTAHAAPTHEIX 9Hepruil ['n66ca 06pa3oBaHUs UCXONHBIX BEUIECTB:

AG = (dAG S 4. — ; ;
(DG, + eAGYy +.) = (DG, + DG, + )

UIn

AG =3AG, . —IAG

o
Jomcx:

Monbaysacs 3HayeHUsIMHU AG’} 20g) MPMBEIeHHBLIMU B Tabn. 21, BeIUMCINM
v 3=

A Gy, peaknuu

1 —
308+ 1040) = X0

-] —_ 1o _ 3 1 o
AGros = MGy o — (AG 0 + [AG ).
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T a6 nuua2l. Crannapraasa onepris I'wb6ca o6pasosanns (AG}’”B)

HEKOTOPLIX BelleCcTR

BeniectBo

AG;

Bemecrso

AG;

7,298 f,298

kJLx/ Monn kJIx/Mons
Al(r) 288,7 H,0(x) 237,24
A¥*(p) -490,5 H,SO4(3) -814,2
A]203(K) -1582 K*(p) —281,3
Ba2*(p) 561,1 KClO3(x) ~289.9
BaSO4(x) -1353,0 KNOj(x) -393,1
C(amaz) 2,833 KOH(x) -380,2
CHy(1) 50,79 MgSO4(x) -1158,7
CO(r) -137,14 MgSO, - TH,O(k) 2868
CO,(r) -394,38 N(r) 455,5
CaCly(x) -750,2 NO(r) 86,58
CaCOs(x) 11288 NO(r) 51,5
CaFy(x) -1161,9 NO3(p) -111,7
CaO(k) -604,2 Na(r) 77,3
Ca(OH)y(x) -896,8 Na*(r) 575,6
Cl(r) 105,3 NaCl(x) -384,0
ClI(r) -239,9 NaOH(k) -380,7
CI(p) -131,4 NazSO4(k) -1266,8
H(r) 203,3 o(r) 231,8
H*(r) 1516,99 Oy(r) 162,7
H*(p) 0 OH (p) 157,4
HBr(r) 53,2 S(MoHok1.) 0,188
HCY(r) 94,79 SOL(r) -300,4
HF(T) -272,8 SO4(r) -371,0
HI(r) 1,78 SO4(x) -368,98
H3N(r) -16,7 5027(p) -744,93
HNO, () 80,3 ZnO(x) -320,88
H,O(r) -288,61 ZrOy(x) -1042,8

Honcrapnaa 3Havenus AG7, yka3aHHble NOj CHUMBOJIAMH BEIECTB B

YPAaBHEHUM PeaKIMH, HOJIYYHM
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= 51,56 — (86,58 — 0) = —35,08 xJIx.

Haiinennoe 3nauenne AG,,, O3Hauaer, 4T0 O6pascpanue 1 Mok NQO,

8

npy CTAHAAPTHEIX YCJIOBUAX, T.e. MPU p . = po = po = 101,3 klla u
2 2

o6mem pasnenun 303,9 klla, conposoxknanocs 6b1 npu 298 K ymensmenu-
eM aHeprun I'u66ca cucremel Ha 35,08 kJx/Mons NO,.

IIpu nDONL30OBAHMK 3HAYEHHUAMHU cTAaHAAPTHOM SHepruu ['n66ca kpure-
pMeM N PpHUHULUNUANLHON BOBMOMNKHOCTHMH nOporecca B
HeCTAHJAPTHBIX YCAOBUAX cnexyer npussarts yenosue A G < 0, a kpurepl-
eM MPUHIOIUOUHANBHOMN HEBOBMOMNMHOCTHM OCYIECTBIO-
HUA nponecca — HepaseHcrso A G° » 0. Pasymeercs, eciu AG° = 0, 10
3TO BOBCe HE O3HAYaeT, 4YTO B peaNbHLIX VCAOBUAX cucteMa Oyaer Haxo-
JAThCA B paBHOBecuM. TakuM o6pa3oM, BO MHOTMX Ciy4yasdX SHadeHUAMH
AG° MOXHO mons3oBaTheAd NUmMb AAA OpubiusxeHHOM ONEHKH HanpaBile-
HUA peaKiui.

') 1 ABA 3. XUMHYECKOE PABHOBECHE
§ 1. KOHCTAHTA XUMUYECKOI'O PABHOBECHUA

DosbInHCTBO XHMMHYecKHA peaknmit O 6 pa THU M O, T.e. IPOTEK4ET
O HOBPEMEHHO B IPOTHUBOMOJIOKHBIX HanpaBieHusax. PaccMorpum obpatn-
MYIO peaKnuio

2H,(r) + O, == 2H,0(r), AH< 0, AS<0

Ilporexkanue peaknUu B NPAMOM HalOpABIEHHH CONPOBOXIACTCS BbIASICHU~
eM TenyoThl (AH < 0). OHTPONUs CUCTEMBI mpK 3TOM yMeHbiuaeres (AS <
< 0), TaK KaK B Pe3ynAbTATE PeAKIUH U3 3 MOJb ra30B o6pa3yroTcAd 2 MOJb
razos. Takum 06pa3oM, ABHIKYILEH CHJIOH 3TOro MpoLeccs ABIAETcA 3Hep-

TeTMyeckuii (sHTAanbOUiTHLIA) dakTop.

Ilporekanue paccMaTpuBaeMoli peaknuu B OOpATHOM HANpAapIeHHH
conpoBokpaercA nornomeHueM temnotel (AH > 0); sHTponuA cucreMb
sospactaer (AS > 0). TakuM 06pa3oM, nBUkYIed CHIOH 3TOrO MpoOmecca
ABnsercd 3HTPONUAHEIN daKTOp.

IIpencrasum cebe, uro npu 2000°C u 101,3 klla B 3akpeITEIL COCYA
BBEJieHa cMech BOAOpOAa M kucaopoga. Ilpoucxomgur nponece o6pa3osanms
napos Bojasl. Ero nporekanne oSecneunsaer sHransnuitasiii dakrop. Ho c

 HOABJIGHHEM HapOB BOJbI HAYUMHAET [eHCTBOBATH SHTPONKHMHBIA PakTOp —

yacTe 06pa3oBapiueiicd BOALI pa3jaraercd Ha BOJOPOL MW KUCIAOpOn. BHa-
qaje pefcTBMe JIHTANbOMIIHOrO dakTopa OpeoGianaeT HaJ mpefcTBHEM
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aHTponuitHoro akrTopa. Ho B koHIle KOHIIOB AeficTBME ITUX ABYX NPOTH-
BONOJOMXKHO fAeficTByOUX paxTopos ypasHosemMBaercA: AH = TAS, t.e.
AG = 0. Hacrymaer xumudeckoe paBHoBecue. IIpM XMMHMUYECKOM paBHOBe-
CHM YMCIO OGPAa3yIOLIUXcAd B eMHUIY BpPEMeHM MONeKyn (Wau IPYyrux
Y4CTUI) TpPM TPAMONR DPEAKIMM PABHO UYMCAY MOJIeKya (ApYTMX YacTHn),
BCTYIMBINKUX BO B3aMMOneHcTBMe MPH OOPATHON peaknMM, T.e. XHMHUeCrKoe
paBHOBecHe ABIACTCA JunamuvecKua. B cOCTOAHNM XMMHUYECKOrO paBHOBe-
CHA CKOpOCTMYL NPLMOYU PedKUUU pasra cxopocmuy obpamuoil peakyuu.

Takum o06pa3oM, BciiencTsHe O6PATUMOCTH TIPONECCA TOJHOTO NpeBpa-
LIeHUA BOZOPONA M KUCJIOPOL4 B BOZLY He TTPOMCXOAMUT: B pe3yJbTaTe B3au-
MOIENCTBUA B €OCyINe OPUCYTCTBYeT cMeCh BCEX TpeX ra3oB — BOAOpOnaA,
KUCAOpOZa M BOOBI. IJTO HAGAOHeHUE MOXHO OG06LIMTHL. CAMONPOU3BOIL-
HOE MPOTeKaHWe XMMUYECKMX PeaKIMid NPOUCXOOMT OO0 M3BECTHOrO npepe-
JIa — N0 YCTAHOBJIEHMA B cHcTeme XuMmHMUeckoro pasHosecud (AG = 0). K
PABHOBECHUIO MOMKHO TONONTH € MPOTHBOMOIOKHBEIX CTOPOH — K4K 34 cYeT
B3aUMOJecTBUA UCXONHBIX BeleCTB, T4K M 3& C4YeT B3aMMOJEHCTBUA KO-
HEeYHHIX NPOAYKTOB.

Iocne HacTynaeHUA paBHOBECMA KOHIEGHTPALMM BelIecTB (MCXOLHBIX M
NPOAYKTOB) MPU JEHHLIX YCAOBHAX OCTAIOTCA HEU3MeHHBIMM. DTH KOHICHT-
PAIIMHM HA3HIBAIOT PAGHOGECHBLAY.

3axon peicrByomux Mace. O crTeneHH TyGMHLI MPOTEKAHMA TPOIECCa
MOMHO CYAUTb H4 OCHOBAHMM 3 a KO H A N €M CTBYWIUMUX Macec,
KOTOPOMY MNOAYUHAETCS CHCTeMA B COCTOAHUM PABHOBECHA: ACHOE Om
JdeneHus npouseedenus PasHoOGECHBT KOHYEHMPAYUL nPodYKmos peaKyuu na
NPouU3eedeHUE PAGHOBECHBIT KOHUYEHMPAUUL UCTOOHHT OBEULECTNE LBALEMCS
seaununott nocmosnnoi (Cynpp6epr u Baare, 1864—1867). Oty Besnuuny
HA43BIBAIOT KONCTANMOU pasnosecus, ee obo3navar K.

Ana peaknun

aA + B4+ .= dD + ¢E + ...

B COCTOAHUM PABHOBECUA BLITIONHAETCA COOTHOIIEHUE

d
K. — [D)Y[E)°...
¢~ AJ9[Bp..
rae [A], [B], ..., [D], [E], ... — paBHOBecHbHIe KOHIEHTpauuy BemecTs A, B,
- D,E, ..;a b ..., d e ..~ nokazarenu creneHu, B KOTOPYIO BO3BOAMT-

CA KOHIEHTPALMWA ZAHHOTO BellecTBa — UYHCIEHHO paBHB KO3 dHIHUEeHTaM
nepen GOpMyJIOi BeUeCTB B ypABHEHUH PEAKIIUH.
HiA BbIpakKeHUA COCTOAHUA pABHOBOCMA HPHU B3aUMOZCHCTBUM MEXIY
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ra3006pa3HbIMM  BEUIECTBAMM YACTO BMECTO KOHIEHTPAIUM{ HCIOIb3YIOT
paBHOBeCHHIC TTapnUalibHble N4BICHUA PEAreHToB *:

d e
P’ p°
K - D B
p_papb ‘
A B-..

3Hauenud K, HaXOgAT myTeM pacdera WM Ha OCHOBAHMM JKCIEpUMEH-
Ta/AbHBIX JaHHBIX.
PaccMOTPUM DABHOBECHYK) CUCTEMY

H,(r) + I(r) == 2HI(r)

CoryacHO JKkclepUMeHTalIbHEIM nadHbIM Tpu 698 K (425°C).

p2
2 HI
Kegs = _[HiE 54,441 yan K, = ———
[Ha ][I} Py P
2 72
Koneranta paBHOBecMs — BaxkHafd XapaxktepMcTuka peaknuu. [lo ee

3HAYEHUIO MOMKHO CYIMTh O HAIIP4BJIEHMHM Tponecca NpU UCXOOHOM COOTHO-
[IeHH MW KOHLEHTPAIUA PeardpyrolluX BellecTs, 0 MAKCMMAJILHO BO3MOKHOM
BBIXOe MPOAYKTA PEAKIIMHM TIPH TeX MJHU MHBIX YCJOBUAX.

BimsHAC HA KOHCTAHTY pPaBHOBECHA TeMUepaTypH. KoucTanTa XMMUuec-
KOrO paBHOBECUSA 3aBMCHUT OT MPHUPOABI PeareHTOB M OT TeMmeparypsl. OHa
cBABaHA ¢ MBMEHEHMEM CTAHOAPTHOW 23Hepruu ['MO66ca XMMHUYECKOA peak-
uuu AG° ypaBHeHMeM

AG = —RTIn K, AGj(

klx) = —5,71 Ig Kygs.

IlpuBeneHHOE ypaBHEHME MO3BOJAET 110 BeauunHe A (G BLIYUCIUTL K, a
34TE€M M PABHOBECHHIE KOHNEHTpAnuu (napuMaisHyie qaBleHUA) PEareHTos.
Bonvwmm orpunarensusiM 3Hadenuam AG (AG° € 0) oTBeyaoT GonbIIMe
sHadyedusa K (K » 1), T.e. B paBHOBecHOH cMecH NpeoGNaJaroT TPOAYKTH
B3auMmopeiicTBUA. [IpU GOMLIIMX TIOMOKMTENLHBIX 3HadeHUAX AG" (AG »
» 0) B paBHOBECHOM CMecH Mpeo6aanalorT ucxogsele pearentsl (K° € 1).
Ecin yuects, uro AG = AH® — TAS® = —RTIn K, 1O 10cne
HEKOTOPOTO NPeo6pa30BaAHUA TTOTYIHM

*Komcranra paBHobecusi K., BrIpakdeMas dYepes paBHOBeCHBble KOHLEHTpPAL UM
pearentoB, u Kp, BolpakaeMas 4Yepes MX NapuuasibHble NABIEHUS!, CBSGAHBI ypaB-
HEeHU AMU Kp = KC(RT)A", f}le An — U3MeHeHUe KOJMYeCTBA BelllecTBa T430B BO
BpeMsi peakuUM. B peaknMM, rue KoJMYecTBO BelmecTBa [430B HE HBMEHSAETCH,
An=0un K, = K.
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M3 atoro ypapHeHUs BHIHO, YTO KOHCTAHTAa DaBHOBECHUS OYEHb YYBCTBH-
TebHa K WU3MEHEHHIO Temneparypbl. /s SHAOTEPMHUYECKHX I[IPOLIECCOB
IOBLIIIGHUE TEMIEPATYPLl OTBEYACT YBEMUYOHUIO KOHCTAHTH PABHOBECUS,
U DK30TepMUYecKUX — ee ymeHbwlenuio. OT naBnenust (eciim OHO He
O4YeHb BEJIMKO) KOHCTAHTA PABHOBOCHUS HE 3aBUCHT.

3aBUCUMOCTL KOHCTAHTHI PaBHOBECHUS OT SHTAJLIHUHAHOrO ¥ IHTPONMAHO-
ro (paKkTOpOB CBUETEILCTBYET O BJIUSHUN HA HEE NPUPOJALI peareHTOB.

§ 2. HPUHIWII JIE WWATEJIBE

CocTosiHMe XMMMYECKOTO PABHOBECHsl COXpaHsieTcs NPU JaHHLIX yciIo-
BusAx Jio6oe BpeMa. Hpu uzmeHeHuu ke yc/IOBUil paBHOBecHe HAPYLIACTCS.
Bnusinue, okasbiBaeMoe Ha DAaBHOBECHYIO CUCTEMY KAKUM-TTM60 BHEUIHUM
BO3/I6HCTBUEM, HanpUMED M3IMOHOHUEM KOHUEHTPAaUUM PEeareHToB, JABJIEHUSA
WIn TeMIepaTtypbl, MOXHO NpeJcCKa3aTb, HOMb3YysACb N PUH I UM OM
e MarTenbre (DpPUHUUDOM NOLBUIKHOFO PAaBHO-
BecHu A) ecau HATodIuyaice 6 PAGHOGECUN CUCTIEMd NOJBEPLAETCS BN eU-
NEMy 6030elicmeuro, PAGHOGECUE CHMEULAeMCS 6 MAKOM NANPAGACHUN, KOMO-
poc cnocofcmeyem ocaabaenuro 3Mmoro 6o3deltcmeus.

Tax, corsiacso npusuuny Jle llarenve, BBesienve B paBHOBECHYIO cHCTe-
MY JAONONHHUTE/LHEIX KOJIMYeCTB KaKoro-l1Mbo peareHTa BLI3bIBAET ¢JiBUT
PaBHOBECUS B TOM HaNpaB/eHUY, [PH KOTOPOM KOHUEHTPauUA DTOrO Be-
LeCTBA YMEHBUIAETCH U COOTBETCTBEHHO YBEJIWYUBASTCS KOHIICHTpALUA
NPOAYKTOB €70 B3auMojielicTBusA. JlONycTHM, K paBHOBECHOI cucTeMe

2C0(r) + 0, = 2C0,(r), K = [CO22/([COP[O:]):

no6aBjleH KMCJIOPOXL. OJTO BHI3OBET YCUIIGHHE Iponecca O6pa3sOBaHUMA
okeuza yrieposa (1V). Ilpouecc 6yger uaTv 1o Tex mop, HOKAa CHCTEMa He

npuaeT K COCTOAHWUIO DPaBHOBECHA. B 3TOM HOBOM COCTOSAHMU XUMMYECKOTO .

PABHOBeCUS KOHUEHTpauuu (NapuuaibHbie HABAEHUs) Bcex BEIIECTB OTIUY-
HBl OT HavalbHBIX, HO COOTHOULIGHHE MEK]Y HUMM, BbIPaskaeMO€ KOHCTaH-
TOW PaBHOBECHsA, OCTaeTcA TeM ke. TakuM obOpa3om, B cucreme, Haxods-
Ulefics B paBHOBECUM, HEJIb3d M3MEHUTb KOHUEHTPALUIO KAKOIO-HUOYIbL U3
PeareHTOB, He BbI3LIBAA U3MEHEHUS KOHLEHTPAIMYU BCEX OCTAIbHBLIX.
smenenvie napiieHusi BAKMSCT Ha COCTOAHME PaBHOBECUA B TeX CIyUasdX,
KOTjla PeaKiusi cOMpOBOKIAeTCA u3MEeHeHMeM obbema cucTteMbl. B coor-

BercTBuM ¢ npunuunom Jle Ilarenve noBnimenve [apieHuA capuraer
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XUMUYECKOEe paBHOBecHe B CTOPOHY peaKuui, UAYUISH ¢ yMeHblleHueM
o6bema. [lpu moHMMkEHUM NABISHUA NPOABJAETCA 00paTHAd 3ABUCHMOCTD,
Tak, 17s papHoBecHo# cucTembl (npu 298 K)
. . [NO,]?
N,O4(r) = 2NO, (1), K = =—=—==
2 4( ) ( ): [N204]

1 ob6bem 2 o 61beMa

npu pabiaeauu 50,6 klla cremens guccoumanuu N;O4 cocraBasier 25,7%.
MNopwmmenue pasnenusi sasoe (no 101,3 klla) mpupBosuT K yMEHbLISHHIO
crenenn puccopmanuu NoO,no 18 5%. UubiMu ciioBamu, TIpY MOBLILICHUU
HaBJEeHUs paBHOBecHe cMellaerTca B cTopoHy mpespautenda NO; B NyOy,
T.e. B CTOPOHY PeaKiluy, UAYLIEH ¢ yMeHblleHueM 00bemMa.

Coraacuo npunnuny Jle I[llaresse nopelleHde TeMNepaTypbl BHISLIBAET
CMeLeHHEe PpABHOBECHs B HANPABJCGHUM TOTO W3 JIPOIECCOB, TeueHUe
KOTOPOTO cONpPOBOMAACTCS NOT/IOLIEHUEM TENJIOTHI, a HNOHWKEHWe TeMIepa-
TYpbl JI€HCTBYeT B TPOTMBOIOJNIOKHOM HanpapJenuu. Tak, B paccMOTpeH-
HBIX Bbillle PABHOBECHBIX CHUCTEMaXx

200(r) + Oy == 2C0,(r), AH < 0
N204(F) = QNOQ(I‘), AH>0

IIOBBbILIIEH e TeMIlepaTypbl NpUBoaUT K pasiomenuio CO; u NoO4 cooTseT-
CTBEHHO, a OHMIKEHUE TeMNepaTyphl cnocobeTByer, HaoGopor, cuntesy CO,
u NzO4.

Nsyuenie XUMHYECKOTO paBHOBECHUsT UMeeT 6OJbilloe 3HAadeHHe Kak IS
TEOPETUHECKUX UCCIE0BAaHU, Tak W JJIs pelIeHUs NPaKTHYeCKUX 3aliad.
Onpenenss NojiokeHWe paBHOBECHs [JIsi pa3/IMMHBIX TeMIlepaTyp M [iaBlle-
HUi, MoskHO BbLiOpaTh Haubosiee 6JarOnpUATHHIE YCJIOBUS 1IPOBeAEHUSA
XUMHYeckoro npougcca. Jlpu oxkondarensuoM BHOOpe YeJ0BUI NPOBeeHUSA
npolecca yYUTHIBAIOT TAKkKe UX BJAMSHME HA ckopocTh mpoiecca. Heobxo-
UMbl TaKUe YCIOBUSA, YTOO] JOCTHUIAICS MaKCUMAILHO BO3MOMKHBIN BBHIXOJ
NPOAYKTa (CMELIeHUe XUMUUECKOr'0 PaBHOBECUA) Npu HaubosblIedi ckopoc-
TH mpougecca ero c6pazoBaHUA.

$ 3. KOHCTAHTA MOHU3ALUN

DINEeKTPOMUTUYECKasT [OUCCOUMAlUA BEUIecTB B pacTBope — 1ponecc
obparumeiit. IIpvMeHHB 3aKOH NelcTBYIOLIMX Macc K IIponeccy pacnaja
coenuuennsa KA, B pactsope Ha uoHn K™ u A™

KnAn(p) = nK™(p) + mA™(p)
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MOAYYIUM
1{ _ [K1n+ ] n [An-]m
‘ [KnAn]

B »ToM ciaydae KOHCTaHTa paBHOBECHsl XapaKTepHU3yeT MOHU3AnUIo
BEIeCTBA B PACTBOpEe, IO3TOMY €e HAa3bIBAOT KOHCMANMOU UOHU3AYUL.
OueBunHO, yeM 6OMbllle KOHCTAHTA MOHM3ALMM, TeM 6ojiee HOHU3UPOBAHO
coequnerue. IlockoNbKy KOHCTaHT2 paBHOBeCUsl OT KOHUEHTPanMH He
3aBUCHT, KOHCTAHTa WUCHU3aLUU HaeT 6ojiee OOIIYI0 XApAKTEPHUCTUKY CHJIbI
3JIGKTPOJINTA, YeM CTeleHb MOHU3an UM,

OnHako 3TO BEPHO JMIIL A cJabblXx 3J€KTPOAUTOB, PAcTBOPHI KOTO-
PBIX COMEpKAT CPABHUTEJNLHC HEMHOIO UOHOB. Y CHJILHBIX K€ 3JIEKTPOJIU-
TOB BcJencTBUE OOJBIIOTO YHC/a HOHOB B3aMETHO CcKa3biBaeTcsl 3JIeKT—
POCTaTUYEC KOS B3aUMONEMCTBIE MOHOB [PYT ¢ [APYyroM. JTO JIUIIAET MOH
BO3MOMKHOCTH BecTH ceOs HesapucuMo OT apyrux. CpoilcTBa 3JIeKTPOJIUTA
OKa3hIBAIOTCA TAKUMHU, Kaxk Oy/TO 6bl KOHUEHTPallusi ero UCHOB UHasl, 4eM
Ha caMoM pene. PesynbTaToM 3TOro ABJAAIOTCA OTKJICHEHHE OT BaKoHa
NEeHCTBYIOMHUX Mace U U3MEHEeHUe BEMUYHHBI A Npd U3MOHEHUM KOHUIEHT-
paruy pacTBOPEHHOro BemlecTBa (B 4YacTHOCTH, 1ipu pasbapBieHUM pacT-
BOpa).

[ pacripocTpaHeHUs 3aKoHa [IEMCTBYIOLIMX MAacC Ha CUJILHbIE OJIEKTPOTUTHI
BMECTo KOHIIEHTpAIIMUM BELlecTBa B BBIPAXEHWE KOHCTAHTBI PABHOBECUS MOICTABIA-
0r efo o9d b eKTUBHY0O KoHUEeHTpaluio (T.e NpoABIA0MIylo
cebsl B IEHMCTBUH) — Tak HaSblBaoMYH axmuenocms 4. Hanpumep, sl cWiIbHoro
aniekTpoiiuta KnAy, '

n m
e “pn-
- a
KnAn
Kak u KoHIIeHTpalMio, AKTUBHOCTL BHIPa&aior B Monib/s, CooTHoLIEHME MeKpy
AKTUBHOCTBIO @ U KOHIERTpalUeNl ¢ jaeTcs BbIpaXkeHWeM a = fc, rae f — woagpu-

yuenwm axmuenocmy. OH XapaKTepuUsyeT oTJIM4YMe CBOMCTB PpacTBOPOB CUIILHBIX

QIEKTPOJIUTOB OT CBOMCTB pa3baBleHHBIX pacTBOPoOB ciabbIx oavieKTposuToB. B.

1pefieibHo pasbaBIeHHBIX pacTBopaX (GJMSKMX K "Mleansueid') anmekTpocraTdec-
Koe B3aUMoJelicTBUEe UOHOB TIPAKTHUYECKU OTCYTCTBYET M3-3a UX YHNAJIEHHOCTU Npyr
oT apyra. B oroM ciydae kooddunKent akrusHocT GMUM30K K eMHMIE, T.6. 4 & ¢
AKTUBHOCTL U Koo ODUIIMEHT aKTUBHOCTU OINPENENSIOT Ha oCHOBAHMM SKCIIEPUMEH-
TAJILHBIX JIAHHBIX.

Iipu obcyxueHnn HodIeNylomero MaTepUata HpUMeM, YTo KOHILEHTPAIMM pas—
GaBJICHHBIX DACTBOPOB AIEKTPOJIMTOB CYIIECTBEHHo HE oMNIMYAOTCHA OoT UX aKTUBHOC-
Ten. l
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KoHCTAHTH KHACHOTHOCTH H OcHOBHOCTH. [IpMMEHMM BaKOH [eHcTBy-
oUAX Macce K MOHU3amUHM KUCJIOThHl B BOJHOM pacTBOpe. Hanpuwmep, pas
HOHUBAN MU a30THCTON KUCJIOTEHI

HNO, + H,0 = OH} + NO;
KOHcTaHTa paBpHOBECHs

. .
K= [OH 3][NO; ] ‘

[HNO,] [ H,O]

B pas6apieHHbLIX pacTBOpax KOHLEHTpanusl BOJAbI — BEMMUMHA [1PaKTH-
yecku nocTosHHaa. IlosToMy 3Ty BeNMYUHY nelecoo0pa3HO BKJKOYATh B
koHcTaHTy papHopecus k[H,0] = Ky. Koncranty papuoBecuss Ky Hazbipaior

KOHCMAHMOU KUCAOMHOCTU
. _ [OH3] [NOj]
K [HNO, ]

WM 1IpY yTIpOHIEHHON 3amucH
HNO, == H* + NO;

(H*] [NO]
[HNG, ]

KoHeTaHTy KHUCJIOTHOCTH MOMXHO ONPENSINTh IKCIePUMEHTAILHO 110
H3MEPEHUIO 3JIEKTPUYEC KO IPOBOSUMOCTH PAcTBOpPA.
O4eBUHO, YTO 4YEM CUJILHEE KUCJIOTA, TeM ee KOHCTaHTa KHCJIOTHOCTY

Ky = = 57-10¢, pky = 3,29.

Gonpie (Tabn. 22).
Jlna XapaKTepUCTHMKM CHJIbI KMCJIOTHI 4acTO BMecTOo Ky IPUMEHSIOT
OTpUNATENbHLI NecATHYHLIN JorapudM ero YUcJIOBOrO 3HaYeHud *

p‘[{K = _ngH'

Jast cnabeix kUCnOT 3HauyeHus pKi HomokuUTeNbHBI, W ueM cjabee
KucaoTa, TeM Gombiie pKy. s cunbHeIX KucaoT pKx oTpUUaTeIbHpl (CM.
Taba. 22).

MHOTOOCHOBHBIE KUCOTH MOHM3UPYIOTCA CTYIIEHYaTO, M Kamk[as CcTy-
[I€Hb KUCJIOTHOCTU XapaKTepU3yeTcs CBOMM 3HAYCGHUEM KOHCTAHTHI KUCJIOT-
Hoctu Ky u pKj, Hanpumep:

H3PO4 == H* + HQPO;

*p — HavaJibHasA 6yKBa JATCKOI'0 caroBa potenz — MaTeMaTUuyecKasl CTeleHb.
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_ [H*][H,PO4 _ 105 pKa = 2.12
Ka ="Tipo,y = 120100 pRa =22
H,PO; = H* 4+ HPOY
_ ) [HPOT]_ ¢ 51 10, _

Ky = “bPO;]..asllo, pKy2 = 7,20.
HPO? == H* + POY
+ 3-
K= W IIPOS] 4o 103, pK,, = 12,92

[HPO2 -]

Ta6auua 22. Knaccudpnkanus KUCIOPOJCOREPKAMMX KUCOT MO0 MX CHIe
B BOJHEIX pacTBopax

Ty kuenorsr| Kucora Ky pKx Cuia KMcnoT
3(0OH),, HBrO 2,06-1079 8,7 QueHb cnabbie
HCIO 3,2-10°8 7,5
HIO 2,3-101 10,64
H3;As0, 6-10710 9,2
H3BO; 5,8-10710 9,24
H,4Si104 2-10710 9,7
HgTeOg 2,0-10°¢ 7.7
B0(OH),, HCIO, 1,1-10°2 1,97 Crnabuie
HNO, 5,710 3,29
H,COg4 1,32-107¢ 3,88
H,S0; 1,3-10°2 1,87
H3AsQ4 6,46-1073 2,19
H3;PO, 7,25-1078 2,12
HsIOg 3,1-10°2 1,57
30,(0H),, HBrO, 21071 0,7 CubHble
HCIO4 ~-1
HIO, 1,7-10! 0,77
HNO; 4,36-10 -1,64
H2Mn04 ~1071 ~1
HzSO4 1- 103 ‘3
30;(0H),, HCIO, ~-10 Ouenb CWILHBIE
HMnO,4 2102 -2,3

*B tabnyie TpUBeneHbl sHaueHUA Ki 11epBoii CTYHeH MOHMBAUU KUCTOT.
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s HeopraHMYecKHX KHCJIOPOACOMEPHKAIIMX KHUCJIOT [epBas, BTOpasd U
TPeTbsd KOHCTAHTHI KHCIOTHOCTH HAXOAATCA B COOTHOWICHHMHM, HPUMEPHO
paBHoM 1 : 107 : 10710, B cnpaBeniMBOCTH YKa3aHHOrO COOTHOIUEGHMSA IJ1A
H;P O, HeTpyaHO yOEAMTBCS, €CIM COMOCTABUTE N PHBEACHHEIE BEILIIE 3HAUYE-
HUA Ky, Kz, HAgks. IlepBbilt HMOH Bomopolla OTPHIBA€TCA OT MOJEKYJH
KHUCJIOTHI Jierde, a MocJe1yolue Bce TPYAHEe, TAK KaK BO3pacTaeT OTpHUa-
TENBHBIM 3aps/i KUCAOTHOTO ocTaTKa. (B wacTHOcTH, mosToMy B pacTBope
docopHOBt KHCIOTH MOHOB POi‘ HOYTH HET.)

Cuia KMCIOPO/COACPKAIUMX KHCJIOT 3aBUCHT OT CTPOSHUA MOJICKYJIH.
@opMyNy KUCIOPOJACOACPKAIINX KUC/IOT B OOLIEM BUJEe MOXKHO BalucaTh
O0n(OH)p, uMes B BUAY, YTO B MX MoJgeKynaX mMmelorcs cBasu H—O—D u
9=0. Kak noKasHBAlOT HCCACIOBAHUA, CHJIa KUCJIOT MOPAKTHYECKH HE
3aBucUT OT n (uncia OH-rpynn), HO 3aMeTHO BoapacTaeT ¢ yBEIUYEHUEM m
(4ymcsra HecBaAsanublx B OH-rpynnbr atomMoB Kuciopoga, T.e. €O CBA3AMU
9=0). o teppoit cryneru voHu3anud kuciotn tuna D(OH), orHocsTes
K odeHb ciabmM (Ky = 1078101, pAy = 7—10), Tuna DO(OH), —
ciabeim (Ky; = 1072—104, pKiq = 1,5—4), tuna 30,(OH), — Kk cuababM
u tuna 03(OH),, — K ouenb cumbHbBIM (Tabi. 22).

Peskoe Bo3pacTanue cuibl B pALYy KHCJIOT C YBEJIMYEHHEM M MOMKHO
OOBLACHUTE OTTACMBAHMEM JJICKTPOHHOM mjorHocTd oT- csisu H—O Ha
cBaA3b D=0.

C yBeJiM4eHUEM CTEMEHU OKUCJICHUA LEHTPANBbHOTO aToMa J M3MEeHEHHe

cOoCcTaBa OOpa3yeMEX UM KHUCOPOACONEPXallWX KUCJIOT OTBevaeT yBellude-
+6 +

+q 3 +5
Huio m, "vanpumep: H,;SO3 u H,SOy; HNG, u HNOg. [HostoMy ¢ yBelinde-

"HUEM CTeneHu OKUCJICHUS LHEHTPaJbHOroO aToMa CcuJia KMCJIOT OBBLIUHO BO3-

pacTaeT, HalpuUMep:

+1 +3 +35 +7
HCIO HCIO, HCIO; HC1O,
CI{OH) CIO(OH) ClO,(OH) ClO3(OH)
pEx =725 pKg=197 phy=-1 pAx = -5

B »ToM mposBnsercs o6mas 3aKOHOMEPHOCTb: ¢ yBEeJIMYEHMEM CTeIleHU
OKHUCJIEHNA JIEMEHTa B PALY €r0 T’MAPOKCUIOB OCHOBHHE CBOMCTBA ocsiabe—
BAaIOT, KMCJIOTHBIE — YCHJIABAIOTCS, HalpUMeEp:

+ 4
: Mn(O H)4
+ 2 ot 3 + 6 + 7
Mn(OH)Z MH(OH)g H4Mn04 HQMHO4 HMnO4
OCHOBaBUe OCHOBaHHe aMd)OTepﬂoe KHcoTa KHUCAIOTa OYE€Hb
cpenHen cnaboe cOeUHEHUEe  CUITbHAA cWIbHASA
CUJIIBI
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O cunne ocHOBaHUN MOMKHO CYQUTH [10 3HAUCHUIO XOHCMANMbL 0CHOGNOCTNU,
KoTopylo oGosnavator K, Ws cpasmenus K, rugpoxcupos LIOH(K, =
= 6,75.10"1, pK, = 0,17) n NaOH (K, = 5,9, pKo, = —0,77) BuzHO, 4TO
BTOPO€ OCHOBaHME CHIILHEE, YeM [1epBoe.

§ 4. KOHCTAHTA OBPAB/OBAHI/IH KOMIUIEKCA

KoMniiekcHble coefiHeHUs B pacTBOpaX OOLIYHO MOHUBMPYIOTCS Ha
BHEIUHIOK) ¥ BHYTPEHHIOI cepH:

[Ni(NH3)e]Cla(p) == Ni(NHs)2*(p) + 2Cl"(p)

KoMiiniekcHble MOHBI B pacTBOpaX B CBOK Ouepehb [ONBEpralTcs B
GoJlbllelf UM MeHbBIIeH CTelleHU pacliaZly HA COCTABHLIC YACTH:

Ni(NH3)2*(p) == Ni?*(p) + 6H;N(p)

O6 ycTOWIMBOCTH KOMIIJIGKca MOMKHO CYNMTb [0 €ro oblieil KOHCTaHTe
obpasopanus fp (n — KOOpAUHALMOHHOE YUCTIO KOMILJIEKCooOpa3oBaTes).
HMns peaxknuu obpasosanns mona Ni(NH3)2* B pacteope

NiZ*(p) + 6H;N(p) = Ni(NHj)2*(p)

obmasa koHcTaHTa 06pasoBanus 6yeT

[Ni(NH3)§"
B = ———222 2 = 1 (02-108, 1 = 8,01.
[N12+] [H3N]6 ’ ) gﬂﬁ )

Koncranta 06pa3oBanus sABisieTcss Mepoi KOMILIekcoo6pa3oBanus —
GojiblIeMy 3HAaYEHMIO KOHCTaHTH COOTBETCTBYET 60Jblllas KOHIEHTpanus
KOMILJIeKCca MTpHU paBHOBeCHUH.

CpapHenre KOHCTAHTH 06pa30BaHUA KOMIVIEKCHBIX MOHOB

Ag(NOy), Ag(NHy)5  Ag(S:03)5  Ag(CN);
6,76-102 147-107 2,88-1013 7,08-1019

[fOKa3bIBaeT, 4TO HauboJlee yCTOMYHB U3 ITUX KOMIJIEKCOB IIOCHAENHMI, a
HauMeHee YCTOMYUB — MepPBHI.

O6pasoBalle KOMILIEKCOB B pacTBODE 3aKJIIOYAETCA B II0CTeN0BaTeNIbHOM BHel-
PeHMH JIMTaHJ0B BO BHYTpeHHoi0 ccepy KOMIUIEKCooOpasoBaresisi ¢ OTIIEIlIeHreM

[lepBOHayaJIbHO KOOPIMHUPOBAHHBLIX MOJIEKYJl PAcTBOPUTENs], HallpUMep:
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Ni(OHp)3* + H3N == Ni (OH;)s(NH3)2* + H20
Ni(OH,)(NH;)2* + H3N == Ni(NH;)% + H,0
Ni(OH;)2* + 6H,N == Ni (NH3)2* + 6H,0

Haobopor, npy paclialie KoMilleKca Ha cOcTaBHBIE YacTW B DacTBOpe IPOMCXORUT
3aMeHa JIMFaHOoB Ha MOJICKYJLL pacTBopUTensi, TakuM obpazoM, peakIUH KOMIUIeK-
co06pasoBaHUsl U pacllafa KOMIUIEKCOB B PacTBOpe [0 cyTU Aejia SIBJISAIOTCA peak—
IUAMHY  3aMellleHUs JIMraHooB. le/l ATOM KOHHQHTpauMﬂ BoObl IIpaKTHYE€CKHU He
UBMEeHsIeTcsl, TI00TOMY B BHIpaX(€HHMU KOHCTAHTHI 06pasoBaHUs ee He BKIIOYAIOT.

Iockonbky 0Opa3oBaHUe U pacniaj KOMIVIEKCOB B DACTBOpE [IPOMCXOHSIT CTYIIeH-
YaTo, KaXION CTYMeHM oTBeyaeT ollpenesieHHasl cTyIeH4Yarasi KoHcTaHTa obpasopa-
Husi kominekca. Jlnst mona Ni(NH3)2* moxho sanucars:

_ [N(NH)2*]
[Ni2* ] [HsN]

[Ni (NH5)§" ]

Ni2+ 4 H3N - Ni(NH3)2+, K1 ng1 = 2,67;

Ni(NHg)?* + HsN == Ni(NH)?*, K, = (N )+ [[HN] gk, = 2,12;
Ni(NH3)3* + H3N == Ni(NH3)2*, Kz = [Ni[?liff(lf})[?iHsN]; lgk; = 1,61;
Ni(NHg)2* + HyN == Ni(NH)2*, K = [NET;IS‘)‘%)%{ g{ ek = 107
Ni(NHg)2* + HgN == Ni(NH3)¥*, K = [Nl[l:;”(II: })I%EEISN]; lgKs = 0,63;
Ni(NH3)2* + HsN == Ni(NHp)2', K = [ [Ni (NHy)e'] lgKs = —0,09.

- ]

Ni(NH 3 )2*][H3N]

O6uast koHcTaHTa 06pa3oBaHUsl KOMIUIEKCA paBHa MpPOU3BEeNeHUIO CTYNEHYaThbIX
KoHcTaHT 0DpasoBanus

[Ni(NH3) §°]

Be = KK KKy KK = [_N‘iz—*—]—[ﬁ- = 1,02-108, 1g fs = 8,01.

+
3)6

PaccMoTpeHHEIT MaTepUall [I0KA3biBaeT, YTO [P PACTBOPEHUM KOMIUIEKCHBIX
COSIMHEEUIA WJIM TIpM 06pa30BaHUM KOMIUIEKCOB B DacTBODE HPOUCXONST CJIONHBIE
TpouecCHl 3aMelleHusl JUTaHo0B.

XesaTHble KOMIUIGKCH 6oJlee YCTOAYMBLL, YeM aHAaJIOTUYHBIE KOMIUIeKChl ¢
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{IOXOKMMU O CBOMCTBAM MOHOJEHTATHbIMM JiMraHiamu. Hampumep, srunesnuamu-
HoBbIil KoMreke mukeast (II) ycToiiuMBee, YeM aHATIOTMYHbBIL aMMUaKaTHbI, Gonee
yem B 10% pas:

[Ni(NH;) )" [Ni(en),)**
— —2+ — HZ -2+
H, C_H
NH, N e
HZ
“““_ NH, H,C—N, —‘l———‘ NH,
=i >
HJNK4i \/NH_’, HZC\NIZ.I.B&H
H, H,N L’
e HZ
_ 4L H

183801 18.3,=17,57

§ 5. KOHCTAHTA ABTONMPOTOJU3A BO/IbI

ITpuMeHUM 3aKOH HEHCTBYIOIIUX MACC K CAMOMOHU3AIMY BOIbI
H,0 + H,O = OH}; + OH"

HIH
HQO = H* + OH"

KOHCTaHTa MOH]ASau]AM Bonbl
_ [H*][OH]
[H20]

MomeT OBITh BHIYHUCIEHA, HaHpUMep, MO 3JIEKTPUYSCKOH MPOBOJUMOCTH.
Kak BUJHO U3 BHIpAXEHUS KOHCTAHTHI MOHU3ANMM, BOJA B OOBLIMHBLIX yCJO-
BUSIX MOHU3UPOBAHA KpaiiHe Maio. [losToMy MOMKHO CYMTATL, 9YTO KOHLEH-

K = 12810716

tpauua Boawl [HyO] — Benuuusa moctostmmas; oHa paBHa 55,56 Moab /a1
1000 r/n

————'— = 55,56 Monb/n|. YpaBHeHUe 1J151 KOHCTAHTHI MOHU3AI MU BOJLI

[18 I /MoJIb ' / pasH A t A

MOMHO 3alMCATh CHCLYIOIUMM 00pa3oM:
K[H,0] = [H*][OH]

Cnenoparenbuo, u npoussenenve K[H,0] ans pmanHO#l TeMiepaTyphl Hocto-
auo: K[H,0] = 1,8:10716.5556 = 1014, O6o3HauyuM NpOUBBELEHUE
K[H,O] = K. Cneposarensno, Ky = [H*][OH"] = 10714,
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Benuuuna Ky HasbiBaeTcsd UOHNbLU npoudsedeNueat GOoob U ABIACTCH
MOCTOSHHOI HE& TOMLKO [Js YUCTOW BOMABLI, HO W IJA pa30aBIEHHLIX BO/L-
HBIX PacTBOPOB JI06bIx BemecTs. C noBLIIIGHUEM TeMiepaTypbl A yBeili-
YUBaeTcA, ¢ TOHUKEHHEM — yMeHbltaercst. QOIHaKo I/ pacyeToB, OTHOCH-
HIMXCS K KOMHATHOM TeMnepaType, MOXHO BO BCEX Ciy4asx NPUHUMATL
Ky = 10714,

WorHoe mnpousBenedvie Boxbl — BecbMa BaXKHAA BeJUYMHA, TAaK KaK
MOBBOJISAET [JIst JIOGOro BOAHOTO pacTBopa HailTv KoHuentpauuio H* (OHY)

NPpU UBBECTHON KOHIEHTPAIUU OH', 4 Haobopor. /N8 4yucToit BoAbl KOH-
+ M - :
ueHTpauysa uonos H* (OHj3) paBHa koHumenTpauuu woHoB OH-, T.e. cpena

neiirpaneias: [H*] = [OH] = [ K = 1077 moas /1.

Ecnu konpentpamus monop H* spume 1077 Moab/a, a KOHpeHTpaums
OH--uonoB Huxe, To pactBop Oymer xucawa. Haobopor, weaounon pacr-
BOp COOTBETCTByeT KOHUEHTpauuu uoHos OH™ Beime 1077 moas/n npu
KOHeHTpanuyu uoHoB H* Huxke 3Toro 3HAMEHUS.

KoaunuecTBenHOE 0603HAYEHUE POAKLMU CPEIibl MOMHO YIPOCTUTb, €CIIH
NPUHATE 33 OCHOBY TaK Ha3bIBaeMbIil 6000podnbiti noxazameas pH, onpejre-
ASAEMbIi KAK JEecATUYHBIH JorapudM KOHEHTPAanuu BOLOPOAHLIX UOHOB,

B35 ThI ¢ o6patebiM sHakoM: pH = —lg[H*]. Torpa
Hemttpanbhasi cpefla . . . .. ... ... .. ..., pH =1
Kuenmasicpena . .. ... ... ... .. ... ... pH < 7

[llenoynast cpena . . . .. ..

IlpakTuvecku peakuuio cpensl yaoBHO CHPefensiTh ¢ HOMOUILIO WHOUN G-
MOP0os — BEUIECTB, MEHSIOIUX CBOH [[BET B 3aBUCMMOCTU OT OTHOCUTEIbLHOH
KkoHexsTpauuu noxvos H* u OH-.

AHAJIOTM'HO MOXKHO BbIBECTM MOHHBIE MNPOUSBEIEHUs M IS JPYIMX KUIAKWX
BellecTs, HallpUMep aMMUaka (npU —33,4° C)

2H4N = NHj + NH; [NH*][NHZ] = Kg pK; = 22
cynbgarta BoJlopola
2H,S0, = SO4H3 + HSO;; [SO4H ][H‘?O4] K, pKs = 3
b Topuia Bodopoa
2HF == FH] + F7; [FH;][F‘] = Kg pk; =117
Benuuuny K Haseisalor xonemanwmon demonpomousa.
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§ 6. PABHOBECHE B TETEPOTEHHBIX CUCTEMAX

KoncranTa pasHOBecHA. PaccMOTpMM NIpOLeccH, B KOTOPLIX HapAnxy c
peareHTaMmM B ra30BOM COCTOSAHUM YYACTBYIOT peareHThl B TBepaOM WM
HUIKOM CcOCTOAHUM, He obpasymollue JpyT € LPYTOM TBEpABIX pacTBOPOB.
KoHneHTpauuy HACBIIIEHHBIX NApOB KUIKHX ¥ TBEpJbLIX BELIECTB (FaSOBaﬂ
(asa) npu paHHON TeMmepaTrype BeJIMYHHBI NOCTOAHHLIE. BenencTBue aToro
UX KOHUEHTpAmMH MOXHO BKJIIOYUTHL B KOHCTAHTY PaBHOBECHUS, & BhIpaie-
HUE 3aKOHA JEHMCTBYIOMMX Macc YIPOCTUThL. Tak, jd peaknyy TepMUdec-—
KO muccopuanuy kapboHaTa KaJdbUUA

CaCO3(k) = CaO(x) + COy(r)

BLIp@KEHUE ISl KOHCTAHTHI paBHOBecHst MOxkHO samucats: K = [COg) uin
K, = pCOg' OTcrona BUAHO, YTO NMpy paBHOBECUM KOHNEHTPALUA OKCHIA

yraepona (IV) npu kaxpoii nanHoif TeMmepaType — BeJMYHUHA MOCTOAHHASA,
He 3aBucAnias ot cogepikanusi CaCO; u CaQ. CaemoBaTenbHo, B 3aMKHY-
TOYW cyucTeMe NPU [TaHHOIN TeMiiepatype KapbonarT Kadwuua 6yner pasia-
ratecsa A0 Tex nop, mnmoka pCOz He JOCTHUTHET orlpep,eneHHoro 3HAYEHUsH,

HanpuMep:
Temnepatypa, C............... 762 808 870 904
Ma .. .. ... . ... 3 6 ,
pCOQ’ klla 13, 26 66,7 106,2

Ananornydoe BHIpa)keHUe sl KOHCTAHTH MOJY9aeTCsi LJsi BCeX peaknuii,
B KOTOPHIX TOJbKO OJUH U3 KOMIOHEHTOB HAXOAUTCA B Ta30BOM COCTOAHUM,
HalpuMep, [J1sd TpOIeccOB TepMHUYECKOH aMccopHamyvi KpUCTaXaudecKUx
OKCHJIOB, CYAbGUIOB, THAPOKCHUIOB, KPHUCTAJIJIOTHAPATOB U [PYTUX COeH-
HEHUI]. '

1Iponssenenne pacrsopumocTH. [IpvMeHUM 3aKOH JERCTBYIOLNUX MacC K
TeTepOTeHHOHW CUCTeMe — HAacBIEHHOMY pPacTBOPY MAJOpacTBOPUMOro
COEIUHEHUA, HAXOLAILETOeA B paBHOBECHM C TBepnoii ¢aszoii. Ecau mano-
pacTBOpHUMOe coemunenue KpA, pacnagercd Ha KaTHoHb K™ U aHUOHBI
A™ 1o Mexny TBep/icH (a30il U pacTBOPOM YCTaHOBUTCS pPaBHOBECHE:

KnAp(k) = mK™(p) + nA™(p)

[Ipy paBHOBeCHY B HACHILEHHBI PACTBOP NMEPEXOAUT B CAUHUIY BpeMe-
H{ CTOJBLKO HOHOB, CKOJBKO UX BHOBB BO3BPAalIaeTcsA B ocamoK. JTO paBHO-
BecUe XapaKTepusyeTcd KOHCTAHTOH PpaBHOBOCHS, KOTOPYIO Ha3bIBaIOT
npou3dsedenuent pacmeopuauocmu u obosnavaior [IP:
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MP(KpA,) = [Kn*]m[Am]n.

TakuMm 06pa3oM, 8 HACHUENHOMU PACMEOPE AAAOPACTIEOPUNOLO COEIUNE-
HUR NPOUIGETEHUE KONYEHMPAYUL €10 UOHOO 8 CIMENEHU CMETUOMEMPUNEC-
xuz K03 Puyuenmos npu Jaunol MeunepamMype €CMb GEAUNUNG NOCTOIH-
nas ™.

IIpousseqennsi pacTBOPUMOCTH HEKOTOPBIX MalOpPAcTBOPHUMBLIX COSHQMHE-

HUI npusBeneHsl B Tabm. 23.

Taénumga 23. IlpousBeseHue PacTBOPMMOCTH HEKOTOPBHIX MAJIOPACTBOPH-
MEIX B BoJie coequnenvk mpu 25°C

CoenuHe- TP plIP = -lIg 1P| Coennue- [P pllP = - 1g TIP
Hye HUe

AgCl 1,78-10°10 9,75 CaCOs3 48-10°° 8,32

AgBr 5,3-10713 12,28 CaF, 4,0-10°11 10,40

Agl 8,3-10°17 16,08 Cay(PO4)2| 2,0-10728 28,70

AgCN 1,4-10716 15,84 CaSQO,4 9,1-10°6 5,04

AlPO4 | 5,75-10°19 18,24 CuS 6,3-10736 35,20

BaCOz ]5,1-10°% 8,29 Mg(OH), | 6,0-10712 12,6

BaSO4 |{1,1-10710 9,97 PbS 2,5-107%7 26,60

IIpousBejeHne pacTBOPUMOCTH XapaKTepU3yeT PacTBOPHUMOCTL BeIecT-
Ba: yeM 6oabiwe IIP, Tem 6ompine pacTBopuMOcTb. Tak, cOrjlacHO LaHHLIM
ra6n. 23, B pagy AgCl—AgBr—Agl pacteopumocts npu 25°C ymeHbina-
ercst.

W3 nousitus [IP BhITekaeT yciioBue 06pa3oBaHMsl U PACTBOPEHHS Ocasi-
koB. Korga [K™*)mA™]|n = [IP, cucrema HaxoamtTca B paBHOBecuu. Ecan
xe [K*]mAm]7 > [IP wm [K**]"[A™]n < IIP, 1o cucTeMa cTpeMuTest K
HOBOMY COCTOSIHUIO paBHOBecHsl, TIPMBOJASILEMY B MEPBOM Ciydae K BbiNa-
JNEeHHMIO 0cajKa, BO BTOPOM — K €ro pacTBOpeHuto. MHbiMM ciioBamu, Tpyn-
HOpPAacTBOPUMBIN 3JIEKTPOJIMT BbiafaeT B OCajjOK, KOTJa TNPOUBBEIEHUEe
KOHUEHTpanuil ero MOHOB B pacTBope CTaHOBUTCA 6 0 J1 b Ul € BHAYeHUs
IIP, manpumep B cayuae AgCl, worma [Ag*][Cl] > IIP. Dtoro Moo

AOCTUTHYTH NPUGaBIEHHMEM UBOLITKA IIEKTPOANTA, COQEPXKALLEro UOHEI Ag+
“ wmm Cl-. Takoi npveM HcNnoab3yercss AJisA Haubojiee IOJTHOTO OCamJeHUs

BeIleCcTH.

*
[TocKONLKY DacTBOP MaJOPAaCTBOPUMOrO COeNIMHEHMS [loJlydaercs OYeHb pas-

' 6aBJIeHHbIM, TO AKTHBHOCTH KMOHOB B pacTBOpe MOMXHO INpUPABHATL MX KOHIEHT-

panusiM.
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PacTBOpeHMe OcagKa [pPOMCXOAUT TOTJA, KOTJA MpONBBeIeHHe KOHLEeHT-
panuif ero WOHOB B pacTBOpe cTaHeT M @ H b Il € 3Ha4YeHUHA IIP, Te B
nameM npumepe, korga [Ag*}[Cl] < IIP. OToro MomHuo QOCTUIHYTb, CBABHI-
pasi OfMH K3 MOHOB, NOCHIaeMBIX OCAJKOM B PacTBOP, B KaKOe-THb0 npy-
roe coepuHeHue.

Yacto BMecTo 3Hauenuii IIP npuMensioT MoKasaTeslb PacTBOPUMOCTH
pIIP — oTpuuaTesbHLINA JorapudM IpOU3Be/ileHUs PacTBOPUMOCTH plIP =
= ~lg IIP. :

I' T ABA 4. XUMHUYECKAS KMHETHKA
§ 1. CKOPOCTb XUMHUYECKOW PEAKIIUH

OpHa U3 OCHOBHBEIX 3ajad XWMWK — WU3YYUTbh BIUAHUE pPa3JIHYHBIX
(haKTOPOB Ha CKOPOCTb M MeXaHH3M XHMUYEcKUX peakumii. O nmpuUHUHOU-
aJILHOK OCcyHmIecTBMMOCTH IIpoLecca cyasAT Mo 3HAYECHUI0 U3MEHEHUs JHep—
run 'n66ca cuctembl. OHaKO OHO HUYErO He TOBOPUT O PealbHOW BO3-
MOKHOCTA PeaKuyy B JaHHLIX YCIOBUSAX, He HaeT NpencTaBlIeHus O CKO-
pocT# ¥ MexauuaMe mpounecca. Hanpumep, peaknusi B3aMONSHCTBUSA OKCH-
na azoTa (II) ¢ kucaoponoM

INO(r) + Oy(r) = 2NO(r), AGS,, = —T0w/lx

NPOXONUT OYeHb OBLICTPO NpW KOMHATHOM TeMmneparype. B To BpeMs Kak
peaKkIiA

2Ha(r) + Oy(r) = 2H0(r), AG,,, = —458 kllxk

xapakTepUayloliascs 3HaYUTEIbHO 6GIbIIMM yMeHbiieHneM sHepruu ['u66-
ca, B OBLIYHBLIX YCJIOBHAX NpaKTH4YecKM He npoTekaer. CMech BOgopoaa c
KHUCIOPONOM COXpaHsieTcsl NpH KOMHATHOM TemiepaType 6es 3aMeTHOrO
B3aUMOEHCTBH S OYOHbL JIUTEJbHOE BPeMsi, HO B NPHUCYTCTBAM KaTaIu3aTO-
pa wiu npu 700°C nponece NpoTeKaeT NPaKTHYeCKH MIHOBEHHO (cO B3pbI-
BOM).

TaxkuM 06pazoM, s ONKUCAHMSA XUMWYECKOli peaKuMy HeOBXoauMmo
3HaTb 3aKOHOMEPHOCTH ee MNpOTeKaHWs BO BpeMeHU, T.e, €e CKOpPOoCTb H
MexanuaM. CKOpPOCTb W MEXaHM3M XHUMHWUYECKMX IpeBpallleHUil u3y4yaer
Pas3neyl XUMHUH — ZUAMUUECKASR KUHEMUKA.

HNaydeHue ckopocTeii peaKuuil MO3BOJIAET BLIICHUTL MEXaHU3M CJIOK-—
HbIX XUMHYECKHUX TIpeBpallieHuii. JTo, B CBOIO OYepelnb, CO3/iaeT NepClleK—
THBBI [IJI5t HAXOXKJCHUA [IyTeil yupapieHUs XvMMuUdecKuM npomeccoM. Beisic-
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HeHUEe KHHeTHMKM pPeakuMil mosponser OCYIECTBUTbL MaTeMaTHUYecKoe HX
MOZE/IMPOBAHHE U C NIOMOILBID KOMIILIOTEPOB PeIUThL 33a/1a4i ONTUMUBaLUN
M aBTOMATU3alUH XHMUKO-TEXHOJOTHWYECKUX [IPOECCOB.

PeaKuyii MOTyT ObITb 10MOIEHHBLUU U teMeporennsiay. ['OMOTeHHbIe
peaKuMi [POTOKalOT B OQHOPOAHON cpene (HanpuMep, B Ia3oBoii daze WK
HKUIKOM pacTBope). [ereporennble peaKuuy npoTeKarT B HEO{HOPOLHOM

cpelle — Mex/y BEIIeCTBaMM, KOTOpble HaXOAATCA B PasHbIX (asax (TBep-

JOM M KMIKOH, rasopoil # kupkoilh u T.1.). Takum o6pa3oM, romMores-
Hble PeaKuMU MNPOUCXONAT PaBHOMEPHO BO BceM oOObOMe, 3anoJHEHHOM
peareHTaMu, TeTepOreHHble — TOJBLKO Ha HEKOTOPHIX NMOTPAHHUYHEIX 1OBEPX-
HOCTAX —— Ha TpaHuue pazpnena ¢az. IIpuiMepoMm rereporenHoii peaknuu
MOXET CHYKUTb PeaKkIiA MEKIy BellecTBOM B Ta3opoifl (a3e W MOBepX-—
HOCTBIO KUAKOTO MIIU TBEPAOTO Tena. ’

Cropocms1o peaxyuu HasbiBaeTcsl YUCIO 3JEMEHTAPHLIX aKTOB PeaKLUH,
MPOUCXONAMIMNX B eUHKLY BpeMeHH B enuuuue obbeMa ([JIA rOMOTeHHBIX
peaKnuii) WIH Ha ejMHUNE NOBOPXHOCTH paszela das (A1 TeTeporenHoi
peakuuu). CKOPOCTb peaKUUW OBLIYHO XapaKTEPUBYIOT M3MEHeHHeM KOH-
HEHTPAIMH KAaKOro-IM60 M3 MCXOAHBIX WIKW KOHEYHLIX [HPOLYKTOB peakunuu
B ¢[IMHHMIY BPEMEHU ¥ Yalile BCOTO BbIPaKalOT B MOJb/(cM? - MUH).

O ckopocTd peakuyy MOXKHO Cy[IMTh TaKikKe [0 CKOPOCTH HM3MEeHEeHHH
KaKOro—JIub0o CBOiicTBAa CHMCTeMbl, HaNpHUMep, OKpPAcKH, JICKTPHUYEcKON
NPOBOLUMOCTU, JJABJIEHUS, CIIGKTPa M T.J,.

Ecnu B MOMEHT BpeMeHU 7| M T) KOHUEHTPanWA OJHOTO M3 HCXOHBLIX

BEIIECTB PaBHLI €| U C2, TO CPEAHIOK CKOPOCTL U B MHTEPBAJIe BpEMEeHU 71 U
T2 MOJHO BBLIPAa3UTL TaK:

T — Ac

Y= ———l e

T, —., T At

HockonbKy peds uzuer 06 yObIIM KOHUEHTPau¥M MCXOJHOTO BeIEeCTBa,
M3MEeHeHUe KOHUECHTPALUK B 3TOM ciydae Gepercst cO 3HAKOM MHHYC.

B xopme XMMHYeCKHX [PONECCOB KOHIEHTPALWH BEHIeCTB MEHSITCH
HempepbIBHO. [l03TOMy BaXHO 3HATL CKOPOCTL peaKIMK B JAaHHBLIFI MOMEHT
BPDEMEHU, T.e. MINOGENHYI0 cKkOpocMs peaxyuu. lloclienHsst BulpaxaeTcs
nepBoil MTPOU3BONHOL KOHUEHTPALUUA 110 BPEMEHM:

+dc

’U:—a_.

Ecnu ckopocts péaxunu OLEHMBACTCS YBEMIMICHUOM KOHLUCHTPAUUU
OIHOTO M3 NIPOAYKTOB peaKuuu, TO IPOUBBOLHASA BepeTcsi cO 3HAKOM I1JII0C.
Ha puc. 114 npuBenen rpaduk 3aBUcHMOCTH KOHUEGHTPAIMH UCXONHOLO
BemlecTBa OT Bpemenu. B Kaxjblii MOMEHT BpeMenu (Hanpumep, ) MIHO-
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BEHHAA CKOpOCThL peaKnuH paBHa TaHTEHCY

yIJjla HAKJIOHA KPUBOH v = tg a.
= Wcenemopadue CKOPOCTEH XUMUIECKUX
§‘ peakuuit ¥ aHaIu3 MNONOOHBIX rpadUKOB
E [O3BOJISIET MOJYUYUTh I@HHBIE CBENEeHUA O
S MEXaHW3MAaX peaKknui.
N CKOpOCTH XMMMYECKUX MPeBPALLeHUH
< B3ABUCAT OT I P UM P O J b pearupyromux

BEIIIECTB, HX KOHILEHTpangu#h H
BHEUMIHUX yCJOBHH

O4eHp 9ACTO CTEXHMOMETPUYECKOE YDPaB-
HEeHUe peakiyuy He ONpeneliger ee MeXa-
Hu3Ma. BOMBUIMHCTBO peakuuil cOCTOUT U3
psiga 607166 IPOCTHIX JTEMEHTAPHBIX CTAIMH.

Jlake peakiyuu ¢ OTHOCMTEILHO NPOCTHIM CTEXUOMETPUHECKUM ypapHe-
HyeM YACTO OKABLIBAIOTCH GOJIee CIIOHKHBIMU, UeM BTO MOXHO OO 6Bl 3aK~
JI0YUTH MO ypaBHeHUIO peaknuu. Hanpumep, peaknus

Hz(l") -+ Clg(l‘) = QHCI(F)

Bpema
Puc 114, WsMeHeHMe KOH-
LleHTpALMM HCXOJIHBIX BeI[ecTB
B Apoyecce peaknuu

B ﬂeﬁCTBHTeIIbHOCTY[ nporexaeT 1o HEeMHOMY MEeXaHU3MYy.

§ 2. DHEPTUA 'MBBCA AKTUBALIUN

XUMUUYECKOS NPEBPALLeHUE TPOMCXOJUT TOT/A, KOT[A BOSHUKAIOT yC/10-
BUA /1S Nepepaclpefe/leHUsA SJIeKTPOHHON INJIOTHOCTH  CTOJIKHYBIIMXCHA
yacTuy. DTOT mpopecc MpOTEKaeT BO BPEMEHU M TpeOyer 3arparhl SHOpTrui.
PaccMOTpUM B3anMOJeHcTBHe Ta3000pa3HbIX BElLEeCTB A, un By

Aq(r) + By(r) = 2 AB(r)

Xoj 3TOr0 B3aUMOEHCTBUS MOXKHO OXapAKTepU30BaTh TPeMiA HOC/ISLO-
BAaTEJIbHBIMU COCTOSAHUAMU CHCTEMBI:

A B A-B A—B
|+ — i ¢ — +
A B AB A—B
HAYaJIbHoe  [ePeXOJIHOE KOHeHoe
(ucxolHbie (akTMBMpo-  (MPONYKTHI
peareHTsl) BAHHDbIN peaAKIIUN )
KOMILITEKC)

B nepexoHOM COCTOAHMHM IPOMCXONUT NEperpynmupoBKa aToOMOB, cO-
N POBOKJAIOIAACH NepepacTipele/IeHueM B/IeKTPOHHON NIJIOTHOCTH. JHep-

214

U0, HEOOXOUMYK) JJj1A [IePeXo/ia BelecTB B COCTOSHHE AKTUBUPOBAHHOIO
KOMIIJIEKCA, HABLIBAIOT sueptuett ['ub66ca axmusayuu.

+  Hamomuum, uto 3Heprust ['u66ca cpsizaHa c dHTanbNUell M 3HTPONMEH
COOTHOIIEHUeM

G=H-—-TS.
# .
Ananoruyno, sueprus I'u66ca aktupapuu A G cBsizaHa ¢ SHTAIBLIUEN

# ) #
agruBanuy AH u surponueit aktupapyyu AS ONHOTUIHLIM BbIPAXKCHHEM:

AG = AH — TAS,

O6pazoBaHue aKTUBUPOBAHHOIO KOMIUIOKca Tpebyer 3arparsl 3HEpruu.

b . BepostTHOCTL TOTO, YTO NpU CTOJIKHOBEHUW dacTup obpasyerTcs akTHBUPO-

BAHHBIM KOMIIJIEKC M IPOM3OHJEeT peakuisi, 3aBUCUT OT J3HEPIrUU CTATKU-
BAOIIMXCA HacTin. PearupyrorT TOJMbKO T€ M3 MOJOKYJ, BHEPrus KOTOPBIX
OJA 3TOTO [OcTaTOdYHA. Takue MOJEKYJbl Ha3bIBAIOT aXMUGHb.AY. JHep-
MO, HEOOXONUMYIO I NepeXo/ia BelecTB B COCTOAHHE AaKTHBUPOBAHHOTO

. #
KOMIIJIEKCA, HA3LIBAKT sumatsnued axmusayuu AH |
Kpome sHTanbnuu akTUBanuyl BaXKHLIM YCIAOBHEM OCYLISCTBICHUSI XUMU-

YecKol peakpuu ABIACTCH IHMPORUL AKMUBAYUU AS;t. Ona 3aBucuT OT
YUC/la U OPUEHTANUU MOJIGKYJI B MOMEHT CTOJIKHOBeHUA. Tak, HOMycTuM,
YTO [epepaclpefesIeHUI0  JIEKTPOHHOR IUIOTHOCTM B AKTUBUPOBAHHOM
KOMI/IeKce Aj...By 6aronpusaTcTBYIOT OPHEHTANMU MOJIEKYJ MPHU CTOIKHO-
BEeHMHU, KaK 97O NOkasano Ha puc. 115, a. Ilpu opuentamuu ke Monexysn,
KaK 3TO NOKa3aHO Ha puc. 115, 6, BepOSATHOCTL XUMHYECKOTO B3auMOAeicT-
BUA ropazno MeHblie. OHa CTAHOBUTCS elle MEHbIIe I[pPU OpUEHTARHI
MOJIeKYJ1, IOKa3aHHOoi Ha puc, 115, 6.

DHEepPreTUYeCKUe UBMEHOHUS B PEATHPYIOHIEN CHCTeMe MOMKHO NMpeacTa-

Puc 115. Brarompusrtubie (a) u mebnarompusrhete
(6, 8) opuenTanuu Momexyn A, 1 B; npu cronkHOBeHUM
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BUTbL CXeMOil, KOTopad u3oOpakeHa Ha puc. 116. 3mech ropn3oHTalbHAdA
OCh XapaKTepU3YeT XOJ PeaKIHu:

[Mexomnoe coctosnne] = [nepexomtoe coctosinie] = [koneuHoe cocrosHme]

Mo ocu opauuaTr oriokena aHeprus [ub66ca cucrempl. Mcexonnoe cocros-
HMe MMeeT SHepruio Gyay, KOHeuHoe Gyoy. PasHocTh anepruit 'mbb6ca
Ha4YaJbHOTO M KOHEYHOrO COCTOSHMM paBHa 3Hepruu ['ub6ca XuMUIECKOH
peaknuu AG.

AGT

3Heprua MTvuboea

AB+AB
Gion

MyTb peaxunn

P u c. 116. Dueprerutieckas cXeMa Xofla peaKHUU
A; + B, = 2AB

CorsacHO 3Toji cxeMe B XMMUUYecKOe B3auMOJeficTBUEe BCTYNAOT
JHillL JacTHIbI, OOIafalolMe HEOOXOAUMON sHepruein [n66ca akTuBapMu

Al

Briciliasg TO4Ka MakcUMyMa KpUBOH OTBEYaeT cOCTOAHUIO, KOT[a pearv-
PYIOIIHE MOJIEKYJbl HACTOJLKO COMMMEHBI M MCKameHE UX CTPYKTYPHI, YTO
CTAHOBUTCSA BO3MOXHEIM 00pasoBaHue NPOJYKTOB PEAKIMU.

Jueprus ['mb6ca aKTHBUPOBAHHOTO KOMILIEKCA BLIIIE 2HEPrud Hadallb-
HOTO U KOHEYHOTO COCTOAHUS cHcTeMbl. TakuM obpasom, sHeprus ['ub6ea
AKTUBAIIMM — 3TO cBOEOOpa3HbIi 3HepreTudYecKull bGapbep, KOTOPBIA OTIe-
JII€T UCXOAHHE BEIIECTRa OT MPOAYKTOR PEeaKIMH.

3aTpaveHHAsA HA aKTUBARUI0 MOJIEKYJ aHeprusi AH npu obpasoBaHuH
IPOAYKTOB peaKnud 3aTeM NOMHOCTLIO MM YacTUYHO Bhigelsercs. Ecnu
IpY pacnaje aKTMBUPOBAHHOTO KOMIIJIEKCA BblJiessieTcsi OOJIbLIE 3HEPru,
yeM 3TC HEOOXOIUMO A aKTHUBALUHM MOJICKYJ, TO peaKnUs 3K30TepMudec—
kast (AH < 0). B npotusaom ciyyae — augotepmudeckass (A H > 0).
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CKOpPOCTh PeaKIIUM HENOCPEcTBEHHO 3aBUCUT OT YUC/a MOJIEKYJ, o06ma-
AAIMX JHeprues, [O0CTAaTOYHOM [Js1 00pa3oBaHUA AKTUBYMPOBAHHOIO
KOMIIJIEKca, T.e. cOCOBHBIX K XWMMMYecKoMY mnpeBpallenuto. YeMm 6Gosbliie
AKTHUBHEIX MOJIEKYJI, TeM CKOPOCTh peaknuu Gosbiie. Onuu u3 nyTeil ype-
AMYEHUA YUcJIa AKTMBHBIX MOJIEKYJI — HarpepaHue.

i1 ocymiecTBIeHUS peaKnyy MOJICKYJBl NPY CTOJIKHOBEHMYU JOJIKHBI
6BITh ONpeleVIEHHBIM OOpa30M OPUEHTHPOBaHBl U OGJAZATH JOCTATOYHON
sHeprueii.

KoncTanTa CKOPOCTH peakmMM. 3aBUCUMOCTB CKOPOCTH pEaKkpud OT
TEeMIEPATYPHl, JHTAIBINU AKTHMBAIMU Y JHTPONUM AKTUBAUMM ONpenesisger—
¢Sl CIOEAYIONMM BHIPAXEHUEM [IJIS1 KOHCTAHTBI CKOPOCTH PEeaKIUU:

P 7. —AH#/(RT)CASi/R’

riae Z — B MEePBOM NPUBIMKEHUU MHOKUTENb, OTpaXalolmuii obimee Yucio
CTOJIKHOBEHU I MEKIY B3aMMOSHCTBYIOIIMMM YacTUNAMU B ©IUHHLY Bpe-
menu; T — aBconoTHas TeMmnepaTypa, R — MOJAPHadA rasoBas NOCTOAHHAS;
€ — OCHOBaHM e HATYPaJbHBIX JIOTapuU(MOB.

BeposiTHOCTE TOTO, 4TO CTONIKHYBINUECA MOJIEKYIH OyayT UMETb AOCTa-
) _AH /(RT)
TOYHYKO SHEPrvlo B3aUMOLelcTBHUA, NPONOPHHOHAJbLHA € . Bepo-
SAATHOCTh K€ UX HYKHOW OpHEHTAalMM B MOMEHT COY/JAapeHHUs [IpONoOpIivo-

AS /R
HaJbHA € .

N3 ypapuenus ans k BUAHO, 4TO, MOCKONBKY T BXOAUT B NMOKAa3aTelb
CTENIeHM, CKOPOCTh XUMMYECKOH PeaKI{y OYeHb YYBCTBUTENbHA K U3MEHe-
HUIO TemnepaTypel. Hanmpumep, npu mnoBbimenuu temneparypwt na 100°
CKOPOCTh peaKuu

HQ(I‘) -+ 12(1‘) = QHI(I‘)
BOo3pacTaeT npumepHo B 1000 paz:

T, K....b556 575 629 666 700 781
k.o..... 4,45-10% 1,37-10"% 2,52-103 1,41-102 6,43-102 1,34

N3 atoro ypaBuenus nnst k Takxke chepyer, 4To yeM GOJBIIE SHTATbBIN A
8KTUBA[IMM, TeM 3HAYUTENIbHEEC BJIUSHUE TEMNEPATYPHl Ha CKOPOCTh PeaK-
oumu.
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§ 3. MEXAHN3M XMMWYECKUX PEAKIINV

B 3aBHCHMOCTM OT HPUPOIB pearupyOUIHX BEIINECTE U ycaoBHH MX
B3aHMOJECTBUS B 3eMEeHTapHHX aKTaX peakuui MOTYT HpUHUMATB y4ac-
THe aTOMH, MOJIEKYJIBI, paJyKajJb HJIH UOHBL. CpoBogHBIMH paJiMKaTaMU
SBJISIIOTCA 3J1eKTPOHOHTPaJbHbIe YacTUB, KOTOpLIE MOMKHO HpelcTaBUTh
kak Oockonkd Mosekyd, Hanpumep -OH (ockomok OT H,0), -NH; (ockomok
or H3N), -SH (ockomok oOT H,S) u 1.0, K cBoOOfHBIM pajuKaTaM OTHOCAT-
¢t U cBOOOIHHIE aTOMH.

Cpo6OoiHHE pafiMKaIh HYpe3BEYaiHO peaKIMOHHOCTIOCOGHM, a dHeprusi
Cu66ca aKTMBANMU PaJUKaJIbHBX peakiuii O4eHb Majla (0—40 &/Jlx/MOmB).

O6pasopanne CBOGOJHBIX pafUKaTOB MOKET HpOMCXOJUTH B Hpouecce
pacnaja BelnecTBa HpU HarpepaHuu, oCBeIIIEHWH, [10f HeiicTBreM ANEpHBIX
VBIIYyHYeHUH, OT CUJIBHHX MEXaHUIECKHX BO3ElicTBUI, NpU JIEKTpOpa3pAle
i T.1. CpoboMHNIEC paIHKalIH POKIAIOTCA TAKKE B mporecce CaMblX pasHO-
0OpasHHX XUMHUYECKUX rpeBpalleHuik. DHTAXBOUS AKTUBAIMH peaKknui

AH;t ¢ ydacTMeM HMOHOB TaKxke He3HaunTenbHa (0—80 kJIx /Monb). A
OCYLIECTBICHUSA e PEAKIUH HOHOCPeACTBEHHO MEHK ALY MOJIeKyJIaM# OBbLIMHO
TpebyeTcs BHCOKas 3TANbIMA aKTHBAUUH, [OITOMY TakHe peaKkuuy BechbMa
penKu.

JIsIA MpoTeKaHWUs VIEMEHTADHOro aKTa peaKliMy HeoBX0MMO, 4TOBEL OpOUTATIH
B33 UMOENCTBYIOMMUX YACTUI TEPEKPHIBAIACH U COBNABAINCEH yCII0BUSA IS [Iepexo—
11a OIEKTPOHOB ¢ B3aHsTHIX opbuTajell Ha cBoBOHY0, T.e. IJIs Nepepaclpenenenisl

OJIEKTPORHOM IVIOTHOCTM — paapbiBa CTApbIX CBsI3elt U obpasopalusi HOBBIX. Pac-
CMOTPUM MEXAHUSM DEaKIUMK MeXIy Hg[aga:"] u Ig[...r;4y0;°]. JlomycTuM,

mostexysibi Hy ¥ Ip crankuBalorcsl, Kak IIOKa3aHO Ha puc. 115, @, a coueraHue
opbUTaTIEd HPOUCXOJUT Ha OCU L. STo OTBEYAET CJEAYHOIIUM KOMOUHAIMAM opbura-

nent (pue. 117):
0 {Hy) — o3Hle) n oi{Hy) — 1)
Coueranue 3aHATON O ~OpPOUTAIU H, u cBobonHo 0;—0p6ma.nn [, mpuBogUT K

HyJIeBoMY INepeKPbIBAHHUIO. CriejioBaTeNbHo, Takast KoMOUHAIMS opbutaneit K aKTy
XUMU4YECKOTO BBAaUMOJNECTBUA He HPUBOOAUT. Coueranme cBoOoqHON U;‘-op6ma.7m

H, u sansiroit 7 *-opburamn l; oHeprerHuecku HEBBLITOJHO (MOJ VIEKTPOOTPUILIA~
TenbHee Bosopoga). TakUM obpasoM, B MOJIEKyJaX H, u I, Her opbHrTaned, KOTO-
pble MOTVIM Obl IIPUBECTH K DEAKIUU HEIoCpelCTEEHHO MeR Iy MOJIEKYJIAMU.

JleranbHoe M3ydeHUe KUHETUKH BIAUMOJEHCTBAA BOJOpoJa C UOJIoM HOKa3aso
(puc. 118), yro BHauale MOJEKYJbl MOLA pacrnajaloTcs Ha arToMbl

L — L—[+1, AH = 150 xllx
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JHTANbIUA aKTHUBALUHM

Myt peakunu

Puc 117. o, 03-Opburanu Hy n 7*, P u c. 118. OHeprervueckas cxe-

o X opbutani I, Ma xofla peakunu Hy(r) + I5(r)

3aTeM TPOUCXONUT TPeXMOJIEKYJISpHAs PeaKIIUs:

I+ Hy+ I —>1---H=H---1— HI + HL, AH" = 18 xJlx
NpoTeKkaHue KOTOpoil obecrieuMBaeT INepeKphIBAHUE 3aHSITOM 3JIEKTPOHAMU ¢ g—OpOU—

tasu Ho M nByx monycBoboHpIX p-opbOUTaieil IByX aToMOB | (5plz). Iockoibky Mox
QIIEKTPOOTpUIIATEIbHEeEe  BONOPOJA, B AKTUBUpOBaAHHOM KoMiutekce [---Hp-- -]
NPOUCXONUT CMENIEHHe SIIEKTPOHHOM HJIOTHOCTU OT MoJiekyibl Ho K atomam I u
paspuiBy cBsisu H—H.

llennne peaknmm. MHOrve peakpuyl NPOTEKAIOT HO LEIHOMY MEXaHH3-
My. Oco6eHHOCTh HEHHHX peakudi COCTOMT B TOM, YTO ONMH [epBUYHBIA
aKT aKTUBauMU IIPHBOAMT K MHpeBpalleHHI0 OrpOMHOrO Yucia MOJSKYJ
UCXOAHHX BemecTB. B kadecTse npuMepa paJMKadbHO-LICIHON peaknuy
PaccMOTPHMM B3auMOJiefiCTBUE XJI0pa ¢ BOLOPOJOM:

Hg(l") + Clz(l") = QHCI(F)

flpu o6puHON TeMiepaType U pacCesiHHOM OCBEHMIGHHH peaKyus HpoTe-

B a 7
eT KpaiiHe MefJiieHHo. Ilpu Harpepanum cMecu Ta30B MM HEHCTBHH

Cpe
BeTa, 60raToro yJabTpadHOJIETOBHIMM JydamMy ([IpsAMOA COJMHEYHHI, CBET

T
{ TOPAIIETO MarHUs U Inp.), cMech B3pbiBaeTcs. Kak mokaszanu MHOTOYUCTIEH-

HBI® HMCC/C[OBAaHUA, DTa peaKkuUs [POUCXONUT 4epe3 OTHAebHBIE 3/IeMEeH-
TapHBe npouecchl. [lpexkne Bcero 3a c4eT HOMIOMEHUSA KpBaHTa SHEPTUU
YABTPaUONeTOBHX Jy4eidl (MM B3a cdYeT HarpeBaHUs) MOJEKyJla XJopa
Aucconuupyercs Ha CBOGOLHHE paAMKallbl — ATOMH XJIOpa!

Cly + hv = -Cl + -Cl
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Artom-pagukan -Cl 3areM pearupyer ¢ MoJeKyJaoH BOAOpOAa, 0bpa3ys
monekyny HCl u arom-papukan -H. Ilocrennnit, B3auMonedcTys ¢ Moje-
kynoit Cly, naer HCl u arom-pagukan -Cl u 1.4 TaxkuM o6pa3oM, IpeBpa-
II[EHAEe MCXOAHBIX BEIIECTB B KOHEUHEIl MPOAYKT IIPOTEKaeT 4epe3 mocie-
[AOBATEILHYIO el JIEMEHTAPHBIX aKTOB, YTO MOXKHO MPEACTaBUTh CXEMOH

-Cl+ H, = HCl + -H

+
+
+— H, = HCl + -H

+
Cl,» HCl + -Clu T.1

Jl/MHA Henu dJeMeHTapHHX XMMMYECKMX aKTOB JOCTHIAeT COTeH ThICHAY
spernes. Tak, npu ocpemenun cMec Hy u Cly Ha KakABH HOTTOMEHHBIH
KBAaHT SHEpPrMU OGpasyercs Ao cra Thicsiy Mojexyn HCL

EcTecTBeHHO, BOBMOXKHB CTOMKHOBEHUS CBOGONHBIX PafUKajoB U JApYT C
APYTOM, 4TO NPKBOJANAT K OOPLIBY HEIICM:

H- + -H = Hz, Cl. + Cl = Clg

OAHAKO 5TO MPOMUCXOJMT JMLIL B clydae, €cJid BbIAIAEMas IHEPIus
OTHMMAETCs TPeTbUM TEJIOM, UYTO, HallpUMep, MMECT MecTO [pH TPOWHOM
COYAapeHHH BYX PaguKanoB U MOJekynh (M):

Cl-+-Cl+M=Cl, + M

WIK [pM Nepefaue JHEPruM cTeHKe cocyla. [[03ToMy CKOpOCTh HEMHBIX
peaKknuil O4YeHb YYBCTBUTEILHA K INOCTOPOHHMM IIpUMEciM H K ¢opme
cocya.

Ilo pmenHOMy MEXaHM3My MPOHMCXOAMT TaKKe OoOpa3oBaHMe BOJAB U3
HPOCTHIX BELIECTB.

Teopusi uenHBIX peakuuil pa3spaboTaHa TPyHAaMH JlaypeaTOB Ho6enerc-
koit npemun H.H. Cemenosa, C. Xunwensyna (Auriaus) u ap.

§ 4. ©DU3NYECKUE METOABI CTUMYJIMPOBAHUA
XMMUYECKUX NPEBPAIIEHUN

Kpome HarpesaHusi Ha PEaKIMOHHYIO CIIOCOGHOCTH BEMIECTB CYIEGCTBEH-
HOE BJMAHHE OKAa3BBAIOT CBET, MOHH3HUPYOIIHE H3JAYIEeHUA, HaBJICHHE,
MexXaHM4ecKoe Bo3JeiicTRe B AP.

BospeitcTeue cBera (BMAMMOrO, yJbTPaUOJIETOBOrO) Ha DEaKLUMu M3y-
yaeT paspes xumdM — @gomozuauus. PoToxMMMUECKHE HPOIECCH BechMa
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pasHooGpa3ubl. [ipu doroxuMuueckoM NEACTBUN MOJEKYJB Pearupyrommux
BEIIIECTB, TIOMVIONIAST KBAHTH cBeTa, BO3OY:KJalOTCA, T.€. CTAHOBATCS peaK-
MMOHHOCIIOCOOHBIMM HMJIM pacHajaloTcsi Ha WOHBI M CBOOGOAHBIC DPalNKaJlbl
(cM. cunres HCI).

Ha ¢oroxummuueckux nponeccax ocHoBaHa ¢oTorpadus — BO3JeiicTBHE
cBeTa HA CBETOYYBCTBUTEVIbHbie Martepuann. [lIlupoko npumenswTes B
IPOMBIUIJIEHHOCTA UENHBE peakudd (OTOXJIOpUpOBaHMA KU dorocynbgo-
XJAOPUpPOBaHKsi, POTOXKUMUIECKOES MOAUDUIMPOBAHIE [OJKMEPHBX MJICHOK
y BOMOKOH. DOTOXMMUSA HEIOCPEACTBEHHO CBsA3aHa ¢ OJHOM M3 BaxKHeMIIKX
HAyYHO-TEXHUUECKUX [POGTeM — MCIOIb3OBAHMEM CONHEHOU OHEpTUH.
Co3panne UCKYCCTBEHHBIX CUCTEM, OCYMIECTBAAIONMUX TIPOHEcChi, aHAJOT Y~
HHE (DOTOCHHTE3Y B pacTeHHsX, UMeso Obl 3HadeHHe, KOTOpOoe TPYAHO
MepeOEHNTD.

BospefictByer Ha BellecTBo JasepHoe uanyyeHue. Fro pgefictsme Moxer OBITH
Kak DOTOXMMHHECKUM, TaK U YUCTO TEPMUYECKNM.

st doToxnMUtecKoro MHMIMMPOBAHUS XUMMYECKMX pEaklUy Hauboilee Bask—
HOE €ro CcBOWCTBO — W3Ny4YeHHE MOUIHBIX TIOTOKOB CBETOBOM BHEPrMM B y3KUX
CLIEKTDAJIbHBIX MHTepBasax. Wcrnonbsyst uanydeHue onpenesieHHON IJIMHBI BOJIHEL
TIOTJIONAEMOE pealeHTOM, HO He BO3JENCIBYHollee Ha IPUMECH, MOMKHO OCYIECTBUTH
u3buparesibHYI0 peakuyio. Hanpumep, npyu sasepHoM obiydyeHMM CMeCM METHMIIOBOTO
W [eATEPOMETUIIOBOTO CNMUPTa U HpoMa mpoucxoauT OGpomuposadmne Toneko CHaOH,
Ho He CD30D, rak kak B pesynbTaTe obJIydeHUs NPOMCXOAMUT ceSleKTUBHOE BO3OYyok—
nerue mosexyn CHgOH, KkoTopble JIErKo BCTYNAIOT B PEaKLMIO ¢ 6poMoM, Torfa Kak
monekysbl CD30D He Bo3OymualoTcss U He TPeTepreBaloT HpPEBPalleHUI.

[Ipu ocBeueHMM HENpPO3PaYHLIX TBEPABIX Tl MMIYJbCaMM JIa3epHOTO CBeTa,
HPONCXOAUT MIHOBEHHBIN HaIpDEB, UCTIAPEHME BEUeCTBAa, a NpPY OOIBIIMX MOMIHOCTSIX
— obpasoBaHMe TWIa3Mbl. JlasepHoe ManydeHne MHUIMMPYET BBICOKOTEMIIEPATYpPHbIE
H INasMoXUMWYeCKHe npoueccbl, MCHapeHV[e W pa3loKeHue Heﬂe’l‘y‘ﬂdX BellecTs "
np. Tak, npu nasepHoM Harpese KpeMHMA W TepMaHWsi B aTMocdepe BONopola, A
yriiepona B aTMocdepe xsopa obpasylorest SiHy, GeHy, CCly. C nomouibio Moui-
HOT0 JI&3epHOro MINY4YeHUsT OCYUIECTBISIETCS] CUHTE3 Pa3HOOODPABHBIX YIJIEBOIOPOIOE
u3 rpacduta u Bofoposa. Ilpn ucrnosbsoBaiuy "'oBLIuHBIX' METONOB MHWUMMPOBa~
HWS pearimii HofobHble CMHTE3H HEBO3MOKHBI. C [OMOUIBIO JIA3EPHOIO M3YUeHNM st
OCYIIECTBIIEH TaKiKe cuHTe3 ajiMasa W3 rpadura. asi nepexona rpadura B anMas,
KaK W3BECTHO, HeoOXONWMbl BbICOKME TeMNeParypel M CBEPXBBICOKME NaBIICHUA.
Takxue ycsioBUsi MOTYT 6bITb NOCTUIHYTHl TIPM HArpeBe, HanpuMep, BHYTPU MACCUB-—
Horo crerJisiHHoro OJIoka uacTui rpaduTa, NOMEEHHbIX B (GOKyC JUHBbI, cobupato-
Hed cBeT JIa3epHOTo MMIyJbca. BaxHO NpUMeHeHMe JIa3epDHOTO MINYdYeHWs A
KaYeCTBEHHOr0 M KOJMYeCTBEHHOIO IHANN3A BellecTB, VIS MCCIIENOBaHUSI MeXaHW3-
MOB XVMMWYECKUX DEAKIAI.

PeHTreHOBckMe JIyum, TaMMa-JIy4W, TOTOK HEHTPOHOB M IpyrMe MaIyHeHWMs
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GoNblIOM OHEPTMM Takike BLIBHIBAOT B BEIIECTBE rayborne PUHKO-XUMUUEcKUe
A3MEHEHUSI M MHULMUDYOT PasHooOpasHble PEeakiuy. Tak, npy nefcTBUU UOHUIU-
PYIOIMX UBTYIeHNH KUCIOPOL 06pasyer 030H; OKCHIbl MapraHua BHILENSIOT KUCJIO-
pOI; U3 CMECH a30Ta M KUCIopoja WU Bo3yXa 06pasyloTcs oKcuibl a30Ta; B
npucyrerBuM kuciiopona SOz nepexonuT B SO3; NpoUcXoOUT pasfomeHue (paoduo-
Au3) BOMH, B pe3yJLTaTe KOTOPOro 0BpasyoTcsi MoJIEKYJIAPHBIE BOAOPOI, KUCIOpOL
U Tepokcuy Bofopofa. BosHUKaomue NHpn paluonuse CBoGoHblE PaIMKAJIb] (-H,
-OH, ‘HO3) ¥ MonekyJIsipHbEle UOHBI (-HO7, -H,0") cnocobHbl BBI3HIBATL pas-—
JIMUHBIE XUMUYECKUe TpeBpalleHusi pacTBOPEHHBIX B BOJ€ BELECTB.

X/MUYecKue TPOLECChl, TPOUCXOAsANNe TON NeAcTBAeM WOHUBUPYIOIMNX W3y
YeHMil, M3ydYaeT PaoUGUUOHHAL TUUUL. PajMalMOHHO-XUMUYECKUE  DEAKIIMH
MCTIONL3YIOTCS U CHHTE33 BBICOKOMOJIEKYJISIPHBIX OPTaHUHECnK BelllecTB M OJSA
MaMEHEHUs MX cIpYKTYphl. Ilo Mepe oCBoeHMs aTOMHON DHEPreTHRNM pafnalMoHHAS
X1MMsi BCe IIMpe TPOHMKAET B XMMUYECKYI0 TPOMBILITCHHOCTD.

XyumudecKkne TPEBpAlleH!s], TPOUCXONANINE TIO]l NCACTBUEM MeXaHUYECKUX CHJI,
MBYUAET MeTaHOTUMUL. DJIEMEHTAPHBIM MEXaHOXMMUHUECKUM AKTOM SABJISIETCS] Pas—
PHIB XUMMYECKUX CBsizell B BEIIECTBE TIOJ [eACTBUEM MEXaHUYECKUX CHJI (Ba.nbue-
BaHMWe, fpobiiedne, nepetupatne U 1p.). BosHukafonne npyu oToM OCKOJTKA MOJIEKyJ
06pasyl0T HOBble TPOAYKTH. Hampumep, Tpu pacTUpaHuy MopollKa CcoeMHEHN 1
coctapa V305 Py0s5-4H,0  obpasytores HaPO4 u V30s5-H0, 1.e. mporexaer
CBoeoOpa3HBbIA ALETAHOAUS!

V05 Py05-4H,0 — 2H;PO4 + V205 - H0

MexaHoxMMHUYecKde TPEBPAlLIeHNs] UCTIONb3YIOTCS U151 CUHTE3a M W3MEHEHUA
CBOMCTB OpraHUYeCKUX TIOJIUMEpPOB.

Eume 6omee cUILHBIE U3MEHEHUsT TIpETEPNIEBAIOT BEUIECTBA TIOJ NefICTBUEM CBEPX—
Bplcokux pasieHust. IlpuMep Tomy — o06pasoBaHUe 6osee TUIOTHBIX U OoJlee TBEp-
nBIX MoauduUKaluil BenlectBa, HanpiMep TIpeBpalleHne rpaduTa B anMas, HATpUIa
60pa B H60pa3oH U T.1.

B nociequye rogsl pasBUTHE NOIyUUTa TuAusl yoaproto cacamus. Tlpu ckaruu
TBEpIBIX Tl M XKWIKOCTEA YIapHBIMU BOJHAMU, oBpasyeMbIMU, HATIDUMED, OETOHA
Mell BSpHIBYATHIX BEUIECTB NPU B3pbIBaX, B MUJJIMOHHEIE [0/ CEKYHIbl pasBUBa-
JoTcsi B BellecTBe o4eHb BBICOKME NaBJIEHUS. Ilpu orom obpasyiorcsi aKTUBHBIE
qacTULbl Kak pajMKasibHOTo, TaK M MOHHOTO THIOB. MocaencrBusa TNPOXOKIEHUA
4epes BemectBo YOAPHOH BOJHBL MOTYT GLITH CAMbIMM PAasIMYHBIMM — pasapobie-
HMe BEmECTBa, pacnal CJIOKHOTO BENecTBa Ha OTHOCUTENRHO 6oJee TpoCcThe, HO U
ofbpasoBaHne TOJMMEPHEIX [enei. K npumepy, CHIpOH Kaydyk IpU TPOXOoKIEHMN
yIapHOW BOJHBI 33 [OJM CEKyHIB TIDEBpAllaeTcsi B PEsUHy; IOL BO3AEACTBUEM
YIAPHBIX BOJH aMUHOKMCIIOTHI NPEBPAMatTes B npocreiiline Henky ¥ T.0.

CunbHoe HarpeBaHUE TIPU TIPOXOXEHUM YIAPHBIX BOJH TIO3BOJISAET OCYILECTE
JATH CIUIABJICHUE METAJUIOB, PE3KO ONIMHAIOUUXCS To TeMIepaTypaM TJaBlIeHuA "
222

i

KUTEHUsA, HApUMep BosbdpaMa M MapraHiia, XOTsI TeMIeparTypa IUIaBI€HUs] BOJIb—

dpama 3380°C, a mapraney kmmnt yxe mpu 2080°C. Jpyrummn cnocobamu Ttaroi
CIUTAB TIOJIYYUTD HE yA2eTCsl.

B cBABY ¢ nouckaMu HOBHIX NyTell MpPOBEIEHHUA IPONCCCOB B XUMUYEC-
KOH TEXHOJOrMU pa3pabaTHBalOTCsA METO/bl HallPaBJICHHOTO peryjJiupoBa-
HUsSl PEaKIMOHHONW CcHOCOGHOCTH BENIECTB, MO3TOMYy BecbMa WHTEHCHUBHO
W3YYAKTCA HPONECCH, IIPOTEKalmue IIpH pasTUIHHX (PU3UYECKUX BO3-
JENCTBUAX Ha BEMECTBO.

§ 5. KATAJIN3

OxuvM u3 Haubosiee PacHpOCTPAHEHHHIX B XMMUUYECKON IPAKTHKE
METOJ10B YCKOpeHNUsi XUMUYEeCKUX peaKuMﬁ SABJASIETCA KaTaJdN3. B NpUCYTCT~
BUM KATalU3aTOPOB M3MEHACTCS YT, [0 KOTOPOMY TPOXOAMT CyMMapHas
peakIUsi, a IIOTOMYy HMBMEHSAETCA €€ CKOPOCTh. Kamaauzamopst — 5TO Be-
MECTBA, UBMEHSIOMe CKOPOCTh PEAKIMU 33 CYET YUacTHS B IIPOMENKYyTOU-
HOM XUMUYIECKOM BBEHMOﬂeﬁCTBHM ¢ KOMIIOHEHTaMH peakKnu, HO BOcCCTa-
namjuaarom,ue HOCJIe KakJO0ro NUKJIa HpOMEKYyTOUHOIO B3auMOJIEACTBUA
CBOH XMMUYECKUI COcTap. YBEJIMUEGHME CKOPOCTU KATATUBUPYyEMON peak-
UM CBA3AHO ¢ MeHblleil JHeprueid 'm66ca akTUBANMM HOBOTO NYTU Deak-
HH.

WNaMeHeHUe CKOpPOCTYH KaTaqu3UpPyeMOi peEaKkIUMu 3a CYeT CHMIKCHUSA
IHepIUU AKTHUBANUU €€ OTAEJLHBEIX CTa/[UHl MOKHO pacCMOTPeTh Ha Cleiylo-
meM npumepe. Jlonyetum, Mexpay semectBamu A u B BosMoxkHO B3aumo-
neicteue ¢ obpasopakueM coenuuenusi AB (AG < 0):

A+B— A.B — AB
aKTUBUPOBAHHUBIA
KOMILJIEKC

Ho B cuny Beicokoit sHeprum 'm66ca akTUBanuu 3Ta peakIus IpOTeKa-
»VBT C OYeHb MaJiol, IIPAKTHYECKH PABHOW HYJIO CKOpOCThIO. IlycTh, HaiJleHo

#TaKoe TpeTbe BemecTso K (karanusarop), KOTOpOe JIETKO BCTyHaeT BO

P3aumMolieiicTere ¢ A (B CuiIy APYToil NIPUPOJB PearMpyiONMX BelecTs, a

% cate i i
JW JOBATe/IbHO, APYroi, MeHblleit, sHepruu I'nb6ca akTuBanuu), 06pasys
“koegunenue AK:

A+K —= A . K = AK
aKTUBUPO-
BaHHbINA
KOMIJIEKC
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P ne. 119. DHeprermueckasi cxema P u c. 120. XuMuyeckoe paBHOBecHE

B cUCTeMe B IIpUCYTCTBUMU KaTasin3a-
TOpa M B OTCYTCTBUE KaTa/ln3aropa

X00a peakUMHM B OTCYTCTBME UM B
HPUCYTCTBUUA KaTaJIU3aTopa

Coeaunenne AK nerko BzamMmopeiictByer c pelmectBoM B (onATH-TaKH B
cuJly MHOI HpHpojbl BellecTB W MalOil JHepruu aKTUBaLMM), 06pasys
pemectsa AB u K:

B+AK — B..AK — AB+ K
AKTUBYpoBaHHBIA
KOMILIEKC

CyMMHpys [IBa HOC/IeAHHX yPaBHEHHUS, HOTYyIHUM
A+B=AB

T.€. B pe3yJjbTaTe peaKniiy KaTajJau3aTop OCTalicsA 6e3 M3MEHEHU .

Ha puc. 119 nmokasana 3Heprerueckas JMarpaMuma Xoja peaknMu B-

orcyrerBue (kpuBas 1) M B npucyTcTBMM (kpubas 2) KaTaqM3aToOpa. Oye-
BHMJIHO, B HPpHCYTCTBAM KaTalIM3aTOpa JHEpPrus 'n66ca akTUBAllMKM peaKknuy
CHMIKAETCSA .

Tlocko/bKy B BHPAXKEHHWM [Jisi KOHCTAHTH CKOpOCTH peakunu (cM. § 2)
sHeprusi ['w66ca akTHBamMM BXOJMT B OTpMHATE/bHHII MOKA3aTe&NlbL CTele-
HK, TO Aaxe Hebojpllloe yMeHbIIEHUE dHEPrUM Nu66ca akTHBaNMM BBI3LIBA~
eT O4eHb GOJLITOe YBEIAUYEHHE CKOPOCTH pEeaKIMM.

B psige peakuMi KarajinsaTop MNOCTABIISET cBobonHble pamukanbl, Graronaps
iy
4eMy peaKLMsi TpoTekaer Mo LENHoMy MexaHusMy. Tak, peakuns OKMC/IeHMS CO
KUCIJIOPOAOM
2C0 + O, = 2C0O,
*
|5 SHAUMTENbHON CTEMEHH YCKOPAETCsl B MPUCYTCTBUM MAapoB BoMbl, TO BBRIBAHC

PABBUTMEM LENeH ¢ y4acTUeM cBobonHbx pamnkancs *OH n - H:
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. 8 O6mas u Heopraniueckas xumust

‘OH + CO =CO; + *H
‘H+ 0, =:0H + -0O-
CO + -0- = COy

HeiicTBHe KaTaap3aropa Ha COCTOAHHM XMMHUYECKOTO pABHOBECUA HeE
CKa3bIBAETCA, TAK KaK KaTajJlu3aTop B PaBHOM Mepe YCKOpsAeT U INPAMOH, U
06paTHBIA nponecc. KaTanusarop yckopser TUUIL AOCTHKEHNE XUMHUECKO-
ro papHoBecHs, . Kak nmokaszano Ha puc. 120, B npHCyTCTBAM KaTalMsaTopa
paBHOBECHHE KOHUEHTPAlMM KOMIIOHEHTOB cMcTeMbl (7Tyx) JOCTHIAloTCs
GricTpee, yeM B ero orcyrcrsue (7). ‘ :

Karanumuiecke peaknuu oveHb pa3Hoobpa3Hbn. Bo MHOrMX peaknuax
KAaTaJIUTHUYECKOe BIHsAHME NposBisiercs B ckpHToil dopme. Ciona npexe
BCEro OTHOCATCS peakn¥y B pacTBOopax. Kak MB BUIEIM, IOJAPH3AUMS,
auccopManus W MOHM3aMsi BEIECTB B PacTBOpPaX — BB aAKTHBanMHK
BEIIECTB — HPOUCXOIAT IOJ JEefCTBUEM PACTBOPUTEJISI, KOTOPbLIH, OY€BM/I -
HO, HMrpaeT B 5TOM cllydae pOJb KarajiudsaTopa. bBoibllloe BIHWsSHHE Ha
CKOpOCTH W HalpaBJieHue npomeccoB okasbipatoT MoHsl OHY u OH".

B saBuCcHMMOCTH OT arperarHoro cOCTOSIHUA KaTalIM3aTopa W pearupyio-
HIKX BEINECTB Pa3INYalOT KaTAIM3 t0AL0teRnsitt U temepoternsii. IIpumepoM
FOMOTeHHOIO KaTaJu3a sipisercs peaknMs oxucienns CO (B rasosoii ¢ase
B IPUCYTCTBMM IIAPOB BOJH) KHCJIOPOAOM, & TaKke JjeiicTBHE pasHOOGpas-
HBIX (DEpMEHTOB B GHOJIOrMuYecKuX mnpopeccaXx. ['ereporeHHo-KaraauTndec—
KUMHU ABIAIOTCA NMpoUecch CMHTe3a aMMMaKa (KaTalu3aTop XKeJes0), OKUC—
nenust SO, no SO; (kaTaiuzaTop IJIaTHHA MAK OKCHJ BaHAnUA) U T.JI.

I'JI A BAS5 PEAKIIUU BE3 UBMEHEHUst CTENEHENA
OKUCJIEHHUA DJIEMEHTOB

§ 1. YCJIOBUA OJHOCTOPOHHEIO NPOTEKAHUSA PEAKIIUNA

Pasnuualor peaknuu ¢ u3MeHeHHeM U 663 UBMCHCHNA CTENEHEH OKHC/Ie-
uus saemenToB. [ToHsATHO, YT0 Takoe noppa3jeyieHME YCJAOBHO M OCHOBAHO
Ha ¢opMabHOM NpU3HAKE — BO3MOXKHOCTH KOJMYECTBEHHOrO OI peJleieHus

" YCJIOBHOW BeJMYMHB — CTEHEeHH (COCTOSHWA) OKMCJEHUs diemenTta. Hems-

MEHHOCTbL CTEHeHH OKHMCJeHMsA JJeMeHTOB IpU XUMHUYECKMX HpeBpalieHusnx
BOBCE HE O3HAYAET, YTO He IPOMCXOIUT HEPECTPCHKN 3JIeKTPOHHBIX CTPYK-
TYP B3aMMOJelcTBYIOINMX ATOMOB, MOHOB W MOJeKyJ. KoneuHo, © B 3TOM
cjydae NpoTekaHHe peakuun 06s3aTelbHO CBA3AHO ¢ GOJLIIAM MJIK MEHb—

$ LIMM KM3MEHEHHEM XapaKTepa MEXATOMHBIX, MeKHUOHHBIX M MeXMOJIeKyJsp—
. HBIX cBA3e, a cjleOBaTe/bHO, M 3P PeKTHBHHX 3apAJ0B aTOMOB.
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Peaknuu 6e3 u3MEHEHUA COCTOSHUA OKMCJIEHUA 3JJIeMEHTOB 4Yallie BCero
HPOTEKAIOT B Ta3OBHIX M KHMAKMX PacTBOpaxX ¢ ydacTueMm HoHOB. Kak u3-
BECTHO, WOHHLIE peakmuu OOGpaTHMbI, M TEOpeTHUYECKM KakAOH cHUcTeMe
MOHOB NpPU AAHHLIX YCIOBUAX OTBEYAET OIPEeJeHHOe COCTOSAHME PaBHOBE-
cusi. CMemeHne XMMHYECKOrO paBHOBecHs (MHOrZa MpaKTUYecKH HaNeso)
HpPOUCXOAUAT [PH YMEHLIIEHUM KOHHEHTPANUM KaKMX-JiHOO HMOHOB 3a cYer
06pa30BaHUs OTHOCHTELHO MAl0 HOHUBUPYIOIGMXCS MOJEKYJ HJAM KOMII-
JIEKCHBIX MOHOB, MaJOPAacTBOPUMbBIX WJIM JIETYyUMX COeAMHEHHN (npasuao
bepmoaae). Tak, ipy Hefi Tpad M3 an U HOHHaA peakius HAET B
CTOPOHY O6pa30BaHMA MAN0 HOHUBHPYIOIHUXCA MOJEKYJ pacTBOPUTENS,
HallpiMep B BOJHOM PacTBOpeE:

KOH(p) + HNOy(p) = KNOz(p) + HyO(x), AG;,, = -80 w]lx

-439 -1 -393 =237

RbOH(p) + 1/5H;504(p) = 1/2Rb:S04(p) + H20(x), AG,, = -80 x]lx

-437 17 (-745) 17 (-1305) ~237
/2 /2

(mon QopmynaMu coefrHeRMil ykasaHB MX cTaHAapTHble Hepruu I'm66ca
obpasosanua A G, .. B KK/ MOMB).

Peaxupm HEﬁTp&HMBauHM MeXKNY CUJIbHBIMM KHCJIOTAMM H 1iejJo4YaMu
I[IpOTEKACT aHAJOrM4YHO, HE3ABUCUMO OT HUX IpUpoAbi: U3MEeHeHe JHepruun
I'uG6ca peakuru cOOTBETCTBYET NMPOTEKAHUIO OHOTO U TOTO 3Ke Hporecca:

H*(p) + OH" = H,0(x), AG;,, = 80 xflx
0 -157 -237

nJjin

OH; (p) + OH" (p) = 2H,0(x)

B xunkom aMmmake peaknmus HeATpasuM3adu OTBeYAeT B3aMMOJeicT-
BUIO
NHi(p) + NHj(p) ¥= 2NHa(x)

XuMmuyeckas peakuusi IPOMCXONHUT TAKKe BCJIEACTBUE O6GPa3OBAHUA
c/1a0OMOHUBUPYIONIMXCA KOMIJIEKCHBIX MOHOB. Hanpumep, HepacTBOpUMBbIi
B Boge Zn(OH), nerxo pacTopsiercsi B NpPUCYTCTBUM aMMMaKa 3a CYeT
00pa3OBaHUsA YCTOMIMBOro KaTMOHHOTO KoMmmiexca (lg 5y = 8,7):

. Zu(OH)y(1) + 4H3N(p) = [Zn(NH)4)(OH)o(p)

Magpokena nuuka Zn(OH), pacrsopsiercs Takke B M3GHTKe IEJIOYM C

o6paszoBanmeM annonHOro kommnexca Zn(OH)3™ (Ig B, = 17,7):
Zn(OH)s(r) + 2KOH(p) = KofZn(OH)J(p)

IIpu cmemennu pacrsopor BaCl, u Na,SO,4 obpasyercsi ManopacTBOpH-
moe coeautenue BaSO, (pIIP = 9,97):

BaClZ(p) + NaZSO4(p) = QNBCl(p) + B3804(K)
Ba2*(p) + SO5 (p) = BaSO4(x), AGj,, = <47 xllx

-561 -745 -1353

Peaknms nporcxoIUT Takke Nnpd 06pa30BaHUM JIETyYHUX COENHHEHMI,
yAAJISIOmMUXcsA U3 cepsl peakyuy, HalpUMep:

Na,COz(p) + 2HCi(p) = 2NaCl(p) + COq(r) + H.O(x)

COZ(p) + 2H*(p) = COx(r) + H,O(x), AG;,, =-103 w/lx

-528 0 -394 =237

B IIPOTUBOIOJIOKHOCTh pacCMOTpPEHHBIM peaKHI/IﬂM CMEUIEH S DACTBOPOB
NaCl 1 KNO; K xuMUUecKOMY B3amMONSHUCTBUIO IIPAKTHYECKH HE IPHBO-
JAT:

NaCl(p) + KNOy(p) = NaNO4(p) + KCl(p), AG5y, # 0

Honwt Na* u K*, CI" n NO; B pacTrOpe OcTalOTCs HEM3MEHHBIMA.

§ 2. TUIPONU3

bes usmeneHusi crenenu (COCTOAHUSA) OKHUC/ICHUA JJIEMEHTOB OOGBIMHO
nporexkaer tudpoau3.B 06mem ciaygae Hox rugpoOMB0OM HOHUMAKOT PEaKIIUM
OCMEHHOTO pPAa3/OKEHUsA MeXAY BOAOH M COOTBETCTBYIONIUMM COEIWHEHUEM.
Tupponus sisnsieTcss yacTHBIM CAYYaEM COAbGOAU3a — OOMEHHOTO pa3jlome-
HUA paCTBopeHHOFO BeniecTsa U pacTBOPDUTEA. Mexauuam ruapoJsjinsa njas
Pa3HbIX THUIOB COENUHEHUI BecbMa pa3jIMYeH. Tax, TUAPOJIN3 COeJUHEeHU,
.pacnanalom,nxcx B pacTBOpe Ha IfIOHbI, MOXHO paccMaTpHBaTb Kak peaynb—
TAT HOJSAPU3aUOHHOTO B3aMMONEHCTBUA MOHOB ¢ WX THAPaTHONH 0607104-
Koit. XapakTep W cTeleHb paclafa MOJEKYJ/ TMAPATHON 060/J0YKHM 3aBHCAT
227

8+



Or NPUPOILI KATMOHOB M aHWMOHOB — HeM cHIbHEE II0JSpU3YlOllee JedcT-
BHE HOHOB, TeM B OOJIbLIEH (TEIeHU NMPOTeKAeT IW/PONIu3.

HalioMEMM, UTO KaTMOHBI B BOJHOM pACTBOpE CYLIECTBYIOT B BM/le Ka-
THMOHHBIX aKBaKOMIJIEKCOB, OOpABOBAHHBIX 3a CYeT NOHOPHO-AKIEITOPHOTO
g3aumolieitctsus K—OH,;. AKBAKOMIIJIEKCHL B ¢BOW OUCpe/lb TMIApaTipoBa-
Hbl IOCPEINCTBOM BOJAOPONHLIX cBsizeil. MOXKHO cuHTaTh, ITO 4YeM Bbille
3apAj, 1 MeHbIlle pa3MCpbl KATWOHA, TCM CHILHEE €ro aKnenTopliasg clocob-
nocre (npounee cAs, K—OH,). rtem cunbnee nosspusyercs csase O—H
KOOPAMHMPOBAHHON MOJIeKy/bl BOIALI U TeM CHiIbHee BOAOPOJHAA ¢BA3bL
MENKILY KOOpAMHUpOBaHHOR Monekyioit H,O B koMmnaekce v MOJeKyJnaMu
BOJBl TUAPATHON OOONOYKM KOMINIEKcA. Bre 3TO MOXKET [IpUBECTH K paspbl~
py cBasu O—H B koopauuunposanuoit Moserkyie H,0O, k npeppalleHuto
sosopoaunoii ¢esizn H...OHy B kopajienTHyI0 ¢ 06pasopaineM uona OHY u

THAPOKCOaAKBAKOMIICKC a TIO cxXeMe

OHZ /H nr ()“Z (n-1)+
H,0_| _O H,0_| O—H
\K’”\ NH.| L OH, = /K"*/ + OH:
1,07 | OH ., 1,07 | OH,
OH, ] OH.

B coorsercTBUMM © NOCICNOBATEILHLIM YCWIICHITEM PU{]_[OI}T()[)H()M Cnoco6-
HOCTHH HKaTWUOHOB (yBG.F}l«I‘I(:‘HMBM UX 3apAazaa » YMEHbBIHeHneM p‘dZiME‘p()B)
BO3MOJXHBL [IBA CJIyvasd.

)) OTCYTCTBUC 3aMETHOIO PasJiOKeHnA MOJIeRYJT BOJbt

Na* + HOH == pearuust nparTHieckH He URET

Hogobubi 00pasoM BeayT vehHs caabble aKIEHTOPb DJACKTPOHHLIX Map -—
KaTUOHbLI NISJIOYHLIX I MEeTO"THO-3€MEJIbHBIX MeTaJ/1J1OB. l/leIMH CJAOBAMIT,
KaTHOHBI, 00pasylonme cHAbHLIC OCHOBAHUS — IIEJIOYN;

2) o6paTUMOe pasAOMeHue MOJCKYI BOJABI ¢ 0Opa30BaleM T'HIPOKCOaK-
BaKOMIIJIGKCOB

[Al(OHy)¢]® + HOH == [AI(OH,)5(OH)]?* + OH}

NIy .
Al3* 4+ HOH == AJOH?* + H*

Hs6riTok nonos H* 00ycnoBAMBAeT KHCIAYIO cPely pAcTBOpa. JTOT Haubo-
Jee 4aCcTO BeTpedarolmmiics ciydail XdpaKTepeHn AJs IBYX- W Tpexs3apsni-
HbIX KaTHOHOB (Cu?*, Fe2*  Fed* Cr3*) r.c. KaTMOHOB, O6PABYIOIMUX CJIa-
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6ble ocHoBaHMA. OueBUAHO, YeM OCHOBaHMe cjaalee, TeM CUAPOAU3 [poTe-
KAaeT MHTEeHCUBHEe.

O BIMSAHUM TPUPOABI KaTloHa {€ro pasMepa M sapslia) Ha CTeNeHb MOHU3aluu
KOOPAMHNPOBaHHBIX MOJIEKYJ BOABI MOXHO CYHNMTh IO 3HAYEHUI0 KOHCTAaHTbr KUC-
JIOTHOU WOHU34 M aKBaKOMILJIeKCa!

[om) o] |pr]
}{1 = nt :
[M(or,)]

Huke mipupesieHsl ee 3HaueHUs:

[Mg(OHa)g]** [ANOHz)6]™  [Cr(OH)e}**  [Fe(OHp)e]**  [TIOH )g]3
pKi... 114 4,95 3.90 2,2 11

Hockonmpky TUAPATANMSA AHMOHOB OCYILECTRASETrS 34 CUET BOAOPOLHOMA
CBSI3U, B PE3YAbTaTe NOJSAPUIAHMOHHOTO B3ANMOICHCTEUA MOAULY KOMILICK-
co00pa30BaATEeNeM (aHUOHOM) U MOJEKY/JaMu BOJAB BOROPOIHAS CBA3bL MO~
XKET TepeiiTH B KOBANEHTHYIO. IIp¥ 3TOM MOMKeT TPOMCXO/UTLE OTPBIB TpO-

TOHa OT MOJIEKY/Ibt BOJBl U [IPACOesIIeBne eIro k alHWOHY !

(n-1)-

O\\ ’/O—' n- O\ "O
~ // -
Ny _— + OH-

07" X0|..im0 |02 No-H
|

H

Honsatao, 4To weMm 6Gosiee OTPHUATCALHBIA 3apsj M MEHBIIE pa3Mep
aHMOHA, TeM OH 0GoJiée CUJIBHBEIN JIOHOp JIeKTPOHHBIX TAP M TeM Jierue
OprIBaeT IIpOTOH o7 MOJIeHyJ]b[ BO/LbtL. ’I"dﬂ} 110 BOBpaCTaHI«HO l—Ip()‘IHOCTM
BOJIOPOJHON cBA3H OKCOAHMOHEL P-DJIEMEHTOB TPETbLCTD NepUOna pacnosara-
I0TCS B CJISAYIOIIMI pAN: CIO,; < 501 < POJ < Si0f-.

B 3aBucuMocTH OT 3)1eKTPOHOJOHOPHOI aKTUBHOCTH AHMOHOB BO3MOXHbI
CNenyOMe CAYydaun:
1) orcyTcTBHE 3aMETHOTO PasAOKEHUA MOJEKYJ BOIHI:

Cl" + HOH == peaxuus npakTidyecky He UaeT

NOQ + HOH =2 peakuus npaktideckn He Upet

Hono6ubiM 0obpaszom BeayT cebs ciabble AOHOPBL 5JAEKTPOHHBIX Map —

- OAHozapanmee annonn (Cl, Bro, I, NO;, ClO;); & 2710i *e rpynie asno-
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HOB oTHOcATcs MoHH SOZ°, SiFZ" n Apyrve KHCJIOTHHE OCTATKM CHJbHBIX

KHACJOT; .
2) o6paTuMoe pa3okeHUe MOJIEKYJ BOIH:

CO?Z" + HOH == HCO; + OH-

Hosasnsiercs uzbmrok uonos OH™, T.e. cpefa craHoBuTCA IMEAOUHOH. DTOT
ciydail HauboJsiee xapakTepeH AJis AOHOPOB cpefHeil CWIH — AJs ABYX— M

’

MHOTOB3apAAHLX AHWUOHOB (CO%‘, PO, SO%7, S a rarke CN7), T.e. Kuc~

JIOTHBIX OCTATKOB cjabhiXx W cpeaHeit cuibl kuceaor. OueBUAHO, YeM ciabee
KHCJI0TA, TeM THAPOJIA3 [1POTEeKAaeT MHTEHCUBHEE.

CymMmapHRit 3¢pdeKkT rugpoinsa onpelensiercs NpUPOACH HAXOMSIAX~
cA B pacTBOpe KATHOHOB ¥ AHWOHOB.

1. Ecnn coeanHeHre nNpy WOHUBAnUM B pacTBope 06pa3yer KaTHOHBI U
AHMOHLI, KOTOpble €1a60 HOJMSPU3YIOT THAPATHYIO OGOJOUKY, THAPOJIA3
npakTHueckd He nporcxoaur u pH cpegsl He u3MeH R eTC A

NaCl = Na* 4+ ClI
Na* + HOH == peaknus npaktuiecxu He upeT

Cl- + HOH = peakuns npaktiyeckn He upeT

B 5ToM ciayyae MOKHO CKa3aTh, YTO COJMM CHJABHOTO OCHOBAHMA M CHJIBHOM
KHCJIOTH THUAPOINA3Y HE HOABEPraloTcs.

2. Ecau coeppHeHMe IPM MOHU3ANMU o6pa3syer KAaTHOHB, KOTOpHIe
HOJIAPUSYIOT MOAEKYJAb IUAPATHOR 060JOYKM, ¥ aHMOHHI, cJ1a60 HOJISAPHA-
3YIOINMe UX, To HPOMCXOAUT [MAPOAN3 no kaTtuoHy. [lpu 3ToM o6Gpasyercs
KHMcaasa cpepa:

-

CuCl, == Cu2* 4 2CI-
Cu?* + HOH = CuOH* + H*
Cl- + HOH = peaxuus npakT™3eckd He npeT

nin

CuCl, + HOH = (CuOH)CI + HCI

O6o6mias 3TOT HpUMEp, MOKHO CHA&IaTh BBIBON, YTO THAPOAM3ZY 1O
KaTHOHY [OABepkKeHH COJM €abore OCHOBAHMA K CHJALHON KHCAOTHL.

3. Ecnu coepuHenne Hpu pacTBOPeHUH MOHM3HMpYeTCs Ha CcAaboNoNApH-
3y10Ie KaTHCHBI U CPeNHeNOAPU3YIOINMe aHUOHB, TO NPOUCXOAMUT U~
POJM3 10 AaHMOHY M B pe3yJibTaTe MMIAPOJIA3a CO3JAeTCA I eJ o4 H asd
cpena:
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Na,CO; = 2Na* 4+ COZ"
Na* + HOH ¥= peakuus npakTH4eckd He uaer
CO%Z + HOH = HCO; + OH"

nau
Na,CO3; + HOH = NaHCO;3 + NaOH

B stoM cnyuae o0606meHHO MOXHO CKa3aThb, 4TO FHMAPOJMA3 10 aHUOHY
NPOHCXOJMT y COJICHl CHILHBIX OCHOBAHME U CJB6HLIX KMCJIOT.

4. Ecnyi coepdHeHHe HpU MOHMA3anuu obpasyer cpeJHENoaApu3yoniue
KATMOHBI ¥ AHMOHBI, TO HPOUCXOAMT THAPOAX3 U MO KATHOHY, X 110 aHWO-
gy. Ilpu sToM obbiuHO Habawgaercs rAAPOIH3 ¢ 06pa30BaHUEM MaJlopacT-
BOPMMBIX c/1aOHIX OCHOBAHMII U C/1AabBIX KHMCJOT:

Al (COs3)3 + 6HOH == 2AKOH)3! + 3H,CO;

Xapakrep cpeasl B 9TOM Clydae OHpelNENseTCa OTHOCHTEILHON CHIIOH
06pa30BaBIINXCA KMCAOTH M OCHOBAHKA. JTOT C/Iy4aill THApO/INA3a HMeer
MECTO 115 COJieil C/1aGbiX OCHOBAHMI M CJA0BIX KHCJOT.

Jns caygaes 2 u 3 creneHb rujpoansa (OTHOLIEHUE KOJIMYecTBa THJPO-
JM30BAHHOTO BellecTBa K OGINEMY KOJMYEcTBY PaCTBOPEHHOrO BelliecTsa)
o6m4Ho HeBenuka. Tak, B pactsope Na,(COj ¢ konnenrpanmeit 0,1 Moab/a
ona coctasaser npu 25°C oxono 2,7%, a B pacrsope NaCN ¢ kKOoHumeHTpa-
nueit 0,1 Moan/n — okono 1,5%. B cayuae 4 ruaponus nporeKaeT mpak-
THYECKH HALENO.

Cornacao npunpuny Jle lllarense creneds rupoinsa BO3PacTaeT ¢
pas6apieHdeM pacTBopa (yBestmueHuMeM KOHHEHTpanuu sonw). Hanmpumep,
npu 25°C s peaknuu

Na,CO; + HOH == NaHCO; + NaOH

npu koHnesrtpanuu conu 0,1 Monb/n crenens ruaponusa cocrasnser 2,7%,
a npu koHnestpanuu 0,001 Monb/n — yxe 34%.
CreneHb rAAPOANA3a BO3PACTAET TAKKe C NOBHIIECHUEM TEMIIEPAaTYPhl.
CylmecTBeHHO OT/IMYEH XapakTep I'EAPOJN3a KOBAJIEHTHHIX COSJMHEHUH.
BonbmuHeTBO coeuHeHNIT HEMeTANJI0B ¢ HEMETAallaMi B BOJE [peTepreBa-
eT HeoOpaTHMOe rHJAPOTUTHIECKOE PAa3IoKeHHe:

SiCly(sx) + 3HOH(k) = H,S104(1) + 4HCl(p)

SiSa(r) + 3HOH(x) = H,510;(r) + 2H,S(p)
Fupponus urpaer 6oabliyl0 posib B KM3HEAEATETLHOCTH KUBBIX Opra-
HusMoB. OH CyIIecTBEHHO BIUAET Ha reoXMMHUecKue mpomeceh. I'maponus

UIAPOKO KCHONB3YETCA B XMMHYECKON NPOMBILIJIEHHOCTH.
231



O6pasoBanye MHONOSI/lepHbIX KOMIVIEKCOB TIDM TMApoMse. [vaponins CONPOBOX-
NAaETCA CJIOKHBIMHU IIpoueccaMu 06paSOBaHI/lH JABYX— 1 MHOI'osiIEPHBLIX KOMIIJIEKCOB,
CBASYIOLMMU MOCTHKaMM roTtopblx moryt 6bite O, OH, NH, NO,, SO%‘ U apyrue

aToMbl M WX TPYINMPOBKM. PaccMOTPUM IMADONIM3 1O KaTMOHY, NpPUBONSLIMA K
LOTIMMEPH3ALNM KOMIIEKCOB 32 cdeT MOcTMKOBLIX OH-rpymm.

Kak nepeyro crammio xatoHHOM momiMepuzanuu B PacTBOpaX MOKHO paccMarT—
PUBATE BOSHMKHOBEHME NBYXbsAAEDHLIX KOMIUIEKCOB, OODa30OBAHHBIX 32 CUET QOb-
EJVHEHUST OKTa®[IPUYECKUX (TETPadIPUYECKMX) KOMIVIEKCOB IO BeplIMHe, pebpy
wi rpaen {cM. puc. 61). Huxke npuBenenbl cxempr ofpasoBaHns NBYXBANEPHBIX
KOMINIEKCOB, POJIb MOCTMKOB B KOTOPBIX Mrpator OH-rpynimb:.

JU1s KOoMITekcoB KaTHoHoB M2+

H 2+
{(H;0)-;M—OH]* + [H—O—M(OHZ)H.IJ —

H as
- {(HQO),HM—O—M(OHZ)HJ + Hy0

Win

MOH* + M?* — M,0QH3*

Jois komiekcoB katuoHop MS3*

2+ 2+
/OH HZO\
(H2O)n-2M + M(OHg)n_g "—*v
OH, Ho~"
H
O i
— [(H,0),oM M(OHy)poa|  + 2H,0

N~
H

M(OH)2* + M(OH)?* — M,(OH)i*

st KoMILIeKkcOB KaTHonoB M4+

OH 12 [H,0 3+
(H0)nsM=—OH,|  + | HO—M(OHy)ns| —s
\on H,0~
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[ H 1%
O
- (HzO)n-3M_O—M(OH2)n~3 + 3H20

O
H

M(OH)2* + M(OH)3* — My(OH)3*

B npuBeneHHLIX IIpUMeEpax AUMEPUBAIlMsi TIDOMCXOOMT 3a CueT BIAUMOJENCTBUSA
OH-rpynne onpore komilekca ¢ Monekysoit HoO apyroro ¢ oTieluieHMeM MoOJNEKy—
abl HoO 1 obpasosanmem OH-mocruka.

Yncio OH-mocTuroB B aumepe 3aBucut oT npoutoct cBsizu O—H B koopau-
HUPOBaHHOH wMmoJleKyJle Bonbl. (QueBMOHO, 4eM BbIlle 3apsAl WOHa MeTavla, TeM
npoutee cBsisb M™0 u teM 6onpme ociabisercsi cBsasbr OH B roopaMHMpoBaH-
HOI MoJleKyJle BOIbi. JTO IPUBONAKT K VBeIudenuio yncia OH-MocTHROB U yBemn-
YeHHIO crelieHn rmaposmsa. HanGonee tunmuHple DOPMBI NBYXBSIEPHBIX KOMIIEK—~
OB B 3aBUCUMOCTM oT 3aPSfa KOMIUIeKCooOpasoBaTells NIpUBefieHb B Tabi. 24.

Tab6nnuna 24 OopMul ABYyXDANEPHBIX I'MIAPOKCOAKBAKOMIUIEKCOB

Hou Meranng Komieke ITpumMepbl

M2+ M,(OH)3* CuyOH3*, BepyOHR* ZnpOHS*, CdpOH3*, HgOHSY,
Ni;,OH3*, PbOH3*

M3+ My(OH)3" | AL (OH)3", Ing(OH)3", Scp(OH)’, Vo(OH)3",
Cra(OH)4*, Fep(OH)4*, Cop(OH)E*

M4+ My(OH)* | Th(OH)3*, Cex(OH)3*

AHAJIOTMUHO MONHO PaccMaTpPUBaTh oOpasoBaHWE MHOTOSIIEPHBIX THIPOKCOAKBa-
KOMIUTeKCOB, Hanpyumep, Tiila Mg(OH)3*, M,4(OH 3“, Mp{OH e

(H20) 4 H
Ni (H,0) 4 Ne—O—N i (OHy)4
HO.~” “\OH
| | HO OH
(H,0) 4 Ni\ N i(OH,)4 | |
H H
Ma(OH)3* M,4(OH)+
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NN T s

O\C/O\ CAN c/

H,0 HH,o H 10
M,,(OH):

Ilpy oNpenesieHHBIX ycioBUAX (BbICOKasi TeMrieparypa WM IHoBbleHHbin pH
pacTBopa) MoJMKOHJEHCAINA MOoXeT NPUBOANTL K TIEPEXONY TMIPOKCOIPOU3ROIHbIX
(Mocturku — OH-rpynnsi) B okconpouseonHbie (MocTukn — atoMbl O):

H H H
O /O\M/O\ aH,0
M M —s— O—-M—O—M—-0O—
N o o
H H H

BILIOTEL J10 06pa3oBaHMs CBOOONHBIX OKCUIOB.
To uto HasbiBator "ocHoBHONH conblo” TIpencraBisier coboil Mo cTpyKType MpoMe-
KYTOYHOE MEXY ''HOpMANLHON Cobi0” M MMIPOKCUAOM WIIM OKCHIOM.

F'JIABA6 PEAKIIMMA C UBMEHEHUEM CTENEHEN
OKHCIIEHUA S5JTEMEHTOB

§ 1. OKUCIUTEJIbHO-BOCCTAHOBUTEJ/ILHBIE PEAKIIMU

CrelieHt OKMCICHHAA HJEMEHTOB M3MEHAITCHA NHPH OKMKCJIMTEIbHO-BOC—
CTAHOBUTEJILHBIX peaKnusx. lsMeHenue cTelneHefl OKMCIEHWS DJIEMEHTOB
HPOUCXONMT 3a cUeT [1epexoja JJIeKTPOHOB WJIM arOMOB OT OAHUX YACTHIL K
ApyruM. Hanpumep, Ipy BhITECHEHMH MUHKOM MEAM U3 pacTBOpa ee COJHU

CuSO4(p) + Zn(x) = Cu(r) + ZnSO4(p), AG,,, = —212 x[lx
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JJIEKTPOHBLL OT ATOMOB HMHKaA NMepeXoaAaT K KOHaM Meau:

Cu2*(p) + Zn(x) = Cu(k) + Zn?(p)

Ilpouece norepn wacTHIeH DICKTPOHOB HA3bIBAaeTCA oNUCAeHUen, a poHECe
NPUCOEIMHEHNA JJEeKTPOHOB -—— B80CCMAHOBAeHUen. B peakldsx 3T [Ba
npopecca NPOTEeKAlOT OJHOBPEMEHHO — OAHM YacTANB! OKUCIAIOTCS, APYTUe
BoccTaHaBIMBaKOTCsi.  (CefoBaresibHO, OKMCJIMTENbHO-BOCCTAHOBUTENIbHBIE
[HpOIECCH NpeAcTaBAAIOT cOBOi €AUHCTRO ABRYX NPOTHROIOI0KHBIX Nponec—
coB. BemecrBa, npucoeguHAIONMME 3BIEKTPOHBI, Ha3LIBAIOTCSH OKUCAUMEAI
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ALY, a BEIECTBa, TepSIOMMe DJIEKTPOHB, — Goccmaxosumersnu. B npuse-
nenHoM npumepe Cu?* — okucaurens, Zn — BOCCTAHOBUTEb:

Cu?* 4+ 2¢” = Cu; Zn — 2¢ = Zn?

B oroil peaknuy Melb HOHMKAET cTelleHb OKUCJIEHUS, HMHK — IOBBIIIAET.

2+ 2+
Cu-—FCu Zn—bZn

B KkadectrBe Inpumepa OKMCJINUTENbHO-BOCCTAHOBHTENBHOW peaKIiUK C
[IepEXO0A0M ATOMOB MOXKHO paccMOTPeTh cleJYIOmMii nponecc:

NO; (p) + HCIO (p) = NO;j (p) + HCI (p)

Meros0M MEUEHBIX ATOMOB YCTAaHOBJIEHO, YTO 9Ta peakiMsi OcyHEecTBIIA-
ercs 10 CJAeAYIONIEMY MEXaHHU3MY:

0
+3 + 1
NO5+HCIO — N...O—Cl| —
o |
H
+3 +35
N — N
0 O~ — -1
S So.cll—= | ol 4 ncl
o | o
H
+] -1
Cl = CI

Kak BHAHO u3 npuBenenHoi cxeMbl, aroM Kucjopoaa moaexkyabsl HCLO
nepexoaur B cocraB NOj-nona. B peayabraTe peaknuu cTeneHb OKUCIEHM

asoTa NOBHINAaeTcsi, a xjopa HoHukaercs. B sroit peakmun HCIO urpaer
poab okucautens, a NO, — BoccTaHOBATENA.

TakuM o6pa3oM, MOXKHO fAarb chaeayoiee 0606ieHHOe onpeneneHue
OKUCJIATENA M BOCCTAHOBMTEJA: BElUIECTBO, B COCTaB KOTOpPOTO BXOAUT
3JIeMEHT, HOBHIIAMMA cTeleHb OKMCIEHHUA, HA3BIBAKOT G0CCMAROBUMEREA,
a BepecTBO, B COCTAB KOTOPOTrO BXOAMT 9JIEMEHT, HOHAXKAIOIMA CcTeleHb
OKUACJIEHNA, Ha3BBalOT oKucAumeaen. 1JOHMIKEHWe U HOBbIIEHHE CTENEeHU
OKUCJIEHUsA DJIEMEHTOB IIPOUCXOLAT OJHOBPEMEHHO M O6YyCJIOBIMBAKOT ADYT
Apyra. .
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§ 2. COCTABJIEHUE YPABHEHWI )
OKUCIUTEJBHO-BOCCTAHOBUTEJ/bHBIX PEAKIIMH

I1paMeRsIOT JBa METO/lA COCTABACHUA yPABHEHUH JI1s DEAKIHH OKMCIe-
HAA — BoccTaHOBJeHMsi. QiUH U3 METOJN0OB OCHOBaH Ha MCMOAB30BAHUA
crerteHeil oxucacHns. [loBoilieHue cTeneHd OKHCJEeHHA ¥y O[HOTO DJeMenTa
M ee MOHMMKEHME y JAPYFOrO JJeMeHTa [poucxoauT ojaxoBpeMmenHo. Tak,
IpPH B3aUMOAEHCTBUN ANIOMHHHSA U Cephpl

+q -

Al + S — Al,S;

CTEEeHb OKUCACHUA aJIKOMUHNASA ITOBBIIACTCA HA 3 €JAWHUIB!
0 +3
Al—» A1 (3 —0=3)
a CTelleHb OKHUCJCHUSA CePbi MOHMMKACTCA Ha 2 eJUHHLB
f -2
S—S5 (—2 —0=-2)

Yro6el MOCTABATL KO3PMUUUCITH B YPABHEHMW DEOAKUMH, HAJ0 HalTH
KPATHOE [IJIA YMWCEJI, NOKA3BIBAIOIIUX MOBHIIERME W HOHMKEHNE CTelCHed

OKHCJICHUS:
0 +3
Al — Al|2
0 -2
S— 5 |3

0 i +3 oD
2A1 + 35 = 2A1 + 3S

Haiinenuble koagdpunuenTsl nepeneceM B ypaBHeHUe pPeakliL
2A1 + 35 = ALS;

Pacemorpum 60s16€ CHIOKHYIO OKUCAUTEJILHO-BOCCTAHOBUTONLHYIO peaK-
nUIo:

+ 7 +2 + 2 +3
KMHO4 + FGSO4 + HgSO/; — MI]SO4 + FCZ(SQ4>3 + K'_)SO4 + H_)O

B IpUBE/ICHHBIX COC/IMHCHUSEX H3MEHSIOT CTeIICHL OKUCJICHUA TOJBLKO
MApraHer U JKejeso:
v 7 + 2
Mn — Mn|1
+ 2 + 3§
Fe — Fe{b
KMnO4 — oxmecanrens, FeSO4 — pBoccranoButent. Ha 1 smomn aToMmos

Mn(VII) tpe6yercsi 5 monb atomos Fe(Il):
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+ 7 + 4 + 2 +3

Mn + 5Fe = Mn + bFe

TakuM 06paszoM, OCHOBHEIE KO3 PHIHEHTH YpABHEHHA — Koa(pdunmnes-
TH [pPH OKHCJAWTENe M BoccTaHoBurege — oro 1 wm 5. HywHO ogmako,
y4ecTh, YTO B pesynbraTe peakuuu obpasyerca Fey(SOy)z, comepxkammin 2
Moutb atoMoB Fe(lll), mosroMy ocnopubie k0D PUIUEHTH cleAyeT ¥ABOUTD:

+ 7 + 2

Mn — Mn 1 2

+ 2 + 3

Fe — Fe 5110
Y7 2 + 2 +3
2Mn 4+ 10Fe = 2Mn 4+ 10Fe

HatinerHsle KO PUUNEHTEL [OCTABASRIOT B YPABHEHUE PeaKIUK

+ 7 +2 * 2 *3
2KMnOy + 10FeS504 + HySO4 — 2MnSO, + 5Fex(S04); +
+ K804 + H,0
Ocransubie kKonhOUIUEHTH HAXONAT JIpU NOJcYeTe OanaHca Ipyrux dje—
meHTOB (110Ka Ge3 H u O), B gaduom cayuae atomop K u S:
2KMHO4 + 10F€SO4 + 8H2$O4 — 2MllSOq + 5FCQ(SO4)3 +
+ KQSO4 -+ H_)O

Hance 110 6an1aHcy ATOMOB BOJOPOJLA ONpEeAeisIoT YHACJAO MONAEH BOAHL:

2KMnO4 + 10FeSO4 4+ 8H,S04 = 2MnSOy4 + HFex(S0,4)s +
+ K,504 + 8H,0

JAs poBepKy UpABHIBHOCTH NOAOOGPAHHBIX KO3(MPUIUEHTOR MO/CYUTHIBA~
I0T OajlaHC MOJEH ATOMOB KUCJAOPOAA.
Hockonbky paceMaTpuBaeMasi peaknisi OpOTEKAeT B BOJHOM DAcTBOpE,

€e MOKHO NpeACTaBUThL B BUJLE UOHHOTO ypaBHEHUA:

MnO; + 5Fe?* 4 8H* = Ma?* + 5Fe?* 4+ 4H,0

JIOBOJIBHO HACTO COENMHEHUE, yYACTBYIOMICC B PEAKIMM, BLINOJHAET HE
TOJNBLKO OKMUCAUTENbHYIO WIW BOCCTAHOBHUTENbHYIO (PyHKIMIO, HO U CBA3LIBA—
€T NPOJYKTH DPeAKIMH (CTENeHHM OKMCICHMS DJIEMEHTOB He U3MEHSIOTCS ).
Hanpumep, npu BOCCTAHOBIEHMM OYeHb DPA3BABJEHHOH A30THONR KUCIOTHI
MMOPOITKOM HHHKA '
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0 + 5 +2 ~ 3
47Zn + HNO;; + 9HN03 = 4ZH(N03)2 + NH4NO3 + 3H20

+2
Zn — Zn |84
+ 5 -3

— N 211
0 +5 +2 -3
4Zn + N = 4Zn + N

1 Moab MOJIEKYJ KKCAOTHI M3 AECATH, B3ATHIX JIA PEaKIAM, pacXoAyercs
Ha OKMC/eHHEe UHKA, a OCTAJILHLE NeBATh — Ha CBA3bIBaHUME 06pa3yomux-
csi B pe3yJibTaTe peakld¥ MOHOB HUHKA K aMMOHUSA.

[IpuMepoM speakiiii, B KOTOPOM BOCCTAHOBMTENb MIpaeT Takie poJb
cpenbi, ABNAETCA B3auMojeiicTBue okcuma Mapraita (IV) ¢ KOHIUEHTPKpPO-
BAHHOM COJIAHONW KMCIOTOM:

+ 4 -1 + 2 0
Ml’lOz + 2HCI + 2HCI = MI]Clz + Ciz + QHQO

+4 + 2
Mn — Mn [2]1
-1 0
2Ci — Ci,|211
+ 4 -1 + 2
Mn + 2CI = Mn + Ci,

HNonuo-271eKTpORHAMET MeTon. MOHHO-3/71EKTPOHHLI MeTo[ COCTAaBJICHUSA
YpaBHEHMH OKMCIMATEIbHO-BOCCTAHOBUTE/NLHLIX peaKUMi IpUMeHsieTca A
MOHHLIX OKHCJIMATENbHO~-BOCCTAHOBUTE/NbLHBIX IIPOIECCOB M OCHOBAH Ha COC-
TaB/ICHUM YACTHHIX ypaBHEHMH peakljili BoCCTaHOB/IEHUsi MOHOB (Monexyn)
OKHMC/IATEIA U OKHUC/IeHUA MHMOHOB (MOJIeKyJ'[) — BOCCTAHOBHTEJIA C IIOCJIEe—
YIOIAM CYMMMpOBaHWeM MX B ofiee ypaBHenue. s 3T0ro HeoGXOAMMO
COCTABMTH MOHHYIO cXeMmy peakiid. He MsMeHAOmMecs B pe3yiabTaTe peak—
M1 MOHB B MOHHYIO cXeMy He BHEJIIOYAIOTCA.

BepHeMcs k paHee paccMOTpPEHHOMY HpHMEpY:

KMnQ4 + FeSO4 + H,SO4 —» MnSOy4 + Fex(SO4) + K,504 + H,0
HNonHas cxema peakluu:
MnO:l + Fe?* + H* — Mn?* + Fe?* + H,0
Kak BuauM, nousl Fe?* okucasalores B roHbl Fed*, a monst MnQj Boccra-
HaB/IMBAaOTCs A0 MOoHOB Mn?*. YacTHoe ypaBHeHMe OKMCIEHMS HOHa

BOCCTaHOBHUTEJISI
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Fe?* — ¢ —p Fed*
BOCCTaHOBUTEN - OKUCJIeHHAS!
Hast hopMa dopmMa

B 4acTHOM ypaBHEHHMHM peaKIidM BoccTaHOBJeHUA okucaurens MnOj B
BOCCTAHOBJICHHYIO ¢opmy Mn?2*

MnO; — Mn?"

Jis 6GanaHca aroMOB HeOOXOAMMO AOOABHUTH HOHBl BOJOpPOJA, 4TOOBI CBsi-
3aTh aTOMbl KMCJIOpOlda B BOAY

MnO; + 8H* — Mn?* 4+ 4H,0
Ana OajlaHca 3apANOB, KpPOME€ TOTO, B JI€BOH 4YacTH YpaBHEHMA HYKHO
A06GaBUTb 9 MOJIb 3/IEKTPOHOB. TOrJa 4acTHOE ypaBHEHHE PEaKIMH BOCCTa-
HOBJIEHMSI OKMAcInATeNA 6yaer
MnOj + 8H* + 5¢° = Mn?* 4 4H,0
OKUCJICHHa A BOCCTaHOBUTEJIbHAA

¢dopma dopma

[Ipu BbiBoAe OOIIEro ypaBHEeHWsI peaknUMd HaCTHble ypaBHEHHA HaJo
IOMHOKMTb Ha TakMe KO3Q@UIMEHTH, YTO6H YUCA0 MOjell IMOTepAHHbIX
3JIeKTPOHOB €TAJ0 PABHO YMC/IY 0pPHOGDETEHHHX:

Fe2* — ¢~ = Fe?+ 5
MnO:1 + 8H* 4 bHe” = Mn?* 4 4H,0|1

[IpoBepka NpaBUABHOCTH COCTABJIEHHOrO ypaBHEHUA [IpOU3BOJAMTCA IO
GanaHcy aTOMOB ¥ 3apAJ0B B OOIEM ypaBHeHUH:

MnO; + 5Fe?* + 8H* = Mn2* + 5Fe3* + 4H,0

Ecnu B xauecTBe cpesib B3sTa CepHAsA KUCJIOTa, TO ypaBHEHHE peaKiAl
MOKHO 3allicaThb:
2KMnOy4 + 10FeSO4 + 8H,S04 = 2MnSOy + 5Fey(S0y); +
+ K»504 + 8H,0

THIN OKHCHATENLHO-BOCCTAHOBATENLAKX peakmuid. PasyMualor Tpu
THAIIA pealcn,plﬁ OKHUC/IEHUA — BOCCTAHOBJIECHUS .
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1. OKMCIMTENbHO-BOCCTAHOBUTEIbHbIE DEAKIMH, IPU KOTOPHIX HW3IMEHA-
JOT CTEeNeHb OKMCAEHUA ATOMEl 2JIeMEHTOB, BXOJAIIMX B COCTaB Pa3HbIX
BelIecTB. JIerko 3aMeTUTb, YTO BHILICNPUBEJEHHBIE PEAKIHUH OTHOCATCA K
STOMY TUILY pPeakimmil.

2. Peaknuy OKMCINTENBHO-BOCCTAaHOBUTENBHOIG Dacnaja BellecTB, NpH
KOTODBHIX CTENEeHd OKUCJICHHUS M3MEHSIOT ATOMBbl Pa3HBIX 3JIeMEHTOB OJHOTO
M TOrO Xe pemnecTBa. 110 TaKOMy MeXaHM3My IIPOTEKalOT PeaKkUMM TEepMM-—
YecKOTo pa3lieKeHUs cOeJUHEHUil, HallpuMep:

+5-2 -1 .0
2KClO; = 2KCI + 30,

+5 -1
Cl — Cl}2
-2 0
20 — 0|3
+5 =2 -1 0
2C1 + 60 =2Cl + 30,
3. Peakuuy caMOOKMCI@HUS — CaMOBOCCTAHOBJIGHUs, INpH KOTODBIX

CTelEeHb OKMUCIEHUS ONHOTC M TOIO jKe 3JIeMEHTa M MOBHILIaeTcsA, U MOHM-
saerca. [logo6HbBIE peakUMd Ha3bIBAIOT eLIe PEeaKUMAMH JucCnponoPYUoONU-
posanus. IlpuMepoM mpolecca NMONOGHOIO poJa MOMKET CJYKHTh PeaKkiu:
B3aMMOIEACTBMA XJIOpa €O INIOYLIO;

0 -1 +5
3Cl, + 6KOH = 5KCI + KClO3 + 3H,0

0 +5
Cl —Cl|1

0 -1

Cl —Cl|5
0 +5 -1
3Cl, = Cl + 5Ci1

B 5Toit peakuuu XJIOD BBICTYNAET ¥ KaK OKHUCJIMATENb, U KaK BOCCTAHO-
BUTEND.

§ 3. HAITPABJIEHME OKMCJIUTEJIBHO-
BOCCTAHOBUTEJIbHBEIX PEAKIIU

O HanpapieHUMH OKHCIUTEIbLHO-BOCCTAHOBUTENBHBIX pPEaKHUil MOMKHO
CYIUTb NC u3MeHenu:o sHepruu ['u66ca cucremel. Kpome voro, pas konun-
YyecTBeHHOM XapaKTepUCTUKHA OKH CJINTEJbHO-BOCCTAHOBATENIFHON aKTUBHOC—
TH BelllecTB, HaxXOoAsUMXcd B pacTBOpax WM cOnpyKacalolydxca ¢ HHUMHU,
MCIONbL3YIOTCA TaKk Ha3blBaeMble 34eKMPoOHbie UM OKUCAUMEALHO-60 CCTNA-
HOBUMEABHBLE TLOMEHYUAAD .
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OxHucIMTELRO-BOCCTAHOBHTE/IbHHE NOTeHUHANN. Ceass Mexay AG u ¢

Bopaskaercs ypaBHeHneM® —AG = nFyp, rae n — KOJMYECTBO BElIECTBa
(Monb), mnepefaBaeMOro B Impouecce 3JeKTPOHOB; F — mocrosiHan @a-
pales.

CymHocTs BO3HHMKHOBEHHUS 3JICKTPOJAHOIO NOTeHIMaa 3aKJllodaeTcA B
cneayomeM. Ecnu nnacrunky meraia M norpysuTs B pacTBOp, coaepika-
MK ero MOHBbI

M™(p) + ne” == M(k)

TO MeXJy MeTAlJOM M pacTBOPOM BO3HMKHET pa3HOCTb NOTEHUUAJIOB,
Ha3bIBAEGMas IAEXMPOOHBA NOMERYUAL0AL. JTA PA3HOCTh 3aBUCHUT OT NpH-
pOAbLI MeTalljla M KOHUEHTpanuH (TOYHEee aKTHMBHOCTHM ) MOHOB B PacTBOpe, a
TaKXKe OT TEMIIEPATYPHI.

Cranpaprawit s1exkTpoanb norennuan. s peaknuu, npoTeratomeit
B CTaHJAPTHBIX YCJIOBMAX, CBA3b sHeprud ['m66ca W 3JIEKTPOIHOrO MOTEH-
LMAJIA BbIPAKAETCA ypaBHEHUEM

C—=AG = nFy.

Besnuuuny ¢° HasplBaloT cmandapmusia 3aexmpoonsia (0KUCAUNEALHO-
80CCTRAHOGUMEABHBLAL) NOMENYUAL0M. SHAYEHNUA CTAHIAPTHOTO 3JIEKTPOI-~
HOTO moTeHHuaNla (Kak 1 A G") pacTBOPEHHLIX BEIIECTB OTHOCAT K PAacTBO-
paM ¢ KOHueHTpanueidl | Monb/n, a Ana razoobpasubix eemecTs — k 101325
Ila. B kauyecTBe cTaHAapTHON NpuMHUMAOT TeMnepatypy 25°C.

3HauYEHUs SJIEeKTPOAHBIX (OKHCIMTENLHO-BOCCTAHOBUTENILHBIX) IOTEH~
IMaIOB 06BIYHO 6EepyTeA OTHOCUTENLHO CHCTEMbI

H*(p) + & = 1/,Hy(r), AG}q, =0

T AG = °
AR KA Al o0s Hep) T 0 M A 208 Hyr)

sroit cueTeMbl ¢, = 0 (kak u AG®). Dra cuctema HasbiBaeTcst 6000pod-

= 0, craHAapTHLIN NOTeHUM Al

HBLAL DAEKTP 0 00AL.

Bopopopmbii aiextpon npencraBnsAer coboit MIATUHOBYIO TUIACTMHKY, TMOKPBITYIO
TOHKMM CJIOEM DBIXJION MOPUCTOA INIATUHB! (V1A yBEJMYeHUA MOBEPXHOCTH BIIEKTpO—
Ha) ¥ ONYLIEHHYIO B BOAHBIL PACTBOP CepHOM KMUCIOTH (€ aKTMBHOCTBIO MOHOB HY,
paBHBI enueMue) (puc. 121). Yepes pacTBop CepHOM KUGIOTHI MPOIMYCKAIOT
Bojopon nopi arMoccepHbIM [aBlleHueM. JacTh NMOMJIOMEHHOTO TUIATHHON BOIOPOAa
[IepeXOIUT B ATOMHOE COCTOAHME, MOSTOMY B TOBEPXHOCTHOM CJIO€ [JIACTMHBE

~AG (Ilx) = 96485 nE (B).
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Ta6numa 25 Crangaprasie MEKTPOAHbIE NMOTEHINANH ()4, HEKOTOPBIX

OKA U TESIILHO-BOCCTAHOBHTEJILHEIX CHCTEM B BOJIHBIX PAacTBOpax

OxucinedHas gopma le;xcno BoccTaHoBJIEHHASA ga; 0g B
BJIeKT POHOB ¢opMa
Lit le Li -3,05
Ca?t 2¢ Ca -2,87
Na* le Na -2,71
H, 2 2H- -2,25
AP 3e Al -1,66
Mn2+ 2¢ Mn -1,18
Zn?t 2e” Zn -0,76
Fe2+ 2e Fe -0,44
Cd?* ' 2¢ Cd -0,40
Zn2t 2¢ Zn 0,14
Pb2* 2¢e Pb -0,13
2H* 2e H, 0,00
SOE' + 2H* 2e SO%' + H,0 0,22
Cu?t 2¢ Cu 0,34
I, 2¢ 2I- 0,h4
Fe3* le Fe?* 0,77
Agt le Ag 0,80
Hg?* 2¢ Hg 0,85
NO; + 4H* 3e NO '+ 2H,0 0,96
Br; 2¢ 2Br” 1,07
MnO, + 4H* 2¢ Mn?+ + 2H,0 1,23
Cr,0%" + 14H* 6e 2Cr3* + TH,0 1,33
Cl, 2¢ 2CI° 1,36
ClO; + 6H* 6e ClI" + 3H,0 1,45
MnO, + 8H* 5¢ Mn2t + 4H,0 1,51
MnO; + 4H* € MnO; + 2H,0 1,68
Fs 2¢ 2F 2,87

ycraHaBnuBaercsA pasHoeecue !/,Hy = H, a HMa rpaHMie MNaTMHL ¥ pacTBopa

cepHO KucIOTH — pabHosecue H(r) == H*(p) + €, 1.e. cymmapHo

/3Hy(r) == H*(p) + €
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_TesbHOM cnocobHocru. Hanpumep, cpab-

CraHpapTHeie NOTEHUHUATB HEKOTOPBIX
OKMCIIMTENILHO-BOCCTAaHOBUTEIILHBIX
cdcTeM npueegeHnl B Tabn. 25. B pany 000 &
NMpUBeeHHbIX cHcTeM YObIBaiolllee 3Ha-
YeHUe OTPULATEILHOTO MOTeHIMAana M
BO3pacTaioliee BHaYeHMe NMOJIOKUTENbHO-
ro NOTeHLMajla OTBeYai0T MajeHulo
BOCCTAHOBUTENLHOH M POCTY OKHCIM-

ALTANENE NS VLIS Ly

HeHUu€ cTaHaapTHBIX TIOTEHOWUAJIOBR CHUC-
TeMbl

Fo(r) + 2¢ = 2F(p), ¢4, = 2,87 B

T

Hy(r) + 2¢7 = 2H(p), ¢30s = =220 B p 0 191 Cxenn BOJIOPOIHOTO
BIeKTPOsia
MOKa3LIBAET, YTO y MojeKyd F, cuabHO
BHIpakeHa OKUCIUTENILHAA TCHAEHUMA, a ¥ UOHOB H™ — BOCCTAHOBUTEN b~
Hasd.

B cooTBercTBuM cO 3HadeHuaMmu ¢° mMHK (¢, = —0,76 B) — 6Gonee

! CWIbHBIA BOCCTAHOBUTENb, 4eM Menb (¢, = +0,34 B), 4, ciejioBaTesbHO,

% OymeT BLITECHATDH €e U3 PacTBOPOB, copepkamux oHel Cu?*:

Zu(x) + Cu?*(p) = Cu(k) + Zn2*(p)

i Xmop (¢, = +1,36 B) — Gonee cunpHbl OKMCAMTEND, YeM 6pOM (@5q, =

o= 41,07 B), M, clefloBaTe/lbHO, OyaeT BLITECHATL OPOM M3 pacTBOPOB,
I conepsarnux voHpr Bro:

1/:Chy(r) + Br'(p) = /;Bry(r) + Cl'(p)

[lo 3HaueHHUAM OKMCIMUTENLHO-BOCCTAHOBUTENBHLIX IIOTEHIMATIOB MOXHO
CYAMTL O HampaBleHUu M OoJjiee cJ0KHBIX OKUCIMTEIbHO-BOCCTAHOBUTEN b-
Hpix npoueccoB. Hanpumep, 1asa peakuuu

MnO; + 5Fe?* + 8H* = Mn?* 4 5Fe’ 4 4H,0

NOTEeH U UAJILI YaCTHBLIX peanunﬁ UMEOT cJeAYIoie SHaYeH !

OxucenHan BoccraHopneHHas CrangapTHHIA
¢dopmMa dopMa HOTeHIMA]
MnOj + 8H* 4 5¢ = Mn?* + 4H,0 1,61 B
Fed* 4+ ¢ = Fe?t 0,77 B
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Kak BYMM, CTaHAap B DACKTPOANBIT TTOTCRINAN LTH UepBOH cHeTe-
MEI BHIOE, BeM AN BTODOH. CACAORATONLHO OPH KOWTARTE AePBAsd CUCTE-
Ma BHICTYMWT B Ka9eCcTBE OKUCANTENA, BTOPAS = B Ka'eCTBC BOCCTAHOBATE-
na. MHBMK coBaMM, MCpBast PCAKITHA OpOorekaeT ¢aesa HanpaBo, BTOpas —
cnpaBa HATEBO, T.e. HOHEL Frl* OKHCAsIOTes 10 nonos Fe?' a nomn MnO;

BOCCTAHABIMBAKOTCA 210 Nopos Mpi*,

DIeKTPOHBIC MOTEHUUAIBL HE HBAAKITCH HeU3MENHBIMU. OHU 3aBUCAT
OT COOTHOMIICHHsI KOHICHTPAIMNH {ovHee AKTUBHOCTe{l) ORUCJIEHHOH M
BOCCTAHOBJEHHON (POPM BCAIECTBA, & TAKKE OT TEMUHEPATYPDI, NPUPO/LI
pacteopurens, pH cpejnsr u ap.

3ABMCHMOCTE EKTPOAHOTO MOTEHIMATLA OT KOHIPHITPALMHA OKHCJIEHRONA
U BOCCTAHOBJICHHOH HOPM M TeMICPATYPBE BhIpaKaetes ypaanenuea Hepue-
ma:

oy T
o BT O,

u
CROowe

WM
. 1 Ty J'
. 23R I ORI I

g =9+

nk >,

rae ¢ — CTAHJADTHLI HAERTPOJHBI NOTeRuMan uporecca:; £ — MoasipHas
rasoBasg MOCTOAHHAA, 1 — AGCOMROFRAY TeMITODATYPA, 7 -- YHCUG MONEeH
(IePEeIABACGMBIX B OJIGMCHTAPIIOM Ipoalcsre ICKTPOROB, F —— IOCTOAHHa
Dapanes; Cogpen U Cpocer — KOHIEHTPALF K OKHCICHIOR U BOCCTAROBICHHOL
dopM pearesToB (2 U ¥ — Ko HUINENT 8 YPALHCHME POAKIAM).

Jdua 298 K (25°C) nocre BOACTAHOBKU BILAHMEA NOCTONITHBIX BENHYH
[R = 8,31 Jlw/(K momn), F = 96 485 K] ypasHene npMnumMact suy

r r
0,009 ¢orimen

=9 + lg

7t

"gt)u:l
Jna nonypeaxknun

MnO; + 8H* + 50 = !\r!ll?‘*."{" 11,0
MOJKHO 3alicarh |

0.059 , [MuO4][{H*]

e 1,5] 'I’ 1 o
. 7 58 T Mt
IMes B By, YTO KOHIEHTDAIMA BOJHL -- ROIMUYUHA HoctosnHas. Jhad
CTAHIAPTHHX yeIoBMA. T.e. Korja [MnQ,] = [Mn?'] = [II'] = 1 mons/xn,
¢ = ¢ = 15b1 B
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§ 4. XUMHWYECKHE NCTOYHHUKI TOKA

Ecan npocTpaHCTBEHHO PA3JENUTL IPOUSCe OKHCJCHHsI BOCCTAHOBATEIA
M TIPOLECC BOCCTAHOBAGHHA OKHCAUTENSA, MOKHO MOJYYUTE DACKTPHYCCKUD
Tok. B oTOM cilyuae OKMCJIMTENBHO-BOCCTAHROBUTENLHBIC PeaKIUM OCyIecT-
BJAAKTCA Ha 3IEGKTPOAAX, a XHMHUUYECKAs JHEPTHs HENOCPEeacTBeHHO MpPeB-
palllaeTcst B 3JeKTpHYecKyio. Teoperuueckn JnA NONYYSHUS BICKTpUYec-
KOH BHepruM MOKHO NPHMEHUTL JI00YI0 OKHCIATE]bHO-BOC(TaHOBUTE/b-
HYIO PEAKIHIO.

PaceMOTpUM monywenne TOKA 3a c4eT cJCAYIONCH NApbl OKUCAUTEILHO-
BOCCTAHOBUTEILHLIX CHCTOM:

Oxucesennast  Boccranosnenuan CTaHIADTHBIM

hopma dhopMa MOTeHI LN AT
nt 4 e = Zn -0,76 B
Cu?r 4 20 = Cu + 0,34 B

CornacHo BHAYEHUsIM  CPAHJAPTHLIX  MOTeHHMAHOBR cuctema Cu?t 4

+ 20 == Cu 1o otHomeHNO K cnereme Zn?t 4 207 == Zn oRMcAUTEdEM,
T.e. IPU UX KOHTAKTE 3TEKTPOHBE OYIAYT TIepexoiuTs 0T Zh k noHaMm Cult:

Zn + Ca? = Zn?t + (n

L1

Ve

Oxncnenne Zu u Boceranopienue ('n2* MOmHEO OCYIICCTBUTb HA DIIEKT-
pojlax iaasganuveckoro dacaenma (puc. 122), xoTopblii B JaBHHOM CJly4dae
COCTOUT U3 HMHKOBOTO U MEIHOTO 3JEKTPOLOB, MOTPYMREHHBIX B DACTBOPhI
coorBerctBeHRO ZnSO, n CuSO,. Cocviapl ¢ pacTBopaMu coeuHeHbr U-
06pas3noil  TpPyOKOW, BaNOTHEHHOI KaKUM—Tu60  sierTpoidToMm. Korma
COBAMHAIOT HISKTPOALI MeTalJIMECKUM [TPOBUGJIHUKOM, HAYMHAETCS OKUC-
JMTEJBHO-BOCCTAHOBHTEMLHAA peakisl. Ha wivkoBoM anextpone (anoje)
IPOUCXOJUT NOTEOPA ANECKTPOHOR ~- OKHCJIEHHE HUHKA, HA MEIHOM B3JIEKTPO-
I¢g (xaTole) IpOMCXOAUT 1PpUCOCAMHEHNE DIEKTPOIIOB — BOCCTAHOBJIGHNE UOHOB
Mej 1

anoy: In — 2¢ = Zn°*
raton: Cnt + 2¢ = Cu
cymmapro: Zn 4+ Cuét = Zn?*t + Cu

2e°
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Tonnube + Oxucsumens
—— | f—
lpodyxmbs
peaxyut
— ‘—,-
P uc. 122. CxeMa ranbBanMdec- Puec 123. Cxema TOIUIMBHOI'O BJie-

KOI'0O 9JIeMeHTa MEHTa

3a cuer OKMCJAMTENBbHO-BOCCTAHOBUTE/ILHOM DPEaKIMM 110 BHeLIHEel [enu
(MeTadIMuecKui NpPOBOAHMK) TEUeT 3JIeKTPUYECKMil TOK OT LMHKOBOTO
SMEKTPOAA K MEJHOMY, a IO BHYTPEHHeil HenH (Tpybra c 3MEKTPOIOM )
neuskyrea MOHEL SO%". LMHKOBBIA 371@KTPOJ IOCTENCHHO pacTBOpsAeTrcd, a

Ha MeJHOM BBIJEJIAETCA MeTaJlIu4ecKass Melb.
PazHocTs OKMCIMTENLHO-BOCCTAHOBUTE/ILHBIX IIOTEHIIMAJIOB  4YacTHBIX

o]
peammﬁ onpene/jaser 3EKTPOABHKYIIYIO CHJILY @ raJIbBAaHHYECKOro 5J1e-

MEHTa M B paccMaTpMBaeMOM ciiydae:

© Z o — o’ =034 —(—0,76) = 1,1 B.
(Pp - SDCU (PZH 0334 ( )

[Ipo6nema npeobpa3oBaHUs XMMMYECKOH JHEPIUM HeIMoCpeIc TBeHHO
B 9JEKTpUYECKYI0 — OJHa M3 AKTyaJbHBIX 3ajad Hayku M TEXHUKH. B
HacTOsIIee BPEMsA BeAyTCA LWMPOKUE HMCCIASAOBaHMA IO MCIOJB30BAHUIO
OKMCIUTEIBHO-BOCCTAHOBUTEIBHHX peakIMid TFOpeHusA TOIJIMB2a B TaK Ha-
3BIBAEMBIX MONAUGHHE dAeaenmar. B KadecTBe OKMCIAOIMXCA BEHIeCTB

MOJKHO IIPMMEHATb OOLIYHOE TONJMBO — YFoJib, KOKC, HNPUPOJHBbIE M MC™
KyCCTBEHHble T[OPIOYME rasbi, B KauecTBe OKMCIMTENs — KMCJIOPOL MJH
BOBAYX.

B TOIJIMBHBIX 3J7eMEHTaX, Kak ¥ B OOBIYHBIX [aJbBAHMYECKHX, BJIEKTPO-
b, K KOTOPHM MOJAI0TCS BOCCTAHOBUTEND (TOIWIMBO) M OKMCIMTENb, pas-
JIeTIeHb MOHOMPOBOLANMM 3JIEKTPOJIMTOM (KMCIOTaMM M MIEN0Y9aMu, pac-
NJIaBJEHHBIMM COJIAMM M Ap.). JJIeKTPoJb B cJydae NDUMEHEHUR razoob-
pasHBIX TNPOJYKTOB Ae/aioT OGHYHO M3 MOJIBIX NOPHCTBIX Tpy6oKk M ILJIac-
tvH. Tokoo6pasylomMil Npomece coBepliaercd Ha IPaHMIe COMPHKOCHOBE-
HUA 3JEKTPOJA € 3JIeKTPOJIMTOM.
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[Ipurnun paGoTel TOINIMBHOIO 2JICMEHTA PAcCMOTPMM Ha MPHUMEpe mie-
JIOYHOTO BOAOPOAHO-KMCJOPOAHOro ayementa (puc. 123). B atom cayuae
MCIIONB3YETCA OKUCIINTEILHO-BOCCTAHOBUTEbHASA PEaKIIUA

2“2([‘) + 02(1") = QHzo()K), AG;QS = —474 K,H,J{C

OCYHIeCTBAACMAaA Uepe3d cJielyIOIKe IIPOMEKYTOYHBIE CTaJ MK Ha KaTole
NIPOMCXOOUT NPpHCOEIMHEHHME 3JIEKTPOHOB — BOCCTaHOBJ/IEHHE KMCJIOpOoaa; Ha
aHOoe MMPOUCXOONT NOTEepA IJIEKTPOHOB — OKUCJICHHE BOgopoga:

anon: 2H; + 40H" — 4e- = 4H,0; xarom: O, +. 2H,0 + 4¢” = 40H-

Bosuukaromme Ha aHO[e JEKTPOHBI MO BHEUTHEH NENU 3JeMeHTa Hepe-
XoAAT Kk katoay, a wonn OH™ mepememaioorca B ssiekTponnrte oT karoma k
anony. Takum 06pa3oM, B BTOre OCymecTBJIASTCA OKMCIKTENbHO-BOCCTAHO-
BurenibHan peaxnua 2H, + O, = 2H,0, sneprus koropoit B mannom ciy-
4ae BBIJIEJIACTCA He B BHUJE TEIJIOTbI, a HeNOCPEeJCTBEHHO TIPeBpamaerca B
EKTPHUECKYIO.

Haa s dextusHoil paboTH TONIMBHBIX 5JEMEHTOB MCIOJIb3YIOT KATATH-
3aTOPBI, KOTOPHE HaHOCAT Ha 3JeKTpOoAH. [[JA BOAOPOAHOrO 3aekTposa
KaTaJn3aTOpaMy ABAAIOTCA IUIATMHOBHIE METAJJB, a4 AJA KUCJIOPOMAHOro
3JIEKTPOJla — cMmellaHHbe KaTalu3aTopel M3 Co u Al wiu Fe, Mn u Ag.

Bricokuit kKoahHUIMEHT HCMONB30BAHUA TOMJIMBA, HENPepHBHOCTE M-
CTBMA M JpPYrue IPEeMMYNIECTBA OTKPHBAIOT Nepef] TOIJMBHBMM 3J€MEHTa-
MM [EPCHOEKTMBH LIMPOKOTO MCHOJAb30BAaHMA. TONJMBHLIE 3JIEeMEHTBHI MC-
HOJIL3YIOTCA B CIYTHMKAX M KOCMMYeckuX kopabisx. OQueHb 3aMAHYUBO
TpUMEHEHHE TONJIMBHBIX 3JeMEHTOB BMECTO ABMraTeNeil BHYTPEHHEro cro-
PaHUA Ha TPAHCIOpTe M T.I1.



YACTb BTOPAHA
HEOPIAHUYECKAA XMMWNA

Pazpnenl
BeegeHne B XuMuiO 3N1eMeHTOB

Tonbko pHU NOCPEACTBE TeopUM 3HaAHUE, cjlarasicb B
CBA3HOE 11e7I0e, CTAHOBUTCAH Hay4HbIM 3HaAHHUEM,; CTpOﬂ"
HOe coellHeHHe Q)BKTM‘-IECKOI‘O 3HAaHUA C Teopuen coc-

TaBilsieT HAyKy.

A.M. Bymaepos

I'JI A B A 1. PACHIPOCTPAHEHHOCTDb XUMHUYECKHX
DJIEMEHTOB

§ 1. TEOXUMUSA 1 KOCMOXUMNA

CpefHee OTHOCMTEJIbHOE COJlepHkaHue JAHHOrOo XMMHUUECKOro 3JieMeHTa B
KaKoU-IM60 TIpHUpOAHON cucTeMe (3e3pmml, Conueqﬂas{* cHCcTEMA, HaHerH)
Ha3bIBAETCA €ro paclpOCTPAHEHHOCThIO WU KAAPKOL . Copepixanue sJe-
MEHTOB OOBIYHO BHIpAMK AT B MACCOBBLIX MJIM ATOMHBX MOAAX, B NpOLEHTaX.

XuMu4ecKuil cocTaB, 3aKOHOMEpHOCTH paclpOCTPaHEHUs U pacupeaeie-
HUA 2/ieMEHTOB Ha 3eMjie uaydaer 1e0TuAus. 3amaum 5TOil HaykKu ONlpene-
aun B.W. BepHaickuit, KOTOpBI paccMaTpuBaj €€ Kak HayKy 06 ucTOpUH
ATOMOB 3€MiIM, KaK 4acTh KOCMHUUECKOH XUMMH. JlanbHeiillee pa3BUTHE
FEOXMMMM TecHO casaHo ¢ paboramu A.E. ®épcmana, B.M. FonpgimmMuara,
A.Il. Bunorpaaosa U Jp. _

PacnpocTpaHEHHOCTh M [eHe3uc XMMUYecKMX 3JIeMEHTOBR B KOCMOCe
y3ydaer xocaoruuul. PeaynbraThl reOXMMMIECKMX ycc/ieAoBaHMM ucnom;;
3yl0TCA AJiA OOBACHEHUSA MOJIyYaeMbIX CBEMEHMII O KOCMHYECKUX TeJaX.
CBOIO Ouepeib JaHHBIE KOCMOXMMMM NIPUMEHSIOTCA [J1A pellet i reoXuMU~

yecKuXx NpobJieM.

*Haspanne mpemioxero AE. ®epcMaHoM B HecThb aMePMKAHCKOTO Te0XMMMKa
®.V. Knapka, Borucaupmero B 1889 . PACIIPOCTPAHEHHOCTh MHOTMX XMMUYECKUX

B7IeMEHTOB B 3eMHOH Kope,
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N3yyenne XMMUYECKOTO cocTaBa 3Be3fl, NMJTaHeT, TYMaHHOCTEH B OCHOB-
HOM OCYIIECTBJISA€TCS ¢ TOMOILBIO cleKTpaJbHOro aHanusa. CleKTpaJbHBIM
AHAJIM30M, HanpuMep, 6bl1 o6HapyxeH sieMeHT renuit Ha ComHue (1868) u
aMuib coycera 27 jier oH 6bl HalizeH Ha 3emse. C MOMOIIBIO CIEKTPaIbHO-
ro aHa/ly3a CHpefiesIeH cOCTAB JAJIeKUX KOCMHUYECKHUX Tell.

HUcrmiouuTennbHo HeHHYIO HaydHyr uH@OpManuio o (PU3MKO-XMMHYEC—
KOM XapaKTepe M cocTaBe aTMocepbl Apyrux MJIaHeT Aal0T aBTOMAaTHYec-
Kue kocMudeckue craHuuu. McenenoBaHus JyHHBIX HODPOJ, B YaCTHOCTH,

ABAAKOTCA OCHOBOIIGJIAaralONMMMH A DA3BHTHA CEAEHOTUMUU.

§ 2. XUMHWYECKHE 3JIEMEHTHI B 3EMHOW KOPE

XapaKTep pacnpoCTPaHEeHMsA 5JIEMEHTOB B 3eMHOIt KOpe CXOAeH ¢ XapaKk-
TEpOM MX KOCMMYecKOW pacmpocTpaHeHHocTd (cM. puc. 1). B cocras 3eM-
HO# KOpPbl BXOAAT 88 XUMHUeCKuX 3/ieMeHTOB (Taba. 26).

IIpakTudeckd OTCYTCTBYIOT KODOTKOXKMBYIIME TEXHEUHUit, TTpOMeTHhii,
actar, GOpaHLuil U TpaHcypaHoBbie aneMeHTh. OCHOBHBIMH B 3e€MHOil Kope
ABJIAIOTCA BOCEMb 3JIEMEHTOB: KHCJOpPOJ, KpPeMHMI, aliOMUHMIL, HaTpMuii,
*eyeso, Kadbiuil, Maruumil, kamuit (puc. 124). Vx obmee comepxanue B
3eMHON Kope cocTapisier okono 94,5%
(Mon. monu) uau 98,5% (Mac. monm).
3a HuMu craeayior TuTtaH, ¢docdop,
Boziopoa, Maprader. CocTaB OCTATLHBLIX
(0.5.) snementoB Menbme 0,6% (Mac.
A0H).

B 3eMHOil Kope mnpeobaamalT Kuc-
JIOPOJIHBIE COEMIMHEHMsSA, M3 KOTOPhIX
Haubonee paclpOCTpaHeHbl CHUJIMKATHE,
cjarapomMe Bce TrJaBHeillliue TIOpHbLIE
HOpO/bl. 3aMeTHO MeHee pacIpocTpa-
HEeHbl Kap6OHaThl, eme MeHblle —
cynbuaabie U cynbgaTHbie MuHepa—
Jbl. Psap sneMeHTOB BcTpeuaeTcst B
fipypone B BHAEe NpOCTHIX BEIECTB B

P u c. 124. Pacnpocrpanenne Xxumu-
4eCKMX DJIEMeHTOB B 3€MHOIt Kope

£aMOpOHOM cocTosiHUM. B Tabn. 27 mnoka3aHb Haubonee 4acTO BeTpe-

i:'lafommec;{ (bOPMBI cymecTBOBaHMA 57IEMEHTOB Ha 3eMiie.

' B 3aBucuMocTH OT XMMMYECKOH NMpUpOIbl 57EMEHT MOXeT Jubo MMeThb
coGcTBeHHBIE MUHEpalbl, JIMG0 cONyTCTBOBaTh APYrMM 3sjiemeHTaM. ['eoxu-
MUK BHIAGIAIOT OGMIMPHYIO IPYINY 3J1€MEHTOB, [IJiAd KOTOPBIX XapaKTepHa
PaBHOMEpPHOCTh paclpOcTpaHeHus B 3eMHOU Kope. Takue seMeHTHl Hasbi-
BalOT paccesnnsiuu. PacnmpocTpaHeHHOCT:L B 3€MHO# KOpe M HYMCJIO Pas3HO-
BufHOCTEW OOpa3syeMbix 3J€MEHTOM MMHEPaJIOB B IPAMOI CBABH HE HAX0O-
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Tabnuua26. PacipoCTpaHeHHOCTh WIEMEHTOB B 3eMHOH Kope

Li Be
6,5-1073 61074
1,9-10721,2-1073
Na Mg
2,64 2,1
2,4 2,0
K Ca Sc Ti K% Cr Mn Fe Co
2,6 3,6 6-1074] 0,65 [1,5-1072] 2-1072 9-1072 5,1 3.1073
1,4 2,0 3-1031 0,25 6-103 | 8-10783,2-1072 2,0 1,5-1073
Rb Sr Y Zr Nb Mo Tc Ru Rh_7
31-1072| 4-1072( 2,8-107% 2-1072 1-103} 3-10™¢ 5:10°7| 1-10
7-1073 | 1-1072|2,6-10°4 4-1073 | 2-104| 6-1073 1-10°7]1,7-10°8
Cs Ba la Hf Ta w Re Os Ir
7.1074 | 5-1072]1,8-10°3 3,2-1074 3,2-107¢ 1-1074 1:10°7] 5-10°6f 1-1077
b 5-1079(5,7-10°4 2,5-10°4 5-107° 1,8-10°5 1-1075 |8,5-107° 5-107785-107°
Fr Ra Ac Ku Ns
1-10710) §-10-10
5.10°15
JlaHTaHOM B! Ce Pr Nd Pm Sm Eu
4,5-1073|7,4-1078|2,5-1073 7-1041,2-104
6-107¢ |9-1075 [3,5-107¢ 9-1075 | 1,8-107%
AKTHHOMIBI Th Pa U Np Pu Am
8-104 [1-10710 | 3-107¢ 1-10°15
7-10% 18-10712 } 2-1075 7-10717

*Bepxaue nHPphbI - MACCOBBIE JIOTI, HMMKHME - MOJIADHBIE 07N 5JIEMEHTOB.

(mo A.Il. Bunorpaznosy) *

H He
0,15 [4,6-104
3,0
B C N 0O F Ne
3-104} 0,1 1:10°2 | 47,2 2,7-10°2§1,6- 1073
6-10"1| 0,15 [2,5-1072] 58,0 2,8-1072
Al Si P S Cl Ar
8,80 27,6 8-1072 15-102 [4,5:1072] 0,98
6,6 20,0 15-10"2 }3-10"2 [2,6-1072] 4-1076
Ni Cu Zn Ga Ge As Se Br Kr
§-108 | 1-10°2 ) 5-1073 |1,5-1073| 7-107¢ | 5-10°4 {6-1075 |1,6-107¢| 1- 104
3,2-107313,6-1074 1,5-10°3) 4-1074 | 2-1074 {1,5-1074]| 1,5-1074|1,5-1075| 4- 105
Pb Ag Cd In Sn Sb Te H Xe
1-1076 [ 1-105 [ 5:10°5 | 1-105 | 4-10°3 | 4-105 | 1-10°6 |[3-105 | 8-1076
1,6-1077(1,6-10"% 7,6-106{1,5-10°6| 7-10"4 | 5-10"6 |1,3-10°7 | 4-10°6
Pt Au Hg Tl Pb Bi Po At Rn
5.-10°7 [ 5-1077 [7-1076 3-104 [1,6-1073]| 2-107% [2:10714 7-10716
5-1078 | 5-10°8 {7-10°7 3-10°% [1,6-1074|1,7-1076[2- 10715
Gd Tb Dy Ho Er Tm Yb Lu
W 11073 |1,5-10744,5-10741,3- 1074 | 4-1074 [8-105 [3-10"4 |1-10°4
e 141074 1 1-10°5 [ 5-105 [5-1076 | 5-10°% [8-10°6 |3-105 |1-10°3
Cm Bk Cf ‘Es Fm Md (No) (Lr)
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*Bcrpeuaotcs B CBOOORHOM COCTOAHUH.

aAarcA. OyeHb HACTO M3 JLYVX DICMCUTOB MCHER PAclpOCTPAHEHHBIA 06pa3y-
er GOABIIEe YHCAO PasHOBWIHGCICH murepanoB. Tak, pyéugmit [0,007%
(MO, 1101M)] COGCTBEHIBIX MUHEPANOB IPAKTUIECKH HE UMEET M ABIIAETCS
paccesHHLIM DJIeMeHTOM. B To &e BpuemMsa ¢paBHMTENBLHO MEHEe paciipoct-
paneHHaa mejb [0,0036% (mon. gonu)] o6pasyeT pasHoO6pasHbie COGCTBEH-
Hble MHHEpAJIBL, a MOITOMY K PACCEesHHLIM 3/eMEHTaM He OTHOCHTCH.

B seMHOI Kope TOCTOAHHO LPOMCXO AT MHOTHE XMMHHYECCKME ITPOLECCH.
Pazo6parbesa B HUX — 3HAYMUT [OHATL, KaKk 00pa3yloTcd MMHEPAIb], TOPHbIe
MOpOJN M PYIAb, B KaKUX YCJIOBHAX OHU (POpMUpYIOTcs. IJTO, B CBOIO
ouepeAb, MO3BOJIAEST ONPEAe/IUTh Haubosee BEPOATHHE PAcIOJOMEHUA
MECTOPOWKACHMI TONC3HBIX UCKONASMBIX.

I'J1 AB A 2 [IPOCTHIE BEHECTBA
§ 1. CTPYKTYPA HPOOLLIX BEIHECTB

CO‘IGT&HHF“ ATOMOB OOHOrO 1 TOrQ K€ 3JIeMEHTa ecTh RPOCTTLOC seuLecim—-
60. B B3aBrcuMOCTH OT THUIM XHMHYECROM (BA3K MOKIY ATOMAMM TIPOCTHIO

BEICCTBA MOTYT OBITL AETHAAAQAL W HemeTaatant. JIJia MeTallsioB Xapak-
TEpHA MCTAIIUMecKas CBARL, jJ3 HeMOTALIOB — KoBaheHTHaA. Pezkoro
PasInuMs MeKIy METAMJIMICCKHMY M HeMPTAI TIIecKUMU NMPOCThIMU Be-
mecTBaMi Het. K METAN 1AM 1IPHMBIKAIOY METATONO400HBIE HPOCTHE BOme-
€TBa, K HEeMETALTAM -— HEMETAINCIOA00UBLIE.

" OOMH ¥ TOT e 3ICMCHT MOMET 0OpPAZOBLIBATE HECKOJbKO PA3HBIX TH-
TOB TNPOCTHIX BCMIECTB, HASIBACMBIX @LI0MPONHLLAY MOOUPUKAUUILUY,
Hspectro csuisie 400 pasgopRaROCTe ApPOCTHX BemecTe, fBjaenyve anso-
Tponu¥ MOxkeT O6BITh 00YyCIoBAeHO U600 paszjUYHBIM COCTABOM MOJEKYI
IPOCTOTO BEmIeCTBA JIAHHOTO WIeMeHTa (aaiomponus cocmasa), JU60 cno-
‘to60M pPABMEUIeHHA MOJICKYJ HJIM aTOMOB B Kpucrasiax (aatomponus
;%‘¢0pxuu). Crnoco6HOCTE 3JCMERTA K 0OPASOBAHMIO COOTBETCTBYIOMIMX AJIJI0-
TPOIHBIX MOAMbUKAIMA 06ycnOBIeHa CTPOEHMEM aTOMa, KOTOPOe Onpe-
E&JIAET THUI XMMHYEecKOl CBA3M, CTPOEHME MOJIeKYd U KpHMCTaNJIOB.

\l PaccMoTpuM 1J1A NpUMepa TUIIHL U CTPYKTYPY NPOCTBIX BENIECTB, 06pa-
OBaHHEBIX JEMEHTAMM TpeThero nepuonaa. Tak, y poaementa VII rpynnw
Mprona (3s23p°), MMelOUero B3aBepIICHHYIO BAJIEHTHYIO O060JIOUKY

(:Ar:), Monexyna ognoaToMHA. MeXIy ATOMAMHM APrOHA BOBMOKHO TOJBKO

AHCTIepcHOHHOe B3aumofeiteTsre. [losToMy B TBEPIOM COCTOAHMM KpPUCTAJI-
JIBl aproHa ¥ €ro aHaJOroB MOJIeKyJsApHHe (cM. puc. 66, a) oHM XapakTe-
'PUBYIOTCA BBRICOKMMM KOODJMHAIMOHHBIMU 4YmcidaMu {06BIUHO KyGMdYeckas
IpaHeueHTpUpOBaHHAA MM [EKCArOHaAbHAA perlleTKa).
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Nlna xnopa (3s23p°) obbenuHeHue aToOMOB (Cl) B MOJIEKYJY MO-

HET OCYIIECTBIATHCA TOJNBKO OJHAM CIIOCOGOM, a MMEHHO 32 cuer o6paso-
BAHHA [ ByXaTOMHOH KOBAJIeHTHON MOJICKYJIbI Cl,, umetomeii popMy raHTe-
au. Kpucranaei xJjopa o6pa3oBaHbl MOJIEKYJIaMH noao6HO KpHcTaliaMm
uozna (cM. puc. 66, 6).

Mo Mepe yBesuueHMs YHCI2 HeNApHHX 3JIEKTPOHOB, 1A 2J1IEMEHTOB
CTAHOBMTCSH BOBMOMKHOM A/JOTpONMs cocraBa. Tak, AJA aTOMOB C € p Bl

(3523p%), MMeIOIMX /Ba HENAapHBIX 3JIEKTPOHA (-S-) Haybosiee TUIUYHO

obbeMHeHHe B 3Mr3aroobpasHeie LelH I. B O6BIYHBIX YCJOBHMAX 3TOMY
coOTBETCTBYeT reomeTpuyueckas (popMa MOJIEKYJH B BU/E 3ur3arcobpasHoi
LelIOYKHU, 3aMKHYTOH B BOCBMMUYJIEHHO® KOJLIO Sg(1):

Kpome Monekyn Sg B COOTBETCTBYIOUIMX YCJAOBUAX CYMIECTBYIOT MOJNEKYIIEI
cepbi B BHMJe 3MI3aroo6pa3HbiX OTKPBITHIX Iene# S, u kousen Ss, Sq, a

TaK)Ke TaHTeJeBMIHbie MOJEKYJBl S;.
AtoMs ¢ ocdopa (3523p%), uMmeromme TpM HENAPHBIX ITEKTPOHZ

(-P-), o6vennusaioTcs B NONMMEpHEIe IBYMEpPHbIE CIOU P, c nupamupans-

HEIM pachpejeneHueM cbsseil (I); kKpoMe TOro, aTOMBL $ochopa obpasyior
yeTHIpexaToMHBie MOseKy sl P4 TeTpasapudeckoit dopmsi (1]):

Jna xpemHuna (3s23p?) Haubosee ycToiiunBa TpeXMepHas (koop-
JMHAIMOHHas) CTpYKTYpa Si,  Tula aiMasa (cM. puc. 65). ITo cTpOeHHE

MOJKHO OGBACHUTH B PaMKaX NPeICTaBJIeHMA ¢ Sp3-THOPHAM3ALHHU opbuTa-
Jieil atoMa KpeMHUA.
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P u c. 125. Kpucramnmnuyeckue pelieTkyt Merasuion:

a — Kybu4ecKaa OOBEMHOLCHTPUPOBAHHAS, 6 — KYOMYECKAS MPAHELiCHTPUPOBAHHAS;
6 — DeKCaroHANbHAS

Or KpeMHUMs K afdIOMMHMIO M fajiee K s-DJeMeHTaM MarHui0 ¥ HaTpuIo

YUCA0 BAJCHTHBIX 3JIEKTPOHOB YMEHLHIAETCA, 2 UMCJ0 CBOGOJHHIX BaJleHT-

~ HBIX OpOuTajell yBeIMYMBaerCs. JTO NOHMIKAET IPOYHOCTL J(BYXIEHTPOBOH

" CBA3KM M YCMJMBAeT TEHAESHHMIO K 06pa3soBaHMIO HEJIOKAJIM30BaHHOM, a B
npefiesle — METAIINYECKON CBA3M (3JEKTPOHHOTO rasa).

llockonbky Mertajinmdeckas CBA3b HeHachaeMa M HeHalpaBJjeHa,

' METaJNbl MMeIOT KOOPIAMHANMOHHBIE peHieTKM ¢ MAaKCHMAJbHO IIOTHOWM

* ynakoBkoi. ks MeTannMuecKMX IIPOCTHIX BEIIECTB CAMBIX Pa3sHOOGDa3HBIX

00 XMMHYEeCKOi NpUpOJe 3JIeMEeHTOB Hambojiee TMIIMYHBI TpuU THIIA KpMc-

', TanaMdeckux pentetok (puc. 125): kybudeckasa rpaHeueHTpMpOBaHHAA

Y (k. 12), rexcarodanbHaa (k. 4. 12) u ky6utieckaa 06bEMHO nEHTPUPOBAH-

HadA (K. 4. 8).

Jist GONIbIIMHCTBA MeTasyioB XapakrepeH NOIUMOpdM3M. DTo Tpexje BCero
i CBSI3aHO C TeM, YTO SHEPTMM KPUCTA/UIMYECKMX DelleToK PasIMyHBIX MeTauivyec—
b kux crpykryp Gimsku. Iomumopdusum uame npossiserca y d- U foneMeHToB (B

" TakuM 06pa3zoM, B mepuOAMYEcKOil cucTeMe NpH Mepexoje OT P-3JIeMeH-
g TOB VIII rpynnet k s-sneMeHtam | rpynnel yMeHblleHMe uMciia BajleHTHBIX
" MEKTPOHOB  OGYC/IOBIMBAET BaKOHOMEPHBI Iepexo[ OT HeMeTalloB
:!'t_';MOHeKynﬂprIMM Kpucrannndeckumu petterkamu (Ar, Cly, Py) k Hemeran-
. "\A;‘JIaM C aTOMHO-LeNHO# (S_), aTOMHO-CIOMCTOM (P,,) M aTOMHO-KOOpIMHa~
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Ta6auua 28 Crpykrypa IpocThIX BellECTB

4 — Tpoyue CTPYKTYphbl, J —

1 — ryBudeckas rpaHeleHTpUpoBatHHas, 2 — TreKcaroHajibHas, 3 — OOBEMHOUEHTPHPOBAHHAL,

AIMABONOAc6HAs, 6 — cyloucTasi, 7 — uenHadA, 8§ — o0cTPoBHaA (MorekyJisipHast).

[lepexon oT Hapy®HOTO CUMBOJAa K BHYTDEHHEMY COOTBETCTBYeT Ilepexofy OT BEICOKOTeMIIEPATyPHOH MOAM(MKALMM K HU3-.

KOTeMItepaTypHOU M [JaJiee K MOIMU

GUKALUMM, CYUIECTBYIOUIEH IPU BBICOKMX AaBICHUAX.
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' CTaHapTHOR

. 3aTeM majaer.
<

-8 n poaemento VIII rpynnw

muonHoi (Si,, ) cTPyKTypaMu u falee K METANIMYECKUM KOOPAMHAIMOH-

seiM kpuctannam (Al, Mg, Na). ‘

[IpuMepHO Tak ke M3MEHAETCA CTPYKTYPA MpPOCTHIX BEMIECTB M B APYTHX
pepuonax cucremsl J.M. Mengeneepa. O6mmit 0630p cTpOEHMA HPOCTHIX
pelecTs man B Tabn. 28.

§ 2. CBOMCTBA NMPOCTHIX BEHIECTB

Dusuveckde cBodcTBAa. B cooTBereTBMM ¢ XapaKTepOM u3MEHEeHunA

CTPYTYPBbl U TUIIA XUMMYeCKOH CBA3M 3aKOHOMEPHO M3MEHSI0TCs M CBOLiCT-

BA TPOCTHIX BEHIECTB — MX IJIOTHOCTH, TeMIepaTypbl NJIaBACHUA M KMIIe-
HHA, SJeKTpHYecKas NpoBOAMMOCT: M ap. Tak, aproH, xJjop M cepa B

~ TBEPAOM COCTOAHMM ABIAKTCA AMIIEKTPUKAMM, KPEMHMI -~ HONYIPOBOJI-

HMKOM, a AIIOMHMHMH, MarHvil ¥ HaTpMil — METAINUYECKMMH MPOBOIHM-
KaMH.

[lepyonuyeckas 3aBUCHMOCTE CBOWCTB OT aTOMHOTO HOMepa 3JIeMEeHTa y
NpPOCTHX BelllecTB NPOABJIACTEA cI0XKHee, 4eM y CBOGOIHLIX ATOMOB. DTO
0OBACHAEGTCA TEM, YTO CBOMCTBA MPOCTHIX BEIIECTB He Bcerjla OfHO3HAYHO
oupenensaloTca NpUMpOoAoH 06pa3yloMx UX aTOMOB, 2@ B BHAUYMTEILHONW Mepe
3aBHCAT TAKKE OT CTPYKTYPHl, THIA XMMUYECKOW CBA3M, MeKMONEKYJISAPHO-
ro B3aMMOZeitcTBUA, YCJIOBUI 0Opa30BaHMA M 1ID.

Ha puc. 126—128 nokazana

BaBMCHMOCTb OT aTOMHOTO HOMEPA p rjom3 0s’

97IEMEHTOB  TJIOTHOCTHM  POCTHIX
BOIIECTE B TBEPAOM COCTOAHMM, ggb
TeMIepaTypbl MX NJAaBACHMA MU w
sHTponuyu.  Kak J
BUAHO Ha puc. 127, Temmeparypa
IJIaBJIEHUA TNpPOCTBIX BEILIECTB B
nepyojlax BHayajle BO3PACTaET,
Haumensmyio
TeMIlepaTypy MJIaBIEHUS WMEIOT
IPOCTLIE BENIECTBA € MOJIEKYJIApP-
HOIl CTPYKTYpOil, B 0COGEHHOCTH
OILHO&TOMHBIQ IIpocThie BelIecTBa

Np

15t

0

(6naroponusie raser). B o6bi9HbIX el W "Rb
ychaoBuAx NIpocThie BeNlecTBA @ 20 30 50 70 700 L
MOJIEKyJAPpHOr0 CTPOEHHMA  ABJ-

AIOTCA ra3zaMy, KMIKOCTAMU MIIM P uc 126. 3aBucuMocth IUIOTHOCTHM Npoc-
OTHOCHTENBHO ThIX BOUIECTB OT aTOMHOIO HOMEpa BJIEMEHTa

JIErKOonJIaBKM MU
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P u ¢. 127. 3aBMCUMOCTL TeMiepaTyphl IIakJeHns Ipoc-
ThIX BeillleCTB 0T ATOMHOIO HOMeDPa aJleMedTa
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P uc¢. 128. 3apuMCcHUMOCTE CTAHIAPTHOM SHTPOINMU MPOCTHIX BellleCTs OT aTOMHOro HO-
Mepa 3JieMeHTA

reepAbiMd Teslamud. Haubonee tyromsaBku aiMas M KpeMHHH, HMeEIOIIME
KOBAJIEHTHHIe aTOMHO-KOOpAUHAUMOHHBI® PELIeTKH.

N3 meranmos Haubonbuiy:o TemllepaTypy IJIaBJ€HMs HMEKOT NpOCTHE
pemiecTBa d-asemeHToB. [losiaraior, 4To B 3TOM HpOsABJSETC KOBaJeHTHAA
cBA3b (32 CUET d-3IOKTPOHOB), KOTOpad INpPUCYTCTBYeT B MX KpHcTaLIax
HapAQy ¢ MeTa/UIM4ecKoil cBA3LIO (3a cueT BHELIHUX S-3JIGKTPOHOB). Ydac-
Te B 00pasoBaHUM KOBAJEHTHON cBsA3d B Hauboabiiell crenenu npoAsBIa-
ercsi ¥ Bd-3MGKTPOHOB, MO3TOMY B MOArpyNNax d-3JIeMEHTOB TeMIlepaTypa
[UIaBJIEHUA C POCTOM aTOMHOrO HOMepa NoBbillaerca (cM. puc. 127).

MeMeHeHne cTaHNapTHEIX JHTpONUM NpocThix Bemiects (cM. puc. 128)
NpOABNSAETCA B NEPUOAe NPAMO IMPOTHUBONONOKHO M3SMEHOHUIO TeMIIepaTyphl
mnaBieHuA. B mepuomax craHAapTHas SHTPONMA BHadalle yMeHbliaeTcd, a
3aTeM Bo3pacTaeT. B 3ToM HaxXonquT OTpameHHe IIepexof OT MAPKOro
IIEJIOYHOTO METaslia K TBep/AbIM KOBAJIGHTHHIM MOJAMMepaM (ajlMasy, KpeM-
HUIO, TepMaHMIo, CypbMe), a B KOHILe IepHofia — K OAHOATOMHBIM 6Jaro-
POLHBIM ra3zam.

XuMu9ecKHe CBOMCTBA HPOCTHX BelMecTB. B xuMHMyeckux peakumsax
MeTAJLIB OOBIYHO BEICTYHAIOT Kak BoccTaHoBUTesu. Hemeransnwr, kpome
¢Topa, MOTYT NpPOABJAATL KaK OKUCIMTENIBLHLBIG, TAK H BOCCTRHOBMTEN bHHIE
ceoiictBa. [Ipu 3TOM xapakTep W3MEHEGHMA BOCCTAHOBUTENLHONM Y OKMCIAU-
TEeJILHON aKTUBHOCTH NpPOCTHIX BEIIeCTB B IpyNNax U NOATPYINNax CyllecT-
BEHHO 33aBUCUT OT NIPUPOALI MapTHepa N0 peaklyM M YCJIOBHH OCYIIEcTBJIe-
H1A peakuuy. OOGBIYHO B IJIABHHIX NOATpYINAaxX HpOABIseTcA o6mias TeH-
ACHIMA: C YBEIMYEHUEM aTOMHOIO HOMEpa 3JIeMEeHTa OKMCJIMTENIbHBIe CBOI-
CTBA HeMeTa/JIOB 0cjlabeBaloT, a BOCCTAHOBMTENLHBIE CBOWCTBA MEOTAJJIOB
yeunuatoTess. O6 3TOM, B 4acTHOCTH, CBUAETENLCTBYET XapaKkTep M3MeHe—
Husl cTaHAapTHOM sHepruyu ['ub6ca ob6pasoBaHusi OMHOTUIIHEIX cOEIUHEHMI.

- Hanmpumep, B peaknuy OKMCJICHMA XJOPOM METAJJIOB [JIABHOM MOArPYNIbI

II rpynner
M(k) + Cly(r) = MCly(k)
or Gepunnus k 6apuio oTpunare/ibHOe 3HAYEHUE AG} VBeJIMYUBaETCA

BeCly(x) MgCly(k) CaCly(x) SrCla(x) BaCly(x)
AG},ZQS’ kllx /Mo, . . .. —468 -592 -750 -781 -811

Mubimu caosamu, B pany Be—Mg—Ca—Sr—Ba BoccTaHOBHTEIbHAS “aKTHB-

" HOCTH DpOCTHIX BOIIECTB OTHOCHUTENBHO XJIOpa MOBHILIAETCA.

B peakiuAx OKMCcAGHUA [aJOTeHaMM KaJlbliys
Ca(k) + Haly(r) = CaHaly(k)
OT dropa K MOAY OTpUNATEILHOE 3HAaYeHUe A G’} YMEHbLIAOTCA:
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CaFy(k) CaCly(k)  CaBry(x)  Caly(k)

A G} wJk/Monb . . . .. -1162 -750 -656 -529

,298°
Taxum o6paszoM, B pany F,—Cl,—Br,~I, oxucanresbHas crnocoGHOCTh
[POCTHIX BEHIeCTB OTHOCHTEIBHO KallbUMA Mafaer. AG} gog JILA H,O(r),

H,S(r), H,Se(r) u H,Te(r) pasubl coorsercrBenHo —229, —34, +20 n
+85 &/l /MO, YTO CBHAETENLCTBYET 06 yMeHbIIEHUU XUMUYECKOH aKTHB-
HOCTH MO OTHOIICHMIO K BOAOPOAY B PAAY KUCJIOpOL — cepa — cejleH —
TeAYP.- .

IIpn apyrux napTHepaX IO PeaKUMH M YCJIOBUsX €e NIPOTEKaHWUA psijt
M3MEHEeHNA XMMIYecKOH aKTMBHOCTH MPOCTBIX BELecTB MOXeT OBITh WHBIM.
Tak, 13 IETOYHBIX METANJIOB [0 OTHOIIGHWIO K HTOpY (a TakkKe KUCJIOpO-
1y) Han6oJiee aKTUBEH JINTHIA:

M(x) + 1/2Fy(r) = MF(k)

LiF(k) NaF(x) KF(k) RbF(x) CsF(x)
AGY pop Kllic/soms . . . .. 584 543 538 523 505
a MO OTHOIIGHHIO K MOy (a Takke OpoMy) — Ue3Uii:

M(k) + !/al(x) = MI(x)

Lil(x) Nal(k)  KlI(k) Rbi(k)  Csl(k)
AG‘} ngg KLU/ MOTE L L L -267 -285 -324 -326 -334

W3meneHue paga XUMHYECKOH AKTUBHOCTM OOA3AHO HEO[MHAKOBOMY
XapaKTepy W3MeHeHMA B JaHHOM DJAY 2JIEMEHTOB ATOMHBIX H WOHHBLIX
pagnycoOB, IOTEHUHNANOB HOHW3AIHM aTOMOB, TENJIOT BO3IFOHKH IIPOCTHIX
BEIIeCTB, ¢ OAHOM CTOPOHLI, U 3HEprUy KPHCTAIINYECKOR pellleTKH COoegu-
HEeHUNl — ¢ ApYyrou.

O nepMOAHYHOCTM HM3MEHEHWS XUMKYECKON AKTUBHOCTH INpPOCTHIX Be-

0

INECTB CBHAETANECTBYET XapaKTep W3IMeHCHHA AH'} n AG f COOTBETCTBYIO-

UIMX OZHOTHUIIHLIX COGIMHEHWN ¢ yBeJIMieHWeM aTOMHOTO HOMepa SJleMeHTa.
06 sroM ke cBuperennersyer puc. 129, Ha KOTOpOM HOKa3aHa 3aBHCHMOCTD
3HAYEHWs CTAHAAPTHOTO 3JIEKTPOAHOrO HOTEHUHANA ¢, ., NPOCTEIX BEILECTB

B BOAHOM pacTBOpe OT 3AaTOMHOI'O HOMepa JJIeMeHTa B nepuonwmcxoﬁl
CHCTeMe.

Oraomenne upocTHX BemecTs K BoAe. [lockonbKy XuMHUIECKHe NIporec—
Chl YacTo NpOTeKalT B BOOHBIX cpepax, BaXXHO pacCMOTperb OTHOIIeHue
[IPOCTBLIX BEHIECTB K BOJE U BOAHBIM PacTBOpaM.

XuMmunyeckoe CBOGO6p&3H€ BOABLI 3aKJIXOHaeTcsa B TOM, 4TO OHa ABJACTCIH
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P u c. 120, 3aBUCHMOCTD CTAHIAPTHBIX OJIEKTPOAHBIX MOTEHUMAJIOB IPOCTHIX BELIECTE
E BOJJHOM PA¢TBOpE OT aTOMHOI0 HOMEpa OJIeMeHTa

1 OKHCJIUTENIEM, W BOCCTAHOBHTENIEM, a TaKKe BBICTYIIAeT B KayeCTBe JIUTaH-
Jla B poleccax KOMIIEKco0Opa3oBatus (TuapaTaliul HOHOB).

B 3aBucHMOCTH OT NPUPOABI POCTHIX BEILECTB BO3MOMKHBI CAEAYIOLIUE
BapWaHThl XMMUYECKOrO B3aUMOAEHCTBUS UX ¢ BOLOIL.

1. OxuceseHne npocToro BemecTBa BOAOM, COMPOBOXKAAIOMEECSH Bbiaese~
HieM BOIOpOAa U OOpasoOBaHWeM THAPATUPOBAHHLIX KATHOHOB. JJIGKTPOJ~
Hbiit noreHnuan cucrembl 2H*(p) + 2¢ = Hy(r) mns Bonw (npm pHY)
eocTapisfgeT ¢y = —(0,414 B. CnegoBarenbHO, BHIOEJIEHHE BOAOPOAa U3
BOZIbI MMeE€eT MeCcTO IPH B3auMOAECTBMM ¢ Hell MeTalyiOB, 3JeKTPOHbLINA
NOTEeHI Al KOTOPbIX XapakTepusyercs 60jiee OTpPULATEIBHBIM 3HadcHUEM,
yem —(0,414 B, nanpumep:

2Na(k) + 2HOH(x) = 2Na*(p) + 20H (p) + Ha(r)
2Na(kx) + 2HOH() = 2NaOH(p) + Ha(r)

[anHoe B3auMOmEMCTBHE XapaKTepHO IS MEJOYHbIX W IeJ0YHO-3e-
MeJIbHLIX MeTanoB. Peaknus waer ¢ 3aMeTHOH CKOpOCTBIO, ecsu 06pasyio-
Muiicst B pesyibTaTe peaKnUK TMAPOKCHJ PACTBOpUM B Bone. O6pa3opaHue
e HepacTBOPUMOro (MJIH MaIopacTBOPUMOrO) TMAPOKCHIA Ha [TOBEPXHOC-
TH MeTaljla TOPMO3UT JalbHellllee NpOTEKAHUE peakIUK, Hall puMep:

Zn{x} + 2HOH(x) = Zn(OH)y(1) + Ha(r)

Topmoxkenne (MM 1ONHOe NpeKpameHKne) XUMHYecKOro Mpolnecca 3a C4eT
NPONYKTOB B3aUMOIEACTBHS HABBIBAGTCS NACCUGUPOBANUEH,
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2. JincnponopriMOHUpPOBaHWE MNPOCTHIX BEUIECTB, CONPOBOMKI AIOIIEECH
o6pa3oBaHNeM M'MApaTHPOBAHHbIX aHHOHOB!

Cly(r) + 2HOH(x) = OH}(p) + CI'(p) + HCIO(p)
Cly(r) + HOH(x) = HCl(p) + HCIO(p)

IIo yka3aHHOMY MeXaHUB3MY B3aHMOENCTBYIOT C BOJONW NpOCThble BEUlEcTBa
nanGosee 3MeKTpooTpUnaTenbHbIX 3aementoB (Cl, Br, I).

3. BoccranoBnenue npocToro semecTBa BOAOI, CONPOBOMIAIOUIEECH
BRIJETeHHeM KUCIIOPOa N 06pa30BadneM TUApaTHPOBAHHOIO aHWOHA.
CpaBHUM 37IEKTPOIHbIE IOTEHIMATbI CHCTEM:

Oqfr) + 4H*(p) + 4e” = 2H,0(k), ¢, = 1,23 B
Fy(r) + 2¢ = 2F~(p), ¢y, = 2,87 B
[lo yrasanrOoMy MexanusMmy BaamMmomeiicTByer prop:
2F,(r) + 2H,0(x) = 4HF(p) + Os(r)

PacTBopeHHble B BOe BenlecTBa MOTYT CIIOCOGCTBOBaTb IMPOABJIEHHIO
NpHUCYIINX 3JIEMEHTaM TeHeHUUN K o6pa3OBaHMI0 KaTHOHHBIX WM aHNOH-
HbIX NPOW3BOAHLIX, JAUOO TOPMOSHUTL W IOAABJATE MX. 1aK, HWOHbI OH;

CHOCOGCTBYIOT 06pa30BaHUIO KATHOHHBIX KOMILJIEKCOB U, HaoG0poT, NpensiT-
CTBYIOT OOpa30BaHUI0 aHMOHHBIX KoMIutekcop. Mombt e OH™ npensitcrey-
10T 06pa3’OBaHMIO KATHOHHBIX W CIOCOGCTBYIOT OGpPa30BaHHIO aHMOHHbBIX
KOMIUIeKcOoB. (AHATOIMYHYIO POJIb UIPAIOT M ApPYTMe OTPUIATEIbHbIe MOHEL
—CN~, F~ u up.)

Orromenre DpoCTHX BemecTs K pasbapiicaHnM KAcaoTaM. [losbinienne
KOHLeHTpauuu noHoB OH} orsevyaer yMeHbIIEHMIO OTPUUATEILHOLO B3HAYE—

HHUA 3JIEKTpOAHOrO IMOTEHIIUAJIa CUCTEMDI:

H*(p) + e = I/QHQ(I‘),

[losToMy OKMC/leHPe MPOCTHIX BeecTB 3a cuer BbIZEICHHA BOLOPOAA B
PacTBOpPaX KHCJOT [pOTeKaeT aKTHBHee, YeM B 4HCTOW Boge. K ToMy ke
YHUCJIO METAJIOB, B3aUMOAENCTBYIONIUX ¢ KNCJIOTAaMU Pe3KO yBeJMYMBACTCA.
Hs6biTOK  MOHOB OH} npensarcTByloT 06pa3cBaHUIO THAPOKCHAOB, YTO

TAKKE CHOCOBGCTBYET NepeXoay MeTaljIOB B KaTHOHHLIC aKBAKOMIIJICKChL:
Zn(k) + 20H}(p) + 2H,0(k) = [Zn(OHy)4)?*(p) + Hy(r)
i
Zn(x) + H3S04(p) = ZnSO4(p) + Hy(r)
B psage cnyyae npu B3aMMOefCTBMM NpPOCTHIX BEUIECTB € KUCAOTAMM

06pasyiOTcA HEPACTBOPHMbIE MJIM MANOPACTBOPUMbIE MpPOLYKTHI, TOPMOBsi-
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ume mafdbHelllllee OKUcleHWe — poccranopieHue. Halpumep, ceunen He
pacTBOpsieTcss B pa36aBlIeHHBIX KHCJIOTaxX — CEPHOW, COJNIAHOW M [p., TaK
KaK [pH B3aIMOeficTBUM ¢ HAMHM Ha I[OBEPXHOCTH CBHHIA OOpasyloTcsd
HepacTBOpUMble B Boze ocaaku PbSO,, PbCl; n ap., npegoxpansioinie ero
OT ganbHeiliero oknciaenns. HepacTsopnMble MpoAYKTH Yalle Bcero o6pa-
3ylorcs TpH B3auMmopmeiicteun’ Meramyiop ¢ HaPO4, HpSOs, HpCOs, HF,
HCN.

OTrHOmIeEME OPOCTHX BEMIECTB K BOJAHWM pacrBopaM mmenodein. I[lo-
ckoabky okl OH™ cnoco6eTByiOT 06pa3oBaHHI0 aHHOHHBIX KOMILIEKCOB, C
BOZHBIMHM PacTBOpaMM Ilejo¥ell MOTYT B3aWMOJEUCTBOBAThL NMPpOCThIe Bellle-
CTBa TeX JJIEMEHTOB, KOTOphIe CKJIOHHLI K O6pa30BaHUI0 aHHOHHBIX KOMII-
nekcop. OKHcjleHAe Ke IpPOCTBbIX BeUIECTB IMPOUCXOAMT WU 3a CYET BOJIbI
(conpoBoskmaeTcs BbIgeIeHNEM BOZOPOAA):

Zn(k) + 2H,0(k) + 20H(p) = [Zn(OH)4)?" + Hy(r)
Si(k) + H;O(x) + 20H(p) = SiO%(p) + 2Hs(r)

WM 33 cYeT AUCIpPOINOPUHOHHPOBAHNA!
Cly(r) + 20H-(p) = CI(p) + C1O°(p) + H0(x)

IlonstTHO, YTO yKa3aHHble peaKUUH NPOTEKAaIOT TEM Jerde, YeM ycToli-
ynpee OOpasylolmIMecsi KOMILJIGKCHbIe aHUOHBLI. Tak, IMApPOKCOKOMIITIeKCH
Hanboyee ycroituusm y Zn(Il), AI(III) n Be(Il), mosTromy ux mpoctbie
BeIIECTBA [OBOJBHO JIETKO pacTBOPAIOTCH B BOAHBIX pacTBOpax Liesodeit. B
1o ke BpeMa Fe, Co, Mn n gpyrue BcjiegcTBHe HEyCTOHYHMBOCTH UAPOKCO-
KOMILJIEKCOB B3aHMOACHCTBYIOT ¢ pacTBOpaMi [eJiodeil JIMIIE B MeJIKOpa3d-
ApO6GJIeHHOM COCTOSHUN W NIPH AJUTEJHLHOM HalpeBaHWH.

OTHOHICEME NPOCTHX BEHICCTB K BOJAHHM pacTBOpaM 6o0Jiee CHJILHEIX
OKHCJIHUTEIICA, YeM OHE. Hpucyuye aeMeHTaM TeHAEHHHHM K 0Gpa3OoBaHUIO

KaTHOHHbIX WJIH AHWOHHEIX TPOWSBOMHLIX OCOOEHHO OTYEIIKBO IpOABIIS~
IOTCA IIpA OKWCJIGHWH MpOCTHIX BEIIECTB B BOJHBIX pacTBOpax Gojiee CUIb-
HBEIMA OKHcAUTeNAMn, deM Boga uiad uonbl OH}. Takum Gosee cuilbHBLIM

.

OKHCJINTEAbHbIM JIeCTBAEM, HalpuMep, O6GJamaeT a30THadA KHcjoTa, B

OTJIMYHEe OT MHOMMX APYrUX KHUCJOT OHa OKHCJIAeT 4Yalle Bcero He 3a c4er.

nouna OH!, a 3a cyer annona NO,. XapakTep NpoayKTOB BOCCTAHOBJIEHHS
o ;- XapakTep mp

HNOQ, 3aBucHT OT ee KOHLEHTPAINM U AKTHBHOCTH IPOCTOTO BEIIECTBA.
OJieMeHTbl, ¥ KOTOPHIX YCcTOWYMBa HHU3Kad CTelNeHp OKWCJeHWA, IpH
B3anmompeficreun ¢ HNQO; 06pa3yloT akBaKOMIIJIEKCHI:
0 +5 +2 +4
Cu + 2NO§ + 4OH§ = [CH(OHQ)G]Z* + 2NO,
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1] +5 + 2 +2
3Cu + 2NO; + 80H} + 6H,0 = 3[Cu(OHy)g)>* + 2NO

NJIM
Cu + 4HNOj(konn.) = Cu(NO3); + 2NO; + 2H,0
3Cu + 8HNO; (pas6.) = 3Cu(NOs)2 + 2NO + 4H,0

Ecin HNO; koHuenTpHMpoBaHHaA, TO OObIYHO Bhimedserca NO,, ecan
pazGasnennas — NO. .

HpOCTbIe BelecTea JAJIeMEeHTOB, [Jisf KOTOPhBIX XapaKTepHa BEICOK A
cTelneHb OKWCJIeHUst, B pesyJjabTaTe B3aPlMO]J,8f;ICTBPlﬁ C KOHHGHTPHPOB&HHOI?I
HNO; o6piHO 06pasylor KNcA0pOoacoaepkaniie KUCAOTE. ABOTHAA Kuco-
Ta Ipd 9TOM BoccTaHapimBaerca mo NO:

0 +5 +6 + 2
S 4+ 2HNO; = H,SO4 + 2NO
0 +5 + 7 +2
3Re + THNO; = 3HReO4 + TNO + 2H,0

Iogo6uo asoTHOl KHUcMoTe NedcTBYeT Ha IpOcThie BellecTBa U KOHIeHT-
pHpOBaHHasg CepHas KHUCAOTa, KOTOpasA caMa MpH 3TOM BOCCTAHABJIUBAETCS
Haute Bcero g0 SO,:

0 +6 +2 +4
Cu A+ 2H,S504 = CuSO4 + SO, + 2H,0

0 +6 +35 +4
2P + 5H,S04 = 2H,PO, + 550, + 2H,0

§ 3. IOJIYYEHUE NIPOCTHIX BEUIECTB

Mopapisomee GOMLIIMHCTBO XUMUYECKUX 3JICMOHTOB HA 3eMile HaXO-
auTes B Buie coepuHenmii. IlpocToe BelllecTBO U3 CIOMKHBIX MOXHO IOJy-
YATh OKUCJGHWEeM WJIH BoccTaHOBAeHWeM. OKHC/IeHNeM MOJIYYAIOT IPOCTHIE
BelllecTBa 3VIEMEHTOB, CTeNeHH OKUC/IeHWUA KOTOPHBIX B cOefUHEeHUsX OTph-—
IATEeJILHB], a4 BOCCTAHOBJIEHWEM — IpOCThIe BEIECTBA IJIEMEHTOB, NpOABJIA-
IOI[HX B COeAMHEHUHN HOJIOKUTETLHLIE CTerleHN OKUCJIeHWS.

- OKKC/INTETBHO-BOCCTAHOBUTENILHBIE  TIPO[ECCEI  MOXHO  OCYIECTBISATE
JING0 XUMHYECKUM, JHGO 3/IOKTPOXAMHAYecKNM CHOCOGOM,‘ a TaKike TepMh-
YEeCKUM pas/IOxeHHeM coeIuHeHU .

XuMAYecKHe METOJL NOJNYYEHHWS NPOCTHIX BEHIECTB. XUMuveckoe
OKHMCJHNeHHUe COeINHEHUN I[pUMeHAeTCs B TeXHUKe [JIA IOJYUYCHHSA,
HallpuMep, NpPOCTbIX BelecTB TAKNAX BbICOKOIJIEKTPOOTPUNATE/ALHBIX 276~
MEHTOB, Kak 6poM W wox;:
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2NaBr 4+ Cl; = 2NaCl + Bry
B n1a60paTOpHK 3THM METOAOM IOJyHaroT XJOp:

Mn02 + 4HC1 = Clz -+ MnClg + QHzo

IIpy XUMHYeCKOM BOCCTAHOBJEHUWH B KayecTBe BOCCTAHOBU-
Tens dYalle BCEro NpHUMEHAT yroab uau okeup yraepaa (II). Takum
CIIOCOGOM MOMYHAloT *ele30 (B AOMEHHOM Ipomecce), BOAOPOA W MHOrMe
IIBeTHEIE MOTAILL (OJI0BO, CBUHEL, NUHK U Op.): ‘

FesO4(x) + 4CO(r) = 3Fe(x) + 4COy(r)
H,O(r) + C(x) = CO(r) + Hy(r)

B xadecTBe BOCCTAHOBUTENA NPUMEHSIOT Takae Bogopon. Boceranosie-
HHe KHCXORHOTO BellleCTBa, BOAOPOAOM ofeclednBaeT HaUOOJbIIYI0 YUCTOTY
[OJIy4aeMOro NMpocTOoro pemjecTBa. BoccTaHOBNeHHe BOAOPOAOM MCIOJIb3YET-
¢, HalpuMep, AJis noaydenusi Bosbdpama uza W03, o4enb YUCTOTO xelle-
33 U3 ero OKCHUJAOB.

[Iupokoe pacnpocTpaHeHHe MOJMYYUJIH M eTaJlJJOTepMHYecC -
K M e MeToAnl. B 3THX MeTonax B KayecTBe BOCCTAHOBHUTEJS UCIOJB3YIOTCSH
aAKTHUBHble METAJJIbI, TAKHE, KAK WIIOMHHUIA, HATpUH, Kanbpui n gp. Huxe
HpHBEMeHbl HEeKOTOPbIe IPHMEpPHl METANJIOTEPMUYECKNX peakyi:

amomorepmust: Cry0g + 2A1 = 2Cr + AlO4
marpuitrepmus: TiCl, + 2Mg = Ti + 2MgCl,
narpuittepmust: K,BeF, + 2Na = Be + 2NaF + 2KF

Yauge Bcero noJjyyeHne MeTAAJIOB CBOAMTCA K BOCCTAHOBJIEHWIO WX
OKCUIOB, KOTOpble NOJYYaKT COOTBEeTCTBYIOUIEHi OOpaboTKOM NpHpPOJHBIX
pyn. Ecam ncxopnHo# pynol ABIAIOTcA cydb@UaHBEe MHHepaJbl, TO IIO-
cJleHHe NOABEepraiOT OKUCIUTENLHOMY O0KHUIY, HallpAMep:

2ZnS + 30, = 2Zn0 + 250,

OnHM U3 HaNpaBIEHUA B MeTAJUTypruyu sIBJIAETCS TaK Ha3blBaeMasl XJIopHasd
MeTanlyprus. B oToM Meronme pyabl NOABEprajoTcs XIOPUPOBAHUIO U HYXHBbIE
97leMeHThl U3BJIEKAIOTCH U3 CLIPLS B BUie XJIOPMTOB. XJIOPUALI Dasfiesisior U B
JaJLHeIIeM TOJBEPraloT BOCCTAHOBIEHM!O. TAKMM NyTeM, B YacTHOCTU, INOJMY4YaloT
TATAH U JIPYTUE METAJJIBI.

Meroapl MOMYYEHUH NpOCTHIX BENLOCTB, OCYIIECTBAAeMbBle IIPH BBLICOKUX
TeMieparypaX, Ha3bIBAIOT NUPOAeMALAYPLULECRULU.

OxHc/leHHe — BOCCTAHOBJIGHME OCYHIECTBJAETCH MPH TEePMHUYECKOM
"PaRJIOKeHNH COSTUHEHU:
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1A nosyueHUs: 0cob0 YMCThIX BELECTE [IPUMEHSIIOT 30WNYl0 naasxy. Belecrso,
HAllpUMep MeTajlyl B BRJE - 6pycKa, HAIDEBAlOT B Cocyle ¢ oJHoTo KoHia Jo
nnaBnenusi. [Ipyvmecu sydine pacTBOpUMMBI B paclliaBe, YEM B TBEPIOM BEIUECTBE,
[IOTOMY OHM KOHIIEHTPUPYIOTCS B paclliape. IIpy MenneHHoOM IepeMelleHul KcTod-
HUKA HarpeBa BHAOJb COCYNA 30HA PaclaBIEHHOTO MeTajlla BMecTe ¢ IPUMecAMHU
Takke cMem@ercsi. TakuM o6pa3oM IpUMecH KOHLIEHTPUDYIOTCSI B KoHIle Opycka.
Brltemuunst M3 30HM HATpeBa MeTalll Kpuctaiuiuayercsi. KoHen 6pycka ¢ pumMecs-
MK orpesator. [Ipoiece pacliabBleHus U KPUCTANIMBALKMN MeTallla MoXHO IloBTo-
PUThL U JoCTUYL ele Gosiee BLICOKOH CTENEHM OYMCTKU MeTalna.

Bu6op BoccrarosaTensi. Boi6op TOro min MHOrO BOCCTAHOBUTENA IS

NOAYYEHHUA IPOCTOrO BENIecTBA ONpeleAeTcA NIpU CONOCTABISHUM 3HauYe-
HUt sHeprum ['m66ca 06pasoBaHUs COOTBETCTBYIOMUX coennHenui. Ha
puc. 130 * npusenensl rpadukn 3aBUCHMOCTH A Gy HEKOTOPHIX OKCHUIIOB OT
TeMIlepaTypbl B COOTBETCTBUHU ¢ ypaBHenneM AG = AH - TAS.

Hnsa tBepabix okenmoB Aunun A G ¢ NOBBILIEHWEM TEMOEpPaTypbl WAYT
BBEepX, MOCKOJbKY IpHUCOEIUHEHHe ra3006pa3HOro KHCJIOpOAAa HPOCThIM
BEIIeCTBOM CONPOBOMIAETCA YMEHbIleHHeM O6beMa W COOTBETCTBEHHO
YMeHLIIeHHEeM IHTPOIINU:

2
M) + Olr) — % M0y(x)
Taxoit xe xapakrep usmenenus A G maénonaercs ansg H,0O
2Hy(r) + Oy(r) = 2H;0(:x)

HOCKOJIbKY B 3TOM cJ/lydyae 06beM CHCTeMbl TaK)Ke YMEeHbIIaercs. JHeprus
I'n66ca obpazoBanns razoo6pazunoro CO, Hao60poT, ¢ TOBBIIICHNEM TEMIIe-
paTypbl yMeHbIIaeTcs, TaK Kak oOkucjeHue rpadura 1o CO conpoBoxpaer-
cA yBTUYEHUEM JHTPONUHU (YBeTMYMBAETCA O6bEM CHUCTEMbI):

2C(rpacpur) + Oy(r) = 2CO(r), ASS,, = 184 /K
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Ilocneposarensuocts pacnonokennst Aneui Ha puc. 130 cooTBercTByeT
HOBBIIIEHUIO YCTOMYNBOCTH OKCHAOB [O MEpe YBEIHYEHUA OTPHUIATEILHbIX
3HaYeHMI nX 3Hepruit I'mb6ca obpasosanusa. llpocroe semectso, koropoe
obpazyeT Gojlee ycTOUYMBBLIA OKCHA, ABIAETCA NOITOMY NOTEHINAJIbHBIM
BOCCTaHOBUTENIEM JIf MEHee ycToHJIMBOro okcuzga. Vinade rosopa, okcup

*

3aBucuMocts A 0T TeMrlepatyphl Ha puc. 130 npefcTaBreHa B yIIPOLIEHHOM
Buje. 3peck He yureHbl (pasoBble NpPEBPAILEHUA — IUTABICHHE M KMIIGHME [IPOCTBIX
BE€UIECTB 1 OKCUIOB.
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6y[eT BOCCTAHABIMBATLCA HPOCTHIM ",
BELIECTBOM, [JIA KOTOPOro JuHnsa AG  Ax/m0;
06pa30BAHUA OKCHA3 pacHOJIOKeHa 201 o

Hmke. M3 paccMaTpuBaeMbIX OKCHAOB
ganbosiee OTPUIUATENHLHOE 3HAYEHHE
AG wumeer Al,0;. Cneposarenbho,
ANMIOMUHNI MOXEeT BBICTYNaTbh B Ka~
YyecTBEe BOCCTAHOBUTENA JIOGOr0 U3
3THX OKCUA0B. BoccTanosuresnbHadA
ciHocobHOCcTL, BOgopoda Oolee or-
panudena. OH MOker GbITh IIPUMEHEH
ans sBoccranosienna Cu,0 n HgO.

BoccranoBuresnbras — crocobHOCTL
yraepoaa ¢ yBeJUYeHHEM TeMIepaTy-
pbl pesko Bospacraer (nmuuus AG
naer seuz). Ilosromy yriepop npn A0 et
COOTBETCTBYIOIINX BLICOKMX TeMIiepa—

TypaXx MOkeT ObITh NOTEHIMATLHLIM

. ['u66ca 06pasoBaHUA HEKOTOPBIX OKCli-
BOCCTAHOBUTENIOM MOYTH BCEX OKCH~ 10(4 pacuere ta 1 Moun Oy) of Temite-
nos. Tak, €ro BOCCTAHOBUTEIbHAS palyphi
cnoco6u0cTh 1o otHomenuo k Ti0O, u Hy,O Moker mposBuTbcA OpW TeM-
nepatypax sbime 1600 m 750 K coorBercTBeHHO, T.€. KOIAa BCJENCTBHE
ycuilenna sHrponmitnoro (akropa 3smavenne AG p1a CO_ cranoBuTeA
6oJiee OTpUL@TNLHLIM, YeMm mis Ti0, u H,0.

Kak supno us puc. 130, sneprus 'nm66ca obpazosanua HgO npn nns-
KAX TeMOeparypax HWMeeT OTPUIATesibHOe 3HAaYeHWe, a NpPH BHICOKHX —
noJokuTeabaoe. ClenoBaTebHO, 3TOT OKCHM, MOker 06pa3oBaTbesd TOJNLKO
Ipyn HHA3KHUX TeMneparypaX, a IIpW HarpeBaHWW OH pAacmalaeTcA Ha Lpoc-
Thie BemecTsBa. [looTOMy, B 4acTHOCTH, 'IpH OGKHWre cyIbPUAHBIX pPYI

Puc 130. 3aBucumocTs OHEpIUM

- OKCU, pPTYTU He 06p8.3y€TC.'i{, a MeTajlll BblJeJIAeTcHA B CBO6OJ_‘LHOM COCTOA-

HHW, HANpUMep:

HgS + Og = Hg + SO,

AnasornyaniM 06pasoM MoXxHO cpaBHUTh 3Hadenue A s POLECCOB OKUCIE—
H{SA TMPOCTHIX BEILECTB CEPOi, XJMOPOM U IIP. ¥ HANTH HeoOXOOMMBIE YCJIOBUS I10JIy—
YeHHs IPOCThIX BEIleCTB BOCCTAHOBIEHHEM COOTBETCTBYIOIUMX XJ0pHAOB, cyNbdH0B
U np. Huxe npHUBefieHBI peakiMHd ModydeHus BaHaJWUsA BOCCTAHOBJIEHHEM €ro OKcH-
Ja U auxJjopuaa ¢ [IoMollbio BOAopoa:

VO(k) + Hy(r) = V(x) + HyO(r), AH;

hog = 190 kIl AS‘;98 = 54 /K
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VCly(k) + Ho(r) = V() + 2HCKr), AG, ., = 270 xlla; AS, . = 185 Jlx/K.

O6a npouecca sHpotepmuyeckde. [Ipy NMoBHILEHMH TeMNepaTypbl SHTPONMIHBINA
dakTop ANA Bropoil peaKuuM CTAHOBUTCSI Orarompusrthee (obpasylorcd 2 MoJb
rasa). [loaToMy BoCCTAaHOBNEHVE BONOPONOM TAJOTeHM[a BaHAAUA (III_) npoTeKaer
3HAYMTEJIEHO Jlerye, yeM BOCCTaHOBJIEHMe ero okcHia. ‘

JlnA OKOHYATEILHOrO BLIDOPa cHOCO6a W YCJAOBUN NMOJYHOHHA NPOCTBIX
BEIIECTB BOCCTAHOBJGHHEM COGHMHEHHN HeO6XoouMO yHecTh BJIAMAHHWE TeM-
nepaTypsl Ha CKOPOCTh peakiuH.

Hp](l NpOMBIIIJJEHHOM HpOH3BOI.I,CTBe B Bb[60pe MeToaa IIOJIY4YeHHA Be-
[IECTB PpEIUAOIMM ABAACTCA ero SKOHOMHYECKas OGOCHOBaHHOCThL. Tak,
HECMOTpA Ha TO YTO YIJepoA (B BUAE KOKCA) MOKET ObiThb IOTEHIHATLHEIM
BOCCTAHOBUTEAEM OKCHAOB IIOUTH BCEX METAIJIOB, uUMeercd p#Aa IPHYHH,
Npen#TcTBYIONUX enle 6ojiee IMMPOKOMY ero HCIOJIb30BAHKMIO. Takumn
NpHYHHaMHA ABJNAKOTCA BhICOKaA CTOHMOCTH HeO6XOJj[HMOFO AJ1sE IPpOTEeKaHnuA
peakiMHM HarpeBa, TepMHYecKad HEyCTOWYHBOCTL (pyTepoBKH Iedeil, TPyA-
HOCTb NMOJaBIeHHS MOBGOUYHLIX peaknuil ¥ np. Ecian K Bemiecrsy OpelbAB-
JIAKTCA IMOBBLIIIEHHbIE TPeDOBaHHA MO HKUCTOTE, OPOTOCTOALIENH Onepayen
OKa3plBaeTcAd 4YacTo Nocjeayrniad OoHUucTra NOJIYYEeHHOro BellleCTBa.

DNEKTPOXMMHAICCKHE METOAH NOJMyJeHHs NpocTHX Bemecrs. IIponecch
IMEKTPOXHMHYECKOTO OKUCJICHHA W BOCCTAHOBJICHHA OCYILUECTBJIAIOTCA Ha
3MeKTPOAaX NpHU 3JJeKTPOJIN3e pacmjiaBoB WKW PpacTBOPOB COedHHEHHH.
DIEKTPOXUMUYECKUM (QHOAHBIM) OKHCJIEHHEM MOJNYy4aloT GTOp, XJIOp M
Kncﬁopo,u,. OnekTpoxnMuUeckuM (KaTOLHBIM) BOCCTAHOBIEHHEM pacCIlIaBOB
COOTBOTCTBYIOMINX COCMHHEHHH IOJYyYAIOT IUeJOYHble H IIeJOYHO-3eMellh-
Hbie MeTaJJ/Ibi, AMIOMUHKI U HEKOTOpHIe IpYrHe.

DJNEKTPONM3OM PpacTBOPOB COGJMHOHUWA MOXHO MOAYYHTL BOIODOM H
GOMbIIMHCTBO d-MeTayiios, Takux, kak Zn, Cu, Ni, Co u ap. Dnexrpoxu-
MHUYEcKOe BOCCTAHOBJIGHKE HCNOJL3YercAd Takke nAJA paduHHpOBaHUA
(ouncrrn) "chipuix” merannos (Cr, Ni, Zn, Ag, Sn), nojy4eHHbLIX APYTrUMHK
ciiocobaMu. Ilpu snmekTposuTHYecKOM padUHHPOBAHHM B KadecTBe aHOLA
uenosibayerca  "ewpoit!  Merans, B KayecTse aneKTpONuTA GepercA
COOTBETCTBYIOUIEE cOeIHHEHNE NaHHOTO 3JeMeHTa.

BuiGop pexuma ssekTposnza NPOM3BOAMTCH MCXOAA M3 SBHAYESHUH
EKTPOLHOTO MNOTeHIMAJNa COOTBETCTBYIOIIEH peakIUM, OCYIIECTBJIAeMOn
Ha AMEeKTpOmax.

PazfeneEne TPOCTHX Bemecrs W OTAENCHWE MX OT OYCTOH OOPOIH.
Pas,uenenne IIpOCTHIX BelleCTB, BCTPQQaIOH_[HXCﬂ B npupoae MOJXeT Ocy-
INEeCTBJIATBLCA He TOJIBKO XWUMHYEeCKHMMH, HO U q)H3quCKHMH H MeXaHHu4dec-
KUMH METOJAMHU.

DusuvyecKue METOgbl pasgeIeHHA OCHOBAHbI Ha pa3iHIHM
du3HUECKNX CBOWCTB BENIECTB, HANPUMEP HA Da3IKYUU TEeMIEpaTyp Kule-
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HUA, IJIABJICHUA M 3aMEP3aHHsA, Ha pas3jM4iHONW pacTBOPKMOCTH, HA pa’Jin-
uuk amcopbupyemoctn u np. M3 ¢puznveckux MeTromoB NPHMEHAOT pa3le-
jgeane GpaKUHOHNPOBAHHON M[EPeroHKON, BBIMODWKMBAHHEM; MeTOo[aMHU
aGcopOuuu U agcopbuuu U np.

PpaknOHNPOBAHHAA MMEPErOHKa, HAIlpUMEp, NPUMEHSeTCA N NOJyde-
HUA 330Ta M KHUCAOPOJA U3 KHAKOLO BOBAyXa. JTOT METOL OCHOBaH HAa
pasiiniNK TeMNeparyp KHIEHHA JKUAKOIO a30Ta M KUCJIOpOja: a30T, HMek-
muil 6oJjiee HU3KYIO TeMIlepaTypy KHIIeHHs, YeM KHCJIOPOZ, BLIKUIIAET W3
KUIKOTO BO3YXa B NEpPBYIO odepesb, B pe3YJAbTATe 4ero MpoucXoguT 060-
ralieHHe JKHIKOro BO3nyXa KueAopoaoM. Ilpy MHOTOKpPaTHOM CHKHIKCHMH U
HCIIAPEHHH XKUAKOTO BO3AYXa MOKHO NOJNYHUHUTh HUCTBHIE A30T U KHCJAOPO.,.
TakuM ke c10cOBOM IOy HalOT K3 ra3oBhiX cMecell 6JIarOpOoJHble a3bl.

BriMOpaXuBaHue NpUMEHAIOT AJA BHUIENIEHMS BOAOPOAa U TelusA U3
npupOoAHBEIX Ta30BeiX cMeceil. Ilpu oxnaxkpgenwn 3Tux cMeceil BemecTsa
[IEepeXOAT B JKMAKOE K TBep/oe COCTOAHMA IPH Pa3/INYHBIX TeMIEeparypax.
Bomopon u renuit — BelllecTBa, KunAmue Npu Haubosee HUBKUX TeMIepa-
TypaX, OCTalOTCA B ra30BOM COCTOSAHHM.

U3 MexXxaHMUYecKNX METONOB MOKHO Ha3BaTh OTAEJEeHHe NPO-
MBIBAHVMEM BOZOHW 30j0Ta M aJMala OT IycTOH NOopoasl. B 3TOoM caydae
pasgesleHNe OCHOBAHO Ha Pa3/In4HON IVIOTHOCTH IOJYYaeMOro BelllecTBa K
NYCTONH NOPOAHL.

I'J1 A B A 3. IBYXDJIEMEHTHHIE (BUHAPHEIE)
COE/IMHEHUSA

§ 1. XAPAKTEPUCTUKA BUHAPHHIX COEAMHEHUN
IO TUNY XMMMWYECKON CBA3U

[lo Tunmy xumuyeckoil cBA3M OuHApHBIE COGJUHEHMA MOTYT 6bITh
WOHHBIMY, KOBAJICHTHBIMH, METATJIHYECKHUMH K CO CMeHIaHHLIM THIIOM
XUMUYECKOW cBABUW. B  coOTBeTCTBUM ¢ BaKOHOMEPHbIM  pa3BHTHeM
SMEKTPOHHBIX  CTPYKTYP AaTOMOB XapaKTep XuMH4YecKol cBiA3n (a
C/e0BaTeIbHO, CTPYKTYPbf K CBOWCTB) OJHOTMIHBIX COGINHEHUN B
nepuofaXx M rpynnax NepuopUueckoil CHCTeMbl U3MEHseTcH 3aKOHOMEPHO
(puc. 131). Ha npumepe OHHAPHEIX COETHHEHHH 3JIEMEHTOB BTOpOTO
Meproaa MOXKHO NOKA3ATH, HTO JJIA JIO60r0 N3 NPHBENEHHbIX COeInHEeHMi
CTerleHb NOJAPHOCTH XuMu4eckoi cBsa3u or | k VII rpynne mocrenmenno
YMeHblllagTcest,

Li Be B C N 0 F
(DTOPML[LI ..... LiF Ber BF3 CF4 NF3 OF2 (Fz)
ORCM}ILI ...... leO BeO 8203 COQ N205 (Oz) -
Hurpuaer . . . . . LisN  BesN, BN C3Ny (Np) - -
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P uc. 131. BaBucuMocTh CBOMCTB GMHAPHBIX coeluHeHWH OoT aToMHOro
HoMepa JIeMeHTa ¢ MOTIOKUTENTLHOM CTelTeHbIo OKK CIICHU ST

4 — CTAaHNapTHOM BHTPOMUM KPUCTAVIMUECKUX XIJIODUNOB; 6 — TeMreparypsl
[JIABIEHUs OKCUIOB; ¢ — OHTAZBMY O6pa30BAHUA XJIOPWIOB; ¢ — 3Heprun I'n66-

ca 06pa30BaHnsA XJIOpUJIOB

Puc. 131. IIpodonxncenue.




Tak, B pagy (bTOpH,U,bB TN XUMHUYeCKOR CBA3U HU3MeHsAeTcss OT HOHHOIO
8 LiF ¢ nocienyommM yMeHbIeHHeM CTeleHU NOJNAPHOCTH cBaA3U B Bel,
BF;, CF,, NF3 n OF, g0 HelloaspHOro KOBaleHTHOro BO Fy.

06 n3MeHeHUH THUIa XUMHUYecKOH CBA3U B PpAAY OKCHLOB MOKHO CYyIWThL
Mo 3HaYeHUAM 3¢ PeKTNBHBLIX 3ApAL0B KNCJOPOAa B cOeUHEHNAX

Ligo BeO BQO3 COQ N205
D¢ dexrunubiit sapan & ‘
Ha aToMe kucjopopa . . 0,80~ 0,35~ 0,24- 0,11- 0,05-
XuMuyeckas mpupoa cuibHo~ amdorep-  clabo- cpefile-  CWIBHO-
OKCHUIIA . o v v v v v v s s OCHOBHBI  HBII KWUCIIOTHBINT KHUCIOTHBINM KVCIOTHBIM

B rnaBHBIX MojrpylilaX ¢ yBesiMdeHueM aToMHoTo HOMEpa %JIEMEHTa CTelleHb
MOHHOCTY CBSI3K B OJHOTUIIHBIX COEMHEHUAX OOLIYHO yBeJIMYMBaeTcs, HAIPUMED:

Ligo NagO KQO Rbgo CSQO
D derTBHBIN 3apsAa Ha aTo-

Me Kucyopona 6 . . ... . .. 0,80- 0,81- 0,89- 0,92- 0,96-

B coorBercTBMU ¢ M3MeHeHHeM THIIA XUMUYECKOH CBA3W U CTPYKTYpPHI B
cBOlcTBaX 6MHApPHBIX COeAMHEHW NpOosBisgeTcs 6GoJiee NIN MeHee OTYeTIN-
BO BLIpayKEHHAS NepUOIUYHOcTL. O6 3TOM, HanphMep, CBUIeTellbCTBYET Xa-

- AHy 796 -0
, ¥, 298
KAx/Mons O KAx/monb Cl

400} .
400

200 200

P uc. 132, 3aBucuMocts 9HTAIbIKKU 06PA3OBAHUS BBHICUIMX OKCHIOB (@) 1 xyopupos
(6) oT ATOMHOTO HOMEpa HMEMEHTA C NOJIOKUTEILHON CTEIIEeHBIO OKI CIIEHIA
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paKTep U3MeHeHMA IO MepuojgaM W TPYNIaM CTAHIAPTHON 3HTPONUH,
TeMIEpaTyphi IUJIABJEHWA, BHTAJIBLIHKM W SHepruu [m66ca obpasoBaHust B
3aBUCHMOCTH OT ATOMHOTO HOMEpa JJIEMEHTA C IOJIOKHUTEILHOH CTEleHbIO
okuciedns (cM. puc. 131). B usMeHeHMM NapaMeTpOB OTYET/IMBO NpOsBAA-
eTcA TakKe BTOpUYHAS NEepHOANYHOCTL (puc. 132).

§ 2. CPABHEHME VCTONYMBOCTY BUHAPHBIX
COE/IVTHEHUM

B kadecTBe Mepbi CpaBHEHUsA CTAGUILHOCTHA cOeIUHEHUIA MOKHO HC—
10/bL30BaTh 3Hepruio ['u66ca 06pa3oBaHust cOeUHEHUIA.

Ha puc. 131, @ nokasana zasucumocts A G xnopupos I3Cly, or aTomHoro
HOMepa 37leMenTa J. Kak BuanM, sHauenue sHepruu ['m66ca o6pazoBaHus
B Iipeaejlax KaKaOoro Ilepuoga I1I0 Mepe pOcTa aTOMHOI'O HOMepa JJIeMeHTa
O CTaHOBUTCSA Bce MeHee OTpUUATeNbHbIM. (CreqoBaTesbHO, CTAGUILHOCTH
XJIOPUAOB B TOM e HallpaBJICHUWN YMeHbIIaeTcs.

MpuMepHo Takoil ke xapakrep uaMeHeHuss AG (B pacuere Ha 1 Mmosib aToMoB
. OJIeKTPOOTPHLATETIBHOTO GﬂeMeHTa) UMeeT MecTo B clIy4Yae ocTallbHbIX raJlol'€HUJoB,
"' OKCUJIOB, Cy/TbdUAOE, HUTPUIOB.

B xopme kpMBBIX IVIA pa3HRIX TUIOB GMHAPHBIX COENMHEHME, eCTeCTBEHHO, Ipo—
ABISIOTCS ¥ pasnuyusfA. Tak, MakcuMajbHas cTabuabHocTh y TaJloTeHHAOB U
CY/ILOUAOB [IPUXOQUTCA HA S-OJIeMeHTBL | rpynnbl, ¥ OKcHioB — Ha s-9JieMeHTHl 11
rpynnsl. [lanee, y s-oneMeHToB B 1esioM Hanbollee ycToli4MBbl GPTOPUALI, XJI0pUBL
ycroitunBee GPOMUZIOB; B CBOIO odepenb 6poMUIBlI ycToftumBee HUTpUIoB. Takas ke
pasHMLa B cTabWIBHOCTH XapakTepHa M 6ojbLIMHCTBA P-OIE€MEHTOB, HO BBHIpaiKe—
Ha MeHee pesko. Y d-o/leMeHTOB 3aKOHOMepPHOCTH cJIoNHee,

§ 3. OCHOBHO-KUCJIOTHHIE CBOMCTBA BUHAPHBIX
COEJIMHEHUM

B cooTBeTcTBUM ¢ WBMeHeHWeM XUMHWYECKOW MPUPOLb 3JIeMEHTa B3aKOHO-
MEPDHO H3MEHSAITCHA W XMMHYecKNe cBOWCTBA COeMHEHHN, B JaCTHOCTH WX
OCHOBHO-KMCJIOTHAS AaKTHUBHOCTh. Tak, B cjlydae OKCHAOB B pAmy
Li,0—BeO—B;,03—C0O,—N,05 no Mepe yMeHbILEHUA CTEllEHUA MONAPHOCTH
cBABH (yMeHbIIeHMs OTpULaTeIbHoro 3G¢p@eKTHBHOrO Bapsifa aToMa
kuciopoga ) ocnabiasoTest OCHOBHbie M HapacTalOT KUCJIOTHble CBOMCTBA:
Li,0 — cuabuo ocudBHoit oxcng, BeO — amdorepuniit, a B,03, CO, n
N,O5 — kucnorHble.

Kak wu3BecTHO, NpHM B3aMMOgefcTBHHM OCHOBHOTO OKCHAA C KHUCIAOTHBLIM
obpasyercst cOJMb:
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Li;O + CO, = Li,[COy]

OCHOBHEIN KMCJIOTHEBIN

AnanoruiHsiM o6pas3oM B3aHMOLEACTBYIOT Mexay co6ol u IpyrHe OoJLHO-
THIHBIE GUHADHEIE COEINHEHMA ¢ PE3KUM Da3jIMYHeM B NOJAPHOCTH CBA3H:

LiF + BF; = Li[BF,]
Li,S + CS; = LI[CS3]

OCHOBHBIA KNACJIOTHBIN

B stux peaknusax LiF u Li,S (nogo6ro Li,O) urparmT ponb OCHOBHBEIX coe-
nuuennit, a BFg u CS; (monoéno CO,) - posib KACJIOTHBIX COSMHEH UM

B npuBeleHHBIX DeaKNUAX COENMHEHMS JIMTUsI BLICTYTIAOT B KayecTBe HOHOPOB
QIIEKTPOHHBIX IMAap - OCHOBHBIX coe;mne}-mﬁl, a coellMHeHUus 60p3. u yrjiepoja - B Ka-
YecTBe aKIeNTOPoB DTUX IMAP - KUCTIOTHRIX CoellMHEeHUH, HalpuMep:

L JF
:F: :F:
LOHOP AKIENTOP

Kak BuguM, xuMpdeckasd npHpoja 6GUHapHBIX coeIMHeHHH 0OycoBeHa
XUMpPUeckol NPHPOAOH 2JEKTPOHOJOXKHNTEIEHOIO JJIeMeHTa. COeJUHEeHHs
MeTaLINYeCKHUX 3JIEMEHTOB IPOABJIAIOT OCHOBHBIE CBOMCTBa, & HeMeTaNJIH-~
YeCKHX 3JIeMeHTOB — KHUCJIOTHRIE!

Li Be B C N 0 F
LiF BGFQ BF3 CFq NF3 OFZ -
Li,O BeO B,0; CO, NyOs - -
L13N Be3N2 LBN 03N4 - - - .,
OCHOBHBIE aMpOoTEPHBIE ~
KucnoTHbIe

[ns cpaBHeHHMA OCHOBHO-KHUCJOTHBIX CBOMCTB OWHapHBIX COeJMHeHHi
MOXHO BOCIIOJIB30BaThcA AaHHBMU 10 A (G COOTBETCTBYIOIMX XMMHYECKHX
peaknumit. Huke npuBepensl peakIy B3aUMOIeHCTBUA OKCHUIOB 2JIEMEHTOB
3-To nepuona ¢ OKCHIOM HaTpHA:

Na,O(k) + Al,O3(k) = 2NaAlOy(k), A G, =-175 k]lx
NayO(k) + SiO(k) = NasSiOs(k), A G, =-197 k/lk
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Na,O(x) + 1/3P,0s(x) = 2/3NagPOy(x), AG,,, =-371 vllx
NayO(x) + SOs(x) = NaSOy(k) A G, =522 k/Ixk
Na,O(x) + Cl207(r) = 2NaClO4(x), AG,,, = -587 w/Ix

7
Kak Bugno u3 3uavennit A G XMMnYeckux peakuuit, B pany Al—Si—P—
—S—Cl no Mepe ycuneHus HeMeTa/lIMYecKMX NPU3HAKOB 3JIEMEHTOB KHC-
JOTHBIE CBOWCTBA MX OKCHJOB Pe3KO BO3DAacTaloT.

AHanorM4¥HO MoXHo NOKa3aTh, 4T0 B TOM Xe pALY DIEMEHTOB KUCJIOTHBIE cBOM-
cTBA BO3pAcCTaloT U y APYTMX TUMOB OUHAPHBLIX cONMHEHUN, HAITPUMED:

NaF(x) + MgF,(x) = NaMgF3(x), AG,,, = -14 klx
NaF(k) + 1/3AlF3(k) = 1/3NagAlFg(x), A 298 =26 xIx
NaF(k) + 1/2SiFy(x) = 1/;Na,SiFe(x), AG;,, = 51 xllx

CoenuHeHHA OJHOTHOHEIX 3JIEMEHTOB NpPOSABJISAIOT OGLIHOCTE CBOUCTB M
'MpH IPYrHUX peakuMAX, HalpuMmep npH CoJbBOJNH3e (FMAPOJN3e), aMMOHO-

" ausze u np. Tak, 6MHAPDHBIE cOefMHEHNA MEJOYHBIX W [e/I0YHO-3eMeIbHbIX

MeTajUIOB FHAPOJIN3Y NPaKTUYeCKH He MOIBEpraloTcd WIH Ke Jal0T npH
3TOM LIEJIOUHYIO Cpexy:

NaCl + HOH == rugponua mpakrudecku He MpoTeKaer
Na,0O + HOH = 2NaOH
Na,S + HOH = NaOH + NaSH

Hao6opor, rupposns 6uHapHBIX COeIWHEHHA HeMeTANIOB pOTeRaeT
HeobpaTuMo ¢ 06pazOBaHHEM KUCJIOT:

BCl; + 3HOH = H3BO; + 3HCI
B203 + 3HOH = 2H3;BO,
BQS3 + GHOH = 2H3BO3 + 3HZS

't AHasornyHo KIaccUBUIUPYIOT COEUHEHUS], B KOTOPbIX B KAYECTBE OKUCJIMTE~

JIeA BBICTYMAlOT [1Ba OMEMEHTa, T.e. COEIMHEHWS TWIIA OKCUI-TAJIOreHUa, HUTPUI-
Tanoretuaa, okcup-cyibduna. Hanpumep, COS — oxcocynpdun yriepona (IV) —

Fs
¢ KuciorHoe coefuHeHre. (06 5ToM CBUIETENILCTBYeT €To oTHOUIEHME K Bole (mipm
i. HarpeBaHKM) U K OCHOBHLIM COEMHEHMSM:

COS + 2H,0 = H,CO3 + H,S
Ca0 + COS = Ca[CO0,5]
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§ 4. METAJUIMYECKHE COEAVHEHNSA

XuMuuecKkoe B3aUMOAeHcTBUE METAJJIOB MEXKIY coboit, a TaKxe c HeMe-
Tas/laMu, €I MpOAYyKThl HX B3aMMOAEHCTBUA COXpaHAIT MeTalndeckne
cBOIicTBA, U3y9aeT OJUH U3 pa3icjoB HEOprasu4eckol XHMHUH — MEMaAio-
TUMUS.

Eciyn pacnoflokUTh MeTAJIb B IOpsAAke yCUICeHNA I:IX XUMHUYECKOTO
B3aUMOZEHCTBIA APYT ¢ APYTOM, TO NOJYIUTCA cAeAyOUUl pAL:

a) He B3aMMOJelicTBYIOLWIE APYT ¢ ApYyroM Hi B JKHUJKOM, HU B TBEPAOM
COCTOAHNY,

6) B3aUMHO pacTBOpAKOIINECA B HKHUIKOM COCTOSAHMH, & B TBEpPIOM cOC-
TOAHNH 06pazyloLINe IBTeKTHKY;

8) ofpasyromue APyl ¢ APYrom XHAKUe 1 TBEp/ible PACTBOPHL JIOGOIO
COCTaBa;

r) ofpasyloume Mexmay coBOl OMHO WM HECKOJBKO MEeTANJIH'IeCKNX
coeLMHEHN, Ha3biBaeMBIX ALEMAAAUOCQAY.

MertauadecKne TBEpibe pacTBOpH. MeTalibl XapaKTepHU3yioTcA IIOBbI—
[IEHHOHN CKJOHHOCTBIO PAcTBOPATH META/JIH W B MEHBINEN CTeleHH HeMe-
ranbi. DTa CIOCOBHOCTh — CJAEACTBHE IpPEeIeTbHON HEeJIOKaIN30BaHHOCTH
MeTaindeckoll cBA3U. BesemcrBue medunnTa 3J1eKTPOHOB (cM. puc. 72)
BATOHTHAA 30HA METAIJIMYECKOTO KPHUCTa/lla MOXeT NPUHAMATE HEKOTOpOe
queJo MO0GABOYHLEIX 2JIGKTPOHOB, HE BbI3bIBAA U3MEHeHn# CTpYKTYpH MU
MeTalIMdecknx Npussakos kpucrania. Hanpumep, B KpHCTaJe cepebpa,
aTOMbl KOTOPOTO UMEIOT MO OAHOMY BaJeHTHOMY 3JIeKTpOHY 8!, 3MEKTpOH-
HaA KOHIEHTpayua (OoTHOIIeHMe obmiero 4uciia BaJleHTHBIX 3JIeKTPOHOB K

o61ieMy 4HCIy aTOMOB B kpucranne) pasua 1. Ho oHa MoxeT BO3pacTaTh

1o 1,4 3a cder 3/J1eKTpOHOB, BHOCHMbIX aTOMaMH ApYyIHX 3IeMEeHTOB. )

Mogo6HOMY YBeJWYEHMIO DJIEKTPOHHOH KOHLUEHTPanuu B BaJ/lIeHTHOU
sone no 40% coorBercTByeT IpefesbHAA pacTBOPUMOCTb META/IJIOB B Cé-
pebpe; HallpuMep, TBepAblil pacTBOp Ha OCHOBE cepebpa MOXeT c0ﬂepm§Tb
(mon. monu, %): ao 40 Cd(s?), 20 In(s2p'), 13,3 Sn (s?p?) uam 10 Sb (s2p3).

Kar Bngnm, mo Mepe yBOIMYEHNA HUCJa BaJEeHTHBIX 3JIGKTPOHOB pacT-
BOPHMOCTh MeTaJIOB B cepebpe HaiaeT. B caydae e pacTBOpEeHUA B Ce-
pe6pe 30J10Ta (OZUH BATEHTHbIA 3TeKTPOH s') BNeKTpOHHAA KOHUEHTpalni
He uB3MeHAETCA, NOITOMY 30JIOTO U cepeGpo pacTBOPAKTCA ApYr B apyre
HEOr paHN4EeHHO.

IpuGasienye 3JICKTPOHOB cBepX ONTHMaJIbHO AOIYyCTHUMOTO MPUBOIUT K
aHepreTudeckofl HEYCTOWYNBOCTH AIHHOTO THIA KpUCTAIANYCCKOH CTPYyK-
Typbl MeTajlll — pacTBOPUTEJb W K BO3HUKHOBEHUIO CTPYKTYpBl HOBOTO
runa. DTO yKe CBUAETeNbCTBYeT O IpeBpalleHun TBEpaoro pacTBopa B
MHTepMeTallJIndeckoe cOeJUHEHNe WU Ipu IOJHOM 3apepleHUH BAJIEHT-
HOIl 30HBI — B cOeaNHEHNe ¢ KOBAJEHTHOW niun WOHHOW CBA3LIO.
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O6paszoBaHne JHEPTETUYECKUX 30H BO3MOKHO JHAINL IIPH YCJAOBHM 3Hep-
reTUIecKOro W MpOcTPalcTBEHHOrNo COOTBETCTBUA NEPEeKPHIBAOIINXCA OpOn-
taneit (cM. puc. 72). [loaToMy pacTBOPUMOCTb BEHIECTB B METANNAX BABUCHT
HE TOJIBKO OT 49HCJIa BAJIGHTHHIX 2JIGKTPOHOB, HO M OT MX THNA (s, p, d nian
/) u 2Heprernyeckoro cocrosiunA. BejemcTsue CA0KHOA B3aNMOCBABH 3THX
GaKTOpPOB B MHOCMOATOMHBIX CHCTEMaxX PpacCYUTaTh MpefelbHYI pacTBOpH-
MOCTb MPHBEACHHLIM BBIllE MyTeM /A CONLIINHCTBA CydaeB He NpecTaB-
JA€TCA BOBMOMKHBIM,

Kak yike ykeszmBanoch, o6pa3oBaHUI) TBEPABIX PACTBOPOB GJAronpHAT-
CTBYIOT OJIN30CTh XMMUYECKUX CBOMCTB ATOMHBIX PaAMyCOB U THUIOB KpHC-
TAJVINYECKON CTPYKTYPH HMcxoaumiX pemects (cM. 4. 1, pasgen III) ra. 1,
§ 7). HecoGnropenne omHOro M3 3TUX YCJAOBHI INPUBOAUT K TOMY, 4TO
TBepAble pacTBOPHl MexXAy KOMIIOHEHTAaMH obpa3yioTcd JUilb B OrpaHHUYeH-
HBIX NpegenaxX KOHNEHTpAamuil WK xe He obpasyiorea Boobme. Hanpumep,
npefeibHasg pacTBOPUMOCTb psafa MeTayyioB B Hukene (d8s?, r = 0,124 um)
BBIpAKAETCA B BUJE cJeayIOnIero pajga:

Co Fe Mn Cr A% Ti Sc Ca K

BaneHnTHbIE :

QNEKTpOHEl . . . dTs?2  dfs? P2 sl Bt L2d A& 82 sl
Meranmyecknit

pajuyc aToMa,

HM . ... .... 0,125 0,126 0,130 0,127 0,134 0,146 0,164 0,197 0,236
Pacrsopumoctb, % ‘

(Momn. pomm). 100 100 100 50 43 15 7 Ilpaktu4ecku

HepaCTBOPUMbI

Banzkue no xuMUYecKUM cBOHCTBAM U D33MEpaM arOMOB HHKesb, KO-
6asbT, KeJjie30 U Mapraer oOpa3ylOT ApYr € ApPYroM HeNpepbiBHBIA pAfg
TBepAbix pacTBopoB. B pagy Cr—V—Ti no Mepe yBeanueHus paziandnii
B XMMHYECKUX CcBOMiCTBax pacTBOPHMOCTb MeTajlJIOB B HHKede Iagaer.
"Kanbunﬁ N Kannil, KOTOphIE pe3Ko OTJANYAIOTcA OT HHKEJA I10 cBOHCTBAM

¥ aTOMHBIM pa3mepaM, TBEepJABIX PAacTBOPOB ¢ HUM MNpPAaKTHYeCKM He obpa-
BYIOT. :

i Merasnmueckne cOeHHEHHA. B IpPOTHBONOJIONKHOCTL TBEpABbIM pacT-
BOPAaM HHTEeDMOTAVINAb, Kak IPAaBUJIO, HUMEIOT CJIOKHYIO KpHUCTAIIN-
'HECKYIO CTPYKTYPY, OTVIMYHYIO OT CTPYKTYD MCXOIHBIX MeranioB. CBOHCTBA -
MHTEPMETAIJINAOB TAKIKE CYHIECTBEHHO OTJIMYAIOTCA OT CBOHCTE HCXOIHbIX
KkoMnoHeHTOB. Tak, B OGBMHBIX YCJAOBUAX HWHTEPMETAUINABL YCTYNAKOT
YHUCTHIM METAJJIAM 110 3JeKTPHYeCKON NpPOBOAWMMOCTH W TelJIONpPOBOAHO-
CTH, HO NpPEBOCXOAAT WX 110 TBEPpAOCTH W TeMmnepaType miaasieunsa. Ha-
npuMep:
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Mg f-Sn Mg,Sn
Ty, SC o e 650 232 778

SnekTpudeckasi MPOBOAMMOCTE * . 21 8 0,1
[lInprHa, 3aIpelleHHoN 30HbI, oB....... - - 0,34

Bce 310 1MOKa3bIBaeT, YTO HHTepMeTaJiIiIbl MOMXHO paccMarpuBaTh Kak
cOeJUHEeHUs ¢ coYeTaHneM pa3HbIX THIOB XAMHWYECKON CBs3H (Me'rannnqec—
Ko#, KOBaJIGHTHOM W uonﬂoﬁ). OrnocuTedbHasg A0Sl TOrO NJHu HHOTro
THOA CBS3MA B Pa3HbIX MeTAIHIaX MeHsercsl OIpy 3TOM B INWPOKHX npe-
nejgax.

Pasnoo6pasue TANOB XKHMHYECKOH CBA3M U KpUCTATLIHISCKUX CTPYKTYD
oBycJIOB/INBAET Yy METAINIOoB IIUPOKUHA CIeKTP PN3UKO-XUMUIECKUX,
3jleKTpriecKnX, MarHUTHBIX, MexaHn4YecKknx n JApyrux csoiieTs. Tak, ux
ajleKTpAYeckne cBOMCTBAa MOTYT WHOCAa U3MEHAThCA OT CBEPXITPOBOJINMOC-

TH B JKWJAKOM FeJIUH 0 MOJAYNPOBOAUMOCTH NpH OBBLIUHHIX YCIOBHAX.
MexaHW4Yeckle cBOMCcTBA METAJ-

AWAOB BechbMa UYBCTBUTEIbHBL K
pO3JEiicTBUIO  TeMIepaTyp. IIpn
OOLIYHBIX YCJAOBUSX OGONBIINHCTBO
W3 HHUX OYeHb TBepAL W XPYOKH.
[Ipu  NOBHILCHMH  TEMIEPaTYphl
MeTa/inasl BelyT cebsa Kak IJ1ac-
Tuuable Tena. OcHoBHass MNpPHYHHA
3TOr0 — BOBpaCTAHWE JIOJHA MeTall-
AMYecKol ¢Bsi3W IIpHA HarpeBaHNH.

P u c. 133. Kpucrawmyeckas petlerka BHICOKOJ TensoToil o6pa3oBaHusA M
CugAu (@) ¥ B3aHMHAS KOOPRMHALM XUMHUUYCCKOH CTOMKOCTBIO.

atomos B Kpucraiuie (6)
( Merannuasl B BoJle He PAcTBOPSIOTCH,

HO HekoTophle M3 HUX (noo6HO HEKOTOPLIM MeTasl1aM) cllocoOHbl PAcTBOPATLCA B
HeBOIHBIX PACTBOPUTENAX, B YACTHOCTH B KU IKOM AMMKAKe. [lpy 3TOM OHM BEAYT
ce6s1 KAK OJEKTPOIMTHI, T.€. NPK PAcTBOPEHWM AT MOHBL, BCTYIIAXT B peaKl N

LBOJIHOTO OOMEHA:

2Ca(NOjg); + K4Pb = = CapPb + 4KNOs
4Zn(CN), + 9Na = NaZng + 8NaCN

[lpu srnekrpoiuse pacTBopoB WM pacIVIABOB MHTEPMETAITUI0B OTHOCUTENILHO
Gonee BIEKTPOOTPULATENILHRIN MeTajll BhIE/IseTCA Ha aHoge, a GoJjiee BIEKTPOIOJIO-
KUTeNbHBII — Ha KaToge. Hanpumep, Tpu 37EKTPOIMS3E aMMHavHoro pacTBOpa

*3nech 1 Jajlee BIEKTpUYECKas MPOBOJAUMOCTE PTYTH MpUHATA 3a efNHHULY.
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Muorpe MeTaldjanAbLl OTJAAYAI0TCA

Na4Pbg HaKI}:IaTone BbIleJIsleTcsl HATpUN, Ha aHope — cBuHel. llpu snexrponuse
aclliaBa a9 KaJun A
p 2 Wil BbIfleNsieTcsl Ha Katoje, HATpuil — Ha aHojpe. Hao6opor,

npM B3aMMOICUCTBUN MeETasIOB B HeBOAHLIX PACTBODUTENSX, HAIpUMED B XHIKOM
aMMUaKe, Noay4arrcs MeTalJlnAbl:

4Na + 9Pb = NayPbg (3esenniit pactsop)
3Na + 7Sb

i

NagSby (kpacHblI pacteop)
3Na + 7Bi =:'NagBi; (kopu4HeBbl! pacTBOD)

CeeieHus1 0 coCTaBe M CTPYKTYPe METAJINAO0B OOBLIYHO MOJYYalOT 3KC-
nepuMeHTanbHo. Ha pme. 133,04 nokasaHa KpucTaimdeckas peIleTKa
CugAu. ATOMbI 30J10Ta 3aHMMalOT BEepIINHBEI Ky0a, a arOMbl MEIH paciosia-
raioTcsl B UenTtpe rpaneit. CirezioBaresibHO, KaXABIH aTOM 30/70Ta HaXOIUT-
cA B koopauHauun ¢ 12 aTtoMamMu mefm, a KaxIuiil aroM Meau — ¢ 4 aro-
Mamu 3oaoTa (puc. 133, 6), uro orBevaer cpenneit hopmyne CusAu.

: 'TABA 4 TPEXOJEMEHTHBIE COEAVMHEHWUSA
§ 1. NPOU3BOJHBIE AHUOHHBIX KOMIIJIEKCOB

-KaK MBI BAJEIHN, NIPU B3aUMOIEHCTBUH PE3KO PA3JHUYHBIX IT0 XUMHYEl—
KOW npupoae OWHApPHBIX COeIUHEeHNH oO6pasylorcsi HOBble XUMHUYECKHE

C
OCIUHEHN A, Cpell KOTOPbIX HanboJiee IIpOCThLI IIO COCTABY TpeXa3JjieMeHT-
Hble COeJUHEeHU S

NaF + BF; = Na[BF,]
NazO + C02 = Nag[CO3]

OCHOBHBIVI KMCJIOTHBIHM

Ilo Tnny xMMuYeckoi cBsi3W MEkKJY MX BHYTPEHHEH W BHelllHel cdepa-
MM 9TH COEAMHEHNs MOTYT ObiTh WOHHBIMM, MOHHO-KOBAJICHTHLIMH W KOBa-
“J"JIeHTHLIMH. Ecny aHHOHHBR KOMILUIEKC HOCTATOYHO YCTOWYMB, TO paccMaT-
i PUBaeMbI€ COCIMHEHUS 110 OCHOBHO-KMCJIOTHBLIM CBOMCTBaM 11011)06&(1)1 GuHap-
| HhiM. Tak, np’onaaonnue UIe/0YHBIX U IIEJOYHO-3eMeNbHBIX MeTalJoB
' ABJIAIOTCA OCHOBHBIMH, a [pPOH3BOAHLBIE HEMETANJINYECKHX VIEMEHTOB —

I knAcn
| oTHEIMM. CKaszaHHOE MOATBEPKAAETCA NX COJbBOJIN30OM U peaKUnsaMH

B3a i
. AMOJeACTBI ST NPON3BOJHBIX aHHOHHBIX KOMILTEKCOB pasilMYHON OCHOB-
O~KUCAOTHON NMpPUPOAH, HallpUMep:

RbNO; + INO3 = Rb[I(NO;),]

OCHOBHBLI KUCJIOTHBIN
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RbNO; + HOH = ruaponus mpaxTH4ecku He UIET
OCHOBHBIN

INOs + HOH = HIO + HNO;
KUCJIOTHBIH

Ha ycTORUYMBOCTD [POH3BOJHBIX aHUMOHHBIX KOMILJIEKCcOB 60bI10€ BIHA-

HUe OKa3LIBAeT MPHpO/a HOHOB BHEIIHeH cqepur. Tocnennue B Gosbed
WM MEHbIIel CTENeHH BHI3BIBAIOT KOHTPIOJIAPH3alHIO (ocnagnenue BHYT-
kca. Ilpy 2TOM ueMm BbIIe y aTOMA
CKIIOHHOCTh K O6pa30BaHHI0 KOBAJEHTHOM CBA3H (eeime D0), Tem ero
KOHTpIIOJIAPH3YIOIIee JeCTBYe, Kak HPaBHiIo, cu/IbHee. B sTOM HETPYAHO
y6eIUThCS, COMOCTABUB TEMIEPATYPEl M 3HAUEHUs A Gy, PacIaa COOTBET-

peHHUX CBs3eil) aHHOHHOrO KOMILIe

CTBYIOHMX COeIMHEHHH, HallpiMéep paciala OKCOKapOOHATOB S-3JICMEHTOB

Il rpynner:
DCO0;(x) = DO(k) + COx(r)

Ba Sr Ca Mg Be :
DAEKTPOOTPULIATENBHOCTD I . 0,89 0,95 1,00 1,31 1,57 :1):_‘
KapbonaT . ... .......... BaCOg SrCO3 CaC0O; MgCOz BeCOj % »ﬁ
TemnepaTypa paciaga Kapbo- 0
Hata, ‘C. .o 1300 1100 840 400 100
AG;QS pacnaja xapboHara,
216 183 130 65 -30

llpu narpesanun MgCO; (AG = 65 k]l /M0JIb) paclajaeTca Ha MgO
1 CO, yxe npu 400 °C, Toraa xak pacnaj BaCO; (AG = 216 k/[lx/monb)

ua BaO u CO, cranopuTcs 3aMerrbiM aump npu 1300 °C.
£ NaCl—AlICl3 KC1—-AICl5 RbC1-AICI5 CsCl-AlCl3
800
600
A
5 g i
00t éL/ 3 g \/ o i
2 g & ar §
ﬂ 1 1 1 L 1 I L 1 1 L 60 7 0 i
700 0 20 40 60 807000 20 40 60 807100 0 20 40
Ngcfo 8 JKlClg, KC1 AICl5 RbCl AICl; CsCl AlCl3 :
Mon, donu AlC13,% :

P u c. 134. JluarpaMMa IIFIABKOCTH CHCTEM MC] - AlCly
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o
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17 mieit
by CPDaBHEHHIO ¢ HX COJAsAMH. MOXHO HAIOMHHTb, UTO, HaIpHMEp,

|
e

Bnusiiue npupogel aToMoB BHelHeil c¢depbl Ha YCTOMYMBOCTE CO€AMHEHUH
MOXHO MOKa3aTh TaKiKe Ha IpUMEDe BIaUMOel CTBUSI AiCl3 ¢ MCl. Kak noxaseisa—
foT  Auarpammel  Taekoctm (puc. 134), B psigy NaCl—AICls, KCI—AICl;,
RbCl—AICl;, CsCl—AICl; yeroitumpocts coepunennit M[AICl4} noeemmaercs. Orto
COOTBETCTBYEeT  YMEHBUIEHWI)  KOHTPMNOJSIPUBYWOIlero  ReHCTBUS B PSRY
Na*—K*—Rb*—Cs*, T.e. ycusneHuio TeHaeHuuu K 06pA30BAHUIO MOHHOM CBABM.

TakuM e 06pazoM MOKHO OOBSICHUTH YMEHbILIEHNE TEPMUUECKON YCTOMUMBOCTU
7O Mepe yBeJIMYEHUS OBJIeKTPOOTPULATENBHOCTU ATOMA BHelIHed cdepbl B PSRy

KNO3""GN03_FN03:
O.. .O| H=O
\N/

O

- LOF
ey
I

O

O e
oy
)

O

K+

B KNOj; nonst K* n NO3z usonuposatsr Apyr oT gpyra. B wosanentHbix HNO;

n FNOgj sa cuer obpasoBanusi cesisu H—O u F—O B wnone NOj napyuiaercs
TpexcHee paclipejelieHrie IEKTPOHHOM IUIOTHOCTU ( T—CBSI3bIBAHME), YTO TNPUBOIAT K
cCHuKeHuto ero ycroiumpocti. Tak, ecmu uoHHoe coeavHeHme KNQg pasnaraercs
guiie Bbiwe 400 °C, 1o wxoaneHTHoe HN(Oj HayuHaeT 3aMETHO pasaraThCs yKe
IpM OBBIMHOM TeMMeparype u ocgemlednu, a FNQgs cyliecTByer jiuiib Npu TeMIepa-
Typax Huke —b ‘C.

chepbl  KATUOHHBIE
TIPOUBBOAHBIE HEMETAJINIMUYECKUY BIEMEHTOB U CJIOKHBIX AaHMOHOB BeCbMa HEyCTOMYM—

BenepcrBie  KOHTPHONSIDUBYIOWETO  OEHCTBMS  BHeNIHeil

Bbl M MU3BECTHbI AJISI OTHOCUTEJIBLHO cna6o BIIEKTPOOTPULIATITBHBIX BJIEMEHTOB TIPH

Huzkux crenensix oxucnenus I(I1), I(IIT), Te(II), Sb(III).

llopo6ubiM xe 06pa3oM 06bsCHSAETCA XOPOLIO W3BeCTHLIH (PaxkT MeHb-
YCTOWYMBOCTH KHCJIOT €O CJIOMHBIMH KHCJIOTHEIMH OCTATKAMHU 110
coJut
Na,COj;, K,CO3, KCIO3, KBF, Bnosse ycTOHYHBHI, TOTNa KaK ONHOTHII-

. Hble coenuHenus somopona H,COs, H,S50;, HCIO;, HBF, Besaemcreue ux
. HEYCTOMYHMBOCTH B CBOGOIHOM COCTOSIHMY HE MOTYUEHHI.

§ 2. CMEIIAHHBIE COEJAUHEHWSA, TBEPJIBIE PACTBOPHI,
OBTEKTHUKA

B saBucumoctnn or npnpo,um HCXONHBIX COSNMHEHHIl NpH HX B3aUMO-
AEMCTBUM APYT C APYrOM BO3MOXKHBI CJEAYIOMME BapuaHThl. Bsaumopgeiicr-
BHe pe3Ko pasIMyHbIX N0 XMMHUYECKOH NPHPO/e COSAUHEOHHN INPHBOAUT K
06pa30BaHMIO HOBHIX XMMHMYECKUX cOeUHeHuii. [IpuMepel Takoro B3amMo-

- DeficTBUA GBIJIM PACCMOTPEHBI BHILIE.
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[To Mepe yMeHbIICHHS pa3/IMYHil B XUMHUYECKOi NpHpOLe B3auMoJeicT-
BYIOIIKX COSAHHEHHA BO3MOXHOCTH 06pa3oBandsA KOMILICKCHBIX AHHOHOB
yMEHBINAIOTes!, I103TOMY BOBHHMKAKOT YXke K60 CAEULAHHBIE COCOUHEHUS,
meeposie pacmeopsl, WK IBMEXMUKY.

CMemanBEe cOSIMHEOHHs MOJIYdYaloTesi NPH B3aUMOJEHCTBHH COSAMHE-
HUil BJEGMEHTOB, B pABHOH Mepe CKIOHHBIX K KOMILIEKCO06Pa30BaHMUIO,

HAlpUMEp
CuS + FeS = CuFeS, (xanpxonupur)
MgO + Al,O; = MgALOy4 (wnuHess)
CMellIaHHOe
coeflMHeHUe
CMeImanHble COSNMHEHUA — 3TO IOJHMEphl, B KOTOPHIX aTOMbl OOOHX

3JIEKTPONOJIOKUTE I BHHX DJICMEHTOB HMIDalOT pOJb KOMILJIeKco06pas3oBaTe~
jlefi, T.¢. ¢ XUMUUYECKON TOUKH 3PEHMs DaBHOIEHHBI. Tak, €cJH KpucTas
KBF, MMeer OcTPOBHYIO CTPYKTYPY W B HEM MOMXHO BBIACIUTE MOHEL K* u
BF;, To cMemanHOe cOeflMHeHHE CuFeS, (zaavxonupum) — KOOpAUHA-

[(MOHHBIA MoJuMep. B ero KpHCTAINYECKOH pelnerke aToMbl Cu u Fe sa-
KJIIOUGHH B TETPAad/ipbl U3 aTOMOB Cepel — CTPYKTYPHbIE elHHUILbI CuS4 u
FeS, (puc. 135), T.e. XaJbKOIHUPUT CuFeS; — cMemanubit cyapduna Meau
(I1) u xenesa (II).

MgAl,04 (wnuneas) — cMemIaHHHIH OKCHI MarHu#A (1) u amomuuns
(1I1), TakXe KOODAWHALMOHHBIH IOJIHMED. Ero kpueraiiel 0b6pa3oBaHbl
terpasapudeckuMu MgO4 U OKTasApHYCCKUMHU AlOg cTpyKTYpHBIMH €lu-

+ 2 + 3 + 2
HEeHHS cOCTaBa ﬁ(ﬁOz)g, rne M—Mg, Mn.
+ 3
Fe, Co, Ni; M—Al, Cr.

KpoMe cTpykTypsl THIa XajlbKONMpPHTa U
MIMHEIM 1A CMellaHHBIX  COeAMHEeHUH
(cMemaHHBIX OKCHIIOB, cy/lbPUI OB, TATOreHu-
JIOB, HUTPHAOB 1 [P.) BeChbMa XAPaKTEpHEI
CTPYKTYpHEIE THIIB HJIBMEHUTA, MEPOBCKUTA 1
np. (eM. puc. 70).

Ecau 2/eKTpONONIOKHTEIbHbIE  3JIEMEHTDI
B3aUMOJLEACTBYIOMMX COSAUHEHHH CIOCOOHB!
06pa30BbIBaTE OJM3KHUE MO CTPOCHHUIO, pa3Me-
py ¥ YCTOMYHBOCTH CTPYKTYpHbIe C€LUHHILBL.
TO MOJY4YalOTesi TBepJble pacTBOPH 3aMe-
ISR A;

P u c. 135. Kpuerannu-
YyecKasl pemeTKa Xallb-
rxonuputa CuFeS,
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HUNAaMi. AHAJIOTMYHBI IO CTPYKTYpPe COemu-

KNOj3 + RbNO; =KNO; - RbNO;

TBeDIBI1 pacTBOD

MnCl; + FeCl, = MnCl, - FeCl,

TBeDIbI1 PACTBOD

CoenMHeHHsA 3/IEMEHTOB, GIM3KHX I10 XHUMHYECKHMM CBOMCTBAaM, HO pa3-
JNYAIOMMXCA CTPOSHHEM M pa3MepaMi aTOMOB (MOHOB), XHMHUYECKH He
B3aHMOMEHCTBYIOT, a Jal0T MEXaHHYECKYI0 CMECh KPHUCTAJJIOB — JBTEKTHKY.
HanpuMmep, 5BTEKTHYECKAS CMech 00pa3yeTcs [PH COBMECTHOH KpHCTaln-

sanuu KCl1 (r ., = 0,133 um) u LiCl (rLi" = 0,068 um):

LiCl + KCl = LiCl + KCl

OBTEKTUKa

Bausane npupons B3aHMOMEHCTBYIONIMX COONHHEHHN HA XapaKrep
06pa3ylomuxces MNPOAYKTOBR MOXHO [POHJIOCTPHUPOBATL JHNarpaMMmaMi
IVIABKOCTH COOTBeTCTRYIOmUX cucreM (puc. 136). Tak, B cucreme xumu-

_YeCKH OJH3KHX H ONHUHAKOBBIX MO CTPYKTYp®e COeIMHEHUN COCeIHUX 3JIe-

MeHTOB nepuoxudeckoit cucremsl MnCl,—FeCl, o6pasyerca teepabiii pact-
BOP, TOIJla KAK B CHCTEME COSIMHEHHMH, MOBOJBHO GJHZKHX 10 XHUMHYECKOIl
IIPMPOJie, HO CYIIIECTBeHHO pasauuHHX 10 crpykType FeCl,—CuCl, (FeCl, —
caoncras crpykrypa, CuCl, — pmenHas cTpykTypa), BOZHMKAET JBTEKTHKA.

w_I/I HAKOHEe[|, B CHCTEME pEe3KO pasjIMUHHX I[I0 XHMHUYECKOH [MpHUpoje
coenunenmnit KCl—FeCl, po3HUKaIOT HOBBIE XUMHYECKHE COSTHHEHUS.

t,°C t.°C L,
; 800y ' 600k
i 700 500
700 509y 0
W= 300
6200 1 15lo| [ Jﬂﬂ-Kle 113 e 2Fe :lq , . .
700 050 0 SR
FeCl, MCl,  FeCl, KCl  FeCl, Cg(ojl ’
Mon. domu MnCly , % Mon. donu KC1, % Mon. dony CuCly, %

a J §

P u ¢. 136, JluarpaMMbl NJIaBKOCTH CHCTEM:

a — TBepAblif pacTBOp; 6 — C XMMUYECKMM COeIUHEHUEM; 6 — C IBTEKTUKOM
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TJIABA G HECTEXUOMETPHYECKHE COEJIMHEHHA

§ 1. COEJMHEHUA NEPEMEHHOTO COCTABA

B nauane XIX B. IIpyct B crniope ¢ BepTosie BHICKa3all YTBEPKISHUE,
4YTO BEIIEecTBO, HE3aBUCUMO OT cnoco6oB ToNydeHusA, obiaafaer ONHMM M
reM JKe COCTABOM. DTO yTBepPHkJEHUE CTal0 OCHOBHBIM 3aKOHOM — 3@KONOA
nocmosncmaea cocmaea. Ha ocHOBaHUM JIaHHBIX O COCTaBE BeIeCcTBa CTPOM-
nach ero xuMuueckas ¢opmysa ¢ NOCTOAHHHM KOMMYECTBEHHBHIM COOTHOIIIE-
amem anementop (CO,, H:0, CH,). IostoMy coeluHeHNA [OCTOAHHOTO
cocTaBa ObUIM HA3BaHBl CMETUOMEMPUYECKUUY coedunenusauu . 3aKOH
NOCTOAHCTBA €OCTaBa M CTEXHOMETPHYHOCTDH coeMMHEHMIT [0Aroe BpeMs
cyuranueh HesmGaeMmpiMu. Opmako B Hadane XX B. H.C. Kypnakos Ha
OCHOBAHMM CBOMX MCCHIeIOBaHMil NWPHUIIENT K BBIBOAY O cyIIeCcTBOBaHUU
HECTEXHOMETPHUECKHUX COeJIMHEHU, T.. XapaKTePU3YOMHUXcs ePeMCHHBIM
cocrapom. OH oTMeuas, 4To 6bL10 6B OIIMGKOI CYMTaTh COEIMHEHHUA Mepe-
MEHHOTO COCTaBa... UEM-TO DOJIKUM U HCKJIIOUMTEABHEIM. Coennuenus
nocrosuaoro cocrasa H.C. KypHakop Ha3Baj dasvmonudaauu B UeCcThb
JlanbTOHA, IMPOKO TNPHMEHABINEro ATOMHO-MOJIEKYJAAPHYIO Teopuio K
suMrgecKuM spaeHnsM, HecTexuomeTpuyeckye cOeIMHeHHUA 6LIIM Ha3BAHBI
B yecTh BepTosie Gepmossndeny.

CoeMHEHAAMHU TIOCTOFHHOTO COCTaBa FABMAIOTCA BOMIECTBA MOJIEKYJIAP-
HOrO CTPOEeHMs, TOCKOIbKY COCTaB MOJEKYH OJHO3Ha1HO omnpeeseTes
cTpOeHHeM UX O6pasyrOIIUX aTOMOB. Ecau ke KPUCTaVIMYECKOE BEIIECTBO
JIMeeT aTOMHO® WM HOHHOe CTPOSHHe, TO OHO XapaKTepusyeTci 6oJiee MM
MeHee TEpEMeHHBIM cocTaBoM. IlpuumuO# 3TOTO SABAAIOTCA TOYEUHHE [e-
dexTs B KpucTaine. B peanpHOM KpHCTaJlle BO3MOMXHBI nedeKTH ABYX
rumgoB, PaccMOTpMM KpUCTaJUT  JIBYX3JIE€MEHTHOTrO coenuuenua AB. B
MIeaNbHOM c/lydae B KPHCTaJIe BaHATH Bce y3JIbl KpUCTAIHYECKON pe-
meTky aTomamu (uomamu) A u B (pue. 137, a). B pea/ibHOM Xe KpHCTaJLIe
MOTYT 6bITb He 3aHATHl Y3Jbl KPHCTA/LIMYECKON DeIIeTKH, OTBEHAlomHe
atoMy (MOHY) A MM aTOMY (wony) B (puc. 137, 6) MM TOrO MJIM JAPYroro.
KpoMe Toro, B MeXOY3AHAX DPEMETKN MOTYT pacrosiaraTbcs 136bITOIHBIE
atoms! (uoumt) A u (i) B (pue. 137, 6). )

PaccMOTpUM HEKOTOpBIE MPHMEpHL. OTueTuBO HecTeXMOMETpHUeCKIUMHU
cOeqMHEHUAMU SBAAIOTCS OKCMI U cynpdun xenesa (II). Oxcup, xeJeda
(I) uMeeT CTPYKTYpy THNa XJOPHAA HATpHUi U ero Haean3ypoBaHHadA
dopmyna FeQ. PeanpHoe e coefMHOHHMEe HMEST cocraB or Feg g0 20
Fe,9s0. BeimecTBo, TOYHO OTBEHAIOMIEE ¢dopmyine FeO, Boo6me HeycTOd4H-

*CrexyioMeTpis — OT rped. stoicheion — ocnoBanUe, ajeMeHT W metrea —
MepiIo.
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P u c. 137. JedexTsl Kpucrasindeckoil pelleTk! coenunHeHus1 AB:

a — uaeabHasA pelleTKa; 6 — peleTK
a C He[ocTra .
ATOMOB A HOCTATKOM aToMOB B; @ — pemieTka ¢ M3GBITKOM

BO K MOXe

o T GLITH MOJIYYEHO JIHIIL B OCO6BIX yenobuAx. Takue coenupenus
.C. KypHakoB HasBaJg mnuarsia.
Cyinbdu

- Zﬂe(p A xenesa (lI) FeS na camom nene umeer cocras Fe, .S, T.e
IHUHEHe UMEeeT HeNOCTATOK & aTOMOB Fe U ero coerar 6mmsox ’ ‘

ne FegSy. * opwy-
B upeper i

comn a};)n,n a;neﬂgn MOHHOH MOJe/H M3GBITOK OTPHULATENBHOTrO 3apsAfla B

ax Fe,-
I 1-20, Fel-fs (zr — nedunur KaTUOHOB) KOMIIGHCUDYeTcs
+
HeﬁTp &1;11; HieM uoHoB Fe®* B mombt Fe?*. Yrto6bl coxpanmiach aexTpo-
P&IHHOCTD, Ha KaXJAyK BakaHcHIO noHa Fe?* nomxuo npuxo
aBa uona Fe3* (puc. 138, a). PR

B kpuc
pUcTaljIax ¢ AedULHTOM aHMOHOB aHUOHHBIC BAKAHCHM MOTYT 3aHU-

i MaTb 2J1e
¢ KTPOHBl U TEM caMbIM KOMIIEHCHPOBATh H36GLITOK IOJOKHTEIBHOIO

sapAna. OGcyiuM crenyomuil SKcnepuMenTaabHbi dakrt. Ilpu marpesa-

i MOXHO OOGBACHHTL cJle
Nt AyromuM o6pasoM. llpu pacrBopesmn B Kpucranie
I?‘ aTOMBl HATPUA HOBUBUPYIOTCSA

Na — Na* + ¢

Fe'— O'—Fe"—0"  Cl=—Na— CI'— Na’

2 o1, T T

R
) + I |
— ' —Fé'— o* Cl'— Na'— ¢ — I\Ia*
| Y N e S N
—Fe'— O'—Fe Na— CI'— Na— CI’
a 6

P u c. 138. Karuonnent seexr s xpucramie FeO ( a)

N aHUOHHBIM I:[e(beKI p
B KpUcCTaATe
: ( NaCI, JIeI‘Y[poBa,H
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"Mon Na' 3aHHMAaeT KATHOHHBIN y3eJ, a DJIEKTPOH — aHHOHHBI y3es (puc.
138, 6). 3a cyer BO3GYXAeHUs JJNEKTPOHOB T2 CHCTEMA [OrJIOIAET CBET B
BHIMMOM 4ACTH CIEKTPa: KpUCTAJJl NPHOGpeTaerT OKpacKy.

Cocrasy okcuja tutaa (II) orBeuaer dopmyna Tig,g500,35. ITO O3HA-
yaer, YTO M3 KAKABIX CeMHM MECT OJ(HO, NpefHasHaueHHOe I aTOMOB
060MX BHIOB, Beerga mycryer. Ilockosbky BakaHCHH DPACHPeNSIEHEL B
' IpOM3BOJNIBHOM MOPAAKE, CTPYKTYpPa OCTaeTes ky6uueckoit (tuma NaCl) Bo
BCeM MHTEpBAJIe COCTABOB. '

Cocraphl, YKJIaJbBalolecs BHYTPH FPaHH1HBIX SHAUEHHIT HAPYILEHUs
CTEXHOMETPHYECKOIO COCTaBa, Ha3bIBAlOTCA ob6aacmuio 1omotennocmu. Ectb
COSMHEHHA ¢ MHPOKOi 06acThIO FOMOTEHHOCTH, HAlpUMep, COCTaB OKCH™
aa turana (II) TiO usmensiercs OT Tio ;O mo TiOy 3, a cocras cynbduIa
ceuuna (I1) PbS mmeer BecbMa y3KyHO 06s1acTh roMoresHocTi: 0T Pbg gge53
n0 PbSg aggs. Kpucranuieckas pemerka kap6uga murana (tuna NaCl)
cOXpaHsAeTcs, ecju B HEH HEJ0CTaeT Jake 40% artoMOB yIJIepojia; COCTAB
Kapbuia THUTAHA MOXKET H3MEHATHCSA OT TiCy,¢ mo TiC.

Cpeau HEOPraHHYECKHX BELISCTB MOYTH 95% Be UMEKT MOJIEKYJAPHOro
CTPOSHMA M, CJEOBATE/ILHO, ABJAIOTCS HECTEXHOMETPHYECKHMH coeiuHe-
ausamu. UacTO OTKJIOHEHHA OT CTEXHOMETPHYECKOIO cOCTaBa TaK HEBEJHMKH,
4TO MpH XMMHYECKOM aHA/M3€ WX YCTAHOBHUTL HE Y/(3€TCH. (OruM-TO0 06B-
SCHAETCS, YTO 3AKOH [OCTOSMHCTBA COCTABA CUHTANHM CIPaBE[JIMBLIM Ha
NPOTSAKEHHHM CTOJMb JLOJIIOrO BPEMEHH.) O#HAKO HCc/Ie[JOBAHHUE CBOHMCTB
BEIIIeCTB, HAIPUMED, JEKTPHYECKOH MPOBOAHMOCTH, OKPacKH, MACHUTHBIX
M [PYIMX CBOMCTB, BHIHYXAET MPU3HATh HAIMYHE [IEPEMEHHOr0 COCTaBa.

Hau6onee oT4eTIUBO NMEPEMEHHLI COCTAB NPOABIAAETCH y coeTUHEHIMN
d-3716MEHTOB' — OKCHIOB, CYJb(HIOB, HHUTPUAOB, KapbuUIOB, THADPHAOB
U Ip.

Coenunenns MOPEMEHHOrO cOcTaBa, Kak MpPaBHJIO, 06/1a/1al0T HHTEHCHB-
HOH OKpacKOH, M[pOABIAIOT MeTaJIMYecKrHe WIH MOJYIPOBOLHHKOBHIE
cpoitctBa. 110 CPaBHEHMIO C COGIMHEHHMAMH IOCTOAHHOIO COCTABA Y HHUX
66/1bI1a5 PEAKIMOEHAS CIIOCOGHOCTb U KATATUTHIECKAA aKTHBHOCTD.

Iponece 06pasoBanns AeHEKTOB KPHCTALIMYECKON PEILITKH, KOHEUHO,
SHIOTEpMHUECKHll, ¥ KaK BCAKOe Da3yNOps/IOUeHHe COMpOBOX/aeTcs BO3
pactasuem sutponuu (AS > 0). [ToaroMy B corjacuu c AG = AH — TAS
npu 1060l Temneparype, OTJAMYHOA OT aGCOJIIOTHOTO HyJIA (T>0K), B
peanbHOM KpHCTa/Ule JOJKHBI CYIIeCTBOBATH nedexTHbIe MOBUIUU WU
pakancuu. IlOJIHO® CTPYKTYpHOE YHOPALOYEHHE MOXET peain30BaThbCH
umb npu a6eosoraoM wyie (0 K).
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§ 2. COEAMHEHUWA BKJIIOYEHUA

CB0e06pa3HEIMU YNOPSALOYSHHEIME TBOPLIMU PACTBOPAMH BHEJ PEHHSA
THIIA CONb — JIe[ SIBJASIIOTCS] HEKOTOPHIE KPHCTAJUIOTHAPATH C OGOJbIIAM
4UCIOM Monekys Bogsl, wanpumep Na,SO,-10H,0, NayCO;-10H,0 (mex-
mowudpams). OHM HMEIOT CTPYKTYpY Jbja, KOTOpas cTabWM3upyercs
3a cYeT CTATHBAIOIIEr0 NefcTBHA 3JEKTPOCTATHYECKH B3aMMOEHCTBYIOMIMX
HOHOB NPOTHBOMOJIOKHOIO 3Haka. Benefcrsme 3TOro Temmepatypa mjaB-
JIEHUS TEKTOTHAPATOB HAMHOI'O NPEBHIIACT TeMIepaTypy IJIABICHUS JIbJA.

K TexrormaparaM npubammaroTcsa TAK Ha3bIBAGMbBIE CoeOUHEHUS BKAIOUE-
Huf, T.e. CHCTeMbl, 06Pa30BABILINECS B pe3yJabTaTe OOPATUMOrO BHEAPEHUA

~ MOJIeKYJl opHoro pemectsa ('rocra) B cpoGommble MOMOCTH KpHCTamlia
. ppyroro Bemectpa ("xossauna"). B coeqMHEHMAX BRIIOUCHHUS MEKMOJCKY-
JAPHOE B3aMMOJelicTBHE MONEKya 'rocTsa" ¢ COCTABHLIMH YACTSAMH KpHC-
TAJJla UTPAeT BTOPOCTENEHHYIO POJIb.
 Coenunenns

| TAKKe

BHRJIOUYEHUA Ha3bIBaIOT

KAGMPAMHBLAY  WIA  NPOCTO
f,;‘_‘mampamamu. K xknarparaM, nanpumep,
4 OTHOCATCA Tak Ha3blBaeMele wudpamat
' 18306, KOTOpbIe o0O0Opa3ylTes 3a cUer

o,

I BKJIOYeHNA B MeXN0y3€e/lbHbIE IMPOCT-

,7, paHcTBa KpHcTaina Jbga monexya Cl,,
L CH,, H,S, Ar, Xe, 5O, wim np. B og-
H;\ HOIl M3 Moauduxaumit 1saa Ha 46 Mone-
;A Kysa Bonel npuxopurcesi 8 cBOGORHBIX

oTcona  cpeaHuil

cocTaB

@X oH,0

T .

una  X-575H,0 mam  oxpyrnenuo P u c. 139, Crpoenne KiaTpata coc-
i X:6H,O (X — wmomexysna "rocra"). taBa X-575H;0

‘ (B}rpoeﬂue rasoBoro ryjpara 95TOr0 cocTaBa I[IOKa3aHo Ha puc. 139,
~| i CTFG‘I&IOTCH TAK¥Ke rUApaTH rasos cocrasa X-7,75H,0 (X-8H,0)

h a30BLIe — -

':ﬂ\%“! ! TAAPATEl — TBEPIble KPUCTAIINIECKUE BEIEcTBA, HAOMMHEAK—
{y'{Me 1o BHeNIHeMY BWUJY CHer WM poIxJblil jen. [lepeuiM 6bin nonyqéﬂ

Tt
mj‘ﬁ
W 'Taapar xmopa Cly-6H,0 (Jloeu, 1811) npu oxnaxmeHuM HACHIEHHONO

‘[l."ﬂ:‘fXJIopOM BOAHOrO pacrsopa mo 9°C.

\K'

3 o Bofbmoir Teopermyeckuii ¥ NpakTUYecKMit MHTEpPeC NpPEACTABJISIOT TAJ0BBIE
a .
Tpathl. Psig mpoueccos Hedregobblsatoleit, rasoBoit 1 HedTeXuMMecKoi Mpo-

MBI
HIJICHHOCTU COTMpoOBOM AAET ¢S obpasoeanmnem YTJI€BOJO0PO AHbIX ruapaToB
1

3ab6ur
BaOINX TpyOONpPoBoabl U annaparypy. Ins npegoTBpalleHUs 9TOro HeoGXo u-
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MO 3BHATH YUIOBMA 00pas’oBaHUs C[HOPATOB (remmepatypy, Z~aBleHue U Apyrue
napaMeTpel) Mpy PasiMuHbIX cOCTaBaX rasoBoif daset.

O6pasoBanie 11 3aTeM paspylleHue FasoBHIX KJATPAToB HCMONB3YIOTCs, HATpU-
Mep, 4nA pa3feJieHusl TasoB (YI7/IeBOIOPOTIOB, GNATOPOIHBIX T230B), COSTMHEHMH-
MBOMEPOB, VIS ONMPEcHeH!sI MOPCKOH BOJBL. KnarpaThi UCTONMB3YIOTCA Kak yA0OHAs
¢opMa XpaHeHusi rasos — 1 ofbeM KIaTpaTa MOXeET copepxath o 200 obbemos
rasa. _ '

OnpecteHye MOPCKON BOAbI OCHOBAHO Ha BBICOKOH CTabBUJIBHOCTH YIJIEBOAODOI-
HBIX Tas0BEIX KJarparos. HarHeranuem rasa B COTEHyle BOAY (npu TemmepaType
1,1 — 24 °C n pasnewvu 0,4 — 7 MIla) nomydalor TBepAbie YI/IEBOAOPOAHLIE
KnarpaThl. Hanpumep, KpucTa/IOTMAPAaTHL MpolaHa o6pasyorcsi npu 1,7 ‘Cu
0,4 MITa. 3aTeM KpMCTA//IBl KTaTpaToB BBLIEISIOT, MPOMBIBAIOT i pasjaralorT Tpu
remneparype 7,2 °C u pmapnenuu 0,5 MMa. Tpu oToM nonmyyaercsi ONMpecHEHHAH
Boda; BHICBOGOAMBLIMIACS MPOMAH CHOBA UCIONB3yeTcs A 06pasoBaHUA KIIaTpara.
TIpouecc OMPEecHeHNs] MOPCKOH BOABL STHM METOI0M BBICOKO OKOHOMMHEH.

KnartpaTs! B NPUPOJE 4YacTO BHIMOJHAOT POJIb €CTeCcTBEHHOTO XPaHUIM-
ma razop. Tak, B palloHaX BEUHON Mep3JIOThHI o6HapyKeHbl Ha 3HAYUTE]b-
HOM [Jy6MHe B HO/PAaX 3eM/IM TBepAble Ta3oBble I'MIpaTbl METaHa — BaJK-
HEI MCTOUHHK LHEHHOTO ChIpbi.

Pasnpnenll
XumMua s- U p-a1eMeHTOB

S 1 p-JneMeHTBl — HTO H7EMEHTHl I'NABHBIX NOALPYII NEepUOAUUECKON
cucrembl JI.M. Meumeneera, Kaxarpii nepuof cucteMbl HAYMHACTCA JBYMA
$-3JIEMEHTAMH, a IIecTh ero MOCHeLHUX JIeMeHToB (KpoMe 1-ro nepuoga) —
3TG P-ITEMEHTHI.

I'J1TABA 1. OBIIUE 3AKOHOMEPHOCTH

§ 1. BHYTPEHHSASA U BTOPUYHAA OEPUOJAUIHOCTD

V s W p-DI1EMEHTOB BAJCHTHBIMM SIBJISIIOTCA DJIEKTPOHBI U OpOMTAlIH
BHEIIHEOrG cA0s aroMa. Yuciio BHEIHUX JEKTPOHOB PDABHO HOMEpy rpyi-
Ibl, B KOTOpO# Haxoputea aieMenT (kpome H n He):

Cpynma ...oocooooeioeiiriiiein, 111 1 |AY \Y VI Vi VHI
DJeKTPOHHASA KOHQUIYpalus
BaJIGHTHOPO (JIOS ATOMA. ....... s 2 @2pt e s2p $2pt sfp s2pS

B nmepuoge m rpynnax XapakTep WU3MeHeHUs aTOMHBIX
PajvycoB, OHEpruM MOHM3ALUM M CPOJACTBA K DIJIEKTPOHY aTOMOB 6bL1
nokazaH Ha puc. 16, 12 u 13. Kak BuaHO M3 3TUX PUCYHKOB, OpOuUTalbHBIC
PagmMycel aTOMOB C yBeIMYeHMEeM ATOMHOIO HOMepa JJIeMeHTa B Iepuone
YMEHBITAIOTCS, a4 IHEPrMsi MOHU3AIUM B 06lIleM BO3PACTAET.

B moarpymnnax 3/M6MeHTOB ¢ BO3pacTaHMEM ATOMHOTO HOMepa
a7leMeHTa (yBeIMYEHME UMC/IA DIEKTPOHHBIX CJI0EB) pPasMepbl aTOMOB B
o6lIeM yBEeNUMUMBAIOTCHA, a SHEpPrMsA MOHM3ALMM yMeHbllaeTcA. Xapaktep
M3MEHEeHUA CPOACTBA K HMEKTpOHy (¢M. puc. 13) B mepuomax U NOATpynmnax
S~ ¥ p-3JIeMEeHTOB HpoTuBomosnoxed. M3 puc. 13 caemyer, 4TO 3A€KTpOOTPHU-
HaTeLHOCTH BeMeHToB npy nepexone B nepuoge ot I x VII rpynne ysesnn-
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yuMpaeTcsi, 4 B [OACPYNNaX cBepXy BHU3 YMEHbIIAeTCA. Takopsl o6LHE
TEHIEHIINH M3MEHCHHA paccMaTpUBAeMbIX KOHCTAHT. .
B xapakrepe M3MeHEHHA CBOHCTB 57IGMEHTOB 110 {IepHOAY MpOABJIAETCA
IHE eHymMpeNHLL TIepHOAHYHOCTE, a MO
NOArpylne — emopuxnas NEpHOIHYI~-
HOCTB.
Tak, npu nepexofe OF s-dJeMenTa |

E,

Ha KpHBOM DJHeprHd  HOHHM3aHUH
aroMoB (puc. 140) u KpuBOil M3MEHE-
ups ux paguycos (cM. puc. 15, 16)
HMMEIOTCS BHYTpPEHHHE MaKCUMYMBbI #
MHHUMYMbI. OJTO CBHIETEJILCTBYET O
BHYTPEHHEI6PHOAMYECKOM XapaKTepe
H3MEHEHHUA HTHX CBOHMCTB IO IlepHO-
ny. O6bsicHeHHEe OTMEUEHHEBIX 3aKO-
HOMEpHOCTE MOMXKHO JaTb € IOMO-
[BIO TPEACTABACHUA 00 IKDANUPOBI-
Huu f0pa.
Z DddeKr sKpaHHpOBaHUA ANpa
Puc. 140, Xapakrep uaMeHerus 06yc/I0BACH 3ICKTpOHaMH BHYTpeH-
NepBoNl HHePruM UOHMIALUM ATOMOB
B IOACPYIITAX s~ U P-OIEMeHTOB HHX CJI0EB, KOTOpbIE, 3aCTOHsAA ALPO,
ocNabJAT [pUTSLKeHHe K HEeMy
pHemHero anexTpona. Tak, npu nepexone oT Gepuianusi 4Be k 6opy 5B,
HECMOTpA Ha YBeJHYeHMEe 3apAla sAApa, DHEprus HMOHU3AHUH  aTOMOB
yMeHblIaercs:

uBe(9,32 3B) SB (8,29 3B)
E — s — E — —
2
H H ’
2s 2s

D10 06bACHAETCA TEM, YTO NpPHUTSKeHHe K AAPY 2p-3JleKTpoHa arToMa
60pa 0cAa6IeHO 32 CUeT JKpaHHMPYIOLero NefdcTBUA 2s-3/1E€KTPOHOB.

MousTHO, YTO PKpaHNpOBaHUE AJPa BO3PAcTaeT ¢ yBEIMYCHHEM tHCIIA
BHYTPEHHHUX 3/16KTPOHHEIX cj10eB. [lo3TOMY B NOArpyNNax s- U P-3JIeMEHTOB
HabNIOmaeTcA TEHACHNHA K yMeHbIIEHUIO PHEPIHH HOHH3Al[MH aTOMOB (em.
puc. 15, 140).

YMenblleHHe SHEprHH HOHW3ALMH OT a30Ta yN Kk kHcaopomy sO (M.
puc. 140) o6bsAcHAETCA B3aMMHLIM OTTAIKHBAHHEM JBYX 3/1€KTPOHOB O IHOM
M TOHN e OpOHUTAIH:
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rpynnsl K p-anementy VIII rpynmbr

N (14,532B) O (13,623B)

IS R
'H' 2p -H- 2p
2s 2s

Db dpeKToM DPKPAHUPOBAHUA K B3AUMHOLO OTTAIKHBAHHA 3JIEKTPOHOB
O HON Op6HUTaNN OGBACHAETCH TaKkKe BHYTpeHHelNepHOMUUECKHH XapaKTep
M3MEHEHHs [0 [epHOLY ATOMHBIX pamdycoB (cM. puc. 15) H TeHAeHUHA K
YBEJIMYEHHUIO B NOZPYIIE paliycOB aTOMOB.

B xapakrepe u3MeHeHHs CBOHCTB S- M p-3JEMEHTOB B MOArpPYINax OT-
YeTIMBO HabMIONACTCA BTOpHYHasd nepuoamutocts (cM. puc. 16, 132). Jlan
ee OGBACHOHHA TpPHBICKAETCA IpEACTABICHHE O RPONUKHOGENUN IAEKMPO-
nos & 20py. Kak Gbljo mokasamo Ha pHc. 9, 3eKTPOH 060 OpbHTan
ONpeJleJIeHHOe BpEMsl HaXOJUTcsi B O6JIAcTH, 6nHU3Koi K Anpy. MubiMH
¢/I0BaMH, BHEUIHHME 3/eKTPOHBI IPOHUKAIOT K ANpPY Yepe3 CJ0H BHYTPCHHUX
anexTpoHoB (puc. 141). Tak, BHemHu# 35-2JEKTPOH aTOMa HaTPHs obana-
er BechMa 3HAYMTENBHON BEpOATHOCTBIO HAXOAMTBCHA BOIn3u sazapa. Kow-
HEHTpAMs SAeKTPOHHOM IIOTHOCTH (CTENeHb HPOHMKHOBEHHS OJIEKTPO-

: HOB) IpH OOHOM M TOM JKe J1aBHOM KBaHTOBOM 4YHMCJIe HaumboapnOias A s

3IGKTpOHA, MEHBIIE — [JA P-37eKTpOHa, ellle MeHbllle A d-3JICKTpOHa ¢
1.1. Hanpumep, npu n = 3 creneHs NpOHUKHOBEHHs YObIBaeT B 10CJIe[0Ba-
TesmbHOCTH 35 > 3p > 3d.

MoustHO, uT0 3(PPEKT NPOHUKHOBEHUs! YBEJHUYUBaeT [POYHOLTE CBA3M
BHEIIHHMX 3JIGKTPOHOB C ANPOM. JTHM, B YaCTHOCTH, ONpefensercs Iopsi-

Tps HM

0I5

0,10

0,05

i s

0 10 20 30 40 50 80 100 l§0 z

‘P # ¢. 141. PanuaneHoe pacnpefesie- P u c. 142. Bropuutonepuognteckasi 3aBy-
HUE 5J1eKTpoHHOM MJIOTHOCTU B aToMe CHUMOCThE paJUyCOB BHEOIHUX p—op6y['ra_nex7[
HaTpuA OT ATOMHOPO HOMEpa p-oJIeMeHTa
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JIOK 3alOJHEHHA B MHOTOJIGKTPOHHBIX aToMax s, p-, d- fop6urtaneii npu
nandom n. Besemcersue 6osiee ray6oKOTO NMPOHUKHOBEHHUA S-3JEKTPOHHI B
6onblIel CTENeHH JKPAHUPYIOT AAPO, YeM P-BJIEKTPOHH, a MOcJeJHHEe —
CH/IbHEE, YeM d-3JIeKTPOHEBI, H T.],.

Ilonb3ysice NpENCTABIGHHEM O HPOHUKHOBCHHH 3JIEKTPOHOB K AAPY,
paccMOTPUM XapaKTep W3MEHEHHMs pajiyca aTOMOB 3JIEMEHTOB B NOATpyIlIe
yraepoga. B psagy C—Si—Ge—Sn—Pb mnposBasierca obmas TeHpeHnus
yBenuuenus pagmyca aroMa (pue. 142). OnHako »TO yBeIMUeHHE HMeeT
HEMOHOTOHHBINA XapakTep. Ilpu nepexome ot Si k Ge BHemHHe p-3IeKTPO-
Hbl MPOHMKAKT 4epPe3 JKpaH U3 JecATh Jd-3JIeKTPOHOB K TeM CAaMBIM YII-
POUHAIOT CBsi3b C AIPOM M CHUMAKT 3JIEKTPOHHYIO O0DONOUKY aroMa.
VYMenbinenue pasmepa Gp-opburanu Pb no cpassenuio ¢ Sp-opburansio Sn
00yCcNOBIEHO NPOHMKHOBEHUEM 6 p-5NEeKTPOHOB MO, ABOWHON BKPaH NecATH
5d-3/IeKTPOHOB M YeTHIPHAAUATH 4 f-27IeKTPOHOB.

OTHM Ke O6BsICHAETCs HEMOHOTOHHOCTh B M3MEHEHHH DHEPrUuu MOHU3a-
nuu atoMoB B paay C—Pb u Gonsiiee 3HaueHne ee 1 Pb mo cpasHenurio
¢ aToMoM Sn (cM. puc. 140).

§ 2. CTEIIEHW OKMCJIEHUA s- W1 p-3JIEMEHTOB

O HEMOHOTOHHOM XapaKTepe W3MEHEHHs CBONCTB B TJAaBHEIX MOATPYN-
NaxX CcBUIETENIbCTBYET, HAIPUMEp, XapaKTep HM3MEHEHHS JHepTeTHYecKOTO
PasinyuA BHEIIHUX s- U p-opburasell (Taba. 29), creleHeil OKHcleHHA
(ra6a. 30) m woopAMHARMOHHBIX uMcen (tabn. 31j s u p-97eMeHTOB B
3aBUCHMOCTH OT MX aTOMHOTO HOMeEpa.

Y aroMoB $ W p-3/EMEHTOB BAJIGHTHHIMH SBJSIOTCS 3JEKTPOHBI
BHewmHero cnos. [lpu ydactum B o6pa3oBaHHMU cBsi3ell BceX BAJIGHTHBIX
BJIGKTPOHOB 3JIEMEHT IPOABJIAET BHICHIYIO CTENEHL OKHUCJIEHMA, KoTopas
YHCJEHHO paBHA HOMepYy ero TpyHOHon B HepUOAHYEcKOl cucTeMe.
OHepreTUyecKr OTHOCHUTENIBHO 6oJiee CTaGU/IbHBEl COeJHMHEHHA, B KOTOPHIX
J71eMeHTH HEYeTHBIX Tpymil [pOSBAAIOT HEUETHbIC CTeNEeHHM OKHCJICHHA, a
3JIEMEHTH YETHHIX TPYII — YeTHble cTeleny oKucilenus (Taba. 31):

T o S B e
B !

- +1-1 -— +2,2
+3 +4
+5 +6
+7
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T~ Tabawuiua 2). JHeprerHyeckoe paimiue (5B) BHelmmx s- u p-opouranen|

aTOMOB QJIEMEHTOB 1'MABHBIX NOATDYHIl

Tepuona ['pynna
[ I 111 v V Vi VIL Vil
2 Li Be B C N O F Ne
1.9 2,8 4,6 5,3 6,0 14,9 20,4 26,8
3 Na Mg Al Si P IS Cl Ar
2,1 2,7 45 5,2 56 19,8 11,6 13,5
4 K Ca Ga Ge As | Se Br Kr
- - 59 6,7 6,8 {10,4 12,0 13,2
5 In Sn Sb | Te I Xe
' 5,2 5,8 6,6 |88 10,1 -
6 TI Ph Bi | Po At Rn
m o | aolan  |as | -

Tadéauua 30, Creneun OKUCACHUS $ N P-IEMEHTOB

XapakTepucTuKa I'pynna
oIeMeHTa
| 1l I 3% AY A% Vil VI
Banenrtsle onext-| s 2 | 2pt || s2pt | #pt | sPpP s2p8
pOHE _
Dnement Li Be B C N O F Ne
Crenenu okucie- | 1 2 3 4 2 15,3 2 - ~
rma -4 -3 | -2 -1 ~
OneMeHT Na Mg Al {.Si P S Cl Ar
Creneun oxucne- | 1 2 3 4215 36,4 [1,3,57 ~
fist — -3 | -2 -1 -
Onemenr K Ca| Ga | Ge As Se Br Kr
Crenexu oxucie- | 1 2 3 42153164 |1,357 2,4
p11 -4 -3 1 =2 ~1 -
OneMeHT Rb Sr In Sn Sb Te 1 Xe
Creneny oxncie- | 1 2 3 4,2 153]6,4 |1,3,57 B, 46,8
H 51 -4 -3 | -2 ~1 -
DaemeHr Cs Ba | TI | Pb Bi Po At Rn
Crenenu oxncne- | 1 2 1,3 (2,413,546 [57 (2,4, 6, 8)
A -4 =3 1 -2 ~1 l - -




Ta6'nmiua 31. Oropo- i OKCOKOMIUIEKCHI HEKOTOPBIX DJIEMEHTOB

Ipymma I§ % g

SHQ

\ 5.8

o 52

= RS

&1 1 2F &

é; I IV V VI VII VIII o ¢ B

9 o 5

® T QA
2 | BeF2- | BF; | CF? NF? 4
3 AIFy | SiFX | PF; SFe | CIFg 6
4 GaFg' GeF%‘ AsFé‘ Sng 6
2 BO3" Co¥ | NOj 3
3 Sio4- PO?}- 502 . | ClO; 4
4 GeOY | AsOY | Se0Z-| BrO; 4
5 SnO¥- SbO7 TeO§™ | 103" XeOd1 6

IIpu nepexome ot I k VIII rpynme Bbicas creneHd OKHCIEGHUsT DIIEMEOH-
TOB TIVIABHBIX IOJTDYII CTAHOBHTCH BCE MEHEE YCTOHYHBON. JTO MOMKHO
O6BACHHTE yBenuuenueM npH nepexoge ot [ k VIII rpyune sseprerutecko-
ro pasyIiudsi MEKAY s~ U P-OpOUTAIISIMA BHOIIHETO CJI0sI ATOMA, a CJeI0Ba-
TEJIBHO, YMEHbIIEHHEM BO3MOXHOCTH Y4YacTHsi B O6Pa30BaHMHM XHMHYECKON
cBA3H ns2-27ekTponoB. Tak, peskoe yBenHyeHHe IHEPrETHYECKOIO pa3iv-
yus Mexay 3s- U Jp-opburtansmu B pany Si (5,2 3B) — P (5,6 2B) — S
(9,8 3B) — Cl (11,6 5B) upHpogUT K PE3KOMY YMEHBIICHHIO yCTOHUYHUBOCTH
06pa3yeMBEIX HMHA OKCOHOHOB:

Si0f” PO3

S0z Clo;

B xapakTepe uaMeHenMs] OHePreTUHECKOro pasiu¥usi ns- U Rp-opbuTajeil B

MOATpyNIle NPOARISAETcs SIBHO BhIpaKeHHasl BTOPUUHAS IIEPUOJUMYHOCTL. Kak BujgHO
13 Tabm. 29, oHepreTMYecKasi PASHOCTb MEXAY WS- U Jp-yPOBHSIMU AJISI OIIEMEHTOB
4-ro Teprioga BbIllE, HYeM [JIsI OJEMEHTOB 3-To u 5-ro nepuopoB. ClenoBaTelbHO,
COeUHEHNS, OTBEHalOUIMe BHICIIEH CTelleHH OKUCIEHUA y 3p- W HP-DIeMeHTOB,
JO/UKHBEI ©BITH YCTOMYMBEE, 4YeM y 4p-onemerToB. CKasaHHOE OGBSICHSET BKCIEPU—
MEHTAJIBHO yCTAHOBJIEHHBIE PSIABl YCTONYMBOCTU TUIIA

PCls > AsCl; < SbCl; SFg > SeFg < TeFg; ClO; > BrOj < I0;
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OcobeHHO BEJIMKO pasnmudue
sHeprusiMn 6s- 1 6p-opburaseit (puc. 143).

MEKAY

Enybng 98 ftdvsﬂ druMm obbsicHSeTcA TOT (haKT, UT0 A4S P-
TeF,

£ SF, 6 5 afeMeHToB 6-r0 MEepMoAa BhICIIAs CTENeHb

Sefg oKMCTeHUs HeycroitumBa. [ockoisky 65—

OIIEKTPOHBl  p-onleMeHToB 6-ro  Tepuona
TIPUHUMAIOT y4YacTHE B XUMUYECKON CBA3U
¢ GONBIIMM TPYAOM, OTOT S(PdERT IOIyuuI
Haspanve "oddeKT MHepTHOH! 6s-mapb!'.
Kax BrgHo M3 puc. 143, cpeansis sHep-
rUsl cBSIzeil B rexkcadropugax p-oJeMeHTOR

VI rpynnet ¢ yBelMueHueM aTOMHOTO HOME-

P u ¢. 143. Oneprerudeckoe padin-
yHe $ ¥ p-yPOBHEr aTOMOB P-oile-
meHToB VI rpynmbi U CpefHsis oHep-
sl CBSI3M B MoJIeKyJax MX TreKca-

¢TOpUAOB

pa areMmeHTa naMeHsIETCs B 0OpaTHOW moc-
JIEJOBATEIBHOCTU K MBMEHEHUIO OHeprern-
yecKoTO pPAIMHMSL ns- W np-opGuTaliei

(e. TabaL 29).
§ 3. KOOPJJUHALIMOHHBIE YHCTIA s-

U p-3JIEMEHTOB

BajleHTHBIMY y S- B P-3/IEMEHTOB SBJAIOTCS OPOUTAIM BHEIIHEro SHep—
TEeTMYECKOro ypOBH:A, T.€. OJHA N5 H TpH np-op6utanu. Y 31eMEHTOB 3-T0

‘M OOCJAeAYIOMEro [epHOAOB, MpaBa, MMEIOTCS BaKaHTHLIC nd-opOUTATIH.

OnHAKO, KAK NOKA3HIBAIOT PACUeThl, 3TH OPOMUTAIH IHEPTeTHUCCKH JIeKAT
CTO/b BBICOKO, UTO BO3MOXKHOCTH MX Y4YacTHsi B OGpa30BaHMM CBA3U BEChMa
HE3HAUHNTENbHA.

PaceMOTpHUM 3HepreTHyecKyl auarpaMMy OKTa3[pHYECKON MOJIEKYJIbI
rexcapropuga cepht SFg (puc. 144). Oma mokasplBaer, 4TO cBA3M B 3TO#
MoJlekyJle 06pasyloTcs 3a CYeT OLHOMU 35 u Tpex Jp-opburaneir aToMa cepel
M IeCTH 2p-Op6UTaJIeil IIecTH aTOMOB ¢propa. Tlo sHepreTHUECKHUM YCJIOBU-
AM 3d-op6uTtanu artoMa cephl B 0O6pasOBaHHH MOJIEKYJAPHBIX opb6uTanen
Y4acTHsi IPaKTHUECKH He NPHHAMAIOT. JIpeHa/aTh BAJICHTHBIX 3JICKTPOHOB
Mostekyipl SFg pactiosiaraiorcsi Ha YeTHpeX CBA3BIBAOLIMX M JIBYX HOCBA-
SEIBaIOIMX OpOUTAIAX:

Ugagaﬂ.
. Jlns o6bACHeHHs CTPOCHHA ¥ CBOWCTB p-3/IEMEHTOB B HACTOAINCE BpeM
UIMPOKO MPHUMEHAIOTCA MPECTABICHHs O JBYX- U TPEXLEHTPOBBIX op6HTa-
Asx. J[ByXUEHTPOBas [IBYXDJOKTpOHHAs CBAsb 06pas3yercs 3a cHeT Helap-
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Puc. 145, Ouepreruueckass pua-
rpaMMa opburasneil s ABYXLEHTPO-
BOTO JIByXOqleKTpoHHoro (@) u Tpex-
LeHTPOBOLO  HeTHIPEXAIEKTPOHHOTO
B3auMoeicTsus { 6) ‘

P u c. 144, DOnepreruyeckast jJu-
arpaMMa opOunTajlell OKTAadApPH-
yeckoit Moteryabl SFg

HBIX 37IEKTPOHOB IekTpanbHoro aroMa (A) u nuranma (L}. HanmoMuuMm, uto
9TO OTBEYaeT O6pa30BaHUIO IBYXHEHTPOBLIX CBABBIBAIOIEH

v, &
v, Y
U paspbiXNAOIeil
y_ v —
- 1Z)A 1Z)L

MoJlekyJIApHHIX opOutaneii. [Ipy 3ToM mapa 3/1eKTPOHOB 3aHUMaer cBA3bI-
BaIOIYI0O OpOUTANb, a DPA3PBIX/sIONAsT Op6uTans BakautTHa (puc. 145, a).
Tak o6bacHsAercs, HanpuMmep, 06pazoBaHme cBA3eH B MOJEKy/JIax

CIF SF, PFg4
CI—F  S—F P
| 71N
F F F F

3a CYeT y4acTHs OOHOrO BJIEKTPOHA X/10pa, [BYX WIEKTPOHOB CEPHl M TPeX
3/IeKTPOHOBR docdopa:
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TpexiueHTpOBas YeTHIPEX3/IEKTPOHHAA CBA3b BO3HUKAET 3a CYeT JJIeKT-
POHHOM NapH HEHTPAJbHOIO aTOMa ¥ JBYX HENapHHIX JJIEKTPOHOB JBYX
JIraH/0B, pacnojiokedHbx 1no oasoi auuun. Cornacno reopuud MO st0
OTBeYaeT O6pa3OBaHUIO TPEX MOJEKy/IApHbix opéuraneit. Omsa us sTHX
op6UTalIell TPEXUEHTPOBAA cBA3BIBAIOIAA:

v, & d’u.a + d)r'p;

Opyrag — IBYXHEHTpPOBas HECBA3LIBAIOMIAA!

‘pg'ﬂbrp

H TpeTbA — TpeXHEeHTPOBaA pa3pbIXJAloulas:

vz wu.a - 1pl‘p .

Yervipe 3MEKTPOHa TaKON CBA3H pacHpefe/alTed Ha CBA3BIBalOHIel W
HecBA3HIBaKOIEN Op6HTalax (puc. 145, 6). DTuUM obecrneynBaeTes yCTOWYN-
BOCTB TPEXHEHTPOBOH 4ETHIPEX3MEKTPOHHON CBAZM. |

TpexnenTpoBas YeTHIPEXdNeKTPOHHAs CBA3L MOJYYHIa HA3BAHUE junep-
saaenmuot. Ilpejcrabiienne O TIUNEPBAJIGHTHON CBA3W KCIOIBIYIOT IS
O6BACHEHHUA CTPOCHUA U 06pa30BAHUA COSIAUHEeHMH, B KOTOPHIX KOOp/jiUHa-
guoHHoe uncyo p-daeMerra (V—VIII rpynmst) Goablie ykcsaa ero penap-
HBIX 37IGKTPOHOB, HAMpUMep, Y XJ0pa M KceHoHa ecTb coegunenusa ClF; u
CIFs; XeF,, XeF,, n XeF;, torma Kak y X/i0pa Bcero JAulib OOUH Herap-
HBIIl 9JIeKTPOH, & Y KCEHOHA HeMapHBIX HTOKTPOHOB BOOGIIE HOT:

I
# m

3s 3s

4 4 H

PaccMmorpuM Mosekyny tpudropupa xiaopa. CorjlacHo U3IOKEHHBIM
BHIIIe TIPENCTABACHUAM OfHa W3 CBA3CH B MOJIEKyJIe JBYXHUEHTpOBad
AByxaonextponuas (kak u B CIF), a apyras TpexueHTpoBas 4eTrbipex-
snexkTponHas. JjIs o6pa3oBaius TOCAEAHE aTOM XJOpa IIPELOCTaB/seT
onuy u3 Jp-snexktpoHHuX map. [lockonbky p-opburany pacnosioXensl B
aTOMe B3aNMMHO NepreHauKyIapHo, Modexyida CIF; wumeer T-o6pasmyio
¢$opmMy (puc. 146).
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0,17 H¥

&ci OF P u c¢. 147. BausiHue MexbsAnep-
Puc 146. CrpoeHne MoseKybl HOTO PAaccTOsIHUSA Ha CTeleHb Te-
ClFg pPeKpBIBAHUA PH—PA-CBA3EN

B pesynbTaTe B3aMMHOrO OTTATKMUBAHUSA ONEKTPOHOB BAJIEHTHBIA Yrodt FCIF
Heckosibko MeHbile 90°. Paccrosmne ClIF mpu ABYXIeHTPOBoM B3AUMOeHCTBUYN
Kxopoe (0,16 HM), uem npu TpexuenrposoM (0,17 um). MNousrtio, uro cessn CIF
NpY ABYXUEHTPOBOM B3aMMojeiicTBum mpounee (251 wkJlk/Moib), eM mpu Tpex-
ueHTpoBoM (174 k]Jlx/Momns).

[pocrpatcrBenHas koHburypauus mosexyibi ClFg Haxogutes B MOJAHOM COrVia—
CUM € MOJEbI0 JIOKATTM30BAHHBIX SMEKTPOHHBIX Nap (cM. Tabn. 9). B momeryne
CIF3 Tpu oJleKTpoHHBIE Taphl y4acTByioT B CBSSU (ogHa Mapa 3a cHeT [ABYXeHTpo-
BOrO B3AUMOMEHCTBUSA, [Be MApbl — 34 CUeT TPeXIEeHTPOoBOIe B3aUMONENCTBUS) U
[IBe Mapbl OCTAIOTCA HelojesleHHbIMU TpU aToMe XJopa. BzanmMHoe oTTajlkMBanue
IATU DJEeKTPOHHBIX [AP OTBevaeT PACIONIOKEHMI0 MX B BepLIMHAX TPUTOHAJILHOU

GuitupaMubl (cM. puc. H1).

Paceyiknas aHaJOrM4YHO, MOKHO MOKa3aTh, 4T0 Modekyaa ClFs o6paso-
BaHa 3a CYET KOBAJCHTHOM W [BYX T'MIEPBAaJCHTHLIX cBszelt. (Popma Mone-
KyJlbl — KBaJipaTHasi IUpaMi/ia (eM. puc. 51).

YeTupexsneKTpoHHEE TPEXHEHTPOBEIE CBSI3M MeHEe NPOYHbI, YeM IBYX-
SJICKTPOHHBIC [IBYXHEHTPOBBIE, — CKa3blBAe€TCsI B3aMMHOe OTTalKUBaHHE
BHGKTPOHHBIX nap.

O6pasoBanne rUNEPBAJEHTHON CBA3M OTBEYaeT NepeTeKaHUK JICKTPOH-
HOW [JIOTHOCTH OT LEHTPaJbHOro aTomMa (ZOHOp) Ha JAUTaHAsl (aKIEHTOR)
(cM. pue. 145, 6). Ilosromy B posm aurainos ddbderTrBHee Bcero BhHCTyIa-
10T Hauboee HIEKTPOOTPUIATENLHBIE aTOMBl (PTOp, KHCI0pon). DTUM Ke
06BACHACTCA cTaOWINBAINA BLICIIUX CTENeHel OKHCJIEeHWs EMEHTOB B UX
GTOpPO- U OKCOCOENNHEHUAX.

OueBnaHo, 4TO B ONHOTHIHBIX MOJIEKYJIaxX FHNEpBATCHTHAs cBA3L Oyler
NpodYHEe, €cJaU LHEHTPAIbHBIA aToM (KOHOp) MMEeT MEHbIINH [OTeHIuAl
uonnsanun. OTcrona sACHO, NOYeMy, HANPUMED, JJIA cepbl UBBECTEH TETpa-
dropun SF4 n paxe rekcadropun SFg, Torna Kak Nojo6HEIE COSAUHOHNA
298

I751 KACJAOpOAa HEN3BECTHBI. JHEPrUsl MOHUBAIMU ATOMa KUCJAOPOLa cTOb
penuka (13,6 3B), aro mame drop (17,4 3B) wesadpderrTnBen kak auran
[IpM MOCTPOSHUM TUNEPBANCHTHON cBs3u, Tak ke MOXKHG OOBLACHUTHL OT-
CyTcTBHE Y a30Ta NeHtadTopuga, Torga kak s docdopa coepunedne PFq
BIIOJIHE YCTOMYUNBO.

Cnenyer OTMETUTHL €€ OXHY OcOGEHHOCTH HJIEMEHTOB 2-TO Oepuopa:
U1 HUX -XapaKTepHO o0pasoBaHue pr—pr—cBsaseit. [Ias sneMenToB 3-ro u
HOCJEAYIOIINX NEePUO 0B 3TOT TUN NepeKpHIBaHUA opbUTaiell He XapaKTe-
ped. O6BsAcHsETCA 3TO TOM, 4TO ¢ YBEAUUEHUEM pPa3MEpPUB aTOMOB BOBMOMK-
HOCTb NEpeKphLIBaHUsS FaHTENEBUAHBIX p-OopOuTaiell GOKOBRIMM UX YacTsIMU
pe3ko ymenbmaercs (puc. 147).

BenencrBre yeTOMYMBOCTH pr—pr—cBABEN IJIs1 YIVIEPOAA M a30Ta XapaK-

TepHbl OKCoaHNOHHBe KoMmIekes! (O3 u NO3 MI0cKOTPEyroNbHOTO cTpoe-
uua. as kpemuunsa m gocdopa ke yeTOHUNBE OKCOAHMOHHHIE KOMUJEKCLI

Si037, POY", umeromue terpasapudeckoe crpoerue (cM. Taba. 31).

Jnsa s-anementor 1 n Il rpynn (sweprusi MOHM3agUM aTOMOB Majla) B
OCHOBHOM XapaKTepHBl MOHHBIE cOenUHeHWs. KoopAMHanMOHHbIE YHcnma UX
HOHOB uMetor Gonbmine 3HadeHus (6, §) U ONPENEAAOTCS COOTHOLIEHUEM
pPa3sMepOB MOHOB MOHHOTO KpHcTaina (cM. puc. 57, H8).

I'JTABA 2 BOJOPOJI

Cuncremarnueckoe u3ydeHune CBOMCTB IJIEMEHTOB HaUHEM € UByUCHUS
CBOWMCTB BOJOPONa, WMMEIOMET0 M0 CPaBHEHUIO ¢ [APYTUMH 3JE€MeHTaM4
Hanbosee MpocToe cTPOeHME artoMa. Ero sjekTpodHas Kodgurypanus s
OcHOBHOM cocrosiiun 1s!. [IpoctoTa snekTponnoit cTpykTyphl aToMa Bomo-
pona, KOHEUHO, He 03Havaer, 4To ero XUMHs Hambosee npocra. HaoGopor,
OHa BO MHOTOM OTJINYaeTCs OT XUMHW OPYTLAX JEMEHTOB.

OcHoBHAs1 0COGEHHOCTh BOLOPOLA BaKJAKOYaCTCA B TOM, 4TO B OTIHYIUE
OT BceX APYrux 3JeMEeHTOB (KpoMe refiis) B €ro aToMe BANIGHTHBLA 3J/1eKT-
POH HaXOOWUTcsl HENoCpeNCTBEHHO B cdepe AEeMCTBUSA aTOMHOrO siipa — ¥y
HEro HEeT NpPUMEeXYTOYHAro sinekrpoHuHoro ciosi. llonomurenwro zapsamxen-
Hu MoH Bopopopa HY mpencrabisier co6oii 3j1eMEHTADHYIO uacTHLy npo-

mMou.

Oco6eHHOCTh CTPOGHUA JIEKTPOHHON OBOJIOYKHA aTOMa BOLOPOAA (kak 1
PeJIUA) HE MO3BOJAET OJHOBHAUHO pElIMTh, B KaKOH rpylne nepuogmngec-
KO#M cyvcTeMbl OH NO/IKEH HaXOAUTbeA. JleHcTBUTENLEO, €c/lM UCXOMUTh U3
“ycila BAJIEHTHBIX JJIEKTPOHOB €ro aToMa, TO BOAOPOJ, AO/DKEH HaXOZUThCS
B | rpynme, 4TO NMOATBEPXKLAETCA TAKMKE CXOICTBOM CIEKTPOB IIEJTOUHBIX
MerasiyioB u Bopopoja. CO METOUHEIMHA MeTanIaMMu cOJaMKaeT BOLODOJ, U
€ro cnocobGHOCTL AaBaTh B PAacTBOpax [UAPATUPOBAHHBI TOJMOKHTEIBLHO
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onHozapsaanulit MoH H*Y (p). OaHako B COCTOAHWM  CBOOULHOTO MOHaA
H* (r) —'mporona — oH He uMeer iudero obillero ¢ MOHaMM WIETOTHBIX
MeTanjop. Kpome Toro, SHeprisA MOUUB3ALHM ATOMa BOJOPOLA HAMHOTO
60bIle SHEPTMH MOHU3AIUK ATOMOB I@JIOYHBIX METAJUIOB.

Ecan ke UCXOOMTH U3 TOTO, YTO JJH 3aBepIIeHUs BHEIIHETO MEeKTPOH-
HOTO CNOSi aTOMy BOJOPOAA He XBATACT OAHOTO 2XEKTPOHA, TO BOAOPOX
cnepyer nomectuts B VII rpynme. KpoMme Toro, kak M aTOMBL TaJlOTEHOB,
ATOMB! BOZOPOAA XAPAKTEDH3YIOTCS BBICOKHMMH 2HAUCHMAMM DHOPTUK WOHU-
3anuyu. BMecTe ¢ TEM BOAODPOA — 3JIEMEHT Ocobnlit, U pPA3MEICHUEe ero B
TOHA UAu VHOH rpymnme TaGIUIbl B 3HAYMTEILHOR Mepe yCA0BHU.

DHeprust MOHK3ANMM aTOMa BoOpoda (1312 w/la/Monb) cTonp pernka.
yto coeguHenns Bonopona (1), name ¢ TAKMMH ¢HILHBIME OKMCITUTOIAMIL.
Kak (DTOp M KHCJOPOH, HE MOIYT ObiTh MOHHLIMHU. Feau we gonycTurh
06pa30BaHME B cOeIUHEHNAX MoHOBR HY MX UCKIIOUUTEILHO BHICOKOE TTOJIS-
pusylolee AeiicTBUE BCe PABHO NPUBENO Obi K OOPABOBAHUI) KOBAJIECHTHON
cA3y. Ilo »Tum ke npuyupaM nonbl HY Be MOTYT cylIeCTBOBATL B ¢BOOOI-
HOM COCTOSIHUM NIPH OOBIYHBIX XUMHIOCKAX sABlcHuAx. Cneundnra cTpoe-
HUA ATOMa BOAOPOMa 0OYCAOBAHBAET OcOOLIA OPHeYILMA TONLKO O HHe-
uusaM Bogopona (I) BUA XMMHUECKONR CBABYH — 6000pOONYI0 (GL3%.

Mpouecc o6pasoBanms OTPULATENLHOTO #oHa ™ u3 atoMma 3k30TEpPME-
yeckuit (cpoactBO k axekTpony (.75 3B), nosromy 411 posopona B cTene-
HU OKMCJEHUS —1 BOBMOIKHBI MOHHLIC ¢OSTUHEHNA.

TakuMm 06pasoM, BOXZOPOJ -- HeMeTadnueckuil siaeMedT. B cocmume-
HHUAX OH MOXET MMeTh cTereny okuciaenua =i u +1.

Bomopox, mupoko pacnpocrpanet B npupone. COAEpKAHUC €TI0 HA
3emae 3,0% (Mon. ponu). On BXOAUT B cOCTAB BOJALL, FMUI. KAMETHOTO #
6yporo yrJisi, HedTu U T./l., & TAKKC BO BCe JKABOTHLI® H PACTHTENBIBIC
OpraHusMbl. B ¢BOGOIHOM COCTOSIHUKA BOAOPO/L BCTPeUAeTCH KPaHHe Deiko
(B BYJIKAHUYECKMX U APYTMX HPHpoJHLIX razax). Bojgopos -~ cuMbiit paci-
POCTPAHEHHBIH HJEMEHT KOCMOCA: OH COCTABAAET JO HOJOBUHBL MACCH
ConHpa u GOJBLINMHCTBA 3BE3N. I'MraHTCKMe MJAAaHeThl COJMHEUHOR CUCTEMbl
IOnutep u CaTypH B OCHOBHOM cOCTOAT ¥3 BOJopojia. OH IpHCyTeTBYeT R
arMocdepe pAfa [JAHEeT, B KOMETAX, IA30BLIX TYMAHHOCTAX U MEK3BE3JIHOM
rase.

Bopopos viMeeT UB0TONBI ¢ MACCOBbLIMU YHCHAMY COOTheTeTBentHo 1, 2 1 3:

TH 2D (2H) 3T (*H)

(ple (p + nje (p + 2nje

TIPOTHIA HeitTepii TPUTHI
Hporuit i meiTepuit — cTAGUILHBIE W30TONBL  HoPMadbHBIA WSOTONHLIA cocTab
[IPUPOIHLIX COSHMHEHUIT BOLOPOAR COOTBETCTHYET OThoilleHuio IH = 16800 (nc
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ypelly aroMoB). Tputuit Gera-pakuoakTUBeH, NEPUOL IIOJIYDACIana T1 / = 12,26
2
rona:

3T = 3He + [

[oNarafoT, YTO OTa peaKUMsi — IVIABHBIA MCTOYHMK M3oTona sHe, Halijennoro B
arMocdepe. Copepikatnie TpuTusi B aTMocdepHoM Boliopofie cocramiser 4-10715%
(Mon. nomu) u B aTMocdepHpix ocapxax ~ 3-10718% (Mom. nomm). Owuesupno, on
ofpasyercsi B pe3ysibTaTe SJEPHBIX PeaKlUil, BLI3BAHHLIX HERCTBHEM KOCMUYECKUX
nyueit. TPUTHI MOKHO MCKYCCTBEHHO nosyuuTh 1o peakuun SLi (n, o) 3T.

HpoctHe Bemectsa. MUMesn ogmH sneKTpoH, BOOpOH, O6pa3yer mauillb
[BYXaTOMHBIe MOJIEKYJIbL ¢ 3J6KTPOHHON KOHDUrypanueil HeBO36YXIEHHOTO

cocTosanus o2 IIpy 5TOM BO3MOMKHBI MOJIGKYJIBl JIETKOr0 BOAOPOAA ~— PO
tua Hj, Tsixenoro somopoma — peiitepusi Dy, tputus Ty, nporopeiirepus
HD, npororputus HT, periteporputns DT.

Monekynm BODOpOmA OTAWMYAOTCA GOJBLIIOH IIPOYHOCTLIO ¥ MAIOM
NONAPUBYEMOCTLIO, HE3HAYHUTEJbHBIMU p-aBMepaMI/l M MaJlOfl Maccoi, a
CJIeIOBATQILHO, U 60NBINON HOABHKHOCTHIO. IlosTroMy y BOmOpOna OueHB
HU3KMe TeMiepaTypbl Inasienns (-259,1°C) n kunmenus (~252,6°C); ou
yeTynaeT B 3TOM OTHOIIEHMU nuIne resimio. [lo teM e npuyMHaM OH oudeHb
HE3HAYNTENBHO PACTBOpSAeTcA B BOAE M OpraBMUYecKHX pactBopurtensx. Y
TBEPAOTO BOHOPOHa (cM. Tabi. 28) MONeKyNAsApHas pelleTka. Beaencrsue
BBICOKOU nHeprum gucconmanmu (435 w/lx/Monw) pacnan Monexkyn Hy Ha
aTOMBl NPOUCXONUT B 3AMETHOH cTOIleHU JHUIUL NPU TeMIeparype BbIIIe

2000°C.

CornacHo TeOPETHYECKUM [IPEACTABIEHMAM [IPY OTPOMHBIX JIABRJIEHUAX BOLOPOX
HoJieH NePeXOAUTh B METAJIHYecKoe COCTOsIHHe. B BTHX yeIOBUAX HOJUKHO IpoMc—
XOIMTb IpeBpallleHile MONEeKYJSPHOTO BOJOPOLA B ATOMHBI M HO/DKHA OOpa30BbLI-
BaTbCcA KPUCTAUIMYEcKasd PelleTKa, B y37axX KOTOPOIt HAXONSATCS IPOTOHLI, A BieKT-
POHBI CTAHOBATCA OOLIMMM JUISA BCETO KPUCTANA; TAKOM KpUCTAJLI HoJKeH obya-
[aTh MeTaJUIHUyecKOo! IPOBOAUMOCTDLIO.

Hockonbky As1st BOLOPOMA BO3MOMKHBI MOIONKHUTENLHAS N OTPUIATEALHASN
CTeNeHN OKWCJIEHWA, BOMOPOH, MOXeT MPOABJATE M BOCCTAHOBUTENLHEIE, U
OKMCNHTEIBHBIE CBOMCTBA. B OOBIYHBIX YCIOBMAX Gsiarofaps ycToHYyBOCTH
MOJIEKYJI OH CPaBHUTEJIBHO M0 aKTHBEH M HenOCpPeICcTBEHHO B3aMMOJeii-
crByer gL co ¢propoM. Ilpm Harperanum e BeTymaeT BO B3aMMOmei-
CTBMe c MHOTMMM HeMeTajlJlaMM — XJOpPOM, GPOMOM, KHUCJIOpPOAOM U IIp.,
HallpuMep:
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H: (r) + Cly (r) = 2HCI (r), AH , = -184 x/lx
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2H, (r) + O, (r) = 2H,0 (r), AH,, = —484 w/lx

OTH peaKnMy MPOTEKaIOT C BIJEJICHMEM GOJIBIIOrO KOJMYECcTBa TelI0-
ThI, YTO CBUJIETENLCTBYET O BLICOKOW SHeprum (mpounoctn) cpaseir H—Cl,
H—O. [losroMy Bomoposn uposABAAeT BOCCTAHOBATEAbHBIE CBOMCTBA M 110
OTHOIIEHUMIO KO MHOIMM OKCH[aM M FajlOTeHM/aM, HallpUuMep:

+2 0 0 +1 +2 0 0 +1
CuO —+ Hg = Cu + HQO VC]Q + H2 =V+ 2HCI
Ha 3ToM ocHoBaHO NIpMMEHeHue BONOPONa B Kade€cTBE BOCCTAHOBUTEJIA
AJiA NoNy4YeHus pAda HPOCTHIX BemEecTB U3 OKCUOOB UM I'AJIOTeHK10B.

B KayecTBe OKMCAMTENs BOQOPON B3aMMOJeHcTBYET ¢ aKTHBHBIMM Me-
TaJI1aMu:

0 -1
2Na + Hy; = 2NaH

Coenuuenus Bomopoja (—1). B tex cayyasix, korga BOJOpPOJ, BLICTYIaeT
B KauecTBe OKMCJUTENsi, OH BejeT cebs KaK rajioreH, 06pa3ysl aHajOTud-
HBIe TAJIOTeHUIAM LU 0pUosL.

Onnako B oTiMuMe OT 06pa3’0BAHMA TaJloreHM-UOHOB 06pazosatve WonoB H-
n3 MoJrexyt Hy, — mponecc sunoTepMudeckuil. JuraibnusA obpasoauda H™ cocras-
aser 144,7 klx/Momb:

1/2H2 (F) =H (l"), AH;QS = 2175 xx
H({r + ¢ = H (), AHy, = -728 rlx
UoHo (r) + € = H (1), AHy . = 144,7 x[lx

[TosroMy oxMeIMTEbHAS AKTMBHOCTH BOJODOMA CYILECTBEHHO VCTYIAET TANOreHAM.
[lo »roit e NpUuYUHe SICHO BBIDANEHHBIT MOHHBLI XApaKTEP MNDOSBISIOT JTUWE
T ApUABl Hanbollee AKTUBHBIX METAJUIOB — IIEJOYHLIX U LIeOYHO—3eMENIBHEIX.

Wounsie ruppupsl, Hanpumep KH u CaH, npencrasnsaior coboit 6esbie
KPUCTAIMYECKUE® BEILECTBA ¢ BLICOKMMM TEMIEPaTypaMH IJIaBAEHUSA, T.€.
conr. X pach/iaBel XapaKTepu3yloTcs BLICOKOH 3/eKTPHYECKON MpOBOdM-
MOCTBIO, IPU FTEKTPOAU3E PACIVIABJEHHBIX THPUIOB BOLOPOJ, BblJeNACTCH
Ha aHo;e. [uppuael soneMentos [ rpynmel, Kak u 60JBIIMHCTBO MaJIOTEHM-
JIOB DTUX 3J6MeHTOB, MMEIOT cTpyKTypy TMna NaCl. B XxuMMuecKoM OTHO-
IUEHNH NOHHBIE IMJIPUIBL BeyT ce6s KaK OCHOBHBIe COeJIMHEHMA.

K KOBaJIGHTHEIM OTHOCATCH TUAPUAB MEHee 3JEKTPOOTPUIATENLHBIX,
eM caM BOAOPO[, HEMETALIMYECKUX 371eMeHTOB. K KOBaJ@HTHBIM OTHOCHAT-
¢, HanpuMep, ruapuas coctaBa SiHy m BH; Ilo xumuyeckoit npupone
CUADPHAB HEMETAIOB ABIAIOTCA KUCJIOTHBLIMU COEAMHEHUAMU.
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Pasnuune B XMMUYECKOH NMPHUPOAE TMAPHIOB MOMHO JIETKO YCTaHOBUTHL
IO MX [OBELEHMIO IIPU TUApwiN3e. XapaKTepHOU OCOGEHHOCTLIO MMAPOAN3a
MMIPUIOB SBJIAETCS BbIJE/IeHUe Boaopoaa. Peakuusa nporekaer M0 OKUCIM-

TEJILHO-BOCCTAHOBUTENLHOMY Mexanu3My. OTpHUpatesbHO HOIAPU30BaHHBIN
-l fl
arom H B ruapuae ¥ noJoxUTEbHO NONApU3oBanHbll atoM H B Bone

nepexonsit B COCTOSIHUE C Hynenoﬁ CTEIIEHbIO OKHUCJIEHHA!:

-i ¢l 0 -1 + 1 [}
KH + HOH = KOH + Hy; SiH4 + 3HOH = H,Si0; + 4H,

OCHOBHBIM KHUCJIOTHBIM

3a ¢uer BHENCHUS BOJOPOMA TMPOIN3 IPOTEKAET NOJHOCTLIO M HeO6-
patumo (AH < 0, AS > 0). Ilpu 310M OCHOBHBIE THAPUABI 06Pa3yIOT
LIEN0YE, a KUCIOTHEE — KUCIOTY.

Pasauuue Mexny OCHOBHBIMM M KHUCAOTHBIMH THApHAAMA OTYETJNBO
N POABAAETCA TAKKE NPU MX B3aMMOIeHcTBMN Mexy coboil, HalpuMep:

LiH 4+ BH; = Li[BH4]
OCHOBHBIH1 KMCJIOTHBI1 TeTparuapunobopar
JIUTUA
H H |-
H° + B:H — H:B:H
JIOHOp  AKILeNTop

IloHATHO, YTO 3Ta peaKpusi MOXET MPOTEKATh JUIUb B HEBO/HBIX Cpeé-
Nax, HanipuMep B 3dupe.

Cranpaprubiéi moreHuuan cucreMs! '/oH,/H™ pasen —2,25 B. Caeposa-
TeNIbHO, MOH H™ — OoaMH M3 caMBlX cMJIBLHBIX BOcctaHOBUTenei. [losToMmy
MOHHBIE, a TaKXe KOMILIEKCHBIE THIPHUIB — CHJBHBIE BOCCTaHOBUTEJIM.
OHp WHPOKO NPUMEHSIOTCA /7 [POBEJEeHUA Pas3IM4HBIX CUHTE30B, AN

[IOAYYEeHMS BOAOPONa M B xuMmuyeckoM aHaim3e. I'mapuna kansuusa Cal,

HCHONB3YIOT, KPOME TOro, B KayecTBe OCYIIUTENs [Jisi YAAISHUA cJeJOB
BJiaru.

Coenpmenmn  Bogoposa (1). [lonoxmrensuast nOAApU3anMA  aTOMOB
BOIOPOa HabJIONAETCA B €r0 MHOTOYHCJEHHHX COSIMHEHUAX ¢ KOBAIEHT-
Hoii cBA3bI0. Ilpn o6eiuHbIX yenosuax — avo ra3sl (HCI, HoS, HaN), snn-
koetu (H,O, HF, HNOj3), teepapie semecrsa (HsPO4, H,SiO5). Ceoiicrea
9TUX COENMHEHUI CHUABHO B3aBHCAT OT NPUPOAB IIEKTPOOTPHIATENLHOTO
9JIeMeHTa. B wacTHoCTH, AAA coenMHEHMil, copepxamux ceasu F—H, O—H
u N—H, oco6o xapaktepHa BOmOponHad ceAsb. Beaencrsme sroro HF u
Hy0 B OGBIYHBIX YCJIOBUAX — MUKOCTH.
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tﬂﬂ 7°C tKUﬂ’ ¢ H
sot 700} o
ot H® 50+
-s50b ot
~7000 5
-150t HP - 100}
' 3 4 J
Nepuodsi flepuods:
a ]

P u c. 148. Teumneparypbl miasnennsi (a) u Kumenusi (6) BOIopPOAHBIX
coelliHennit p-onemenroB VII, VI, V rpynn
Eciy cpaBHUTE TeMIEpATYPHl IVTABIEHUA W KUIEHUA ONHOTUIIHBIX OGMHAPHBIX
cOelMHeHUI! BOLODOHA ¢ BileMeHTaMM fHauHoil rpynnbl (puc. 148), To Bumno, yTO
BClleficTBUe obpasoBanusa ponoponubix cBsizeit HF, HoO n HsN npossasttor ano—
MaJIbHO BBICOKME TeMIIepaTypbl IWIABTEHWA U KUIeHUA. AHAJIOTMYHBINA XOI KpuBbIX
HabmonaeTcst M AT DHTATBIMA HenapeHusi 9TUX coeiMHeHUH.

BenencTsue cioco6HOCTH 06pa30BhIBaTE BOJNOPOJAHEIE CBA3UM M BCTYINATh
B JOHOPHO-aKHENTOpHOe B3auMmopelicTeue sxunkoctn HF, H,O m H3N
ABJIAIOTCA XOPOWNMU UOHMBHPYIOUIMMH PAcTBOPUTEIIAMM.

Crenmeds U XapaKTep OCHOBHO-KHUCJIOTHOH WOHM3aMM B cHCTEMe U3
AByX coenuueruit somopopaa (I) 3aBUCAT OT UX NOHOPHO-AKUENTOPHOW akK-
tusHocTH. Tak, B pany HF—H,O—H3N B coOTBETCTBUM ¢ yMeHbIneHHEM
YMcjia HEMOAEJNEHHMX 3JIEKTPOHHHX Iap BO3pacTaeT CPOACTBO K IPOTOHY.
MockonbKy cpopcreo K nporony y NHz 6omeme (9,3 9B), wem y H,0
(7,9 aB), KMcHOTE — ciiabpleé B BOJHBIX PAacTBOPaX, B HKHIKOM aMMMaKe —
cuibnble. Hanpumep, HCN B Boge — oyeHb ciiabasi KMCIOTa, 8 B XHUIKOM
aMMUaKe HOHU3UpYyeTca nmouTu Tak xe, kak HNOg B Bone. B xuakom aMm-
MHAKe KHUCJIOTHEE cBONCTBA IPOABIAIOT fake HeKOTOPHe YTJIEBOJOPO/BI.
Bopa npu pacrsopenuu B HF Beper cebsa wkak ocHoBaHMe.

[pucymasi Bonopony, Kak HeMeTaJUIMHECKOMY 371eMeHTY, TeHAeHIUSA K 06paso—
BAHUIO AHMOHHBIX KOMIVIEKCOB — 1UGPOIEHAMOS DEeAIU3YETCs, HATIpUMED B CIeNylo—
IAX DPEAKIUAX:

KF + HF = K[HF,);, KNOj + HNOj3; = K[H(NOy),]
IudbTOPOrULpO- IUHUTPATOT U {PO-
reHaT Kams reHaT KaJlusi
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\ YHI{pOFeHﬁT—KOMHJIeKCbI obpasylorcsi sa cyer BopopouHow cessu: [F---H---F[;

0,NO-«« -H+ - ONO,J".

| -
Onu umeror suHeiHoe crpoexne. MX o6pazoBanme MOXHO OBLACHUTH CIenyIO—

. muM obpasoMm. Opburamu uona HF, BosnmkaoT 3a cYeT JMHelHOH KOMOGMHAIMK
opbutaiu 1enTpaibHoro artoMa s (ls-opbutans H) u rpynmnoseix op6uranes
nepudepuyeckux atoMoB ¥, ¥y (2p,opbutaneit neyx atoMos F):

= T T —

ONED AND
v | N g A,
5
V2
[lo yenoBusm cummerpum coveranve 5 u-y—opburaseir npuBogur k o6pazo-
" BAaHMIO CBABLIBAIOLIEN 0 ¥ paspbIXAALILEN MOJeKyIApHON 0:—0p6ma.nu nona HF

;“ (puc. 149):

v (‘75) ~ s + o
V(o)) ~ s — .

© JlnA rpynmnoBojt opbUTANM Yy TNOAXONAIE MO YCIOBUAM CHMMETpHUUM OpOUTaIM

. UEHTPAJIbHOTO aToMA HeT, TO3TOMY B MOHe HF; opbutanb 4 urpaer ponb HeCBA3bI-

J

| Baomedt (puc. 149). Yerbipe vilektpona (onuu ot atoMa H, pBa or gByx atomos F

,ﬂ,; ‘r A0, MO, AO,
;‘l‘“,‘ E ——
i Ve \
i1l // \
) e \\
\

/8 \\ ..H_ 2p,
! \ —_
A \ /! 2z,
. \ Yy
I \_H_/
a

P u c. 149. Onepreruyeckas quarpamma (a) M cXeMa 06pasoBanus op6y-"
! rajeit (6) uona HF; '
: 305



W OIOMH 3a c4el 3apsifa MoHa) DAcCNpPefeNsioTes Ha MOJIEKYJISIPHBEIX CEA3LIBAOLLEH
0~ ¥ HecBS3LIBAWOIIEH o -0op6uTalsx. HaxosjieHMe 57€KTPOHOB HAa MOJEKYJIADHOM
HeCcBSI3bIBAIOIEH 0 -OpGUTAIIM COOTBETCTBYET KOHLEHTDAllUK U3OLITOYHOTO OTpPULIA—
TeJALHOIO 3apﬂﬁa HA KOHLEBHIX aroMax. (CJlefoBaTeNbHO, TIUporeHaT-HOHBI THIA

HX; nomisbl 6LITH HauboJiee CTAGUILHLIMM B TOM cllyyae, korjpa X — naubGoilee

OIIEKTPOOTPULIATEbHbIE ATOMBl WM MX rpyniupoBku. Tak, B uone HF 2 cBA3DL
MOUTU B TPU pa3a po4Hee MEeXMOJICKYJIAPHON BONODOJHOM CBSI3U.

BoJLIIMHCTBO THUADOreHATOB MOXeT CYUIeCTBOBATH JIMIUL B HEBOLHBIX WK
HACBHILIEHHBIX BOIHBIX PACTBOpAX, a TaKke B TBEDAOM COCTOSTHUU.

AToMBI BOHOpOZa BXOZAT Takie B coCTaB IHMpupocoselt tuna NaHs, NaHCOs.

NaHSO4. Tpynnmi HS™, HCOjz, HSO4 wmoryr CyLIECTBOBATD B BHIE CBOGOIHBIX
MOHOB, Ha3bIBaeMbIX COOTBETCTBEHHO wopocyavud-, wdpoxepbonam- U WOPocyaL-
dam-vonamu. CTPyKTypa TAKUX coJieil B TBEDIOM COCTOSIHMM Takke o6ycJIoBIMBa-
eTcsl BOLOpOHOUN cBsAsbio. Huke cxeMaTH4ecKM [OKasaha CTPYKTypa THApoxap6o-
nara HarTpksi NaHCOg:

u?o«ga‘t)o?«(‘;s“oogd"s“

OnNat ec 00 +H

Meraumyeckiie coeRUHeHHsA BolopoRa. MerajulveckuMu CBoilcTBaMu obmana-
I0T BOJOPOJHLIE CBSI3M coefWHeHUsT d- U fOlleMeHToB. OTH COelMHEHMS MOJIyYalorT-
CA B BUIle METAJVIONOROOGHBIX TEMHBIX MOPOIMKOB MJKM XPYIKON MacChl, WX JJeKTpy-

Yyeckasi NpOBOAUMOCTb W TEIUIONPOBOJHOCTL TUIIMYHBL 7151 MeTaJJIoB. JT0 THAPUAbI

HecTeXMoMeTpUYecKoro cocraba. MaealnsupoBaHHbIA COCTAB MeTa/UIMYecKUX TUApU-
[OB Yamre Beero oTBeuaer dopmysaM MH(VH, NbH, TaH), MHy(TiHz, ZrH;, HfH,,
ScH;) 1 MH3(UH3, PaHy).

O xapaxTepe CBsA3M B TMAPUASX d- U
COOTBETCTBUM C OfIHOM M3 HUX BOJODOL BXOHWUT B pelileTky B Bupe mona H', a cBo#
OJIEKTPOH OTHaeT B 30HY TPOBOIWUMOCTH MeTajlivdeckoit crpykrypbl. Corsnacho
APYTOl TeOpNM aTOMbl BoJOpoa 6GepyT OJEKTPOHBI M3 3OHBI [IPOBOIMMOCTH #
HaXolATCsl B KpHcTaJIMYecKoil pellietke TMApPUAa B BUle TMapui-tonos H™. Mox-
¢ V rpynne uMeer Mecro rocTelleri-

foneMeHTOB cyulecTByOT Be Teopuu. B

HO AyMATDL, 4TO B MepHoJUYecKoi cucreMe oT 1 K
HBI Nepexo]i OT MOHHBIX TMAPUIOB (THIA coJeil) K BeulecTBaM, B KOTODBIX BOOpPO.
HaXxozuTcesl B Buye H*.

Criefiyer OTMETUTb, YTO TiepBble Tpli META/la KAXJOro ceMelicTBa d-BileMeHTOB
(r.e. Sc, Ti m V; Y, Zr u Nb, La, Hf u Ta) nornouanr Bogopoy co 3HAYUTENHHBIM
sK30TepMUdeckuM oddertoMm. Hampumep, SHTANBIMM 06PABOBAHMS  HEKOTODPBIX
TU IPUOB UMeEIOT clefyIoliue 3HAYEHUS:
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ScHy YH, LaH, TiH, ZrH,
i AH}’ZQB, Do/ MOJIb ............ —-69 -186  —208 ~144  -169

d-Meramnpr VI—VIII rpynn nmo oTHoilleHWio K BoHOPOAY MaJIOAKTUBHBEL Tak,
oHTANBINSA obpasoBavnsi FeH, Bcero -0,84 w/lx/monb. WcwioueHne cocrarmsier
NaJuialii, KOoTOPBIM IorIollaerT BOMOPO] OYeHb AKTMBHO. AHOMallbHoe MoBepeHuHe
maJyiaisl CBSASBIBAIOT ¢ €ro yHMKaJbHOH OJIeKTpOHHOM Kokdurypauweinr (4410 —
"npoBas’ OBYX 5s-0II€KTPOHOB).

TURpUABL MeTaIoB 0BPa3yIOTCA 113 IPOCTLIX BeIUECTB C MOHUIKEHUEM SHTPOTUL,
TaK Kak MCXOJHble BeulecrBa TBEpHoe Y rasoobpasHoe, 3 KOHEUHBIl TPOLYKT TRep-
roi. [losroMy cunTesoM us Bofopona ¥ MeTalsia MOKHO HONYUWTH TOMLKO Te
cOeIMHEHNS, 0DpasoBaHie KOTOPBIX CONPOBOKIAETCA BbIEJeHUeM GONBIIOTO KOJIK-
4ecTBa TelNOTH. B mporukHOM ciydae rugpuabl d- ¥ fOMEMEHTOB MOMKHO TONIVIUTH
JIMIIL KOCBEHHEIM [IyTeM.

Merannmudeckie FUAPUIBI CIONB3YIOTCSA KaK BOCCTAHOBLTENN JYIS TIOJY'ieHY s
MOKPEITHST 13 COOTBETCTRYIONIErO MeTaslna, & TakXke [UIA NoJyYeHWs! MeTajllioB b
BUjie TOpolikoB. B mocnenneM ciyvae Meramn, HanpuMep Ti1 wnu V, Hacbmaror
BOJOPOJIOM, 06pasoBaBIIMIICA XPYNKUA FUADUJ PACTUPAIOT B MOPOLIOK M HAIDEBAloT
B BakyyMe, B pesy/bTarTe 4ero [MOy4aloT MOPOLIOK MeTaiula. Benenctsue miactny-
HOCTH MCTBIX MeTaUIOB HOJIyYMTh WX IIOPOIIKM TPOCTBIM DACTUPAaHWEM METAJUIOB

He yIaercs.

[vapun rtuTama OpencralisieT uHTEpec B KauecTBe ''Xpanuiimuga

BOfopona.

Honyqaenane u npumenenne Bogopoja. [lockonbKy B COCTMHEHUAX BOIO-
pon IPOAB/IAET CTelleHUM OKMCIeHnst —1 u +1, ero nonyuenue B cBOGOIHOM
COCTOAHMM OCHOBAHO Ha CAEIYIOUIUX OKUCIUTEABHO-BOCCTAHOBUTENBHDIX
nporeccax:

+1 0
2H — H2
BocCTaHOBTeH e

-1
21— H,
ORKNCJIeHYe

W3 runpumos somopoa ofpasyercsa m Mpy ruapoiuse, HallpUMep:

-1 +1 0
C'dHQ -+ QHQO = 2H2 + Cd(OH)Q

-1 +1 0
H—+—H:H2

OBBIYHO ke TOMYYAT BONOPOL W3 COSAMHEH Ui sBogopona (I). Tak, B
NabOpaTOPHBIX YCJAOBUAX €70 NOJYYAOT B3aUMONEHCTBUEM MUHKA C COJsi-

: HOI}’I HJIU CCPHOW KUCJIAOTOH:

0
Zn + 2H* = Zn?* + H,
307



B [pOMBILIEHHOCTH BOLOPOJ HOMYHalOT IIaBHbIM 06pa30M U3 MpUPOL-
HBIX M IIONYTHHIX Ta30B, HPOJYKTOB FasupUKamuu TOIIMBA (O AHOTO M
[apOBOBYIIHOrO Fa30B) M KOKCOBOro raza. [[ponssoncTsO BONOPO/A OCHO-
BAHO HA KaTAIMTHHEecKMX peaknMAX B3aMMOJENCTBMA ¢ BOAAHBIM IApOM
(KOHBEpCHM) COOTBETCTBEHHO YIVIEBOLOPOLOB (ri1aBHBIM 06pa30M MeTaHa) K
okcnaa yriaepona (II), Hanpnumep:

+1 fi o

0
Oy + 1,0 S8Ea 0O 4 3H,, Ay, = 206 klx

o

+1 0
CO + HzO 002 -+ HQ, AH;gg = 41 KLI‘)K

Bopopon, mony4alOT TakKxie HEOJHBIM OKMCJIEHMeM yrJIesonopolloB, Ha~
HpUMep:

+1 0
3CH, + 0, = 200 + 4H,, AH,, = -71 x]lx

B ¢BA3KM ¢ yMeHbIueHMeM B3allacOB YIJIEBOAOPOAHOrO Chipbia 60JIBIION
HHTepec MpHOo6peTaeT MeTOJ, NMOMYYeHUA BOAOPOIA BOCCTaHORJIEHMEM BOOA-
HOTO flapa pPacKAJIeHHbIM yTJIeM:

+1 0
C+ H,0=CO+H,, A, =131 xlx

[Ipu 3TOM O6Gpa3yeTca tenepamopusil 3. 3aTpaThl JHepruM Ha ero
MOJIydeHMe MOMHO CKOMIIEHCUPOBATh 3a CUeT PeaKUHMW HEIOIHOro OKMcJ/Ie-
HUR yTJIA:

C + 1/202 = CO, AH;gg = -110 r/Ix

Ilpy KOMOGMHUPOBaAHMM 3TUX IIPOUECCOB MOJyYaeTcA 6004n0U a3, coc-
TosAmMil B ocHoBHOM m3 cmecn Hp u CO.

Bopopon moJiydaloT Takke 371eKTPOJIM30M BOJBL.

MUz razoBuiX cMeceil ¢ GOJBIIMM cOlepikaHUEM BOAOPOAA €r0 BHIAEJIAIOT
[IIYGOKUM OXJIamIeHUEeM CMecH.

Bonopos, IMPOKO MCHOIb3YeTest B XMMMYECKOH NPOMBIIIJIEHHOCTH [/
cMHTEe3a aMMHaKa, MeTaHofia, XJOpMUAa BOAOPOAa, OJIA rHApOreHH3alunn
"TBepAOr0 M KMAKOro TOMJIMBaA, XMPOB MU T.A. B cmecu ¢ CO (B BMAE
BONIHOTO ra3a) lIpUMeHsleTcA Kak Tormumeo. [lpm ropenunm BOLOpPONA B
KMCJIOpOJe BOBHMKAET BHICOKas TeMuepaTypa (10 2600°C), 1mo3BONAIOWAsN
cBapHMBaThb M paspe3aTbh TYFOmJiaBKMe MeTaljbi, KBapi M T1Ip. Auarnit
BOZOPOJ, MCIIOJIL3YIOT KaK OJHO U3 HaubGoliee 3¢ peKTUBHBIX PeaKTHBHBIX
TOIJIMB.

B HacTOAmee BpeMA IpoGJieMa MCHONbL30BaHMA BONOPOAa MPUOGpea
oco60e 3HaAUeHHE. DHEPreTHHYecKUil KpusMc, MpobieMa 3aliuThl OKPYHalo-
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b
medi cpejibl OT HEMpPepPhiBHOLO W YIPOKalOWero 3arpASHeHMs HeTbIo M

OpOAYKTaMM CTOpPaHMA OpraHMYecKUX TOIJIMB — Bce 3TO CTUMYJIMpYeT
peslioe BOBpACTaHMe HMHTEpeca K BOJOPOAY Kak 'dKOJOrvYecKd yucToMy'
ropioveMy. Bopmopom — ocHOBa XUMHMYecKONW TexXHOJOMMM M 3HEPreTUKH
HyAyLIEro.

B aToMHOll BHepreTHKe s OCYIIECTBACHRUA AJNEPBHX peaKlunil cMHTe3a
resust MMeroT OO0Jbilioe 3HavueBMe M3OTONH BOJOPONa — TPUTHH M el
TEepUii.

F'J1ABA 3. pDJEMEHTHI VII TPYIIIE HEPUOJUIECKON
CUCTEMLI 1.M. MEB/IEJIEEBA

_ K ssementam rnaBnoit noarpynnei VII rpynnwm ormocates drop F,
~xnop Cl, Gpom Br, mon I, acrar At: '

Foo1s226522)0

Ol 2622983623 p°

Br 3s23p63d'%4s240

I 4s24p51d105625 pb

At 1524 p64d194 fiah 425 b5 d106 26 ps

CoOTBETCTBERHO  IJIGKTPOBUOH  KOHPUIypanuu aTOMOB (OJAMHAKOBas
(CTPYKTYPa BHEIUHEI'0 ¥ 1IPEARHEIUHETC JeKTPOHHHX CJI0eB) 6poM, HOO M
acTaT 00BLEIMHAIOT B HOATPYyNlly OpoMa; OTOp ¥ XJA0p OTHOCAT K THIMYec—
kM oseMmerTaM. OCHBOBHBC KoHCTaHTh p-diemedtos VII rpymum npuse-

JEHBI HUKC:

g 17Cl 3s5Br 53l gsAt
- Basienminic »nekTponLt ... 252245 352375 424> 5825p5  6526p°
ATOMHas MaCca ....oveeeennn., 18,088 35,453 79,909 126,904 [210]
KoRamelTHBI panuyc aro-

MaA, HM vireninnieniinnnns 0,064 0.099 0,114 0,133 0,144
Paguye oua 37, HM ........ 0,133 . 0,181 0,195 0,220 0,23
YuIosnp# paguyc noHa

DHM e - 0,026 0,039 0,050 0,062
CpoerBo ® oaeKTpony, sB 3.5 3,6 3,5 3,3 -
JHeprusa MoHUB3AINU
D0 = D 6B e 17,42 12,97 11,81 10,45 9,2
ConepxanHue B 3eMHO Ko~ ,
pe, % (Mom. monu) ... 2,8-102 2,6-102 85-102 4-106 Cnemm

Kak Buano u3 stux pgasHux, B8 paxy F—Cl—Br—I—At pagmyc aTomos
YBeIMUMBAETCA, a SHEPTHA MOHU3ANHN YMEHbINAeTeA. JTO ¢BUAETENLCTBYET
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06 OcTaBJeHNH TIPUSHAKOB HEMETATJIMYECKOTO 3JIEMEeHTA. dTOp — Hanbdosee
APKO BHIPANKEHHBIH DJIEMEHT-HEeMeTasll, a acTaT NpOABJAET y#e HEKOTOpHe
HpU3HaKH 3JIeMEHTa-MeTalla. '

§ 1. ®TOP

@TOp B HEBO36YKIEHHOM COCTOSHUH HMMEET IJIEKTPOHHYIO KOHUrypa-
HHIO! .

E
[152]2522p° ' -H' 'H-
o

2s

HanpumeM OJHOTO HEMAPHOTO 3JIEKTPOHA OOYCJOBIMBAETCA CXOACTBO
dropa ¢ BogopogoM. OnHako pazindue B OGIIEM HHCIIe BATEHTHBIX SJIEKT-
POHOB M OpOGUTAell IPeAONpPeeifieT 3HaUNTEIbHOe OTINHHe ITUX SIeMen=
ToB Apyr oT Apyra. CTeneHb OKMCJICHNA dTOpa KaK €CaMOTO IEKTPOOTPH-
naTenbroro iementa (4,0) npuruMaercst pasHo#t —1.

MTOp — MOBOIBHO PACHPOCTPAHEHHBIA JIEMEHT, W €r0 CONEpHKAHUE Ha
Zemne cocrasaser ~0,03 % {(mon. nonn). M3 MumepanoB ¢Topa HambOIL-
mee anadenne nmeior CaF, — naaeuxoewt wnam (@Haroopum), NagAlFg —
xpuoaumn ¥ Cas(POy4)sF — dmopanamum. @TopHCTHE COSNHERNs COmep-
JKaTcsi B OpraHnaMe 4eIoBeka (B OCHOBHOM B 3y6aX M KOCTAX). B nupupone
BeTpedaerTcs TOAbKO onup u3oron 9F. MekyccTBeHHO moJyHeHbl Maloyc-
TOHYMBHE N30TONH (¢ MAcCOBBHIMM YHCIaM# OT 16 no 21).

IIpoctoe BemectBo. PTOp 06pazyeT [BYXATOMHBIE MOJICKYJIbI Foy, uro’

cOOTBETCTBYET 3JIeKTPOHHOM KoHpurypanun (cM. Taba. 8):

25 ¥2 5204 *4
050 O'ZTTxnyrxyy.

TockoIbKy Ha CBA3HBAKOILUMX OPOGUTANAX HMeeTcA Ha JBa 3JIEKTPOHA
GOJIbIE, YeM Ha Pa3pHIXJIAIOILMX, NOPANOK CBA3M B MOJIEKYJIC F, npuHn-
MaeTcd paBHBIM 1:

F—F

Moutekyia ¢ropa Fy; nMeer OTHOCHTENIBHO HEGOMBIIYIO Maccy W N0CTa-
TOYHO MONBHMHa, MO3TOMY (TOp B OOBIYHBIX YCJIOBHAX — rad (cBeTIO-
JEJTOrO 11BeTA), O6JIafaeT HU3KOW TeMnepaTypoil niasledus (-223°C) u
xunenns (—187°C).

@TOp HCKIIOYUTENBLHO aKTHBEH XUMHWYeCKH, OH — CANBHENIIANA OKHCIIN-
Tesib. BblcOKasi XUMHYeCKasd aKTHBHOCTH (PTOPa OOBACHACTCA TEM, HTO ero

MOJIEKYJIa MMeeT HU3KYI0 JHEeprio Auccolpnannu (159 wdsk/MoOAb), B TO
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BpPEMA KaK XMMHYecKasd CBsA3b B GOJBIUMHCTBE COeAMHeHMil (pTopa oTIMYa-
ercsi Gompmoi npounocteio (mopsaaka 200—600 kdsx/mons). [lo obpassomy
pelpaxkennio akan. A.E. @epcmana, drop "Beecvenarowmit'. B arMocdepe
¢TOpa ropsAT Takue CTOMKHUE BeIeCTBa, KAK CTEKJIO (B BzE BaThHl), BOAa:

5105 + 2F, = SiF4 + Oy 2H0 + 2F, = 4HF + 0,

B sTHX peakiusax B KadecTBe OJHOrO U3 NPOAYKTOB ropeHHsA obpasyer-
¢sl KUCOpon, T.e. PTOp KAK OKUCIUMTENDb CHIIBHEE KUCIOpOAa. -

HeRrn0YnTeNsHO aKTUBHO IPOTEKaeT B3auMoaeiicTsue ¢dTopa ¢ 60jb-
IMMHCTBOM NpocTeX BenrecTB. C cepoil U dochopoM OH B3auMOAeiCTBYeT
Aaxe Mpu TemlepaType skuakoro Bosayxa (—190°C):

S+ 3F, = SFG, AH;% = -1207 xx
9P + 5F, = 2PFs, AHS,, = —3186 k]lx

@TOp OKHCIIACT Jaxe TAK HAa3HBaeMbEe HJATOPOAIHEIE T'a3bl:

Xe + 2F; = XoFy, AH,, = -252 rllx

HenocpencrBeHHO (BTOp He B3aUMOAEHCTBYeT JIMIUb € T'@TUEeM, HEOHOM H
aproHoM. ’

Coepumenmnsi ¢drropa (—I). B cooTBeTeTBMM € 3aKOHOMEPHBIM M3MeHEHUEM
XapaKTepa 3JIEMEHTOB [0 NepUojaM W CpyNNaM [IepuoAuyecKol CHCTeMEH '
3aKOHOMEPHO U3MEHSIOTCA U cBOMcTBA PTOPUAOB, HAIPUMEp:

OcHoBHO-kMcoTHAsT | NaF  MgF, AlF, SiFy PF5 SFg (CIFs)
Hpupoaa OCHOBHAs aMdorepHasi KUCTIOTHAS
AHVOHHbBIE KOMILIEKCH  — - AIFY SiF{” PFg SF¢ (CIFg)

WNonnre GTOpnAB — KpuCTa/JIMUecKNe BEleCTBa ¢ BEICOKOH TeMiiepa-

TYpoH miiaBlieHnst. Koopaunanuonnoe umncsio ¢gropua-uona 6 (NaF) wim
. 4 (CaF3). Kosanentnsie GTopuan — rassl Wi ®HAKOCTH.
+ TlpoMexyTouHOE MONOKEHWe MEXAY MOHHHMM M KOBATEHTHHMH (PTOpH-
AaM# 3aHUMalT (PTOPUAB € BHCOKOH CTENEHBIO HMOJSAPHOCTH CBA3H, KOTO-
‘PHle MOXHO Ha3BaTh MOHHO-KOBaJleHTHHIMN coeanHenusMM. K mocnennum
'OTHOCATEA, HanpuMep, kpuctandeckue ZnFy, MnF,, CoF,, NiF,, B koTo-
.peix 9(pdeKTUBHBIEC BapsiAb METANIMYECKUX 3JIEMEHTOB cocTaBliaoT 1,56;
1,63; 1,46; 1,40 coorBereTBEHHO.

Muorvue GTOpHAB METAIOB B HU3KHX CTENEHAX OKHUCIIEHMA MOAy4aloT

AeficteneM pacTBopa HF Ha okcuaw, ruapokcuasl, kapboHATHI M IIp.,
Hanpumep:

!

3HF + Al(OH); = AlF; + 3H,0
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@DTOopUAR HEMETAJIOB M METAJJIOB B BHICOKUX CTENEHAX OKRMCIACHWA
NoJIy4aoT (PTOPHPOBAHMEM HPOCTHIX BelLeCTB WIM HU3IINX ¢TOpUAOB,
HalpUMep:

BONBINMHCTBO KPUCTAIMYECKUX (TOPUIOB HEpacTBOPUMO B BOJE.
Xopolo pacTBOpPSAIOTCs JIMWEL (HTOPUIBL $-3/IEMEHTOB I rpynnm (KpoMe
LiF), a Taxxxe AgF, HgF;, SnF; u nexoropeie apyrue.

[Io xuMuueckoii Opupoae HOHHbE GTOPUAB ABIAKOTCSA 0CHOBHBIMH
COSNMHEHUAMM, a KOBAJIGHTHbIE (DTOPUAL — KMCJOTHHMU. Tak, B peaknuu

2NaF + SiFy, = Nag[SlFﬁ]
OCHOBHBIIT KMIOTHBIA TeKcadhTOPOCHIIUKAT
HATPHSA

[To Mepe ycuJIeHMA KWCJIOTHOH NMPUPOAL (TOPUIOB, HAaOpUMep B DALY
MgF,—AIF 3~SiF 4, ux B3aMMOIEHCTENIO ¢ OCHOBHBIMU dbTOpMaaMu OTBeYaeT
yBEJIMUYEHIE OTPUIATEILHOTO 3HaUeHNA AG":

NaF(x) + MgFa(k) = NaMgFs(x), AG,, = 14 x/lx
NaF(k) + |/sAIFg(k) = 1/sNagAlFs(x), AGS,, = 26 wflx
NaF (k) 4 1/,SiFa(r) = !/;NasSiFs(k), AG, = -51 k/lx

OcHOBHBle (TOpMAL NPU TUAPOJIM3E CO3MAI0T MENTOYHYIo cpeny, a
KHCOTHBIEe (PTOPUIB — KHCIOTHYIO:

SiF, + 3H,0 = H,Si0, + 4HF

KUCITOTHBIM .

Amcdorephbie GHTOPUABI B3aMMO JEMCTBYIOT KaK € OCHOBHBIMM, Tak WU C KHUIOT-
HBIMU DTOPU HAMU:

2KF + BeF2 = KQ[BGF‘;}
KaK KHUCJIOTHOE
coefuHeHHne

BeF, + SiF, = Be[SiFg)
KAK OCHOBHO®
coeguHenue

KoMnyiekcible pTOpuubl BechbMa pasHooGpasHbl (cM., HamnpuMep, Tabm. 31).
Koopnuhalimontoe 4ucio no $Topy IS BIEMEHTOB 2-TO Iephoia paBHO 4, pns
Q/IeMeHTOB ZPYTMX TNepUONOB KoopauHalMoHHoe umcie 6. Kpome Toro, MMeloTcHd
KOMIUTeKcHble PTOPULBI, B KOTOPHIX KOODAMHALMOHHOE YMCIO KOMILTeKcoobpasoBa~
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rensi paBHo 7, 8 wu 9, nanpumep: Kj[BeF4], Kj[AlFs], Ky[NbF;], K,[WFs],
K2[Rng].

OTM Ke TNIpHUMepbl MOKA3BIBAIOT, 4TO BO (DTOPOKOMILTEKCAX CTABUIIMBUPYETCH
BbICHIAs CTereHb OKUCAEHUA LHEHTPAJILHLIX ATOMOB.

[IpousBoptble HTOPOKOMIVIEKCOB MpPERCTABIAIOT OGO IpeMMYIlecTBEHHO WOH-
HBIe COeIVMHEHMs JIM60 OTHOCATCA K cMelladHbiM dropupaM (Hanpumep, BeSiF).
Coemvtennsi ¢ Bopoposom tunma HBF4, HPFg, H,SiFg B cBobonnoM cocrosiHum
HeycTouusel, X BoxHble pacTBOpbI — O4YeHb CMIIbHBIE KUCJIOTHL.

Monexyna ¢ropuna sopopona HF cuinbno nmomsipua (p = 0,64-1072¢
Kneu, 6H = 04+, 6F = 0,4—) ¥ uMeeT 60JILIIYI0 CKJIOHHOCTb K accOIHa-

MM 3a CYET BOAOPOIHBIX CBA3EH B 3UI3aro06pasHbie IeTn:

@‘ o

o F ~ {116 H
H
F F

IToaToMy dTOpUA BOMOPONA B O6BIYHBIX YCJOBUAX — GeCl[BETHAS KUIKOCTH
o o
(r. m1. -83,4°C, 1. kun. 19,5°C) ¢ peskum 3aMaxoM, CWJIBHO IBIMALLAA Ha
BO3JIYXE.
Oropua BOAOpPOAAa O6BIYHO MONYYAIOT el CTBUEM CEepPHOU KUCJIOTH Ha
droopur:

CaF; + H,S04 = CaSO, + 2HF

Hawxe B cocrosiunuu rasa GTOpUN BoZOPOLA COCTOMT M3 cMecd mouMepoB HoFy,
H3F3, H4F4, HsFs, HgFg. Hpocthie Momekymnr HF cyliectsyror auib npu TeMIlepa—
Typax Bbillle 90°C. BuienctBue BbICOKOl [IPOYHOCTH CBA3M (sHEprUsi gUCCOLUAIHUN
’565 Kﬂ)i(/MOJ]L) TepMuyeckuit pacnay HF Ha aToMbl CTAaHOBMTCA 3aMeTHBIM BBbIlIe
'3500 C.

: Co6erBentiast wonmsayus supkoro HF neshaunrensna (K = 2,07-10711), Omna
MIPOUCXOUT TyTeM Mepexoja IPOTOHA (WK COOTBETCTBEHHO PTOPUA-MOHA OT ONHOM

oJleKynbl K JPYTOH, CONPOBOMJAIOIIErOCs NPEBPANCHUEM BONOPOIHOW CBA3U U3
}(emMoneKynﬂpHon B MeXATOMHYIO M B KOBaJIeHTHylo. IIpu nToM o0b6pasyloTest collb-

-;'”aTHPOBaHHLIe pmoponui-von FH; u gmopowdportenam-von HF5 no cxeme
H—F---H—F-. -H~F ¥ [H—F—H]* + [F---H---F]
Wi
HF---HF---HF = FH; + HF;

Hunriit dTOopKUL BOROPORA — CUITLHBII WOUUBUDYIONKIA PACTBODUTEND.
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B HeM X0pOIIO PacTBOPAIOTCS BOAa, PTOPUIDL cynbhaThl 1 HUTPATHI S~OJEMeH-
ToB | rpynIbl, HECKOJBKO XyKe aHA/IOTMYHBIE COSNMHEHHA soneMeHTos I rpynnbL
Ipy oT0M pacTBOpeHHbIE BellecTBa, OTHUMAs OT MOJEeKyJl HF npoTonsl, yBeJiM4iHBA—~

J0T KoHieHTpaliio otpHuatenbibix Horos (HF), T.e. menyr cehsi KAK OCHOBaHMS.
Hanpumep:
KNO; + 2HF = K* + HNOs + HF2
Jlaxe HCl 1 HNO3 B oTHX ycloBUsX BegyT ceOsi KAK OCHOBaHMUSA:
HCl + 2HF = CIH; + HF,
HNO; + 2HF == NOzH; + HF3

a nuaudepeHTHBIT B Boje STH/IOBBLA CIUPT B AMIKOM dropuie BOTOPOAA OKA3bI-
BaGTCS TaKUM ke cuibHbIM octoBanveM, xkax KOH B Bose:

C,H;OH + 2HF = C,H;0H; + HF

B munxkoM HF Benyr cebst Kak KHIOThl BellecTsa — AKIENTODE! dropun-
woHos, Hanpumep BFj, SbFs:

BF; + 2HF = FH; + BF;
SbFs + 2HF = FH; + SbF;

[Ipy pacTBOpPeHMM -KUCJIOT yBETMUMBACTCS KOHLEHTPALMS [0M0KHTEIbHEIX dropo-

Huvi-ionos FHY.
AMdoTepHBIMU COeTMHEHUAMU B JKUJIKOM HF spistiorcs, HanpuMep, (GTODHAT
amomunusa n xpoma (I11):
3NaF + AIF; = 3Na* + AlIFy
KaK KU CJIOTHOE
cOeHen e

AIF, + 3BF; = A + 3BF
KaK QCHOBHO€
coeffiHeHue

(Propup, BOAOPOMA HeOTPaHWYEHHO pacTBOpsieTcd B BOJE. [lpu aToM

+ -
npoucxXonuT Houusanus Mmoxekyn HE ¢ obpasopanueM MOHOB OH; n F-.

Hocnennue, BaamMoeiicTBys ¢ Monekynamu HF, o6pasyior ¢roporuapore-

HAT-MOHB!:
K=12-101
K =251

HF + H,O == OH} + F,
HF + F- = HF;,
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WJIN CYMMAapHO

Pacreop HF (droposomoponnas KHceaoOTa) ABNAETCA KHCJIOTOH CcpemHeit
CHUJIBL.

i B pacteope comepsarcsi takme KoMiUleKcHble HMonel HoFs, HgFy, HpFpa.
,:1'- [TosToMy npu HeATpatHsauHU pacTBopos (PTOPOBONOPONHOR KHCTOTH 00pasyloTcst
v He dropunel, a droporunporenats! Tmna K[HF3) (1. mn 239°C), K[H,F3] (1. no.
¥ 62°C), K[HgFq] (v mr 66°C), K[H4Fs] (1. mr 72°C). Dti coenmbenns:, Kax
\!‘,-'j NPaBUJIO, XOPOUO KPUCTAJJIMBYIOTCS W MJABATCH Oe’ pasjiokeHus. TupporeHar-
nh, HOHBI MMeloT sursaroobpasyio ¢opmy. OHHM 0O6pasoBaHbl 3a cuUeT BOJOPONHOM

,"’,‘ cesaA3y. TepMHMueckoe paanoxeHue (OTOpOrMAPOreHATOB UCIOIB3YeTCs JJIA IIOJyde—
,‘ nust HF:

K[HnFpu] = K[HpFy) + HF

XapakrepHast OCOGEHHOCTL (ITOPOBOAOPOMHON KHUCIOTH — €€ Crnoco6-
& HOCTL B3aUMOIEHCTBOBATE C JMOKCUIOM KPEMHUSA:

& [losroMy ee OGBLIUHO XpAaHAT He B CTEWISIHHON nocysme, a B cOCyIax M3
,CBI/IHLLd Kayqyfca HOJIM3TAICHA WU napad)MHa OHa TOKCHYHA, IPU MO a-

(DTOPOBOHOPOI[Haﬂ KHCIOTA TPHUMEHAETCA [y TPAaBJEHUA CTEKIIA,
‘ FYRaUIeH s [eCKa ¢ MET/IMI6CKOTO TUThHA, MOTYHeHuA $TOPUAOB M T.;.
b >‘|

g DTopus BOZOPOA B OCHOBHOM MCIIONB3YeTCs] B OPraHMYecKOM CMHTE3e.

4 Honyaenne nu npmaeﬂeﬂne dropa. Us-3a BBLICOKOIH OKHCIUTENLHOM

BenemerBue BHICOKON XMMHUYECKOH AKTMBHOCTH (PTOP BHI3HIBAET KOPPO-
JiPu0 OuUTHM Bcex MaTepMaloB. B KadecTBe Marepuala alapaTyphl s
[iponydenus bTopa, ero XpaHeHUs W NEPEBO3KM MCIONb3yeTcs HUKeb (M
O craBbl), KOTOPHI# YCTOHYUB K AeACTBUIO (DTOpa 3a cYET O6pa3OBaHMA
BAIUTHON TTeHKM Nin. B nenom npob6mema sra paspeillena, U ¢GTOp B

%JIPI‘IHLIX XHAaleHTOB M NOJHMEPHBIX MaTepHaJ/IoB — choponnaCTOB OTJU-
"NaloMxeAs BBICOKOM XMUMHYECKOH CTOMKOCTLIO. JKuakuit ¢rop m pam ero
'eoellm{eﬂnﬂ NPUMEHAIOT B KA4YeCTBe OKMCINTENEH PAaKeTHOrO TOIJIHUBA.
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§ 2. XJIOP

Xnop — HenOJMHBIH JIEKTPOHHBIA AHATIOY dropa:

H 4+

[1522522p%] 3523p3

3s

ATOM XJIOpa MMeET ONMH HenapHbIA JJIeKTPOH, 1CM 1 HpeIoIpeaeaet-
¢ ero cXOJcTBO ¢ (PTOPOM M BOLOPOAUM. B ro ke BpeMs ¥ XJOpa WO cpak-
HeHHIO cO0 (TOPOM BOJIblIe pa3sMep BANCHTHBIX opbuTtalieil, ropasjlo Meti
e 3HadeHHUe 3HEpPruyd MOHUBAINN Eyy, 3aMetHO 60JBIIE CPOTCTRO K 37I€RT
pony Fe, 60/1biast 10NAPU3YEMOCTE ATOMA.

By, B Foool

17.42 3,145
{2.97 3,61

T(,pf)‘ M
0,036
0,072

B 607bLIIMHCTEE COCAMEOHNI XI0p KAk CHEBIG HCKTPOUTPHUATETRHL

Vi e TN 1

saement (DO = 3,0) BhCTYMAET B GTPIITATCLHON (TCUCHE OKHETCIUA ~
B coefMHeHIAX JKe ¢ Ooflee IeETHOOTPHUATEIBLH M dropom, KHeRop:

JOM B a30TOM OH MNPOABAAET HOFOKHTETLHBIC creneny orMeaennsA. Ocov

e 0T PeTICH
pa3sHOO6pa3Hbl COGIMHCHMA XJIOPA ¢ KHCIODOIOM. B KOTOpBLIX €7

OKMCHeHus xaopa +1, +3, +H u +7, a raxe +4 u +6.

Xop — THBUYHBIA wemerasMaeckuii onemert. ClelnBaTebHOo, W
Hero Hamboiee xapakTepHa TEHACHIMA MpPY XHMUHCCKMX IFPOBPAILECHELE
06pa3OBBIBaTh MPOCTHIE H CJOKHBLIC AHMOHBL.

XA0p OTHOCHTCA K JAOBOJBHO PaclpoOCTpaHeHIILIM Ha emae DJIeMEHTL
BeTpedaeTesi OH ITaBHBIM 06pa3’oM B BMJE X 110 D WA OB = CcOCAMTIIN
¢ HamboIee YCTOWYUBBIM COCTOAHICM OKMCTEHHA X10pi. Hn mv1xrnan,6<().m.
BaXHBIMH MUHepaiamu ApnaroTesa NaCl — xeuwennes cois, NaCl: K1
cuavsunum, KCl-MgCly-6H,0 — wxapraaaum. B orpoMHOM KoJRYecT:
XAOPMAbI COMePKATCA B MOPCKOH BOAE. BXOAAT COCTABIION THCTBIO BO "
sKMBBIE OPTAHU3MEI U 1Ip.

B DpMpORHBIX COEIMHEHMAX XJIOD HaXONUTUs B BIL1e M3OTONOR
(75,53%) u 37Cl (24,47%). KpoMe TOro, HCKyCCTBEHHO MOy YeH bl €ro o
MMOAKTUBHBIE M30TONDI.

TIpocToe BemecTBO. MoOnekymna Xnopa, NoA06H0 MOMERYIE (b”;opa, LR
xaTOMHa. DHeprus amcconmanuu Monexyns Cly Honpine (243 k/lx/Mont

35

yem F, (159 x[lx/Monb). Pacmaj MOJNEKY/Ibl X7Opa Ha ATOMBL CPAHOBHT

saMmeTHbiM, HauMHas ¢ 1000°C.
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Boabmyto yeroityusoctes Mogekyast Cl, no cpassenuo ¢ Fy moxnO
06BACHUTH TeM, 4TO B MOJekyfAe F, HecBA3bIBaiOIMe 3AGKTPOHBL OTTAJIKM-
BalOTCcA JPYT OT Apyra cHAbHee, YeM B 60/ee KPYRHOW NO pasMepaM MOJe-
ryae Cls.

CorsacHo npyroit Touke apeHusi B mostekysie Cly, B ornimuue or Momexymabl Fs,
uMeeTcsl mcpsAs3biBaHue. [Jocentee BOSHUKAET MO [OHOPHO-AKIIENITOPHOMY MEXAHUI—
My 3a cHeT HeloJieJleHHOM OJIEKTPOHHOM Mapbl OJHOrO aToMa U cBoboxHoi 3d-opOu-
tasm apyroro. Cunraercsi, yro nopsifiok cesisu B Moftekyne Cly cocrapmsier 1,12,

B O6LIYHBIX YC/AOBHAX XJA0pP — Ta3 KeaTO-3e1eHOr0 nseTa (T. nia. —
.101,0°C, 1. kun. —34,2°C). OrpannyeHHO pacTBOpsieTcs B Bome (1 06beM
BOJBl PacTBOPsieT OKOMO 2 06LeMOB XJopa). [Ipu ox/IasIeHHU U3 BOAHBIX
© paCTBOPOB BBIJENISIOTCS KPUCTANIOTH/APATH, SIBAAIOIMECSH KIaTpaTaMy
npubanauTenbHoro coctasa Cly6H,0 u Clyr 8H50.

Xnop — aKTHBHBHIM OKMCIUTENb:

ot

\ /5Cly(r) + e = Cli(r), AG,,, = -240 x[Ix
) L/2Cly(r) + e = Cli(p), A Thes = —131 w [l

» OR BecbMa BHEPIHMYHO pearvpyer ¢ MeTANIAMHU U GONLIIMHCTBOM HEMeTall-
708 (3a ucknodenuem Oz, Ny M 61aropojaHbIX Ta30B), JErKO OKMCJAAET
MHOTHE CJIOKHBIE cOSAUHEeHWA. BOccTaHOBUTeNbHBIE CBOWCTBa XJIOP MPOsiB-
JsieT UL DpU B3auMomeiicTBuu ¢ ¢TopoM. BeTynaer Takske B peaknMH
' AMCDPONOPIMOHUPOBAHNA, /ISt [IPOTEKAHMsA KOTOPHIX HaMbO/ee 6HaronpH-
ATHa 10EJ0YHasA cpella, CROCOOCTBYIOIAN O6Pa30BaHUIO BPOCTHIX M CJAOM-
HBIX aHMOHOB:

JCl; + 6NaOH = 5NaCl + NaClO; + 3H,0

: Coepunenns xsopa (—I). Xapakrtep xuMHYeckoi cBA3M, a CIeAOBATEIb-
fh“. HO, M cBOWCTBa XNOPUIO0B, Kak M (DTOPU/ OB, 3aKOHOMEPHO M3MEHAIOTCSH NO
L TPYDIaM M nepMoiaM 37IeMEeHTOB (eM. puc. 131). Tak, B psany xaopumos
M} BMEMEHTOB [aHHOrO NepUONa TN XMMUHYECKON CBA3H U3MeHseTcs OT npe-
“,:‘HMyH_I,eCTBeHHO MOHHOH B XJIOPMIAX TUNHYHBIX MeTaNJ0B 1O KOBAIEHTHON
@'L,B Xn1opuaax HemeTalnoB. MonHsle xjopuan — Teepanie KpUCTJIMYECKHUe
'M BelllecTBa ¢ BBICOKMMU TeMIepaTypaMM NJIaBACGHUS, KOBAIGHTHHE XJIOpHU-
7'& ABl — Ta3bl, KUAKOCTH UM e JNerKODJaBKHUe TBepjbie BeinecTBa. llpome-
KYTOUHOE MONONKEHUe 3aHUMAIOT MOHHO-KOBAJIEHTHbLIE XJIOPHIH .

Honnble xmopuap (X7I0pUIH MeTa/lJIOB) NPOABAAIOT OCHOBHBIE CBOM-

« £TBa, KOB&IEHTHBIE XJIOPUIBI (XJIOPHUILI HEMETA/LTOB) — KHWC/IOTHBIS, Ha-
. Opumep:

.
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NaCl MgCl, AlCly SiCly  PCls {SbCle)
T, “C i 800 714 193 ~70 159 -
KU c1oTHO-OCHOBHBIE CBOHCTBA (Bosr.)
O cHOBHbIE AMdoTepHBIN KuciotHbie

NIOPUMIAR ceeeraranassireaiienienseees

CHO e JIO! y gel( e epranTcs a

() >HOBHbI X p"ﬂbl I‘MﬂpOJIPL} ﬂpaKTM ICKM He HOI_IB p )

K ‘() e I Q. y[() ( O. 9(]“ aT O C ()(i])a&()BaHPIeM
UCAOTHELEIC I/Iﬂ,p JIN3 TCA IO JHOCTLIO M He p UM -

KUCJIOT:
SiCl, + 3HOH = H,Si0;3 + 4HCI

. s - e B
Pasnuuue cBOMCTE XJOPUJOB PA3HOTO THIIA [POABIACTCHA  TAKK

peaKuax Mexay cOboi, HAMpUMep:

KCl + AlCl; = K[AICL]
OCHOBHBI# KWU(JIOTHBINA
- val
Hpu 3TOM OCHOBHBIE XJOPHIIBI (3a cdYeT XJIOpUJ-MOHOB Cl") sapnsitoTed
JIOHOpaMH STEKTPOHHBIX IAp, 3 KUCIOTHBIE — AKIEHTOPAMH. AwmdorepHble
X/10pUABl B3AMMOIEMCTBYIOT Kak ¢ KMCJOTHBIMHU, Tak M € OCHOBHBIMU CO€-
AHHEHUSIMHU. . (o
BOJBUIMHCTBO XJOPHIOR METANIOB XOPOIIO pPacTBOPUMO B BOZL
Rl
uerrotennen AgCl, CuCl, AuCl, TICI n PbCly).
X70puabl NOAyYaloT XJOPHpPOBaBMeM IPOCTBIX BELIECTE XI0OPOM Hau
CYyX#M XJOPHIOM BOJOPOIA!

9Fe + 3Cl, = 2FeCly
Fe + 2HCI(r) = FeCly + Ho

141
, , CCOCLY B
B3AanMOIeiicTBUEM OKCHIIOB ¢ XJIODOM (Mu60 ¢ XNOpUILAMM, TACTO € CCly)
[PUCYTCTBMM YIJIA:

TiO, + 2Cl, 4+ C = TiCly + CO2

.

Bo/blIoe NpUMeHeHHe B TEXHUKE HMeeT XJOpHA BOAOPOIa HCIl: B

. 3o _
obbinbix yeaosusax HCl — GecupeTHBIM Ta3 (t. mn. — 1142°C, 1. knn.

85,17C). B (pOMBILUIEHHOCTH €ro moJayqaioT CHHTE30M M3 IPOCTHIX BE—

1MEeCTR:

NG, = —190 K[lx

Hy(r) + Cly(r) = 2HCI(r),
Xst0pH BOAOPOAA OUEHb XOPOMIO IIOrJIOMAeTCA pogoit (1 061)(3,Mw H,O npu
20°C worsomaer okoo 450 o6vemos HCl). Boaubiit pacTeop HCl — cuab-
pad Kueaora (pKa = —7,1), HasbiBaemasd coaanoti. Kak cmbHasi KHCAOTA
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" HATeJIbHOU

HCl HaxomuT WHPOKOe NpUMeHeHWe B TeXHUKe, MeJHUMHe, J1aBOpaTOpHOM
npakTuke. XJIOPOBONOPONHAA KHCJIOTA BXOJHMT B cOCTAB KETY[LOYHOTO
COKA.

Ilpu meicTBUM cWIIBHBIX OKMCIUTENell WIH NP 3AEKTPOJIN3e XJAOPUIBI
IPOABAAIOT BOCCTAHOBUTENbHBIE cBOHCTBA. [aKk, KOHLEHTPUPOBAHHASN COJisA~
Hasag KHUCIOTa HpOﬂBJIﬂeT BOCCTAHOBUTENILHBIE CBOMCTBA mpu I[eﬁCTBMH Ha
Hee okcuma Mapranua (IV):

MnO,; + 4HCl = MnCl, + Cl,; + 2H,0

OTOH peaklMel MONBL3YIOTCA B JabOPATOPUM [JIA MOJyYeHH s XJI0pa.

[Ipu HarpesanuM xJIOpMz BOXOPOJA OKMCAAETCA KUCIOPOHOM (KATANU-
sarop — CuCly):

4HC](I‘) + OQ(I‘) = QHQO([‘) + 2Cly(r)

Peakuus conpoBokiaeTcst yMeHbIUEHMeM OSHTPONMHM cucTeMmbi. [lodTomy
corsacio AG = AH — TAS ¢ yeesnimuenuem Temmeparypbl AG peaknun
NpUOGpeTaeT MOJIOKHUTENBHOE 3HAUeHMe M [poIece I[POTEKaeT BJEBO.
ITOT NpUMep WJLTIOCTPHPYeT OTHOCHMTENLHOCTL HAINMX TMOHATHIA O CpaB—
OKMCJIMTENBHO-BOCCTAHOBUTENBH O

AKTHUBHOCTH BelecTs.

B paccmatpuBaeMoM ciiyuae npH HEBLICOKMX TeMIIepaTypax 60Jee CHITb-

HBIM OKMCJIMTeeM OKa3blBAaeTcsA KMUCJAOPOM, MPH BHCOKUX TeMreparypax —
XJI0p.

Coepnnenus xaopa (I). Crenens okMcsenns xnopa +1 npossaseTcst BO
dropune CIF, okcune Cl,O n mutpuge ClsN, a Takke B COOTBETCTBYIOUIUX
mm annonax [CIF,]", [CIO]" n [CIN]2-:

CIF
[CIF,]

L0
[C10)

CI,N
[CIN2-

O61uit 0630p GUHAPHBIX COEAMHEHMIT XJIOpa (1) npusepen B Taba. 32.

U3 GUHApDHBIX coefnHeHMiT XJopa (I} OTHOCHMTENBLHO YCTOHYMB JMIUbL
CIF — ciabo sk30TepMHYecKOe cOeHHeHMe. Morodropun xmnopa obpasy-
ercsa npu uarpesanuu cyxux Cl, u F, (Bmme 270°C). Hurpun CI;N n
okeup, Cl,0 — supoTepMMueckme coenBenns 1 Heyctonuusbl. Oxcung Cl,0
pacafiaercst co B3peiBoM Ha Cl, 1 Op npM He6OIBIIOM HarpeBaHMM, NpHu
CONPUKOCHOBEHHU ¢ OPTaHMYeCKMMM BeOIEeCTBAMM W Jaxe IPU lepeuBa-
HUM B KUAKOM cOocTOsinM. [lockonbky sHeprus 'm66ca obpasosanns Cl,0

u ClgN — penMumMHA MOMOKUTENbHAA, 3TH OB MHEHMS NOJIy4YaloT KOCBeH-
HEIM [1yTeM.
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Tabunuua 32 Bunapusie coemunersisi xiopa (1)

=
Coenu- Crpykrypa : - Q ArperarHoe 4 .
HexHMe MOJIEKYJIbL :E 0 . | cocrosive B % E § S
g ; = 6 c-| & S
a = = OOBIYHBIX ¥ o~ PRy 2
= = = JIOBUSIX B é&) =
5 £~ = <A 24 =
®ropun 0,16 um 0,22 1-154 |} -101,1] Becuser- -50 |-51
CIF Cl—F HBI a3
rasTeNbHAS
Orcun \»\es"‘o ‘ 0,26 |-121 -3,8 Henro-ko- { +76 {+93
o WYHEeBLIN
CLO Cl iiee Ci p
ras
yTiIoBast
Hurpun / N = =27 {+71 Temuo-men- [+230 | —
CigN c =<\~ Cl Toe JleTydee
¢ Macmo
TPHroHANLHO-TIMPaMM-
JansHasi

Bunaphble coefuueHus xJjopa (I} MMeOT KHMCIOTHBIA XapaKTep, HTO
MOATBEPIKAAETCS, HAIIPUMED, MX OTHOINEHHEM K BOJLE!

Cl,0 + HOH = 2HCIO
CIF + HOH = HCIO + HF
Cl:N + 3HOH = 3HCIO + H3N

Hpoussonunie okcoxnopar (1)-annona ClO-, masniBaeMbie tunorA0puml
a, Heyeroiuuebl. VIX pacTBOpEl MOIYYalOT, NPOMyCKas XJI0p B OXJ/Iak1ae:
MbIE pacTBOPBI LIeouei:

20H" + Cl, == CI" + CIO” + H,0
2KOH + Cl, = KCl + KCIO + H»0

Oxcoxnopar (I) sogoposa HCIO wuspecres ToubKO B pasGaBieHHbLX
PacTBOPAX. JTO ITA0pHOBATMUCMAS Kucaoma; OOpasyeTcs OHa Hapsay ¢

cOMAHON NPpHU THIAPOINU3E XJI0pa!
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Cl, + HOH == H* 4 CI" 4+ HCIO
Cl, + HOH == H(CI 4+ HCIO

XNOpHOBATHCTAR KUCAOTa caabaa (cm. Tabn. 22).

Ilponssoguete xiopa (1) — cuipuere okucaurean. OcobGeHHO arpeccuBeH
CIF, koropblil pearupyer ¢ BemiecTBaMu elle 6oJjiee DHEPIUYHO, U6M CBO-
6opuwiit drop. Ha sToM ocHOBaHO ero mpumenenue B KauecTse (pTOPUPYIO-
Imero arexTa. [MMOXJIOpHUTH NPUMEHSIOTCA B KadecTBe OTGEIMBAIOIIErO
Cpe/CTRa.

HauBonpmuii npaktuyeckuit uHTepec (Kak OTOGENMBalONlee CPELCTBO,
CPEACTBO JJIA [era3allii, JeUIeBblil OKUCAUTENs) NPEeAcTaBIAeT TUIOXIO0-
pur xaneuusa Ca(ClO),. Hoayuyaercs o npM B3aMMmozjelcTBMM XAopa c
FHAPOKCHIOM KAJbIUS:

2Ca(OH), + Cl, = Ca(ClO), + CaCly, + 2H,0

Kax BUAHO M3 NpUBEAEHHOrO ypaBHEHWA PeAKIMU, OJHOBPEMEHHO ¢
Ca(ClO); obpasyercs CaCly. [lostomy monyuaemelii B TeXHHKe NPOLYKT —
beaunsyas VAN TAOPHAS N3BECMs — MONKHO PacCMaTPUBaTh KAK CMEIIaHHOe
coegunenue Ca(ClO)Cl, 1.e. runoxioputr — xaopus kaneuus. Cogepxanye
Ci(I) B Gesunpnoit usBecTH OBBLIYHO YCTAHABIKMBAIOT N0 KOJTHYECTBY XI0pa,
BLIGJISCMOro IPpU B3AUMOAEHCTBUY €€ ¢ COJISTHOM KUCJIOTO:

*] -1 0
Ca(C10)Cl + 2HCI = CaCl, + Cl, + H,0
W3 nponssofnrix audpropoxiopar (I}-koMnUteKea U3BECTHLI KPUCTALIMYECKUE

+ 1
geiectsa. tuna MICIF,] (M — menounoit Merann). HocmenHue o6pasyloTest npu
BlaMOLeNCTBUN OCHOBHLIX drropunos ¢ CIF B nesomubix pacreopax (mpm 175°C,
190 MITa):

MF + CIF = M[CIF,]

Coepunennst xiopa (III). Crenenn oknciiennst xjaopa +3 TNposBRAETCA & Tpu-
dropuge CIF; u terpadropoxiopar(lll)-aunone [CIF4]", a rakme B nuokcoxio-
par(lll }-arnoue [ClO,]:

ClFy -
[CIF4] [ClO,]

+ ] +

1
M[CIF,] M(CIO,]

Tpudropra xmopa -~ 6JeIHO~3eEHOE BeIMECTBO (1. 1. —76,3°C, 1. kum.
11,6°C), Moxer 6btb nosyieo npu Harpesarun CIF ¢ mabeirkom ¢ropa. [lo
xusMiieckoit npupome ClF3 — coenunenme kmcaorhoe. Tak, UBBECTHBI COMU —
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+1
rerpaspropoxaopartl (I11) kasms, py6bugus u uesust tuna  M([CIF4]. Onu o6pasy-
foresi Ipyt hropuposaknu MCl wmu npu BsauMoneitcreun MF ¢ axmprmm ClFg:

MCl + 2F; = M[CIF4}; MF + CIF; = M[CIFy]

Ipoussognbie ClOz-ahnoHa HashIBAOTCA raopumaa. XJOPUTHI  LEN0oTHbIX
METAJUIOB TIPEJCTABISIOT coboll Gesble KPUCTAIAMYecKHe BelecTBa. JMokcoxjio~
par (III) Bogopoga HCIO; B cBoGogHOM COCTOSHMM He nojydeH. [lake B BOIHOM
pacteope HClO, 6bictpo paznaraeresi. Pactsop HCIO, — xuesora cpenHedh CHIIBL
(Ky = 1-107?), HasuBaeMast zaopucmot. 1Ipy HarpeBakMM XJOPHUTB! TUCIPOTIOPUHO™-

HUDYIOT:

+3 -1 +5
3NaCl0, = NaCl + 2NaClO,
U pPABIATAIOTCS ¢ BLITEJIEHMEeM KUJI0DOAA:
+3-2 -1 0

NaCl0O, = NaCl + Oy
B MpucyTeTBUM  opraHMHecKMX Bemlecrs Teepable okco~ U chropoxsoparbt (111)
E3PLIBAIOTCA OT Y Qapa.

Tpudropua xnopa u rterpacdropoxiopars! (II1) mpumensiorea kax dropupyto-

e arenTbl. M xsopuTos Haubonbinee sHadehne umeer NaClO;, npuMerseMbli
IpU oT6eJIKE TRAHEN W GYMAKHON Macchl,

Coepunenust xnopa (V). U3 coeguuennit, B KOTOPLIX XJIOp NPOABASCT
cTenesb okmcaenms —+5, ussecthnl neHtadropug ClFy, okcorpndropun
CIOF,, auoxcopropua ClO;F u upoussogusie Tpuokcoxaopat (V)-anuola
[CI103]", ruoxcoaudropoxiopar (V)-anuona [ClO,F,]", rpuokcodropoxio-

pat.(V)-anuona [C104F]?", okcorerpadropoxsopar (V)-anuora [CIOF 4]

ClFg CiOF4 ClO,F - -
[CIF,)-  [CIOF,] [CIO.F,)-  [CIOF)F  [ClOy)
+1 +1 + 1 + 1
- M[CIOF,] M[CIO,Fy] M,[CIOzF]  MICIO:]
Moneryna ClFs umeer ¢hopMysy TerparoHanbhodl nupamuasi (cM. pue. 51, u).

Mentadpropug xiopa — ManogccollMpytoliast #Wakocts (r. w1, ~03°C, 1. kML
-13°C), yeroituus g0 200°C. Ero noayuator dropuposatvem ClFs (npu 350°C 'u
25 MIla):

Cleg + F2 = ClF5, AH?

hag — —33 k]l
Oxcorpucbropun xiopa CIOF3 — 6eciyserhoe Betiecto (1. 1. —44°C, 1. xuIL.
27°C), obpasyercsa npu gehcteuu nHa cMeck CIFg u OF, yawrpadmonerosbix Jiy-

yen:

2CIFs + OQF,; = CiF5 + CIOF,
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Dro coemviHelMe Jerko paanaraerca Ha ClFs u O, fBnsercsa xMciaoTHEIM coequne-
HUEM.

Huorcodropua xmopa ClOzF (zacpuagmopud) — GecuserHul OBOJLHO yCToii-
quBblA ras (1. . —115°C, 1. xun. —6°C). [loay4alor ero dropuposasrem ClO,.
XnopWichTopul — KUCGIIOTHOE coequHeHWe; ero ruaposiua UeT Mo cxeme

CIO;F + H,0 = HCIO; + HF
ITpu Baaumogericteu CiO2F u CsF nony4aercs conb
CIOoF + CsF = Cs[CIO,F,]

3HauuTenbHO Goslee yCTOAUMBEL coi — MpousBontble [C103F]2 ~anuona.

Owenp xnopa (V) neussecten. IIpoussomssie [ClOs]” nasmisaror zaopa-
maa. U3 nocneluux Haubosbilee NPaKTHYECKOE 3HAYEHHE UMEeT XJiopaT
kamua KCIO; (6epmoaemosa coas). Ero nosyuator mponyckanueMm xiopa
uepe3 ropsiuii pactsop KOH:

60H" + 3Cl, = 5CI" + ClO; + 3H,0
- +5
6KOH 4 3Cl; = 5KCI + KCI10; + 3H,0O

WU 3ieKTposiin3oM ropsivero pacreopa KCl. [lockonavky KCIO; wMma-
JIO pacTBOPUM B Boje, ero Jjerko oraenstor or KCl oxnaxgenuneM pact-
BODA.

Tpuoxcoxaopar (V) somopoga HCIO3 B cBOGOJHOM COCTOSHAM He
soigesner. Ho (B otmuuame or HCIO u HCIO,) ussectHl €ro KOHIEHTpHApPO-
BaHnble pactBopel (g0 40%). B Boguwix pactsopax HCIO; — cuabpxast
KHCaOTa, HasplBaeMast zaopHosamot. Ee oObl9HO nomyyatoT oOMenHOM
peaKnuei:

Ba(C104)5(p) + HaSO4(p) = BaSO4(k) + ZHCIO4(p)

XnopHOBaTasi KMCJIOTA MO CBOMCTBAM HANOMHHAET a30THYIO KHCJIOTY, B
HACTHOCTH, €€ (MeCh ¢ COAAHOH KUCIOTOM — CHABHBIH OKHCIAWTENAb (THIA
"napcxoit Bogku").
Hpu Harpesanuu xaopatel( V) AMcOPONOPHUOHUPYIOT:
+5 +7 =1
4KC10; = 3KCl104 + KCI

4 B NpDHUCYTCTBAHA KaTaJu3atopa pacliafalOTcsi ¢ BpI/IE€JICHHUEM KHcaopoga:

+5 -1 0
2KC104 = 2KCI + 30,
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Ilpu Harpesanuu TpuoKcoxaoparel (V) — cuabHble OKucauTenu. B cMecu ¢
BOCCTAHOBUTEIAMU OHU OOGPA3YIOT JIEMKO B3pbIBAIOIMErs cocTabbl. bepro-
JIeTOBY €OAb UCHOJIB3YIOT B NPOMSBOICTBE CHMYEK M cMecu s defieppep-
koB. Xaopar Hatpus NaClO; npuMensiercss B KadecTse CPENCTBA [LJIA
60pBOBL ¢ COPHAKAMMA.

Coepmuenus xnopa (VII). Bulcwas creneHb OKucaeHUs xaopa +7
[IPOSIBIISETCS B €r0 OKCU/e, Psae OKCOMTOPUIOB W OTBEYAIOIMUX UM AHUOH~
HBIX KOMIJIEKCAX:

Cl,0; ClO,F ClO,F,  CIOF; (CIF;)
[0 [CIOsF)  [ClOF) - -

+1 v 1 *+1
MCIOy  MCIOsF, MCIOoF, - -

Okena xiopa (VII) Cl,O; — Gecnpernas skuakoers (T. un. —93,4°C,
r. kun. +83°C). Honyuaercs npu HarpesaHuu cmecu okcoxnopara (VII)
BOAOPOAA M oKcKZa docdopa (V)

2HC/104 + P205 = (11207 + QHPOg

Monexkyna Cl,Oy nonsipma (p = 0.24-1072% Kn-M). B neir coraacuo
3IeKTPOHOr PaUUEcKOMy MCCAEOBaHMIO  [IBa TeTpasipa O6BbeIMHEHDI
HOCPECTBOM ATOMa KHCJIOPOZA:

NN o
0—(:1 119°

Y4\

Oxeup Cl,0; oTHOCUTENBHO yCTOIHYUB, Ho npu Harpesanuu (Bbillle 120°C)
pasaraercsa cO B3pPLIBOM.

Terpaowcoxnopar (VI[)-uon ClO; nMeeT Terpasjpuyeckoe cTpPOEHME,
9TO B paMKax TEOPHU BAJIEHTHBIX CBS3€JA COOTBETCTBYET sp3-TMOpUAMBalMU
BAJIGHTHBIX OpOMTasell aToMa XA0pa, cTAOMIU3UPOBAHHON 3a cyYeT A—CBs-
3eft.

Terpaokcoxsioparel (VII) (HeyaalHO Ha3blBaeMLIe €lle nepraopamaii)
BechbMA MHOrOYUCAEHHE. BOABIMUHCTBO MX XOPOILIC pacTBOPHMMOG B BOJE.
Terpaokcoxnopar (VI) Bogopoga HCIO, — GecuserHas sUIKOCTh (T. I
~102°C), cnocobaas BapuBathes. (rpoenue momekymsi HClO4 npusegeHo
HWKe!

0,14 HM

H
\ 1432
1B
0.

0

]

B skuakom HCIO, MOsteky/bl AMMEpU30BAHBl 3a YT BOJAOPOAHOH CBABU:

OO OO
o N0 . 1—0 N0

Terpaokcoxnopar (VII) sogopona xopouo pactsopuMm B Boe. Pacteop
ABJSACTCA ZAOPHOU KUCAOMOIL:

H,0. . HCIO, == OH; + ClO;

Benenerene monusanuu HCIO, pacTsOpel KUCIOTHI BHOAHE YCTOWHHBEL
XJIOpHAST KUCJIOTa — O/HA U3 HauboJee CUMBbHBIX Kucjor. Ee moJjyuaror
AefictBieM KoHueHTpuposanuoi H,S0, ma KCIO,:

W3ssecTHrl MHOro4uMceHHble Okcoxaopartsl (VII). B wacTHocT, kpuc-
rannoruapar HCIO4- H,O  sBastercss nepxioparom okconusi [OH,]CIO,.
Ero nonyuator anexrposusoM pactsopa KCIO;. Ilepxnoparsl B oCHOBHOM
NPUMEHSIOTCSH B [IPOM3BOCTBE B3PHIBYATHIX BEIECTB B DPEAKTUBHON Tex-
HUKe.

Monekyna ClO3F wnmeer ¢opmy Heckombro wuckaxensoro terpasga (g =
= 0,006-107%% Ka-M). B oObIMHBIX ycsoBMSIX TpUOKcodTOpHA XJT0pa (nepraopia—
gpmopud) — OGecupernbiin ras (1. w1 —147,8°C, 1. k. ~46,7°C), B ommuue or
Cl,07 obnagaer BHICOKOM TEPMUUECKOW M TMAPOIUTUYECKON CTONKOCTbLIO! YCTONUME
2o 500° C v 'He rugponusyeres maxke rnpu 260°C. Kuenomasn MPUPOAA ero NposiB—
JISIETCS [IpH B3ANMOZERCTBUY ¢ KOHUEHTPUPOBAHHLIMM DACTBOPAM N [LEJTOYEli:

Cl03F + 2NaOH = NaClO, + NaF + H,0

CIOgF, rax n Cl,07 — cumbHBIN OKUCIUTENE.
Hpyrne oxcodropuarr xopa (VH) — ClOyFs n CIOFs — wmasoycroiumbble
rasbl. [lomydaior MX okMeIeHneM GTOPUAAMU KMCTIOPOAA HUBIIMX (BTOPUAOB XIIOpa:

CIF + O,F, = CIO,;F;;  CIF; + OF, = CIOF;
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Crenenb OKMIeHHsT +7 y XJopa HposB/siercs TAKKe B HEKOTOPBLIX KATUOHHBIX

xomiexcax  tina  CIFs  w ClOoF;.  HUx  npoussommbie  [ClFgl*[PtFe],
[ClOsF,]* [PtFg]™ 06pasylorcst npu B3aUMOLENCTBUM cUNbRekero okncantens Ptlg
¢ PANIOM cOearHeHUR ¢ GoJlee HUBKMMK CTENEHAMU OKUCIENUS XJOpA.

WabecTHbl Takike KATHMOHHBIE KOMILIEKCHI XJIOpa W B APYTUX CTENeHsIX OKWC—

JeHWUsT XJopa, HApUMeED CIF3, CIFy, CIOF;, ClO5. KartuorHble KoMILTeKchl
xqopa (Kkak M xaruoHbl co cesasiMu N-—F, N—O, O—F) nmeior #nuskyio sHepruio
CBA3H, 1l0OSTOMY TPeACTABISAIOT OOMBLUION WHTEPEC KAK COCTABHBIC YACTA BHEpProeM-
KMX cOelWHeHU#. K oSHeproeMkMM BelllecTBaM OTHocstesi Takke ClF5 Fo, OF),
(1,07.

B psizy ClO—ClO;—ClO3;—Cl04 no Mepe yseJlMIeHUs CTEIEHM OKHUCTIe-
HIA XJ0pa YCTOMYUBOCTH AaHUOHOB BO3PACTAET. DTO MOKHO OOBLICHUTL TEM,

qro npu nepexoge or ClO™ k ClO} yBenuuusaercs YUCIO 3JEKTPOHOB,
MPUHUMAIOUX v4acTHe B oOpasoBakmy cBssei. Ocobo ycToHUWUB HOH

Cl0;. B KOTOPOM BCe BAJIGHTHbIe 3JIEKTPOHBI ATOMA XJOpa NPHWHUMAIOT
yaacTHe B 0Opa30BaHMH CBsS3€l:

" Joe Lo]7 Josw 0] Jos. 0|
N Ng N o

~ o o’/ o

[To aTOil Ke nMpUM4YUHE BBICOKO YCTOWYMBE TeTpa’jpUyecKUue MOJEKYla
ClO3F 1 uon [ClO4F]2.

[Tonararor, uro B pagy ClO—Cl0;—Cl03—Cl04 Bospacraer pons T-CBA3bIBA-

uusi. Tak, ecim B ClO™ mopsigox cesasyu pasen 1, To B uone ClO4 on cocrapiser
1,5. Tlogeimenne nopsigra cBasu ClO™ coOTBeTCTBYeT YBelMYeHUIO cpeaHed SHeprUU

CBA3WM M YMeHblaer MeXbsAepHoe paccTosiHWe. Tak, B ClO™ cocraBiser

dClO
0,170 um, B C10; — 0,145 Hm.

Beneacrsue nosellllesns yerofigusocty B psaay ClO—ClO,—Cl03;—ClOy4
YMEHBLINACTCH OKUCHUTE/IbHAA AaKTUBHOCTb. ['akK, rMOOX/IOPUTH BCTYHNAlOT B
OKMCINTENBHO-BOCCTAHOBNTENBHOE B3aWMONCIHCTBIE B JI0GOH cpeme. Xio-
PATHI B PACTBOPAX OKHCSIOT TOJMBKO B CUJIBHOKHCJION cpefe:

ClO; + I' + H,O — peaxuus He uger

C10; + 61° 4 6H* = CI* + 31, + 3H,0

Oxnenmrenrsaasn ke crnocobuoets nona ClO; B pacTBOpax HDpakTHYECKM He
HPOABIIAETCA.

Hedopmanns (BO3OYK/IEHUE) AHUOHOB MOKET NPOUCXOIUTb TAKKE TPH
AOCTATOMHO CHJIBHOM Harpesanuu. [lostomy rtpuokcoxnoparsl (V) peayr
ce0s Kak CUJIbHBEIE OKMCJIUTENM AaKe B LHIEJOYHON cpepe:

+5 + 4 -1 + 6
KCIO;3 + 3MnO; + 6NaOH = KCI + 3Na,MnO, + 3H,0

ciUlaBeHue

[lo Mepe ysenM4YeHUs  cTeneHU  OKMCJEGHHMS  XiAOpa B PALY
HCIO—HCIO,—HCIO3—HCIO, cuia kuenor Bospacraer (taba. 22):

HCIO  HCIO, HCIO;  HCIO,
3 QR 7.5 1,97 ~-] ~-10

,
ITOT AaKT MOKHO OOBLICHUTB TEM, YTO MO Mepe YBEAMUEHMS 4YucIa

atoM0B kMcnopona B psiny ClO—ClO,—ClO;—ClO; npoynocts cBasu O—
€ ONIPEACJIEHHBIM ATOMOM KMEJIOPOaa Ocaa6eBaerT.

Coepnriermsi xmopa (IV). Dra crTelfelib OKHIeHMA XJI0pa MPOSIBISICTCST B €ro
nmokcuge C10,. luokeun xjopa — sesleHosaTo—kentsli ras (T, w1 -59°C. r. kum.
o N >
9,9°C) ¢ peskuM 3zamaxom. CoegMHEHMe OHEOTEPMMUecKoe (AH} = 105

kJlx/Monp). Monexyna ClOy nmeer yriosyio dopmy [ZOCIO = 118°, d (CIO) =
= 0,147 1M}, nosTOMy OHa noasApHa (= 0,56+ 10729 K- m):

)
Cl

~
by

e
Monexyna mapaMaranTHa, Tax Kak UMeeT HEUeTHOE TMEIIO OIIEKTPOHOB.
lakum o6pasom, ClO; — BaJleHTHOHEHACHIIEHHOE cOEIUHEHMe, BO3MOMKHEL ero
NPeBpallleHsl ¢ MpucoeliMHeHeM WJIM NOTepel GJIeKTPOHA:

4 +3 4 +5
Cl02 + ¢ = Cl0;, ClO; — ¢ = ClOy
Hanbonee cunbho nposisiercst neppas tedpenims. [Tostomy ClO; — cummbubm

oKkMcnnTeNb. [puMersieress s or6enku GyMasmHOM MACCHL U B HeKOTOPBIX ApYTUX
TeXHOJIOTUYeCKUX NPOLEeccaX.

[Ipricoennuenne n noTepsi oyeKTPOHA Jlere BcerO DeasiuayeTcsl TIpM RMCIIPONOp—
unonposainn ClO; B menoyHbIx pactsopax:

+4 +3 +5
2C10; + 20H = Cl10, + ClO{ + H»0

[Ipn orom o6pasylores mee conu.
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CyliecTByIOT M IpyTMe okcuibl xiaopa, HanmpuMep Cl,0s. D10 TeMHO-KopwiHe-

+5
+
Basi KUIKOCTh. B kpucrammuueckom cocrosiumu Cl,Og nocrpoen us uotos ClO; n
+7
C10;. HNonyualor ero oxucnennem ClO; ozorom. [Tpu obbiuHblx ycnosusax ClyOg

pocTelleHHo pasflaraeTcs. OHepTWYHO B3aUMOJeCTBYeT ¢ Bojofi, obpasysi IBe
KUCJIOTHI:

+5 +7
CIQOG + HzO = HC]O3 + HC104

[pu conpuikocHoBenun ¢ opraanveckumu BeurecrBamu Cl,Og B3phIBaeTcs.

[Tonyyator cBOBGOAHBIH XJIOp OKMCICHHEM XJICPHAOB: B JadopaTopuy —
XUMHIECKUM OKHCJICHHEM KOHIEHTPUPOBaHHON COJAHOM KMCJIOTH; B TEXHU-
K€ — 3JIEKTpOoau30oM Bogaoro pacrsopa NaCl M — Kak NO60YHEIN NIPOYKT —
Ip¥ NOMYYECHUM HaTpus sdiektposusoM paciuiasa NaCl. Xsop npuMmeHsioT
JIsl CTEPW/IM3AallMM IHTHEBOH BONbI, LIMPOKO HCIOAB3YIOT B Ka4ecTBE
OKMC/IMTENIS] B CaMBbIX pas’sHOOOPa3HHX OTPac/jsX XMMHYECKOH NPOMbIIIIEH-
HocTH. BaxkHa ero posis B METAJUIYpTUH HBETHHX METaJIOB.

§ 3. IOJI'PYIIIIA BPOMA

Atomut 6poma Br, mona I u acrtata At UMEIOT OIMH HeNapHBIH SJEKTPOH
(s2p°), MO3TOMY NPOSBJIAIOT 6OJIBIICE CXOACTBO € THIMYECKHMH DJIEMEHTa-
mu. Ho npu BHCOKMX cTeI€HAX OKHCJICHHs 3NEeMEHTH NOoarpylne 6poMa
CYIIECTBEHHO OTVIMYAIOTCS OT XHMHU (PTopa M XJI0pa.

JJIeMeHTH NOoArpynne 6poMa NpOsIBJASIOT CTENEHN oKucaeHusa —1, +1,
+3, 45 u +7, u3 KoTopeX Haubosee yeroftuusbl —1 U +5.

bpoM ¥ erc anajorm — HemerajuiMdeckme siaemeHnTol. Ho ¢ yseanue-
HHMEM 9HCIa 3aNC/AHAEMBIX BJIEKTPOHHBIX CJOEB aTOMOB HEMeTa/lJIHYyecKue
Opu3HakH deMeHTOB B pAny Br—I—At ociabesator. 06 srom, B wacTHOC-
TH, CBHISTEJBCTBYET YMEHbIIGHME OHEPrMHM MOHM3allMM W CpOACTBA K
snekTpoHy. Mon ¥ acTar nposBiasioT fake 3aMeTHHE NpU3HakU amgorep-
HOCTH,

BpoM ¥ won — pAOBOJBHO paclpoCTpPaHEHHBIE Ha 3eMJIe 3JEeMEHTH.
TIpupoaHbIl 6pPOM COCTOMT M3 BYX cTabMIbHHX M3oronos Br (50,56%) u
82Br (49,44%), mon — u3 opsoro m3orola 127, Iloqydenw Takke HCKycCT-
BEHHBIE M30TONEI. ACTaT B IPHpOAE NPAKTHYECKH HE BCTPEUAETCs .

Ero nosydalor WCKyCcTBeHHBIM HyTeM, HanpliiMep 6GoMmGapiupOBKOM aroMoB
BUCMYTa AnpaMH Tefus:

209 211
g3 B1 (@ 2m) " At
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CuHresvpopaHo okono 20 paluoakTHMBHBIX M30TONOB acraTa. Bce oHM WMeloT

KODOTKMIA [epVoll MOAypacnaid; caMblii NONFOKMBYIIUHA w3 Hux 2UIAt (Tl /
2

= 8,3 4). [TosToMy acraT He MoxeT ObITb NOJNYYeH B 3aMETHBIX KOJIMYeCTBaX M ero
CBOVICTBA M3y4eHbl HEOCTATOYHO.

BpoM 06bIYHO cOMyTCTBYET XJIOPY B €ro KaJMUHBIX MHHepajaX. bpoM u
MO HaXoasiTcst B MopcKol BoAe M HePTAHHX 6YpPOBHX BOJAAX, OTKYAa HX
raBHEM 06paszoM B o6bBalOT. HUYTOKHELIE KOMMYEcTBa acTaTa OOHapyXKe—
HEl B NPOAYKTaX €CTECTBEHHOTO pajgHOAKTHBHOrO pacllafia ypaHa ¥ TODHSL.

IIpocTHe BemectBa. HeKOTopmé CBEAEHUS © CAJIoreHaX, a TaKiKe BONO-
pona NpHpeneHH HHXKE!

H F Cl Br I At
T, “Coais -259,1  =219,7 -101 -1,2 113,6 244
T. kv, “C o, -202,6  -188,2 -34,1 59,82 184,35 309
dyny HM o, 0,074 0,142 0,200 0,299 0,267 -
AHppe 3, vlx/Mons .. 435 159 243 199 150,7 117
Kgne By wvevvermrecrereesones 51:10710 9,2-10°%  1,6-107 3,3-10°5 3,0-10°% -
Poog (32 + 2¢ —
=29, B o, 225 287 1,36 1,07 0,54 -

Moumekyns 6poMa M €ro aHaIoroB ABYXaroMHH. Kak BHOHO W3 NpuBeneH-
HBIX NaHHBIX, B pAny Bro—I,—At, ¢ yBenuyeHMeM MEKbANEPHOTG paccTosi-
BUsl dyp osHeprua puccompanuy Mouekyinr A Hppe 3, YMeHbliaeresi. JTO

OOBACHAETCA YMEHBINGHHEM [JIOTHOCTH NEPEKPHIBAHHS CBA3YIOMHKX 3JIEKT-
POHHBIX 06JiakoB. B 3TOM psiny NoasipusyeMocTh MOJIEKYJ YBEJIHYHBAETCS,
a CJIEOBATEeNIbHG, YCHJIMBAETCA CIIOCODHOCTh K MEKMONIEKYISIPHOMY B3au-
MOneHcTBHIO, OITOMY BO3PACTAIOT TeMIIepaTyphl NJ/aBJCHHS M KHNeHEWs. B
OOBIYHLIX YCJIOBHMSX 6POM — KpacHO-KOPMYHEBasA KHUIKOCThH, MO — YEPHO-
(pUOIETOBHE KPHCTAJIB € METAJJHMYECKMM 6JI6CKOM, acTaT — TBepAOe
BEIIECTBO METAJLTMYECKOrO BHa.

PacrsopuMocTh rasioreHoB B BOme cpaBHMTENBHO Madla. [Ipu oxmakpe-
HUM BOJHBIX pacTBOPOB BHAENAOTCA KPHUCTAIJIOTHAPATH KIaTPATHOIO
tuna 3,-8H,0. lanorensl aydiie pactpopsitoTes B OpraHUYECKHX pacTBO-
puteasix (cnupt, Gen3os, aQup, cepoyryiepos M Ap.). ITHM NOAb3YIOTCs
JIA u3Bjiedenus Br, u |, ¥3 pasnuyHbIX cMeced.

bpoM u Mon — poOCTATOMHO CHIIBHBIE OKHC/IMTENH, XOTA M YCTYNAOT Mo
aKTHBHOCTH ¢ropy M Xiopy. B psaay F—At cummkaercs okucauTeabHas
aKTHBHOCTh NPOCTHX BemecTs. Tak, uamenenue suepruu ['u66ca B peaKkmy-
AX B3aUMOeiicTBHA rajJIoT€HOB C BOAOPOIOM
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1/,H, + 1/,Hal, = HHal

oTBedaer cJieAylonNM 3HAYECHHUAM!

HF HCI HBr HI

AG°,298, & Lot/ MONB oo =273 -95 -53 1,8

/

BszauMogneiicTBue ¢pTopa ¢ BOAOPOAOM NPOTEKAaeT CO B3PHIBOM JAaXe Ha
xonony, ob6pasosanre HBr u3 mpocTslX BENIECTBE NPOMCXOAUT JIMHIL TIpH
NOCTaTOYHOM HarpeBammy, a o6pasosanue HI — nmpu Takom Harpesanuy,
YTo 3HAYMTENILHAS YACTh €ro TepMudecku pasJaraercs. 06 yMeHpUIEHUH
OKMCUTEIBLHON aKTMBHOCTH MOJICKYJ TaJIOTEHOB ¢ YBeIMYEHUEM aTOMHOrO
HOMEpA 37IEMEHTa CBUIETENILCTBYET TAKXKE CONOCTaB/IEGHHE WX CTAHAAPTHHIX
3JIEKTPOAHBIX MOTeHnUaaoB (cM. Tabn. 25).

HanpoTus, cnocobHocTh OKMcHATHCA (T. € BOCCTAHOBUTENLHAS AKTUB-
HOCTh) B psiay Bro—lo—At, saMerno nosbimaercea. Hon, nanpumep, okucmis-
eTcA KOHIEHTPUpPOBAHHOMN A30THON KUCIIOTOM:

0 + 5 +5 + 2
31, + 10HNO;3 = 6HIO3 + 10NO + 2H,0

Ocnabneave OKMcANTENIbHON AKTUBHOCTHM CKA3KIBAETCSH M HA YMEHbLIE-
HUU CKJIOHHOCTH OpoMa ¥ HoJa K peaknuAM AUcIpONOPLUOHHUDOBAHUS.
Tak, xKoHcTagTa CHAPONM3a JJIsl PeaKI U

1] -1 +1
3, 4+ HOH = HD + HOO0
[H3] [H30]
K = 21 190)
(9]

B pany Cly—Bry—I, 3ameTHo ymenbinaeres: 3-1074) 4-107% u 5-10723 coot-
seTcTBeHHO. CleORaTEILHO, PABHOBECHE PEAKIMM B3aMMOIEHCTBUS Tajlore-
HOB ¢ BOROH NpH MEPExofie OoT XJopa K UOAY Bce Gollee cMeHlaeTcs BIIEBO.

OKHCIUTENBHYI0 AKTMBHOCTH 6pOMa M HMOAA HIMPOKO HCIONL3YIOT B
PasIMyHLIX CHHTE3aX U [JiA aHalu3a BemecTs. Mol mpuMensioT kak aHTH-
CEIITHYECKOE M KPOBOOCTAHABIUBAIONIEE CPECTBO.

BpoM ¥ HMOX NOJIY4aloT, OKMCNAA GpOMHAB ¥ HONUAHI, HAPUMED, N0
peaknuy

-1 +*q 0 +2
2ZNa3 + MnO, + ZH,S50, = 3, + MnSO,; + Na,S0, + 2H,0

Ilpu nmonyuenum 6poMa B KadecTBe OKMCJIMTENSA YacTO  HMCHOJAB3YIOT

XJ10p:

-1 -1
2KBr + Cl, = 2KCl + Br,
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Coepvnaennsn 6pomMa, MOja, acTara —Az;‘f”m’

- f;
(-1). BpoM, uom u acrar ¢ MeHee A4w/Mons
3NIEKTPOOTPHIATENLHEIMY, YeM OHH

caM, 2JeMeHTaMu 06pasylor GpoMu- 8001

OB, Womupael, acratuasl. CBsA3b Q*\
9—Hal B papy dropus—xnopus— 7001 3F;
6pOMUA—UORUA, HJsl ONHOTO U TOro oot

JKe ojieMeHTa O00K4YHO ocyabeBaer U

Habnrofaercs yMeHbILEeHHe YcTOHuu- 04
pocty coexuneHuii. O6 sToM, B yacT-

HOCTH, CBUIETENLCTBYET CpaBHEHHE L
CTAHAAPTHBHIX JHTAWILNHUN U 3Hepruit Jo0 -
I'ub6ca o6pa3oBaHUsi TAJIOTEHUIOB

ONHOTO M  TOTO Ke  3JIeMeHTa 200

(puc. 150). i

B otnuyue or propupor Gpomu-
OBl M MOAUIH . U3BECTHH TJIABHBIM
o6pa3oM /Il 3NEMEHTOB HU3KUX
creneHelf  oxkuciaeHus. Hanpumep,
bropUxEl ¥ XJIIOPMOL U3BECTHHI IS
Bcex creneHeit oxucrenust ypana (UCl;, UCly, UCl;, UClg), torpa kak
Gpomupbl ¥ womuasl ussects! Juwb A U(ID) » U(IV) (UBrs, UBry u
Ul,, Uly).

Kak u dropupsl ¥ xnopuasl, 6poMUAsl ¥ HORUAB MOTYT GBITE MOHHBI-
MM, UOHHO-KOBAJIEHTHHIMM ¥ KOBAJIGHTHbIMM coemuHeHusiMU. Ilpenmyrect-
BEHHO WOHHBIMM ABJSIIOTCS TPOU3BOAHBIE [LEMOUHBIX U IIEIOIHO-3eMesb-
HBIX MeTa/lNIoB. BpoMUAbl ¥ HOAMALI HEMETAIJIMYECKUX 3JIEMEHTOB 51 BJSIOT-
Csl NpeUMyLeCTEeHHO KOBAJIGHTHBIMHM. B psiny rasoreHunos opHOro u Toro
Je DJIEMEHTa C NOBHILIEHMEM €ro CTeleHH OKMCJIEHMS YCHUIIMBAeTCs KOBa-
JIGHTHHE M XapaKTep CBA3Y.

L 1 1 1 { 1 L i

Ti V Cr MnFe Co Ni Cu Zn

P 1 c. 150. SHeprust [ub6ca 06pasoBa-
"HUS urajoreHl JoB 3d-ajleMeHTOB

PacTBopyMOCTb B BOfIE MOHHBIX TaJIOFEHUOB UBMEHSIETCS CleqyouliM oBpasoM:
vonun > 6poMHMn > xsopun > dropun. [ToHuxkeHue pacTBOpHMOCTH B OToM psny
OOLSICHSETCA TeM, To haKropoM, olpegessioliiM pacTBODUMOCTE,  SIBJISIETCS
OHePrisA KpUCTAIIMYEcKoW pelleTky, KoTopasi ¢ YMEeHblleHUWeM MWOHHOro pajuyca
rajioreéHa BO3pPACTaeT. JTOT MNOPSJOK COGMIONAeTCs E Y TaJIOr€HUIOB IIEJI0UHBIX M
nenovHo-3eMeNbHbIX METa/IoB W JaHTaHounoB. B nocnepuux mByx ciydasx ¢ro-
pUIBl NPAKTUUYECKU HepacTBOpUMBL 711 ralloreHUIOB, B KDUCTAIAX KOTOPBIX B
JOCTATOYHON MEpe MpOABASAETCs] KOBaNeHTHasl CBASb, pPAcTBOPUMOCTb (pTOpULA
MOXeT OKa3aThCsAd OOMBIIONM, @ PACTBOPUMOCTE MONMIE Majloil, Kak, HallpuMep, B
s Ag(I) w Hg(I

331



BoJibIIMHCTEO GPOMHIOB B HONHIOB XOpOIIO pacTBopsiercs B Boje. Kak
¥ IJIA XJopHI 0B, HepacTBOpuMsl AgD u Pb3,.

Hono6ro ruppunaM, GTopHAaM U XJOpHAaM, OpoMUABI U HOAMIH B
3AaBHCUMOCTH OT MPHPOLBl IEMEHTa B [IOJIONKUTEILHON CTENCHH OKMCICHUs
MOT'YT O6bITH OCHOBHBIMM ([aJIOTeHHMIBl MISJIOYHBEIX M HIEJIOTHO-3eMeIbHBIX
METAIIOB) M KHCJAOTHWME (Ta/IOTeHHAB HEMETAa/UIMYeCKHX OJIeMEeHTOB).
TlpuMepsl 6pOMHUIOR ¥ HOAMAOBR pa3HOW XUMHKYECKOH NPHPONLl M HX MOBe-
IeHue NpH THAPOIK3e NpUBeJeHbl HUXKE:

KBr + HOH = peakuust NpakTidiecky He ujeT
Nal + HOH = 1o xe

OCHOBHBIN

BBI‘3 -+ 3HOH = H3BO3 -+ 3HBI‘
Pl; + 3HOH = H,PO; + 3HI

KWUCIIOTHBIA

Pasauure B xuMupdeckoil Opupone GpOMHAOB M MOAMAOB MPOABJIsiETCA
TaKKe B PEAKIMsIX THUIA

KBr + AlBr; = K[AIBr,)

OCHORHBII KHUCJIOTHBIA

Takue pearium MeXNY GpPOMHIAMH H/IH HONHIAMH NPOTEKAIOT pexe,
YeM MEKIy COOTBETCTBYIOIIMMM (DTOPMAAMM WM XJIOPDHAAMH, K TOMY XKe
BhICHIME KOOpIMHAIHOHHBEIE YHC/Ia KOMIUIekcoo6Gpasopareneit OOLIYHO He
JOCTHUTATCA.

Hekoropwse koHCTaHTHl TaJIOTEHU/OB BONOPOAa pUBeAeHbl HHXKe:

HF HCl HBr HI
AH}, w I/ MOTb ......... r. =270,9 -92,8 -34 +26,6
AG}, xlx/Momb ... -272.8 94,8 -53,2  +1,78
..................... 9 0,12 0,141 0,160
dHHal’ HM 0,09 8
<LK /MOJIB ........ 431 364 297
EHHal‘ k Ik /Moute 565 3 6
(1029, KITM oo 0,640 0,347 0,263 0,127
T, °Coeeeeee, -83,4 -114,2 -86,9 -50,9
T KU, °C oot 19,5 85,1 66,8 35,4
Ky 6,6-1074 1-107 1-10° 1,6-10!!
Kig1c,208 ++rrvvrrsverernnsnneee 10-9% 1031 10718 3

IIp# O6BIYHBIX yC/HOBMAX [AJIOTEHHALL BOLOpORa — rassl. TepMuyec-
kas ycroiaueocts B psany HF—HI ymensmaercsa. Kak sugno U3 3navenwii
Kpue = [Hp)[Haly)/[HHal]2, HF w HCl odens ycroiiumeer, HBr ycroit-
9HB NpH O6pIUHON Temnepatype, HI neycToitums. 3To 0BYCHOBIEHO YBe-
JUYeHHEM pasMepa atoMoB B pany HF—HI u yMeHpllieHMeM NOpouHOCTH
CBRSA3Y.

Monexysst HHal nossipust: B pany HF—HCl—HBr—HI snextpuaeckwmii
MOMEHT AHIOJNA YMEHBUIAETCA, HO MOJSAPH3YEMOCTh MOJIEKYJI YBETHINBACT-
ca. Hoaromy B paxy HCl—HBr—HI rtemneparyps! IuiaBjieHyst ¥ KHNEHHA
raJIoTeHUIOB BOJAOpOJa NoBblialoTeA (cM. puc. 148). bpomup ¥ wonpun
BONOPOJa OYEHH XOPONIO pacTBOpMME! B Bone. Kak BHAHO Mo 3HaYEHHAM
K,, ¥X pacTBOpH — CHJIBHBIE KHMCIOTHI, HA3BIBAEMBIE COOTBETCTBEHHO Opo-
206000pn0not H undpepdopoinoi. B pany HF—HCI—-HBr—HI cuna kwuciaor
yBE/IMUHBAETCS, UTO B OCHOBHOM OIpE/E/IsieTcs] YMEHLIEHHUEM B 3TOM DALY
npounoctd cesi3u H—Hal. Oco6o npounast cssi3e B Mmonexyne HF, nosromy
dTopoBOAOpOAHAT KHUCIOTA 3HAYNTENIBHO ciiabee APYTUX TallOTeHOBOIOPO-
HEIX KHUCJIOT.

C yBenuveHHEM MEXKBAJEPHOTO PacCTOAHWA ¥ YMEHbINEHUSA DHEPTHU
cesisy B psny HF—HCI-HBr—HI ycrolfussocTh MoJeikyn chykaercs. B
3TOM Ke DAY BO3PACTAET BOCCTAHOBUTENbLHASA aKTUBHOCTL. Hanpumep, aast
peaxknuyu

- 1 +6 0 +4
2HHal(r) 4+ H,SO4(sx) = Haly(r) + SO(r) + 2H,0(x)
uamenetiiie sHeprud ['n66ca coOTBETCTBYET 3HAYEHUAM

HF HCl HBr HI
AGY, kAM/MOAL oo 460 105 25 —68

Orcrona cienyer, uro HF w HCl ¢ H,SO4 ne pearupyior, a Hl serynaer
B OKMCJUTEe/ILHO-BOCCTAHOBHTENBHOE B3auMoneiicTsue. Tak e ranoresobo-
AOponbl OTHOCSATCA K KOHNEHTpupoBaHuo# ceproil kueaore: HF u HCI e
konnestpuposansoit H,50, ue B3ammopeiictsyor, HBr Boccranasimpaer
H,SO4 npu swarpesanuu no SO,, a HI — no SO,, S u paxe H,S:

-1 +6 =2
SHI(r) + HpSO,(x) = 4ly(x) + HyS(r) + 4H,0()

AG,. = -290 x]lx

Hostomy HBr u HI pefictBueM cepruoft KHCIOTH Ha MX COJMM HE NONYYaloOT.
B omnuumne or dropuga M xiopuma Bompopoxa GpoMuI M HOLMI BOJIOpPOJA
OGRIYHO TOMYHYAOT THAPOIUTHYECKHM pas3/loKeHUeM GPOMHUIACE U HONUIAOB

docdopa(Ill).
Coennnermsn 6poma (1), moma (I) m acrara (I). Crenens okucienus +1
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y 6poMa M ero aHaJIOrOB NpOABAAECTCA B CONHWHEHHAX ¢ HOJI€E D/IEKTPOOT-
pPHIATEJIbHBIMY Ta/IOT€HaMK M KHCAODONOM, HallpuMep:

Brf  BCl Br,O IF ICI  IBr -
BrF, BiCl; BrO" IF; ICl; IBr; 107

Bunaphnie coenuuennsi 6poma (I) u noma (1), xkpome BryO, obpasylores npu
HelocpeICTBEHHOM  B3aXMOJIeCTBUM  NPOCTHIX  Bellecrs. 3a MckmodenneM [Cl

(AH,,, = -12 x[x/monb), oun ouenb Heycroftuysel, BrF, BrCl — raspt (coor-
BeTCTBeHHO KpacHoro u kenroro yBera), BrpO — Kpacho-Kopu4HEBast KUAKOCTb,

ICi (}cpacnblﬁ), IBr (cephiit) — Jierkoniapkie TBepJible BelIeCTBa.

Bunapsle coenunenus 6poma (1) m wona (I) ABNAIOTCA KHUCIOTHBHIMHU
coeguHennaMy. Q6 3TOM, B YACTHOCTH, CBHISTENLCTBYET HMX OTHOIIEHHE K
BOJE

Br,0 + HOH = 2HBrO; IClI + HOH = HIO + HCI

M B3auMOJeltcTBHE ¢ ONHOTHIHBIMM NPOH3BOJHBIMY IISIOYHBIX ¥ [IEIOYHO~
3eMeJIbHBIX METaJlJIOB, HAallpUMep:

CsI + Atl = Cs[Atl;]

Aunofoacrarar(l)

KCl + I1C1 = K[ICLy);

anxJopoviogar(l)

Nomuapl 1eouHBIX MeTaJloB oYeHb CKJIOHHBI B PacrBopax NDPUCOENUHSITH
MOJIEKYJIpl TrajioreHoB ¢ oBpasoBaHyeM noMunonuaoB. OIHY 73 TakuX peakuui
MOXKHO PAcCMATPMBATE KAaK B3aMMOJIEICTBHE OCHOBHOTO MOIMIA LIEIOYHOIO MeTaslna
¢ KMCTOTHBIM yoaufoM noga (I):

-1 +1-1 +1-1
KI + I = K[l  I'(p) + lap) = I5(p)
munopovonar(l)

Crpoetivie mHeitHpx votos tima [ICly]", [I15]” MoXHo 06bsicHnTh o6pasoBaHieM

TPEX1[EHTPOBLIX MOJERYJISIPHBIX opbutalen (cM. puc. 145).

Mpouspogusie O (runo6poMUTH, THNOHOAHTH) MO CBOHCTBAM M CNO-
cobaM nonyueHus MOJO6HH TunoxaopwraM. llpuw HarperaHHu OHU JIerko
AHCOPONOPIHHOHHUDPYIOT!

+] -1 +5
3K30 = 2KD + K30,
HJIF paclapatoTcsa, BelAesAsd KHCIOPOL:
+1 -1 0
2K90 = 2K3 + O,
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Oxcobpomar (I) HBrO w oxcouomar (I) Bomopona HIO wusBectubl Tompko B
paz0aBiieHHEIX BojHEIX pacrBopaX. Mx pacreopel, nojobse HCIO, — ciabele kue-
norbl — Gpoamosamucmas (pKy = 8,7) u uodussamucmas (pKyx = 11). Kak n
HCIO, npy HAarpeBanyMu M Ha cBeTy OHW DABVIATAIOTCS:

H20(p) = HO(p) + 1/,04(r)
Usmenenvie AG), B atom npotecce aasa HCIO cocrasaser -51,4, nna HBrO pasro
-5,2 u mna HIO paBuo +54,5 x[ixk/Monb. OTo oTBeuaeT pOCTY OTHOCHTENBLHOM
yeroiunpocty B pagy HCIO—HBrO-—-HIO.

[Ipousropnsie 6poma (1) u woga (I) — cunbHBIE OKMCIUTENH.

Coenuuenus 6poma (II1) u moma (IH). Crenexn okucnedvsi +3 6poMa u uona
NMPOSIBISIETCA B TPUFANIOTeHMIAX M OTBEYAIOIIMX MM AHMOHAX:

BrFg(ax) 1Fg(r) ICly(r)
[BrF]"  [IF]"  [ICLJ

Oxenant 3 (111) HeusBecrHel, 2 oTBedatolune uM ahmonbl BrO; u 10; Heycroii-
YMBBl U JleTKo guchpomopuuonupyior. [Ona noma (I1I) nsBectssl yeroltuupbie
wentoie coenunenns [(ClOy4)s, I(NOg)s, I(I04)s.

Punponns coemmuennit Br (111) u 1 (111} conpoBokpaercs nucnponoplyoHupo—
BaHueM, Hallpumep:

BrF; + 2HOH = HBrO, + 3HF
3HBrO, = HBrO, + HBr

+3 +5 -1
3BrF; + 6HOH = 2HBrO3; + HBr + 9HF

Ananorniso ruapommsytorcst coeivierns tina [(NOg)g:

+3 +5 ~1
31(NOs); + 6HOH = 2HIO; + 9HNO; + HI

Hpouasognble 6poma (I11) u moma (II1) — cusbhele okmcurenu. Tpudropun
OpoMa npuMeHsleTcsl Kak (PTopupylomui areHr.

Coepunennsa 6poma (V) u moma (V). BpoM u non nposiBiaior crenens
OKHC/ICHUA +5 B CIHEAYIOmMUX COSAMHEHHAX U OTBEYAIOMMUX UM aHHOHAX:

BI‘Fs BI‘OQF - IF5 IOzF 1205
BrF; - BrO; IF; 10,F; 10;

®ropuarl, okcun u oxcopropupsl Gpoma (V) u wopa (V), a tarxke
okcup wona (V) Gecusernn; sto sunkoctu (BrFs, IFs, BrOsF) uau teep-
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nute semjecrsa. [1o KHC/JIOTHO-OCHOBHBIM cBOICTBAM OHM SABJSIOTCA KUCJIOT-
yeiMy. Bojiee wiay MeHee 3HepPrH4HO B3aHMOIEIICTBYIOT ¢ BOJIOH, 00pasys
KHMCJIOTHI:

1205 - HZO = 2HIO3
BrFs + 3H,0 = HBrO; + 5HF
10,F + H,0 = HIO3 + HF

(' OcHOBHBIMHM COEIMHEHUSIMM OHH J13l0T COMY, HANpUMEP.

KF + IFs = K[IFg]
6KOH + IFs = K[IO3] + 5KF + 3H;0

Hpomseoansie [I0s)” HasbBaoTes Gpouamant ¥ wodamaur. AHHOHDI
[303]" Becbma YCTOMYMBBI, MO3TOMY HMEHHO HX npou3BogHble OObLIYHO
06pa3yioTcsl B BOAHBIX pPacTBOpaX NpH AedcTBHM Ha COENHHEHHA 6poma,
MOJla U acTaTa CHJIbHBIX OKMCJIUTE el

0 +5

Br, + 5Cly + 6H,0 = 2HBrO; + 10HC
0 +5

9At 4+ 5HCIO + H,0 = 2HAtO; + 5HCI

Bonnble pacrsopsl HBrQg — 6pounocamas (pK« = 0,7), HIO; — WOOHO~
samas (pKx = 0,8) KHCIOTHIL. B psany HClIO3—HBrOs—HIO; xucsnoTibIe
cROHCTBA HECKOJIBKO OCAGEBAIOT, a YCTOHYHMBOCTD, HAOGOPOT, MOBBILIAETCS.
Taxk, ecau HClOj cymecTsyer TOMLKO B pacTBOpe, TO HIO; MOMXHO BBIAE-
AUTL B CBOGOMHOM cocTosHuM. TBEpIBl TPHOKCOMONAT (V) sopopona —
GecrBeTHbI® KpHCTaLnbl {T. I 110°C). Ero MoxHO BbIAEINTH NEHCTBHEM
Ha MOMaThl cepHoi KucsjoToii. [Ipy HArpesanuy HI0; noayuaercs 1,05.

Wonarsl qpyrux 3J€EMEHTOB TaKKe 3HAUHTE/IBHO yCTOHYHBEE COOTBETCT-
BYIOILMX XJIOpaTOB M OpOMaTOB. B yacTHOCTH, HEKOTOpPhl€ W3 HOJATOB
serpevatoress B npupone: KlO; — kak mpumeck K YHMAUHCKOR CeMUTpe,
NalO; — B BHze CaMOCTOSITE/ILHOTO MHHEpaJla AaYmapuma.

Mlpy cHIbHOM HarpeBaHMM OPOMaThl H HOJaThl pa3/ialaloTcesd, BbI 1€J15151
KHUCOPOA.

Coexmmenns 6poma (VII) w moga (VII). B pany cOeIHeHUH
CI{VIT)—Br(VII)—I(VII) orvyernuso nposABjiAercsa BHYTPERHA nepuo-
nu4HOCTH. B orimyMe OT Cl u | crenenb oxuenenus +7 njs Br ne xapak-
tepra. B Bblculeli cTeleHy OKHCIEHHsA JUUIs MOZa U 6poMa H3BECTHEL

BI‘F'{ - IF'{ IO3F -
_ - - 5-
BrO; 103
lentadropunst BrF; u IF; — oudenp peaKMOHHOCNOCOOHBIE Ta3bl.
Tpuokcodropun uopa 103F — Oesnoe KpHUCTANIHIECKOE BEIeCTBO. JTH

336

GTOpHAB M OKCOQTOPUIBl ABAAIOTCA KHUCIOTHBIMM COCJHHEHUSIMH, O HeM
CBHAETENLCTBYET WX THIPOH3, HallpUuMep

IF'{ + 6H20 = H5106 + THF

5_
B wmone 103 pmocTuraercs XapakTepHOe I/isi IEMEHTOB H-TO Nepuosa
KOOPAMHAIMOHHOE YHCJIO MO KHCJIOPOAY, PaBHOe INecTH. JTOT MOH MMeEeT
$opMy OKTasipa C aTOMOM HMOJa B IEHTpe (dl() = 0,185 nm). Fekcaokeco-

nozat (VII) sonopoma Hs10g — 6Gecnpernoe KpHUCTAIIMYECKO€ BELIECTBO
(r. na. 122°C), pacTsopumMoe B BOAE. Kucnoruble csoiicrsa HslOg (uodnas
xucaoma)* BbIpakeHbl HecpaBHeHHO cnatee (pKix = 3,2, pKxk = 6,7,
pKsa = 12,6), yem HClO, {pKyx ~-10). llpy uedfrpanusanmu ool xuc-
JIOTBl OOBIYHO OOpPa3yIOTCs KHCJble COMH.

lekcaokcononatsl {VII) (nepuodamw) monywator m3 okcomonaros (V)
b0 Np¥ UX THACOPONOPUHOHHPOBaHHY

+5 +7 0
5Ba(105); = Bag(10g), + 415 + 90,

au60 Npyu OKMCJIEHHH XJOPOM B IIE€I09HON cpene

+5 +7
K103 + Cl; + 6KOH = K510 + 2KCl 4+ 3H,0

* au60 INEeKTPONUTHYECKUM IyTeM.

lekcaokcouonar (VII) sopopona nonyuator ooMennoi peaknued
Ba5(106)2 + 5H,S504 = 5BaSO4(K) + 2H:104

B cro6onnoM coctosuuu rterpaokcobpomar (VII) HBrO4 xe sripenes.
Hosyyenb: ero BoxHble pacTBOpbl — 6poanas Kucaoma. Ilo cune ona nput-
JMXAETCsA K XJIOopHOM. BpoMHas KHenoTa — CH/IBHBI OKHCIHUTEND.

Terpaokcobpomarsl {VII} (repépo.mwamst} o6pasyioTcs npH OKHC/IEHUH
Tpuokcobpomaros (V) B UIeNOUHON cpene, HanpuMep, Gropom:

+5 +7
NaBrO; + F, + 2NaOH = NaBrO4 + 2NaF + H,0

Coenunenuss 6poMa U HONa B OCHOBHOM NPHMEHAKOTCA B [IPOU3BOACTBE
JIGKapCTB, JJif CHHTE30B ¥ B XUMHUYECKOM aHaJlM3e.

* Orwocurest k rucioram ™ma JO(OH)y, (em. rabn. 22), a HCIO4 — & kuc-
JoraM ™na 303(OH)p,
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FJABA 4 pOJEMEHTH VI TPYILIB DEPUOTAIECKON
CUCTEMB /1.M. MEH/IEJIEEBA

K p-snementam VI rpynnsr oTHOCATCs TUNUYECKHE BJIEMEHTH — KHUCJIO-
por O, cepa S M 37emeHThH NOArpYNIL celieHa — ceJleH Se, TOIYD Te,
nosonut Po:

O 1522s22pt

S 2s22p%3s23 pt

Se 3s23p63d104524p4

Te 4524p64d105525pt

Po 4524p54d194 f45525p65d106526p*

HGKOTO})LIG CBENEHWN s 06 3TUX BJAEMEeHTax NpUBELEHbI HUXKE:

0 165 345e s2Te gaPo

ATOMHAA MACCA ....oveeeeenn.n.. 15,9994 32,064 78,96 127,60 [210]
BaneHTHbIe BAEKTPOHEL ....... 2s22pt  3s23pt 4s24pt  5s25p1 6526p1
KoBasieHTHBIN pajuyc aTo-

M&, HM .ovoooinieeieeiimeenaveannns 0,066 0,104 0,114 0,132 -
Meranmyeckuit paanyc aro-

M2, HM ceovvvieeeenernnnensaeenninanss - - 0,16 0,17 0,17
VcnoBHbIN panyc MOHE

BT UHEM e 0,136 0,182 0,193 0,211 -
VcnoBHBIM pavyc BoHA

B0 HM e - 0,029 0,035 0,056 -
Oueprist viounsagun 0 —

=$ 3 0B e 13,62 10,36 9,75 9,01 - 8,43
CpoacTio K ailekTpoHy, 9B... 1,47 2,08 2,02 ~2 1,35

CojpepxaHie B 3eMHOM KO-

pe, %, (Most. OTM) ..cvneenn 58,0 0,03 1,5-10% 1,3-1077 2-10718
Kak BUIHO U3 NpuBefeHHbIX AasHHX, B pany O—S—Se—Te—Po ymens-

HIAFOTCA DHEPrUH HOHW3ANMM, YBJIMUMBAIOTCA DPA3MEPbl ATOMOB U MOHOB.

D10 ocnabiaser HeMeTaJUIMYecKUe NPU3HAKY 3JIEMEHTOB: KUCAOpOn — ie-

MEHT-HEeMeTaJlN[, NOJOBUNA — 3JIEMEHT-MeTallJl.

§ 1. KHCJIOPO/I

OnekTpoHHass KoHGUrypanus Heso36y:KQEeHHOIO aTOMa KHUCJHOpOAa
1522522p1:
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Ilopo6uo ¢TOPY, KUcAopon obpa3lyeT COSJUHEHWS [OYTU CO BCEMU
3JIeMeHTaMM {KpOMe reivsi, HeoHa W aprona). [1ocKoIbKy 1O 37eKTPoOTpU-
HATENIEHOCTH KUC/IOPO., YCTYHAeT TOALKO (PTOpY, CTeneHb OKMCAEHUS Kuc-
Jopolia B NMOAABIAIONIEM GOJBIIMHCTBE COCEIMHEHU paBHa —2. KpoMe Toro,
KUCAOPO] NPOABJIAET CTENeHW okucaeHUs +2 u +4, a raxke +1 u -1 B
‘coepuHeHnAX co cBaspo O0—0.

Kucaopon — camelit pacnpocTpaHennbiit ajement [58,0% (Mon. poaw))
ma 3emse. Cocrour w3 Tpex crabuabHeix wnsoromos: 160 (99,759) %
(Mos. pomm), 170 (0,037) n 180 (0,204). MonyyeHn Takke UCKyCCTBEHHblE

" U30TOIbI.

A

Benenersde KOAUYECTBEHHOrO MpeoOiaafaHUs W GONLILIOH OKUCTHUTENb-
HOM &KTWBHOCTM KUCJAOpPOH MNpenolpenensier GOpMY CyIIECTBOBAHUST Ha
3emie: XMMUYECKNX 21eMenToB. MaBecTHo cehilie 1400 MuHepasioB, copgep-
HANUX KUeaopon. Ero smauenue 66110 0cOBEHHO BERUKO B NEpUoH, 00paso-
BaHUsL 3eMHOM Kopbl. [lpennoiaraercst, uro KucROpon 3eMmuu oOycJoBJEI
LEeATENbHOCTLIO 3€MeHbLIX PacTeHUN .

B npouecce ¢gorocunresa yrieBonon
nCO, + mH,0 = Cn(HQO)m + 705

/83 CYeT JeATEILHOCTH B&VleHBLIX pacTeHUH M OakTepWil eXeroIHO NOTITIOLIAeTCs!
oxosio 300 mapa. T CO,, Bhipensercsa 200 mapa. © Os, cunresupyetcs 150 mapa. 1
oprannveckyux BeulecTB. [Ipu 3ToM kohcepBupyeTcd B (opMe XUMUYecKol 3HEPTUM
'45-10!8 /I conHedHoW oHepruu. EserogHo noTpebasieMast TpU  hoTOCHHTeRe
'sHeprysi CosHA BO MHOTO pa3 TpeBLILAET KOMMYECTBO OHeprMy, NoTpeb/iseMoin
. YeJToBeYeCcTBOM,

IIpocThe BemecrBa. HauGosee yeToifuuBa paBYXATOMHAsS MOREKYJIa
‘Kueopoga O,. OHa MapaMarHUTHA, Tak KAaK UMEeT NBa HENAPHBIX 3JIeKT-
pOH&:

i 7 W;‘l

B mostekyne O, Ha 8 CBA3BIBAIOIMIUX STEKTPOHOB NPUXOTUTCS 4 pasphix-
JAIMIUX, NO3TOMY MOPSJOCK CBS3M Ha HEH DPABEH ABYM. YYUTLIBAS Mapa-
MarHeTusM U MNOPAAOK CBS3K, CTpoeHUE Moserybl Oy MOMHO NPENcTABUThL
CXEeMaMu:

\ 2 g¥2 g2 p4
0505 O'Z’R'

02=0:  wim OEO
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BeegeTBue KpaTHOCTH — CBS3M  MeXbsAflepHOe  paccTodHME B 0,
(0,121 aM) MeHbIIE JUIMHEL onumaproit ceasm O—O (0,148 am). llo
5TOi ke npHunHe Mosekyia O, BecbMa YCTOMYHBa; €@ 3Heprusl AMCCONNa-
nnn papHa 494 k/lk/Mone, Torga Kak dHEprud ONMHAPHOH CBSA3M 0—0
seero 210 k/lx/monb. JuccouunpyioT MOJIEKYJIbI 0, nnuib eime 1500°C.

Monekyasl Op caabo nomsApuU3ylOTCs, HO3TOMY MEKMOIEKYIAPHbIC
CBSI3M MKy HMMM OdeHb caabbl. 110 9TOf npnimHe TeMrepaTyphl I/IABIE
nust (-218,9°C) u xunenus (—183°C) xuca0poia OHEHL HUSKHE. OH 1/10X0
pactBopsiercst B Bozie (5 o6bemos Oy B 100 o6wemax H,0O mpu 0°C). Kun-
Kyt ¥ TBepABIil KMC/IOPOA NPMTATMBAETCS MArHMTOM, Tak Kak ero MOJIeKy=
ABl NapaMarHUTHBEL. TBepablil KHCJIOPOJ CHHErO IBeTa; 2 AUIKUA — TOTy-~
Goro. Okpacka 06ycJOBIeHA B3AUMHBIM BIUSTHAEM MOJEKYJ.

AloTponuyeckyto MOTUMUKAIMIO KUCI0pOAa — O30H 05 MO)kHO pac-
cmaTpuBaTh kak coenunenne O(IV) — O00;.

Kucnopos Mpy HATPEBAHMM M B NPUCYTCTBHHM KATAIM3aTOPa HPOABIACT
BHICOKYIO XUMHYecKylo akTuBHOCTE. C GOMBIIMHCTBOM NPOCTELX BEILECTB OH
B3aMMOJIEMCTBYeT HENOCpeICTBeHHO, 06pa3ysl OKCH/B; JMLIB 1O OTHOUIE
HUIO K (PTOPY IPOSBJSET BOCCTAHOBUTE/IbHBIE CBOMCTBA.

Kucaopoa noayyalor pektndukanueii KuAKOro BO3AyXa, a TakkKe Kak
0604HBI NpPOAYKT IpH 3JeKTponmse Boasl. B sabopatopum #A €ro
I1OJIY4eHUs MCIOJb3YIOT TepMHMYeckoe pasiomeHne GOraThlx KHCJIOPOAOM
coeaunennii (KMnOy4, KCIOg).

Coepuuenns xucnopoma (-II). Kak yxe yra3bBaloCh, 06pa30BaHUe
ABYX- ¥ MHOrO3apsiiHBIX OJHOATOMHBIX aHUOHOB 7" sHepreTUiecKd HeBbI-
roano. IloaTomy He cymiecTByeT coefiMHEHMH, cOAepkallnX MOH 0. Jaxe

B KpPHCTaJUIMYECKHUX OKCH Aax Hanbomaee aKTHUBHBIX MeTaJlJINYeCcKnuX J1eMeH—

o una Na,O u CaO 3¢ dexTHBHBIN 3aps/, aTOMa KHC/I0POLa COCTABIACT
scero 1-.

CocraB KpUcTA/UTMHYeCKUX OKCUTIOB (B 0COBEHHOCTH d-onemenToB) B GoJbiler
Wwin MeHbiedi cremenu nepemennbnt, Tak, i MnO oH usMensiercs B npefesax ot
MnO no MnOy 5, a w1 MnyO3 — or MnOy 5 g0 MnOj . Ecn B okcUAax COACP-
KAHME KUCIOPOIA BBILE CTEXMOMETPUYECKOTO, OHM IPOABIAIT IbIPOTHYIO HPOBO™
IWMMOCTD, @ €cTM cOepikaRte MeTallia BBIe CTEXMOMETPUYECKOro, T0 — OJIERTPOH™
Hyto. [TOyTIpOBOTHMKAMY € ABIPOYHON TMPOBOANMOCTHIO ssastoress MnO, CuyO,
FeO u ap. Psg okcuIOB, COCTAB KOTOPbIX HE MOATMHACTCHA 0OBIYHLIM TIPABUJIAM
cremerent oxmcnenusa (Hanpumep, CrgO, TigO, TisO) — MeramMyeckue cOenn~

HeHU .

BaskHeH MM M3 OKCUIOB SBAAETCS OKCHJ BOAOPOAA — BOJA. AxageMuK
ATl. Kapnuuckiii Haspal BOAY ''caMbiM J[PArOlIeHHBIM peKomaeMbiM' .
Bozaa cocrapiser 50—99% wmaccsl mMoO60ro JKHUBOr0O CYIIECTBa. Kposp 4emno—
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peka comepkuT 6osee 4/5 Boabl, Myckynsl — 35% poambl. Ilpu mpopomsu-
TeIbHOCTH KU3HU 70 JIeT 4e/IOBeK BHIMMBAET OKOJIO 25 T BOAKL.

B HacTosiulee BpeMsl BOAHBIe pecypchbl BO MHOIMX c¢TpaHaX Mupa cTalli
paskHBIM (PAKTOPOM, JMMHMTUDYIOUIMM pas3BuTHe IMpousBogcTea. llpn atom
O[HOW M3 cepbe3HBIX MmpobGJjieM 4YesliopeyecTBa SABJseTcS CHabkeHWe Hacese-
Hus TpecHoi Bomoii. B cBA3u ¢ OypHBIM Pa3BUTHEM IPOMBIIIIEHHOCTH K
pOCTOM HACENIeHMA pacxXol BOJABl BCe yBeIMYMBAETCAH. IlepBocTenensoe
agadyeHre npuobpeTaloT BOHPOCH OXPaHbl BOAHBIX MCTOYHHKOB OT MCTOLIG
HUsI, a TaK}Ke OT 3arps3HEeHUs CTOYHBIMU Y HPOMBIIJIEHHBIMH BOJaMU. JTa
npob/ieMa pelaeTcsi MyTeM CO3[AAHMA TAKHX TeXHOIOTM4eCKNX NpPOILeCcCOB,

B KOTODBIX OTpa6OTaHHafI BOAa He Opburann Opburann Opburanu
c6pACBIBAETCS B BOJOEMBI, a mocie 0 H,0 H
OUYUCTKH CHOBa BO3BpalaeTcsi B o
TEXHOJNOIMYECKHM NpoLecc. /1,__._"7 AN

Kak YKAa3bIBaJIOCh (M. I A\
puc. 51), Mozmekyaa BOAB UMeerT /5’,' \\\\
yraoByo ¢opmy. CorsnacHo Teo- 7 ey

pMil BAJICHTHBLIX CBA3eH B MOJIEKY-
ae H,O nme sp3-rubpupnbe opbu-
TAJIM ATOMa KHCJOPOAa y4acTBYIOT RV A ) /|
B ©0Opa3oBaHUMHM JBYX CBA3eH \\1\ ! //
O—H. Ha peyx ampyrux sp3-ru6- ,l\,\ -
PHAHBIX OpPOUTANIAX PACIIONOKEHB / \—H-z—’ ,’
JBE HECBS3LIBAIOLINE 3JIOKTPOH- I\ /
Hple mapbl (cM. puc. 51). Banent- ' 25 { /
HH# yroa soasl ZHOH cocrasnsier N -
104,5°. N /
- B paMkax Teopuu MOJIEKyJIAp-
.HHX opbuTtasyieii paccMOTpeHHas
MOZEAb MOJISKYJAB BOABl COOTBET-

P 1 c. 151, DHepretudeckasi aMarpamma
opbuTaneit Mosterkynbl H,O

¢IByeT pacupefie/leHHIO BOCBMH  BalleHTHBIX  3JIEKTPOHOB IO ABYM
{FBHBBIB&]OHLPIM M JIByM HECBASHIBAIOIIMM MOJEKY/IAPHBIM OpOHTAIAM
(puc. 151):

“

é‘f

R
,,‘.j'gl‘alcoe 0GbsicHOHME NOATBepskKaaeTcs HadudueMm y Moseryasl H,O uerbipex

[

EnepBHX NOTeHNKUANOB uoHKu3aunu (27,3; 16,2; 14,5 u 12,6 »B).

2 42 g°2 g°2
0’5 (U Gz ﬂ'y.

oc: C moauiuit Teopun MONeKYJIAPHEIX opButaneil crpoesue Mostexysbl HaO MoxHo
BSICHUTE ciefyioliuM obpazoM. BzauMEoe pacriosoxkeHMe aToMOB Bojopola U
KHciopona B ModlekyJie BOAbl MOKHO TIPeCTABUTL cXEMOIt
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Hy i
X
Monexynsipible opbutamu HpO obpasywores 3a cder 2s- u Z2popburaneit aToMa

kucsiopona v 1s-opburaleit AByX aTOMOB BOIOPOIA. Xapakrep NepeKpbIBaRMs 9TUX

Hp

opburaneit rioxkasal Ha puc. 152.
TepekphiBakue 2p-opburaneit aroma O u 1s-opburasnet nByx aroMoB H mpuso-
* 7. . -
IUT K BOSHMKHOBEHUIO MOJIEKYJSDHBIX Oy W O Z—op6ma.neu. Kak Bugso us

puc. 151, xapaxtep nepexpbiBaHUsl 2s- U 2popbutaneit O oauHaxos. B peaysbra-

Te 0BpasyIOTCs TPU MOJIEKYJSIpHble OPOUTANM: CBASHIBAIONIAS Ts, NOYTH HECBISHI-

BaOIasi 0. W PaspbIXJsasi 0;. Opburab 2p, pacriosioketa lepreRIuKyIspHO
x

nsockoctn pactososkervsi atomoB H u O, ¢ 1s-opburansMu atoMoB H He mepexpbl-
EYS s o
Baercsi M B Mosiexysie HpO urpaer posib HecBsI3BIBAIOLIEN MOJIEKYJIAPHON T, .

TaxuM o6pazoM, KOMOWHALMS MCXOIHBIX YeThIpeX aTOMHBIX opburanedl KHCIEO—
poaa M OByX opOuTaleft aTOMOB BoJopofa IPUBOJIUT K oBpa30BaHMUIO IBYX CBS3bI-

*
o
palMX (0g U 0,), ABYX HecBsabBaiomux (o u 7ry) 1 ABYX pasphIXisiiomux (o i

07) MonexyJsPHBEIX opbuTares (cm. pue. 151).

B cooTBercTBUM ¢ IIPUPOJAON IJIeMeHTa B NOJOKUTEAbHOM CTeleH!t

OKHCJIeHHs XapaKkTep OKCHUJAOB B [€puojaxX # TIpyIIax MEPUOA N HECKO M

CHCTEMBl 33aKOHOMEpHO u3MeHseTca. B mepuojax yMeHBIIaeTCst OTPUILa-
TesbHBI 2PGeKTUBHBIA 3apsAj Ha aToOMaX KHC/IopoAa 8, U ocymecTBasAeTCA

X

Puec. 152 HépeuprBaHMe 25, 2pg- 2popbuTaneit atoMa KuGIopoa ¢ 1s-opbuta-
JAMM ABYX aTOMOB BOIOPOAA MOJIEKYJIBI BoIBL
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MIOCTENIeHHBH NepeXxos OT OCHOBHBIX 4Yepes aMPoTepHble OKCHIB K KHUCJIOT-
HBIM, HallpuMep:

NaZO MgO AlgOg SlOz P205 SOg Cle"{
Db dexTUBHBIN 3a-

PAR By 0,81- 0,42- 0,31- 0,23~ 0,13~ 0,06~ 0,01-
K1 c10THO-OCHOBHEIE OCHOBHbIE aMdo- KUCJIOTHBIE
CBOVICTBa OKCUJIA ........ cuibHo  cnabo TepHbIT  cabo cpeliie CUJIbHO

Pasznuuue B cBOMCTBAX OKCHAOB pPa3HOrO THINA NPOABAAeTCS IPU WX
B3alMOIeHICTBUM C BOZOM:

Na20 -+ HQO - 2NaOH, 3H20 + P205 = 2H3PO4

OCHOBHEIN KUCJIOTHBINA

a TaK¥e IIpu BBaPIMOILeﬁCTBPIPI OKCHUAO0B PA3HOro TUIMIa APYT € APYTOM:

3Ca0 + PZOS = CaS(PO4)2

OCHOBHBIMI KU CJIOTHBIN

AM(bOTeprle OKCHAB! ¢ BOAOH HE B3aMMOAENCTBYIOT, HO MOTYT pearnpo-
BaTh U C KUCJIOTaMM, ¥ € NieJloYaMu:

OCHOBHBIN

6NaOH + AlLO; + 3H,0 = 2Na;[Al(OH)4)

KN CJIOTHBIN

a Npy CIVIAB/IGHMH — C OCHOBHBIMM M KHCJIOTHBIMH OKCHAMH.

CpaBHNTENIBHYIO KOJNMYECTBEHHYIO OLEHKY OCHOBHO-KMCJOTHOM AKTHMB-
HOCTY OKCHJOB MOXHO AaTh Ha ocHoBaHuUM 3HadeHuit A (G cooTBeTcTBYO-
IMX OAHOTUIHBIX peaKIWii. YMeHblleHHe OTPUIATENBHOTO 3HAYEHHSs
AG,, B peakumax

Na,O(k) + H20(x) = 2NaOH(x), AG o, = —148 k]l
MgO(x) + H,O(x) = Mg(OH),(k), AG, . = —27 x[lx
[/gAlzog(K) + HQO(HC) = 2/3AI(OH)3(K), AG;98 = +7 KJIJ'K

CBusieTesibcTByeT 06  oc/abeHMH  UX  OCHOBHBIX  CBOMCTB B pALY

NagO—MgO—AlgOg, a Takke 06 HUX cnocobHOCTH B3aMMOIEicTBOBATh C
Bonoit. B paay P,05—S0;—Cl,04
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1/,P,05(k) + HoO(k) = 2/ H3POy(k), AG,, =99 KK
SOu() + HoO(w) = Hz804(x),  AG = ~T0 wlx
C1,04(r) + HyO(x) = 2HCIO (), A3, = ~329 xllk
HAOGOPOT, HaG/IIOJaeTCs yBenWdeHne OTPULATEIBHOrO SHANEHMS DGy,

4TO CBUAETENBLCTBYET 06 ycu/1eHnU ¥ OKCHIOB KUCJAOTHHX CBOMCTB. o
CoeuHEEHAS OEPOKCALHOTO THOS. CpoacTBO K 3JIEKTPOHY MOJEKYJBl Lz

t 0,44 5B, a ee sHeprua NOHH3ALNUM 12,08 3B. Ilpn xumniecknx
pATH 37eKTPOHH

COCTAaBJISA€
npespameHnix MOJICKY/18 02 MOKeT HpHCOe,ZIPIHfITL Win Te

2- - +
¢ 06pazopaHueM MOJIEKY/IAPHBIX HOHOB THIA 0%, 03 u O3 (Tabn. 33).

Ta6nanuna 33 lopAnok, JVMHa W SHEPTUA CBAIN monekysisl O

u mostekymsipHex notos O3, O u 03

2 05 05
MonexynspHble OpoUTA- 0, O, 2 ]
7N ¥V CBOMCTBA [0=0]* [0—0] [0—0] [0—0]?

t +
b4
T
|
N | H

* *
T Ty *
Ty H

+ +
+ +

+ &
+ + =+

[opsinok cBA3U 2,5 2 1,5 1
MexbsanepHoe paccro- .
SIHUE, HM 0,112 0,1207 0,132 0,149
DHeprus gUECOIUAIMY,

& 1ox/ MOTIB 642 494 394 210
Uon Huoxcure- - Cynepoxenn- | llepokenn-

HWJI—

¥ JIEKYJ1b!
Kak suaHO M3 Taba. 33, ynajieHue 31ekTpoHa ¢ 7 -Op6UTANTH MOJIEKYD

N
3MEeKT-
O, COOTBETCTBYET MOBBILICHHIO TIOPS/IKA CBA3H (e O3), a nosiBjIeHne
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pOHOB Ha 7 *-op6UTaNM IPUBOAUT, HaoGOPOT, K YMEHLUIGHWIO [IOPAJKAa
cBABH B MOJIEKYNApHHX uoHax OF u Oz B cooTsercTsuu ¢ 3TUM B psiny

O}——OQ—OQ—O%' paccTOSTHHEe MekIy aToMaMu KHUCJIopoja yBeJIUYHUBaeTcs, a
¢pe/IHsIsl DHEePTHs CBsI3M YMEHBIIAeTcs.
IIpucosnunenye ogHOro 3JeKTPOHa K MoJeKysle O, BbI3BIBaeT 0O6pa3oBa-

pue neonepoxcud-uona O3
:050: + e = 007

ITpouseoanbie pagrkaiia O, Ha3bIBAIOTCA Hadnepoxcudaar; OHU HU3BECT-
A i 2 )

HH JUIsi Hambonee akTuBHBIX menounbix merannos (K, Rb, Cs). Hanmepox-

cuAb! O6pa3yIOTCA NPH MPSAMOM B3aUMOJCHCTBUU IPOCTHIX BEUISCTB:

K+ O; = KOy

HemnapHublit anekrpon noHa O, o6yciaoBiUBaeT napaMarHeTH3M Haanep-
OKCHAOB M Halluuue y HUX OKpacku. Haamepokcupapt — O4eHB CHJIBHBIE
okuciautenu. OHu 6YPHO PearupytoT ¢ BOJOM € BbIAEJIEOHUEM KHCJIOPOAA.

IIpucoenuusas nea a/leKTpoHa, MoJiekysla O, npeepamaerci B NEPOK-

cug-non 0%, B KOTOPOM ATOMB! CBSI3aHBI OJHOM JBYX3JIEKTPOHHON CBASBIO,
¥ TO3TOMY OH JAMaMarHUTeH:

:0=20: + 2 = ’[;@—(:):;]2‘

Mpoussoanbie O3 HasHBalOTCS nepoxcudany.
Hepokeuabt 06pa3yoTCst IPU OKUCTICHUH PAa METa/lIOB, HalnpuMep:

Ba + O, = BaO,

Haubosbiiee mnpakTHueckoe B3HaueHHe HMeeT MNepOKcup (nmepeKuch)
Bosopoaa H,O,. CrpoeHune MOseKyJbl [1I0Ka3aHO HUXKe:

Dneprus cpazm 0—O (210 kllx/mMonb) BHAYMTENBHO MEHBIIE 3HEPIUU

eBa3u O—H (468 kI /moins).

. Beneacreue HecuMmerpuunOro pacmpenenenus ceaseit H—O Mousekyia

‘H,0, cunbno nonspua (# = 0,7-10729 Kn-M). Mexay monexynamu H,0,
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BO3HMKAeT [OBOJLHO Mpo4YHasd BOAOPOAHAA CBA3L, npuBoOsANlad K HX
accompammu. oaToMy B OBBIYHBIX YCJOBUAX MEPOKCHA BOflOpO,Ila — cupo-
moobpasHas  KUAKOCTH (1. 1,44) ¢ nooaonbno BLICOKOH TeMnepaTyé)o}z
xamenus (1. kum. 160,2°C, r. o 0,41°C). Ona unmeer ?ne;mo—ro.ny ib
okpacky. [lepokcun BOpOpOAa — XOPOUIMiA MOHUBUPYIOLIUH paCTBOpV[Te”K.)
C popoil cMemiyBaeTcs B JIIOObIX OTHONICHUAX 6raronapa BO3HUKHOBEH °
HOBBIX BOJOPOAHBIX cBsizefi. 13 pacTBOPOB Bbl,ueﬂﬂeTSﬂ B BHAAE HEycTONYH
BOIO KpUCTAJAJIOrMApaTa H,0,:2H,0O (1. 1. -52,0°C). B nabGoparop#u

nit
o6p1dH0 Henonbaytorest 3%-nble # 30%-mpie pacrsopsl H,O, (mocnenn

Ha3bIBAIOT RepLrudpotet). s oK =
B BogHBIX pacTBOpaX IepPOKCH]| BOAOpOAA — cnabas kuciora (pHa =

= 2,24-10712):
A H,O ... H,0, == OH3 + HO;

rujponep-
OKCUI-MOH

H202 -+ 2NaOH = NBQOQ + 2H20

B xuMMYecKHX PEaKIMAX NEepOKCHA-PANMKAl MOKET, HE W3MeHAACh.
epexoqMTh B APYrHe cOeAMHenils, HapUMep:

BaOs, + H.SO, = BaSO, + H,0,

MocnennsAsi peaknus Hclojb3yeTcd AJid NoTydeHus [IepoKcuga BOMO-

pona. .
s pa3pyHIeHu-
Yame, OAHAKO, MPOTEKAIOT pPeaKumil, compoBoXxalompecs paspy

2- - .
oM cesizu O—O wiau M3MEHeHMeM 3apsla HoHa 05. 9T npouecchbl MOXKHC

2 .
TPaAKTOBaTh KaK [IposBJeHue #1I0HOM 02 OKMCJUTENBHEX M BOCCTaAHOBY

TeJIbHBIX CBOMCTB!
-1, -2
0% — 20 (oxucnurens)

1 0
0% — O (BoccranoBuTeNb)

% )
B nepBoM cJIydae [IepoOKcH bl pOABJAAOT OKMcAUTeJIbHBEIe CBOUCTBA, B(
BTOPOM — BOCCTAHOBH TEJILHLIC. HaanMep:

-2
- - 0
QK% + Nag(l)g + 2H,SO4 =1 + Nay,SOy4 + K,SO,4 + 2H,0

OKHUCIIUTEND

+ 7 -1 + 2 0 8H.,0
2KMnOy4 + 5H0, + 3H,S0,4 = IMnSO,4 + 502 + K,SO, + 2
BOCCTAHOBUTED
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1

0

% Ilpu ruaponuse mepokcokmcaoT 06pazyeTcs MEpOKCHI BOLOPOAA, HTO
e .

‘lHerionkayercs nas ero MONYYeHUS B MPOMBINLIEHHOCTH.

i

OxucjInTeNbHBE CBOHCTBA NEPOKCHOB BHIPAXEHH CHUJILHEE, YOM BOCCTA-
HOBUTEJIbHBIE!

H,0, + 2H* + 2 = QHZO, E;QB =178 B
02 + 2H* + 2 = HzOQ, E;QB = 0,68 B

Tak, TpU AeHcTBUE KOHUEHTPHPOBaHHBIX ' pacTBopoB H,O, Ha 6ymary,
ONWJIKH WJIHM OPYryUe roproyse BenecTBa IPOUCXOONT HUX caMOBOCILIaMeHe-
~uue. BoccTaHOBUTENBHBIE CBOMCTBA [EPOKCUZ BOAOPONA IPOABISET 10

OTHOIIEHH IO K TaKMM CHMJILHBIM OKMCJMTENAM, Kak noasl MnOj.

Jns nmepokcuia BOopona XapaKTepeH TaKKe paclaj 0o THIY JHCIpo-
HOPIUOHHPOBAHKA: '

-1 -1 ;
H.0, + H,0, = 2H2(2) + (%2

ITOT pacllaj ycKOpseTcs B IPUCYTCTBHH IPMMECeil, IPHM OCBEIeHUU, Har-
peBaHMK W MOXOT NPOTEeKaTbh co B3PBIBOM. JIOBOJBHO YCTOMYMBHL TOJBKO
ouedb 4ucThiit HyO, v ero 30—65%-tble pacteopel. Ilepokcun Bogopona n
€ro pacTBOPH OGHIYHO XPaHAT B TeMHO# mocyae M Ha Xomome, A/s cTabu-
' IM3anMy [O6aBIISAIOT MHIUOUTOPDH.

Bonnele pacTBOpE NepoKcHIa BOALOPONA IMIMPOKO HCNOJAB3YIOTCA IJ1A
OTOEJIKM pa3/IUYHBIX MaTepHalioB, Iid 06Ee33apaxXMBaHUS CTOUHBIX BOJ.

HepOKCP{ﬂ, BOAOPOAa NIPUMEHAIOT KaK OKUCJIUTENb PaKeTHOro TOIIJIMBA.

KucaoTel, B KoTOpHX uMeeTcs rpynnupobka —O—O — Ha3BIBAIOT nepox—
COKUCAOM AU

LN
H O 0—0 0
\o—o—N( N
. 0 H—0" o
! ’ HNO4 HzSOs
iy [IepoKCOaA30THASA 1epOKCcOCcePHAs
- KU CII0TA KUQIOTAa

[

s
A

g XapaKTepHBIM CBOMCTBOM MEePOKCHAHBIX COeJUHEHUH dABJIAETcA clocob-

»g‘lr}WOCTB 06pa30BBIBATE NMEPOKCU BOAOPOAA IIpU B3aMMONCHCTBUU ¢ pa3bap-

»JICBHBLIMI PACTBOPAME KHCJOT, a TaKkKe BBHIAENATH KUCJIO0pPOH NpPU TepMil-
Y€CKOM pasJIokeHHN.

- Coepnnenus wucaopona (I1), xHcroponma (I) m wmmcaopoma (0). Dru
“ CTeneBn OKMCJICHUS] KHUCJIOPONa TPOABASAIOTCA B €r0 COSAMHOHUAX dro-
POM, HanpumMep:
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0

]

F O F |

+2 +1 41,7 R 0.~ N

0=0 _PN—0 P o .
-~ O\F F/ (5/ \O/ \“\ =2z

) 0
or', O, F; NO3F ClO4F

: aHUH
NudTopng KHCIOpOAA OF, noly4aloT IIpH ~OHICTPOM nponycx
dropa uepes 2%-HBL pacTBOp IEIOWH:

9F, + 2NaOH = OF, + 2NaF + Hz0

NMudropun Kuejopona — AOBUTBIA ra3 61€HO-KEeJATOrO 1BeTa, TepMI/I:
7 % 7§74
YyecKM YCTOMYUB, CHJBHBIN OKHCIUTEIb, 3¢ dexTHBHBIA  (HTOPUPYIONL

T 7 OpOCTHIX
Juokcugudropun 0,F, ofpasyeTca I[pu B3aMMONSHCTBHH p )

BOLIECTB B JEKTPUYECKOM paspsiie:

/F

O=0+F,— 0=0
2 F/

i % s HHU3KOA D»Hepruei
CoenrHeHdne KpajiHe HeycTOHIHWBO, 9TO onpenenaerc P
paspbiBa casu OF (75 &Ik /MOIB).

[losyHeHbl TaKsKe nomuokcupudropuapl thia g2, OsFy 1 OgFg, cymectByio-
ye JUIIL TIpW HUBKOH TeMIepaType (-190° C). Ilpeamonarator, 1o HX MOJIEKYIIH

/O\ /O\ /F

MMeIOT IelHoe cTpoerue, Hampumep: 0 0]
—
BOCTH OKCUIMGTOPUAOB yMEHbILAETCS ¢ YBeIUdeHHeM Hucaa aTOMOB B MOJIEKYJ

TepMuueckas ycTOHYN-

DHeprusi HOHU3AIMK MOTEKYJIBI O, noBosbHA 3HauYMTe/bHAA (12,08 oB).
OpHaKo [pU B3aUMOJEACTBHM, 0, ¢ CHUILHEANINM OKHCIUTENEM PtFg obpa-

3yeTcsl cOJenogo6Hoe BemecTBO O3[PtFe)
O3[PtFe} = O3[PtFs}
BOCCTAHOBUTEID,

ar + R
B KOTOPOM pOJib KATHOHA MIPAeT MOJICKYIAPHBIM HOH 0, (duoxcmemm).
[:0=0:]*
348

l'excagpmoponaamunam (V) nmoxcurenmna O,|PtFs — napamaraurtHoe
BeLllecTBO KpacHOro LBeTa, IWIaBUTCs ¢ pasyoxeHneM npu 219°C. Cunres
3TOro coeniHeHWs1 KaHanckuM ydeHblM H. Baptnerom B 1962 r. mocaysmun
TOTYKOM K CHHTE3y cOeIMHEHUN KCeHOHa, 3Heprusl MOHM3AIUHM KOTOPOro
6JIM3Ka K TAKOBOM MOJIEKYJIBl KMCIOPOA.

CuHres  IUOKCUTeHMJIBHBIX  COJIel  MOXKHO  OCYIECTBAATE  HarpeBaHUeM
(mpu 150—500°C) cMecu xuciiopoga, ¢Topa M TOPOIIKA COOTBETCTBYIOIIETO
MeTaJLla:

O, + 3F, + M = O}[MF¢)

rne M — As, Sb, Bi, Nb, Pt, Au, Ru, Rh.
B Bone oTH coenvBeRUsi pasilaraioTrcs, BbIAETAS KUCIOPOI:

2CI0,F + H,0 = 2HCIO, + 2HF + O,

[IpouspopHbIe ¢ NONOKMTENBHON CTENEHBIO OKUCJICHUSA KHCIOPOAA

' ABAAIOTCA CUJABHEAMIMMH OKHcauTedaMu. MxXx MoKHO HCHOJAB30BATE KAk

3¢pdeKTUBHBIE OKUCAUTENH PAKETHOTO TOIIMBA.
Coenunenns xkucaopoma (IV). B kauecTse mpom3BofHOrO, B KOTOPOM
KMCJIOPO] NPOsIBASAeT cTeleHb OKWcIeHNs +4, MOXHO pAaccMaTpUBaTh

+4

aJIIOTPONMYeCcKY 10 MoaubuKanuio Kucaopoga — 03 o H Oy (00,).
Monexkyna O3 nuamarHnTHa, uMeeT yriosylo ¢opMmy u oblagaeT HeKo-

TOpoii noaspHocTeo (g = 0,17-1072% Kn-m). [dnuna cpssu doo (0,128 um)

ABNAeTCA NPOMEXYTOUHOM MEKIY AJAMHOM onuHapHOi cBsasu (0,149 BM) u
nsoiHoi casu (0,1207 um). Hostomy MoHO cumrath, uTo B Monekyae Oj
nopsAnok ceA3u 1,5 m cTtpoenue mosekynrl O3 u306pasuTh cienyomei
CTPYKTYpHOI POpMYyI0ii:

h
by

ALK
8’/\—}‘\0

116 5°

st onucakns pacnipefienieiisi SJIEKTPOHOB Mo opbUTansM Momekylsl O3 MOKHO
BOCTIONIb30BATRCA  DHEDreTUYecKoM  IMarpaMMoil
yromioBo#t Moslexysabl NO, (M. pic. 163).

ONeKTPOHHAA KOHpUrypanus Monekyinl Og:

Anlg’?,

MOJNIEKYJIIDHBIX  opbuTaseil

Ocranbiible 271eKTPOHBl BaMOJHANT OPOUTANM, JOKATU30BaHHBIE y Nepudepu-
YeCKUX aTOMOB.
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O30H — ra3 CMHEro mpeTa ¢ Pe3KHM pa3/pamatolliM 3amaxoM, O4deHL
roxcuueH. JKuakuil 0308 — TeMHO—CHHAS KHIKOCTS, TBepAblii — TeMHO—
duoneToBble KPUCTATIIbI (r. na. =192,7°C). HMockoabky mMoneky1a 04 obna-
[AeT MOMAPHOCTBIO U GonblIel NOJApU3YeMOCTBIO, 030H uMeeT Gojee BBICO-
KYIO TeMIlepaTypy KuIeHus (-111,9°C), 4eM KuCIOPOA. STuM ke O6BACHA-
ercst GOMbIIAS MHTOHCHBHOCTb OKPACKM O30HA M JIYHMINAsd ero paCTBOPH-
MOCTB B BOJAE.

OsoH o6pasyeTcs B IpoIeccaX, cONPOBOKAAIOMMUXCA BhIZI€/IEHHEM aTOM-
HOro KiHeqopoaa (pamgmOiU3 BOMBL, PA3JIONeHHEe NEpOKCHAOB M ap.), a
TaKKke NpH AEACTBAM Ha MOJIEKYJIAPHBIH KHCIOPOL [OTOKa 3JIEKTPOHOB,
OpOTOHOB, KOPOTKOBOJIHOBOTO HBJIYYeHHus, T. e. 3a cHeT pPaguOXNMUIECKUX
1 GOTOXMMUYECKMX peaKkuui. [lennyto peaknuio OOpa3oBaHUs O30HA W3
KMCJIOPOia MOXKHO IPEACTABMTh CXeMOH

Oy + hv— 0, 02 +0,=03+ 0, -0 +0:=0s

WM cyMMapHO

30, = 205, AG,, = 325 x/lx

298

B ecTecTBeHHBIX yCJAOBUAX O30H 0OpasyeTcs U3 aTMOc(PepHOro KUcJIopo-
1a TPM TPO3OBBIX pa3psjnax, a Ha BBRICOTE 10—30 kM — moa HAefcTBUEeM
yABTPApUONeTOBbIX COMHEUHBIX JIydeH. Qz0H 3aepkKUBaeT BpefHOe N7
Ku3HM yJabTpadunoneTopoe HanyueHne ConHua u norsomaeT WHbpakpac-
Hoe wu3jyueHHe J3eM/IH, NpPensiTeTBYS ee OXJIakeHUIO. CnenoBaTelbHO.
"o3oHHBIH nosic” urpaeT 6oLy Posb B obecliedeHNN KU3HN Ha 3emie.

B Texnuke 030H nojay4datoT B 030HaTOpax AeficTBUEM THUXOrO JNEeKTpU-—

YecKoro paspsijia Ha KHUCJI0pOoA.
O30H — BellecTBO 3HA0TepMUYecKoe (AH‘}ZQS = 1423 w/lx/Mons,

AGS . = 162.7 wllx/Monp). Ho TeM He MeHee B OTCYTCTBUE KaTaJdn3aTo~
f,298 )

poB wiu 6e3 ynbTpapuoeIeToBOro o6My4eHns ra3006pasHBI 030H pasJ/ara-
eTcesl MOBOJBHO MEJIGHHO aXe NpU 250°C. Kuakuii 030H U ero KOHUEHT-
puposanBsle cmeck (70% Oj) B3pHIBYATHL.

OKUCINTENLHAA AKTHBHOCTH O30HA 3aMeTHO BhHIIIE, HeM 0O,. Hanpumep,
y)}ce‘npm OBBIYHBIX YCIOBUAX OH OKHCJAET MHOTHE MAlOaKTUBHBIE npocThle

semectsa (Ag, Hg n mp.):
8Ag + 205 = 4Ag,0 + O,

O 6onee BbIcOKOjI xuMuueckoil aktvpHOoeTH Oj, ueM 0,, cBuaeTesbcTBYCT
Takke cpaBHEHMe WX CTaH/APTHBIX JEKTPOAHBIX INOTEHIUATOB I7si BOJ-
HBIX PAcTBOPOB, HAaIlpPHUMep:
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Oy(r) + HyO(k) + 2 = Oy(r) + 20H (p), FE.,, =124 B

298
O(r) + 2H,0(x) + 4e- = 40H(p), B, = 0,401 B

11 KOJMYecTBEHHOrO ONpeAesieHUs] 030HA MOXKHO HCIIONB30BATH DeaK-
IMIO er0 B3aMMoAeiicTBUsA ¢ pacTtsopom Kl

21_ + 03 + HQO = Iz(K) + 2OH- + 02

CpoacTBo K 37K
poa TpoHy 030Ha 0koy10 180 K/Ik/MOJB, OITOMY OH MOXKeT

nepexoauTh B o3onud-uoH Oz;. B uyacTHoeTH, npu geiicTBUM OB30HA Ha
HIEJIOYHBIE METAILTB 06PasyIoTest 030U

K + 03 = K03
O3OHI/I,H,LI — J9TO COeAUHEeHUs, COCTOoAmMe H3 IOJMOKHUTEJbHO 3apsiKeH-
HBIX MOHOB MeTajljla U OTPHIATEIBHO 3apsAXKeHHBIX HOHOB Oé Hanmuuue B

K .

‘node Oy HemapHOrO BJIEKTpOHa OBYCNOBAUBAET MAPAMACHETH3M M HAIWYUe

_OKpack# y 030HHA0B. O6GBIYHO OHM OKpallleHbl B KPACHBIA IBET.

‘ Kak cuaBHBIA OKMCANUTENb, K TOMY ke JKoJoruyecku "umerwiii’, ozoH

, MCTIOJIB3YeTcsA /ISl OYUCTKU NUTHEBON BOABI, IUIsl NO3UMHMEKIUH BO3AYXa, B
1

. pasa ; i
P . WYHBIX OpPraHU4YecKuX CUHTe3aX, AJs OYUCTKH Mopei OT pasiuToH
HedyTH.

§ 2. CEPA

L
.\ ATOM cepwl S, Kak M aTOM KHCJIOPOJia, MMeeT HIecTh BAaJeHTHHIX JJ1eKT-
ponos: 3s23pt. Cepa — THIMYHBIA HeMeTajmM4yeckuit sneMedT. 1o snexkTpo-
| oTpunatesbHoeT (D0 = 2,5) oHa ycTymaeT TOABKO FalOFeHaM, KHCJIOPOAY
§:—).30'1*y. Haubonee ycToiiumBbl 4eTHBIe cTeNeHHW OKHUCJSHHUA Ce’pbl (-2 +2,
+4, +6), 4TO 06BsACHSASTCA ydacTueM B O6PAa30OBAHUUM XUMMYECKHX c;ﬂsei;

| ABYX HeIlapHBIX 3/IEKTPOHOB, a TAKM¥Ke ONHOW WM JBYX 3JIGKTPOHHBIX Iap:

TR
i+_..______.,"—"""

E

Haubonee xapa

KTepHHL AJA CepEl HU3LIaA
!:;H"ﬁ MSBe D W BHICIIAA CTeIIeHW OKHucJe-
. . CTHH COEMHEHUA cepbl NOYTH cO BCEMH AJIEMeHTaMU.

Cepa — BecbMa pacllpOcTpaHeHHBIA Ha 3eMJe 3J1eMeHT.
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Cepa — 6UOreHHBII DJIGMEHT, BXOAHUT B COCTAB Gesikos. OHA COMEPHUTCA

B HeTH, YIJAX, NPUPOAHBIX rasax.

B cOOTBETCTBUM ¢ XapaKTEPHBIMH CTeleHsAMU OKHMCIeHUS cepa B npupo-
ae BcTpedaeTesl B BUfe cyJIbMUAHBIX (ZnS, HgS, PbS, CusS, FeS,, CuFeS,
U Ap.) ¥ cyIb(paTHBIX (NaySO,- 10H-0, CaS0,-2H,0, BaSO4 u ap.) MuHe-
pajioB, a TaKike B CAMOPOAHOM COCTOAHHUM.

[IpocTeie BemecTBa. Cepa CYIIECTBEHHO OTAMYaeTcA OT KHCJI0OpOoAa
e0cOoBHOCTBIO 06PA30BBIBATL YCTONUMBBIE TOMOLCIIN.

00 MOMHO ODDBSICHUTL TeM, 4YTo ABe CBSA3U B TOMOLENH §—S--S ora3bIBANTCA
ripoutiee (2+260 kJla/Monb), HeM CBSASH B MOJICKYJIe S, (420 x[sx/monp). B cyae
ke KUCTopoda, HaoBOpOT, cBsi3u B MOJIeKyJIe 0, npounee (494 xJlx/Monb), Hem nBe
essian B romonern O—0—0 (2-210 kI /Monb). Tomonent cepbl MMereT 3Uraaro-
o6pasiyto popMy, MOCKOJIEKY B MX 06pasOBAHNN [IPMHUMAIOT YUACTUE DIIEKTPOHDI
B3AMMHO NEPIEHAMKYSPHO PACOIOKEHHbIX p-opburanei aroMa:

S S
S S

Hau6onee cTabuabHBl HHKINYECKHE MOJEKYJ/IB Sg, umetoune Gopmy

KOPOHHI:

KpoMe Toro, BO3MOXKHBI MOJMIEKYJIB ¢ 3aMKHYThIMU (Se, S4) M OTKPBITHI-

Mu memsMu S_. B OGBIYHBIX YCJIOBUSAX YCTOWHUBRI

(ma. 2,07 r/cM®) ¥ HaCTMYHO MOHOKJIMHHAA B-S (mn. 1,96 r/em’) mogmdu-
kanuu cepbl. UX KpucTaiabl OTIHYaI0TCA B3AMMHO} OpHeHTalueil KOJbLe-
BBIX MOJIGKYJ Sg.

Ha puc. 153 mnoxasana BHemHss popMa KpUCTaJIIOB poM6uIecKol U
MOHOKJIMHHO# cepbl. PoMBHYeckast cepa KeITOr0, a MOHOKTUHHAS GJIEAHO-
KenToro mpera. ManoycToifidmBad B OOCBIYHBIX YCJOBMAX RAGCUNECKAH
cepa COCTOMT M3 HEPeryJispHO PaclooAeHHBIX 3Ur3aroo6pasHbIX LENQUen
S (rae » HocTHraeT HECKOJNBKUX Thicsd). JIpyrue HeycTOHHUBBI® Moaudu-

KAIMH cepbl MOCTPOEHBl N3 MOJNEKyJ Sp (nyprypHas), S (OpaHKeEBO-IKEN-
Tad) U Ap.

MoRoKIMKHAS cepa riaBuress mpu 119,3°C, a pombuueckas — npu 112,8°C
oBpasys JIETKONOABWKHYIO KUAKOCTE KEJTOTO IBETA, KOTOpas npr 160°C remueer
ce BsiakocTb moBbimaercsi, M mpu 200°C cepa craHOBUTCA TeMHO-KOpUYHEBON 1!

BAGKOl, Kak cMOJa. OTO OOBsICHsIercs paspyllieHMeM KOJIBIEBRIX MOJIEKYJ Sg &
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poMbuueckas G-
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A-5 10 200 260 Jomec

P u c. 1533. ®opMa kpucTamioB poM- P u c. 154, WUsMeHerMe oTHOCHTEIB-

gnqecmﬁ (a-S) u monoriMHHOM (&  Ho#l BsiskocTH cepbl (§ = 1 mpu
) cepel 100°C) npM mNOBHIIEHUM TeMrepa-
Ty bl

obpasoBaHMeM MOJIEKyJl B BUAe JUIMHHBIX [efefl S, U3 HeCKOJBKUX COTEH ThICAY

atomoB. [lajibHeflllee HarpeBaHue (BhIllle 250°C) BelleT K DA3pBIBY peneil, U KUl
KOCTb CHOBa cTaHOBUTCA Gosiee noiBwsxHo. Ha puc. 154 nokazaHa TemmepaTypHast
saBUCUMOCTh BsskocTu skuakoil ceper. (Oronmo 190°C ee BASKocTh NPUMEPHO B
9000 pas 6osslre, 4eM npu 160°C).

IIpu 444,6°C cepa sakunaer. B 3aBUCHMOCTM OT TeMIlepaTypbl B ee [apax
obuapyxuBaloTcs Mostexkyss Sg, Sg, S4 U Sp. NaMenenne cocraBa MoJieRyJl BBI3bIBa-
er U3MEHEHWEe OKpacKku IapoE CepEl 0T OPAaHKEBO-XKEeJITOTo JO0 COJIOMEBHO-KEJITOro
ueera. Ilpu temneparype Bhime 1500°C mosiexyabl S; OMCCOUMMPYIOT Ha aTOMBL.
Mosiexynbl S; mapaMaCEMTHBI M focrpoeHbl aHasoTMdHO Morteryne Oj. Bo Beex
JIPYTHUX COCTOSIRUAX cepa AuaMarHUTHa.

B Bosie cepa MpaKTMYecKH HEPACTBOPHMMA; HEKOTOphIe ee MoauduKanuu
pPACTBOPAIOTCS B OPraHUYeCKHX JKUJIKOCTAX W B 0cOOGHHOCTH B cepoyriie-
pone. 4
Cepa — n0cTaToOYHO aKTHBHBIY Hemétana. [laxe nmpu ymepeHHOM Harpe-
BaHUM OHa OKHCJASAeT MHOrUe [pocThlie BerlecTBa, HO M caMa JOBOJBHO
JIErKO OKMCJsieTcss KucjopomoM U rasorenamu. IIpu HarpeBaHuu B KUMsi-
Hieil Bojme W 3HAYUTENBHO Jydlle B KUIALMX pacTBOpaxX 1IeJo4Yed cepa

AU CNPOTIOPILMOHNPYET:

0 -2 +4
3S + 6NaOH == 2Na,S + Na;S0; + 3H,0

Cepy nOJy4alOT IaBHBIM 06pa30M BHIIVIABKON caMOpofHO¥ cepbl He-
NocpeAcTBeHHO B MecTaX €e 3ajieraHms oz 3emieil. OHa npuMensiercs B
[IPOU3BOJICTBE cePHON KHMCJAOTBHI, AJA BYJIKAHU3AUMH KayiyYKa, KaK HHCeK-
TALU], B CONIBCKOM XO3s#icTBEe U T. 1.
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Coepunenann cepu (—II). Hanbosiee 3aMeTHO CXOZCTBO CePH U KUCJIOPO-
Ia B COCQMHOHWSX, B KOTOPHIX OHH MPOAB/SIOT CTENeHb OKHCIeHus —2.
OKcraaM OTBEYAlOT cyAb(UIAB, FHAPOKCHIAM — FUAPOCYAb(UABI, OKCO-
KHCJIOTAM — CYJIb(PUIOKKCIOTH (THOKHMCIIOTH ), HampiMep:

Na Mg Al Si P S
Cymbdua ..o, Na,S MgS Al,S;, SiS, P5Ss -
(0] 51 (. NBQO Mgo Aleg S]OZ P205 SOg
TNunpocynndun ... NaSH  Mg(SH),  [Al(SH)s]  H4SiS4 HzPS; -
Cunpoxeuy ......... NaOH Mg(OH), AlOH); H4Si04 H;PO,; H3504
KueoTHo-0cHOB-
Hasi IPUPOAA .... OcroBHast AmdorepHas Kuciorsas

XyuMuueckasa NpUpPoaa ONHOTHUIIHBIX CYAbPHUIAOB U OKCHOOB, THADPOCYIb-
$uA0B M TUAPOKCHIOB 3aKOHOMEPHO HM3MEHsAercss B Ipepenax Mepuonaa.
Cynbdunbl, Kak ¥ OKCHABI, OBIBAIOT OCHOBHBIMH, KHCJIOTHHIMU W aMdoTep-
HbiMi. OCHOBHBIE CBOMCTBA IPOABIAAIOT cyabpHabsl Haubojiee THUNHYHBIX
METa/VIUIECKHX DJJIeMEHTOB, KHUCJIOTHHE — cyabhuab HeMerallndecKnX
sneMeHTOB. Paznuymne XuMHYecKo# NpUPOAL CYJIb(PUAOB NPOABISAETCH B
pPeaKIMAX cOJNLBOJNIM3A U IIPY B3aUMONEHMCTBUU CYJIb(PUIOB Pa3sHOH KHUCJIOT-
HO-OCHOBHOIA npuponasl Mexny coboit. Tak, cynbdunsl s-anementos | rpymn-
nbl (KaK ¥ WX OKCHABl) PACTBOPMMHE B BONE M NIpKM TUAPOJK3e 06pa3yloT
HISTOYHYIO cpeny:

Na,S + HOH == NaSH + NaOH

Cynbduabl HeMETAINUYECKUX 3/IeMeHTOB OOBIYHO IMOPOJH3YyIOTcsa Heobpa-
THMO ¢ O6DA30BAHMEM COOTBETCTBYIOIIUX KHCJOT:

SiS; + 3H,0 = H,S105 + 2H,S

Amorepare cynbduael (KaK M OKCUABI) B BOAE HEPacTBOPMMEI, HO HEKO-
TOpHe U3 Hux, Hanpumep cyabdun Al (I111), monHocTeI0 ruzpoaAnayoTes:

lipu B3auMOAENCTBUM OCHOBHBIX M KHCJOTHHIX cyabduoB 06pa3yloTcs
cony (THOCONM), HAaIpUMep:

NaQS + CSQ = NaZCS3
TpUCYIbPUTO-
kap6onar (I'V)
354

OrBeyauye THOCOMAM THOKUCIAOTH OBBIYHO HeycTOWYuBB W Heob-
paruMo pasnaraorcsi Ha HoS u coorsercrBywoumii cynbdun. Tak, npu
OEeACTBUM KUCJAOTH Ha cyIbPUuuokapOoHaT o6pasylouiasics KUCJI0Ta pas-
JIATAeTCA:

Nach3 + HQSO4 = N32804 + HQCSS
HQCSg = HzS + CS'Z

DJTOT paciaj aHaJIOTMYeH pa3JIOMeHHI0 KHCJIOPOACONEePKAUINX KUCAOT
Ha KUCJIOTHHIM OKCHUI U BOLOY:

H,CO; = H2O 4+ CO,

Cynbduab MMeloT XapakTepHyio okpacky, Hampumep CuS, NiS, PbS —
yepHple, MnS — Tesecnoro npera, ZnS — 6Genmiit. Pasandyne B okpacke u
pacTBOPUMOCTH CYJb(MUAOB B pasHBIX cpenax HMCHOJAb3YHOT B aHATNTHYCL-
KO# MPAKTHKe nJ1s1 06HApYKEeHUs1 U PA3JeNeHUA KaTUOHOB.

Monekyna cyasduna Bogopona H,S umeer yriosyto dopmy (ZHSH =
= 92°, dSH = 0,133 BM), nosromy ona mnomspHa (g = 0,34-102% Ku-m).

Cnoco6HocTs 06pasoBmBaTh BopopoasHbie cssasu y H)S Buipaskena cnabee,
yeM y H,0O. Ilosromy cepoBogopon B o6HYHBIX ycaoBusix — ras (T. ma.
—-85,6°C, 1. kun. —60,75°C). CobeTrenHan noHu3sanus HoS B skmakom coc-
TOSTHUH

H,S ... HoS == SH; + SH-

HUUYTOKHO Maa. MorHoe npoussenenue cynbduaa sogoposa [SH3][SH] =
= 3-10733,
3amerno ayume H,S nonmsupyercs B poze:

Ero Bonuwbiit pactBop — caabasi kuciaora (Ky = 1:-1077),
cepogodopodnot. Cynbdun
O4eHBb AJOBHUT.

O6nruno HyS mosyuaror peiicteuem pas6asnedsoit HCl va FeS. Hepacr-
BOPHMMBIE cyAbduAbl MOMYYalOT 10 O6MEHHBM PeaKIAM B PacTBODE:

Ha3blBaeMasd

BOOPOAA WMeeT HeNpsITHBIA 3amax u

MHSO4 + NaZS = MHS(T) + NaQSO4
CuSO4 + HsS = CuS(t) + H,SO,

Cynpdunsl, Kak NOpOU3BOAHBIe HU3MICH CTENEHH OKMCJICHMS
IPOABJISAIOT BOCCTAHOBUTEBHBIE CBOIICTBA.

cephi,
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Tak, nepexon S2° —+ S, S — SO? xapakrepusyercs cJaenyROmUMu
BHAYCHUAMA P, 0

S+ 2 =S, g, =-048B
SO5 + 8H* + 8¢ = S + 4H,0, ¢, = 0,15 B

B 3aBMcHMMOCTH OT ycJIOBHMH NPONYKTaMH OKHC/IeHHs CyAb(puuoB MOryT

6uith S, SO2 n H,SOy:
+7 -2 + 2 0
2KMnO, + 5H,S + 3H,SO, = 2MnSO,4 + 5S + K,SO4 + 8H,0
-2 0 +6 -1
H,S + 4Br, + 4H,0 = H,SO4 + 8HBr

Cynbduabl Mera/iMdecknX 9JIeMeHTOB, Kak M UX OKCHbI, UMEIOT NepeMeHHbI
cocrab, Hanpumep FeS; g—FeS| 14 (cp. FeOy 04—Fe0O) 12). Pusudeckue cpoiicrpa
cynbPULOB, Kak M OKCUIOB, oYeHb paaHoobpasHbl. Tak, TiS; obnanaer Merammm-
4ecKoll MpoBogUMocTbio, ZrS,; — nonynpoBoauuk, HfS; — nuasnerrpuk.

B nogrpynnax fneprogddeckodl CUCTeMbl OKDACKA CyJIL(MHIOB OJIEMEHTOB CTaHO-
BUTCA MHTEHCHBHee ¢ POCTOM MX ATOMHOTo HoMepa, HanpuMep:

AsySq Kesrrhlit ZnS 6estbii GaySq HeNThIH GeS, 6Genbi
SboS; opammerbiit  CdS menreiit InpSy  kenThIt SnS, wenthin
Bi,S; deprmbIit HgS weprniit ~ T1yS; depHbIH PbS 4epHbIH

Hepcynsdmpnr. Tenpennus cepht 06pa3oBbBaTh FOMOLENN peau3yeTcs
+ 1

B MHOTOYMCJEHHBIX nepcyasgudar (noaucynbpumax) runa M,S,. Ilocaen-
HUE MOJAYYAITCH I[IpH B3aUMOJASHCTBUU CcePHl ¢ KOHIEHTPUPOBAHHBIMU
pacTBOpaMH OCHOBHOro cyab(pupna:

Na,S + (n — 1)S = Na,S,

lepcyabdua-uoHB UMEIOT HefloYeyHoe CTPpOeHHE:

/S\ d [ /S\ /S o
S2 1S S S3 |S S

IHony4yensl MHOroumcaedHble Hepcynabduasl Bogopona tula H,S, (rae
n = 2%+23), Ha3bIBa@Mble MHOTOCEPHUCTHIMU BONOPOAAMH HJHN CYAbdanaa.
ITO - KeJNTHIe MacJAHNCTBIe HuaKocTu. [lo Mepe yBenmueHus copepkKaHuUsA

cepbl OKpaCKa TepcyabdumoB MeHsercst o xentoit (S3) no kpacnoit (S5).
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CMech cynbdaHoB obpasyeTcsa Npu HeHcTBUHU
KHMCJOT Ha NOJUcYABPUAB aMMOHUSA WU
HATPUSA:

(NH4)QSn + 2HCI = H,S,, + 2NH4CI

Ilepcynabdun somopoma H,S, — ananor
nepokcusa Bogopoda. Iepcynbdunbl BeTpe-
yaloTesi B npupope. Hanpumep, mmpoxo
pacnpocTpaHeHHBI!T MuHepal nupum FeS,
npencTaBaser coboit mepcynbpuy xenesa (1)
(puc. 155).

llepcynbduabl, mofobHO MepokcupaM, NMPOSABIAIT BOCCTAHOBUTEILHBIC
U OKMCAUTENbHBIC CBOﬁCTBa, a TaKXe JUCIHPONOPIUOHHUPYIOT:

P u c¢. 155. Kpucranmmyeckas
peliteTka MUpUTa FeS,

-1 -2 -2
NaySy + SnS = SnS, + NayS (S5 — oxucomrens)
-1 +4
4FeS, + 110, = 2Fe;0; 4+ 850, (S5 — Boccranopuresns)
-1 -2 0
Na,S; = Na,S + S (S37 — oxucsmrens, BOCCTAHOBUTEJIH)

Coequnenusn ceput (IV). Crenenb okucaenus +4 v cepbl IposBaseTcs B
ee Terparaiorednpax SHaly, okcoguranoreanmax SOHaly, auokcuge SO, a
Takie B OTBEYAIONIUMX UM AHUOHAX:

SF,  SOHal, SO,
[SFs]"  [SO.FT [SOa)*

B Mosekynax, a Takxe B aHHOHHHX koMmiekcaxX cepbl (IV) y aTtoMa
ceppl uUMeeTcs HemopeseHHas .(HeCBs3blBalOmlasi) 3JeKTPOHHas mMapa. B
COOTBETCTBUHU € YMCAOM O-CBASHIBAIOLIMX W HeCBSABBIBAIOIIUX 3JIEKTPOHHBLIX
nap aroma cepbl Monekyas SHal, nMmelor dopMmy mckaxkeHHOro TeTpasipa,

SOHal, u SO — dopmy TpUroHaILH O nupamMunsl, SO, — yraoeyiwo ¢op-
My, T.e. oOTHocATeA K coenmHenusim tuna ABE, AB;E, ABE (em.
puc. 51) cooTBercTBeHHO:

.e ‘\\hu
}°f>/“,s %2, }VS\O
O,’MCI 0~ 119,5° N
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Terpadpropna cepbl SFy — 6ecuperubiit tas (r. wi. —121°C, 1. xun. -37°C). Oxco-
muxsiopua cepbl SOCly (TuoHusxIopn) — BeclBeTHAA KMAKOCTb ¢ PE3KUM 3alla-
xoM (1. . -$9,5°C, 1. kun. 75,6°C). 3t coeMHeHNA NPUMEHSIIOT NPU XUMHYec—

KX CHMHTe3ax.

XuMH4ecKuil xapakTep OMHapHHX coeguHenuit cephl (IV) kucioTHBI.
Bonnblit pacteop SO, Ha3BIBAIOT cEPRUCTMOT KUCTOTOW. B HeM mpucyTcTBy-

ot anuonsl HSO5 u SO5 ™. ,

WUz coepmbenmii ceppl (IV) Hambonbliee 3HadeHMe HMeeT [ M O K -
cu g cepsl SOy (cepuucmuii 1a3). CTpoeHne Mosekyan SO, aHalOTUYHO
CTPOeHUIO MoJieKynb o30Ha O3(00;), Ho MojleKyja OTIMYaeTcs BBICOKOM
TEePMHYECKOH YCTOHYUBOCTBIO. B OGBIMHBIX YCIOBUAX AUOKCHI cepbl —
GeclBeTHHI ra3 ¢ XapaKTepHBIM pe3KuM 3zamaxoM (T. mia. —75,5°C, T. kum.
-10,1°C). B TexHuKe ero IMOJY4alOT CHUTAHUEM CepH U OOKMIOM MHPUTA:

4FeS, + 110, = 850, + 2Fe,0;

Boabmue woamuectBa SO, o6pasyioTcd NpPU CKUTaHUK TOMNJAMBA W IPU
06k1re cyJbpUAHBX pyA Ha MeTalNypru4ecKuX MpearpuAThAX. Y THIH3a-
uus SO, — oiHa U3 BaKHeNIINX MpobjeM XHMHYecKOM TeXHONOPKMM, Tpo6-
JleM 3aUIMTHl OKPyXalomed cpeakbl.

PacTBOPUMOCTL AMOKCUA CEPHl B BOAE BecbMa BeJIWKa (MPpH OOBIYHBIX
yenosusax okoJio 40 o6bemoB SO, Ha oaud obvem H,0). Bommslii pactsop
SO, BazbiBaeTess ceprucmoii xucaomot. OcHOBHas Macca pacTBOPeHHOro
S0, Baxopurcess B pacTBope B rupgparunpoBanHoi dopme SO, nH,O. Tlpu
OXJI&KIEHHH DPACTBOPOB MOMHO BBIAENUTH KPHCTAJIOIMAPAT KJIATPATHOro
tina npubauaurenbroro cocraBa SO, TH,O. JIume HeGosbllas 4YacThb
pPacTBOPEHHBIX MOJISKYJI B3aMMOJERCTBYeT ¢ BOAOH [0 cxeMe

SO, + H,0 = H* + HS0; = 2H* + SO3
VKazaHHOe DaBHOBeCHE B MNPHCYTCTBHH IIENOYHM JIETKO cMeliaeTcs B
cTopony obpasosanus aHmoHos HSO; u SO3. Ilpu sTom o6pasyrores

+1 +1
tpuokcocyabparet (1V) neyx tunos M,SO; (cynspure) 1 MHSO, (rup-
pocysib(uTh ):

NaOH + SO'Z = NaH803, 2NaOH + SOQ = N32803 + Hgo

B Boze pacTBOpSAIOTCA JHMUIb COJHM $-2JIMEHTOB | IpyIfibl U rUAPOCYJb-
+ 2 '
¢utel TMna M(HSOj;),. Hepacrsopumele cynbdurh moaydatores no o6-

MEHHBIM peaKIUAM B pacTBOpEe.

Na,;SO5; 4+ CuSOy4 = Cu503(T) 4 Na;SOy4
38R

HetictBrue KUCAOT Ha cyJabdUTH collpoBOKaaeTeA BblgeneHueM SO,;. Ha
3TOM ocHoBaho monydedue SO, B nmaboparopun.

Cynbdur-uon SOg' UMEET CTPYKTYPY TPUTOHANBHOW MUPaMMIbl ¢ ATOMOM CEpbI
B BepuinHe (cM. puc. 51, 6). llockonbKy HenomeieHHasi mapa aToMa Cepbl NpOCT—

2= " "
paHcTBEHHO HalpaBseHa, MoH SO3 — AKTUBHBIN JOHOD QJIEKTDOHHOM TApbI M JIErKo

nepexoa1T B TeTpasapudeckue Monbl HSQ3 u SO?{. Won HSOZ cymecrsyer B Bume
IBYX NEPEXONsAIMMX APYT B APYTa MIOMEPHBIX GOpPM:

4t /

s
/ /

2 S-‘<~. - * rS%
I‘i‘_'o/ \\‘(;O o7 \\O-O

SIBneHve 0OpaATMMOI M30OMEpUM, TIPM KOTOPOW [BA WM 6oslee M30Mepa NepexXonsiT
Ipyr B Opyra, HasbiBaercsi maymowaepued. [losydedbl npousBogHble 06e€MX TAYTO—

MepHBIX dopM moHa HSOj.

JlerkoceTs nepexona wona SO2” B non SO% 06ycioBnMBaer ero moBosb-
HO cUAbHBIE BOCCTAHOBUTEIBHBE CBOMCTBA:

SOI + H,0 + 2¢ = SO} + 20H-, ¢, = 0,93 B
[Toatomy, .HaanMep, cyIb(UTE B PacTBOpPAX MOCTENeHHO OKHCJIAIOTCH
Jake KHCJIOPOJAOM BO3NYyXa:
2503 + 0, = 2S0%°

BoccTanoBHTeNnBHBIe cBoOiicTBa mposiBaser U SO;, KOTOpHIA, HampuMep, Ha
COJIHeYHOM CBeTY OKHCJIAETCA XJIOPOM:

+6 -1

+4 0
SO; + Cl; = SO,Cl,

IIpu B3aMMopeiicTBiN ke ¢ Gojiee CUJIBHEIMA BOCCTAHOBUTENAMU MPOU3BOI-
Hble cepbl (1V) mposiBIIsiloT OKMCINTENBHBIE CBOHCTBA:

+4 -2 0
SO, + 2H,S = 3S + 2H,0
IIpn Harpesanuu cyab(UTH AMCOPONOPUMOHUPYIOT:

+4 +6 -2
4N32503 - 3N32804 + NaES
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Jluokcui cepbl MPUMEHAIOT AJs1 NMOJYHeHMsi COPHOW KHCJIOTH, a TaKke
B GYMAXHOM ¥ TEKCTM/IHOM [pOW3BOACTBAX B KAUECTBO OTOENMBAIOLIErO
Cpe/CcTBa, [J17 KOHCEePBUpOBaHUs nnoaob U Ap. HKuakui SO, ucnonszyoT
B KAYeCTBe HEBOAHOTO PACTBOPUTENSA ANA NPOBEAECHUst PAa3/NYHBIX CHHTE-
s0B. Jls 3TOM *e weay uenoabsyioT okcoguxaopua, cepsl (IV) SOCI,.

Ha kucnotHbelx cBojictBax SO; u cmoco6Hoct S(IV) oxucnstbes Ao
S(VI) ocHoBano GonbmuHcTBO cmocobop ytunuzanun SO;. U3 ropsunx
OTXOAALIMX Ta30B MOXHO oTAeauTh SO, N0 peakuun

CaCOjq +-SO, + /5,0, = CaS0, + CO;,

CornacHo apyroMy criocoby SO, HOToWwaeTcsl PaciyIaBieHHoN CMecblo KapOoHa-
TOB IIETOYHBIX METAJIJIOB:

M,CO4 + SO, + 1/202 = M5S0, + CO,
CynbdaThl faee BoccTaHapmupator yrieM (800°C):
M,S0O, + 2C = Mj3S + 2C0,

Hanee ocymectrnsieTcs pereHepalms cynbduaos (npu 400°C) aMOKCHMAOM yriepo-

Ja M BOJAHBIM HapoM:
M,S + CO; + H,0O = M3CO; + HaS

O6pasyouMitcst cepOBOJOPO] OKUCISIOT A0 cephl (B IPUCYTCTBAM KATAIM3ATOPA):
H.S + 1/202 =S+ HQO

Coenuuenns cepul (VI). Kak 1 y apyrux p-ojeMeHTOB 3-r0 Nepuoja,
MaKCHUMaJIbHOE KOOPAMHAIMOHHO® YMCJIO COpbl TIPH BLICLIEH CTerneHr Oxkhc-
JIEHUs paBHO IIECTH, a ee HAM60/Iee YCTOMUMBOE KOOPAMHAUMOHHOE 4HC/O
yerbipe. (CTenedb OKHciaesus cepbl +6 NpoABnsAercs B COeAMHEHMAX C
Hanbosee DJEKTPOOTPHULATENbHLIMM aneMeHTamu: B rexkcadropuse SFg,
rpuokcuae SOz, okco- u auokcoguranorennaax SOF,, SO,Hal, a rakxke B
OTBEYAIOLINX UM aHHOHHBIX KOMILIEKCAX:

SFs  SOF,  SOHal, SOq
- - SO;Hal-  SOZ

Monexynn SFg, SOj;Hal;, SO; uMeOT cOOTBOTCTBOHHO OKTasapUYecKoe,

NCKAXKEHHOE TeTpa’apUyecKoe, IVIOCKO-TPEYTrONbHOE CTPOSHHE:

0
Cl z !
ue Tl
R R Tl 225
N "Cl ,/ R
0 S0
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B o6eranbix ycsoBusx ¢ropup cephl (VI) — ras, a okcoranorenupml
cepul (V1) — smunkoeru uam rasu. Kak u SOg, OHM — TUOHYHBIE KHUCAOT-
Hble coefMHeHUs. BOJBUIMHCTBO MX nerxo TUAponusyercs, obpasys Kuc-
JIOTHI:

SO3 + Hzo = HQSO4
SOQCIZ -+ 2H20 = HzSO4 -+ QHCI

Texcagropua SFg (1. mn. =51°C; 1. Boar. —64°C) oTnuuaeTcss BHICOKOM
XUMHAYECKOU cToiikocThio. Tak, Ha Hero He ASACTBYIOT HU BOA3, HU IIEJIO-
UM, HM KHCJIOTH, HOCMOTPS HAa TO, 4TO rugponus SFg xapaxrepusyercs
6ONMBIIMMU OTPUILATEIBHBIMY 3HAYeHUsiMU A (7, HanpumMep:

SFe(r) + 3H,0(r) = SO4(r) + 6HF(r), AGS,. = —460 x]lx

298

Huzkasa peakumorHas cnoco6Hocts SFg o6bacHserca KHHETMYeCKUMH
¢dakTopaMu, 06YC/IOBJIGHHEHIMM BaJCHTHbIM M KOOPAMHALMOHHBIM HACBILIE-
HUEM IEHTPaJIbHOrO aToMa Monekynbl SFg u ee BbICOKON sHeprueit MonMUsza-
wan (19,3 5B). SFy siBasieTcst AMINEKTPUKOM, KOTOPHIH 6Jarofaps XUMU-
YeCKOM HHEPTHOCTHM M OOnbIIONH MONEKYAAPHOW Macce UCIONb3YIOT B Ka-
4ecTBe ra3o00pa3HOro U3OJATOPA B IEHEPATOpaX BHICOKOTO HANpPSKEHUS M
APYTUX 37EeKTPUYECKUX MPUOOPAX.

HovonrHo uHepren u SOyF; (cymbdbypundbropua, T. mn -135,81°C, 1. kum.
~55,37° C), KoTopEIit paanaraercsi JMIb pactsopaMy menoueit. Hampotus, cymnbdy-
punxnopun (1. m. -54°C, 1. kun. 69,5°C) penencreMe TMApPOIMBa JBIMHT Ha
BO3yXE.

[lockoneky anst ceppl (VI) Hambonee xapakTepHO KOOpPAMHAIMOHHOE
yuenao 4, monexyssr SO5 cymecTByIOT aMiubL B razopoi ase. [pu oxsam-—
JEeHNU OHU MOJUMEpH3YIOTCA B KOMbIOOPA3HbIE UK OTKpBITHIE 3UT3aroo6-
pasHble LEenu;

w o O w0 O
Oy 920  Osn o¥ou I !
\Sr’ }s/o\s’/o \ZIS/ =I/’O\:sl/o\
| ] Yo ﬁ ;|
-
0 O (O S0 6 0
07 Ng
50, (303); (SO
MOHOMEPp TPpHMED ﬂon“Mep

IlosToMy TpuoOKcup cepbl CymiecTBYOT B BUAE HECKONBKUX MOAM(UKA-
unid. Ilpu wompewcaumu napos SO; obpasyercsas Jeryuas KUAKOCTD
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(1. xun. 44,8°C), cocroamas pEeMMyIeCTBEHHO U3 LUKIMYECKUX TPUMEP=
abix Moaerya (SOsz)s-

Mpu oxmaxpenuu SOz sarbeprebaer B [Ipo3padHylo Maccy, HAIlOMMHAIILYo
Jef. D710 TAK HasblBaeMad avdosudnas moduguxayus SOz Ilpn XpaHernd oHa
[oCTeneHHo npeBpamaercs B MoAMbMKaWMIo, 1O BHEUIHeMY BUAY HAIIOMMHAIOLLYO
acBecr. Acbecmooudnas aodugurxayus o-SOg COCTOUT U3 AUr3aroobpas3HbIX Lenen
(SO3),, pasMiHOM G/MHBL BleicTEMe HEOQHOPOAHOCTHM COCTaBa acGecroBMAHas

MomUcPUKAIMA He UMeeT CTPOro ONpefesleHHOH TeMIIepaTyphbl IUIaBJIEHU .

CrpyKTypHble 0COGEHHOCTH vonncuranuit SOz 00ycnoBIMBalOT pasifiMe HX
PUBNUECKUX CBOMCTE U xuMUueckoft axTUBHocTH. Tak, B IPOTHBOIOJOKHOCTE
7bIOBMAHOM acGecToBuaHast MomMpHKallMA MeHee Jeryda M € BOJOM B3aUMOAEHACT—
BYeT MeHee aKTMBHO.

B rtexauke oxcun cepbl (VI) nomyuarorT okncaeHneM SO, B IPUCYTCTBUU
KatanusaTopa (MIaTHHA WIH OKCUJ BaHALMA):

SO + /202 = SOg

Terpasapuieckue 0—CBA3U CepbI (VI) BOBHHMKAIOT Takxke MpU B3anMO-
aeitctBun SOj ¢ HEKOTOPbIMH COEAWACHUAMH BOAOPOAA, HalpuMep ¢ BO-
noit, razoo6pasasiMu HF, HCI

H,O + SO;3 = Hz[SOq]; HF 4 SOz = H[SOgF]

Bce muOrounciennnie TMIH cyabgar (VI)-noHoB nMelOT TeTpasApUtecs
KYy10 KOH(PUIYpaIUIO:

Ox. O Os . ik O:. .. FI° 0—0O, _ .20 -
K P2 P24 P24
O 0 o) 0 0 0 0 O
SO5° SOsS52 SOszF- S03(09)%
TeTpaoKcocyIbdar  cynbdUAOTPH- TOPOTPUOKCO-  NIEPOKCOTPHOKCO-
okcocysibdar cybdat cynbdat

Terpaokcocynbdar (VI) Bogopoaa H,SO4 — MacnsHUCTasd KUAKOCTD,
samepsaoman npu 10,4°C. Ero nonywalor npn OXIaKACHAN KOHIIEH TPUPO-
BaHHOI1 CEpHON KHCJOTHI. B TeBepAOM MU KHAKOM COCTOAHUM MOJCKYJIBI
H,SO, cBA3anbl BOJOPOAHBIMU CBA3IAMU. HKuaruit H;SO4 — HMOHUBHPYIO-
umit pacTBopuTens. Ero co6cTBenHas MOHM3AUMs HESHAUMTENBHA U BbIpa-
#aeTcesl ypaBHEHUEM
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H,SO, ... H,SO, = SO4H§ + HSO;, K=27-101

B Bogubix pactBopax HpSO4 — cnabras aABYXOCHOBHad KucaoTa (Kia =
=1-103, Ky, = 1,2-1072).

Bzaumopeitcrete HySO4 ¢ BOXOM CONMPOBOXAETCS  BbIAENeHHeM OGoJBLIIOro
KOJMUYeCTRA TEITIOTH! 3a cuyer obpasoBaHUsi ruppatop. [looromy cmemMBaTb KOH-
uentpupoBannylo H,SO,; ¢ Bomoil wiegyeT oOueHb OCTOPOXKHO, BIMBASI CEPHYMO
KMCJIOTY TOHKOM CTpYWKOW B BOAYy, a He Hao60poT. KoHuenTpposaHHasi cepHas
KMCJIOT2 TIOTJIOULAEeT IApbl BOABI, M IOSTOMY ee IpMMEeHSIOT B KavyecTBe OCyLINTesIs:
OHA OTHMMaeT BOAY M OT OpraHMueckMX BemecTR, obyrimpeasi ux. Ilpu oxnaxneHuH
pasBGaBIEHHOM CEPHOI KMCIOTON BBAESIOTCS KpUcTajulornapars! (cM. puc. 81, 6).

CepHYI0 KHCJIOTY MOTy4aloT pacTBopeHueM SOz B KOHIEHTPUpOBaHHON
H,SO, B BUAe oneyMa, copepxamero 20—65% SOj;.

Boabmuacrso cynbdaros (V1) xopomo pactsopumo B Boge. [laoxo
pactBopuMbl  Terpaokcocyabarel Ba(Il), Sr(Il) m Pb(Il). Us soameix
pacTeopok oxcocynbdatel (VI) 06b11HO BBIIENAIOTCA B BU/JE KPUCTANIO-
ruapatos. Coepunenns tuna CuSQO4-5H,0, FeSO4-7H,O nasbisatoTcs
Kynopocaauu,

Beaogneie terpaokcocynbdarsr (VI) mnomyuator esanmmonmeitcremem SOz ¢
COOTBETCTBYIOLMMY XJIODMAAMM B HEBOAHBIX cpefax (HampuMep, B xmaxod SO

NI SOQClz)Z
CuCl; + 2503 = CuSO4 + SO,Cly

Tpuokcodropocynbdar sonopoma H[SO3F] (Pmopcyavgponoeas wxucaoma) u
rprokcoxaopocyibdar somopoma H[SO3Cl] (zaopcyavgonosas wxucaoma) — xua-
roct. B BomHoM pacrBope H[SO3F] — ouens cuibHasi kuetora (nonobras HCIO,)

— TUAPOTIMBYeTcs MelJIeHHo, B To Bpemsi Kak ruaposms H[SO3Cl] nporekaer oueHr
BHepryyHo.

Ipu kunsuennn pacteopa Tpuokcocynbdara (IV) marpus c¢ mopomxom
cepbl 06pazyercs cyabPuaoTpuokcocyabdar (VI) narpus:

2—
W . S 2"
ll

Sa=ao + § —
#\.0 S0
0 \0 o’/ \‘0

SO% + S = SO,8?

CeoiicTBa cynbgpupoTprokcocyabgatos (Mmuocyasdamos) 00ycrioBINBA-
10TCA MpUCYTCTBUEM ATOMOB cephl B [JBYX pPa3HbIX CTeleHsX oxucienus (+6
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—2). Tak, HanMuHUe aToMa cepbl cO CTEMNEHbI OKMC/ICHUA -2 ompepnesnser
BOCCTAHOBHTENbHBIE cpoiicTea SO 352 -uona!

-2 0 Q -1
NHZSO;;S + Clz + Hzo - NaZSO4 + S + 2HCI

Tuocynbdpar sopopogaa HySO3S meycToiymB M NpH MOJTYYEHNH pacnaja-
eTcsi:

Na2803S + HQSO4 = N?),2804 + HQSOgS
+6 -2
H,S03S = st03 + S
N3  rtuocynedaroB Hanmbonbllee NpUMeHeHHe  UMEeT wnocyabum
Na,S,05+5H,0 (8 dbororpadun, Menunmae).
Opnaum u3 nurangop s cynbdart(VI)-none Moxker 6bITh MEPOKCHUA-PAIH~-

KaJ 02-.'

—0 0]
0>S<b

INponssoaubie SO3(07)2-roRA (SOE') HAZHBAIOTCA MEPOKCOCYbdaTaMu
(VD), a pactsop H,SO5 — neporcomonoceproii xucaomoii.

NMopo6ao okcuny cepbl (VI), nonumepHsiMu MOryT GBITE U CyAbaT-
HOHBI, MOCTPOESHABE U3 TETPA3IPUIECKAX CTPYKTYPHBIX SANHNUIL SO,. Tax,
npu pactsoperun SO3 B KOHIEHTPUPOBAHHON CEPHOM KMCI0Te 06pasyercs
esas cepus NOJUCEPHBIX KUCIOT:

0 0
HO\S 0 HO\|S| /o\|s| _~OH
Ho-" N0 I I

0
HzSOq HQSZO'[

IMCYIBdAT BOAOpOAa
(ABycepHas KUCIOTa)

cynedaT RojoOpOIa
{cepHas Kne10Ta)

(@] (@]
HO\Q/O\Q/O\IS'/OH
I} Il Il
O O O
H,S5010

TpUCYTIBDAT BOROPOAA
‘ (TpHCcepHas KMCIIOTa)
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0 6] O O
HONL O~~~ )l
| I | S

0 0 0 0
HzSOq . ’n503
nosucyabdaT Boaopoaa
(monmcepHas kuciora)

Cwmech HpSO4, HpS;07, HpS30;p, HaS4013, ... — rycTas MmacnarUcTas
HUJIKOCTh, OBIMAIIAA Ha BO3/yXe (oaeya), IIMPOKO HCIONL3YETCH B NPO-
meiniennoctd. flon meitctBuem Bosnt cBasn S—O—S paspblpaloTcs u noau-
CepHbie KMCJIOTHI MPEBPALIAIOTCS B CEPHYIO.

Terpasgpuueckue CTPYKTYPHbIC ©IHHHMIB B CyabdaTaX MOryT o6beau-
HATbCS TaKike MOCPEJICTBOM aTOMa WJIM LENOYKN U3 AaTOMOB Cephi:

0
”/OH

0 0
HO\Q /s\lsl _~OH Ho\” /s\ S

I I H
O

0O O
H,5;06 H,54056
cynbdu gocynedar nepcynspuaoaucyabdar
BOJopoAa (TpUcyabdo- BOJOPOAA (TETPATHOHOBAS
HOBaA KUCITOTA) KHCIJI0TA)
Coennnennn obmeit dopmynst H,S;0¢ (z = 3:6) nraswmisaioTcsa noau-

muoKo by Kucaomamu, a HyS,Og — AUTHOHOBOI KUCIOTOI!.
Ponp MocTika, 06b6QMHAIOIEro TeTpasapUudeckie CTPYKTYPHbIE eIHHN-
I(bi, MOXKET WrPATb TAKKE NEpOKCULHAS TPYNNUPOBKA aTOMOB!

0 H
Hoo

||
I|
O

H,S,04
TIepoKCOgMCyIbpaT BOAOPO A3
(nepokcopycepHast Kuciora)
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[epokcopucepaas KUCIOTa H,S,0s rmoaydaercsd NpH  BJEKTPOTU3E

CEpHON KHCJOTE MM IHApOcyibdaToB. Hpu sTOM Ha aHOAE TNPOTEKAeT

peari s
QHSO; — 2 = H28208

Meporcoancepras kucioTa HpS;0s, Kak © nepoxcomorocepras  H,S0s,
ruaApOAN3yeTcs ¢ 06pa3oBaHueM MEepoKcHia BOAOPO/A:

HzSzOg + 2H20 = 2H2804 + HQOZ
H,S05; + H,0 = H,S0, + H,0,

ITyM TMOABBYIOTCH [J13 MOMY4eHds MepOKCHAA BOZOPOAA B TEXHNKE.
Hepokcocynbgatibl (VI) — cuIbHBIE OKACIUTEN:

S,0% + 2¢ = 2S0%, @5, = 201 B

OHU HCIONBL3YIOTCA TPU MPOBeLeHNN XUMUYECKOTo aHaln3a u CHHTE3A.
Hepox{cocepﬁme KUCNOTEL 0BYrAMBalOT 6yMary, caxap U axe napaduH.

§ 3. OACPYIIIIA CEJEHA

Cenen Se, Tennyp Te u mononud Po — uMeroT KOH(UIypanuio BaieHT-
HBIX 3JIEKTPOHOB s2pd.

B o6pasoBanme CBA36Nl y CEJIeHa M €ro aHAJOroB BOBJIEKAIOTCA Helap-
Abie 376KTPOHL, 4 TakkKe OJHa WM /{Be 3JEKTPOHHBIC TADBHI. HoszroMy y p-
snemeAToB VI IpyIIbl Ha6MIO4Al0TCA YETHBIE CTEMEeHU OKUCICHNS: -2, +2,
+4, +6.

B moparpynme cesieHa, Kak M B APYMUX MOATPYNIax p-dJAeMEHTOR, ¢
yReJIMUEHUEM pa3MepoB aTOMOB Habnmoaaercsa obimas TeHJEHIUA K YBEAN-
YEeHMIO XapaKTepHOro KOOPAMHANMOHHOIO MUCA. Tak, Ads3 Ceph U cenera
Hau60see TUIHYAb KOOpAMHAIMOHHHE uicia 3 U 4, a Ansd Tennypa — 6,
unOrna jgaxke 7 n 8.

[Ipu BHCHIEil cTemeHM OKUCJICHHA B PAAY S—Se—~Te—Po oriernuno
HabII0LaeTcs BTOpUYHAA NMepUOJMYHOCTE B M3MEHEeHUH cBOICTB COENUHE-
uuit (cM. puc. 142).

CeneH M TeNNyp — paccesiHHBIe, a TOJIOHMHA — PEAKUHA JJIEMEHTDHI (eM.
ra6a. 26). [IpupoAHbIA cejleH cOCTOWUT M3 INeCTH YCTOMUMBHIX HM30TOTOB,
rennyp — u3 cemu. Ilomydenbl Takke pagMOAKTMBHBI® N3OTOMNBL ceneHa W
reanypa. [MonoHuit cTabUABHBIX M30TONOB HE MMECT. Jlns Hero M3BECTHO
cRBIILIE MBAALATH PaJHOAKTHMBHBLIX U30TOMNOB.

Co6cTREHHBIE MAHEPAJiBl CeIeHa U TeJliypa BCTPeYaloTcsd PeAKo. Yaie
neero Se n Te cOMYTCTBYIOT caMOPOAHON cepe W B BU/AE CEJICHUI0B M TN~
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AYpUAOB TPHUCYTCTBYIOT B cyabpupabix pypax. Hononwit congepxkutca B
YPAHOBHIX M TOPHEBHX MHUHEpaNaX Kak NMPOAYKT pacllafa paguoaKTUBHOTO
pAfa ypaHa.

IIpocthie BemectBa. B psgy O—S—Se—Te—Po Tun ycroityusrix Mone-
KY7l U3MEHAeTcs: OT ABYXaTOMHBX Kuciaopoga Oj, 3aTeM HUKIUYECKHX Sg
1 Seg 1 uenabix mMonexkyn Se_ u Te  no MeTamanyeckoro Kpucraina moJ0-

HUA (cM. Taba. 28).

Kak u cepa, cenen umeer noaumopg-
Hele wMmopuduranuu. Haunbonee yctoitwus
rekcarOHalibHBIA  MAM  cepwill  cejed.  Ero
KPUCTATINE O06pas0Banbl  3MI3aro06pasHbiMU
nenamu  Se_  (puc. 156). IIpu  6picTpom

OXNAKACHAM JKUAKOTO cejieHa TONydaeTcs
KpPACHO-KOpPHYHEBasi  CTEKJIOBUAHAA  MOJAU-
pukanua. OHa 06pa3oBaHa HEYHOPALOYEHHO
pacloJIKeHHbBIMI MOJIeKYTaMu  Se_  pa3HOM

aauebl,  Kpucrannnyeckue pas3HOBUHOCTH
KPAacHOTO CceJIeHa COCTOAT K3 IUKJIUYECKUX
MOJIEKYN Seg, MOAO6HBIX Sg.

Cepuiit ceien — nonynposogHUK (AE =
= 1,8 3B). Ero oanexrpuueckas mnposoau-
MocTh pes3xo (mpumepno B 1000 pa3s) Bos-
pactaer npu ocpemenun. [lonynpoBogHUKOBbIE CBOMCTBA TPOSABISET HKUJ-
KU cesex.

P u c. 156. Crpykrypa rekca-
FOHAJILHOTO CeJleHa U TeJLIypa.

Y tTennypa ycroiluuea rekcaronanbHas moauduranus (puc. 156).
J1T0 cepebpucTo-Oen0e MEranfionoAO6HOE KPUCTATIAMUECKOE BEMECTBO.
OnHako OH XPYMOK, JIETKO pacTupaercsd B nopomok. Ero snexkTpruyeckas
NPOBOJUMOCTE HE3HAUUTENLHA, HO [IPU OCBENEHUM YBEJTHUYMBAETCS, T. €.
Tesnyp — nonynpopoguuk (AE = 0,35 3B). AMopdasiit Tennyp (kopuune-
BOrO [[BETA) MeHee YCTOuuB, YeMm aMopHBIl cenen, n npu 25°C mepexo-
ONT B KPUCTAIAHYECKUIA.

Bynyuun u3oMOpPHBIMU, TeKCarOHANbHBIE CEeNeH U TeNNnyp 06pa3yloT
MeKAY cOOOM HelpepHIBHBIA psAN TBepAbiX pacTBOpoB. [Ipu BEICOKUX TeM-
MepaTypax MNapbi CE€Ha U TeNJAypa COCTOAT U3 NapaMalHUTHHIX MOJEKYN
Sey u Te,. [lpu noHMKEHnUM TeMTIEpATYpH OHM TONUMEPUYIOTCS B MOJEKY-
J1BbI 94, 96 H 93.

Monowuuit — MArKKI MeTann cepebpucTo-6enoro mpera, no dusn-
YeCKMM CBOMCTBAM HAlOMUHAIONIMA BUCMYT W cBvHern. Kak BuUaHO, B paAnmy
O—S—Se—Te—P0 cTpyKTypHBHIe M3MEHEHMS M OcJaabjeAMe KOBAJeHTHOM
CBA3M O—0O COOTBETCTBYKOT M3MEHEHUIO (PU3UYECKUX CBOMCTB; TaK, KMCJIO-
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poa M cepa — IUIIEKTPUKH, CeIeH U Tesnyp — NOJYIPOBOJHUKH, a 1010~
HUil 06Ja71aeT MeTaJ/IHYeckoil MpOBOJAUMOCTDIO.
HexoTopble KOHCTAHTH MPOCTHIX BEMICCTB p-anementop VI TpyuuH

npUBeJEHbI HHWKe!

0O, S Se Te Po
(poM6.) (rekc.) (rexc.)
I 2 VAR PRP RS 1,27 207 482 625 93
T L, “C e -218,8 1193 221 450 254
T KU, *C oo ~182,97 444,6 6853 990 962
S g L0/ (K MOTIB) cveniriieees 2050 319 42,1 49,5
Py D+ 2HT + 26 = Hp0, B 1,23 0,17 040 0,72 -

B psagy O—S—Se—Te—Po yMenbiiaeres oKueJaMTenbHasd U BO3pacTaeT
BOCCTAHOBUTEbHAA AKTUBHOCTB, O HeM, B YACTHOCTH, CBH/eTEILCTBYET
COMOCTABIEGANE HEKTPOAHHX NOTeRuMAN0oB. 06 HTOM Ke MOKHO CyANTH 1O
xapaxrepy HuameHenns A OJHOTHNHBIX peaknuii ¢ ydacTHeM MpOCTHIX
pemects. Tak, uamenenne omeprun ['m6Gca B peariiny H, + 9 = HO

oTBEYAeT cJe[yIOMINM 3HAYCHUAM:
H,O(r) H,S(r)  HoSe(r) HyTe(r)
AG}, KJIK/ MOTIE Lveeivieneeeceicee —229 -34 +20 +85

CesieH ¥ TeNlyp ¢ BOJOM M pa3baBleHHBIMU KUCJIOTaMN He pearupyrloT.
[lononuit pearupyer c coONAHON KHUCJIOTON KAK TUIMUYHBIA Meras:

Po + 2HCI = PoCl, + H,

Mlono6ro apyrum memerainaM, Se U Te ORMCJAIOTCA KOHIIEHTp M poBaH-
goit HNOj s0 kucaor. [lononnid ke B 9TUX YCJIOBMAX o6pa3syer coJenon06-
HOEe cOoeJIMHEHME:

Po + 8HNO,; = Po(NQj)4 + 4NO; + 4H,0
Ilpy KUNAYEHHUH B IENOYHBIX pacTBOPax Se u Te, nogo6rHO S, AMCIPONOP-
UOHUPYIOT:
0 +4 -2
39 + 6KOH = K;D0; + 2K39 + 3H;0

[I[py HarpeBaHMM ceJieH, TeNNyp U TOJOHMA JOBOJBHO 7ErKO OKMCJIAOTE A
KUCIOPOZOM U FAloreHaMM, NMpH cJaBJeHUH B3aMMOJSHCTBYIOT ¢ METAJ™

JIaAMHU.,

* I3 TBEPAOrO KUCJIOPOAa.
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Cenien w TeJUIyp W3BJEKAlOT U3 OTXONOB NPOU3BOJCTBA CEPHOM KHCNO-
TH, HaKalJIMBAIOUIUXcs B IBIEYJIOBUTENSX, M U3 AHOZHOTO lLjaMa, obpa-
3yeMOro MpH 3JIEKTPHYEcKOH OYMCTKE NBeTHRX MerainoB. [lnsa sroro
OTXOAbI U IILJIaM OKHMCJAIOT, HalpruMep, ¢ noMoniplo MnQ,. Ob6pasyomuecs
npn 3toMm SeQ, 1 TeO, pasgensAtoT U BoccTaHAB/IMBAIOT TUOKCUIOM cephi:

D0, + 280, = D + 250,

Nszoron 219Po monyyaiorT B aTOMHBIX peakTopax oCiy4yeHHeM BHcMYTa
HEATPOHAMHU:

209Bj (n, 7) 219Bi __% 210Pg

Kak monynpoBOHUKM celeH U Teyp WCMOAB3YIOTCA JUIA W3roTOBJIe-
HUA (POTOIEMEHTOB ONTUYECKUX W CHUIHAIBHBIX Npubopob. Kpome roro,
ceJIeH MCIMOJIL3VIOT B CTEKONBHOH TPOMBIIIIEHHOCTH 1A NONYyYeHUs cTe-
KOJl py6éuHoBoro nBera u ap. Usoron 219Po (Tl/2 = 138,4 nHA) npumer T

KaK UCTOYHUK O-UacTULL.

Coenunenns cesera, Texnypa u monosms (-II). Y cenena, reanypa n
[IOJIOHUS CTENEHb OKHCJIEGHUA —2 MPOABJIAETCA cOOTBETCTBEHHO B ceaenudar,
meaaypudar U noaonudar — cOSAUHEHUAX ¢ MeHee 3JIeKTPOOTPHUIlATesbHEI-
MH, UEM OHU caMi, jieMeHTaMH., B 3TUX THNax coeguHeHUE MpoABIAETCA
aHAJIOrUs1 DJIEMEHTOB cejieHa M TeJUIypa ¢ KUcJOpoZoM U cepoit. Hanpumep:

OKeHaL .......... weee HRO NayO CO,  CeneHups! ........... HoSe NasSe (CSeq
Cynbdpuapi ............ HoS Nap,S CS;  Tennypunsl ........ H,Te NasTe CTey

Ilo MeropaM MOsyueHUs, KPUCTAIIHYECKON CTPYKTYPE, PacTBOPHUMOCTH
M XUMUYECKUM cBOMCTBAM CEJMEHWAB W TeJJNYyPUOH aHAJOTWYHBL CYyIbgu-
nam. Cpenn mux umetorca ocHoBabe (K,Se, K,;Te) u xucnorasie (CSe,,
CTe;) coequnennus:

KQSe + H,0 = KHSe + KOH: CSe, + 3H,0 = H,CO; + 2H,Se

OCHOBHBII KHCJIOTHBIN

BeneperBue Gonbimmx pasMepoB M HUBKOHR 3JIEKTPOOTPHULATENBHOCTH
ATOMOB SZ " T(Ze B KauecTBe JNUraujoB BecrynalorT peako. [loaroMy peak-
MU MEKAY CEeMEeHUZAMH U TeM 60oJiee MEXAY Te/UypUIaMd pPa3HOl XUMU-
YecKOH NPUPOAH HE XapaKTepPHBI.

B cootBercTBHM ¢ ycuneHMeM MeTaNNMYecKUX TMPU3HAKOB TPOCTHIX
Begrects B pagy O—S—Se—Te—Po Bospacraer ckioHHOeTE K 06pa30BaHUIO
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coefMHEHUil TUIla MeTaJLIH0B. Bonbiiast TpyINa ceEH0B U TEATYpHUAOB

— noaynposopauku. Han6onburee npUMeHeHne B KadecTBe Oy POBOAHM-

KOB MMEIOT CeJIeHHAbI U TyJ/Iypyu/ibl 571E€MEHTOB MOArPYNIbl IHHKA.
Cestern/;, BOAOPOAA H,Se u Temtypuj BOAOPOAA H,Te B OOBIYHBIX

ycnoBusAX — Fa3bl ¢ O4eHDL HeNpUsTHBIM 3allaxoM, TI0 CTpYKType U CBOK-

ctBaym manomuaaor HaS:

HQO HZS ste HzTe
T. ni1., °C 0 —-85,6 —65,7 -1
T. kumn., “C 100 —60,4 -41,4 -2

. 1 0,146 0,169
dSH’ HM 0,006 0,133
ESH’ K sx/MOTE 463 347 276 . 238
<H3H 104,5° 92,2° 91,0° a0°
AH;QB, k% /MONE -285,8 -21 - 33 99,7
AG, K1k /Mosb -237,2 -33,8 19,7 85,2

298’

K, B BOLHOM PacTBOpe 1,8-10716 1-10-7  1,7-10¢ 1,0 1073

Kak BUAHO M3 TNPHUBEAEHHBIX AAHHBIX, B pARY HZO—HZS—HZSe—HzTe
N0 Mepe yBesJMueHHs JJIMHBI U yMEHbLICHNA SHEPTUH CBA3H OH ycronuu-
BOCTb MOJIEKYJ MajaeT. B oramume OT OKCHAA u cynbduga BOAOPOAA €ro
ceIeHUS, U Tennypun -— sHAOTepMUIECKHe COe/{MHeHUA (AH} > 0). Ilpn

narpesanuu Hole nerxo pacrajgaerci, a BOAOPOAHO® coefHeHNe NMOJIOHNA
pasjiaraeTcst yxe IpHu nonyuenun. Cenenuz n TeATypUA BOZLOPO/ia MOXHO

nony4iuThb ﬂGﬁCTBV[GM BOALI HJIH KHUCJIOT Ha ceJIeHNnAbl 1 TeJITypUuabl HEKO— |

TOPBIX MeTaN10B, HallpUMep:
Al,Tez + 6H,0 = 2A1(OH); + 3H,Te

Pacteopu B Boge HoSe u H,Te — cmabble KUCJOTHI (ceaeno600opodnas
u mezmypoaodopodwaa). Kak BMAHO K3 3HaYeHUN KOHCTAHT HNOHN3alun
K1, B pAAY H,0—H,S—H;Se—H,Te cuna KUCIOT BOBpACTAET, WTO OOBACHSA-
ercsi yMEHbILIEHHEM JHepPrin CBA3H HH. B 5TOM %€ pAAy pacTeT BOCCTAHO=
puTenbHas cnocobrocTs HoO. :

Cenenu BOAOPOAA U €ro MPOU3BOAHBIE A [ OB HMTBL

Cocpmreans cenena (IV), Temwtypa (IV) » monomms (Iv). Cremnenb
OKMCHEHNA +4 cenena, TeNypa U NONOHWA nposiBsAeTcs B JIMOKCHAAX
D0,, TeTparanoreHHAax DHal,, okcopMrajorennax D0OHal,, a Takke B

COOTBETCTBYIOUNIMX MM aHHOHHBIX KOMIIIeKcaX, Hampumep THIIA DO,

DHal% . Jast momoHUA (IV), kpoMe TOTO, XapaKTepHE conenogobnbie coe-
aunerns Tuna Po(SO4)2, Po(NOa)a-
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B o
TANYME OT cepbl y celeHa U ero anajorop gnokcuabl 30 B 06bIY-
HBIX YCJIOBMAX — [OJIMMEPHbIE COSUHEHUA.

B _

pagy SeQ,—TeO,—Po0O, oryernnpo mRabmopaercs ocsabneHue Kuc-
0 I -

notabIx cBoitetB. Tak, SeQ, nerko pacTBopseTcss B Boje, 00pa3yd ceaenuc-
myr kucaoty HpSeOs:

SeO, + H,O = HySeOq

HOK ¢
J1 CUJ TeJypa B BOJE He pacTBOpAETcs, HO B3aMMOIUENHCTBYeT ¢ PaCTBO-
paMH 11es10yeit:

TeO, + 2NaOH = Na,TeO; + H,0

HNOKC
Jl KCHJ, ke IMOJIOHUA C [IenodyaMn peardpyer TOJABKO MpH cII1aBNeHnH, a
)

. € KACJOTaMM B3aUMOAEHCTBYET Kak OCHOBHEII OKCHUA:

P002 4 2HQSO4 = PO(SO4)2 + QHQO

Mpoussogasie D0

3 HAa3bIBAIOTCA ceAerRuUMmaliy, meaa

uma
_ Mpou , yp AU U Noao-
B

] 60anme or H,SO; Tpuokcocesienar (IV) Bopopoaa HySeO; Bhiaenen

cB060
> B (ILHOM7B?CTOHHMM. OTO — TBepOe BEemecTBO, KOTOPOE JIEFKO Tepsier

H « s ‘

Tej;:}); pHH C) u mupespamaercsi B SeO;. ARaJOrMunHOe coepHHEHME
re ypa — H,TeO3 ckIOHHO K MONMMEpPU3ANUN, U MOITOMY NMpHU AEACTBUM

CJIOT HA TEAAYPUTHl  BbI

[enAeTcss  OcaJOK  [epeMEeHHOro
COCTAB:

TeO,: nH,0. ’ o

Terparajioreau

B, KPOM

Lo—smror o fbl, KpoMe xuakoro SeFy, — TBeppable BemecTBa (T. M.
. . Onmu obpasyioTest TpU B3aUMOAEHCTBMU MPOCThIX BELIECTB.
YAYYM KUCAOTHBIMU coepunennsimu, DHaly poBomerO nerko (B ocobern-
noctn SeHaly) rugponunayrores:

SeCl4 -+ 3H20 = H28603 + 4HC1
U B3aMMOASHCTBYIOT ¢ OCHOBHBIMHM TaJIOT€HULaMH:
2KI + TeI4 = Kz[TeIG], 2KCl + POC]4 = Kz[POClﬁ]
Oxcug SeO, u SeO3” no cpasrennio ¢ SO, u SO MposABAAIOT B 60—

Hreit i
CTEMEeHN OKMCIUTeNbHbIe CBOMCTBA, YeM BOccTaHOBUTenbHbie. Hanpu-
Mep, SeQ, nerko oxucisier SOy

ZSOZ + SeOZ = Se + QSO3

Jd 0
il KUcaeHus ke nponspoanbx J(IV) HeobxonuMel cubHbIE OKHC-

JUTENH.
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Coepmaesma cesnena (VI), rennypa (VI) u nonomma (VI). [las cenena
(VI) u Tenaypa (VI) u3BecTHbI OMHapHbE COSIMHEHUA C KHCJIOPOAOM H

dropom:

8603 T603 SeFe TeFﬁ
SeQ2” TeOY - TeF;

Coeaunenns nojaorns (VI) HeycTORYHBEL. ] (

Kak u SO3, TpUMOKCHUA COICHA SeQj; (T. N 1{8,5 C, T. pasn.
> 185 °C) — 6esoro npera, M3pecTeH B BUAS CTEKJOBUIHOM M AcOeCTOBUA-
woit mogudukanuit. C Bogon SeQ; B3auMOAEHCTBYeT OYeHb IHEPTUHHO,
06pasys ceaenosyr KUCIOTY H,Se0y. 5

Tpuorcug TeLTypa TeOQy Takke HMeeT [ABe Moambunaumi[. ;oae
IPAKTMYECKN He pacTBOpAercd, HO B3AUMO/LEMCTBYET €O menoq.n'm. Opn—
okenp cesena SeQ; MOMY4alOT fedCTBUEM SQ; ma cenenarnt (VI), a TeOg —
o6esposkiBanneM rexcaokcorennypara (VI) somoposa:

KZSeO4 -+ SOg = KQSO4 -+ 5603; HGTGOG = T603 -+ BHQO

Terpaokcocenenar (VI) sogoposaa H,SeQ 4 — 6enoe KpUCTaIIUIeCKOe
pemectso (T. ma. 62,4 °C). Kak n H.SOy4, onm m%:.;mo NOrJIOLAET Bo,u:y,
06yramMpaer OpraHMYecKkue BEIeCTBA. Ero BOgHBII pACTBOp — CHJIbHAA
(ceseHOBaR) KUCIOTA (Ka = 1-103, Kap = 1,2-107%). U3 pac’rnopon' BbIE-
JIAKOTCA KPUCTAIJIOTH A PATH (H2Se04-Ho0, H,Se04-2H,0, H,Se0,4-4H,0),

ApJaAONIAEecs ceJeHaTaMu OKCOHHWA.

Has rtenmypa (VI), wak u Ags ApYrux p-DJIeMEHTOB H-TO Hepuoaa, -

ycTOMYMBOE KOOPAMHAIMOHHOE MHCJO 10 kucnopoay papno 6. Ilponsposi-

ubie rekcaokcoresutypar(VI)-nona TeQf o6pasyroTest Tipu cqnannennn co
mesnouamn npoussoaasix Te (IV) B npucyrcTBUH OKKCTUTENeH.
[ekcaokcoreanaypat (VI) Bogoposa HeTeOg — 6e10e KpUCTATIUYECKOS
BEIECTBO, XOPOIIO pPacTBOpUMOE B rOpiAued BOAES. TenaypoBasi KHCJIOTA
ouenb caabas (Ka = 2-1078, Kap = 5-10711). Tlpu nefiTpannsanvu HeTeOg

+ 1 .
[I[e109BI0 06PasyIOTCA OKCOTU[POKCOTEITYpAaTHL, panpuMep M[TeO(OH)s],
'

M;[TeOZ(OH)4]. Tlony4ensl Takxke IPOM3BOAHBIC THHIA AgsTeOs, HggTeOg.

FTexcadropunpan SeFg (T BOST. -46,6°C) u TeFe (7. BOST.
—38,6°C) — OecupeTHble Tasbl; MX MOJICKYJbI umetor opMy oktasapa. B
oriuume ot SF¢ n SeFg rekcadropua Tenaypa JErko rUApoIu3yercs. JTo
06yC/IOBTIeHO KOOPIMHAIMOHHON HEHACHIEHHOCTBIO TeNNypa:

TeFg + 6H,0 = HGTGOG + 6HF
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flo wroit ke npuuune TeF; paer droporennyparet (VI), Hanpumep
Csy[TeFg], Ba[TeF+],, Ba[TeFs].

Coenunennst cenena (VI) menee yeroituuebl (cMm. puc. 143), yem coor-
percrBylomme coeannenans cepei (VI). Tak, npu narpesannn SeOj; nu
H,SeQ, pasnaraiorcsa ¢ BeigeneaneM kucnopona. Ioatomy H,SeO4 — Gonee
CUJIBHBIA OKUcnuTenb, Yyem H,SOy:

SeOE" + 4H* + 2 = H,3Se03 + H201 300293 = 1715 B
SO2" + 4H* + 2¢ = HpSO3 + Hy0, ¢4, = 0,17 B

Hanpumep, H,SeO, oxncaser KOHIEHTPUPOBAHAYIO COIAHYIO KUCHAOTY:
+6 +4
H,Se04 + 2HCl ¥ H,SeO3 + Cly + H,0

3a cuer BbigeneHuA atomHoro xjopa cMmech Hp,SeO4 m HCl — cunbneit-
[N OKUCJINTENb, PAacTBOpsieT 30m0T0 U miaruny. OKHCIWATENbHbIE CBOW-
crBa v HgTeOg Beipakens cnacee, ueM y H,Se0y,.

loMuMO HONYNPOBOAHUKOBON TEXHUKM COEJMHEHUS CEIeHA U TeJIypa
MCHOMB3YIOTCSA B XUMUYECKOM CHHTE3€, B YACTHOCTH, [Js MOJyYeHHUs pas-
HOOGPA3HBIX CeJIeH- M TeJTYypOprannvyeckuX coeguHennit. MHorue coepnHe-

HUS cesleHa W Telnypa TOKcM4Hb. 1losOHMIA ele OomacHee BBUAY €ro pa-
JAMOAKTUBHOCTH.

I'J1ABA 5 pDJIEMEHTH V I'PYIIIL NEPUOJUIECKON
CHUCTEMBLI .M. MEH/IEJIEEBA

OneMenTs! raapHO# nogrpynnbi V rpynnbl — asor N, docdop P, mul-

nibsAk As, cypbMma Sb, suemyt Bi. CorstacHO 571€KTPOHHBIM KOHQUPYTalUAM
UX aTOMOB

N 1522s522p3

P 2522p63s23p3

As 3s23p03d104524p3

Sb  4524p64d105525p3

Bi 4524p64 104 f45 425 p6h d196 s26 p3

a30T U pocop OTHOCAT K TUOUYECKMM 3JIEMEHTaM, a MbIIIBAK, CypbMy U

BUCMYT O6BefMHSIOT B NOATPYNNy MbilbAka, OcHOBHbBlE KOHCTAaHTH p-
/leMeHTOB V IPyNNbl NPUBEAECHBI HIDKE:
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7N 15P 3aAs 515b 5Bl

v 208,98
¢ 14,01 30,97 74,92 121,75 ,
ATOMHASA MACCA .eveeneirnsieennnens , X
BasienTHbie 2IEKTPOHBI .......e 2s22p3 3s23p° 4524p° 5525 p 6s26p
AToMHBIN paHyC:
MeTaJIMUM49ecKuid, HM 0,071 0,13 0,148 0,161 g,iiz
KOBaJIEHTHBIA, HM ....ccennn 0,070 0,110 0,118 0,136 146
YcoBHBI pagnyc
nona 2%, HM 0,148 0,186 0,192 0,208 0,213
Mona %, nM 0,015 0,035 0,047 0,062 0,074
Oneprus vonyzanyuy 30 —»
- 3 B . U 14,53 10,484 9,81 8,639 7,287
CopepxaHye B 3eMHON Kope, % ] ] .
(MOTL. JIOTIM) wovcoerennnnrnnnnesne 0,25 0,05 1,5-100¢  5-10 6 1,079 19 6
[IpypofHbIe MBOTOMBI -..oovvnnes 14N 3ip 75 As 1215 21 OBI
(99,64%) (100%) (100%) (57,3%)  (100%)
15N 123Gh
(0,36%) (42,7%)

—Sb—B1 ps bl

Kak BHAHO U3 IPUBEJEHHBIX [aHHBIX, B PALY As—Sb—Bi paamep
ATOMOB W MOHOB YBEIMHMBAIOTCH, DHEPrMM MOHU3ANMM YMEHHIIAIOTCH,
JITHM O6ycIOBIEHO Ocab/ienne TTPU3HAKOB HEMETAITMYECKIX 5/IEMEHTOB U

ycujeHnue NpHA3HaKOB MeTaJJIHYecKuX 3J1eMEHTOB.

§1. ABOT

Asor (1s22522p3) — TUNUYHBEIA HEMETAIIMYECKHIl RJIEMEAT, 10 3JAeKTPO-
orpuuareasiocTh (3,0) ycTymaer Julls (pTOpY ¥ KHUCIAOPOAY. Crenenn
OKUCHEHUs a30Ta B coepunenuax —3, —1, +1, +3, +5, a Takxke -2, +2 W
+4.Hpnpo,11m>m 30T COCTOMT M3 [JBYX YCTOMUMBBIX MBOTOIIOB(: 14N
(99,635%) u 5N (0,3656%). Copmepkanue a30Ta Ha 3emne cocrapiasier
0,03 % (mon. ponm). OcHOBHAA Macca €ro BXOJUT B COCTaB aTMOCq)epbi
[78% (o6. fonu)] B BHAE MPOCTOrO BEIECTBA. W3 MuHepanoB MPOMBILIIEH
Hoe smauenne umerorT dmnuitckas NaNQOj u unanitckas KNQOjz cenuTpbl.
A3OT BXOAWUT B COCTAB OEIKOBBIX TeJ BCEX pPacTUTENbHBIX .“ AHHUBOTHbBIX
OpraHu3MoB, OGHapykeH B rasoBbIX TyMAHHOCTIAX W connednoi atmocdepe,
Ha Ypane u Hentyne U Ap.

TIpocToe BemecTBO. DIEKTPORAAN KOH(pUrypalsa MOTEKYLl a30Ta N,

2 *2 rd 2
Us Us 7ra:,y 2
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YTO OTBEYAeT TPOHHON CBA3M MEKAY aTOMaMM a30Ta: N=N (dNN = 0,1095
aM). Benenctere aToro Monekyna N, HCKIIOUMTENBHO OPOYHA:

N, == 2N; AH,, = 945 wflk, Koy = 107120

Jaxe npu 3000°C cTeneas AMccOlMAnMN MOJEKYJAPHOLO a30Ta HA ATOMBI
pocturaer seero aums 0,1%.

Benencrene npoynoct Monexynbsl N, MHOrMe COSJUHEHUST a30Ta BHIO-
repMuuHBl. KpoMme Toro, saTponua mx o6pasosanusa oTpunatenvaa (N, —
ra3d). OTclofia MOMEKYIAPHBINA a30T XUMHUYECKU MAJIOAKTHBEH, a COefNHe-
HUs a30Ta TEPMUYECKH MATOYCTOWYMBLL U OTHOCHTEIBHO JIEMKO pa3/iaralorT-
cst npu Harpepanuu. IosTomy a30T Ha 3emsie HAXOAUTCA raBHBIM 06pPA3OM
B ¢cBOOOJHOM COCTOAHHWH.

Monexyna asora Ny cna6o nonsipuayercs. Cuawsl  B3aUMOgelicTBUA
MexAy MonexkynaMid Ny o4eHb cabrle U He MOIYT NpPeNATCTBOBaTh 6Gecno-
pPALOYHOMY [ABWXEHUIO MONEKYN (9PHTanbOUAHBINA (AKTOp NPOABIAETCH
3HAYMTENbHO cabee, yeM oHTponuitabii). [ooToMy B OGHIMHBIX YCIOBHAX
MONEKYNApPHbIA a30T — ra3. Temneparypsl nnaeneaus (-210,0°C) u xune-
AauA (—-195,8°C) a3oTa oueHp HU3KUE; OH MJOXO PACTBOPAETCA B BOJAE M
JPYrUX pacTBOPUTENAX.

B 06BIYHBIX YCNIOBHUAX A30T HENOCPENCTBEHHO B3aUMOAEHCTBYET JUINDL C
auTheM ¢ obpasopanreM LizN. [lpu aktuBauuu monexyn N, (Harpepanuem,
JefiCTBUEM 371eKTpOpa3psAfa WIH HOHU3HUPYIOUMX M3JAYYEHHA) a30T 06bIY-
HO BBICTYNAET KaKk OKMCJUTENb W JIMIIb [PH B3AUMOJENCTBUU ¢ PTOPOM M
KHUCTIOPOOM — KaK BOCCTAHOBUTENS.

B npoMBIIIIEHHOCTH a30T MOAydYaroT (PpakiMOAMPOBAHHON MEperoHKoi

JKUIKOrO BO3/JyXa, B 1a60PATOPUHU — TEPMUUECKHUM DAa3JIOKEHUEM COefHHe-
Huil, yame Bcero NH4NO,:

- +3 0

NHqNOg = Ng + 2H20

OcropHas Macca MOMYYaeMOro a3oTa MCHOMbLIYETCH [JIA CHUHTE3d aMMHaKa;
a30T NPUMEHSIOT TaKiKe AJIs CO3JaHUSA MHEPTHON aTMochepnl B XUMHYec—
KHX W APYrux NpOU3BOJICTBAX.

Coepunerns asora (—III). [Ipu BeIcOKMX TemmepaTypax a30T OKHCJAET
MHOTrM€ META/L/IBl M HEMETAJUIBL, 06pa3ysi H U T p U Ji bi:

3Mg + N, = MggNQ; 2B + N; = 2BN; 3H2 + N, = 2H3N

CpoiicTBa HMTPUAOB 60JIee WK MEHEe 3aKOHOMEpPHO HM3MEHSIOTCA M0
nepuojiaM U rpymnmnaM nepuoandecxoit cucremnr. Hanpumep, B Manwx nepu-
OJ1aX HaOJI0[AeTCA NEepPexo/ 0T OCHOBHBIX HUTPUAOB K KUCIOTHBIM:
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NagN, MgSNZ AIN Si3N4, P3N5, Squ, ClgN

aMoTepHbI KM CJIOTHBIE

OCHOBHDIE

nnpumep LigN n MgzNy, — Kpue-

Hurpuzs s-anemenros 1 u II rpynm,
Hanpuwmep,

ra/TMYecKMe BelecTBa. XMMHUYecKH OHM JOBOJABHO AKTMBHBI.
JIETKO pasJiarafoTes BOJOit, 06pa3ys 1E10b 1 aMMUAK:

Li;N + 3HOH = 3LiOH + H3N

OCHOBHBIN

HuTpuybl rajlOreHOB — BHAOTEPMUYECKNe COCHMHEHN. B cBobopHOM
cocrosHun Begesned smmb kuakuit CLaN (AHT = 229 xJk /MoOB), NETKO

pasjaralmniicd co B3pPbIBOM. I[lo XuMuYecKoil MpUpoAe 3TO KUCJOTHOE

cOeIUHEeHue:

Hurpuzs BN, AIN u SigNy, GegNy — TBep/ipie NONNMEPHRIE BEILECTBA €
BHICOKMMM TEMIIepaTypaMul IIJ1aBJIeH 1A (2000—3000°C); oru MO0 AMIIEKT-

puKHY, 160 MOAYNPOBOIHUKHA.

Bectma pastiooOpas3Hbl HUTPHUABI d-ameMedTOB. DTO KpUCTAIIM4YecKHe BellecTBa
nepeMenHoro coctasa. Yaule Bcero BCTpevaloTcA Hurpuabl tMna MN (TiN, VN,
CrN) u MyN (NbzN, CroN, MoyN). OHM MpOABASIOT MeTa/uIMuecKie CBOMCTBA:
0ONARAIOT MeTauIMUecKUM OlecKoM U aleKTPOHHON MpoBogMMocTblo.  HUTpUaB!
JTOro THNa oTANYalTcA BBICOKON TBEPAOCTBIO " TYI‘OH.HBBKOCTI:}O, yacTo [peBbIila—

[olel TYronIaBKOCTh MCXOJHOTO MeTaslia:

Ti Zr HE  V Nb  Ta
T. o, °C e 1668 1855 2230 1920 2570 3014
TIN  ZeN HEN VN NbN  TaN
T, °C e, 3220 2050 2082 2050 2573 3090
AG. g, 6lli/MOTE ... 308 33 -340 -224 215 218

Bo/LHIMHCTBO HUTPUOOB d-0JIeMEHTOB XUMHUYECKH OHeHb CTONKU: OHU He paspy-—
[HAlOTCA pacTBopaMM KUCJIOT, paciulaB/ieHHbIMM  MeTallaMu, YCTOMYMBEL [IPOTUB
OKMCIEHNS Ha Boafyxe. IlepeuycileHHBIE OCOGEHHOCTH MO3BOJOT MCIOAL3OBATD
HATpUIB B KauecTBe BBICOKONPOYHBIX MarepHasiob. [osyueHbr Takke OMHapHBIE

HUTPH AbBL d-ayieMeHTOB, N0 COCTaBy oTBedalomme OOLIYHBIM CTereHsiM OKMCIeHUHA

sneMentoB, Hanpumep ZrzNyg, TagNs.

376

M3 HuTpuzoB nanbosbliiee npakTMYecKoe 3SHAYEHUE UMEET HUTPUJL
Bogopona NHz — amMmuaxk. B 06HYHBEIX VeaoBuax 5710 GeciBeTHBIA ra3 c
pe3KMM ynymaionuM 3anaxoM. Monekyna NH; uMeer dopMy Tpuronams-
HOM OHPaMMIbI (dNH = 0,10 sm, «<HNH = 107 3°). Cornacao meopum Ba-

JIGHTHBIX CBA3eit 3T0 OoTBedaerT sp3-TUOPUAM3ANMN BATEHTHBIX Op6UTaIeit
atoMa asora. s derpipex spi- rubpupHelx opGuraieil a3ora TpU y4dacTBY-
10T B obpasoBanuu Tpex o-cBaseit N—H, a 4dersepryio opburais 3aHmMaer
HECBSA3bIBAIONIAasA 3JIEKTPOHHAA Napa. B TepMuHax Teopuu MOJERYIAPHBIX
opbuTajieif 3TO COOTBETCTBYET 3AlOJHEHUKD TPEX CBASHIBAIMUX W OIHOM
MMOYUTH HEecBA3BIBAIOLICH MOJEKYJIAPHONH o-opOuTain:

202 025°2
gi050002
Ha puc. 157 upuBepeHa »HeprerMueckas
DHMarpaMMa OopOUTaell MoJeKyJBl aMMMaKa. OPG:TM“ Opi?rr?" OpomTans
, H
M3 ceMM McXomHBIX ATOMHBIX opbHTasei .
(28-, 2py-, 2 u 2 6 g =
. 2Pz, 2py- propbUTanelt aszoTa U g FIIRN
lsopburaneit tpex aroMoB  BOKOPOAa) /’/‘“‘—‘\l =2 N
I ~
BO3HMKAET CeMb MOJIEKyJISIpHEIX Op6UTaneil: v/ ) :w
* sa*
TPU 0, Tp¥ 0¥ U ofHa HecBASLIBAIOLIAS O .. N s
z \x \ - —Ci‘—
B cooTeercTBUMM ¢ XapakrepoM pacrpe- AV o“’ ///I
JEJIeHUsI 3JIEKTPOHOB 1Mo OpOUTaNAM MoJe— Il/«\ C
/
kyna NH; uMeer Tp nepBoIXx noteHuuana 2y ‘\ H * /

. \ /
vonnzaunu (22,4; 152 u 10,5 aB), uro N ‘\ox >/
OTBeuaeT yhaJleHUIo BNeKTpOHa ¢ OfHOTO U3 \\.‘ H /

TPEX BallONHEHHBIX DHepreTHYecKUX YpoB-— P
Hel. '

P uec. 157. Oueprermyeckas pua-
rpaMMa  opOMTajieNl NUpaMyuAaIbHOM

[lockoneky HecBA3HBatOmEee nBYX-
MOJICKYJTbI Gea T-CBA3LIBAHHUA Ha

SNIEKTPOHHOE 00MaKO OTYETAMBO OPW-  ppumepe NH,
€HTUPOBAHO B  TpPOCTpaHCTBE  (CM.
puc. 51), wmonekyna NH; — pesko

"BHIDAKEHHBIA JIOHOp 3JIEKTPOHHONW Mapwl M o6Gnafgaer BHCOKON NoAApHOC-
Thi0 (g = 0,49-1072% Kir-m).
51 [lonaprocts icBasu N—H obycnopnusaer Mexay Momekynamu NH,
Bogoponnyro ¢Ba3b. [losroMy Temneparypu nnapnenus (—77,8°C) u kume-
G}“Iﬂ (~33,4°C) aMMuaka JIOBOJIBLHO BHICOKM OH xaparc'repm”,ye"rcﬁ 3HAYM-
Z'TQJIbHOI'?l SHTaJIbIIUEN nclapeHns M Jerko ckmkaercsa. Ha >TOM ocHOBaHO
;el‘o [IPUMEHeHUe B XOJOMUAbHBIX MammHax., Kugkmit aMMmax XpaHAT B
']FTBJIbeIX 6asn0HAX.
' Cpean BoLOPOLHBIX COBMMHEHHUI P-2/1eMEHTOB V TPYNNL aMMUaK 3ani-
»‘}lae'r TaKkoe ke 0coboe moyokenMe, KaK BO/la cPeM BOHOPOAHLIX COeUHe—
-



: ofa CPEAM rajoreHoBO-
Wit p-3eMeAToB VI rpynmbl U Kak ¢dropu BOAOPOLA CPEA

OPOJOB.
Co6cTBeHHAs] NOANBAlNA aMMUaKa

H H H *

| | | [ A
H—N:.H—N:+= |[H—N—H| + :N\
| | | H

H H

AMMOHMIA-MOH  AUTHAPOHUTPU-MOH

. -

HMUYTOKHO MaJjla, ¥ MOHHOe IIPOM3Be/IeHNe aMMUAaKa [NH][NH;] cocrasmser

scero mumb 2-10738 (mpu -50°C). o
Huakuit aMMuak, KAk ¥ BOAA, -— CUJIBHO MOHM3MPYIOLINH pacTBoOp

rvenb. [Ipu 3ToM nmpom3BOJHBIC NH} B xuakoM amMMuake (MOAOOHO TPOU3-
. o-
pogubiM OH3 B Bose) BesyT cebs Kak KHMCJIOThI (aamonoxucromst), a 1p

uapogasie NH; (mopo06HO mpON3BOLAHBIM OH- B BOAE) — Kak OCHOBaIfI/lﬂ
(aumonoocnosanus). HampnMep, CMIbHBIMA KNCJAOTAMA B KUKOM aMMUaKe
apnsitoress NH4Cl, NH{NOj, a ocHOBaHMAMU — KNH,, Ba(NH;),. Adurun-
porurpuab Zn(NH;),, Al(NHy)3 BepyT ce6a KaKk aM¢OTEpHbIE COSAMHEHUSL.

5 : : pie NH?" —
[Iponssoanbie NH; nadwiBaroTca TaKke aqudany, a NPOU3BOAH
UG AU,

ta o e B- .
Huoke [IpUBeEeHbI HeKoTophle TUIB! peaKUHu B JKMOKOM aMMHMaKe M, Ljlsd CDa

HeHUs, B Bofe. v .
1. Peakuuy HeHTpajM3alMy Mexkay aMMOHOKUCIOTON W aMMOHOOCHOBaHMEM:

KNH, + NH4C! = KCI + 2H3N
KOH + OH;Cl = KCI + 2H,0

2. PacTBopeHHe B AMMOHOKMCJIOTe HEepacTBOPYMOTO B JKMAKOM AMMUAKE OCH.OB—
Horo W amMd OoTepHOTO HMTPMEA, TMAPOHUTPUAA, AMUTYMAPOHUTPUAA:

CagN, + 6NH,Cl = 3CaCl, + 8H3N
Ca0 + 20H;CI = CaCly + 3H,0
Zn(NHg)g + 2NH4C] = [ZH(NH3)4]C12
Zn(OH); + 20H,Cl = [Zn(OH)4]Cly

. e
3. PacrBopeHne B aMMOHOOCHOBAHWM HepacTBOPUMOTO B JKUAKOM aMMMAK

KHcToTHOro M aMoTepHoro HUTPUAa, TMAPOHMUTPUAA, AUTUAPOHUTPHAA:
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6KNH, + C3N, = 3K3[CNy] + 4HN
2KOH + CO, = KQ[COS] + H,0
2KNH, + Zn(NHy) = KolZn(NHo)
. 2KOH + Zn(OH), = KQ[ZD(QH>4]

4. AMmMoHoU3 BelleCtBa, pacTBOPEHHOTO B KUAKOM aMMHaKe:

PCls + 9H,0 = PO(OH); + 50H,Cl
SOQC]Q + 4H3N - SOQ(NHQ)Q + 2NH4C]
SO,Cly + 4H,0 = SO,(OH), + 20H,Cl

5. BsanmopeiicTBUe MpPOCTOro BewecTsBa C KUAKUM AMMMUAKOM, AMMOHOOCHOBa-
HHeM, aMMOHOKHUCIIOTOM:

2K + 2H3N = 2KNH, + H,

2K + 2H,0 = 2KOH + H,
Mg + 2NH,CI + 4H;N = [Mg(NHg)q]Cl + Hy
Mg + 20H;C] + 4H,0 = [Mg(OH,)s]Cl, + H,

AMuaxnit aMMHaK Kak pacTBOPUTENb NIMPOKO NPUMEHAETCs AN MPOBe-
JeHUs] DA3INYHBIX CHHTE30B.

AMmuak oyeHb Xopomo pactBopsiercs B Boge (npu 20°C B 0HOM 06be-

. Me H,O pacreopsierca okono 700 o6wemos NHj). Xoporas pacTBOpuMocTsb
- OOBACHAETCA 00pasoBaHUEM BOJIOPO/HON cBs3l Mexay MonexkyaaMd NH; u
« Hy0. Mockonery Monekyna NH; — nyummii akuentop nporona, 4yem H,0,

e
4

TO B pacTBOpE UMEET MECTO MOHUBAIUAA:

H H +
H—=N: . H—0: == |[H—N—H| + [:O:
l l I |
H H : H H
Hostenenne vonos OH™ cospaer menounyio cpeny pacrsopar Ho, kak
9TO BUAHO M3 3HAUEHUA KOHCTAHTBHl OCHOBHOCTH

[NH;] [ OH}

]&O - [NH3 * H2 O]

=18-10"%, pKj = 4,76

Peaknusi mporexaer B He3HAYMTeNbHOW cremenu. B pacrTBope ¢ MonsaprOi

KOHyeHTpagueil aMMuaka 1 MO.H]:/JI VMOHU3UDYyeTCA, HAallpuMep, BCero JAulilb

0,4% monexyn NH; n H,0.

IIpn Bsaumoneicreun nonos NHi n OH- BHOBb 06pasyiorcsi MoJeKybl
H3N u H,0, Memay KOTOpPHIME MMeeT MecTO BOLOPOAHAA ¢BA3b. (CnenoBa—
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TeJIbHO, KOHHOE COeJNHEeHHe NH,OH (ruapoxcun aMMOHUMS) HEe CYIecTBY-
er, KaKk He CYIIeCTBYIOT U POKCH], OKCOHUA OH;OH u AUrHAPOHUTPHA

amvouusi NH,NH;.

M3 BOXHBIX PaCTBOPOB aMMMaKa BbIEMSIOTCs jiBa KpMCTALNOTHM ApaTa (puc. 158)
NH3-H,0 u INH;- Hy0, yeroiuuBble AULIb TP HuaKoyl TeMrepaType. Mosekyiibl
cpARaHBl B KpUCTAJJIOrMapaTax BOJIOPOJIHO  CBABBIO. Tax,
B KOTOpOil OCHOBOVl SIBJISIOTCS lemd M3 MOJIEKY L
Llemn o6beIMHAOTCA MEXIY coboit B
we TOCPellCTBOM BOHLOPOIHBIX

aMMMaKa M BOIBL
NHy-HyO umeer CTPYKTYPY,
BOJIbI, OGBEIMHEHHBIX BOIOPOIHBIMA CBASIMM.
XMepHYI0 PelIeTKY MOJieKynaMi aMMUaKa TaK

Tpe
CBsizen:
NH 3 NH3
! 1
t t
[} ]
H H
H—O...H—0...H=0.. . 1O
H H
' 1
' :
NH NH g
Uous NH} 3HayuTeNbHO JIerie obpasylpTesl 1pU B3aMMOJeACTBUU

aMMHMaKa ¢ KHcnoTaM¥, HallpUMep:
NH,; + HCIO4 = NH,ClO,4

IIpyu sTOM HeM cHJIbHee KUCJIOTH,
ponHbie. Hanpumep, B PpAAY NH4F-—NH4CI—NH4Br—-NH4I TepMHYecKasl

YCTOHYHUBOCTD coseii BospacraeT. [louTu Bee COJIH aMMOHHMS XOpPOLIO pacT-
BOpDUMBEI ¥ TOJIHOCTHIO UCCOIUUPYIOT B BOJE. [Ipn ux rugpoIu3e HOHEBI

NH; u OH" cBa3piBatoTcA B FUApAT aMMUaKa M BOZHMKAET KUCJas cpeja:

NHj; + 2HOH = NH; - -- H,0 + OHi, Kieg = 5,5-10719

[lpy HarpeBaHW¥ aMMHaKk MpOSABIAET BOCCTAHOBUTENIbHbIE CBOWCTBA,

OKUCIISISCh OGBIYHO A0 CBOGOMHOrO a30Ta:
-3 0 i
4NH3 + 302 = 2N2 + 6H20, Azgg = 10229

ra peaknus ueobpatuma (AH << 0, AS > 0).
Ha BOCCTaHOBUTEJIHLHON CHOCOOHOCTH NH; ocuoBaHO mpuMeHeHune NH,C!

(nawametps) NI OIUCTKU OT OKCHMJIOB NMOBePXHOCTU