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[pakTrkym 1o oOmiel 1 HEOPraHW4EeCKOW XUMHUH SIBISETCS PY-
KOBOJICTBOM K DEILICHHIO 3aJlad, COCTaBJIEH Ha OCHOBE IIPOTPAMMBI
Kypca xumuH. [Io cBoeMy COIepKaHUIO OXBATHIBAET KPATKYIO TEOPHIO
(BBeeHNE) U THUIIOBBIC PEIICHUS 3a7a4 OCHOBHBIX Pa3eloB XHMUH,
CIHCOK JINTEPaTypbl, KOTOPBIC JOJDKHBI OPHEHTHPOBATH CTYACHTA B
CaMOCTOSATENBLHOM paboTe U MOMOYL €My YCBOWUTH OCHOBHBIE ITOJIOXKE-
HUSI XUMHU M 3aKOHOMEPHOCTH XMMHUYECKHX mporieccoB. O0ObeM BBe-
JICHUH OIpeAeNnseTcs CIO0XXHOCTBIO TEMBI M CTENEHBIO €€ TPYIHOCTH.
OCHOBHBIC TIOHATHS XMMUH, PA3MEPHOCTH BEJIMYMH B 3aJadax IpHBE-
JICHBI B COOTBETCTBUH ¢ TpeboBaHmsmu NIOITAK.

JUii  CTYINEHTOB HEXMMHYECKHX CIELHAIbHOCTEH BBICIINX
yueOHBIX 3aBeJIeHni BceX popM 00yUueHHsI.
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1. ATOMHO-MOJEKYJNAPHOE YYEHUE

Bcé MHOTOOOpa3Me SBICHHI U TIPOIECCOB MMPUPOIBI UMEET OJMH U TOT XKE
HCTOYHHK — BEYHO IBIKYIIYIOCS MaTEpPHIO.

OTnenbHBIA BUA MaTepUH, IMEIOIIUNA OMpPeeNICHHbBIN COCTaB U CBOMCT-
Ba, HA3BIBACTCS 8eUeCTHEOM.

Bewecmeso — 310 dhopma cymecTBoBanus Matepun. [Ipu3Haku, 10 KOTOPBIM
OJIHO BEIIECTBO OTIMYAETCS OT APYroro, Ha3bIBAIOTCA CBONCTBAMU.

Amom — HauMeHbIIasi YacTHIla AJIEMEHTa, COXpaHsIoNas ero XuMuye-
CKHE CBOMCTBA; 3TO JJIEKTPOHEUTpaNbHAsl 4acTUIA, COCTOSIIAS U3 MOJOKHU-
TEJBHO 3apsHKEHHOTO Spa U OTPULIATEIHLHO 3apsKEHHBIX 3JIEKTPOHOB.

Monexyna — HaMEHBIIIas YacTUIIA BEHICCTBA, O0JAaroNas ero XuMu-
YECKUMU CBOMCTBaMH. XUMHUYECKHE CBOMCTBA MOJIEKYJIbl ONPEAEISAIOTCS €€
COCTAaBOM U CTPOCHHEM.

Xumuyeckuil 31emeHm — 3TO BUIL aTOMOB C OIMHAKOBBIM 3apsI0M Spa.

ATOMBI, MOJICKYJIbI, HOHBI, paJUKaJbl, SKBUBAICHTHI, aTOMHBIC TPYIIIIHI,
T.c. MOOOW BHJ PEaNbHBIX YACTHI[ M YCIOBHO CYIISCTBYIOIIHE TOIH TaKUX
YacCTUIl Ha3bIBAIOTCA JICMCHTApPHBIMU OG’I)CKTaMI/I.

B xuMuu npuMeHsIoTCs He aOCONMIOTHBIE 3HAYEHUS MacC 3JIEMEHTapHBIX
O6T)CKTOB, a OTHOCHUTCIIBHBIC. 33 CANMHUIY OTHOCHUTCJIBHBIX aTOMHBIX MaccC C
1961r. mpuusiTa amomuasn edunuya maccel (a.€.M.), paBHas /1, Macchl aToMa
yrnepoga C*

Omuocumenvuas amomuas macca snemenma (A;) — BenuuuHa Ge3pas-
MepHasi, paBHas OTHOIICHUIO CpeIHEH MacChl aToMa dJIeMEHTa K Y1, macchr
aToma yriepoja C%n BBIPA)KAeTCs B 2.€.M..

«M» — HayaJbHas OyKBa aHTJIMICKOTo ci1oBa «relative» — OTHOCHUTENbHBIH.

Omuocumenvuas monapHas macca geujecmea (M,) — BennunHa 0e3pas-
MepHas M paBHa OTHOIICHUIO MacChl MOJICKYJTHI BEIIECTBA K '/,, maccsr aToma
yriaepoja.

Mr = Ar1+ Ar2+ Ar3+ ......

A 1 M, moka3pIBaIOT, BO CKOJIKO pa3 Macca aToMa W MOJICKYJEI 0OJTb-
1re /3, Macchl aTOMa yriepoia.

B mexnaynapoaHoii cucteme equnui] (CH) 3a equHUIYy KOJTMYECTBA Be-
[IECTBA MPUHSIT MOJb.

Monb (N) — KOJMYECTBO BEMIECTBA, COAEPIKAIIEE CTOJIBKO CTPYKTYPHBIX
€JIMHMUII, CKOJIbKO aToMOB coaepxkutcs B 0,012 kr. yriepona C™, T.e. MOIBb—
9TO Mepa KosimdyecTBa BemiecTBa. OIUH MOIIb JFOOOT0 BELIECTBA COACPKHT
OJIHO W TO K€ YHCIIO 3JIEMEHTapHBIX 00bEKTOB — 6,02 - 10?® — gucio ABoraz-
po(Na).

Paznuuator monp atomoB xiopa — N(CI), mone uonos xmopa — n(Cl"),
MoJtb MoJiekya xiopa — N(Cly)



MosipHast Macca BemiecTBa — M(A) — BenM4MHA, paBHAsi OTHOIICHHIO
Mmacchl BemectBa (M(A)) k ero komudectBy (N), UMEET pasMEPHOCTh I/MOJIb
WJIN KI/MOJIB.

M(A) = m(A) / n(A) r/monb niu

Monsipaas macca BemectBa (M(A)) — 3To Macca OHOTO MOJIb BELIECT-
Ba, YUCJICHHO PaBHas €r0 OTHOCUTENbHOM MossipHOit Macce (M).

IMpumep: M, (H,SO,4) =98 a.e.m. M (H,SO,) = 98 r/monb

M, (NaOH) = 40 a.e.m. M (NaOH) = 40 r/monb

Mexay maccoii BemectBa — M(A), KommuecTBOM — N(A), MOISIPHOM
Maccoit M(A) CyImecTBYIOT MPOCThIE COOTHOIICHUS:

M(A) = m(A)/n(A) Macca sewyecmea u konuuecmeO— ROHAMUS PA3HbIE.

n(A) = m(A) / M(A) rae: m(A) — BeIpakaeTcst B I/KT.

m(A) = M(A) - n(A) n(A) — B MoJib (CIIOBO «MOJIb» HE CKIOHSETCs!)

M(A) — B r/MOIB, KI/MOJIB.

B 1792 r. B. Puxtepom chopMynupoBaH 3aKOH 3KBHBAJICHTOB: XuUMuue-
CcKUe gewecmea 83aumooeticmayiom opye ¢ Opy2om 6 KOIU4ecmsax, nponop-
YUOHATLHBIM UX IKEUSANEHINAM.

Okeuearenmom eewpecmea (O,) Ha3BIBAIOT TaKyl €ro (GOpMYIbHYIO
eIMHUITY (YacTh aTOMa, MOJIEKYJIbI, HOHA), KOTOpas paBHOIICHHA IO CBOEMY
JEHCTBHIO OJJHOMY aTOMY BOJOpOJa B JAHHOW peakunuu oOMeHa WM OJHOMY
3JIEKTPOHY B OKHCIIUTEIILHO-BOCCTAHOBUTEIEHOH PEakLuH.

D= 1/zA,

rae D — 9KBUBAJICHT

', _ dpaxrop sKkBHBaNEHTHOCTH

fow= 1/21 Z — 4HCII0 SKBUBAJIEHTHOCTH

A — BemecTBo (popmyrna)

Daxmop sxeusanenmuocmu (f (A)) — uucio, paBHOE TOil 10JI€ YACTHUIIBI
A, KOTOpast ABJISIETCS SKBUBAIICHTOM BEIECTBA B JAHHON PEAKIIUH.

Oh,s0, = Yo HyS04; fr = s

3Ca = 1/2 Ca: fT)KB = 1/2;

Z — BaJIEHTHOCTh JIEMEHTA.

HOHBByﬂCb IIOHATHUEM «MOJIb) KaK eZ[PIHPILIeﬁ KOJIMYECTBA BCUICCTBA, MOXK-
HO JaTh CJICAYHOLICC OMNPEACICHNC XUMHUYCCKOI'O SKBMBAJICHTA BCIIICCTBA:

Okeusanenm d1emenma — 3T0 TAKOE €ro KOJIMYECTBO, KOTOPOC COCANH -
€TCA C OTHUM MOJIb aTOMOB BOJ0PO/Jia UJIK 3aMEIIACT TO K€ KOJIUYECTBO aTO-
MOB BOJOPO/Jia B COCIUHCHUAX.

Dksusarenmom coeourenusi Ha3bIBACTCS OINPCACIICHHOC KOJINYECTBO
CJIOKHOI'0 BE€HIECTBA, KOTOPOC MOJIHOCTHIO B38.PIMO}I€I710TByGT C OJHHUM 3KBH-
BAJICHTOM BOAOpOaa WJIN APYTroro BEIIECTBA.

HCI B¢ = Y1Cl foueny = '
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H,0 50 = l/2 0] fBKB(O) = l/2
NH;3; Oy = 1/3N faKB(N) = 1/3
CH4O¢ = 1/4C fm(C) = l/4

TaK, (l)aKTOp OKBUBAJICHTHOCTU MPOCTOr0 BEHICCTBA OIIPCACIIACTCA Ba-
JICHTHOCTBIO 3JICMCHTA.

9AI = 1/3 Al fBKB = 1/3
9(: = 1/4C f’?KB = 1/3

dDaKTop OKBUBAJICHTHOCTH CJIOKHBIX BEIIECTB OINPEACTIACTCA YHUCIIOM
3aMCIICHHBIX YaCTHII.

Kucnoma.
faxs(sto4) =Y, faKB(H3PO4) ="
3sto4 = 1/2 H,SO, 9H3Po4 = 1/3 H3PO,4
Ocnosanue.
fsma(NaOH) =Y 1 fsma(Ca(OH)z) =Y 2
Daon = 11 NaOH Scaom), = '/, Ca(OH),
Conv.

_1 _1
Foenan50,)) = 6 Fxs(cagpo ) = o
Z=n-m

rae N — BaJIGHTHOCTb METauIa
M — 4KCII0 ATOMOB MeTajlIa
Oxkcuowi.

_1 _1
fT)KB(PZOS) - /10 fT)KB(SiOZ) - /4
O, 09 = *110P20s sio,) = 14 SiO;
Monsprnas macca sxsusanenma seugecmea M(f,,A) nim M,(A) — 310

Macca OJHOI'0 5KBHBAJICHTA BCHICCTBA W paBHA IMPOU3BEACHUIO (i)aKTopa 9K-
BUBAJICHTHOCTH HAa MOJIAPHYIO MAacCCy BCIICCTBA.

Ma(A) = 1/2 .M(A)F/MOHB U M(llz A) = 1/2. M(A)
M(*/z Fe) = ;" M(Fe) M(*/z H,S0,) = '/ M(H,SO,)
M3 Fe) = /3756 = 18.7 1,yom M(*, H,SO,) = 1,98 = 49 /o

3KBI/IBaHeHT, (I)aKTOP OKBUBAJICHTHOCTH U MOJIIpHas MacCa SKBUBAJICH-
Ta BCUICCTBA HE SABJIAIOTCA BEJIUYMHOM ITOCTOSIHHOM U OIIPEACIIAIOTC KOJIHN-
YCCTBOM 3aMCIICHHBIX YaCTHUIl B ,I[aHHOfI peaknuu.



Hanpumep:
1. HsPO4 + NaOH — NaH,PO, + H,0
8 peakyuu 3amewaemcs 00Ur amom 6000pooa
3H3Po4 =1, HsPOy; M5(H3PO,) = Uy M(HsPO,)
2. HsPO, + 2NaOH — Na,HPO, + 2H,0
6 peaxyuu 3amewaemcs 08a amoma 8000pood
Dugpo, = 12 HsPOs Ms(H3POy) = o M(H5POy)
3. HsPO, + 3NaOH — NazPO, + 3H,0
8 peakyuu 3ameuaemcs mpu amoma 6000pooa

Dhigpo, = s HiPOs; Ms(HaPO,) = /5 M(H3PO,)

B oxucianTenbHO-BOCCTAHOBUTEIBHBIX peaKI_[I/I}IX OKBHBAJICHT, (1)aKTOp
SKBUBAJICHTHOCTHU onpenenﬂeTc;I YUCJIIOM OTAAHHBIX HIIU HpI/Icoe,E[I/IHeHHbIX
3JIEKTPOHOB B TAHHOW pEAKLUU.

Hanpumep:

2KMnO,+ 5Na,S0; + 3H,S0; — 2MnS0O, + 5Na,50; + K,S0,+3H,0
Dkmno, = 15 KMNOy;, Ms(KMNO,) = Y5 “ M(KMnOy), Tk

Mn*" + 5e"— Mn*? mm MnO’, + 8H" + 5¢— Mn*? + 4H,0
B cnydae KHCIBIX WM OCHOBHBIX COJICH 3HAYCHUE SKBUBAJICHTA 3aBUCUT
OT XapakTepa MPOTEKaHHs PeaKIIuH.
Hanpumep:
KHSO4+ KOH — K,SO,4 + H,0.
Hus weitrpamuzanim 1 mone KHSO, Hy)HO B3s1h 1 Mone KOH. Cre-
JIOBaTEIBHO:
Dkrso, = 1, a M (1 KHSO,) = '/, 136 = 136 /yom.
FeOHCI, + 2AgNO; — 2AgCl + FeOH(NO3),
3 =, FeOHCI, M (*/, FeOHCL,) = 747,y
FeOHCI, + HCl — FeCl3 + H,0
D =/, FeOHCI, M, = 1447,,,,,.
B peaxmuu oomena
KCr(S0,), + 3BKOH — Cr(OH); + 2K,SO4

Ka)kJjasi MOJIEKYJIa COJIM Y4acTBYET TpeMsl SAMHULIAMH CTEIICHH OKHCJIIe-
HHS XpOMa, T.€. OT COJIM B 0OMEHE y4acTBYET TOJIBKO XPOM, IOITOMY MOJIAP-
Has Macca SKBHBAJICHTA COJIU BBIPAXaeTcst (hOopMymnon

M( KCr (SO4);) = Y5 M(KCI(SOs)y) = 2—24 = 94,7 Tyom.



DOKBHBAJICHT W €r0 MOJISIPHAS Macca MOTYT ObITh HaiiicHbl Ha OCHOBA-
HHUM 3aKOHA 3KBHUBAJIEHTOB, COIVIACHO KOTOPOMY pEaKLUs MEXIY BELIECTBa-
MU IPOTEKAET KaK B3aUMOJICHCTBUE MEXKY UX SKBUBAJICHTAMHU.

Tak B peakuuu

KAI(SO,), + 4KOH — KAIO, + 2K,S0, + 2H,0
Ha onuH 3kBuBasieHT KOH MPUXOIUTCS 1/4 JacTh ABOWHOM conu. Torma
3 =1, KAI(SO,),,

M(Y; KAI(SOL),) = Y5 M(KAI(SO,),) = ? = 64,5,

Wrak, MonspHas mMacca 3KBHBAJIECHTA BELIECTBA B PEAKIMIX OOMEHa U
3aMEIIECHUS] paBHA MOJIIPHOW Macce 3TOTO BEILIECTBA, JEJICHHOW Ha YHCIIO
3aMEIECHHBIX YaCTHII.

[Tonp3ysich MOHATHEM MOJIIPHOW MaccChl SKBHBAIECHTA BEIIECTBA, MOKHO
c(hOopMyIHpPOBaTh 3aKOH 3KBHBAICHTOB:

Maccul peazupyrowux 6ewecmea nponopyuoHaIbHvl MOJAPHLIM MAC-
Cam dKEUBANEHIMOB IMUX 6eUjecme

m_MC
mz MYQ/



2. CTPOEHMUE ATOMA

ATOM COCTOWT W3 TOJIOKHUTEIFHO 3apsHKCHHOTO SIIpa M OTPUIATEIHHO
3apsDKEHHBIX AJIEKTPOHOB U SBIISICTCS HOCHUTENIEM XMMHYCCKHX CBOMCTB dJie-
MeHTa. [IpH Bcex XUMUYECKHX TpoIeccax apa aTOMOB He M3MEHSIOTCs. 13-
MEHEHHs MPETEPIIeBAIOT TOJIBKO 3JIEKTPOHHBIE 000109ku. COTIacHO COBpe-
MCHHBIM MPEICTABICHUSM, TIEPUOIMIHOCTh U3MCHCHHS CBOWCTB 3JICMCHTOB,
PACIIOJIOKEHHBIX B Tepuoauueckoi tadmuue J[.M. MeHnneneeBa B mOpsake
BO3pacTaHMsl 3apsjga siapa, OOyCJIOBJIEHAa NEPUOJMYHOCTBIO HM3MEHEHHs B
CTPOGHHMHU 3JIEKTPOHHOH 000J10YKM aToMoB. [lo3TOMy HM3y4eHHE CTpOeHUs
9THX 000JIOYEK — OJJHAa M3 Ba)KHEHIIMX 3a1ad XMMHUH. B mozensx, mpemo-
xeHHbix O. Pesepdopmom (1911r.) u H. Bopom (1913r.), anekTpoHsr pac-
CMaTPUBAINCH KaK YACTHUIIBI, IBIKYIIHECS IO IUIOCKAM OpOHTaM BOKPYT
snpa. B mampHeimem ObUTO JOKa3aHO, UTO Takas KapTHHA HE OTBEYAeT Jei-
cTBUTENbHOCTH. OKa3aloch, YTO JABMKCHUE DJICKTPOHOB, KaK M JPYTHX dJe-
MEHTapHBIX YaCTHUIl, HE MOXKET OBITh OTPAKEHO 3aKOHAMH KJIACCHUSCKOU Me-
xaHukd. CaMoil XapaKTepHOW 0COOCHHOCTBIO AJIEKTPOHOB SIBIISICTCS TBOMCT-
BEHHOCTb WX IOBEJCHUS, 3aKII0YAIONIAsCS B CIOCOOHOCTH MPOSIBISITH OJIHO-
BPEMEHHO KaK CBOMCTBO YacTHIl, TAK U CBOHCTBO BOJH: MOJOOHO 4YacTHUIIE,
AJIEKTPOHBI O0JIA/IAI0T ONPEEIICHHONW MacCOoi M 3apsoM; IBMKYIIMHCS IO-
TOK 3JICKTPOHOB IPOSIBJISET BOJHOBHIC CBOMCTBA, HAIPUMED, XapaKTepH3yeT-
Csl CIOCOOHOCTD K Aupakiuu. B oTinuyrie 0T 0OBIYHBIX TEJ IS 3JIEKTPOHA
HEJb3sl OJIHOBPEMEHHO OIPEACINUTh €ro KOOPIUHATHI B aTOME M CKOPOCTb.
DJEKTPOH MOXKET HAXOAUTHCS B JIFOOOH YacCTH OKOJIOSICPHOTO MPOCTPAHCT-
Ba, OJTHAKO BEPOSTHOCTH €TO HAXOXKJCHHS B PA3HBIX YACTIX ATOTO MPOCTPaH-
cTBa HeoawHaKoBa. [IpocTpaHCTBO BOKPYT sApa, B KOTOPOM BEPOSTHOCTH
HAXOKJCHUS JJICKTPOHA JOCTATOYHO BEJIHKA, HA3BIBACTCS OpOUMATBIO.

B coBpeMeHHOI MoJIe aTOMa COCTOSTHAE B HEM DJIEKTPOHA OIIpEeIs-
€TCS YETHIPHMS MTAPAMETPAMU — KEAHMOBLIMU YUCIAMU.

I'nasnoe xeammosoe yucio N OMpPEAENsIeT SHEPTUIO DJIEKTPOHA U CTe-
MIeHb €T0 YIIaJIeHHs! OT SIIPa; OHO IIPUHMUMAET JIFOObIE LIEJIOUUCIICHHbIE 3HAYCHHS],
HaumHas ¢ 1(n=1, 2, 3, ..., c0). MlcTopu4ecKku 3HEPreTHIECKIM YPOBHSIM aTOMOB
ObuH npunucanbl obo3naueHus K, L, M, N, O, P. Ot 0003HaYeHUSs UCTIONB3Y-
I0TCSL ¥ B HACTOsIILIEEe BpeMs MapajuieibHO C yKa3aHHeM 3HA4YEeHHH TJIaBHOTO
kBaHTOBOTO umcia N. Tak, K — 0005104K0# Ha3hIBAIOT SHEPreTHYCCKUIA YPOBCHB,
It Kotoporo n=1, L — 00607109K0# — 9HEpreTHIECKUI YPOBEHB ¢ N =2 ¥ T.JI.

THobounoe (opbumanvhoe umu azumymanvhoe) keanmosoe uucio | on-
peoensiem popmy amomuou opoumanu. OHO MOXKET MPUHHMATH IEIOYHUC-
nennbie 3Havenust ot 0 ;o n—1 (1= 0, 1, ..., n— 1). Kaxnomy 3uauenuso |
COOTBETCTBYET OopbuTais 0coboit ¢popmer. Ipu 1= 0 aromuas opOutans He3a-
BHUCHMO OT 3HA4Y€HHUsS TJIABHOTO KBAHTOBOI'O YHCJIa HMMEET CHEepHUYECKYIO
¢dopmy (S-opburans). 3HaueHuto | = 1 coOTBETCTBYeT aTOMHasi OpOHMTab,
nMetomas Gopmy rantenu (P-opoutans). Eme Gonee crnoxHyio popmy ume-

8



0T OpOUTANH, OTBEYAIOLINE BHICOKMM 3Ha4YeHueM |, paBubim 2, 3, u 4 (d-, f-,
g-op6uramm) (puc. 1)

y
X

%g@%
%@&é

dx —Yy

CE

Puc. 1. ®opmsi S-, p- 1 d- 37I€KTPOHHBIX 00J1aKOB (OpOHTAICH)

Maenumnoe keanmosoe uucio M onpedensiem ROLONCEHUE AMOMHOU
opbumanu 6 npoCMpancmee OMHOCUMENbHO GHEUIHe20 MAZHUMHO20 UlU
INeKMpPuUUecKo20 noJs. MarHuTHOE KBAHTOBOE YKCIIO U3MEHSETCS HE MPOU3-
BOJIBHBIM 00pPa30oM, a CKa4KOM M CBSI3aHO ¢ OpOMTAJIBHBIM KBAHTOBBIM YHC-
JIoM, u3MeHsAch oT + | 1o -l, Brmouas 0. CreoBaTenbHO, KAKIOMY 3HAYE-
uuio | coorBercreyet 2| + 1 3HaYeHMIT MATHUTHOTO KBAHTOBOTO YHCIIA.

CnuHnogoe K8anmogoe Yucio S Moxycem NPUHUMAMb TUb 08d 803MONC-
noix snavenus: + M, u -, Ouu COOTBETCTBYIOT JIBYM BO3MOXHBIM U MPOTH-
BOIOJIOXHBIM JIPYT JIPYry HAmpaBieHUsM COOCTBEHHOIO MArHMUTHOTO MO-
MEHTA JJIEKTPOHA.

Cxema pacrpe/iefieHus! JIEKTPOHOB [0 KBAHTOBBIM YPOBHSM HPE/ICTAB-
JIeHa B TaOJL.

[Mogo6HO 71060 cHCTEME, aTOMBI CTPEMSATCS K MHHHMYMY SHEPTHUH.
DTO AOCTUTAETCS NP OINPEAETEHHOM COCTOSIHUM 3JIEKTPOHOB, T.€. IPHU OTI-
PENEICHHOM PaclpeieieHy DJIEKTPOHOB M0 OPOHUTANAM, KOTOPOE MOYKHO
OILIEHHUTH HA OCHOBE CJIEAYIONIMX 3aKOHOMEPHOCTE:

Ipunyun Ilayau: 6 amome ne modcem OblMb INEKMPOHOE C OOUHAKO-
6bIM 3HAUCHUEM 8CEX HeMbIPEX KEAHMOBbIX YUCEL.
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Ilpasuno Xynoa: >neKTPOHBI pacIoNaraloTcs Ha OJMHAKOBBIX OpOUTa-
JISIX TaKUM 00pa3oM, 4TOObI CyMMapHBIH CITUH ObUT MaKCUMAJIEH.

Ilpasuno Kneuxoeckoeo: TIOPSIOK 3allONHEHUS] SHEPIETHYECKHX CO-
CTOSTHMH OIpeessieTcsl CTpeMIIEHHEM aToMa K MUHHUMAaJbHOMY 3HAYCHUIO
CYMMBI TJIAaBHOTO M TIOOOYHOTO KBAaHTOBBIX YHCEN, IIPHUYEM B Ipenenax (puk-
CHPOBAHHOTO 3HaueHWs N + | B mepByIO OdYepenp 3amoNHIIOTCS COCTOSHUS,
OTBEYAIOIIHE MUHUMAIbHBIM 3HAYCHUSIM N.

PaccmotpuM npumeneHue npasuia KiieukoBCKOro Iuisi onpenesneHus pac-
TIpEIEIIEHHS SJICKTPOHOB TI0 OpOuTaisiM 1yist Kanmust (Z=19) u ckaumus (Z=21).

[IpenmecTByronuii Kaauio 3JeMeHT aproH (Z=18) mMeeT ciemyromee
pacrpe/ie/eH e MeKTPOHOB o opburamsm: 15°25°2p°3s%3p°.

[Ipu pacmipenenenun 31eKTPOHOB 1o opOutansMm B atome K B cooTBeT-
CTBUU C IpaBwioM KIIEYKOBCKOTrO TNpeanouTeHue oTnaercst opOuranu 4s
(cymma KBaHTOBBIX urcen N + | papHa 4 + 0 = 4 10 CPaBHEHUIO € OPOUTATIBIO
3d (cymma xBaHTOBBIX uncen N + | paBHast 3 + 2 = 5), kak opOUTANH, HMCIO-
el MUHAMAJIBHOE 3HadeHue N + |.

CremoBarensHO, 1jis aTroma 19K 1522522p63523p6451.

[IpenmecTByronIMiA CKaHANIO 3JEMEHT KanbImid (Z=20) uMeeT clieayro-
1Iiee pacrpeIeNeHne HIeKTPOHOB 1o opOuTamsm: 15°25°2p°3s%3p°4s?,

U3 opouraneit 3d (n + | pasuo 3+2=5) u 4p (n + | paBro 4+1=5) npu
pacIpesieneHlH 3JIeKTPOHOB B aToMe SC 1o opOWTaIsiM MpEeNNoYTCHHE Clie-
IyeT oTaarth opbutamm 3d, kak opOWTalK, UMEIONIEH MUHUMAILHOE 3HaYe-
HHE N =3 NpH OJWHAKOBBIX CyMMax KBaHTOBBIX 4mcena N + |, paBHBIX 5.
CkaHIuil XapakTepu3yeTcs CIEIYIOUIMM paclpeAeieHHeM 3JIEKTPOHOB IO
opGuramsim: 1s225°2p°®3s23p® 3d%4s%.

Ipumep 1. CocTaBbTe ACKTPOHHBIC (OPMYIIBI ATOMOB JJIEMEHTOB C
nopsAKoBeIMU HOMepaMu 17 u 25. [lokaxkute pacupegeleHue dIEKTPOo-
HOB 3THX aTOMOB IO KBaHTOBBIM (9HEPTCTHUYCCKUM) STUCHKAM.

Pewenue. drnextpoHHbie GOPMYIIBI OTOOPAKAIOT pACTIpeieTICHUE IEKTPO-
HOB B aTOME TI0 3HEPTETHIECKUM YPOBHSM, TIOIyPOBHSIM (ATOMHBIM OpPOUTAIISIM).
DrexTpoHHas KoH(Urypalus o0o3HauaeTcss Tpymnamu cumpsonos NI roe n—
[JIaBHOE KBAaHTOBOE YHCIO, | — opOMTaIbHOE KBAHTOBOE YMCIO (BMECTO HETO
YKa3BIBAIOT COOTBETCTBYIOIIEE OyKBEHHOE 0003HavyeHue — S, p, d, f), X — uucno
3NIEKTPOHOB B JAHHOM NOXypoBHE (opOuramm). IIpu 3ToM crienyer yduThIBATH,
YTO IJIEKTPOH 3aHUMAET TOT HEPTETUYECKHI T10JypOBEHb, HA KOTOPOM OH 00-
NajiaeT HaMMEHbIIel SHeprueil — Mensias cymma N + | (mpasuio Kieukoscko-
ro). IToclie10BaTENLHOCTD 3aII0JIHEH S DHEPIETHUECKUX YPOBHEN U M0 lypOBHEN
CITETYTOTIAs:

1s—25—2p—35—3p—45—3d—4p—55—4d—5p—65—(5d!)—4f—
5d*—6p—75—6d!—5f—6d>—7p
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Tak kak 4UCIIO PJIEKTPOHOB B aTOME TOTO MM MHOTO 3JEMEHTa PaBHO
€ro NopsaKoBoMy HoMmepy B Tabmuue .M. MenneneeBa, To Uit 3J€MEHTOB
Ne 17 (xnop) u Ne 25 (Mapraselr) 21eKTpOHHBIC (OPMYIIBI HUMEIOT B

17Cl — 1s% 25?2p® 352 3p°

2sMn — 152 25% 2p® 3s? 3p° 3d° 457

Tabnwuua 1
Pacnpenene}me JJIEKTPOHOB 110 KBAHTOBBIM YPOBHAM
Jne IIpenensHoe IIpenensHoe
pre- nep- Ouepre- YHCITO DJIEK- YHCITO DJIEK-
TH- reTuve- THYE- CymmapHoe
. o Op6u- TPOHOB Ha TPOHOB Ha
qec- CKHHI CKHI YUCIIO Op-
. Tajb, M o JHEepreTuye- JHepreTuye-
Kl ypo- Oypo- Ouraineii, n2
CKHX MOy~ CKHX ypOB-
ypo- | BeHb, Bews |
POBHSX HSX, 2n2
BEHb
K 1 0s 0 1 2 2
0s 0 1 2
L 2 1p +1,0,-1 3}4 6} 8
0 1 2
0s
+1,0,-1
12 5 10
0
+1,0, -1 1 2
J(.)[s) +2,+1,0, 3 6
N 4 -1,-2 16 32
é(: +3, 42, 5 10
+1,0, -1, 7 14
-2,-3

DJeKTpOHHAsI CTPYKTypa aToMa MOXET OBITh H300pa)KeHa TaKXKe B BHJE
CXEM pa3MeUIeHHs JJISKTPOHOB B KBAHTOBBIX (PHEPTETHUYECKHX) sSUEHKaX,
KOTOpBIE SIBISIOTCA CXEMaTHYEeCKHM H300pa’keHHEM aTOMHBIX opOwuTaneit
(AO). KBaHTOBYIO sueiiKy 0003Ha4alOT B BHUJE NPAMOYTOJIBbHUKA | , KPYXKKa
O i IMHENKH —, a AJIEKTPOHBI B ATHUX siueifkax 0003HayvaloT cTpenkamu. B
K10/ KBAaHTOBOM siUEiike MOXET ObITh HE 00Jiee MBYX 3JIEKTPOHOB C MPO-

THUBOIIOJIOXKHBIMHU CIIMHAMH

A

B nanHOM 1ocoOuu NpUMEHSIOT NPSIMOYTOJIbHUKN. OpOuTaIn JaHHOTO

NOAYPOBHSA 3aIllOJHAIOTCA CHAa4daJla MO OAHOMY J3JIEKTPOHY C OJWMHAKOBBIMU
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CIMHAMHU, a 3aTEM 10 BTOPOMY JIEKTPOHY C IMPOTUBOIOJIOXKHBIMH CIIMHAMU
(npaBuio XyHna):

S

n1 [ 1l p

n2 [ [ q

n3 [l [l

S
n1 [ 14 p
n2 [ [l d
n3 [t fr[t]1 f
n-4 [ 1) LT
2sMn

Mpumep 2. Uzoron 101-ro anmementa — meHaenesus (256) ObUT moITy-
yeH 00MOapIUpOBKON O-dyacTULaMU siiep aToMoB ditHImTerHHusa (253). Co-
CTaBbTE YPABHEHUE 3TOU SACPHOM PEAKIIMM U HAIIUIIUTE €r0 B COKPALLIEHHOM
dopwme.

Pewenue. TlpeBpaiieHne aTOMHBIX sAAep OOYCIOBIMBAECTCS WX B3aUMO-
JEHCTBUEM C 3JIEMEHTAPHBIMH YAaCTHUI[AMHU WM JIPYT C ApyroM. SnepHsie pe-
aKIMU CBSI3aHBl C M3MCHEHHEM COCTaBa SIEP aTOMOB XHMHYECKHX JJIEMEH-
T0B. C MOMOIIBIO SACPHBIX PEAKIMH MOXKHO M3 aTOMOB OJHHX 3JIEMECHTOB
TIOJTYYUTh aTOMBI IPYTHX.

IIpeBpatieHns aTOMHBIX sJiep, Kak IPU €CTECTBEHHOM, Tak U IPHU UCKYyC-
CTBEHHOM paJMOaKTUBHOCTH 3alMCBHIBAIOT B BUJE YPABHEHHUH SAEPHBIX peak-
uuid. [Ipu 3TOM clieiyeT MOMHHUTB, YTO CYMMBI MacCOBBIX 4Hcels (Hu(pBHI,
CTOsIIE Yy CUMBOJIa 3JIEMEHTa BBEPXY ClIeBa) U aireOpanyecKue CyMMBI
3apanoB (LUQPBI, CTOSIINE Y CHMBOJIA JIEMEHTa BHHU3Y CJIEBa) YaCTHIL B JICBOM
1 TIPaBOM YacTSIX paBEHCTBA JOJDKHBI ObITh paBHBL JaHHYIO SIAEpHYIO PEaKIHIO
BBIPAXKAIOT YpaBHEHHEM:

253/99ES + 4/2He = 256/101Md + l/on
YacTo mpUMEHSIOT COKpauleHHyIo ¢opmy 3amnucu. s npuBeNeHHON
peaxIyy OHA UMeET BUJL:
23E5(a, n)**°Md.
B ckobkax Ha mepBOM MecTe MUIIYT OOMOapIUPYIONIIYI0 YacTUILy, a Ha
BTOPOM, Yepe3 3alATyl0, — YacTHUILY, 00pa3yIOIIyIoCs IpU JaHHOM IIpoliecce.

B cokpalleHHbIX YPaBHEHHUSX YaCTHI[BI 4/ZH(-:‘; 1/1H; 2/1D; 1/on 0003HaYaT
COOTBETCTBEHHO a, P, d, N.

IIpumep 3. Mcxons U3 COKpAIEHHBIX YpaBHEHUH SIAEPHBIX peEaKIMi
(Tab:. 2), HaNMIIUTE UX TTOJHBIE YPaBHEHUSL.
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Pewenue. OTBET Ha BOIPOC OTPAKEH B Ta0OJI. 2.

Tabnuua 2
CoxpaléHHble 1 MOJIHbIC YPABHEHNS s1AePHBIX peaknuii
CoxkpalieHHbIe ypaBHEHUS [lonHble ypaBHEHUS
ZAl(p,a)*Mg AL+ Y H =%, Mg + Y,He
°Be(a, n)**C %, Be + %,He =12/,C + Yyn
¥Co(n, a)**Mn %9/,,Co + Yo = %%/,sMn + */,He
14N(n, p)“C 14/7N + 1/0 n= 14/6C + 1/1H
5(d,a)*P %116S + %D = *I;sP + *I,He
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3. NEPMOANYECKAA CUCTEMA O.U. MEHOEJIEEBA

IIpumep 1. Kakyro BbICIIYIO U HU3IIYIO CTEIICHU OKHUCIICHUS HPOSBIIS-
10T MBIIIBSK, celieH 1 Opom? CocTaBbTe (OPMYIBI COEAMHEHHIH TaHHBIX dIe-
MEHTOB, OTBEYAIOIINX ATUM CTEIICHSIM OKHCIICHHUS.

Pewenue. Bricuryio CTENCHb OKHCICHHS 3JIEMEHTA ONpPENCIsIeT HOMED
rpynnsl nepuoauuyeckoil cucremel .M. MenneneeBa, B KOTOpOH OH Haxo-
nurcs. Husmast cteneHb OKUCIIEHUS ONpesieNsieTcs TeM YCIOBHBIM 3apsiioM,
KOTOpBIH TPHOOpETaeT aToM IMpH NPUCOETUHEHHH TOTO KOJIMYECTBa 3JIEK-
TPOHOB, KOTOPOE HEOOXOAMMO JyIsi 00pa3oBaHUs yCTOHYMBON BOCHMHAJIEK-
TpoHHO#t 06010uKH (NS? Np°).

JlanHble ayeMeHThl HaxoasaTcs cooTBeTcTBeHHO B VA, VIA, VIIA-
IPyIIAx ¥ MMEIOT CTPYKTYPY BHENIHETO SHEPreTHIeCKoro ypoBHs s°p°, s° p?
1 5°p°. OTBET Ha BONPOC CMOTPH TabIL. 3.

Tabnuua 3
CreneHu okMc/IeHUs] MbILIbSKA, CeJIeHa, OpoMa
CTerneHb OKUCICHUS
DeMeHT CoeauneHus
BbICIIIAA HHU3I1as1

As +5 -3 H3AsO,; HiAs

Se +6 -2 Se0s; Na,Se

Br +7 -1 KBrO4; KBr

IIpumep 2. Y Kakoro u3 3JIEMEHTOB YETBEPTOTO IMEPHOAA — MapraHIa
i 6poMa — CHUIIbHEE BBIPaXXEHbI METAIUIMYECKHE CBOWCTBA?

Pewenue. InexTpoHHBIE (GOPMYIIBI TAHHBIX DJIEMEHTOB:

262 2 2

sMn 15%25%2p®3s%3p°3d°4s

262 2 1042

sBr  1s22s22p®3s23p°®3d'°4s24p°®

Mapraner; — d-sixement VIIB-rpynmsir, a 6pom — p-aizement VIIA-
rpynnsl. Ha BHeIIHEM JHepreTM4eckoM ypOBHE y aTomMa MapraHia JBa
JJIEKTPOHA, a Y aToMa OpoMa — ceMb. ATOMBI THITHMYHBIX METAJJIOB Xapak-
TEePU3YIOTCS HAJTUYHEM HEOOJBIIOT0 YUCIa SJICKTPOHOB Ha BHEIIHEM YHEP-
TeTHYECKOM YPOBHE, a CIIEIOBATEIbHO, TCHICHIUCH TEPSITh 3TH 3JIEKTPO-
Hbl. OHM 007aIAI0T TOJNBEKO 8OCCMAHOBUMENbHbIMU CBOWCTBAMHU U HE 00pa-
3YIOT 3JIEMEHTAPHBIX OTPHUIIATEIFHBIX HOHOB. DIIEMEHTHI, aTOMBI KOTOPHIX

Ha BHCHIHEM JHEPIreTUYCCKOM YPOBHE COACPIKAT 6onee TPEX JJICKTPOHOB,
06na)1a}0T ONPCACIICHHBIM CPOACTBOM K BJICKTPOHY, a CJICAO0BATCIBHO, IPH-
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o0peTaroT OTPULATEIbHYIO CTEIICHb OKHMCIICHUS M Jjake 00pas3yloT dJeMeH-
TapHbIe OTpULATENIbHBIE HOHBL. Takum 00pa3oM, MapraHel, Kak 1 Bce MeTall-
Jbl, 00JIaZaeT TOJNBKO BOCCTAHOBMTEIBHBIMU CBOMCTBaMHM, TOTZA Kak IUIst
Opoma, MpOSBIISIONIEro ciadble BOCCTAHOBUTENBHBIE CBOMCTBA, OoJiee Xxapak-
TepHBI oxucaumenvhvie QyHKIUH. OOIMEH 3aKOHOMEPHOCTBIO U BCEX
TPYIIL, COACPIKALIHX P - U 0-3JEMEHTHI, SBISIETCSI peobiiafaHne MeTasuInye-
CKHX CBOWCTB y O-a;memeHToB. CiiemoBaTebHO, METAUINYECKIE CBONCTBA Y
Maprasia CHIbHee BEIPaKEHBL, 4eM Y Opoma.

IIpumep 3. Kak 3aBUCIT KUCIOTHO-OCHOBHBIE CBOMCTBA OKCUJOB U T~
POKCHIOB OT CTETICHH OKHCIICHHS aTOMOB JIEMEHTOB, X oOpa3yroumx? Ka-
KHe TUAPOKCHIBI Ha3bIBatOTCS aMpoTepHbIME (amdonutamu)?

Pewenue. Eciiu TaHHBIA 5JE€MEHT MPOSBISET NEPEMEHHYIO CTENeHb
OKHUCIICHHS B 00pa3yeT HECKOJBKO OKCHIIOB M THAPOKCHIOB, TO C YBEIUYEC-
HHMEM CTEIEHU OKHCIICHUS CBOMCTBA IOCIIEIHUX MCHSIOTCS OT OCHOBHBIX K
aM(pOTEPHBIM M KUCJIOTHBIM. DTO OOBSCHICTCSA XapaKTEPOM 3JICKTPOIUTHYIC-
CKO#l muccorumanuu (MoHW3anuu) ruapokcunoB JOH, koTtopas B 3aBHCHMO-
CTH OT CPAaBHUTENIBHOIN NPOYHOCTH U NossipHOCTH cBsizelt 9—O u O—H moxer

MPOTEKATh IO ABYM THIIAM:
>+to+H

OIW)
S0H = D"+OH"
S0H = PO +H*

HOJ’IﬂpHOCTB CBﬂSeﬁ, B CBOKO O4YEPC/ib, ONPCACIACTCSA PA3HOCTBIO 3JICKTPO-
OTpI/ILIaTeJ'ILHOCTef/i KOMIIOHCHTOB, pasMepaMu U 3(1)(1)CKTI/IBHBIMI/I 3apsaamMu aTo-

MoB. [lucconmanust no kucnotHomy tumy (I1) mpotekaer, eciu Eq.y << Eq. (BBI-
COKasl CTETIeHb OKHCJIEHHS), & TI0 OCHOBHOMY THITY, eciii Eqy > Es o (Hu3Kas
creneHb okucienws). Ecou npounoctr cBszeit O—H u 5—O Onu3Ky win paBHEL,
JIMCCOLMAIIUSI THIPOKCUIA MOKET OJIHOBpeMeHHO npotekath u 10 (1), u mo (I1)
Tunam. B aToM cirydae peds uaet 00 aMQOTepHBIX AIEKTPOIUTaX (aM(pOIHUTaX):
9"+ nOH = D (OH),=H, 20, = nH" + 20,
Kax ocHO8aHue Kaxk Kucioma

D — 3JIEMEHT, N — ero MOJ0KUTEIbHAs CTENeHb OKUCIIEHHus. B kucioi
cpene amMGOJIUT MPOSBISIET OCHOBHOW XapakTep, a B MICIOYHOH cpere —
KHUCIIBIA XapakTep:

Ga(OH)3+3HC| = GaCl3+3H,0
Ga(OH); + 3 NaOH = Na;GaO, + 3 H,0
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4. XUMNYECKAA CBA3b

4.1. CtpoeHue MmorneKkyn

XuMH4eckas CBs3b €CTh PE3YJIbTAaT B3aMMOJICHCTBHS aTOMOB, 00YCIIOB-
JICHHOE TEPEKPHIBAHUEM DIIEKTPOHHBIX OOJAKOB CBS3BIBAIOIINXCS YaCTHIL,
KOTOpOE CONPOBOXKJIAETCA YMEHBIICHUEM IIOJHOM 3Hepruu cucreMsl. Omu-
caThb XUMHUYECKYIO CBsI3b MEXKIY aTOMaMH O3HadaeT BBIACHUTH paclpeserne-
HHUE 3JIEKTPOHHOM MJIOTHOCTH MEXAy fApaMH aToMOB. B 3aBucuMocTH OT
XapakTepa paclpeie/IeHIs] JEeKTPOHHOHN IIIOTHOCTH B BELECTBE Pa3IHyaroT
KOBAJICHTHYI0 M METAJUIMIECKYI0 CBs3b. KOBaleHTHas CBS3b MOXKET OBITh
obpa3oBaHa 10 OOMEHHOMY (CITMHOBOMY) MEXaHHM3MY W JOHOPHO-aKIIel-
TOPHOMY.

B HacTosmmee BpeMsi HOHHYIO CBSI3b PACCMATPUBAIOT KaK MPEIEIBHOIIO-
JSIPHYIO KOBAJICHTHYIO CBsA3b. [IJI OmMMCaHus KOBAJICHTHOH CBSI3M HCIIOJNB3Y-
IOT METOJI BaJIeHTHEIX cBs3elt (BC) m MeTo MOIEeKyISIpHBIX opOUTaeii.

Cpenu cBOOOIHBIX aTOMOB Pa3IMYHBIX XUMHYECKHUX 3JIEMEHTOB HanOo-
Jiee CTaOMIILHOW 3JICKTPOHHOM KOH(DUTypanueil 001agaroT aTOMBI 0Jaropo/i-
HBIX ra3oB (nszan). ATOMBI IpyTUX XUMHUYECKUX JIEMEHTOB CTPEMSTCS MPH-
00pecTy 3JeKTPOHHYI0 KOH(UTypauuio Oamxkaiiero 6JlaropoJHOro raza Kaxk
OTBEYAIOIYI0 MUHHMYMY SHEPIMU U, CJEJO0BaTElIbHO, HauOoyee CTaOMIb-
Hy1o. Hanpumep, 3T0 CTaHOBHUTCS BO3MOXKHBIM IPU 00pa30BaHUU 3JIEKTPOH-
HBIX T1ap, B OAMHAKOBOH Mepe MPUHAUICKAINX COCIUHAIOIMNMCS aToMaM 1
B3aMMOOTIOIHSIONINX WX 3JEKTPOHHBIE OPOUTAIN JI0 yCTOHYMBOM KOH(UTY-
pamu Tuma 1s” wmn ns’np®. Tak 0GpasyroTcs, HAIPHMEp, BCE ABYXaTOMHbIE
MOJIEKYJIBI TIPOCTHIX BEIIECTB.

CBs13p aTOMOB ITOCPEICTBOM 00pa30BaHUs 3JICKTPOHHBIX Map Ha3bIBAcT-
Cs1 KOBAJICHTHOH CBS3bIO.

KoBasieHTHas CBSA3b MOKET BO3HUKATh HE TOJIBKO MEX/y OAMHAKOBBIMU,
HO U MeXJy pa3HblMM aromamu. Hanpumep, Ha OIHON U3 cTaguil peakuuu
MEXJy MOJIEKylIaMH XJIOpa U BOJOPOAA HPOHCXOAWT B3aMMOAEUCTBHE HX
aTOMOB ¢ 00pa30BaHHEM KOBAJICHTHOH CBS3U.

B 3ToM cityuae oOpa3oBaBIascs 3JI€KTPOHHAs Mapa UCIBITHIBAaET Oojee
CHIIbHOE IIPUTSDKEHNE CO CTOPOHBI aToMma xJopa. [Ipu oOpazoBaHum ke Mo-
nexynsl Cl, aeKkTpoHHas 1mapa B paBHOW CTENEHH NMPHHAUIEKHUT 000UM aTo-
MaM xJiopa. Pa3HOBHIHOCTH KOBAJIEHTHOH CBsI3M, 0Opa3OBaHHOM OIMHAKO-
BBIMH aTOMaMH, Ha3bIBaETCsl HETIOJSIPHOM, a 00pa30BaHHOM ABYMs Pa3sHBIMHU
aToMaM# — NOJSIpHOH. [ToNIpHOCTE MOJICKYJTBI KOJIMYECTBEHHO OIICHUBAETCS
JIIOIBHBIM MOMEHTOM [, KOTOPBIN SIBJISIETCS] IPOU3BEACHUEM JUIMHBI JTUIIO-
751, T.€. PACCTOSHUS MEXAY EHTPaMH TSKECTH DJIEKTPUYECKUX 3apsAoB, Ha
3HAYECHHE 3TUX 3apsJIOB.

3HayeHHEe AUTMOIHHOTO MOMEHTA CBSI3M JaeT IEHHYI0 WH(POPMAIHIO O
moBeeHNH MoJiekys. Kak mpaBmito, weM OoJbIie TUMONBHBIH MOMEHT, (T.€.
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CTEIIeHb MOHHOCTH CBSI3U), TEM BBIIIE PEAKIMOHHAs CHOCOCOOHOCTH MOJIe-
KyJl. Iyl OLIEHKH CTEeNeHH MOHHOCTH CBS3U MCHOJB3YIOT TaKylo XapakTepH-
CTHKY, KaK 3JeKTpooTpuuaTeabHocTs (30).

DJeKTPOOTPULATEIBHOCTh — 3TO CBOHCTBO aTOMOB OTTATMBaTh K cebe
JIEKTPOHBI, CBA3BIBAIOIINE UX C APYTMMHU aTOMaMH.

CreneHp TOJSIPHOCTH CBS3H MOXET OBITH OIpesesneHa pasHOCThio DO
COCTaBJIAIONINX MOJIEKYITY JIEMEHTOB: 4eM Ooubiie pazHocTs D0, TeM Oonee
TIOJISIPHA CBSI3b.

VloHHO# Ha3BIBAacTCS XMMUYECKasl CBSA3b MEXIy HOHAMH — 3apsDKCHHbI-
MH YacTHI[AMH, B KOTOpBIE IIPEBPAIIAIOTCSA aTOMBI B pPe3yIbTaTe OTAAYN HIH
MIPUCOEIMHEHHSI JIEKTPOHOB. BerecTBa, 00pa3oBaHHbIE U3 MOHOB, Ha3bIBa-
I0TCSI MOHHBIMU COCTUHEHHSMH.

HoHHYI0 CBSI3b MOXKHO paccMaTpHBaTh KaK YacTHBIA Cllydail KOBAJICHT-
HOH cBsi3u. MoHHas CBsI3b 00pa3yeTcsl TOJIBKO MEXKAY aTOMaMH TaKHUX 3Je-
MEHTOB, KOTOPbIE 3HAYHTEIHHO OTJIMYAIOTCS MO CBOEH 3JIEKTPOOTPHLIATEb-
HOcTH (pasHocTs D0 > 2,0).

PaccmorpuM MexaHW3M 00pa3oBaHWS MOHHOW cBs3U. llpm B3ammomeii-
CTBUHM aTOMOB HATpPHSA (1s%25°2p°3s’) ¢ aromamu xJopa (1s%25%2p°3s%3p°)
MIPOUCXOIUT NEPEX0]] IEKTPOHA ¢ 3s — OpOHUTaI aToOMa HaTpus Ha 3P — op-
OuTans aroma xjopa. IIpu 3ToM aToM HaTpusl IPEBPAIIAETCS B TTIOJIOKHUTEIb-
HO 3apsDKCHHYIO YaCTHIy — HOH CO CTa0MIbHON KOH(UTypanuen Onmkaiinie-
ro 61aropoHoro rasa — neona (1s°25°2p®). AToM ke XJI0pa MPUHAMAET 3TOT
AJIEKTPOH Ha 3p — OpOMTaNb, MPEBPAIIAsCh B IOJIOKHUTENBHO 3apsKEHHBIN
HOH C 3/IeKTPOHHOM KoH(uryparmeii 1s°25°2p®3s?3p°, xapaxreproii ams ap-
roHa. OGpa3oBaBiInecss B pe3yibTaTe Iepexojia 3JICKTPOHOB IPOTHBOIO-
JIOXKHO 3apsKEHHBIE MOHBI HATPUS U XJIOPA MPOYHO YACPKUBAIOTCA CUIIAMU
ANIEKTPOCTATUYECKOTO MPUTSIKEHUSI.

OHeprusi, HeoOXoauMast Ul yJaJeHHUs 3JIEKTPOHA OT CBOOOIHOTO aroMa
HaTpus, Has3pIBaeTcs SHepruei monmsaumu (J). Hampumep, anst aroma Ha-

TpUS:
Na’ —» Na"+e J = - 490 kJ[x/MoIb

OHeprust, BbLIEsIEMasi B Pe3yiIbTaTe IMPHUCOSANHEHNSI aTOMOM 3JIEKTPOHa,
Ha3bIBaeTCs €T0 CPOACTBOM K AuiekTpoHy (E). Hanpumep, st atoma xmopa:

Cll+e -l E = +362 kJI/MOb

[MoMuMO paccMOTpPEeHHOTO MeXaHWU3Ma 00pa30BaHUs KOBAJICHTHOW CBS-
3H, COTJIACHO KOTOPOMY OOIIasi JIEKTPOHHAs Mapa BO3ZHHUKACT IPH B3aUMO-
JNEHCTBUU IBYX DIJIEKTPOHOB, CYIIECTBYET TaKKe OCOOBIH TOHOPHO-aKIEl-
TOpHBIH MexaHu3M. OH 3aKJIF0YaeTCsl B TOM, YTO KOBAJICHTHAS CBS3b 00pa3y-
€TCsl B pe3y/bTare Mepexojia yKe CYILIECTBYIOLIEH IEKTPOHHON Maphl AOHO-
pa (OCTaBIIMKa IIEKTPOHOB) B 0O0IIee IONB30BAaHIE TOHOPA M aKIENTOPA.
JIOHOPHO-aKIENTOPHBIA MEXaHU3M XOPOIIO WILTIOCTPUPYETCS CXeMon 00pa-
30BaHUA NOHA aMMOHUS.
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B noHe aMMOHMS KaX[Iplii aTOM BOAOPOJia CBSI3aH C aTOMOM a30Ta o0wIei
9JICKTPOHHOIM Tapoif, oJHa W3 KOTOPHIX pealu30BaHa MO0 JOHOPHO-aK-
LIEITOPHOMY MeXaHu3My. BaxxHo ormeTuts, uto cBsisu H-N, oOpazoBaHHbIE 110
pazIMYHBIM MEXaHHW3MaM, HUKaKHX pa3jM4uii B CBOWCTBAX (HampuMmep, B SHEp-
TUH CBSI3H, TUNOIFHOM MOMEHTE CBSI3€H U T.1.) HE UMEIOT, T. €. HE3aBUCHUMO OT
MeXaHHn3Ma 00pa30BaHMs BOSHHUKAOIINE KOBAJICHTHBIC CBSI3H PaBHOILICHHBI. YKa-
3aHHOE SIBJICHHE OOYCJIOBIICHO TEM, YTO B MOMEHT O0OPa30BaHUS CBSI3H OPOHTAIIH
2S- 11 2p-37IeKTPOHOB aTOMa a30Ta W3MEHAIOT CBOIO (hopmy. B nTore BozHHKaOT
YeThIpe COBEPIICHHO OAMHAKOBEIE 10 (hopMme opOurtami. [Tockonbky dopma 3Trx
HOBBIX OpOHTaliell eCTh HEUTO CpemHee MeXIy GopMaMu S- U p-opOuTaiei, To
9TH HOBBIE OpOUTAIM TIPUHATO HAa3bIBaTh THOPUIHBIMH, & IIPOLECC UX BOZHUKHO-
BEHUsI — THOpUIM3alell aTOMHBIX OpOUTalIeH.

CymiecTBYIOT pa3jMyHbIe CIOCOOBI TMOPHUAM3AIMK B 3aBUCUMOCTH OT
XapakTepa B3aUMoOJeHCTByOMUX opbutanei. Tak, nmpu oOpazoBaHMM MoJe-
KyJIbl aMMHaKa 0J{Ha S-OpOUTaNb M TPU p-OpOUTANIN MPEBPAIIAIOTCS B YETHIPE
OJIMHAKOBBIE THOPHIHEIC OPOHTAITH. DTO SP -THOPHIN3ALIHSL.

Jlpyrre BO3MO>KHBIE TUITBI THOPHUAM3ALMI XapaKTEepHbI I MOJEKyT (ro-
puma 6opa u propuna 6epmwoms. [Ipu B3anmonmeiicTBul atoMa 6opa B BO3OYX-
merHoM cocrostumm  (1s°25'2p%) ¢ artomamm  Topa  IPOMCXOMMT — Sp°-
ruOpumsans. Hpu 5ToM 06pasyroTCsi TpH PaBHOLICHHBIE OPOHTAIIH, KOTOPBIC B
pesyJILTaTe B3aUMHOTO OTTANKMEAHH PACTIONAraoTes NOJ YIToM 120", i moste-
Kyna BF® umeer miockoe cTpoeHue. AToM OepuyLIvs B
BO30YKICHHOM COCTOSHHH HMeeT Konduryparo 1s°2s'2pt. Tlpu B3anmoeiicT-
BUH 3TOr0 aToMa ¢ aToMaMu (pTopa ojiHa 2s- U OfiHa 2Pp-0pOUTaITh MPEBPAIAFOT-
sl B JIBE OJIMHAKOBbIC THOPHIHBIE OpOUTANH (SP-rHOpUIU3als), HANPAaBJICHHbIE
oz yriom 180" apyr k apyry. [Tostomy mosekyita BeF, siBrsiercs THHEHHOI.

IIpumep 1. Kaxyio BaleHTHOCTb, OOYCIOBJIEHHYIO HECIapEeHHBIMHU
9JIEKTPOHAMH (CITMHBAIIEHTHOCTH), MOXKET IIPOSIBIATE (hochop B HOPMAITEHOM
1 B030YKIeHHOM (*) COCTOSTHHAX?

Pewienue: PacrpenerncHue 3JEKTPOHOB BHEIIHETO JHEPreTHYECKOTO
203 2
ypoBH: ¢ocdopa ...35°3p” (yuursiBas mpaBuino Xysaa, 3s° 3px3py3pz) mo
KBaHTOBBIM STYCiKaM UMeeT BH/I:

S p d

rAEEEEEE
3’ 3pc 3p, 3p;

ATtombl hochopa uMeroT cBoOoHbIe d-OpOUTAIH, TOITOMY BO3MOKCH
nepexoJ oxHoro 3s-3jekTpoHa B 3-d cocTosiHue:

S p d

Pt e e el [ [ [ |
3s° 3p. 3p, 3p;
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OTciofa BaJIeHTHOCTD (CITMHBAIEHTHOCTH) (ocdopa B HOPMAIBHOM CO-
CTOSTHMM paBHa TpeM, a B BO30YXJICHHOM — IISTH (BaJICHTHOCTh aTOMa OIIpe-
JIETSIET YMCIIO HECTIaPEHHBIX 3JIEKTPOHOB).

Mpumep 2. Yto Takoe rubpuau3anms BaJeHTHBIX opOutanei? Kakoe
CTpOEHHE UMEIOT MOJIeKyIIbl THIa ABy, eciu CBsI3b B HUX 00pa3yeTcs 3a c4er
sp-, sp2 - sp3 — THOpHUAN3auy opOuTaeif atoma A?

Pewenue. Teopus BaneHTHBIX cBselt (BC) mpenmnonaraeT ygactue B 00-
pa30BaHUM KOBAJEHTHBIX CBs3€il HE TONBKO «UHCTHIX» AO, HO M «CMellaH-
HBIX», TaK Ha3blBaeMbIX THOpUAHBIX, AO. [Ipn rubpran3ammm mepBOHAYAb-
Hast (hopMa | 3Heprusi opouTanel (AMEKTPOHHBIX 00JIaKOB) B3aMMHO H3MEHS-
10TCsl U 00pasyroTcs opOuTanu (0bjaka) HOBOH OJMHAKOBOW (DOPMBI U O~
HaKoBO# 3Hepruu. Hucno rubpuaHbIx opbOurtanei (() paBHO YHCITY HCXOM-
HbIX. OTBET Ha MOCTABJICHHBIH BOIIPOC OTpaXkeH B Tadu1. 4.

Tabnuua 4
I'uépuau3anust opéuTaseil M NPOCTPaHCTBEHHAS KOHPUTYypalUus
Hcxonnsie Tun Huero rut- IIpoctpancTBeH-
Tun PUAHBIX
opOuTtanmm rubpuam3a- N Has KoH(Hrypa-
MOJICKYJIbI opburanei
aToma A V2058 ST MOJIEKYJIBI
aToma A
AB, S+p sp 2 Jluneiinas
AB3 S+p +p sp2 3 TpeyronbHas
Terpasrapuue-
AB4 Stp+tp+p sp3 4 cxas

Ipumep 3. Kak meron monekyisipubix opOuraneir (MO) omuchiBaer
CTPOCHHUE IBYXaTOMHBIX TOMOSACPHBIX MOJIEKYJI SJIEMEHTOB BTOPOTO Ieproaa’?

Pewienue. Meton BasieHTHBIX cBsizeit (BC) He MOXkeT OOBSICHUTH LETBIi
PSAA CBOWCTB M CTPOEHHE HEKOTOPBIX MOJICKYJ (ITapaMarHeTH3M MOJIEKYJIBI
O,; 6ONBIIYI0 MPOYHOCTH CBSI3€H B MOJCKYJIPHBIX HOHAX F," u O," ,uem,
COOTBETCTBEHHO, B MojieKynax F, u 0, Ha000pOT, MEHBIITYIO IPOYHOCTH CBSI-
3u B none N,*, yem B Monekyne N; CylecTBOBaHHME MOJIEKYJIAPHOTO HOHA
He," n meycroitunocts Monekynsl He, u T.1.). Bosee TI0J0TBOPHBIM OKa-
3aJcs IPyroi MOAX0A K OOBSICHEHHIO KOBAJEHTHOM CBSI3M — METOI MOJIEKY-
napHBIX opburtaneit (MO).

B merone MO cocTosiHHE MOJIEKYJIBI OIUCHIBACTCSI KaK COBOKYITHOCTh
ANEKTPOHHBIX MOJEKYJSPHBIX opOuTtaneil. IIpn 3TOM 4HCIO MONEKYJISIpPHBIX
opburanelf paBHO CyMMe aTOMHBIX opOutaneld. MomekynspHoil opOuraiy,
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BO3HHKAIOIICH OT CJI0KEHUS aTOMHBIX opoutaneii (AO), cooTBeTCTBYET OoJiee
HU3Kasl QHEPTUs, YeM UCXOTHBIM opOuTansaM. Takas MO uMeeT MOBBIIICHHYIO
JJIEKTPOHHYIO TUIOTHOCTh B MPOCTPAHCTBE MEKAY SAPAMH, CIIOCOOCTBYET 00-
Pa30BaHMI0 XMMUUECKOHN CBS3M U Ha3bIBAaCTCS cgs3bléaioujell. MoeKysipHOH
opbuTanmm, 00pa3oBaBIIEHCS OT BHIYUTAHUS aTOMHBIX, COOTBETCTBYET OoJjee
BBICOKAs SHEPTHsA, 4eM aTOMHBIM OpOWTAISIM. DJIEKTPOHHAs IUIOTHOCTH B
9TOM Cllydae CKOHIICHTPHUPOBAHA 3a SApPaMH aTOMOB, a MEXIy HUMH paBHA
Hymo. [Tomo6uple MO 3HepreTHdeckr MeHee BBITOAHBI, 4eM ucxoxHsie AO,
OHH TIPHBOIAT K OCTAOJICHHIO XUMHUYECKOW CBS3W W HA3BIBAIOTCS paA3pblX-
JaarowumMy. DIEKTPOHBI, 3aHUMAIOIINE CBS3BIBAIONINE U Pa3pBIXIIIIONIAE Op-
OuTaNN, HA3BIBAIOT COOTBETCTBEHHO CBS3BIBAIOIIMMHU (CB) M Pa3pPhIXJIAIONIMMU
(pa3p) ayekTpoHaMU. 3amlONHCHWE MOJEKYJSPHBIX OpOHTANCH MPOUCXOIUT
npu cobmoaeHnn npuHimna [laynu u npasuna XyHIa 10 Mepe YBEITUUCHHUS
UX SHEPTHHU B TAKOH MMOCICOBATCIIEHOCTH:

6 1s < oPP1s < 625 < 6 "P2s < 6 2P < T2y -
72p, < 7P 2p, PP 2p, < 6 PP 2p,

Ha puc. 2 m3o0pakeHa sHepreTHdeckas cxema oOpa30BaHHS MOJICKY-
JSIPHBIX OpOUTaNEH U3 aTOMHBIX JJIS IByXaTOMHBIX TOMOSJEPHBIX (OTHOTO U
TOTO K€ 3JIEMEHTa) MOJIEKYJ 3JIEMEHTOB BTOPOTO Neprofa. Yucio cBs3bIBaro-
IIUX ¥ PasphIXILIONIMX 3IEKTPOHOB 3aBHUCHT OT MX YHCIIA B aTOMaX HCXOIHBIX
snemeHToB. CllelyeT OTMETHTh, YTO IpU 00pa3oBaHnU MoJekyn By, C; u N,
SHEPI'UH CBA3BIBAKOIICH G 2Py -opOHTanu OOJbIlIE YHEPTUU CBI3BIBAIOLIUX
2Py, T2P, -opbuTanei, Toraa kak B Monekyinax O, u F, - Ha060poT, 3HEprUs
CBA3BIBAIOIINX 72Dy , T2, -opOHTanei 6oNbIle SHEPTUH CBA3BIBAIOIIEH G2y -
opburtanu. 3To Hy>KHO YUUTHIBATh NMPHU H300paKEHUH SHEPTETUYECKUX CXEM
(puc. 2) cOOTBETCTBYIOIMUX MOJEKY.

Iopsidox césa3u B MOJIEKyJe ONPEACIIETCS Pa3sHOCTHIO MEXKAY YHCIOM
CBSI3BIBAIOIIMX M Pa3phIXJISIOMMX OpOHTanel, neneHHod Ha asa. [lopsmox
CBSI3M MOJKET OBITh paBEH HYJIIO (MOJIEKYJIa HE CYIIECTBYET), LIEIOMY WIH
JIpOOHOMY TOJIOKUTETBHOMY YHCITY.

[Tono6HO 3neKTpOHHBIM (OpMyIIaM, OKa3bIBAIOIINM paclpeielleHre
JJIEKTPOHOB B aToMe€ II0 aTOMHBIM opOutamsiMm, B Meroge MO
CoCTaBIISIIOTCS (POPMYIIBI MOJIEKYJI, OTPAXKAIOIIME HX JJIEKTPOHHYIO KOH(HU-
ryparmio. [1o aHaIoruu ¢ aTOMHBIMHE S-, P-, -, f- opbuTazsIMu Monexyssp-
Hble opOuTanu 0003HAYAIOTCS TPeuecKUMHU OyKBamu ©, 7, 0, ¢. Tak, dIeK-
TpoHHas KoHurypauus Mosiekys O, ONUChIBaeTCs CIEIYIOIUM 00pa3oM:

Oa KK(05%") * (05 * (o px™) * (wpy ™) * (w P, ) * 7 "™ 7 p,"*].

BykBamu KK nokasano, uto uersipe 1-S 3JIeKTpoHa (IBa CBA3BIBAIOIINX
U JIBa Pa3pBIXJIAIONINX) MPAaKTHYECKH HE OKA3bIBAIOT BIMAHUS HA XHMHUUE-
CKYIO CBSI3b.
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MonekynspHble
opbumanu

AmomHsbie

AMOMHbIe
‘ opbumanu

) opbumarnu

1
|
1
1
1
1
|
|
|
1
1
1
|
1
1
1
1

BospacmaHue sHepauu

Puc. 2. DHepreTryeckas cxeMa 00pa3oBaHHs MOJEKYIISIPHBIX opOuTaneit
13 aTOMHBIX JUISI TOMOSIZIEPHBIX MOJIEKYJI BTOPOTO NEpHoia
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5. QHEPTETUKA XUMWYECKUX NMPOLIECCOB
(TEPMOOUWHAMMUYECKUE PACYETDI)

5.1. QHTtanbnua (H) v aHeprua N'mbb6ca

TepMoaHHAMEKA-HAYKA O MPEBPAICHHH OJHUX (OPM SHEPTHH B APY-
rH€e Ha OCHOBE 3aKOHA COXPAHEHHUS SHEPIUH.

XuMudeckas CHCTeMa XapakTepusyercst BHyTpenneii sueprueii (U), sH-
tamprimert  (H), surpommeit (S) m oHeprmedt ['mbG6ca wim wu306apHO-
uzorepmuueckuM moTeHmaioM (G.). Bee aTH BenuuHHBL SBIAIOTCS (PyHK-
[USIMH COCTOSIHHS, T.€. 3aBUCAT OT HAYAJIHHOTO U KOHEYHOrO COCTOSIHHSI CHC-
TEMBI U HE 3aBUCAT OT IIyTH IPOTEKAHUS PEAKIHU.

CornacHo | 3aKoHA TEPMOJMHAMHKH TMOABEIEHHOE K CHCTEME TEILIO
UIET HA YBEIUYCHHE BHYTPEHHEH DHEPTUU M COBEpLICHUE PabOThl CUCTEMOIH
[OPOTUB BHEIIHUX CHIL:

Q=AU+W
Q=AU+PAV

st u3oxopHsix mporeccoB  (AV=0) Q,=AU, T.e. moasenéHHoe TEILIO,
pacxoyercs TOIBKO Ha I3MEHEHHE BHYTPEHHEH SHEPTUHN CUCTEMBL.

Peaknuu 4aie OCyIIeCTBISIOTCA NPU MOCTOSHHOM AaBieHun (AP=0,
n300apHEIi mporiece).

Torma Qp = (Uz — Uy) + P(V2— Vi) + (Uz + PVy) (V1 + PVy)

Benmmauna (U + PV) HaseiBaetcs suTanbnuei (H)

Qp:Hz—H]_:AH Qp:AH
AH = AU + PAV

OHTaJBIUsI — SHEProcojiep)kaHue CUCTEMBbl, BKIIIOYAET BHYTPEHHIOKO
SHEPTHIO U BEJIMYMHY PaOOThI CUCTEMBI IPOTUB BHEIIHUX CHIL.

Tepmoxumusi-pazesn TEPMOJUHAMUKY, TOCBAIIEHHBIM U3YYEHUIO TEIl-
noBbIX dddekroB peakiuid. TemnoBol 3ddeKT peaknuu, U3MEPEeHHBIH MpH
TIOCTOSTHHBIX TEMIIEpaType W JaBJICHWH, HA3BIBAIOT JHTAJBIIMEH peakmnuu
(AH) 1 BBIpaXarOT B KWJIODKOYIISIX (K/]orc).

Just ax3otepmudeckux peaknuit AH<O, mns sanorepmudeckux - AH>0.
OHTanenuio 00pazoBaHust | MOJIb TAaHHOTO BELIECTBA M3 IPOCTHIX BELIECTB,
usmepennyto npu remneparype 298 K (25° C) u nasnennu 101,825 xIla (1
aTM), Ha3bIBarOT cTaHmapTHOW AH%gg (k JK/MONB). DHTANBIHKA MPOCTHIX
BEIIIECTB YCIIOBHO MPUHUMAIOT PABHBIMH HYIIIO.

B ocHOBe TepMOXMMHYECKHX pacuéToB JISKHUT 3akoH ['ecca (1840): te-
IUIOBOH 3((GEeKT peakiuu 3aBUCHUT TOJIBKO OT MPHUPOABI M (HU3MYECKOr0 CO-
CTOSTHHSI HICXOJ/IHBIX BEIIECTB M KOHEYHBIX MPOJIYKTOB, HO HE 3aBHUCHT OT ITyTH
nepexoja. YacTo B TEPMOXMMHYECKUX pacdyérax MPUMEHSIOT CJIEJICTBUE M3
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3aKoHa ['ecca: TemoBoit a3ddexT xumuueckoii peakuun (AH, ;) paseH cymme
TernoT obpasoBaHus AH,;, MPOIYKTOB PEAKIINH 33 BBIYETOM CyMMBI TEILIOT
00pa3oBaHusi HCXOJHBIX BELIECTB ¢ y4ETOM KOI(h(GHULIMEHTOB nepen GpopMy-
JIAMU 3THX BEIIECTB B YPAaBHEHUH PEAKLIUH:

AH,, = AHE — > AH @)

B TepMOXMMHYECKMX ypPaBHEHHMAX YKA3bIBAIOT 3HAUCHHWE OSHTAJIBIINN
xuMuueckoil peakuun AH, ,. IIpu 3ToM y GOpMyIIsl KakI0ro BEWecTBa yKa-
3BIBAIOT €TO0 (PU3MYIEcKOe COCTOSHUE: ra3o00pa3Hoe (T), )Kuakoe (K), TBEpIoe
KPHUCTAJUTHIECKOE (K).

B TepMOXMMHYECKHX YpaBHEHUSIX TEIUIOBbIC () (PEKTHI peakluii JatoT B
pacuére Ha 1 MOJNb MCXOIHOTO MM KOHEYHOro BemectBa. IloaTomy 3aech
JOIyCKaroTCs ApoOHBIe K03 dunneHTsl. [Ipy XUMHYECKHUX peakLusiX IpOsiB-
JISIeTCsl TMAJICKTUYECKUI 3aKOH eIMHCTBa M OOpBOBI MMPOTHBOIOJIOKHOCTEH.
C onHOHM CTOpPOHBI, CHCT€Ma CTPEMHUTCS K YINOPAJOUYCHUIO (arperanuu) —
yMeHbIIeHnto H, a ¢ Ipyroii cTopoHsI — K Oecniopsinky (ne3arperammm). [lep-
Bas TCHICHIMA PacTéT C MOHIWKEHUEM TEMIIEPaTyphl, a BTOpast — C €€ MOBbI-
meHneM. TeHICHIMIO K OecropsiiKy XapaKTepu3yeT BEIMUYHHA, Ha3BaHHAS
sutponueit S[/owc/(monb-K)]. OHa sBisieTcss MEpOil HEYMOPSIOYSHHOCTH CUC-
TeMbl. DHTPONHUS MPONOPIMOHAIBFHA KOJIWYECTBY BEIIECTBA U BO3PACTAaET C
YBEJIMUYECHNUEM JIBIDKCHHS YaCTHIl IIPH HarpeBaHWM, MCIApCHNH, TIJIABICHUH,
pacuIMpeHuHt rasa, ocyiabJIeHHH WM pa3pbiBe CBS3EH MEXAY aTOMaMH U T.II
Ipouecchl, cBsI3aHHBIE C YHNOPSIOYEHHOCTHIO CHCTEMBbI: KOHIEHCAIHsS, KpPH-
CTajliim3anus, CKaTue, yrpoO4HCHUEC CBHSGI‘/II, noJmmMepusalmsd 1 T.1. — BEAYT K
YMEHBILICHUIO SHTPOIHHU. DHTPOIHUSI — QYHKLHUS COCTOSHHUS, T.€.

ASx.p = Zs‘rma _Zséﬁﬁ ) (2)

OO1mas ABMXKYIIAs CUJIa MpoLecca CKIAAbIBACTCS U3 IBYX CHIL: CTPEM-
nenue K ynopspouenuto(AH) u crpemiienns k 6ecriopsaky (S). [Ipu p=const
u T=const obmyro aBIKYyIIy0 cury mporecca (AG) MOXHO MPenCcTaBHTH
CJIETYIOIIUM 00pa3oM:

AG = AH-TAS

Oueprusi [m66ca AG, i M306apHO-U30TEPMUYECKUIN NOTEHIMAN, TaK-

e MMOJUUHACTCS CIIeCTBHIO 3aKoHa ['ecca:

_ IGIEY ioia

AGx‘p - ZAGfaa _ZGTaa
CaMOHpOI/ISBOJ'ILHO MNPOTEKAKT MPOUECChI, UAYIIHUE B CTOPOHY YMCHb-
LIEHHUsT JTI000ro NOTCHIIMaJIa U, B YaCTHOCTH, B CTOPOHY YMCHBLIIICHUS AG.

[pu cocrossanu paBHoBecuss AG=0; AH=TAS temnepaTypa Hadama paBHO-
BECHOM peakiMy paBHa:
R AH

O, =—.
daai AS
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Tabnuua 5

CTraHAapTHBIE TENJIOTHI 00pa30BaHusA
AH’2; HEKOTOPBIX BeleCTB (IHTAJIBIIMH)

Bemecrso T(():ﬂol-fl/-le Kﬁxtl/:j?)?m Bemecrso CT(():HOI-;I/IC KIAbIl_(I/j\ii)aJ;L
CoH, r +226,75 co r -110,52
CS, r +115,28 CH4OH r -201,17
NO r +90,37 C,HsOH r -235,31
CeHs r +82,93 H,0 r -241,83
CoHq r +52,28 H,0 K -285,83
H,S r -20,15 NH,CI K -315,39
NH, r -46,19 CO, r -393,51
CH, r -74,85 Fe,0; K -822,10
CoHs r -84,67 Ca(OH), K -986,50
HCl r -92,31 Al,0, K -1669,80

IIpumep 1. Bo3MOXHO JIM OCYIIECTBICHNE IPOLECCa BOCCTAHOBICHUS
METaTMYECKOro Xemne3a n3 okcuga Fe,O; neiictBreM Bogoposaa mpu craH-
JApTHBIX YCIOBHAX, OTBET OOOCHYITe, IpeaBapuUTeNbHO paccuutaB AH’ u
AS? peakuu.

I1pu pemennu 3agad 3TOro pasjena cM. Tadi. 5—7.

Pewenue: 3anycelBaeM ypaBHEHHE PEaKIMu:

Fe,0,,, +3H,, — 2Fe,, +3H,0,,

3(k)

W3 Tabauil TEPMOJMHAMUYCCKUAX BEIHMUYUH OEpyT 3HAYCHUS AH'ys 1
80298 JUIS BCEX BEIIECTB, YUACTBYIOIIMX B PEAKIMH, YIUTBIBast, 4To AH mpo-
CTBIX BEIIECTB PaBHBI HYJIIO.

ITo 3akony ['ecca BeruncaSIOT AH“X,p:

AH®, =3AHS, —AH,,, = 3-(~285,3) - (-822,0) = —35,48Az / Tiéi

Fe,0,

AHAJIOrHYHO BBIYUCISAIOT AS 2908, YUHUTbIBAA, 4TO S IMPOCTBIX BCUICCTB HC

PaBHBI HYJIIO.
. ~

As,, =€s,,+2s, - €S, +S,.. =
=3-701+2-27,2—3-130,5-90,0 = —213,8 A/ & - Tiéll
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T.X. AH® u AG* mmepstotest B k/[oic/monb, To 3HaueHUe AS’ mepeBOIAT B
korc/monvK.
IMo dopmyne AG, ,= AH-T-AS? Brruncnsor AG,,

AG;, =-35,4+298-0,2138 = 28,34 8Az / Tiéll

[onoxurensHoe 3Hauenne AG (AG>>0) ykaspiBaeT Ha HEBO3MOXKHOCTb
BoccTaHoBieHUs Fe,03 BOIOpOIOM B CTAaHAAPTHBIX YCIOBHSX.

Tabnuua 6
CranpapTHas sueprusi ['u66ca od6pasoBanus
AG°;93 HEKOTOPBIX BELIECTB
BemectBo | CocrosiHue < ﬁ)ﬁ\iﬁb BemectBo CT(():SIOI-;I/Ie KIA[)IG(/EI?J’IB
BaCO; K -1138,8 FeO K -244.3
CaCO3 K -1128,75 H,O K -237,3
Fes04 K -1014,2 H,O r -228,59
BeCO; K -944,75 PbO, K -219,0
CaO K -604,2 CcoO r -137,27
BeO K -581,61 CH, r -50,79
BaO K -528,4 NO, r +51,84
CoO, r -394,38 NO r +86,69
NaCl K -384,03 C,H, r +209,20
ZnO K -318,2

IMpumep 2. TIpu B3aumoaeiicTBUN KpUCTaLIoB xjiopuaa dpochopa (V) ¢
mapamMu Bojsl oOpasyercs skuakuii POCl; u xmopucteiit Bogopos. Peaxius
conpoBoxaaercs BeiaenaenueM 111,4 k/x ternorsl. Hanumure tepMoxumu-
YecKoe YpaBHEHHE 3TOH PEaKIIHH.

Pewenue. YpaBHeHUs! peakluii, B KOTOPBIX OKOJIO CHMBOJIOB XHMMHYE-
CKHX COEJMHEHUI yKa3bIBAIOTCS MX arperaTHbIC COCTOSIHHS WIN KPUCTAIUIH-
yeckas MOAM(UKANUS, a TAaK)Ke YUCICHHOE 3HAYeHHE TEIUIOBBIX 3(deKToB,
Ha3bIBAIOT TEPMOXUMHUUECKUMH. B TEpMOXMMHUYECKHUX ypaBHEHUSAX, €CIIH ITO
CHeLuaJbHO HE OrOBOPEHO, YKa3bIBAIOTCSI 3HAUEHHs TEIUIOBBIX 3(ddexToB
IpH TOCTOSHHOM JIaBieHuH Qp , paBHbIE M3MEHEHHIO SHTAIBIINH CHCTEMBEI
AH. 3Hauenne A mpuUBOAAT OOBIYHO B NMPaBOW YACTH YPABHEHUS, OTIEIISS
€ro 3aIsITOM MM TOYKOW ¢ 3amAToil. [IpuHATHI cienyrolue COKpAallEeHHbIE
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0003HaYEHHsI arperaTHOro COCTOSIHUM BELIECTB: T — ra3000pa3Hoe, K — KHI-
KO€, K — KpPUCTaJNIM4eCKOoe. DTH CHMBOJIBI OITyCKAIOTCS, €CIIM arperaTtHoe
COCTOSIHME BeEIeCTB OoueBUAHO. Ecim B pesynbTaTe peaklu BbLAEISIECTCS
terorta, T0 \H< O. YunTbIBasg cka3aHHOE, COCTaBIIsIEM TEPMOXUMHYECKOE
ypaBHEHHE JaHHOH B IIPHMEPE PEAKIIUH:

PCls5(x)+H,O(r)=POCI3(x) +2HCI(T); AHxp = -111,4x k.
Ipumep 3. Peakuust ropeHuss 3TaHa BBIPAKAETCS TEPMOXUMHYECKUM
YPaBHEHHEM:
CzHG(I‘) +3 1/2 02 = 2C02 (F) +3H20()K),
Hyp =-1559,87 x Ix.

Belunciure TemioTy 00pa3soBaHMU JTAHA, €CJIM U3BECTHBI TEIUIOTHI 00-
pasoBanust CO,(1) u H,0 (k) (Tabm. 5).

Pewienue. Temnotoit 06pa3oBaHus (HTAIBINCH) JaHHOTO COEIMHECHUS
Ha3bIBAIOT TEIIOBOH A(PQEeKT peakunu oOpa3oBaHUs 1 MOJIb 3TOTO COEOMHE-
HUS U3 MIPOCTHIX BEIICCTB, B3ATHIX B HX YCTOHYMBOM COCTOSIHHH IIPH JAHHBIX
ycioBusix. OOBIMHO TEIUIOTHI 00pa3oBaHMsl OTHOCAT K CTaHIApTHOMY CO-
crosiHuio, T.€. 25°C (298 K) 1,013-10° Ila, u 0603Ha4a0T yepe3 AH g8. Tak
Kak TemoBoi 3(Q¢eKT ¢ Temmeparypodl H3MEHSETCs HE3HaYMTEeNILHO, TO
371eCh U B JalIbHEHIEM WHIIEKCHI OIYCKAalOTCs M TersioBod 3ddexT obo3Ha-
yaerca uepe3 AH. CremoBarenbHO, HYXKHO BBIYHMCIUTH TEILIOBOH 3ddekt
peakLuy, TEPMOXHUMHUYECKOE YPAaBHEHHUE KOTOPOW UMEET BH]L

2 C (rpadur) +3H; (1) = C,Hg(T); AH =7
HCXOJIS U3 CICAYIOIIUX JaHHBIX:

a) CoHs (r)+3',0; (r) = 2COy (r) + 3Hz0(x);
AH = -1559,87 kJTx:

0) C (rpadur) + O, (1) = CO; (T); AH =-393,51 xJIx;
B) Hy(r) + /,0, = H,0 (x); AH -285,84 xJIx.

Ha ocnHoBanmm 3axkoHa I'ecca ¢ TepMOXMMHYECKMMH YpPaBHEHUSIMH
MOJKHO OIEPHpOBATH TaK ke, Kak M C anredpamueckumu. s moixydeHus
HCKOMOTO pe3yjbTaTa cileqyeT ypaBHeHHE (0) YMHOXHUTh Ha 2, ypaBHEHHE
(B) — Ha 3, a 3aTeM CyMMy 3THX YpaBHEHUH BBIYECTh U3 YpaBHEHHUS (a):

C,Hg+3,0,-2C-20,-3H,-4,0,=2 CO,+3H,0-2C0,-3H,0
AH=-1559,87 -2(-393,51) - 3 (-285,84) = +84,67 kI
AH= -1559,87 + 787,02 + 857,52; C,Hg= 2C + 3H,;

AH= +84,67 k]l
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Tak Kak TemnoTa o6pa3oBaHKs paBHA TEIUIOTE PA3IOKEHHS ¢ OOPATHBIM
3uakoM, T0 AH™ i, = -84,678A& . K ToMy ke pe3ynbTaTy NpuieM, ecliu
JUIS pelieHns 3a1a49u IPUMEHNTh BBIBOJL U3 3aKoHa ['ecca:

AH,, =2AHg, +3AH, , —AH, —31AH, .

Y4uThIBast, 9TO TEIIOTH 00Pa30BaHMS MIPOCTHIX BELIECTB YCIOBHO IPH-
HSTBI PAaBHBIMH HYITIO

Al i@ =2A1 ¢ +3AT  —A6
AH™ g4, = 2(-393,51) + 3(-285,84) +1559,87 = —84,67 ;
AH™ g, = 84,67 éAx
IIpumep 4. Peakiysi ropeHus! STUIOBOTO CIHMPTa BBIPAKAETCS TEPMO-
XMMHUYECKHM YpaBHEHHEM:
C,HsOH(x) + 30, (1) =2CO, (1) + 3H,0(x); ,H=7?
BeruncnuTe TemioBoi 3¢ ¢GexT peakiuu, eciau M3BECTHO, YTO MOJbHAs

(MonsipHast) Teriora mapoodOpasosanusi C,HsO(k) pasna + 42,36 k/Ix u
u3BecTHHI TerwoThl oopasoBanus: C,;HsOH (1); CO,(r); H,O(k) (Tabm. 5).

Pewenue. Jlns onpenenenus yH peakunu He0OXOAMMO 3HATH TEIJIOTY
obpazoBanust C,Hs (k). [TocrmenHIO0 HaX0IUM W3 TaHHBIX:

C,H:OH(:x)=C,HsOH(r); AH =+42,36 kJIxx.
+42,36= 235,31 — AH

C,H,OH (&)

AH =-235,31-42,36 = -277,66A=

C,H,OH
BLI‘{I/ICJ'I?[GM AH peaKHI/II/I, HpI/IMCHSISI CJIEACTBUA U3 3aKOHa Fecca:
AHyp = 2 (-393,51)+ 3 (-285,84) + 277,67 = -1366,87 k.

5.2. XuMunyeckoe cpoacrTeo

Ipumep 1. B kakoM cocTosiHMM BHTpONUK | MOJIb BellecTBa OOJIbIIe: B
KPHUCTAJUTMYECKOM WIIM B TapooOpa3HOM P TOM ke TemrepaType?

Pewenue. DHTpONNS €CTh MEPAa HEYNOPSIOYEHHOCTH COCTOSIHUS Bellle-
cTBa. B Kprcranie gyacTuib! (aTOMBI, HOHBI) PACIIOJIOKEHBI YIIOPSA0UYCHHO U
MOTYT HaXOAUTHCS JINIIb B ONPEJENEHHBIX TOUKaX MPOCTPAHCTBA, a I ra3a
Takux orpaHndeHui HeT. O0bEM 1 Monb rasa ropasno Oonblre, 4eM 00BEM
1 MONp KPUCTAJUINYECKOTO BEIIECTBA; BO3MOXHOCTh XAOTHUYECKOTO IBHIKE-
HUS MOJIEKYJ ra3a Oompire. A Tak Kak SHTPOIIHIO MOYKHO paccMaTpUBaTh Kak
KOJIMYECTBEHHYI0 MEpY XaOTHYHOCTH aTOMHO-MOJEKYJISIPHOW CTPYKTYPHI
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BCLICCTBA, TO DHTPOIUA 1 Moab apoB BCUICCTBA 0oJiblIe OHTPONUU 1 Momb
€ro KpucTajjioB Ipu OHHHaKOBOﬁ TeMIIeparype.

Ipumep 2. Ilpsimas wnu oOparHas peakuusi OyneT NpoOTeKaTh HpU
CTaHJIapTHBIX YCIOBUAX B CUCTEME

CH, (r) + CO; (1) = 2CO (1) + 2Hy(r)

Pewenue. JIns oTBETa Ha BONPOC CIEAYET BBIYUCIUTH AG? 550 psAMON
peakrn. 3uadernss AGP ,59 COOTBETCTBYIOIINX BEIICCTB IPUBEICHBI B TAOM. 6.
3Hast, uto AG ecTb (yHKIMs cocTosiHUA M 4TO AG 71 HAXOUIIIMXCS B YCTOHYH-
BBIX NIPY CTAHAAPTHBIX YCIIOBUSIX arperaTHBIX COCTOSIHHSIX, PAaBHBI HYIIIO, HAaXO-
M 5Gogg TporIecca:

AGP 559 =2 (- 137,27) + 2 (0) — (50,79 — 394,38) =+170,63 xJIx.
To uto AG° 280 > 0 yKa3bIBae€T Ha HEBO3MOXHOCTb CaMOIPOU3BOJILHOTO

poTeKaHus NpsiMoit peakiun pu T= 289 K u paBeHcTBe HaBICHHI B3ATHIX
rasos 1,013 - 10° [Ta (760 mm pr. cT.= | atm.).

IIpumep 3. Ha ocHOBaHHMYU CTaHIAPTHBIX TEIUIOT 00pazoBaHus (TadII. 5)
1 abCONIOTHBIX CTaHAAPTHBIX DHTPONUHM BewlecTB (Taly. 7) BBIYUCIUTE
AG®y9g peakiuu, MPOTeKaroIIei 0 YpaBHEHUIO

CO (r) + H,O (k) = CO, (1) + H; (1)
Pewenue. AG°= AH® — TAS®°;, AH u AS — QyHKIINH COCTOSIHUS,
nostomy AHxp= YA H°ypor — DA Hey
ASOX.P:ZA Sonpo,:l - ZA Soucx-
AH°xp = (-393,51 +0) — (110,52 — 285,84) = +2,85 xJIx;
ASx.p= (213,65 + 130,59) — (197,91 + 69,94) = +76,391x/(Mons'K) =
=0,07639 xJIx/(Monb-K);
AG°=+2,85 -298 -0,07639=—19,91 xJIx.

Tabnuvua 7
CraHaapTHbIe a0COTIOTHBIE SHTPONHHA S°)qg
HEKOTOPBIX BEIIECTB
Bemectso CO:;: " I[)K/?lzlz(fi,b K) | Bemectso CO:;;) " ﬂxc/?;ﬁ, K)
2 3 4 5 6
Anmas 2,44 H,0 r 188,72
I'pacdur 5,69 N> r 191,49
Fe K 21,2 NH; r 192,50
Ti K 30,7 CcO r 197,91

28



OkoH4yaHue Tabn. 7

1 2 3 4 5 6
S Pom6 31,9 C,H, r 200,82
TiO, K 50,3 0, r 205,03
FeO K 54,0 H,S r 205,64
H,0 K 69,94 NO r 210,20
Fe,05 K 89,96 CO, r 213,65
NH,CI K 94,5 C,H, r 219,45
CH,OH x 126,8 cl, r 222,95
H, r 130,59 NO, r 240,46
FesO, K 146,4 PCl, r 311,66
CH, r 186,19 PCls r 352,71
HCl r 186,68

IIpumep 4. Peakuus BoccraHoBineHus Fe,03; BoIopoIoM HpOTEKaeT Mo
YpaBHEHHIO:
Fe,03(x) + 3H; (1) = 2Fe(x) + 3H,0(r) ; AH= +96,61 x]JIx.

Bo3MorkHa JIM 9Ta peakiys NPy CTAHAAPTHBIX YCIOBHAX, €CIIH H3MEHe-
Hue saTponuu AS = 0,1387x/Ix/(Mmonb-K)? Ilpn xakoi TemmepaType Had-
HeTcs BoccTaHoBleHue Fe,03?

Pewienue. Beraucisem AG® peakiun:
AG®° = AH — TAS = 96,61 — 298 - 0,1 387 =+55,28 xJ[x.

Tak kak AG > O, To peakuus IPH CTAHAAPTHBIX YCIOBUSIX HEBO3MOXKHA;
Hao0OpOT, NP 3THX YCIOBHAX HACT OOpaTHAs peakuusl OKHCICHHUS Kele3a
(xoppo3swus). Haitmem temmeparypy, npu kotopoit AG = 0:

AH =TAS; T=AH/AS =96,61/0,1387 = 696,5K.

CnepnoBarenbHo, Ipu Temieparype =~ 696,5 K naunercst peakuust Boc-
cranoBnenust Fe,O; WHorma sty TemmepaTypy Has3bIBAIOT TeMIlepaTypon
HavaJia peakiiH.

Mpumep 5. Beraucnure AH®,AS® u AG®1 peakium, poTeKaIOMIeH 1Mo
YpaBHEHHIO:

Fe,04(k) + 3C=2Fe+ 3CO
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Bo3moxHa nu peakuust BoccTaHoBiIeHus Fe,O3 yriaepoaom npu Temie-
patypax 500 u 1000 K?

Pewenue. AH®xp u AS®yp Haxomum u3 cooTHomneHuit (1) u (2) Tak
e, Kak B mpumepe 3:

AH®°x.p=[3 (-1 10,52) + 2-0] — [-822,10 + 3-0] = -331,56 + 822,10 =
= +490,54 x/[x;

AS®y.p = (2:27,2 + 3:197,91) — (89,96 + 3-5,69) = 541,1 Jik/K.

Onepruro ['n60ca TmpH COOTBETCTBYIOIINX TEMIEpaTypax HaXOIWM W3
cootHomrennst AG°r =AH® — TAS;

AG®5p = 490,54 — 500-541,1/1000 = + 21 9,99 xJIx;
AG°®1000 = 490,54 — 1000-541,1/1000= -50,56 xJ[x.

Tak kak AGspy >0, a AGygpp < 0, To BoccTanoBneHue Fe,O3 yriepomaom
Bo3Mo>kHO ipu 1000 K u HeBo3moxkHO npu 500 K.
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6. XUMNYECKAA KWHETUKA U PABHOBECHUE

XuMHdeckasi KHHETHKa — YYCHHE O CKOPOCTH XMMHYECKHX DPEakIHi.
CKOpOCTh XMMHUYECKOH PEaKIUH M3MEPSIOT 10 M3MEHEHHIO MOJISIPHON KOH-
LEHTPAMd OJHOTO M3 PEarHpyIOIINX BEIIECTB B €AWHHUIY BpemeHH. CKo-
POCTh XMMHYECKOH PEaKkIWH 3aBHCUT OT IPHPOABI PEArHpYIOMINX BEIIECTB,
KOHIIEHTpAIUH, TEMIIEPAaTypsl U JeHCTBUS KaTaau3aTopa. 3aBUCUMOCTb CKO-
pOCTH XMMMYECKON peakIMyu OT KOHLEHTPAIMH PearupyroluX BELIeCTB BbI-
pakaeTcs 3aKOHOM AEHCTBYIOLINX MACC: CKOPOCTh XUMHYECKON peakIuu pH
MIOCTOSIHHOW TemIepaType MpsAMO IMPONOPLHUOHANbHA MPOM3BENECHUIO KOH-
LEHTpalMi pearnpyonux BeIecTB

v=khIB’.
rae V' ckopocTh peakuun; [A] [B] — MonmsipHBIe KOHIIGHTpAUK pearupyro-
[IMX BELIECTB; M H N K03 HIMEHTH! B ypaBHEHHH peakuun; K — koHcTaHTa
CKOPOCTH PEaKIfHy, 3aBHCSAIIAs OT MPUPOIBI PEarHpyOIINX BEIIECTB U TEM-
neparypsl. KomdecTBeHHAsI 3aBHCHMOCTD CKOPOCTH PEAKILHU OT TEMIIepaTy-
pbl BeIpaxkaetcs mpaBuiioM Bant-T'odda:
T,-T,

V,=V,-y 10

roe T, u T; — Temmeparypa peakuud; V, H V, — CKOPOCTH PEaKUUH IpH
JaHHBIX TEMIEpaTypax, y — TeMIepaTypHblil koaddurmeHt.

BonpiMHCTBO XMMHYECKUX peakiuii oopatumo. Korma ckopocty mpsi-
MOH M 00OpaTHOM peaklyi CTAHOBATCS OAMHAKOBBIMH, HACTYIAET COCTOSHHE
XMMHYECKOT0 paBHOBecHs. Il paBHOBECHOW CHCTEMBI

mA +nB = pC+gD
MATEeMaTU4Y€CKOEC BBIPAKCHUE 3aKOHA }:[CﬁCTBHSI MacCC UMECT BHUL

- _Ier-or.
* TIAI BT

B rtakoit opme 3aKOH ASHCTBYIOIIUX MAacC IJisl 0OpaTHMMOM peakIiu
MIPUMEHHUM TOJILKO B TOM ClIy4ae, eclid cucTeMa ToMoreHHa. Peakium, B KO-
TOPBIX KpOME Ta3000pa3HbIX M PACTBOPEHHBIX BEHIECTB YUACTBYIOT TaKkKe
TBEPIBIC BEIIECTBA, MPOUCXO AT HA TIOBEPXHOCTH TBEPIOTO BEIIECTBA, ILIO-
aap KOTOPOTO MPAaKTHYSCKH He MeHsieTcs. B 3ToMm cirydae KOHIEHTpanus
TBEPIOTO BEIIECTBA MPHUHUMAETCS 32 IMOCTOSIHHYIO BEJTMYHUHY M HE BXOJUT B
BEIpQYKEHUE CKOPOCTH XMMUYECKOH peakIu U, CIeJ0BATeIbHO, B BEIpaXKe-
HHUE KOHCTAHTHI PABHOBECHS. B TaKHX peakusix CKOPOCTh 3aBHCHUT TOJBKO OT
KOHIICHTPAIIUH ra3000pa3HbIX WINA PaCTBOPEHHBIX BEIICCTB.
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W3MmeHeHre yCIOBUIl CyNIECCTBOBAHHUS XMMHUYCCKOTO PABHOBECHS (TEM-
nepatypa, KOHIICHTpAlKs PEardpyroIlluX BEHICCTB, TABJICHUC) BBI3bIBACT
CMEIllCHHEe XUMHUYECKOT0 paBHOBecus. HampapiieHie, B KOTOPOM CMEIIAeTCs
paBHOBecHe, onperensietcs npunimmnom Jle [llarenpe: ecnu Ha cucTeMy, Ha-
XOJISIIYIOCS B COCTOSHMM XHMUYECKOTO PaBHOBECHS, OKa3aTh Kakoe-Tubo
BO3/IeiiCTBUE, TO PAaBHOBECHE CMECTUTCS B TAKOM HAMPABICHUH, YTO OKa3aH-
HOE BO3/ICHCTBHE OyAET 0CIabIIeHo.

Ipumep 1. Kak #3MeHATCS CKOPOCTH MPSAMOM 1 0OpaTHOH peakuuu:

Nz(r) + 3H2(r) = 2NH3(F)

ecr 00BEM Ta30BOW CMECH YMEHBIINTH B /1Ba pa3a? B kakyro cTOpoHY cMe-
CTHUTCSI pPABHOBECHE CHCTEMBI?

Pewenue. Tlpumem o6ozuagenus: [Ny] = a; [Hz] = b; [NHs] = ¢ — kon-
LeHTpalus 10 u3MeHeHus: 00béma. COrjgacHO 3aKOHY JCHWCTBYIOIIMX MAaccC
Vip = Kab3, Vosp= Kc?. Bcenencreue ymensieHust o0péMa B 2 pas3a KOHIICH-
TpaLHsl K&KIO0TO U3 PearnpyrollnX BEIIECTB YBEIUUUTCS B JBa pa3a. Cieno-
BaTeNBLHO,

V!, = K(2a)(2b)® = 16Kab?,
Vi, = K(2c)* =4Kc’.

OTcroma

v/ 3 V., 2
Vie _16Kab” _, o Vie _4Ke _,
v Kab Vi Kc

io
PaBHOBeCHE CHCTEMBI CMECTHIIOCH B CTOpPOHY 06pa30BaHI/IH aMMHuakKa.

IIpumep 2. VicxonHble KOHIIGHTpALMU HoJa U BOAOPOJA PaBHBI COOT-
BeTcTBeHHO 1 U 2 moaw/On®. Beranciure PaBHOBECHBIE KOHLIEHTpalUU Be-
mectB pu 450°C, ecnm npu 3ToM TemmepaTrype s peakmum: Hp+1,=2HI
KOHCTaHTa XuMmudeckoro pasHoBecus: K=50.

Pewienue. O603HaunM uepes [lp] u [H,], paBHOBECHBIE KOHIICHTpALIUU
fiona u Bogopona (B mons/on’). TIycTh K MOMEHTY YCTAHOBIICHHSI pABHOBE-
CHSI IPOPEarupoBao KOJIHIecTBo (Moas/0n° ) Bomopona, pasHoe X . Tak Kak
CTOJIBKO € IpOopearupyer u Hoja, TO KOJINYECTBO 0Opa3oBaBIIErocs HOIH-
cToro Bojgopona Oyaer paBuo 2X. PaBHOBecHasi KOHIlEHTpalus Homa Oyaer
paBHa 1-X, a paBHOBeCHasi KOHIIEHTpanus Bomopoaa -2-X. Jlns naHHO#M 00-
paTuMoil peakiuy 3aKOH AEHCTBYIOLIMX MacC BBIpaKaeTcsl 4Yepe3 KOHCTAHTY
paBHOBECHSL:

o [ 4X?
o SR T e xs
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Ortcrona X=0,93
Omeem: PaBHOBeCHBIE KOHIIEHTpauuy BerecTs npu 450°C:

F. = €-093 =107 momw/on’;
[1,] = (1 - 0,93) = 0,07 monvlor®
[HI]= (2 - 0,93) = 1,86 moav/on’
IIpumep 2. Bo ckonbko pa3 U3MEHUTCS CKOPOCTh MPSIMOM U 00paTHOMN
peaxIuy B CUCTEME:
280; (r) + O, (1) = 2S04(1)

eciii 00beM Ta30BOHM CMeCH YMEHBLINTH B TpU paza? B kakylo cTopoHy
CMECTHUTCS PABHOBECHE CUCTEMBI?

Pewenue. O0603HaYMM KOHLEHTPALUH PEArdPyOUINX BEIIECTB:
[SOz)= a, [O;] = b, [SO3]= ¢. CornacHo 3akoHY IeiCTBUSI Macc CKOPOCTH
V IIpsAIMOW M 00paTHOM peakluy 10 M3MEHeHHUs 00beMa

vy, = Ka%b; v, =E i”.

Ilocne ymenpmieHHss oObeMa T'OMOTCHHOM CHCTEMBI B TPH pa3a KOH-
LEHTpalys KaXJ0TO U3 pearupyonnX BeIIeCTB YBEIUYUTCS B TPHU pasa:
[SO,] = 3a, [0,] =3b; [SO3] = 3c. IIpu HOBBIX KOHIEHTPAIUAX CKOPOCTH
V' mpsiMoii 1 06paTHOMN peaKiuu:

vV, =K(3a)*(3b) = 27Ka’b ; V., = E.(3) = 9K’
v, ? V., K c?
Otciona: — = NL?b Y i _ 9 1c2 _g
Vi, Ka“b v, Kc

CrnenoBaTenbHO, CKOPOCTh MPSIMOIl peakuuy yBenuumiace B 27 pas, a
00paTHO — TOJBKO B JICBSITH pa3. PaBHOBECHE CHCTEMbI CMECTHIIOCH B CTOPO-
Hy obpaszoBanust SOj3.

IIpumep 3. Beruncianre, BO CKONBKO pa3 YBEIMYHUTCS CKOPOCTh peak-
IIUH, IPOTEKAIONIEH B ra30Boil (pase, mpu MOBHIIEHNH TeMnepaTypsl oT 30 10
70C°, eciu TemmepatypHOil K03 dHIMEHT peaKiuy paBeH 2.

Pewenue. 3aBUCUIMOCTb CKOPOCTH XMMHYECKOH PEAKIMM OT TeMIlepa-
TYpBI OTIPEIeIIeTCsl SMIMPUIECKUM IpaBuiioM Bant-T'odda o dpopmyne

70-30

10 4
Ve =V, 20 =v, 2" =16v,
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CrnenoBaTenbHO, CKOPOCTh PeaKIUU Vy, IpU TEMIEpaType 70°C Gonbie
CKOPOCTH peaKkUMH Vi IPU TEMIIEpaType 30°C & 16 pas.

IIpumep 4. Koncranta paBHOBECUS TOMOT'€HHON CHCTEMBI

CO (r) + H,O (r) = CO; (r) + Hp (1)

pu 850°C paBHa 1. Beruricinure KOHIIEHTPAIIMU BCEX BEUIECTB IPH PABHOBECHUH,
ecmu ucxoubie KoHeHTpamun: [CO] yex = 3 monb/n, [HoOlycx =2 Moib/m.

Pewenue. Tlpn paBHOBECHH CKOPOCTH HPSIMOM M OOpaTHOW peakiui
PaBHBI, @ OTHOLICHUE KOHCTAHT ATHX CKOPOCTEH IIOCTOSHHO M Ha3bIBACTCS
KOHCTaHTOU PaBHOBECUS JAHHOU CUCTEMBI:

Vip = K [COJ" [H20]; Vogp= Ko[CO,] -[Ho];
P (Pl B

e, KL

B ycnoBun 3amaun JaHel MCXOAHBIE KOHIIEHTPAINH, TOTJa KaK B BEIpa-
xeHue Kp BXOIAT TONBKO paBHOBECHBIE KOHIIEHTPAIMN BCEX BEILECTB CHCTE-
Mbl.  [IpeamomnokuM, dYT0 K MOMEHTY pPaBHOBECHS KOHIICHTpAIWs
[CO,]p = x Mmonp/n1. CoryiacHO ypaBHEHHIO CHCTEMBI YHCIO MoOJiedl 00pa3o-
BaBIIIErOCs] BOJOPOAA IIPH 3TOM OYyZAET Takke X Mousb/1. 1o cTosbKo ke Mo-
neit (x mosb/m) CO u HyO pacxonmyercst it obpazoBanus mo x mosieit CO, u
H,. CnenoBatenbHO, paBHOBECHBIE KOHIICHTPALIUHU BCEX YETHIPEX BEIIECTB

[CO,]p = [H; ]p = X MOJIB/T;
[CO]p = (3-x) Mo/
[H,O], = (2-x) mouxp/m.

3Has KOHCTAHTY PABHOBCCHUSA, HAXOJAUM 3HAYUCHHUC X, a 3aTCM HCXOIHBIC
KOHIICHTpAalu1 BCCX BCUICCTB

2

1= X
(3-%x)(2-x)
X2 =6 —2X — 3X + X%
5x =6, X =1,2 Mob/m.
Takum 06pa3oM, HCKOMbIE PABHOBECHBIE KOHIIEHTPALIUH:
[CO,)p = 1,2 MonB/T;
[Hy ]p = 1,2 monb/;
[CO)p =3-1,2=1,8 moJb/T;
[H,0], =2 - 1,2= 0,8 Mons/1.
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IMpumep 5. DHOoTepMuYecKas peakUys Pa3IoKeHHs MEHTaXJIOpHIa
¢docdopa nporekaeT 1Mo ypaBHEHHIO

PCls (r) 2 PCl3 (r) + Cl, (1);  AH =+ 92,59 x/Ix.

Kak HaJ0 M3MEHHTH: a) TeMIlepaTypy; 0) JaBiieHHe; B) KOHIIEHTPALUIO, YTO-
Obl CMECTUTH PAaBHOBECHE B CTOPOHY INPSIMON pEaKIMH — Pa3sIoKECHHS
PCl5?

Pewenue. CMelieHHEM WM CIBHIOM XHMHYECKOTO PaBHOBECHS Ha3bl-
BalOT W3MEHEHHE PAaBHOBECHBIX KOHLCHTPAIMH pearupyrolux BEIIECTB B
pe3ynbTaTte U3MEHEHHsI OJIHOTO U3 yCJIOBHH peakuuu. HanpasieHnue, B KOTO-
pPOM CMECTWJIOCH paBHOBecHe, ompenensiercss nmo npuHnumy Jle Illarense:
a) Tak Kak peakius pasioxenuss PCls sumorepmmdeckast (AH > 0), To ms
CMEIICHUSI PABHOBECHS B CTOPOHY NPSIMOH PEaKIMM HY>KHO MOBBICHUTH TEM-
neparypy; 0) Tak Kak B JaHHOU cucteme pasnoxenue PCls Bemer k yBenmnue-
HUIO 00beMa (13 OTHOM MOJIEKYJIBI Ta3a 00pa3yroTCs JBE Ta3000pa3HbIe MO-
JIEKYJIBI), TO AL CMEILCHUSI PABHOBECHSI B CTOPOHY INPSMON PEakIHMW Haao
YMEHBUIUTDL OaBJICHUEC, B) CMCUICHU paBHOBECHA B YKa3aHHOM HaIlpaBJICHUU
MOHO JIOCTHTHYTh Kak yBenuueHueMm KouueHrpaimu PCls, Tak 1 ymeHbIie-
nueM kourentpanuu PClsy wu Cl,.
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7. PACTBOPbDI.
CNOCOBbbIl BbIPAXEHUA KOHLUEHTPALIUN
PACTBOPOB

PacTBOpamMm Ha3BIBalOT TOMOTEHHBIE CHCTEMBI, COCTOSIINE U3 PAcTBO-
PEHHOTO BEIECTBA, PACTBOPHUTENS M NMPOAYKTOB MX B3amMoneictBua. Oc-
HOBHOW XapaKTEpUCTUKOM pacTBOpa ABIJISIETCS €ro COCTaB, KOTOPBIN BbIpaXa-
€TCsl KOHLICHTpaLen.

Konyenmpayueii pactBopa Ha3bIBacTCSl COJEp)KAaHHE PacTBOPEHHOTO
BEIIIECTBA B OIPENEICHHOM KOJIMYECTBE MM 00beMe pacTBOpa WM PacTBO-
purensi. CymiecTByeT JiBa METO/a BBIPAKEHHs KOHIEHTPAIMU PacTBOPOB:
Yepes Oe3pazMepHyr0 BEIHYUHY — JOJM (MaccoBas J0JIsl, MOJISIpHAs JIOJIs).
Yepes pazMepHbIC BETMYUHBI — MOJISIPHBIE MacChl.

Maccosas 0ona eewmecmea A (© (A) oMera) — 5T0 OTHOIIEHHE MACCHI
BemiecTBa (M(A)) kK Macce pacTBopa (M,.,). M3mepsieTcs B IOMAX €THHHUIIBL.
YacTto 3TOT BUA KOHOCHTpPAUWKU BBIPpAXXKAIOT B IMPOLECHTAX W HA3bIBAIOT IPO-
LIEHTHOU KOHUEHTpaLue.

o= m(A) -100%

mr”)féla

MaccoBast 1011 JaHHOTO BEIIECTBA, BHIpAXKEHHAsI B MPOLEHTAX, MOKa-
3BIBaeT, CKOJIBKO IpaMMOB BelecTBa coaepxkutcs B 100 r pactBopa. Hampu-
mep: 10% p-p NaCl — ato 3unauwur, B 100 r pactBopa comepxurcs 10 r NaCl u
Nr Hzo

Monsapnas oons pacmeopennozo sewpecmea (N(A)) — 310 OTHOLIEHHUE
YHCIIa MOJIb pacTBOpeHHOTo BemrecTsa (N(A)) K cyMMe MOJIb PacTBOPEHHOTO
BeecTBa u pacrsopurens (N(B)).

N(A) = — A
n(A) +n(B)
re N — 9UCII0 MOJIb BEIIECTBA,
A — pacTBOpEHHOE BEIIECTBO,
B — pactBopurens.
Monspnas 0onas pacmeopumens (N(B)) — 370 OTHOIIEHHE YKCIIA MOJIb
pactBoputens (N(B)) k cymMMme gucia MOJb PacTBOPUTENST U PaCTBOPCHHOTO
BemecTBa. (N(B)).

n(B
N(B) = (B)
n(B) +n(A)
OCHOBHOIT eMHUIICH KOMHYecTBa BemiecTBa — N (A) — SBISCTCSI MOJTB.
Monb — 3TO KOIMUYECTBO BELIECTBA, KOTOPOE COJNEPIKUT CTOJIBKO CTPYK-
TYpHBIX €IUHHI] (ATOMOB, MOJIEKYJI, HOHOB U T.I.), CKOJIEKO aTOMOB COJep-
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xures B 12 T yrnepona C*2. 1 moxs Bemectsa conepxxut 6,02-10% anemen-
TapHbIX 00beKTOB — ancio ABoraupo. N, = 6,02-10* . Macca Bemectsa m (A),
ero MomnspHas Macca M (A) i komudecTBo N (A) CBA3aHBI OTHOIICHHEM:

_m(A) mA) o
n(A) 3/ il u n(A)= M(A) Méd

Mousiprast macca BeuectBa M (A) xapakTepusyeT Maccy OJHOTO MOJIb
BEILIECTBA.
Monsapuaa konyenmpayusa N, (A) — 9To OTHOLIEHHE KOJIMYECTBA Pac-

TBOpEHHOTO BermecTra N (A) k 06bemy ero pactsopa (V).

R, (A) = ”(A)”eu/ (1 v = 1 ).

\Y
Cyi TIOKa3bIBAET, CKOJIBKO MOJIb PACTBOPEHHOTO BELIECTBA COAEPKUTCS B
m(A
1 (1 n) pactBopa. Tak kak N(A) = L ,
M(A)

C, (A):&‘ITéU 5, 1 amM®=1000cm®,

1 1=1000 mmn, 1 em® =1 mo..

3Has Cp(A), MOKHO BBIYHCIIMTH Maccy pacTBOPEHHOT'O BEIECTBA B 3a-
JTaHHOM 00BEMe pacTBOpa:

m(A)=C, (A)-1 (A)-V(r).

PacTBOpBI ¢ MOJSIPHOIT KOHIIEHTpalMe Ha3bIBAIOTCS MOJISIPHBIMH pac-
TBOpPaMH.

N, (HCI) = 111€l A‘I : — OJIHOMOJISIPHBIN PACTBOP.
N, (HCI) = 0,11l A i o — JIEUUMOJIAPHBII PacTBOP.
N, (HCI) = 0,0111€l AI 3 — CAaHTHUMOJIIPHBINA PacTBOP.
N, (HCI) = 0,00111€l AI 3 — MUJUTUMOJISIPHBIN PacTBOP.

0,1 M — IenUMOIIAPHBINA PacTBOpP,

OykBoOi «M» 0003HAYAETCS «MOJISIPHBIN» PACcTBOP.
0,04 M — "yeThIpeXCaHTUMOJISIPHBIN PacTBOP.

2 M — IBYMOJISIPHBIN pacTBOP.
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Monapnaa Konyenmpayua IK6UEANEHMA UL IKEUBATIEHIMHAA KOH-
1
yenmpayus C (EA) mwi C,; — 3TO YUCIIO MOJb YKBUBAJIEHTA BEIIECTBA, CO-

neprkamieecs B 1 am° pacTBopa.
Yucao MOJIb SKBUBAJICHTA BEIIECTBA ONpeeNsieTcss opMyIIoii:

1,0 __MA)

1
rac E — (baKTOp OKBHUBAJICHTHOCTHU BCUICCTBA.

M (A) — MonsipHast Macca BELIEeCTBa.
C(EA) - ‘m(—A)‘ITéU/\ ., W C(lA) _mA)-Z
z }/ZI (A)-V a z M(A) -V

Y CIIOBHO IPUMEHSIOTCS CIIEAYIOMNE 0003HAYCHUS !

1 N
C (E A)=1l€U AI s+ WU 1H pacTBoOp — 0HOHOPMAJILHBII PacTBOp.

1 190 .

C(EHzSO4) = ZIIGUAI s wim 2 1 H,SO, — nByHOpMABHEI pacTBOp
CEpHOI KUCIIOTBHI.

1 A .

C(ECUCIZ) = O,5“e'~’Ai s wii 0,5 H — NSTUIEIUHOPMANBHBII pac-
TBOP XJIOPHJA MEJIH.

Ecnu yncieHHble 3HaUYCHUsI MOJIIPHOH U 9KBUBAJICHTHOH KOHICHTPaLUH
COBHAAAIOT, T.c. Z = 1, TO ynoTpeOIISIOT CJIOBO «MOJIIpHEINAY. Hanpumep, s
2M pactBopa NaOH, 2M pactBopa HCI He HY»XHO MpPUMEHSTh BBIpAXKEHHE
21 NaOH, 2u HCI.

YacTo Ha IPaKTHKE MOJSAPHYIO KOHLECHTPALUIO SKBUBAJICHTA HAa3bIBAIOT
HOpMaJIbHOM KOHILIEHTpalHeil ¥ TOBOPST: HOPMAJLHOCTH PAcTBOpa paBHA,
Hampumep, 2 (IByM), T.e. 2H. B coBpeMeHHO# HHTepIpeTauy 3T0 03HAYALT:

1 -
C(=A) = 2HGU/\ \
7 al
Monapnaa konyenmpayus Cp, — 41CIO0 MOJb BELIECTBA, COJEpIKaliee-
cs B 1 Kr pacTBOpUTENS.

N(A) i
C,(A)=—"—= 10001l /.
(6-¢y)
HUIn
I (A)-m ea

(6-¢€9)

N, (A) =
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rae N (A) — KOIUYeCTBO BEHIeCTBa A,
m (A) — Macca pacTBOPEHHOIO BelecTsa (),
M (A) — monsipHas Macca BeniecTBa A (I/MoJIb),
Mp-ns) — Macca pacTBOpHUTENS (T).
Tump T(A) — onpenemnsieTcsi OTHOLMICHHEM MacChl paCTBOPEHHOTO Bellle-

ctBa (A) kK 00BEMY €ro pacTBoOpa.
Ay m(A) 3 ~
O(A)—TAi s MIIH %e .

Tutp mokaspIBaeT, CKOJIBKO I'PAMMOB PACTBOPEHHOT'O BEILIECTBA COIEP-
xurest B 1 em® (1 M) pacTBopa.

Hamnpuwmep, O(NaOH) = 0,08 %i 3.

3
3to0 3HauwmT, B 1 cM” pactBopa coaepxkurcs 0,08 r NaOH.
IInomnocms pacteopa (P) — OTHOIIICHHE MAcCHI PACTBOPA K €r0 00beMy.

m,. ... x
8- 3
p=—% % s, T.€. p TIOKA3BIBAET, KaKOBa Macca 1 cM” pacTBopa.
v, /i
5-5a
M; g =P V(afaa)

Hanpuwmep, p =1108 a NER

Ao 3Haunt, Macca 1 cm® pactBopa paBHa 1,108 r.
Hano:p=11 %i 2, V=200 cm>. Haiitu Maccy pacTBopa.
m, ., =11-200 = 2204

B mpakTHke MpUTOTOBICHHUS PACTBOPOB M MPH PEIICHUH 3a1ad MOXHO
MI0JIb30BaThCs (popMysamu repecyera 0JHOH KOHIEHTPALMH B IPYTYIO.

N, (A)=2020. gday - P10,
 (A) (A (Z ) M(EA)
z
HIH N(lA)=LM;
z 1 (A)
T.K. N(EA)ZW;TO N(EA):CI -Z.
z i (A)-V z
R o @000 .Gl A,
I (A)- (100 — w) 1000

1,y .1
CCA)-T (ZA
i CATGA)
1000
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s onpeneneHnst KOHIEHTPAIMU YK€ TOTOBOTO PEaKTHBA CYIIECTBYET
HECKOJIBKO c110c000B. Cpean HUX MPOCTHIMH B BBIIIOJIHEHUH M JIOCTATOYHO
TOYHBIMHU SIBJISIFOTCSI OOBEMHBIE METO/Ibl, OCHOBAaHHBIC HA PEAKLMSIX MEXIY
AJIEKTPOJMTAMHU, KOTOPBIE MPOTEKAIOT 10 KoHIA. [lo Tumy peakuun oObem-
HBIE METOJbI MOTYT OBITh Pa30WTHI Ha JIBE TPYIIIHI, 00beIuHsIIOmMue: 1) on-
pelnereH s, OCHOBaHHbBIC Ha PEaKIMAX COSIMHCHUS HOHOB (METOX HelTpanu-
3alM¥ U METOJ OCAXIEHHS W KOMIUIEKCOOOpa30BaHMSA) M 2) OMpENeICHHS,
OCHOBaHHBIC Ha PEaKUHUX IIEPEfadH ISKTPOHOB OT OJHOTO aTOMa HIIM HOHA
K Ipyromy (T.e. pa3HOOOpa3HbIE peaKIH OKMCICHISI-BOCCTAHOBIICHHS).

CyIIHOCT OCHOBHOTO IpHeéMa OOBEMHOT0 METOJa — THTPOBaHHMS, 3a-
KJIFOYaeTCsl B TOM, YTO K TOYHO OTMEPEHHOMY 00BEMY OIPEAEIIeMOro pac-
TBOpa TOCTENEHHO NMPWINBAIOT M3 OIOPETKH pabouuii pacTBOpP C TOYHO W3-
BECTHOW KOHLEHTpalued 10 TeX IMOop, MoKa He AOCTUTHYT TOYKH SKBUBA-
JICHTHOCTH.

TouKy SKBHBaJCHTHOCTH PETUCTPHPYIOT IO Pa3iMYHBIM MPH3HAKAM: IO
M3MEHEHHIO OKPAacKH TUTPYEMOIO PacTBOpa, IO BBINAJCHUIO OCaJKa, a Yalle
BCETO0, N0 M3MEHEHUIO OKPacKH MHANKATOpa. B Tex ciydasx, Koraa pacTBOPHI B
9KBUBAJICHTHOH TOYKE CBOSH OKPACKU HE M3MEHSIOT, B PACTBOP BBOASAT BCIIOMO-
raTeNbHbIC BEIECTBA — HHIUKATOPBL, 0 M3MEHEHUIO OKPACKH KOTOPBIX CYIAT O
3aBEpIICHNH peakiuy. [locie THTpOBaHMS U3MEPSIOT 1o OropeTke 00beM pado-
Yero pacTBOpa, 3aTPayeHHOro Ha PEAKIMIO U JENAl0T PacyeThI.

B »KkBHBajeHTHOM TOYKE KOJMYECTBA MPOPEArMpoOBaBIIMX BEIIECTB
IponopuruoHaJIbHbI UX 3KBUBAJICHTAM, 6,]'[31"0)18.1)5[ YEeMY MOXKHO ITPOU3BECTU
HeO6XOI[I/IMI)Ie BbIYUCJICHUA.

HpI/I OIPEACICHUU KOHICHTpAallUU MCETOJAOM THUTPOBAHUA ITOJIB3YIOTCS
3aKOHOM DKBHBAJICHTOB:

~ 1 N -1 ~
N(E A)- V, a (A)= N(E B)- Vi, a (A
wan R, (A)-V, (A) =K, (A)-V, (B).

ITpumep 1. Ckosibko Bozpl Haso npudasuth k 200 em® 68 % pacTBOpa

A30THOM KHUCIOTHI C MIOTHOCTRI0 p =148/  ;  uro6el momyuuts 10% pac-

fil
TBOD.
Pewenue. Haxoqum Maccy UCXOJJHOTO pacTBOpA.

m,, . =p-V m,, =200-14=2804

1(3-3a) 1(3-83)

HaXO,HI/IM Maccy a30THOM KHCJIOTHI B HCXOJHOM pacTBOpE.

m ®-M; 5 .2 y
O 1no,) = 22100 =>M o, :ﬁ, M o, =M =190,44.

(6-0a)
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T.x. 2-if pacTBOp MPHUTOTOBJICH METOJIOM Pa30aBJICHUS, TO COACPIKAHKE
A30THOM KHCIIOTHI B MEPBOM M BTOPOM PAcTBOpax OAHO U TO >K€. 3Has, YTO
KOHLEHTpauus Broporo pactBopa 10% u B Hem cogepxutcs 190,4 r azoTHOM
KHCJIOTHI, HaliJIeM Maccy BTOPOTO pacTBOpa.

o = 190,;10'100 ~1004 3
HaxoxnMm maccy mo6aBiieHHON BOJBI
M0 = Mo sy ~ Mg a
M 10 =1904 — 280 =1624()
Hatinem 06beM 100aBIEHHOM BOJIBL, 3HAs UTO Py ; =1 %i 3
o = % =1624ci ®

Ilpaguno kpecma. Ha mpakTHKe pacTBOPBI TOTOBATCS TaKXKe METOJIOM
pa30aBieHHs WK CMELIMBAaHKEM JIBYX PACTBOPOB Pa3IMUHOMN KOHICHTPAIINH.
B 3TOM ciydae Ayt BEIYHMCIIEHHS MAaCCOBBIX MM OOBEMHBIX OTHOIICHUH Me-
XKLy PacTBOpaMH MOJIB3YIOTCSA TPA(QUIECKHIM METOJOM HIIH «NpaAGUIOM Kpe-
cmay. JInst 3TOTO B JIEBOM BEPXHEM YIUIy 3alMCHIBACTCSl OOJIbINAs KOHICH-
Tpalysi, B JICBOM HIDKHEM — HU3IIAsi KOHIEHTpALus, B LEHTpe — Tpedyemas
KOHIIEHTpanus. B npaBoil 4acTH IyTeM BBIYUTAHUS MOIY4YalOTCS BECOBBIC
OTHOILIEHHS UCXOIHBIX PACTBOPOB.

Oo6mast popMyia «IIpaBuiIa KPecTa:

(0 ‘\—P 0 - 0 ,-Macca pacTBOpa ¢ MacCOBOH HONEH 0 |

/"

(0 2—)(0 1~ 0 , —Macca pacTBOpa ¢ MaccoBOM Jonew 0 ,
[IpuBeneHHas BhIIIE 3aa9a MOKET OBITH PEIICHA U «IIPAaBHIIOM KPECTay.

Pewenue: CooTBeTCTBYIONIAS BOJIE MaccoBasi JOJISl MPUHUMAETCS paB-
Hoi#t Hymto. Ha 10 BecoBbix yacTeit 68% pacTBopa a30THOM KHUCIOTHI HEOOXO-
JTUMO B35ITh 58 BECOBBIX uacTeil Bojbl. [lepeiifeM k 00beMHBIM OTHOILIIEHUSIM,
HCTIOJB3YS TUIOTHOCTH PacTBOPOB.

68 —> 10 BecoBbIX yacTeii 68% pacTBopa.

\/
/™)

58 BECOBBIX YaCTEN BOJEI.
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CocraBisieM IpONoOpLUIO:

E 10 fil  Hamo NpUGaBHTH 58 fii °H,0

K200 eM®—X. p; o =1%\ .

10
1,_4_58,X=1624 e’
200 - X

IIpumep. 2. TlpurotoButs 100 oM’ pactBopa KOH ¢ maccoBoit noneit
5% mu3 pactBopa KOH ¢ maccoBoit momneit 40% u Bogpl. Kakue o0bemMbl
BOJIBI 1 HCXOIHOTO PACTBOpA HAJIO B3STh?

Pagsss-sa = 1308 aﬁi 31 Pi =1 aﬁi 3

Pewenue: CocTaBisieM THATOHABHYIO CXEMY:

>» 5 BecoBbIX yacTel 40% pacTBopa.

x
5
0 /—> 35 BECOBBIX YaCTEH BOBI.

Haxonum 00beMBI:

V= _38fi°, V, =35fi °
1,308

Voom =35+ 3,8 =38,8 cm®

Haxomum o6wvem 40% pacTtBopa, HEOOXOIWUMBIA ISl TMPUTOTOBJICHUS
3
100 cm

38,8-38 .
0= 100-38 =981’
100 — x 38,8
Haxoanm 06neM BOIBI
38,8 -35 .
X = 35-100 =90,2¢i ®
100 — x 38,8

Ilpumep 3. Ckonbko rpamMm cyibdaTa aIIOMHHHUS TOTpeOyeTcs s
npurotoBieHus 500 eM® 0,3 H p-pa?
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Pewenue:
3anuiieM popMyITy SKBHBaJICHTHOW KOHIICHTPAIIHH:
~ N
N ALSO,),) =~ MOLEO), . mALSO.),)-Z .
z I (AL(S0,),)-V

1.,
21 (ALS0,),)-V
1 (AL,(80,),)=3428¢.

:1' Z=6.

1
Z
O6beM mepeBoanM B IlMS.
V =500c¢i ® =054 °®
m (AI2 (S0,),)=0,3-342. % -0,5=28,554.

Hpumep 4. Hailtu MOJSpHYIO, 3KBUBAJEHTHYIO, MOJISIPHYIO KOHIIEH-
Tpalil W TUTP pacTBOpa CEPHOM KHUCIOTHI ¢ MaccoBod pgoieit 20% wu

p:1,14%13.

Pewenue. Bocrionbp3yemcest popMyaMu mepecyera.

REH,50,)=20P 0 nctay-za A),
Z I ,(H,SO,) Z
- 10-p-0 a0
C (I,50,)=—-——_"Neu /.
(0200 0y /a
©-1000

_ i /.
| (H,S0,)-(100-w) /€4

. 10.20.114
N, (HZSO4)=T=2,32 ”euAi .

N,(H.S0,)

.1 N
— =2. = leu
N(ZH.80,)=2232=464 Aig

- 20-1000 -
N =———"— —255 neu /
°  98.(100 - 20) Aa
N T & . 2,32-98 5
O=——23/, 0== =022/,
1000 /fii ° 1000 AI :
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8. NOHHbIE NMPOLIECChbI

Peakmuu B pacTBOpax 3JEKTPOJIHUTOB, IPH KOTOPBIX HE INPOMCXOIUT U3-
MEHEHHUE 3apsI0B HOHOB, BXOIAIINX B COCIMHEHHE, Ha3bIBAIOTCS OOMEHHBI-
MU peakmusivu. Hampumep: umerotes asa snekrpomnta KA n KjA; (Ku Ky —
KaTHOHBI, A U A; — aHHOHBI), MEXIy KOTOPEIMH B PacTBOPE YCTAaHABIUBACT-
sl paBHOBECHE:

KA+KiA;, = KA+ KA

W3BecTHO, 9YTO paBHOBECHE B MOHHO-OOMEHHBIX PEaKIMAX B PacTBOpax
CcMelIaeTcs B CTOPOHY 00Opa3oBaHWsA HaMMEHEE ANCCOIMHUPOBAHHBIX COCIH-
HeHuil. HampaBnenne peakuuii HOHHOTO OOMEHA MEXIy IBYMS DJICKTPOJIH-
TaMH B PaCTBOPE OIPEAEISETCS BO3MOXKHOCTBIO 00pa30BaHMs MEX/IY UX HO-
HaM{ MaJIopacTBOPUMOI0, MaJIOZANCCOLMMPOBAHOIO0, a TAK)XE Ia3000pa3HoOTOo
COEIMHEHUS.

[Ipu BBIBOJE MOHHO-MOJIEKYJISIPDHBIX ypaBHEHHH HEOOXOIMMO IpUAEP-
XKHUBaThCs cIeayrommei GopMbl 3amucH:

@) CUIIbHBIE 3JIEKTPOJIUTHI CIEAYyeT MUCATh B BUAE OTICIbHBIX COCTaB-
JSFOIIMX WX MOHOB, JINOO MMEHHO B TAKOM COCTOSTHHH OHH HaXOISTCS B pac-
TBOPE;

0) cmaOble 3JIEKTPOJINTHI, Ta3bl, a TAKKE MAJIOPaCTBOPHMBIE COSTUHCHUS
CJIEyeT YCIOBHO IHCAaTh B BU/E MOJEKYJ, HE3aBUCHMO OT TOTO, SIBISIOTCS
OHM MCXOJHBIMH BelllecTBaMH WK IpoaykTamu. Hanpumep:

Peaxyus, uoywas c obpazosanuem ocaoxa:
AgNOgz+ NaCl = AgCI + NaNO3 — MOJIEKYIIIpPHOE YpaBHEHHE
Ag "+ Cl =AgCId — MIOHHOE ypaBHEHHE

O6pa306anue KOMNJIEKCHO20 UOHA.
HgJ, + 2KJ = Ko[HJJ]

- 2-
HgJd, + 2K* +2) =2K* + [HgJ,]
Hgdy+ 23 = [Hgda]

Obpasosanue cnabvix 31eKMpoIUMOo8:
a) obpazosanue 600bl
NaOH + HCI = H,0 + HCI

OH™+H" = H,0;

6) Obpazosanue cnabo20 0CHOBAHUSL:
NH,CI + NaOH = NaCl + NH,OH

NH," +OH =NH,OH;
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8) Obpazosanue ciaboil KUCI0mbi:
2CH;COONa + H,S0,= 2CH3;COOH + Na ,S0,

2CH;CO0 " + 2H* =2CH;COOH

2) Obpaszosanue 2a308:

Na,S +2HCI = 2NaCl+ H,ST
2.

S +2H*=H,ST

IIpouseedenue pacmeopumocmu

AOCONIOTHO HEPAaCTBOPUMBIX BEIECTB HET. B HACHIIEHHOM pacTBOpE
MaJIopacTBOPUMOTrO JJIEKTposnTa, Hampumep BaSO,, Haxonsmerocs B co-
MPUKOCHOBEHUH € TBEPIO# (a30ii, HEMPEPHIBHO MPOTEKAOT JIBa MPOTUBOIIO-
JIOKHBIX Hpolecca. B cocTosHMU paBHOBecHs, Korja o0a mporecca mpoTe-
KalOT C OJMHAKOBOW CKOPOCTBIO, 0Opa3OBaBIIAsCs IETEPOTCHHAs CHUCTEMa
OIpeIeNsIeTCS BRIPAKCHUEM:

e _
D > (A sc
Ot

TR DEEUEEERI

Ilepexon MOHOB B pacTBOp M OOpaTHBIN Hpolecc BHEAPCHHS HOHOB B
KPHUCTAJNINYECKYI0 CTPYKTYpPY TBEPJAOTO BEIIECTBA MPOUCXOMAAT JIUIIb HA €r0
MIOBEPXHOCTU. B TakoMm ciydae, Ha OCHOBaHHMHU 3aKOHA JEHCTBHSA Macc, CO-
CTOSIHUE PAaBHOBECHUS 3aBHCUT TONBKO OT MPOU3BEIECHHS KOHIEHTPALUU HO-
HOB, KOTOPOE Il JAHHOTO MaJOPaCTBOPUMOTIO JIEKTPOINTA SIBISETCS BEIH-
YHHOM MOCTOSTHHOM.

IIpousBeneHue KOHLEHTPALMU HOHOB B HACBILEHHOM PAacTBOpE Mallopac-
TBOPUMOTI'O 3JICKTPOJIUTA TIPEJCTABISET COOOH BEJIMYMHY IIOCTOSHHYIO —MpH
JTAHHOM TemIiepaType 1 Ha3bIBaeTcs Npou3BeaeHneM pactBopumoct (I1P).

st cynbdara 6apus 3Ta BeIMYHMHA ONPEEISIeTCs BRIPAKSHUEM:

+ 2-
K = [Ba® ][SO, ]=IIP Baso,

u cocramger 1,110 . pu 250C. Yewm Gompmre BenuuuHa [1P, Tem Oomnbiie
pactBopuMocTh. M3 mousaTus IIP BeITekaeT ycimoBue oOpa30BaHHS OCaIKOB:
TPYAHOPACTBOPUMBIH 3JIEKTPONIHUT BBIIANACT B OCAAOK, KOT/Ia IIPOU3BEICHNUE
KOHIIEHTpAIlUi €ro MOHOB B PacTBOPE CTAaHOBUTCS OOJjbIile BenuduHbl [1P.
310 OyAeT MOCTUTHYTO MPUOABICHUEM H30BITKA 3JICKTPOJINTA, COACPIKAIIETO
OoIHOMMEHHBIE HOHBI. PacTBopeHne ocanka OyJeT MPOUCXOANUTH TOTIa, KOT/a
[IPOU3BEICHNE KOHLUEHTPALUU €r0 MOHOB B PACTBOPE CTAHET MEHbILIE BEJHU-
guHEl [IP. DTOr0 MOXHO HOOWUTHCS, CBS3BIBAast OJUH U3 MOHOB, MOCHITACMBIX
0CaJIKOM B pacTBOp.

IIpumep 1. Hanucarb MOHHO-MONEKYINSpHBIE YpaBHEHMs peaKIHH
B3aUMOJEICTBUS MEXIY BOAHBIMH pAcTBOPaMHU CIEAYIOUIMX BELIECTB:
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a) HCI u NaOH; 6) Pb(NO3), u Na,S;8) NaClIO u HNO3; r) K,CO3 u
HQSO4; Z[) CH3COOH n NaOH.

Pewienue. 3anuineM ypaBHCHUS B3aMMOJCHCTBHS YKAa3aHHBIX BEIICCTB
B MOJICKYJISIPHOM BUJIE:

a)HCI+NaOH=NaCl+H,0

6) Pb(NOs3), + Na,S= PbS+2NaNO;

B)NaClO + HNO; = NaNO; + HCIO

r)K,CO3 + H,S0, = K;SO, + CO, + H,0

mCH3COOH + NaOH = CH3COONa + H,0

OTMeTuM, 4TO B3aUMOJCHCTBUE ITHUX BEILIECTB BO3MOXKHO, HOO 6 pe-
3yJbTaTC MPOUCXOIHUT CBS3BIBAHHEC MOHOB C 00pa30BaHUEM CIAOBIX AIICK-
tposuros (H,O, HIO) , ocanka (PbS), raza (CO,).

B peaximu (1) 1Ba claObIX AJICKTPOJIATA, HO TaK KaK. PEaKIMU UAYT B
CTOPOHY OOJIBIIIETO CBS3BIBAHUS MOHOB U BOJa — 00Jiee CIAOBIA 3JICKTPOIIUT,
YeM YKCYCHAasl KHCJIOTa, TO PAaBHOBECHE PEaKIMK CMEIICHO B CTOPOHY 00pa-
30BaHUs BOJbI. MICKITIOUMB OJMHAKOBBIC MOHBI M3 00CHX YacTeil paBeHCTBA
a) Na" u CI"6) Na* u NO75; 8) Na* u NO7; 1) K u SO%,; 1) Na', TOITyIIM
HOHHO-MOJICKYJISIPHbIC YPABHEHHUS COOTBETCTBYIOIIMX PEAKIIHIA:

a) H+OH = H,0

6) Pb?* + S*” = PbS

B) CIO + H" = HCIO

r) CO2~ +2H"= CO, + H,0

1) CH;COOH + OH = CH;COO + H,0

IIpumep 2. CocTaBbTe MOJIEKYNSApHbIE YpaBHEHHS PEaKIUi, KOTOPHIM
COOTBETCTBYIOT CJIENYIOIINEe HOHHO-MOJICKYIIpHbIE YPaBHCHHUS:

a) SO;*” +2H'= S0, + H,0

6) Pb** + CrO*,= PbCrO,

B) HCO'3 + OH'= CO3* + H,0

r) ZnOH*+H" = Zn** + H,0

Pewenue. B neBoli 4acTH aHHBIX MOHHO-MOJIEKYJISIPHBIX ypaBHEHUM
yKa3aHbl CBOOOJHBIC HMOHBI, KOTOPBIE O0Pa3ylOTCS MPH AMCCOLMAIMU pac-
TBOPHUMBIX CHJIBHBIX J3JICKTPOJMTOB, CJI€AO0BATCIIBHO, IIPU COCTABJICHHUU MO-
JIEKYJSIPHBIX YPABHEHHH CJeyeT UCXOJUTh M3 COOTBETCTBYIOIIUX PACTBO-
PHMBIX CHIIBHBIX 3J1eKTponuToB. Hampumep:

a) Na,SO; + 2HCI =2NaCl + SO, + H,0

0)Pb(NO;),+K,CrO,=PbCrO,+2KNO;

BKHCO; + KOH = K,CO3; + H,O

nZnOHCI + HCI=ZnCl,; +H,0
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9. TMAPONN3 CONEN

T'uaponmzom HasbIBaeTcs Jt00asi XUMUYECKask peakius OOMEHHOTO Xa-
pakTepa MeXIy BemecTBOM WM Bonoi. OH BO3MOXEH Ojaromaps AWUCCOIHA-

nun Moiekyn Bonsl: H,O & H'+ OH , B pe3ynbpTaTe KOTOpoil 0Opa3oBaB-
umecs nonsl H 1 OH B3auMOJIEHCTBYIOT ¢ BEIIECTBOM, CMellas PaBHOBE-
CHE IHCCOIMAIMH BOJBI BIPaBo. MeXaHN3M 3TOTO B3aMMOJECHCTBHS 3aKIIIO-
JaeTcs B TOM, YTO IPU PACTBOPEHUM COJNH B BOAE CONb IHUCCOLMHUPYET Ha
HOHBI, KOTOpbIE, pearupys ¢ noHamu Boawl, H' u OH', o6pasyior coemune-
HHSL OCHOBHOTO MJIM KHMCJIOTO XapakTepa. CssbiBanue uonos H' u OH B
TPYIHOPACTBOPUMOE HJIH CIIa00ANCCOLMUPOBAHHOE COCMHEHNE TIPHUBOIUT K
HAaKOIUICHHIO 3HAUYUTEIbHBIX KOJIMYECTB OJHOTO U3 yKa3aHHBIX HOHOB, a Cpe-
Jla U3 HEUTpaJIbHOM MEepEeXOAUT B LIEIIOUHYIO WIIM KUCIYIO.

C TOuKH 3pEHHUS COBPEMEHHBIX MPEACTABICHUHN O PAacTBOpax, TMAPOIN3
paccMaTpHBalOT KaK pe3yibTaT MOSIPU3ALMOHHOTO B3aHMMOJCHCTBHS MOHOB
COCAMHEHUS C MX THAPATHON 000704YKOi. XapakTep W CTENEHb pachaga Mo-
JIEKYJI THAPATHON OOOJIOYKH 3aBHCHUT OT NPHPOABI KATHOHA U aHHOHA COJIH:
4YeM CUIIbHEE MOJISIpU3YIollee JeUCTBUE HOHA, TeM B OOJbIIEH CTENEeH! Npo-
TeKaeT TUPOIIU3.

9.1. hoHHOe npousBeaeHne BoAbI

Bona guccouuupyer no ypaBuenuto: H 2O = H"+O0OH

[IponsBenecHre KOHIIGHTPAMH MOHOB BOJOPOJA M THAPOKCHI-HOHOB —
Kgo b WA K\ Ha3bIBaeTCs MOHHBIM MPOU3BEICHUEM BOIbI

K,=[H]-[OH ].
Tak kak B Boze [ H 1=1 OH 1= 10-7 MOJIB/JT., TO
[H'][OH ] = K =104

+ -7
B uamncroii Boge [ H] = 10 - B »ToMm ciydae cpena HazpIBaeTcs HeEW-
+ 7 + -7
tpansHOU, mpu [ H ] < 10 - menounoit, anpu [ H] > 10 — xucnoii. Bme-
CTO KOHIICHTPAIIMH MOHOB BOJOPOJIa YACTO IOJB3YIOTCSI BOJOPOIHBIM TIOKa-
+

sarenem (pH) (pH=-1g[H ]).

B neitrpansnoii cpene pH = 7, B menoydoit > 7, a B kucnon < 7. s
MPUOIM3ATENFHOTO ompeaeieHnss pH Mone3yroTcs WHIWKATOpaMu, T.€. Be-

II€CTBaMH, U3MEHSIOLINMHU CBOK OKPAacKy B 3aBUCUMOCTH OT LIEJTOYHOHN min
Kucyoi cpenbl. YacTo ¢ 3TOH LeNblo UCHONIB3YIOT: JIAKMYC, (eHondTanenH,
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METHUJIOpAaHIK, yHHBCpcaHLHbIﬁ HUHAWUKATOD, COCTaBJICHHBIA W3 CIICIuaJIbHO
HOZ(O6paHHI)IX BCIICCTB.

9.2. Cnyyau rmgponusa

B 3aBucHMMOCTH OT XapakTepa coid (MOJIAPHU3YIOIIeH CIIOCOOHOCTH HO-
HOB) BO3MOXKHBI CJICTYIOIIUE CIIy9a TUAPOJIH3a!

9.2.1. T'uapon3 Mo KATHOHY MJIM THAPOJIU3 COJIeid,
00pa30BaHHBIX CHJIbHBIMH KHCJI0TAMH U CJIA0bIMH OCHOBAHUSAMU

CuCl, +H,0 <= CuOHCI + HCI

2+ + +
Cu +HOH <= CuOH +H
B pE3yJIbTATE 06paBOBaHI/I$[ MaJIOAUCCONMHMPOBAHHOTO HOHA HapPYyHIacTCA
+

HOHHOE paBHOBECHE BOJIbI, B pACTBOpPE HaKaIIMBaroTCs HOHBI H + cpena cra-
HOBHTCS KHCJIOH.

9.2.2. I'uapo/iu3 1o AaHMOHY WJIM THAPOJIU3 COJIeH,
00pa30BaHHBIX CHJIbHBIMH OCHOBAHUSAMH M CJIA0BIMH KHCJI0TAMHU

Hanpumep: KCN+ HOH <& KOH +HCN
B nonnom Buze CN + HOH = HCN +OH

- +
1.e. HoHBI CN cBs3bIBaroTcst ¢ moHaMu H  Bozpl, 06pasys ciabomucconuu-
posanHble Moiekyiasl HCN, uto BemeT x HakoruieHuto B pactBope OH u
cpelia CTAHOBUTCS IIEJIOYHOM.

9.2.3. T'n1po.1u3 Mo KaTHOHY ¥ 10 AaHHOHY WJIH THAPOJIU3 COJIeid,
00pa30BaHHBIX CJA0BIMU KHCJI0TAMM U CJIA0BIMH OCHOBAHUSIMH

B sTOM ciyuae paBHOBecHE I'MAPOJIN3a CMEIICHO BIIPAaBO CUIIbHEE, YeM
B IIEPBOM U BO BTOPOM CIIy4asix, TaK KaK THIPOJIM3 COIPOBOXKIACTCSI 00pa3o-
BaHHEM CIIa00JNCCOLMUPOBAHHBIX KUCIOT M OCHOBaHWH. XapakTep cpelbl
OyJeT 3aBUCETh OT CHJIBI OOPa3yIOIIMXCS KUCIOT M OCHOBAaHMM, U MOXKET
OBITb OIpEe/eseH C IIOMOLIBI0 KOHCTAHT AUCCOLMAIIMU TOJyYEHHBIX MPOIYK-
TOB ruzapoimu3a. Hampumep, B cirygae ruaponmsa NH,CN:

NH,CN + H,0O = NH,OH + HCN

B nonnom Buze: NH4Jr +CN +HOH = NH,OH + HCN

Kn runpoxcuma ammonwus = 1,76 - 10-°,

K, cunmmbHO# kucaots = 6,2 - 1070,

[Ipn comocTaBieHNH, TPUBEJCHHBIX 3HAYEHHH KOHCTAHT JWCCOLMAINN
NIPOYKTOB I'MJPOIu3a BUAHO, 4TO K NH,OH > K: HCN, 3 4ero MoxHo

3aKJIIOYUTD, UYTO Cpella UMECT cna6omenquy}0 peaKkuuro.
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Conn, 00pa3oBaHHbIE CHIBHBIMU KHCJIOTAMU M CHJIBHBIMH OCHOBAHHUSIMH,
00a noHa coiu cnabonossipu3yeMsble, THAPOIN3y He nojasepratotces.. Komuect-
BEHHO TMJPONIN3 XapaKTepU3yeTCsl CTENEHbI0 THAPOJIN3a — 3TO OTHOILCHUE THJI-
POJIM30BAaHHBIX MOJIEKYJI K OOLIEMY YHCITy MOJIEKYJI COJIH, HaXOAsIIencs B pac-
TBOpe. OHa 3aBUCHT OT IPHUPOIBI CONMU U TeMIlepaTypbl. C yBeIMUEHHEM TeMIIe-
paTypsl U pa30aBIeHUS CTETICHb THIPOIN3a YBEIMIUBACTCSL.

Ipumep 1. CocTaBbTe HOHHO-MOJICKYJISIDHBIE M MOJICKYJISIPHBIC
ypaBueHus ruaposnusa coieit: a) KCN, 6) Na,COs3, B) ZnSO,4. Onpenenure
PEaKIHMIO CPeAbl PACTBOPOB 3THX COJICH.

Pewenue. a) lnanmn xamus KCN — comb cmaboit oqHOOCHOBHOM
kucnothl (tadn. 9) HCN u cunbroro ocroBanust KOH. Ilpu pactBopennu B
Boze MoneKynsl KCN T0MHOCTBIO AUCCONMUPYIOT Ha KaTHOHBI K 1 aHHOHBI
CN'". Karuonsl K* He MoryT cBs3biBaTh MOHBI OH™ Bogwl, Tak kak KOH —
cunbHel 3nekTponut. Arnonsl ke CN cBs3piBaroT nonsl H' Bozsl, 06pa-
3ys MoJtekyiisl craboro anekrponura HCN. Coib ruaponu3syercs, Kak TOBO-
PAT, 0 aHHOHY. VIOHHO-MOJIEKYISIpHOE YpaBHEHHUE THAPOIN3a

CN" + H,0 =HCN+ OH’

WM B MOJICKYJIIPHOM (hopme

KCN + H,0 =HCN+ KOH

B pesynbprare rumpossa B pacTBOpE MOSABISIETCS HEKOTOPBIM M30BITOK
nonoB OH , moatomy pacteop KCN umeer menounyro peakiuto (pH >7) .

0) Kapoonar natpusi Na,CO3 — conp  c1aboii MHOTOOCHOBHOI KHCIIO-
THI U CUJIBHOTO OCHOBaHUA. B 3TOM cilyyae aHMOHBI COJH CO?3 , cBsi3bIBas
BOJIOPOJIHBIE HOHBI BOJBI, 00Pa3yloT aHMOHKI Kuchoif comu HCO3, a me
moinekyisl H,CO3, Tak xak nonsl HCO3 IMCCONMMPYIOT TOpa3io TpyaHee,
yem Mosekynsl H,COjz;. B 0OBIYHBIX YCIOBHSX TMAPOJIM3 HAET 1O MEpBOH
crynern. Conb THAPONM3yeTCs MO aHWOHY. VIOHHO-MOJIEKYJSIpHOE YpaB-
HEHHE THIPOJIH3a:

CO%3+H,0=HCO3+OH"

WJIM B MOJISKYJIIPHO# (hopMe:

Na,CO3;+ H,O= NaHCO; + NaOH

B pactBope mosBnsiercss m30biTok woHoB OH™ , moaToMy pacTBop
Na,CO3 umeer menounyto peakiuto (pH > 7) .

B) Cynbgat nurka ZnSO, — cojib ¢1a00ro MHOTOKHUCIIOTHOTO OCHOBAHHUSI
Zn(OH), u cunproii kucnotsr H,SO4. B oToM ciydae kations Zn?* cBsisel-
BalOT THIPOKCUIIbHBIE HOHBI BOABI, 00pa3ysi KAaTHOHBI OCHOBHOW COJIM
ZnOH".O6pazosanue monekynZn(OH), He MPOMCXOAMT, TaK Kak HOHBI
ZnOH" nuccouuupyloT Topasjio TpyaHee, dem Mojekynsl Zn(OH),. B
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OOBIYHBIX YCJIOBHUSIX TMAPOJIU3 UJIIET 110 TepBoi cTyrneHu. Coib THAPOIIU3YyeT-
Cs1 110 KaTHOHY. FIOHHO-MOJIEKYJIIpHOE YpaBHEHUE THIPOIIN3a

Zn**+ H,0 = ZnOH'+ H'
WIHA B MOJICKYJISIPHOM (hopme

2ZnS0O, + 2H,0 = (ZnOH)2804 + H,SO,
B pactBope mosBisercss U30BITOK MOHOB BOJOPOA, MO3TOMY PacTBOP
ZnSO,4 umeeT kuciyrw peakiuio (pH < 7) .

Ipumep 2. Kakne npoayKkTsl 00pa3yloTcs MpH CMEUIMBaHUH PACTBOPOB
AI(NO3)3 u K,CO3? CoctaBbTe HOHHO-MOJICKYISIPHOE M MOJICKYJIAPHOS ypaB-
HEHUsI PeaKIuH.

Pewenue. Comp A(NO3); ruaponusyercst o katnony, a K,CO3 — mo
AHUOHY:

AP+ H,0= AIOH* + H*

COs> +H,0=HCO3 +OH_

Ecimi pacTBOpBI 3THX coseil Hax0aATCsl B OJHOM COCYJIE, TO HIET B3aMHOE
yCHIIEHHe THAPONM3a KaxkIoi u3 HuX, n6o nonsl H u OH™ o6pasytoT Mosekyty
ciaboro snexrponurta HyO. Ilpy 3TOM rHAPONUTHIECKOE PABHOBECHE CIIBUTACT-
sl BIPaBO 1 THAPOJIN3 KAKIOW M3 B3ATHIX COJIEH MIIET 10 KOHIIA ¢ 00pa3oBaHUEM
Al(OH); u CO, (H,CO3). MoHHO-MOMNEKYTISIpHOE YpaBHECHHE:

AI** +3C0%; + 3H,0 = 2AI(OH}; + 3CO,
MOJIEKYJISIPHOE YpaBHEHHE:
2A1(NO3)3 + 3K,CO;3 + 3H,0 =2AI(OH); + 3C0, + 6KNO;

Tabnuua 8
KoHcTaHTBI 1MCCONMAIITH HEKOTOPBIX CJIa0bIX 3J1€KTPOJIUTOB
Ha3Banue kucnotsl dopmyna Koncranra aucconnanuu

Asotucras HNO, K=4,0" 10_4

CepHucras H,SO4 K,=1,7 -10-2; K, =62 10-8
CHHUJIbHAS HCN K=72" 10

VronbHas H,CO, K;=45"10 B K,=4,8 10

VkcycHas CHsCOOH | k=18 10°
®ocdopHast HsPO, K=7,7 -10_3; K,=6.2 10% Ke=13" 10"

AmmHak NH; +H,0 | K=1,76 " 10
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10. KOMIMJIEKCHbIE COEOUHEHUA

OTnmunuTeNnsHON 0COOEHHOCTBIO KOMIUIEKCHBIX COEANHEHUH SBIISCTCS B
HUX HaJIW4ME CTPYKTYPHOM I'pYHIHMPOBKH, HA3bIBAEMOW KOOPAMHALIMOHHOM
ctepoit. OHa COCTONT M3 HEHTPAIBEHOTO aTOMa — KOMIIIEKCO00pa3oBaTels U
CBSI3aHHBIX HEIIOCPEACTBEHHO C HUM, JIMTaHIOB (aancHOoB). B kauectse

KOMIUIEKCOOOpa30BaTelisi Yalle BCEro BCTPEYAIOTCS MOHBI 0 — 3JIEMEHTOB.

3+ 3+ 2+

Hanpumep, 6ompiroe grcno komriekcoB m3Bectoo mit Cr , Ca , Cu
3+ 3+ 2+

Au , Fe ,Zn ¥ nnaTMHOBBIX METAIOB. JIMraHgaMU B KOMILJIEKCHEIX CO-

eanHeHusax vacto OeBarorT anmonsl: CN , NO, , Cl, Br, J, CNS, OH ,
(S,03)%, (CO3)*, (SO4)? u T.1., momsiprsie Mosekynsr: H,O, NHs, NO, N,H,
u npyrue. Yucno, mokas3pBaromiee, CKOJIbKO JIUTaHI0B, KOOPAUHUPYETCS BO-
Kpyr KOMIUIEKCOOOpa30BaTeysl, Ha3bIBACTCS KOOPAMHAIIMOHHBIM YHCIIOM.
Hambonee xapakTepHBIM JJIsi KOMIDICKCOB SBISIOTCS KOOPIUHAIIMOHHBIC
yucna 2, 4, 6, pexxe — 8, Kak IpaBUIIO, 3TO YUCIIO PABHO YABOCHHOM CTENEHU
OKHUCIICHHS LIEHTPAIFHOTO aToMa — KOMIUIeKcooOpasoBarens. B ¢opmymax
KOOpAWHAIIMOHHASI cdepa BBIIACIACTCS KBaIpaTHRIMH CKOOKaMH, €€ 3apsin
paBeH anreOpamdecKod CyMMe 3apsiIoB KOMIUIEKCOOOpAa3oBaTest W JINTaH-
10B. MoHBI, IPHCOCIMHSIONINECS CHAPYKH BHYTPEHHEH C(ephl, COCTABIIIOT
BHEIITHIOK C(epy KOMIUIEKCHOTO COSMHCHHS.

[TpumMepoM KOMIUIEKCHOTO COSMHEHUS MOYKET CITYKHUTh:

[Pt (NH3) 4] Cl, — xnopun tetpaammunruiatusst (11);

rae [ Pt(NHs);] — xoopaunanuonHast (BHyTpeHHssE) chepa;

2Cl — BHemHss chepa;

2+
Pt — xomriekcooOpa3oBarTesb;
NH3— nurannsr;
Koopaunanmonnoe yucio — 4.

3apsi] KOMILIEKCHOTO HOHA PaBEeH: Pt2+ +4NH? — [Pt (NH,), ]2+

OO6pazoBaHHEe KOMIUIEKCHBIX COEAMHEHUH OOBACHIETCS TeM, YTO IIeH-
TpaJbHBIA MOH (WM aTOM) CHJIbHEE B3aMMOIEHCTBYET C JIMTaH/AaMH, YeM C
JPYTUMH, UMEIOLUIMMHUCSA B KOMIUIEKCE YaCTHUI[AMHM, a MOITOMY YIEpXKHBAET
JIMTaHIbl OKOJIO ce0s1, 00pasysl KOOPIMHAIIMOHHYIO cdepy. ITO B3aUMOJIEH-
cTBHE OO0YCIIaBJIMBA€TCSI B OCHOBHOM TpeMsi (haKTOpamH: BO3HUKHOBEHHEM
JIOHOPHO-AKLENTOPHBIX CBSI3€d 3a CUET HEMOJCJIEHHBIX AJIEKTPOHHBIX Map
JIMTaHJIOB U CBOOOJHBIX OpOHTalIell KOMILJIEKCOOOpa3oBaTesis, HOHU3aLUeH 1
3MEKTPOCTATHIECKUM NPUTHKEHUEM.

Ha3BaHus KOMIUIEKCHBIX CO€IUHEHUII HAUMHAIOT ¢ aHWOHA, AaHAJIOTHY-
HO Ha3zBaHUAM coneil: CrCl; — xmopun xpoma, CuSQO,4 — cynbdat Menu o T.11.,
IIPU ATOM YKa3bIBAIOTCA YMCJIO U HA3BaHUE JIMTAHAOB U CTENEHb OKHUCICHUS
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neHrpansHoro aroma. Monekynsl H,O 1 NHz 0603Ha4yaroTcst cOoTBETCTBEH-
HO «(AKBA» 1 «<AMMMUH».
Hanpumep:

[Cr (NH3)s ]Cl3 — x0pun rexcaammunxpoma (I11);
[Cu(NH3)4 ]SO4 — cymbdat Terpaammuamenu (11);

Eciy KOMIUIEKCHBIH MOH SIBIISIETCSl aHUOHOM, TO U Ha3BaHUE COCIHHE-
HUSI HAUWHAETCS C Hero, HOo ¢ jpobaBneHneM cyddurkca — «at» K Ha3BAaHHIO
KOMIIIEKCO00pa30BaTeIIs:

K4[Fe (CN)g | — rekcanmanogeppar (I1) xamus;
Nay[Be (OH), ] — Terparnnpoxcobeprmmtat(Il) Hatpus.

B pacTBOpax KOMIUIEKCHBIE COEANHEHUS JUCCOMHMPYIOT Ha KOMILIEKC-
HBII MOH M TIPOTHBOIIONIOXKHO 3apsHKEHHBIC MOHBI BHEIIHEH cdepsl (mepBHd-
Hast aucconuanys). Tak, Hampumep:

K,[ZN(CN), ] = 2K* + [ ZN(CN)s T~

B BomHBIX pacTBOpax 3Ta JUcCOLMAanus MPOTEKaeT MPAKTHYECKU MOJI-
HocThI0. OIHAaKO, KpOMe TaKoH JUCCOIMAIIUH, BCETAa IPOUCXOIUT, XOTA U B
MeHbIIIeH CTeNeHH, pacma] KOMIIEKCHOTO MOHA (BTOpPHYHAs JUCCOIMALIUS),
HaIpuMep:

[Zn(CN), 1~ =Zn? + 4CN’

Bropuunas aucconmanysi XapaKTepU3yeTcsi HAIMIHEM PaBHOBECHS Me-
KTy KOMITICKCHOM YacTHIeH, IIEHTPaIbHBIM HOHOM U JuraHgamu. [Ipu sTom
CTETIeHb IUCCOIMAIIAN 3aBHUCHT OT MPOYHOCTH BHYTPEHHEH CQepsl KOM-
IJICKCHOT'O COEIUHEHHS.

J1st XapakTepUCTUKUA MPOYHOCTH KOMIUIEKCA BBEACHO TOHSATHE KOH-
ctaHThl HeCTOMKOCTU (K eer), KOTOpaAst mpeacTaBiseT coO0M KOHCTAHTY paB-
HOBECHSI IUCCOIMAIIMY KOMIUIEKCHOTO HOHA. Tak, AJisl yKa3aHHOTO Mpollecca:

e _ [Zn*]-[CNT

" [[Zn(CN),T]

Uem MeHbIlIE BETMYMHA KOHCTAHThl HECTOMKOCTH, TEM MPOYHEE JTaHHBII
KOMIUIEKCHBIN HOH.

K xoMIuiekcHBIM COCIMHCHUAM OTHOCSATCS TAKXKE U I[BOIjIHI)Ie COJIk, KO-
TOpBIE TIPEJCTABISAIOT COOOM COEOMHEHHUS C MajJoyCTOHYMBOW BHYTpEHHEH
chepoii. O603HAYAIOT WX WHAYE, YeM KOMIUIEKCHBIE COSIMHEHUS, 2 UMEHHO,
KaK COCIUHEHHUS MOJIEKYJ, HallpuMep:

2-
K,SO, " Fex(SOs); == 2K" + 2Fe® +450,
K,S0, - Al, (SO4); = 2K + 2A1*" +4 SO,
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Ipumep 1. Onpeenure 3apsi KOMILIEKCHOTO HOHA, KOOPANHALMOHHOE
amcIio (K.4.) ¥ CTEIeHb OKMCIICHHS KOMIIIEKCOOOPa30BaTeIs B COCIMHEHUAX:
a) K4[Fe(CN)g]; 6) Na[Ag(NO,).]; B) Kz[MoFs]; ) [Cr(H0) 2(NHs) sCIJCl,.

Pewenue. 3apsj KOMIIEKCHOTO MOHA PaBEH 3apsily BHEUIHEH cgepsl,
HO TIPOTHBOIOJIOXKEH eMy IO 3HaKy. KoopIHHAIIMOHHOE YHCIIO KOMIUIEKCO-
oOpasoBarenst paBHO YHCIY JIMTAHAOB, KOOPJHMHHPOBAHHBIX BOKPYT HETO.
CTeneHb OKHCIICHUS KOMIUIEKCOOOpa3oBaTelsl ONMpeieNseTcsl Tak ke, Kak
CTEIeHb OKHCIICHHS aTOMa B JIIOOOM COSIMHEHUH, UCXOIS U3 TOT0, YTO CyM-
Ma CTeIleHel OKHCIICHHS BCeX aTOMOB B MOJICKYJIC PaBHO HYJIFO. 3apsiiabl Hell-
TpansHBIX MoJekyn (H,O, NH3) paBHBI Hymo. 3apsapl KHCIOTHBIX OCTaTKOB
OTIpENeTsIIoT 13 (POPMYI COOTBETCTBYIOIIMX KUCIOT. OTCroza:

3apsy uoHa K.4. CreneHb OKUCICHUS
a) -4 6 +2
6) -1 2 +1
B) -2 8 +6
r) +2 6 +3

Hpumep 2. Hanumvre BbIpaskeHUE AJ1 KOHCTAHTBl HECTOMKOCTU KOM-
4-
mrekca [Fe(CN)g] ™.

Pewienue. Ecmu komiutekcHas conb rexcannanodeppar (I1) xamus, sB-
JSISICh CHIIBHBIM SJICKTPOJIUTOM, B BOJAHOM PacTBOpe HEOOPATHUMO IHCCOLMHU-
pyeT Ha MOHBI BHELIIHEH 1 BHYTpeHHEH cdep

K, [ Fe(CN)g] =4K" + [ Fe(CN)g]*

TO KOMIUICKCHBIN HOH AUCCOLIMUPYCT 06paTI/IMO M B HE3HAYUTCIHLHOM CTEIIe-
HH Ha COCTABJIAOIIHNE €0 YaCTUIIbI:

[ Fe(CN)s]* = Fe* + 6CN-

OOpaTiMBIi ITpoecc XapakTepu3yeTcsi CBOei KOHCTaHTOH paBHOBecHS,
KOTOpasi B IaHHOM Cllydae HasbIBaeTcs KOHCTaHTOH HecroikocTH (Ky) xom-
TUIeKCa:

g,, - e TICN T
“ ~ [[Fe(CN),I']

Yewm menbre 3aaueHme (K i), Tem Oomee mpoveH NaHHBIH KOMIUICKC.
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11. OKUCJIUTEJIbHO-BOCCTAHOBUTEJIbHbIE
PEAKLWU

OKHCIUTENbHO-BOCCTAHOBUTEIBHBIMU PEAKIMAMH Ha3bIBAIOTCS peak-
LMY, COIPOBOXKIAIOIIUECST IIEPEXOAOM DJIEKTPOHOB OT OJHHUX aTOMOB WU
HOHOB K npyruMm. OOpa3oBaHue Cyib(uaa xKejie3a U3 MPOCTHIX BEIISCTB —
JKeJie3a U cepbl — NPOCTEUIINN NPUMEP OKUCIUTEIbHO-BOCCTAHOBUTEIBHOMN
peakuuy, B Ipouecce KOTOPOH aToOM XKelle3a, Tepss ABa 3JIEKTPOHA, OKHUCIA-
€TCsl, MPEBpAIAsiCh B IOJIOKUTEIbHBIA JBYXBAJICHTHBII HOH — IpoIecc
OKHUCJICHUA.

Fe® - 28=Fe™

a aToM CE€phI, IIpUHUMAsA JABa DJIEKTPOHA, BOCCTAHABJIMBACTCA W CTAHOBUTCA
OTPULOATEIIbHBIM ABYXBAJIEHTHBIM HOHOM — IIPOLECC BOCCTAHOBJICHUA:

0, 7= _ a2
S'+2e=S

OKHCITeHHE KeJe3a POU30IILIO 38 CUET CEPhI, K KOTOPOH MEePEXOIAT €ro

SIIEKTPOHEBI, BoccTaHOBIIEHHE Cephl MPOU3OIIIO 3a CYET ITEKTPOHOB JKEIe3a.

OKHCITHBIIEECS JKETI€30 BBITOIHSIIO B 3TOM peakiMu QYHKIMIO BOCCTAHOBH-

TEJIs, 4 BOCCTAHOBUBIIAACA Cepa — (1)yHKLlI/IIO okucauTens. Takum 06pa30M,
OKHUCJINTECIIb BOCCTaAaHABJIMBACTCs, @ BOCCTAHOBUTCIIb OKHUCIACTCA.

Fe’+S°= Fe*" + S%

Boruucnenne ko3 QUIMEHTOB B OKUCIUTEIbHO-BOCCTAHOBUTEILHON
peakyy HaYMHAIOT C YCTAHOBIEHHSA TAKOTO COOTHOLICHHS MEXKAY YUCIOM
MOJIEKYJl OKHUCJIUTENS] U BOCCTAaHOBUTENS, IPU KOTOPOM KOJIMYECTBO 3JIEK-
TPOHOB, MPUOOPETAEMBIX OKUCIHUTENIEM, PABHO KOJIMYECTBY 3JEKTPOHOB, Te-
pSAEMBIX BOCCTAHOBHTENEM. [ 3TOro mpeaBapUTEIbHO COCTAaBIISIOT CXEMBI
Iepexoa JJIEKTPOHOB OT BOCCTAaHOBUTENSA K OKUCIMTEN0. B Hacrosmiee
BpEMs1 HCIOJIB3YIOT JiBe (hOPMBI OJI0OOHOTO posia cxeM. B ofHOW U3 HUX YHC-
JIO 3JIEKTPOHOB, MEPEXOIAIINX OT BOCCTAHOBUTEIS K OKHCIUTENIO, yCTaHAB-
JIUBAETCS, HCXOAS U3 U3MEHEHUS COCTOSHHS OKHCIICHHS aTOMOB WJIM HOHOB,
BXO/SIINX B UX cOCTaB. JTa popMa MOXKET OBITh HCIIOJIb30BaHA JUIS OKHCIIH-
TENBbHO-BOCCTAHOBUTENBHBIX IPOLIECCOB, MPOTEKAIONINX KaK B PacTBOpax,
TaK ¥ P BEICOKHMX TEMIIepaTypax (IPOIecChl TOPEHUsl, 00KHUra, CTIaBICHUS
u 1.71.). OnpeneneHne cOCTOSHUSI OKUCICHUS OTJEIbHBIX aTOMOB B MOJIEKY-
JIaX OKUCIIUTENEeH U BOCCTAHOBHUTENEH OCHOBAHO HA MPEAINOI0KEHHM, 4TO
BCE CBSI3M B HUX MMEIOT HOHHBIN XapakTep. Takoe MpeanoaoxKeHne SBIseTcs
YCIOBHBIM M BeChbMa JAJIEKUM OT JAEHCTBUTENBHOW KapTHHBI XHMHUYECKUX
cBs3eil. s OKUCIUTENbHO-BOCCTAHOBUTEIbHBIX PEAKIUM, IPOTEKAOIINX B
BOJIHBIX PacTBOpAax, MPEIIIOYTHTENbHEN IO0JIb30BaThC NPYTrUMHU (hopMaMu
CXeM, B KOTOPBIX (YHKIIMIO OKHCIUTEISI U BOCCTAHOBUTENS BBIIOIHSAIOT pe-
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aJIbHBIE MOHBI U MOJIEKYJNBI, & HE aTOMBI B HEKOTOPOM YCJIOBHOM COCTOSIHUU
OKHUCIICHHUSL.
Hanpumep:

NO, - NO;
MnO, — Mn%*

Takue nepexo/ibl CONpsHKEHbI B OOILEM CIIydae ¢ y4acTHEM B HUX MoJle-
KyJ BOJIBI MM COEpIKaIMXcs B pactBope noHoB H' u OH . Otciona crexy-
€T, YTO BO B3aMMOAEHCTBUE C HOHAMH HIIM MOJIEKyJIaMH OKHUCIIHTENS U BOC-
CTaHOBUTEISI MOT'YT BCTYIATh HJIHM, HA000POT, OBITH MPOIYKTAMH PEaKIHH

a) B KHCIIOH cpelie — MOJIEKYIBI BOJBI I HOHBI H* ~

0) B IIEIOYHOM Cpeie — MOJIEKYIIBI BOAbI U HoHBI OH -

B) B HEHTpanbHOIT cpesie — MoTeKybl Boabl, Housl H' 1 OH .

IIpn BEIBOAE MOJIEKYJISPHO-MOHHBIX YpPaBHEHHH OKHCIHTEIHLHO-BOC-
CTaHOBUTEIBHBIX PEAKIUH CIEAYET IPUAEPKUBATHCS TOH ke (HOPMBI 3aIHCH,
KOTOpasi IPUHSTA JUI ypaBHEHNH peaknuii OOMEHHOTO XapaKkTepa, a UMEHHO:
MaJIOpacTBOPHUMBIE, MAJIOIUCCOLMHPOBAHHBIC U JIETYYHE COSANHEHUS CIIeNy-
€T IUCcaTh B BUJE MOJICKYII.

+7 +3 +6 +5
a) 2KMnQ,4 + KNO; + 2KOH — 2 K,MnO, + KNO3 + H,O
(cpena menoynas)
2 MnO, +&->MnO/>
1 N02 -26+20H — N03 + Hzo
2MnO, +NO, "20H — 2 MnO,* + NO; + H,0
+7 -2 2+ 0
6) 2KMnO, + 5 H,S + 3 H,SO, = 2MnSO, + 5S + K,SO, + 8 H,O

(cpena xucmas)

2 MnO, + 8H" + 58— Mn®" + 4H,0

5 H,S - 26— S°+ 2H*
2MnO, + 16H'+5H,S —>2Mn* +8H,0+5S°+10H*

+7 +3 +5 +4
B) 2KMnO, + 3KNO, + H,0 — 3KNO; + 2MnO, + 2KOH
(cpena neiitpanbHast)

2 MnO, + 2H,0 +3 & - MnO,+ 40H

3 NO, +H,0 -2& - NO, +2H" )
2MnO, + 7H,0 + 3NO , — 2 MnO, +80H” + 6H"+ 3NO,

Lo
) 6H,0 +20H_
2MnO,” +H,0 +3NO; —> 2 MnO, + 20H +3NO;
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B oKknCIHTENFHO-BOCCTAHOBUTENHFHON pEaKIUN 00s3aTeIbHO yJ4acTHe
OKHUCITUTENS M BOCCTAHOBHUTEIS, IPUIEM, €CIIM UCXOIHBIM B PEAKIINU SBISCT-
Cs1 OJTHO BEIIECTBO, TO OHO HEOOXOINMO BKIFOHYAET B CE0SI OKHCIUTENb U BOC-
CTaHOBUTENb. Tak, B PeaKIuu:

2KCIO; = 2KCI + 30,

CI"® B KCIO; okucautens, a O BOCCTAaHOBUTEIIb:
CI*® +68 — CI™

207~ 48 - 0;°

Takue peakImi OTHOCSTCS K PEaKIHsIM BHYTPUMOIICKYIIIPHOTO OKHCIIe-
HUS — BOCCTAHOBIICHHUSL.
B peaknuu xe 4 KCIO; = 3KCIO, + KCI

onma gacTb aroma Cl*° BEIONHSET (YHKIMIO BOCCTAHOBHTEIS 110 CXEMe:
Cl*-28 — CI

a npyras 4acth — (YHKIUIO OKHCJIHMTENS, BOCCTAHABIUBASCH MPH ITOM IO
cxeme: CI™°+ 68 — CI?

[IporCXOUT CAMOOKHCIIEHHE — CAMOBOCCTAHOBIICHUE CI™ Takue peak-
LUK HA3bIBAIOTCSI PEAKI[USIMH TUCIIPOTIOPIIHOHUPOBAHUSL.

HpnMep 1. Vcxons u3 cTCIeHU OKHMCIICHHUS (n) a30Ta, CEpeI 1 MapraH-
oa B COCAUMHCHUAX NH3, HNOz, HNO3, st, H2803, H2804, MnOZ, KMnO4,
OIIpEACINTEC, KaKUE€ U3 HUX MOTYT OBITE TOJIEKO BOCCTAaHOBUTCIISIMH, TOJIBKO
OKHUCIUTCIIIMA U KaKUEC MPOABIAIOT KaK OKUCIUTECIbHBIC, TAK 1 BOCCTAHOBHU-
TEIBHBIC CBOMCTRA.

Pewenue. Crenenp okucierus N (N) B yka3aHHBIX COCMHEHUSIX COOT-
BETCTBEHHO paBHa: -3 (Hu3iuas), + 3 (mpomexyrouHas), +5 (Bbicmias); N (S)
COOTBETCTBEHHO paBHa: -2 (Hum3mas), +4 (mpomexyrouHas), +6 (BpIcimas); N
(Mn) cooTBeTcTBeHHO paBHA: +4 (mpomexyTouHas), +7 (Beicmas). OTcroaa:
NH3;, H»S — Tonbko Bocctanoutenu; HNO;, H,SO,, KMnO, — Tonbko okuc-
murenn; HNO,, H,SO3, MNO, — oOKHCITHTENN U BOCCTAHOBUTEIH.

IIpumep 2. Moryr 7M HPOUCXOIWTH OKHCIUTEIBHO-BOCCTAHOBH-
TeIbHBIC PEAKIMK MEXIy cienyronumu Bernectamu: a) H,S u HI; 6) HyS u
HzSO3; B) HZSO3 n HC|O47

Pewenue. a) Crenenp okucienus N (S) 8 H,S =-2; n (1) B HI = -1. Tax
KaK M cepa, U HOJ HaXOAATCS B CBOCH HHM3IIECH CTENEHH OKUCIEHHs, TO 00a
B3STHIE BEILECTBA MPOSBIIIOT TOJHKO BOCCTAHOBUTEIILHBIC CBOICTBA M B3au-
MOJICUCTBOBATH JPYT ¢ Apyrom He moryt; 6) N (S) B HyS = -2 (ausmas); n
(S) B H,SO3 = +4 (mpomerxyrtounasi). CieoBaTesibHO, B3aUMOJICUCTBUS ITHX
BEIIECTB BO3MOXKHO, mpudeM H,SO; sBisercs okuciurenem; B) N (S) B
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H,SO; = +4 (npomexyrounas); n (Cl) B HCIO, = +7 (Bbicmias). B3sareie
BEIeCTBa MOTYT B3ammojeiicTBoBarh. HySO3 B 3TOM ciydae OymeT MposiB-
JISITh BOCCTAHOBHTEIBHBIC CBOMCTBA.

IIpumep 3. CocraBbTe ypaBHEHHS OKHCIMTEIbHO-BOCCTAHOBHUTEIBHOU
peaxiuu, UayIeH no cxeme

+7 +3 +2 +5
KMnO, + H;PO;3 + HzSO4 - MnSO4 + H3PO4 + K2804 + H,0O

Pewenue. Ecn B ycIloBHY 3324yl aHBI KaK MCXOIHBIC BEILECTBA, TaK M
HPOIYKTHl MX B3aMMOJICHCTBHS, TO HAIMCAHWE YPABHCHHS PEaKLMU CBOIUTCS,
Kak IpaBiIo, K HAXOXKICHUIO M paccTaHoBKe K03 ¢ummenToB. Ko dumeHTs!
OIIPENEISIOT METOJOM DJIEKTPOHHOTO OajlaHca ¢ MOMOILBIO HJIEKTPOHHBIX YpaB-
HEHUH. Bpruncisem, Kak U3MEHSIOT CBOIO CTEHCHb OKHCIICHHSI BOCCTaHOBHTEIIb
1 OKHCIIHTEIIb, U OTPAXKAeM 3TO B SJIEKTPOHHBIX YPABHECHHUX:

BOCCTQHOBHTEIb 5 P _2e = P%* MIPOILIECC OKUCIICHUS

OKHCIIUTEIb 2 Mn’*+ 5e'= Mn?* IIPOLIECC BOCCTAHOBJICHUS

OO61ee 4nciIo IEKTPOHOB, OTIAHHBIX BOCCTAHOBHUTENEM, JODKHO OBITH
PaBHO YHUCIY AJIEKTPOHOB, KOTOPOE MPUCOENHSIET OKHUCIUTENb. ObLiee Hau-
MCHBIICC KPATHOC JId OTAAHHBIX U MIPUHATBIX 3JICKTPOHOB ACCATDH. PaSI[eJ'II/IB
9TO YKCJIO Ha 5, mosydaeM KO3()GUITHEHT 2 JIsi OKUCIIUTEIIS U MPOIYKTa €ro
BOCCTAaHOBJICHUS, a npu AeneHuu 10 Ha 2 momywaeMm koddduiueHt S s
BOCCTaHOBHUTEIISI U MPOAYKTa ero okucieHus. Koadduunenrt nepex BemecTt-
BaMH, aTOMBI KOTOPBIX HE MCHAIOT CBOIO CTCIICHb OKUCJIICHHSA, HAXOAAT MOJ-
00poM. YpaBHEHHE PEaKIui OyIeT UMETh BUJ:

2KMnO, + 5H3PO; + 3H,SO, = 2MnSO, + 5SH3PO, + K,SO, + 3H,0

IIpumep 4. CocraBbTe ypaBHEHUE pPEaKLMU B3aUMOJEUCTBUS LMHKA C
KOHILICHTPUPOBAHHON CEPHOM KHCIIOTOW, yUHMTHIBAs MaKCHMallbHOE BOCCTa-
HOBJIEHHE TIOCIIeTHEH.

Pewenue. 1{unk, xak 1000 MeTasll, MPOSBIAET TOJIHKO BOCCTAHOBH-
TeIbHbIEC CBOICTBA. B KOHIIECHTPUPOBAHHON CEPHON KHCIIOTE OKUCIUTEIBHYIO
¢byHKIMI0 HeceT cepa (+6). MakciuManbHOe BOCCTAHOBJICHHE CEPbl 03HAYAET,
YTO OHAa NPHOOpeTaeT MUHUMAIBHYIO CTENEeHb OKHCICHHA. MHHMMaibHas
CTeTIeHb OKUCIICHUS cephl Kak P-anemenTta VIA rpynmer paBHa -2. [{uHK Kak
Metaiu |IB rpynmel uMeeT MOCTOSHHYIO CTENeHb OKUCIeHHs +2. OTpaxaeM
CKa3aHHOE B JIEKTPOHHBIX YPABHEHHSX:
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BOCCTAHOBHTENb 4 Zn® —2e = Zn? IIPOLECC OKUCIICHUS

OKHCIIUTEIh 1 S*+8e=5? IIPOLIECC BOCCTAHOBJICHUS

4Zn+S™® =4zZn"" + S%

CocraBisieM ypaBHEHHE PEaKIUu:
4Zn + 5H,S0, = 4ZnSO4+ H,S + 4H,0

Iepen H,SO,4 cTout xoaddumment S5, a ve 1, OO yeThIpe MONEKYJIBI
H,SO, nayT Ha cBs3bIBaHMs YeThpex HOHOB ZNn?*, o6pasys comb ZnSO,,
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13. ANNIEKTPOAHbLIE NOTEHUWUAIbI
N ANEKTPOABWUXYLUUE CUJIbI -
FrANlbBAHUYECKUE SNIEMEHTbI

[Ipu pemennu 3a1a4 3TOrO pasaena cM. Tadi. 9.

Ecnm MeTamnyecKyro IIaCTHHKY OITYCTHUTB B BOAY, TO KATHOHBI MeTall-
Jla Ha ee MOBEPXHOCTU THIAPATUPYIOTCS MOJSIPHBIMU MOJIEKYJIaMH BOIBI H
HEepPeXoliIT B KHUAKOCTb. IIpH 3TOM 3JEKTPOHBI, B M3OBITKE OCTAIOIIHECS B
MeTaiie, 3apsKaloT ero IMOBEpXHOCTHBIM CIIOW OoTpHuaTeiabHO. BosHukaer
AJIEKTPOCTATUYECKOE MPUTSHKEHUE MEXKIY MEPeIIeANINMI B XHUIKOCTh TH-
paTupoBaHHBIMHM KaTHOHAMH U NOBEPXHOCTHIO MeTailia. B pe3ynbrare aToro
B CHCTEME YCTAaHABJIMBACTCS MOJIBUKHOE PaBHOBECHE:

Me + mH,0 = Me(H,0)™", + ne’
pacTBoOpE Ha MCcTaJljie

rie N — YHCII0 AIICKTPOHOB, IIPHHIMAIOIINX YYacTHe B Tporiecce. Ha rpanmie
MeTaJT — XKUJKOCTh BOZHHUKAET OBOUHOU INIEKMPUYECKUll CIOU, XapaKTEepU3yIo-
LIMIACST ONPE/IENICHHBIM CKAuUKOM TOTEHIMANA — 21eKMPOOHbIM HOMEHYUAIOM.
AOCOIIOTHBIE 3HAYEHHUS DJIEKTPOJHBIX IOTEHIMAIOB HM3MEPUTh HE YHAeTcs.
DNeKTpOAHBIE TOTEHIMAbI 3aBHUCAT OT psiga (akTopoB (NMPUPOABI MeTalia,
KOHIIEHTpALMK, TeMIeparypbl 1 1p.). [Io3ToMy OOBIMHO OINpENENsoT OTHOCH-
TeJIbHBIE HJICKTPO/IHBIC MTOTSHIINANIBI B ONPECIICHHBIX YCIOBUIX — TaK Ha3bIBae-
MBIC CTAaHIAPTHBIC AIICKTPOJHBIC MTOTEHIHANBI (E£°).

CmaHOapmHbimM 21eKMPOOHbIM NOMEHYUAIOM MeTalila Has3bIBalOT €ro
AIIEKTPOJIHBIA MMOTEHINAN, BOSHUKAONINA MPU MOTPYKEHIH METaljia B pac-
TBOp COOCTBEHHOTO WMOHA C KOHIIGHTpaIueil (Wi aKTUBHOCTBIO), PaBHOU
1 Monb/1, W3MEPEeHHBIH MO0 CPaBHEHUIO CO CTAaHAAPTHBIM BOIOPOITHBIM
3JIEKTPOAOM, MOTeHUUal KoTtoporo mnpu 25°C yclOBHO NPUHUMAETCS
paBHBIM Hyn10 (E° = 0; AG® =0) .

Pacnonazasa memannet 6 pao no mepe 803pacmanusi ux cmaHOAPMHbIX
9NeKMPOoOHbIX nomenyuanog (E°), noryuaem max Ha3vigaemvli pso HaA-
NPsACeHULL.

[TonoxxeHre TOTO WM MHOTO MeTaijla B psily HANpsDKeHUI XapaKkTepH-
3yeT ero BOCCTAHOBHUTEIBHYIO CIIOCOOHOCTB, a TAK)KE OKHCIHTEIBHEIC CBOM-
CTBa €r0 MOHOB B BOJHBIX PAacTBOpax INPH CTaHTAPTHBIX YCIOBHSX. YeMm
MeHbIIle 3HaueHHue E, TeM OOJBIIMMH BOCCTAHOBHUTEIBHBIMH CBOHCTBAMH
0o0JamaeT MaHHBIM METaJlI B BUE IMPOCTOTO BEIIECTBA M TEM MEHBIINE OKHC-
JTUTETbHBIC CITOCOOHOCTHU TPOSBISIOT €0 MOHBL, M HA000POT. DIIEKTPOIHBIC
MTOTEHIMAJBl U3MEPSIOT B NMPHOOpax, KOTOPHIEC MMONYyYMIIA HAa3BaHUE TalbBa-
HUYECKHX 371eMeHTOB. OKHCINTEIbHO-BOCCTAHOBUTEIbHAS Peakiys, KOTopas
XapakTepu3yeT paboTy rajibBaHHYECKOTO JJIEMEHTA, MPOTEKAaeT B HalpaBJe-
HuH, B KoTopoM DJIC sneMeHTa MMeeT MOJOXKUTEIbHOe 3HaueHue. B aTtom
ciydae AG® <0, rak kak AG® = - nFE®° .
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Mpumep 1. CranaapTHBINA 3JIEKTPOAHBIA MOTEHIMAT HHUKENST 0O0JIb-
nre, 4yeM KobOanbTa (Tabm. 9) . I3MeHHUTCs JIn 3TO COOTHOLIEHHUE, €CIIN U3Me-
pUTh TOTEHIMAJ] HUKENs B pPacTBOpPE €ro HOHOB C KOHLEHTpauuei
0,001 monw/n, a moTeHMaNbl KoOaabTa — B pacTBOpE C KOHLEHTpalUeH
0,1 mons/n?

Pewenue. DnextpoaHsiii moTeHIMan Metawia () 3aBHCHT OT KOHIICH-
TpalKy €ro MOHOB B PacTBOpEe. DTa 3aBHCHMOCTh BBIpaKaeTCid ypaBHEHHUEM
HepHncra:

E_pgo, 0,059

IgC

rae E° — craHgapTHBIN SIEKTPOIHBIA MOTEHIHMAN; N — YUCIO JIEKTPOHOB,
MpUHUMAIONIUX y4yactue B npouecce; C — KoHUeHTpanus (IpU TOYHBIX BBI-
YUCJICHUSX — aKTUBHOCTH) THAPATUPOBAHHBIX MOHOB MeETajllla B pPacTBOpE,
Moib/n; E° nmis Hukens u koOanmbTa COOTBETCTBEHHO paBHBI -0,25 u -
0,277 B. Omnpenenum 37€KTPOIHBIC MOTEHIMATIBI 3THX METAJLIOB IPH JaH-
HBIX B YCJIOBUU KOHIEHTPAIUAX:

E =-0,25+ 0059 lg10° =-0,339 B,

N2 /N? 2

E . =-0277+ Ig10™ = -0,339 B.

Co*' /No

0,059
2

Taxum 06pa30M, npu W3MCHUBIIICICS KOHHOCHTpAUXU IIOTCHIMAJI KO-
OanpTa crai 00JbIIe IIOTCHIMaJ1a HUKCJIA.

IIpumep 2. MarsueBylo INIAaCTUHKY OITyCTHJIXA B pacTBop ero conu. [Ipu
9TOM 3JIEKTPOHBIN MOTEHINAJ MarHus okasajcs paBeH -2,41B. Berauciure
KOHIICHTPAILIMIO HOHOB MarHuy (B MOJIB/J).

Pewienue. Tlono0OHBIE 33/1a4M TaK)Ke PEIIAIOTCA HA OCHOBAHWU YpaBHE-
uus Heprcra (cM. mpumep 1):

-241=-237 + @ Ig C,

-0,04=0,0295 Ig C,

lgc=——20% __q3550= 2 a1
0,0295

2 -2
CMg™ = 4,4-10” moms/1

IMpumep 3. CocTaBbTe CXeMy rajlbBaHUYECKOTO IJIEMEHTa, B KOTOPOM

QJICKTpPOJaMU SABJIAIOTCA MarHvue€Basd U IUHKOBAsA IJIACTUHKH, ONYIICHHBLIC B

PacTBOPHI UX MOHOB C aKTHBHOHM KoHIeHTparmed 1 moib/n. Kakoil merami
SIBIISIETCS. aHOJIOM, Kakod karopoM? Hanuiinrte ypaBHEHHE OKUCIUTEIbHO-
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BOCCTAHOBHTEIILHOW PEAKINH, MPOTCKAIOIICH B 3TOM TajbBaHHYCCKOM 3Jic-
MeHTe, u Beraucnure ero 3/1C.

Pewenue. CxeMa JaHHOTO TaJIbBAHUYECKOT'O DJIEMEHTA
0 2+ 2+ 0
() Mg"[Mg™| Zn"" | Zn" (+)
BepTI/IKaJ'ILHaH JIMHelKa 0003HavaeT TMMOBCPXHOCTh pazacia MEXay MeTal-
JIOM U pacTBOpPOM, a OBE JIMHEUKH — TpaHULy pas3aeciia ABYX KUIKHUX (ba3 — I10-
PUCTYIO IICPETOPOAKY (I/IJ'II/I COCIMHUTECIIBHYIO pr6Ky, 3aI0JIHCHHYIO paCTBOPOM

9NIeKTpoIIUTa). Marumii uMeeT MeHblmMi noteHumain (-2,37 B) U ABIsieTCsl aHO-
JIOM, Ha KOTOPOM MPOTEKAaeT OKHCIUTEIBHBIN MpoIiece:

Mg° - 2" = Mg® (1)

uuk, norenuuan kotoporo -0,763 B, — kaTon, T.e. 3MIEKTPOJI, HA KOTO-
POM IIPOTEKAeT BOCCTAHOBHUTEIBHBIH ITPOIIECC:

Zn** + 2e =Zn° 2

YpaBHEHHE OKHCIUTEIbHO-BOCCTAHOBUTENBHOM pPEAaKIMU, XapaKTepu-
3yroniee padoTy JAaHHOTO TalbBaHMYECKOTO JJIEMEHTa, MOXKHO IIOJIy4YHTh,
CJIOKHB 3JICKTPOHHBIC ypaBHEHHS aHOAHOTO (1) M KaTogHOTO (2) MPOIECCoB:
Mg® + Zn** = Mg®* + Zn’. s ompenenenuss J/IC rarpBaHUYECKOTO -
MEHTa M3 MOTEHIMaJIa KaToAa CIIEIyeT BBIUECTh MOTECHIMAN aHoAa. Tak Kak
KOHIICHTpAIUs HOHOB B pacTBope paBHa | momnw/1, To D/IC s1eMeHTa paBHA
Pa3HOCTH CTaHIAPTHBIX MOTECHINAJIOB JIBYX €0 JIEKTPOJIOB:

DAC= E°zn1zn — E® vy mg” = 0,763 — (-2,37) = 1,607 B.
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14. SANEKTPOJIN3

Onexmpoaus — 3TO OKHCIUTEIBHO-BOCCTAHOBUTEIBHBIN IPOIECC, MPO-
TEKalOWWH NPH NPOXOKIACHUU DJIEKTPUYECKOTO TOKA 4Yepe3 pacTBOp WM
pacIuIaB IeKTPOJIHTA.

B mpouecce snekTponusa MpOTEKAIOT 3IEKTPOXUMHUYECKUE MPOLECCHI,
cocTosIIMe B 0OMEHE JIEKTPOHAMHU MEXIy JJIEKTPOJaMHd U MOHaMH (MoJe-
KyJlaMH) pacTBOpa WM pacljaBa.

Ha xarone — oTpuLATEIbHOM 3JIEKTPOJE — MAYT MPOLIECCHl BOCCTAHOB-
nenus. Hanpumep:

Me™ +2e — Me?  (Me"™ - Cu®'; Ni**; Zn®*; Fe?* u 1p.) (1)
2H,0 +2e — H, + 20H™ (Me™ - Na*; K*; Mg”"; AI** u p.) 2)
Ha AHOJC — MPOLCCChl OKUCIICHUS:
I'*-2¢—1, 3)
S 26> 8° (4)
2H,0 — 4 ¢ O, + 4H" (5)
Cu-2¢— Cu® (6)

Ha »snektpommble mpormecchl OKa3pIBacT OOJNBINOE BIMSHHE MPHPOIA
ANIEKTPOJINTA, €r0 KOHICHTPAILHS, MaTEPHAI JIEKTPOAA, TNIOTHOCTh TOKA.

Pa3psin MOHOB MeTaia Ha KaTOZE OIMPECIIACTCS MOJI0KCHUEM MeTal-
JIOB B PSIIy CTAHIAPTHBIX 3JICKTPOIHBIX MOTCHIMAIOB (T.€. 3HAYCHUEM CTaH-
JAPTHOTO AEKTPOAHOro noTeHuuana, EY).

UeM MeHblle (OTpHUIATENbHEE) BEIMYMHA IOTEHIMAla, TeM TpyIHee
HOH paspspkaercs. IIpu 3IeKTposin3e BOIHBIX PAaCTBOPOB COJICH aKTHBHBIX
METAJUIOB, CTOSIINX B PSAYy CTaHAAPTHBIX SJICKTPOIHBIX IOTCHIHAIOB IO
QTIOMUHUS BKIIFOYUTEIBHO, HA KaTOJIe BOCCTAHABIMBACTCS BOJA

(E0 = -0,83B) IIpm stom BemEIsieTcs Tra3 Bomopox (mpomecc 2). [pu
ANIEKTPOJIM3E BOIHBIX PACTBOPOB COJICH IMHKA, JKee3a, HUKEIsI, BOCCTAHAB-
JUBAIOTCS MOHBI COOTBETCTBYOIINX MeTalioB (1).

IIpu wcronp30BaHUM WHEPTHBIX (HEPACTBOPHMBIX) 3JEKTPOIOB (YTOJIb,
rpaduT, WIATHHA) HA AHOJC MPOHCXOUT OKHUCICHHE aHHOHOB MOJICKYJI pac-
TBOpa. EC/ii aHHOH COJIM HE COMEPKHUT KHUCIOPOJ, TO OH pa3pspKacTcs Ha
aHogie (3,4), ecliv aHHOH COJIU COJEPIKUT KUCIOPOJI, TO pa3pshKaeTcs Boja
(E°=+1238) (5).

Ha akTHBHOM pacTBOPHUMOM aHOze (Me/b, UHK, HHUKEIb) MPOUCXOINUT
HE pas3ps] HOHOB, a PACTBOPEHHME METalia, T.C. MEPEeXOj] HOHOB MeTajlia
(anoma) B pactBop (6).

*T (CT, T, Br, F)
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CxemMa OKHCIHUTEIbHO-BOCCTAHOBUTEIHHOIO MpOIlecca, MPOTEKAIOIIETO
[IPH JIEKTPOJIU3E, MOITYYAETCI CYMMUPOBAHUEM CXEM aHOJIHOTO M KaTOJHOTO
MIPOLIECCOB.

Maccy BemiecTBa, MoJy4aeMOT0 MpPU 3JIEKTPOJIM3E, OMPENENSIIOT MO0 3a-
koHaMm Dapanest:

m = M; I t/ 96500

rJie M — Macca BElecTBa, OKMCICHHOTO MIIM BOCCTAHOBIICHHOTO Ha 3JIEKTPOJIE;
M5 — MosipHasl Macca SKBHBaJIeHTa BellecTBa; | — cuina-Toka, A,
{ — IPOIOIKUTENBHOCTE 3JIEKTPOIH3a, ¢. 96500 — uncno Papanes

Ipumep 1. Kakas macca Mmeau BbLIEIUTCS Ha KaTOAE MPH AJIEKTPOJIU3E
pactBopa CuSQO, B Teuerue 1 1 npu curne Toka 4 A?

Pewienue. CornacHo 3akonam Papanes
m =M, I- t/ 96500
re M — Macca BEIEeCTBa, OKUCIEHHOTO MIIM BOCCTAHOBIIEHHOTO Ha 3JIEKTPO/IE;
M — MonsipHas Macca SKBHBAJICHTa BemecTBa; | — cnma toka, A; t — nponon-
XKHUTEIBHOCTD JIEKTPOIIN3a, ¢. MomsipHas Macca 3kBHBajeHTa Mean B CuSO,
paBHa 63,54:2 = 31,77 r. [lonctaBuB B GopMyITy 3HAUCHUS:
M5=3177, 1=4A, t=60-60=3600c,
MOJTYIHM:
_31,77-4-3600
96500
IIpumep 2. Brryucnaure MOITApHYIO MacCcy SKBHUBaJeHTa MeTallla, 3Hasd,

YTO MPHU 3JIEKTPOIM3E PACTBOpa XJIOpHIa ITOTO MeTasuia 3aTpadeHo 3880 Ku
9JIEKTPUYECTBA U Ha KaToe Beiaemsiercs 11,742 2 mertanna.

=474 4

Pewenue. N3 hopmyisi (1)
My = 11,742 - 96 500 / 3880 = 29,35 r/moub,
rne m=11,742; |-t =Q = 3880 Ku.

IIpumep 3. Uemy paBHa cuiia TOKa MPH IEKTPOJIN3E pacTBOpa B Tede-
nue 1 9 40 muH 25 ¢, ecnu Ha kKaToJie BbIienuiock 1,4 1 Bomopona (H.y.)?

Pewenue. N3 popmynsr (1)m=D2-1-1/96500 I=m-96500/D -t
Tak kak 1aH 00beM BOJIOPOJa, TO OTHOUICHUE m /O 3aMeHseM OTHO-
HICHHEM

VH2 /VY(i 2

rae Vi, — 00beM BOmopoa, 11; Vo) — SKBUBANEHTHBIH 00beM BOJOpOA, JI.
Torz(a I = VHZ . 96500/V3(H2).
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OKBUBAJCHTHBIH 00BEM BOJOpOJA NMPH H.y., PAaBEH IOJIOBHHE MO-
nsipHoro oovema 22,4/2 = 11,2 n. [loncraBuB B NpHBEACHHYIO (GOpMYIY
3HAYECHHUS VHZ =148, VY(,,Z) =11,28, t = 6025 (1 u 40 mun 25 c = 6025 c),
HaX0IuM

1=1,4-96500/ 11,2- 6025 =2 A.

Ipumep 4. Kakas macca ruapoxcuga kamus oOpa3oBanack y Karoja
pu snexTponuse pactBopa K,SO,, ecin Ha aHozme Beigemiock 11,2 1 kucio-

pona (1.y.)?

Pewenue. JxBuBaIeHTHBIN 00beM Kuciopona (H.y.) 22,4 /4 = 5,6 m.
CrnemoBarenbHo,11,2 11 comepkat qBE MOJSIpHBIE MacChl SKBUBAJICHTA KHCIIO-
porna. Crompko ke MOJIpHBIX Macc dkBuBajeHToB KOH obpasoBanocs y ka-
Tona, umu 56,11- 2 =11222 r (56,11 r. — MonsipHas U MOJIsIpHAst Macca SKBH-
BaneHta KOH).
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15. KOPPO3UA METAJIJIOB

Kopposuelt MeTannoB Ha3bIBAIOT MPOIECC CAMONPOHM3BOIBHOTO pas3py-
LIEHUS] METAJJIOB MOJ AEHCTBUEM OKpY:Kawollel cpenbl. Paznuuaror xumude-
CKYI0 KOPPO3HIO — Pa3pyIICHHE METAUIMYECKOH TTOBEPXHOCTH O] JEHCTBH-
€M CYXHX T'a30B H 3JIEKTPOXUMHUYECKYIO KOPPO3HUIO — pa3pylIeHUE MOoJ AeH-
CTBHEM 3JIEKTPOJINTA BHELIHEH Cpebl, COMPOBOXKIAIOIIEECs BOSHUKHOBEHH-
eM cl1aboro AJIEKTPUYECKOro TOKa. B OCHOBE 3IIEKTPOXUMHUYECKOW KOPPO3UH
METaJJIOB JISKUT NPUHIWI JEHCTBHUS HENPEPHIBHO pabOTAIONIETO rajlbBaHU-
YEeCKOro 3JIEMEHTA.

B3anmozelicTBue XMMUYECKH YUCTOTO METaljla ¢ BOAOH WK ¢ pa3bas-
JICHHOM KHCIOTOH (KpOMe caMbIX aKTHBHBIX METAJUIOB) MPHUBOAUT JIUIIL K
00pa30BaHUIO JBOHHOTO AIEKTPHUUYECKOTO CJIOS M BO3ZHHKHOBEHHIO Pa3HOCTH
MOTEHIAJIOB B MECTE KOHTAKTa, KOTOpas MPEMATCTBYET AajbHEHIIeMy Ipo-
TEKaHMIO OKHCIHMTEILHO-BOCCTAHOBUTENIBFHOTO TIpoliecca. Ho mpu compukoc-
HOBEHHH IBYX METAJUIOB Pa3IMYHOIN aKTUBHOCTH (IIPH COCOMHEHHU METal-
JIOB TIPOBOJHHMKOM MJIM NIPY KOHTAKTEe MPUMECEH B cOCTaBe CIIaBa) B Cpele
ANIEKTPOJIUTA 00pa3yeTcs TaIbBAaHUYECKUH DJIEMEHT, Pa3BHBACTCS OKHCIIH-
TENbHO-BOCCTAHOBUTENIBHBINA IpOIlecC, MPOTEKAONINI B HalpaBlIeHUH pac-
TBOpEHUs 00JIee aKTUBHOTO MeTala.

AHOJIOM TaKOT0 MUKPOTaJIbBAHMUYECKOTO JIEMEHTa Beera sBisercs 60-
Jiee aKTHBHBIN MeTan (C MeHblIell anreOpandeckoil BeIMYHHOM CTaHIapT-
HOrO TOTCHIHANa, CM. Tabl. 9), KaTOIOM — MEHEee aKTHBHBIA MeTami. Me-
TaJIT aHOJIa BCET/a TO/IBEPraeTCs OKUCICHHIO (PAacTBOPEHMIO), TOTAa KaK Ha
KaTOZIe BOSMOJKHBI /]Ba OCHOBHBIX BOCCTaHOBUTEJBHBIX MpoOLIEcca:

a) BOCCTaHOBJIEHHE HMOHOB BOIOPOAA (KOPPO3Us B KUCIIOH cpere);

0) BocCcTaHOBJICHHE KUCTIOPOa B Bojie (aTMochepHass KOppo3us).

[TockonbKy MOTEHIMAI, OTBEYAIONIUH 3JIEKTPOIHOMY TPOIIECCy:

2H" + 267> H;

6 HetimpanvHotl cpede paBeH -0,41B, HOHBI Bomopoia B HEHTPAIEHOW cpee
MOTYT OKHCIHUTH TOJBKO T€ METAUIbI, ITOTEHIHAIBl KOTOPHIX HHXKE, T.C.
CTOSIIIME OT Havasa psifa HAPsHKEHUH METaJUIOB JI0 KaMHUSL.

[Norennuman mpouecca:

O, + 2H,0 + 4e” —> 40H

B HelrpanbHOU cpene paeH +0,8 B, T.e. BoJa ¢ paCTBOPEHHBIM KUCIOPOJIOM
MOYKET OKHCJINTH OOJIbliIee KOJMYECTBO METAUIOB OT Havajia psijia HarpsoKe-
HUH MeTayuioB J1o cepedpa. O4eBUIHO, YTO BOJA C paCTBOPEHHBIM B HEH KH-
CJIOPOJIOM SIBIISIETCSI O0JIee aKTHBHBIM KOPPO3HOHHBIM areHToM. Takum oOpa-
30M, HOHBI BOIOpOJia B KUCIION Cpeie W KHCIIOpPOJ| B HEWTpaIbHOH cpenie AB-
JISIOTCSI CAaMBIMH PAaCIPOCTPAHEHHBIMU OKHCIIUTEIISIMH, KOTOPBIE BOCCTaHAB-
JUBAIOTCA Ha KaTOJHOM ydacTKe MeTayuta. Hampumep, mpu KOppo3uH ITHHKA
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B KOHTaKTE C MEJIbI0 B KHCJION cpeJie BOSHUKAET MUKPOTaIbBaHMUYECKUH 3J1e-
MEHT, aHOZ0M KoToporo Gyzer muuk E° Zn%/zZn?* = - 0,76 B

Ha anone Oynet nporcxoauTh MpoLecc OKUCICHHUS [IMHKA, HOHbI [IMHKA
OyIyT NmepexoJuTh B PacTBOP, a JIEKTPOHBI, NOTEPSHHBIC aTOMAaMH IMHKA,
OyIoyT NepexoquTh Ha MEIHBIH Y4acTOK, 3apsbKas ero OTpHIaTelbHO. VoHbI
BOJOpOJa OYIyT IPHUTATHBATHCSA K MG M BOCCTAHABIHMBATHCS HA HEl Diek-
TPOHHBIE YPaBHEHHUS aHOIHOTO M KaTOJJHOTO IIPOLIECCOB:

Zn° anon Zn’ - 2¢— Zn* POIECC OKUCIEHHS
BOCCTAaHOBUTCIIb

cu° katox 2H'+2¢ —H, MIpOIecC BOCCTAaHOBJICHUS
OKHCIIUTCIIb

Cxema JaHHOTO MHUKPOTaJIbBAHUYECKOTO 3JIEMEHTA:
() Zn® [H"|Cu° (+)

Tax Kak MHpPOBBIE TIOTEPH METAJUIOB OT KOPPO3HH BEITUKH U COCTABIISIOT
6onee 20 MIH T, (TaKOoe KOJIMYECTBO PA3IMIHBIX METAIIOB YXOJHUT B MOYBY,
HCTOYHHUKH BOIOCHAOKEHHS, MUPOBOI OKeaH, 3arpsA3Hss OKPYKAIOIIyIo cpe-
Iy, HaHOCsI O0nbIION yniepd HapoJHOMY XO3SIHCTBY), TO 3ajada Nperoxpa-
HEHHUS METAJUIOB OT KOPPO3UH SBIIAETCS OJHOW M3 HanOoJee aKTyaabHBIX.

K nanGonee pacnpocTpaH€HHBIM METOJIaM 3alIHUTHl METAIUIOB OT KOPPO-
3UM OTHOCATCS JIETHPOBAaHUE CTajJed M CIUIAaBOB, MCIIOJIH30BAaHUE MHTHOUTO-
POB KOPPO3HH, 3allIUTHBIE MOKPBITUS (HEMETAIINUECKUEe U METaNINUeCcKue),
KaToJHas W NMPOTeKTOpHas 3ammra. K HeMeTannudeckuM MOKPBITHUSAM OTHO-
CATCSI MOKPBITUS KpacKaMu, JJaKaMH, CMa30YHBIMH BELI[ECTBAMHU.

OnnuM 13 HauboJiee pacHpOCTPaHEHHBIX CHOCOOOB 3aIIUTHI METAJLIOB
OT KOPPO3WH SIBISETCS HCIOJIb30BAaHWE KAaTOMHBIX W AHOIHBIX METaJUIHYe-
CKMX MOKPBITHH. KaTogHOE MOKPHITHE-3TO MOKPHITHE MEHEE AaKTHBHBIM Me-
TAJIIIOM, KOTOPBII OyAET SBISATHCS KaTOIOM 110 OTHOUICHHIO K 3alIUINACMOMY
Metamty. [TocKonbKy NpH 371€KTPOXUMHYECKOH KOPPO3UH OKHCIICHUIO TOJ-
Bepraercs aHoJ, NpPH IOBPEKACHHH KATOJHOTO ITOKPBHITHS 3allHIaeMBbIi
MeTai1 OyAeT KOppoANpOBaTh.

AHOJTHOE TIOKPBITHE- 3TO MOKPHITHE 00Jee aKTHBHBIM METaJIOM, KOTO-
pHBIit OyAET ABIATHCSA aHOJOM IO OTHOLICHMIO K 3aIIUINAEMOMY H IIPH KOPPO-
3uM OyZeT pa3pyuaThCs, IPeIOXpaHsis 3alUIaeMblil METaI.

KartomHas 3amita ocHOBaHa Ha MOJCOEANHEHHUH 3aIIMIIIAEMOTO MeTala
K OTPHUIIATEIFHOMY ITIOJIIOCY MCTOYHHMKA MTOCTOSTHHOTO TOKa, TOT/a Kak B Ka-
YECTBE aHO/Ia MOJKET CIIYKHUTh 3aKOIAHHBIHM B 3€MJTI0 METAJUTHUECKHUH JIOM.

[IpoTexTopHas 3amyTa OCHOBaHA Ha COEMHEHNN METa/lla 3aIlUIaeMO-
ro o0bekTa (KOpIyca CyJHa, LUCTEPHBI) METAJUIMYECKUM MPOBOJHUKOM C
OoJiee aKTUBHBIM METAJUIOM MJIM CIUIABOM (MarHWeM, IMHKOM H T. II.), KOTO-
PBIit CIIY’)KUT aHOJJOM M PacTBOPSIETCS, TOT/Ia KaK METalul KOpIyca CyJHa WIN
LUCTEPHBI HE pPa3pyIIaeTCs.
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IIpumep 1. Kak npoucxoaut armocdepHas kopposus cranu? Hanmmm-
T€ DJIEKTPOHHBIE YPaBHEHUS aHOAHOTO U KaTOAHOTO MIPOLECCOB.

Pewenue. bonbIIMHCTBO CTAIC COLEPKUT B CBOEM COCTABE KPOME Ke-
Jie3a 100aBKH METAJUIOB Pa3lIMYHON aKTHBHOCTH M KapOHJ xKeje3a, KOTOPbIH
SIBISIETCSI OCHOBHOM npuMechio. [TockombKy kKapOnz »kene3a MeHee aKTHBEH,
YeM JKENe30, TO B Cpele KHCIOpOJAa BO3AyXa M BOASHOTO Iapa BO3HUKACT
MHUKpOTajIbBaHUUECKHUM 3JIEMEHT CO CIEAYIOLIEH CXEMOM:

() Fe® | H,0,0,] FesC (+)

AHOMIOM SIBIISIETCS KeJe30, KaToIoM — KapOu xkemne3a. Ha aHome npoucxo-
JIUT TIPOLIECC OKUCIICHUSI JKelie3a, Ha KaTo/ie — BOCTAHOBJICHHE KHCIOPO/Ia.
DJIeKTPOHHbBIC YPABHEHHS:

Fe® anon Fe® — 2¢™— Fe? POIECC OKUCTIEHHS
BOCCTaHOBUTCIIb
Fes;C karton 2H,0+ O,+4e” — 40H™ mponecc BOCCTaHOBICHUS
OKHCTIUTEIh

OO6pa3oBaBiriecs Ha aHOIHBIX M KaTOJHBIX y4acTKaX WOHEI B PacTBOpPE
00pa3yIoT TUTHAPOKCHIT Kele3a

Fe?* + 20H — Fe(OH),,
KOTOpBIf/i B paCcTBOPEC NOABCPIracTCAa Z[aJ'ILHefIH.[eMy OKHUCJIICHUIO
4Fe(OH)2 +2H,0 + O, — 4FG(OH)3,

a 3aTteM oOpa3zyeTcs
Fe(OH); — FeOOH + H,0O

prKaBuUMHA

IIpumep 2. Kak mpoucxoanT KOppo3Hs LUHKA, HAXOIIIETOCS B KOH-
TakTe ¢ KaJIMHEM B HEWTPAJIFHOM M KHCJIOM pacTBopax. CocTaBbTe 3JeK-
TPOHHBIE YpaBHEHHS aHOJHOTO M KaTOAHOTO IporeccoB. KakoB cocras mpo-
JTYKTOB KOppo3uu?

Pewienue. 1luak nmeet Oornee oTpumarenbHbi moteHmuan (-0,763 B),
yeM kagmui (- 0,403 B), mosToMy OH ABNISIETCSA aHOAOM, a KaAMHUI KaTOJIOM.
aHO/HBIH Tpoliecc:

Zn’-2e =zZn*
KaTOIHBIN MpOIecC:
B KHCJIOH cpejie 2H" +2e° =H, i
B HEHTpaJIbHOMU cperne 0, + 2H,0 +2e =40H

Tak kak HoHsl Zn°* ¢ THJIPOKCHIIBHON TpyIIoi 00pa3yloT HepacTBOpHU-
MBI THAPOKCHII, TO MPOAYKTOM Koppo3uu 6yaet Zn(OH),.
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Tabnuua 9

CraHaapTHbIe 3J1eKTPOIHbIE MOTeHIHAIbI (E °)HeKOTOPBIX MeTaLI0B
(psiA HANIPSKEHUI)

DnexTpon E°B DnexTpox E°B
Li*/Li° -3,045 Cd?*/cd’ -0,403
Rb*/Rb° -2,925 Co?/Cd’ -0,277
K*/K° -2324 Ni%*/Ni° -0,25
Cs'ics -2,923 S -0,136
Ba?/Ba’ -2,90 Pb?/PR° -0,127
Ca?/Ca° -2,87 Fe®'/Fe’ -0,037
Na'/Na’ -2,714 2H*H, -0,000
Mg?/Mg’ -2,37 Sb*/sh° +0,20
APRYAI -1,70 Bi**/Bi° +0,215
TiZ"/Ti° -1,603 cu/cu’ +0,34
zr**zr® -1,58 cu'/icu® +0,52
Mn?/Mn° -1,18 Hg,?"/Hg® +0,79
AV -1,18 Ag'/Ad° +030
crz/cr® -0,913 Hg*'/Hg" +0,85
zZn**/zn° -0,763 PE* /P +1,19
crier’ -0,74 Au®/AL° +1,50
Fe?'/Fe° -0,44 Aut JAU° +1,70
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VYuebHOe u3nanue

MuxanbueHko Tamapa KoncranTuHOBHa
benoyc Jlapuca BukropoBHa

XUMUA

TunoBble pelwweHUs 3aaayd Mo Kypcy ooLuen
M HeopraHN4eckomn XMMuun

[IpakTukym mo oO1iei 1 HEOPraHUYECKON XUMUHU
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