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BBepenue

Hacrosiee yue6HOe 1mocobrie OXBaThIBAET OCHOBHBIE Pa3/esibl
MIpOTPaMMbl JUCHUIUIMHB «XUMHS»: XUMHUYECKUH 3KBUBAJEHT,
OKHCJIUTETbHO-BOCCTAHOBUTE/NbHBIE PEAKIIUHM B PacTBOpax, SHEP-
reTUKa Y HalpabBjieHre XUMUYECKHX MTPOIIeCCOB, XUMUYECKOe PaB-
HOBECHeEe, PaCTBOPHI, KOJUIOUAHBIE CHUCTEMBI, SJIEKTPOXUMHUYECKHE
IIPOLIECCHI.

Kaxaplil paszen coAep:KUT KpaTKoe TeopeTHdYecKoe BBeje-
HUe, IPUMEPHI pellleHus 3a/a4 ¥ 3alaHUsA I CAMOCTOSITEIbHOT'O
(MHAMBUAYATBHOTO) BBITIOTHEHUS. VI3yYUB TEOPHIO COOTBETCTBYIO-
Iero paszeiia Kypca 1o peKoMeHAyeMou iuTepaTtype (yueOHUKY,
OCOOUI0, JIEKITUM), CTYAEHT 3aKpeIUIgeT MaTepuajl CaMOCTOATEb-
HBIM pellleHWeM 3a/ad4.

JI71s1 yIIpOIeHUs TIOMCKa CIIPaBOYHBIX BEJIMYHMH ITOCOOHe coep-
KUT HeOOXOAUMBIE JIJIST 3TOT'O CBEJIEHUS B IIPUIOKEHUU.

[Ipu obopmieHUN pelleHUs 3a7la4yd HeoOXOAWMO 3aIucaTh
COOTBETCTBYIOIIIVIE YPAaBHEHUSA XMMUYECKUX peaKINi, pacueTHbIE
bOpMyIIBI, YHMCIOBBIE 3HAYEHUS, PA3MEPHOCTD TOJTYIYEHHBIX BEJH-
YUH, a TaK’Ke TIPUBECTU MOTUBUPOBKY PEIIEHU.

B pe3ysnbraTe U3ydeHUS Kypca CTYAEHT J0KEH OCBOUTb:

mpyodoesle delicmeust

* BJIaZIEHUs CITOCOOAMM COCTaB/IEHUS] YPaBHEHUN XUMUYECKUX
peakIuii;

* MeToZlaMU pellleH!s pacueTHBIX 3a/ay4;

* HaBBIKAMHU PabOTHI C XUMHUYECKUMU PEaKTHBAMU;

HeoOXoO0uMble YMeHUS

* pacCYMUTHIBATh OCHOBHBIE TEPMOAWMHAMHUYECKHE QYyHKITUU
COCTOSTHUSI CUCTEMBI;

* BBIYMCJIATH PABHOBECHBIE KOHIIEHTPAIIUU MTPOAYKTOB peak-
1MUY UCXOZHBIX BEIECTB;

* IIPOTHO3UPOBATh PEAKIIMOHHYIO CIIOCOOHOCTh XUMUYECKUX
COeIMHEHUH;

* CMellaTh pPaBHOBECUs B PaCTBOPaX JEKTPOJIUTOB;



Heobxoo0umble 3HaAHUA

HUMH.

OCHOBHBIX TIOHATUN U Pa3zesioB OOIIeH XUMUH;

OCHOBHBIX ITPOLECCOB, ITPOTEKAIOIINX B BOAHBIX paCTBOPAX;
KOJUTUTaTUBHBIX CBOMCTB PaCTBOPOB;

CTPOCHHUA U CBOMCTB KOJUIOMAHBIX YaCTHII;
OCHOBHBIX CBOMCTB XMMUYECKUX DJI€eMEHTOB U UX coeanHe-



1. XAMUYECKUW JKBUBANEHT

[Tpu mpoTekaHWU XUMHUUYECKUX peaKLUK olpeeieHHasd Macca
OZHOTO 3JIeMeHTa pearupyeT ¢ paBHOIIEHHOMN 3KBUBaJE€HTHOU
Maccou Apyroro sjeMeHTa. Takue Macchl 3JIeMEeHTOB Ha3bIBAKOTCA
SKBHBaJIEHTaMMU.

DJkeusanenm (J) — B5TO peajbHad WJIM YCJIOBHas 4yacTUIlA
BelllecTBa, crrocobHas coefUHUTh (WIN 3aMEeCTUThb) 1 MOJIb MOHOB
BOZIOPO/Zia B peakIUAX MPUCOeANHEHU 1 3aMellleHus (WU UOHO-
0OMEHHBIX peaKIIUsX), WIN IpUHATh (0TAaTh) 1 MOJIb 3JIEKTPOHOB
B OKHC/IUTENIbHO-BOCCTAHOBUTENbHBIX PeaKIIUAX. DKBUBAJEHT —
YCJIOBHAS YacTUIIA BeIeCTBa, B 2 pa3 MeHbIIasA, Y4eM COOTBETCTBY-
foasg GopMysnibHasA eJUHUIIA TTPOCTOT'0 WIM CJIOKHOTO BelllecTBa,
sABsgeTcs 6e3pa3MepHON BeTUUYNMHON. YHCIO 2 HAa3BIBAIOT YUCIOM
aK8UBAJIEHMHOCTMU.

OO6paTHYIO BEJIMYMHY YHC/Ia SKBUBAJIEHTHOCTH HA3bIBAlOT (aK-
mopom 3keusaseHmHocmu f, pearupyroilero BelecTBa — 3TO
YKCI0, oO03Havalollee, Kakas J0Jis MOJIEKY/Ibl pearupyronero
BellleCTBa COOTBETCTBYET OAHOMY MOHY BOJZOPOZAa WJIN OJAHOMY
3JIEKTPOHY, YIACTBYIOIIEMY B XUMHWUYECKON peaKITUH.

Monb 3k8u8aieHmo8 — KOJIUYECTBO BEIIeCTBa, COAepKallero
6,02-1023 3xkBUBaJIEHTOB. Maccy oZJHOT'0 MOJIsI 5KBUBAJIEHTOB Ha3blI-
BAIOT MOJAPHOILL Maccoll IksusanieHmos gewecmsea (M, ) — 3TO
OTHOLIIEHWE MOJIAPHOU Macchl Bemectsa (M,) K YUCIy 9KBUBAJIEHT-
HOCTH Z:

M
M,, = zB , [r/Moib].

I[Ipu ompefeseHUN MOJIIPHOM MacChl SKBUBAJIEHTOB BeIeCTBa
HeoOXO0ZMMO MCXOAUTDH M3 KOHKPETHOM peakKIliH, B KOTOPO# ydJa-
CTByeT JJaHHOe BellecTBO. HampuMep, U3 ypaBHEHUS peaKIUu
obmeHa

3NaOH + H,PO, = Na;PO, + 3H,0



cjleflyeT, YTO OJHOMY 3aMelleHHOMY B KMCJIOTe€ MOHY BOZopoza
COOTBeTCTByeT: ofHa Mosekyna NaOH (z = 1, f,, = 1), oaHa MoJte-
xyna H,O (z = 1, f,, = 1), 1/3 monekynsl H;PO, (2 = 3, f,, = 1/3)
u 1/3 monekynsl NasPO, (z = 3, f,, = 1/3). MonapHble MacChI
SKBHBAJIEHTOB BeIlleCTB COCTaBAT:

M,,(NaOH) = M(NaOH) =40r/mob ;

M(H;PO,)

M, (H3PO,) = =32,67r/MOJB ;

M:—)K (N33P04) =

M(N+M =54,67r/MoIb .

Jlna pacyeTa MOJIAPHOU MaccChl 9KBUBaJeHTOB KUCIOT, OCHOBA-
HUU U COJIel MCIIONMb3YyIOT cieaytolire GopMyJIb:

KW CJIOTHI OCHOBaHHUA

M, (KACTIOTHI) = ; M, (ocHOBaHUA) =

OCHOBHOCTbD KUCJIOTHOCTD

M
M, (conn) = —BCOJIH ,

- X

I7Zle X — YKUCI0 KaTUOHOB MeTauia (win NHY ); B — BaJleHTHOCTD
MeTaJa.

Jl1a BeravicyieHus 06sema moais akgugaienmos (V,,) razoB HeOO-
XOZMMO 3HATh YHCJIO MOJIEY SKBUBaJIEHTOB B OIHOM MoJIie ra3a. Taxk,
M, (H,) = 1 r/moib, 4TO B iBa pa3a MeHbIIIe MacChl MOJIA, CIe0Ba-
TeJIbHO, 00beM MOJII SKBUBAJIEHTOB BOZIOPO/ia B ZIBA pa3a MeEHbIIIE
obbema mona (mpu H.y.) u coctasut V,  (H,) =V, :2 = 11,2 1.
AnanoruyHo M, (0,) = 1/4M(O,) = 32 : 4 = 8 r /Mob, oTCIOAA
006beM OJHOTO MOJIA dKBHUBAJEHTOB KHCJIOPOJAAa B YETHIpE pasa
MeHbIIIe er0 MOJIAPHOTO 0ObeMa U COCTaBisaeT 5,6 JI.

CyTb 3aK0oHa 3K8UBAJIEHMO8 3AKII0YaEeTCsA B TOM, YTO BelllecTBa
B3aMMO/IEVCTBYIOT APYT C APYTOM B 3KBUBAJEHTHBIX COOTHOIIIE-
HUAX:

my _ M, (A)
mg M, (B)

[Ipy MOCTOSTHHBIX TeMIlepaType U JaBJeHUU B XUMUYECKUX
peakIMAX Ta3bl pearupyrT MeXAy coboli o6 beMaMu MOJIb 3KBU-
BaJIeHTOB (CeACTBHE W3 3aKOHA dKBUBAJEHTOB), HallpUMED,

8



peakuusa okucaeHusa Bogopozaa H, xiaopom Cl, mpoTekaeT 1o ypas-
HEHUIO

H2 = C].2 = 2HC].
1l H, —2e~ =2H* — BoccTaHOBUTEND
1| Cl, +2e==2Cl- — okucIUTENH

114 1aHHOTO cly4yad 3aKOH SKBUBAJIEHTOB BHIPAXKAETCA CIIEAYIO-
e 3aBUCUMOCTBIO:

Vu

2

VSKHz VBKC12

,Z[JIH pearupyromux BE€IECTB, HAXOAAIINUXCA B paCTBOPE, 3dKOH
SKBHBAJIEHTOB y,Z[O6HO IIpeacTaBUTb B BUAEC

e (AV(A) = o (BIV(B),

rae ¢, (A) u c, (B) — MOnApHBIE KOHLIEHTPAllU¥ 5KBUBAJIEHTOB
pactBopoB A u B, moib/i1; V(A) u V(B) — 06beMbl pearupyroImux
BeIeCTB, JI.

B mpakTUyecKoll XUMHUHU BCTpedaloTCAd CAydau, KorzAa OAHO
13 pearupylolux BeleCTB HaXOAUTCS B TBEPAOM COCTOSHUH,
a pyroe — B razoobpasHoM. Hampumep, A1 peakiui OKUCIEHUS
MeTa/l/Ia KMCJI0POJOM

2CU(T) + OZ(I‘) = ZCUO(T)
3aKOH 3KBHBaJ/JIEHTOB MOXHO BBIPA3UTh q)OpMy.HOﬁ
Mcy VOZ

— my _ M3K (A)
= , WIX B 0011IeM BUZe = .
M akCu V3K02 VB Vg}( (B)

Mpumepbi pelueHua 3apay

IIpumep 1. inentTnduuupyiite (onpeaeanTe) MeTaLl, €CIU IIPU pac-
TBOpeHuu 0,1257 r MeTas/uia B KUCIOTE BhIZeIIoch 50,42 M1 Bogopoza
(H.y.) 1 06pa3oBaJicsi MOH MeTaJUIa CO CTENEHbIO OKUCIEHUS +2.

Peuwerue. Eciu 0lHO M3 BeIeCTB HaXOAUTCA B ra3oobpasHoM
COCTOSIHHH, TO €r0 KOJMYECTBO BhIPAXKaloT B 00beMHBIX eIUHUIIAX,
U TOT/Ia COTJIAaCHO 3aKOHY 3KBUBAJIEHTOB IOJy4aeM CIeAYIOIIYI0 3aBU-
CHUMOCTb:
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Myte _ M., (Me)
VH VsK(HZ) '

2

B pesynbrare nonaydaem:

0,1257 _ M, (Me)
0,05042  V, (H,) ’

M,,.(Me)=27,92r/Mo0b .

[TocKOBKY UCKOMBIN MeTaJsll IPOABJAET CTEIIeHb OKUCIEeHUA +2,
€ro MoJIApHadA Macca cocTaBuT: My, = M, -n = 27,92:2 = 55,84 r/MoiIb,
r/le N — YMCJIO0 OTJAHHBIX 3JIeKTPOHOB MeTasuIoM. VICKOMBIY MeTaut —
Kese30.

IIpumep 2. Kakyro Maccy IMHKA PACTBOPWIN B KUCJIOTe, eIk 00beM
BbIZleMBIIerocs Bogopoga npu T = 291 K 1 napuuasbHOM JaBIeHUA
Bogopoza 97,83 kIla pasen 113 mu?

Pewenue. HaxoauM 06beM, KOTOPBIN 3aHMMaiOT 113 M1 Bogopoza

. PV PV,
npu H.y. CormacHo 3akoHy MeHnzeneesa-Kianeitpona = 970 o6pem
H, ipu H.y. COCTaBUT: 0

_PVT, 113.97,83-273

= =103 M1 .
P,T 101,3-291

Yo

3Hasi, YTO MOJIsIpHAsA Macca SKBHBaJieHTa IIMHKa paBHa 32,69 r/Moib
1 06'beM OZITHOT'O MOJISI SKBHMBAJIEHTOB BOZOPOZA IpU H.y. paBeH 11,2 7,
I10 3aKOHY 3KBUBAJIEHTOB I10JIyYUM

M,(Zn)-V(H,) 32,69-103
V,(H,) 11200

m(Zn) = 0,3r

CiemoBaTesbHO, B KUC/I0Te pacTBopwid 0,3 T IIMHKA.

ITpumep 3. TIpu cropaHuy MeTalia ob6pasyeTcs ero OKCHU/ Maccoi
9,43 r. MosigpHad Macca 3KBUBaJIeHTa OKCHZIa MeTajia paBHa 17 r'/MoJib.
Kakasa macca MeTasiia BCTYIIWIa B peakiinio?

Peuwienue. Vicxonsa us toro, uro M, (okcrza metavia) = M, (kuciopona) +
+ M, (MeTasu1a), pacCuMThIBaEM MOJIIPHYIO MACCy S5KBUBAJIEHTOB MeTaslIa:

M, (Me) = M,, (okcuga metanna) — M, (kuciopoga) =
=17 -8 = 9r/mMonb.

Ilo 3aKOHY SDKBHUBAJIECHTOB HaﬁﬂeM KO/IM4YECTBO ME€TaJlla, BCTYIINB-
IIEro B p€akKuio:

Myerama _ M 5K (Me)

Mogenpa Moy (OKCHZIA)




OTKyZa Myerapma = 4,99 T.

IIpumep 4. Ha nHelitpanusanuio 1,96 r cepHOU KUCIOTHI U3PACXOZ0-
BaHO 1,12 r rugpokcuga Kanusa. BEIMUCINTD MOJISIPHYIO MacCy 3KBUBA-
JIeHTa CEPHOU KUCJIOTHI.

Peuwenue. HaxoguMm, B KAKOM MOJIBHOM COOTHOIIEHUY [IPOPEATUPO-
BaJIv BellleCcTBa:

m(H,S0,) 1,96

n(H,SO,4) = = =0,02 Mo ;
M(H,S0,) 98
n(KOH) = MKOW _L12 ) 0 vos |
M(KOH) 56

CrieloBaTeNbHO, PeaKIUs MPOTEKAET ¢ 00pa30BaHUEM KHUCJION COMU
10 YpaBHEHUIO

H,SO, + KOH = KHSO, + H,0

V3 ypaBHeHUA peaKIluu CIeAyeT, YTO TOJIbKO OJUH aTOM BOZlOpoza
B MOJIEKYJIE CEPHOUM KUCJIOTHI 3aMelaeTcs Ha MeTasLl.

CrneposarensHo, M, (H,SO,) = M(H,SO,) = 98 r/Mob.

ITIpumep 5. MeTtasut o6pasyeT ABa XJIOpU/a, COAEPKAIIUX COOTBET-
ctBeHHO 73,86 u 84,96 % (macc.) MeTasia. Beiumcaute MosisipHbIe
Macchl SKBUBAJIEHTOB MeTaslla B KaKJIOM COeTHUHEHNH.

Peuterue. BErauiciiM coziepKaHue XJIopa B IEPBOM XJIOpU/E, TPUHAB
Maccy xsopa 3a 100 %:

100 - 73,86 = 26,17 %,

T. €. Ha 73,86 yacTeli Macchl MeTa/lia MpUXoAUTCA 26,14 yacTeil Macchl
xJiopa Wiy Ha 73,86 r MeTasuia npuxoautca 26,14 r xjopa.

3Has, 4TO MOJIApHAas Macca SKBUBaJIeHTa UOHA XJlopa paBHa 35,5/
MOJIb, OTIpeZieIUM MOJIAPHYIO MacCy S5KBUBaJIeHTa MeTaJl/la B IepBOM
XJIOpUZie 110 3aKOHY SKBUBAJIEHTOB:

mye M, (Me)

My My (ClD)’
oTcroza
73,86-35,5
M, (Me)=————-=100,3r/MOJb .
c(Me) 26,14

Ananornyso, Ha 84,96 r metasuia npuxogutca 15,04 r xjiopa BO BTO-
poM xsopuzie. MosipHas Macca 5KBUBaJIeHTOB MeTaJlla BO BTOPOM XJIO-
pujie Toraa OyzeT paBHa:

84,96-35,5

M, . (Me) =
(Me) 15,04

=200,51/MoJIb .
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3afilaHnA ansa CaMoCTOATENbHOro pelueHna

3aganue 1. PaccuuraliTe MONAPHYIO MacCy 3KBUBAJIEHTOB M,
JIByXBaJIEHTHOT'O MeTaJl/la, €CJIU MPU €ro B3aUMOZAENCTBUN Maccok
My (Tabia. 1) ¢ kucioTol BeZensAeTca Bogopoz obbsemoM V(H,),
M3MepEeHHBIH P ONpeZieIeHHOU TeMIlepaType U JaBieHuu. Omnpe-
JleJTUTe MOJIAPHYIO Maccy ¥ Ha30BUTE MeTaJL.

HopmasbHble ycnoBusa: TemmnepaTtypa 273 K, maBieHue

101,325 «I1a.
Tabnuya 1
a £ a £
£ | mue VO, T 5 | 28 mve (VAL T g,
é g r M C é g r MJI C
-] =]
1 (1,172 438 | 17 | 98 640 16 [1,493| 564 | 18 | 97 960
2 0,5 508 | 20| 98515 17 10,835| 513 19 | 98 610
3 10,512 315 21| 99090 18 |0,606| 617 17 | 97 430
4 0,2 510 | 19 | 105551 19 |1,192| 212 |17 |98 711
5 10,755| 138 | 18 | 96400 20 1,57 | 438 | 17 | 98 640
6 |2,536| 712 19 | 98 700 21 0,3 814 18 | 98 640
7 1,085 674 |20 | 97900 22 10,175 108 | 17 | 97 430
8 1,57 | 971 | 25| 10 000 23 1,44 | 316 | 18 | 98 025
9 10,905| 337 | 16| 98740 24 |1,186| 245 19 | 99 010
10 1,0 207 | 19| 98 840 25 10,473 | 492 | 24|97 780
11 10,432 444 | 23 | 98 525 26 0,94 | 580 | 20 | 98 500
12 2,314 510 | 21 | 98 640 27 10,505| 105 | 17| 97 600
13 10,464 288 | 20| 97960 28 |1,557| 600 19 | 96 390
14 |0,312| 836 | 17| 10000 29 1,647 297 | 16|97 030
15 |3,726| 735 | 25| 105800 30 0,5 306 | 18 | 98670
3aganue 2. Ha HelTpanusanuio KUCJIOTB MacCcou m,,., U3pac-

XOOOBAaHO HEKOTOPOE KOJINYECTBO I'MAPOKCHUIA m

OCH

(Tabi. 2). Pac-

CUYMTaMTe MOJIAPHYIO MAacCy SKBUBAJEHTOB KHUCJIOTHI U TUAPOKCUA.
Hamnumiire cOOTBETCTBYIOIIUE MOJIEKYAAPHbIE U HOHHO-MOJIEKY-
JIApHBbIE YPaBHEHUS peaKIUil.
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Tabnuua 2

% E Kuciaora I' uapoxcupg % E Kuciaora I' uapoxcupg
Z S g =8
= § dop- $op- = § dop- dop-
Mysa Mt MyJa Mt MyJa Mt MyJa Mt
1 | HsPO, | 0,35 KOH 0,2 16 H,S 0,145 | NaOH | 0,34
2 | HyPO, | 1,0486 | NaOH | 0,428 | 17 H,S 0,206 KOH 0,34
3 | H;PO, | 0,49 NaOH 0,4 18 | H3PO4 | 0,2 KOH | 0,343
4 | H3PO, | 0,233 KOH 0,4 19 | H3PO4 | 0,278 | NaOH | 0,34
5 | H,PO, | 0,49 | KOH | 0,56 | 20 | H,SO4 |0,4165| NaOH | 0,34
6 | H,SO, | 0,326 KOH | 0,186 | 21 HC1 | 0,355 |Ca(OH),| 0,37
7 | H,SO, | 0,18 NaOH | 0,147 | 22 | HNO; | 0,63 |Ca(OH),| 0,37
8 HCl 0,312 |Zn(OH),| 0,85 | 23 | H3PO3 | 0,82 KOH 0,56
9 | HNO; | 0,63 |Zn(OH), | 0,497 | 24 | H3PO3 | 0,41 NaOH 0,4
10 | H,SO, | 0,27 KOH |0,309| 25 |H,SeO,| 0,29 KOH | 0,112
11 | HPO, |0,1225| KOH 0,14 | 26 | H,SeO,| 0,58 NaOH | 0,16
12 | HsPO, | 0,175 KOH 0,3 27 | H,CO3 | 0,248 | NaOH | 0,16
13 HCl 0,78 | Al(OH), | 0,833 | 28 | H,CO3 | 0,16 KOH 0,29
14 HCl 0,337 | Al(OH); | 0,24 | 29 | H,CO3 | 0,124 | NaOH | 0,16
15 HCl 0,136 | AI(OH); | 0,291 | 30 | H,CO3 | 0,48 KOH | 0,433




2, OKUCAUTENDbHO-BOCCTAHOBUTENIbHDIE
PEAKLIUU B PACTBOPAX

[lepepacnpezeneHre XUMHUYECKUX CBsA3el, IMpoucxojsiiilee
B IIpoliecce MpeBpallleHrs OAHUX BeIlleCTB B Apyrve, COIMPOBOXK/a-
eTcsl u3MeHeHUeM 3JIEKTPOHHOT'O COCTOSIHUA YacTHUI] — aTOMOB,
MOJIEKYJI, MIOHOB, Y9aCTBYIOIIMX B PEaKIIUU.

3MeHeHMe 3JIeKTPOHHOI'O COCTOSTHUS MOXKET SIBUThCS Pe3y/IbTa-
TOM MPaKTUYECKU TMOJHOU IepeJladyu 3JIEKTPOHOB OT OJJHUX pearu-
PYIOIIUX YaCTHUIL IPYTUM, TOrZIa 0OpasyrOTCs WIM HCYe3ai0T UOHBI:

0 0
2Na+Cl, =2Na* +2Cl-.

[Tepemaya 3/IeKTPOHA MOXKET OBITh U HEIOJTHOM — MeHSeTCs
JIUIIIB TIOJIIPHOCTD CBsA3el. Hampumep, B peakiiuu

BMECTO MaJIONOJAPHBIX cBA3ell C—H MOABAAIOTCA CUIBHOIIOJAD-
Hble cBs13u H—Cl.

Peakiuu, compoBoXJawliiueca IIEePEHOCOM 3JIEKTPOHOB
OT OJHOM YaCTUIIbI K JPYyTrol, Ha3bIBAIOTCA OKUCAUMENbHO-80CCMA-
HogumensvHbimu (OBP). B mpoliecce nepesauu 31eKTpoHOB B OBP
Y4aCTBYIOT [iBa MapTHepa: ZjBa BellleCTBa WIU JB€ YaCTULbl, UIU
/IBa aToMa BHYTPU OAHOM YaCTUIIbI — OKUCJAUMEb U B0CCMAHOBU-
meJib.

BemectBo (4acTuiia, aToM, 3J€MEHT), OTAArolIee SJIEKTPOHHI,
Has3bIBaETCA 80CCMAHO8UMeleM; BEILleCTBO, IpUHUMalolllee dJeK-
TPOHBI, Ha3bIBAETCA OKUCAUMETIEM.

OKHUC/IUTENIMHA MOTYT OBIThH JIIOOBIE BeIecTBa, COAepIKallre
3JIEMEHTHI, ClIOCOOHBIE IOHU3UTD CTEIeHb OKUCIEHUs, IIPUCOE/IH-
HUB OJVH WJIN HECKOJIBKO 3JIEKTPOHOB.

BocCcTaHOBUTENAMU MOTYT SIBISATHCSA JIIOOBIE BEIeCTBa, COAEP-
JKall[ie 3JIeMEeHTHI, CIIOCOOHBIEe ITOBBICUTh CTEIIeHb OKUC/IEHU,
OTZIaB OJUH WIW HECKOJbKO 3JIEKTPOHOB.
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CreneHb OKUCJIEHUS €CTh MOJOKUTEIbHOE WIN OTpUIlaTebHOE
YHCJI0, KOTOPOE TI0 OTpe/ieIeHHBIM ITpaBWIaM MOXKeT ObITh TPUITH-
caHo JII0O60MY 3JIEMEHTY B JT0O0OM coeJlUHEHUHU U popMabHO Tpes-
cTapsieT cOO0 TMIOTETUYECKUM 3apsi/i HA aTOMe 3TOro dJeMeHTa
IIpU JONyIIeHUH, YTO BCe reTepoaTOMHble XHUMHUUYECKHE CBS3U
YHUCTO MOHHBIE.

CreneHb OKUCIeHUA (C. 0.) ONpeenaeTcs Mo CIeAYIUUM Ipa-
BUJIAM.

1. CreneHb OKUCIIEHUA dJIEMEHTA B IIPOCTOM BellleCTBE paBHA
HYJIIO.

2. CremneHb OKMCJIEHUSA dJIeMEHTA, HaXOAAI[Eerocsi B COCTOSTHUM
OZIHOQTOMHOT'0 MOHA, PaBHA 3apsAAy 3TOr0 UOHA.

3. B KOBaJleHTHOM COeJUHEHUM dJIeKTPOHHBbIE Mapbl CBA3U
TIOJTHOCTBIO OTHOCAT K OoJjiee 3JeKTPOOTPUIIATETBHOMY dJIEMEHTY
Y CTEIIEHBIO OKUC/IEHUs CIMTAIOT 0OPa3yIoNIUecs IIPYU 3TOM 3aps/IbL.

4. AnrebGpandeckas CyMMa CTelleHel OKHC/IeHUs BCeX dIeMeH-
TOB HEWTPAJbHON MOJIEKYJIBl PaBHA HYJIO, B CIOXXHOM HOHE —
3apazay UoHa.

IIpu 3mom HYWHO NOMHUMb:

1) ¢mop, kak caMblil SJIEKTPOOTPHULIATEbHBIN 3JIEMEHT, BCerJa
HMeeT C.0. —1;

2) Kucnopod uUMeeT €.0. —2, 3a UCKJIIOUYeHHeM: a) GTOPHU/IOB,
B KOTOPBIX €T0 C.0. ITOJIOXKUTENbHA; 06) TIEpOKCHAA BOAOPOJA U €ro
MIPOU3BOAHBIX, B KOTOPBIX C.0. KUCJIOPOZAa paBHA —1;

3) 8000po0 B coeUHEHUAX C HeMeTa//laMU HMMeeT c.0. +1,
a B COeZIMHEHUAX C aKTUBHBIMU MeTa/UlaMu — —1;

4) wenouHsble MEMAIbl BO BCEX COeIMHEHUAX UMEIOT C.0. +1,
ujesIouHO3eMeNbHble MeMansbl — +2;

5) nonoxcumenvHas cmeneHb OKUCAEHUS 3JleMeHMd He MOXET
IIPEBBINIATh YKC/Ia BaT€eHTHBIX 3JIEKTPOHOB;

6) ompuuyamenbHas cmeneHsb OKUCJeHUsl HeXapaKTepHa AJA S-
U d-37IEMEHTOB, a /I p-3JIeMeHTOB OHA, KakK MPaBWIO, paBHA N —
2, Tle n — 4YMCJI0 BaJIeHTHBIX 3JIeKTPOHOB;

7) B dopmynax OuHApHbIX coeduHeHUll dsieMeHm, CTOSAIINU
Ha BTOPOM MecCTe, UMeeT OTPUIlaTeIbHYI0 CTelleHb OKUC/IEHUS,;

8) 3Hak cTemeHU OKMCJIEHMs 3anrchiBaeTca mepes 1udpoit Haj
CHMBOJIOM XMMUYECKOI'0 3JIeMEHTa.

B OKUCIUTETBbHO-BOCCTAHOBUTEIBHON peaKLU 80CCMAHO8U-
mesib OKUCJIAETCA, a OKUCAUMeNb BOCCTaHaBIMBaeTcA. Paznnyator
ciaenyroiue caydau OBP.
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MexcmonexkynsipHoe OKUCIeHUe — 80CCMAHO08JleHUe, KOT/Ia OKHC-
JINTETb ¥ BOCCTAaHOBUTEJb YYACTBYIOT B peaKIIUNH KaK pa3HBIE Bellle-
cTBa (WIM BXOJAT B COCTAB Pa3HbIX YACTHII):

+1-1 0 +1-1 O
2K I+C12 = KC1+12

BH_)/mpu.MOJlGKleﬂpHOB OKUCJleHUe — s8o0ccmaHoejieHue, Koraa
OKMCJIINTE/IDb 1 BOCCTAHOBUTEJIb BXOAAT B COCTAB OZJHOT'O BEIIECTBA
O,Z[HOﬁ MOJIEKYJIbI:

+4 -2 +2-2 0
2N0O, =2N0+03.

CamooxkucneHue — camoeoccmados/jieHue, Korga OKMC/INTEIIEM
N BOCCTAaHOBHUTENIEM ABJIACTCA OAMH M TOT K€ 3JIEMEHT, HAaXO0AA-
H.IPIfICH B HpOMe}I(YTO‘IHOfI CTEIIEHN OKMCJ/IIEHUA:

0 +1 -2 +1-1 +1-2+1
Clb+H2O=HCI+HOCI

Peakuyy Takoro THUIIA Yallle HAa3bIBAIOT PeaKUUAMU OUCNPONOp-
UYUOHUPOBAHUS.

[Toa6op xkoadpdunmenToB B OBP ocHOBaH Ha cjIeAyIoeM IoJo-
’)KEHMU: CyMMapHOe 4YHCJIO 3JIeKTPOHOB, OTZaBaeMbIX BOCCTaHOBU-
TeJieM, ZOKHO ObITh paBHO CyMMapHOMY YHCIY 9JIeKTPOHOB, IIPU-
HUMaeMBbIX OKHCIUTeNIeM. DTO MOJ0KeHWe COKPalleHHO Ha3bIBAIOT
37IeKMPOHHBIM OANAHCOM.

Haxox/ieHue 2J1eKTPOHHOTO 6asiaHca MOXKHO BECTH IByMs METO-
JaMu: 1) c ucrnosab30BaHUEM CTeIleHeU OKUCIeHMUsI; 2) C UCII0Ib30-
BaHMEM TOJypeakIiiii BOCCTAHOBJIEHUS Y OKUCIeHUA.

CocTtaBUM CXEMY peaklvu:

NaBr + KMnO, + H,SO, — Br, + MnSO, + ...

I[Tepesvblil Memod — Memoo0 3JleKMPOHHO20 banaHca

1. OmpezenuM aneMeHTHl, KOTOPbIE U3MEHAIOT CTEIIEHb OKUCIIe-
HUA B XOZle PEaKIU.

2. CocTraBiseM cXeMbl IIEPEX0/IOB CTelleHel OKUCIEeHUs OKUC-
JIUTEJIA U BOCCTAaHOBUTEJIA.

[Tepexog okucautena: Mn+7 + 5e- = Mn*2

Ilepexoz BoccTaHoBUTEA: 2Br- — 2e- = Br,

3. CocrassieM 2J1eKTPOHHBIN OaaHC, YMHOXKas [TepBOe YpaBHe-
HUe Ha 2, BTopoe Ha 5. HanMeHbIllee ob11iee KpaTHOE PAaBHO JIECATHU
BOCCTaHOBUTENDb oTAaeT 10e-, okucauTenb npuHuMaet 10e—:
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2|Mn*7 +5e~ = Mnt2
5| 2Br— —2e~ =Br?

4. TlepeHOCHUM 3TU OCHOBHBIE KO3b(UIIMEHTH B CXeMY peak-
U1 — Ko3bUIIMEHTHI paccTaBisieM BHauaje IepeJ OKUCIeH-
HBIMU popMaMu, a 3aTeM Ilepe]] BOCCTAHOBJIEHHBIMU C YYETOM
aTOMOB dJIEMEHTa B MOJIEKYJIe BelllecTBa:

10NaBr + 2KMnO, + H,SO, — 5Br, + 2 MnSO, + ...

5. /JlomosiHAEeM IIPOAYKTHL PEAKIIMU TEMU BellleCTBaAMU, KOTOPEIE
o6pa3oBaHbI U3 MOHOB, HE YYaCTBYIOIIUX B OKHUCJIEHUH U BOCCTa-
HOBJICHUM:

10NaBr + 2KMnO, + H,SO, — 5 Br, + 2MnSO, +
+ Na,SO, + K,SO, + ...

Y HaXOAUM i HUX KO3PPUIIMEHTHI UCXO/SI U3 OCHOBHBIX KO3bdu-
nreHToB nepe NaBr 1 KMnO,:

10NaBr + 2KMnO, + H,SO4 — 5Br, + 2MnSO, +
+ 5Na,SO, + K,SO,4 + ...

6. Tlogcuuraem umucio noHos SO~ B mpaBoi 4acTH:

2Mn804 + 5N32804 +K2804 — 88022

1 HaxoauM koadduuneHT 8 nepes H,SO,:

10NaBr + 2KMnO,, + 8H,SO, — 5Br, + 2MnSO, +
+ 5Na,S0, + K,SO, + ...

7. Bogmopoz, nmepexoAsa B BOAY BMECTE C aTOMaMHU KUCIOPOZa
13 UoHOB MnO,, He MEHAET CBOIO CTeleHb OKUCIeHud. V3 16 aro-
MOB BOZOPO/a, BXOAALINX B COCTaB CEPHOM KHUCJIOTHI, U BOCBMU
aTOMOB KUCJIOPOZA, BXOJAIIMX B COCTaB lIepMaHraHaT-uoHa, II0Jy-
yaetrca 8H,0. 3akaHunBaeM ypaBHEHUE:

10NaBr +2KMnO, + 8H,5S0, — 5Br, +2MnSO, +
+ 5Na,SO, + K,S0O, + 8H,0
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Bmopoii memod — memoo UOHHO-3JIeKMPOHHO20 banaHca

MeToa oCHOBaH Ha pasfie/IeHUU OKHCIUTEIbHO-BOCCTAHOBU-
TeJIbHOW peaKI[iM Ha JiBe Moaypeakuuu. [losypeakiiysa BOCCTaHOB-
JIEHUs BKJIIOYAeT B ce0s1 OKUCIEHHYI0 U BOCCTAHOBJIEHHYIO GOPMBI
TOJIbKO OZHOT'O 3JIEMEHTA B BHU/e YaCTHUI], peaJbHO CYI[eCTBYIOIIUX
B pacTBOpe, U 3JIeKTPOHBI, yYaCcTBYIOIIME B IIpoliecce BOCCTAaHOB-
JIeHUs.

CocTaBjieHUe TOJypeaKIIM¥ HauMHAIOT C HaX0X/eHUsA HNOHOB
1 MOJIEKYJI, KOTOphIe B IIpoliecce peaKIMU U3MEHSIOT CBOU 3apsis
WU COCTaB, WIU K€ U TO U IPYroe OAHOBPEMEHHO.

B ganHoM npumepe Mn*7 B pacTBope HaxXOUTCA B BUle aHUOHA
coctaBa MnOj, KoTOpBIN IEpeXoaUT B MOH Mn*2,

1. 3ammceiBaeM cxeMy mepexoza: MnOz — Mn*2,

2. Kuciopoz He JAOMKeH MeHATh COCTOAHUE OKUCIEHUd, I103-
TOMY IIPH COCTaBJIEHUU ypaBHEHUS CJIeAyeT MepPeBECTH aTOMBI
(0O2) u3 cocTtaBa aHMOHA-OKUCIUTENA B cocTaB Bogbsl: MnOz —
— Mn*2 =H,0.

Heob6xoayMble I 3TOTO aTOMbI BOAOPO/Ja B KHUCJIOH cpeze
6epyTcs B Buzie noHoB H+: MnOj; + H* — Mn*2 +H,0.

3. YpaBHHMBaeM KOJIUYECTBA aTOMOB KaXKZIOT'O dJIEMEHTA B JIEBOM
Y ITpaBoM YacTsax. YToOBI CBA3aTh YeThIpe aTOMa KUCJI0Po/a, HYy>KHO
BOCEeMb MOHOB Bozopoga: MnOj; +8H* — Mn*2 +4H,0.

4. Tenepb HaXOAWM YHUCJIO 3JIEKTPOHOB, YYaCTBYIOIIUX B Ilepe-
xoze MnOgz +8H* — Mn*2 +4H,0. [l 3TOTO MOACYUTHIBAEM
3apsapl yacTull B ieBo (-1 + 8 = +7) u B mpaBoii (+2) gactax
cxeMbl. VI3 ypaBHeHUs +7 + xe- = +2 Haxogum X = 5, T. e. B IIPoO-
I[lecce BOCCTAHOBJIEHUS YYaCTBYET ISTh 3JI€KTPOHOB.

5. TlonyyaeM B OKOHYaTeJbHOM BHJIEe ypaBHEHUE IMOTypeaKInuu
BOCCTaHOBJIEHU:

MnOg +8H* +5e~ — Mn*2 + 4H,0

6. AHaAJIOTUYHO COCTaBJIsIeEM IMOJIYp€aKIIUIO OKMCJIEHHA BOCCTA-
HOBUTEJIA:

2Br- —2e~ =Bry.

7. CocTraBisieM 2JeKTPOHHBIN 6asaHc, YMHOXas IIEpBOe ypaB-
HEeHUe Ha 2, BTOpoe — Ha 5:

MnOg +8H* +5e- — Mn*2 +4H,0|x2
2Br~ —2e~ =BrY X5
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8. CkiagbiBaeM o06a ypaBHEHUs, UCIOAb3ys HalZieHHbIe KO3¢-
buLMeHTHI, U NTOJly4aeM ypaBHeHHe B MOHHOU dopMme:

2MnOj +16H* +10Br~ = 2Mn*2 + 5Br) + 8H,0

9. CpaBHUBaeM CyMMBbI 3aps/0B dyacTull B jieBou (-2 — 10 +
+ 16 = +4) u npaBoii (+4) yacTax ypaBHeHusA. OHU JIOJI’KHBI OBITh
PaBHBHI.

10. Ilepexoamm K MoJeKyaapHOW dopMe 3amucH. [IJIs1 3TOro
HY’>XHO BKJIOUYUTb HOHBI, BXOZAIINE B HMCXOAHbIE BeIleCcTBa,
HO He y4YacCTBYIOIIYE€ B OKHUCIUTEIbHO-BOCCTAHOBUTEIbHOM IIPO-
necce — 2K* (B gByx mMonekymax KMnO,), 10Na* (8 10NaBr),

85052 (B 8H,S0,):
10NaBr + 2KMnO,, + 8H,SO, — 5Br, + 2MnSO, +
+ 5Na,S0, + K,S0, + 8H,0

Kax npaeuwno:

a) B KMCJIOU cpeZie B ITOypeaKIIii BOCCTAaHOBIEHUSA CBA3bIBAEM
(O2) B BOAY:

(0-2) + 2H* = H,0

Hampumep, NO3 +4H* +3e~ =NO +2H,0;
6) B mosiypeakuuy okuciaeHus 6epeM (O-2) u3 BOJBI:

H,O = (0-2) + 2H+*

Hampumep, Br~ +3H,0—-6e~ =BrO3 +6H*;
B) B II[eJIOYHOM Cpe/ie B IOJypeaKIIui BOCCTAaHOBJIEHUS yalsieM
(O~2) B MOHBI TUAPOKCHUA:
(0O2) + H,0 = 20H-
Hanpuwmep, ClO; +4H,0+8e~ =Cl~ +80H;
I') B moyiypeakiuu okuciaeHus 6epem (O-2) u3 MOHOB T'MJPOK-
cuja:

20H- = (02) + H,0

Hanpumep, Cr(OH); +50H" -3¢ =CrO% +4H,0
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3afilaHnA ansa CaMoCTOATENbHOro pelueHna

3aganue 1. Jlans! BeecTBa (Tabia. 3). YKaKuUTe KIacC COeu-
HeHUsA. PaccunTaiiTe MOJIApHYIO Maccy BelecTBa. [To dopmyite coe-
AVIHEHUA ollpeZieIuTe MOJIAPHYIO Maccy S5KBUBaJIeHTOB M, Bellle-
CTBA, CTENleHb OKUCJEHUS U MPOIeHTHOE coep:KaHue KaXKJOoro
aneMeHTa. COCTaBbTe CTPYKTYPHYIO GOPMYITY COeAMHEHUS.

Tabnuua 3
Howmep Howmep
Bapu- CoeauHeHUe Bapu- CoeauHeHue
a"Ta aHTa
1 4ClO,, Al(OH)4, K,SO, 16 MgCO,, H,SnO,, Pb(OH),
2 In(OH)4, H,Cr,0,, NiCl, 17 H,SeO,, Sn(OH),, BCl,
3 KHCO,, H,SO5, Ni(OH), 18 V(OH);, H,PbO,, Na,SiO,
4 Ca(OH),, H,Zn0,, Na,SO4 19 H,;SbO,, Mn(OH),, Li,SO4
5 Fe(OH),Cl, BrF,, HNO, 20 Cr,(S0,)5, Fe(OH),, HCIO
6 FeS,, H;AsO,, Ba(OH), 21 Na;VO,, B(OH),, H;PO,
7 | HClO,, KH,BO,, Zn(OH), | 22 | HCIO,, Na,HPO,, H,PO,
8 KIO3, H;PO,, Fe(OH), 23 HOI, Ge(OH),,(FeOH)SO,
9 Mg(OH),, K,GeO,, HCIO 24 KClO, Pb(OH),, H,C,0,
10 K,MnO,, Mn(OH),, H,S 25 NaBiO,, HAsO,, Cu(OH),
11 Co(OH);, HgSO,, H,SeO4 26 AuCl,;, Ba(CrO,),, HOBr
12 BeSO,, Sr(OH),, HNO, 27 FeSO,, Bi(OH);, HSbO,
13 Cr(OH),, HAIO,. FeSO, 28 H,CrO,, Mo(OH)3, Ni(I03),
14 Hg (OH),, HAIO,, CaCl, 29 Ti(OH),, K;PO,, H,WO,
15 K,SO,, Cr(OH)3, HMnO, 30 Ca(0OChCl, H,TeO5, Ga(OH)4

3azaHue 2. /laHa OKHUCIUTETbHO-BOCCTAaHOBUTEIbHASA PeaKIIys.

1. OmpeaenuTe: a) OKUCIUTENb U BOCCTAHOBUTENDb; 0) THII
OKHCJIUTETbHO-BOCCTAHOBUTENbHOM peaKIy; B) MOJIIPHbIE MaCCHI
SKBHBaJIEHTa OKUCIUTES U BOCCTAaHOBUTEJIS.

2. Hcromb3yst MeTos MIOHHO-3JIEKTPOHHOT'O 6aaHca, pacCTaBbTe
K03bPUIMEHTH B CJIEAYIOMINX CXeMax peaKITHil.

1. Cr,(SO,)5 + H,0, + NaOH — Na,CrO, + Na,SO, + H,0O

2. MnSO,4 + Br, + NaOH — MnO, + NaBr + Na,SO, + H,O

3. KMnO, + MnSO, + H,0 — MnO, + H,SO, + H,0
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. NaBr + H,SO, + NaBrO; = Br, + Na,SO, + K,SO,
. NaBr + NaBrO; + H,SO, — Br, + Na,SO, + H,0

. KI + KIO, + H,S0, — K,SO, + I, + H,0

4
5
6. KBr + KMnO, + H,SO, — K,SO, + MnSO, + Br, + H,O
7
8

. SnCl, + K,Cr,0, + HCl — SnCl4 + CrCl, + KCI + H,0
9. H,S0, + KMnO, — MnSO, + O, + K,SO, + H,O

+ H,0
22.
23.
24,
25.

+ H,0
26.

+ H,0
27.

+ H,0
28.
29.
30.

Nal + H,SO, — I, + H,S + Na,SO, + H,0

. SO, + NalO; + H,0— I, + Na,SO, + H,SO,
. Sn + HNO, — N,O + Sn(NO,), + H,0

Bi,S; + HNO; — Bi(NO3); + NO + S + H,0
HNO, + HMnO, — Mn(NO,), + HNO; + H,0
KNO, + KMnO, + H,S0O, — KNO, + MnSO, + K,SO, +

Sb,S; + HNO; — HSbO5 + H,SO, + NO, + H,O

HNO, + HCI + KMnO, — KNO; + Mn(NO3), + H,0 + KCl
SnCl, + NaOH + Bi(NO;); — Bi + Na,SnO; + H,0

AS,S; + HNO; — H3;ASO, + H,SO, + NO + H,0O

KIO; + KI + HCl — KCl + I, + H,O

. H4PO; + KMnO,, + HNO, — H;PO, + KNO, + Mn(NO,), +

HMnO, + NaCl + H,SO, — MnSO, + Cl, + Na,SO, + H,0O
Bi(NOs); +K,Sn0, + KOH — Bi + K,SnO, + KNO; + H,0
KMnO, + H,0, — O, + H,0 + KOH + MnO,

PH, + KMnO, + H,SO, — H,PO, + MnSO, + K,SO, +

K,Cr,0, + H,0, + H,SO, = O, + Cry,(SO,); + K,SO, +
Cr,(SO,)5 + Br, + NaOH — Na,CrO, + NaBr + Na,SO, +
KBr + KMnO, + H,0 — MnO, + Br, + KOH

Co + HNO; — Co(NO;), + N, + H,0O
Hg + NaNO,; + H,SO, — Hg,SO, + Na,SO, + NO + H,0



3. JHEPTETUKA W HANPABJIEHUE
XUMUYECKUX NPOLIECCOB

3.1. Xumnyeckas TepmoaNHaAMNKa

TepmoOduHamuka m3yd4aeT BO3MOXKHOCTb U HEBO3MOXXHOCTH
CaMOIIPOM3BOJIBHOI'O Il€pexo/ia CUCTEMBI U3 OZHOI'O0 COCTOAHUA
B Zipyroe u sHepreTudeckue 3¢¢deKThl ITUX NepexoZioB. Bo MHOrMX
CIy4asax IPOLECCHl B TEPMOAMHAMUYECKUX CUCTEMAaX IIPOTEKAIOT
IIpU ITOCTOSTHHOM 00'beMe WU IOCTOSTHHOM JlaBjieHuu. V13 mepBoro
3aKOHA TepMOAVHAMUKU CIELYET, YTO IIPU 3TUX YCIOBUAX TEIUIOTA
Q sBnsercsa QyHKIUEH cocTosiHUA. IIpU MOCTOSTHHOM oObeme
TeIUIOTa paBHA U3MEHEHUIO BHYTPEHHEN SHepruun

Qv =AU,

a IpU TOCTOSTHHOM /JaBJeHUM — H3MEHEHUI0 dHmaasvnuu
H (ot rpeu. enthalpy — «HarpeBaio»):

Q, =AH=AU+pV.

CumBON A BO Bcex cIydadax U3ME€HEHUA TEpMOAWMHaAMHNYcEC-
CKHX (1)YHKL[HI>1 O3Ha4Yae€T pa3HOCTb IMOCJIEAHUX MEXAY KOHCYHbIM
N NCXOAHBIM COCTOAHHMEM CHMCTEMBI, B YaCTHOCTHU

AH =H,—H,.

Epvnauiia usMmepeHud sHTanbnuu: x, win k/Ix, k/K/MOJb.

V3meHeHUe SHTaNbINU AH paBHO TeTuioBoMY 3 deKTy XUMU4e-
CKOU peakIuu, IpoTeKawlInel B 1300apHO-U30TEPMUYECKUX YCIIO-
BUAX (p = const, T = const), KOTZla €IJUHCTBEHHBIM BUIOM PabOTHI
saBsieTcs paboTa pacmmpenus rasa. Eciu AH < 0, mpoifecc corpo-
BOXX/ZIaeTCA BblJleJIEHUEM TEIUIOTH B OKPY>KaloIIyIo cpeay (3K30Tep-
Mu4yecKas peakuus), eciu AH > 0, mpoliecc UzeT ¢ MOoIJIolleHueM
TEIUIOTHl (3HAOTEpMUYECKASA PeaAKIUA).

[l Toro 4To6B! 00JIErYUTh CPaBHEHUE DHTANBIIUN Pa3TMIHbIX
XMMUYECKUX PeaKI[Ui, UCHONb3YIOT IOHATHE «CTAaHJAPTHOTO COCTO-
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AHUA». CMaHO0apmHoe cOCMosiHUe — 3MO COCMOSIHUE YUCMO020 8elle-
cmea npu dassieHuu 1 amm u 3a0aHHOl memnepamype. JHTAIbIINIO
peaknyy MexJy BellleCTBaMM, HaXOJALIUMUCA B CTaHAAPTHBIX
cocTosiHUsAX mpu TeMmieparype T, o6o3HadaoT A.HY (r osHa-
yaeT «reaction»). B TepMOXUMHWYECKUX yPAaBHEHUAX yKa3bIBAIOT
He TOJbKO pOPMYJIBI BeleCcTB, HO U UX arperaTHble COCTOSTHUA WU
KpHUCTa/UTHYecKre MoAuUKAIIUN.

TennoBo#t adpdeKT XMMHUECKOT'O Ipoliecca, MPOTEKAIIEero
B ycnoBuax p, T = const, W = pAV, He 3aBUCUT OT IIyTU €ro IIPo-
TeKaHUs, a 3aBUCUT OT IIPUPOABI U GU3NIECKOTO COCTOSHUS UCXOJ-
HBIX BeIlleCTB U MPOAYKTOB peakliuu (3akoH 'ecca).

[TpakTr4eckoe 3HaYeHUE 3aKOHa ['ecca COCTOUT B TOM, UTO C €ro
IIOMOIIBI0 MOXHO BBIYUCJIWUTh HEU3BECTHYIO TEIUIOTY peakluu
nIyTeM KOMOMHUPOBAHUA TEPMOXMMUYECKUX YPaBHEHUU JPyTUX
V3y4YeHHBIX peaKIvi.

Cnedcmeue 1 3axona I'ecca. C TEpMOXUMUYECKUMU YPaBHEHU-
AMU peakUui MOXXHO o6paliaThcsa Kak ¢ aarebpandyecKiMU ypaB-
HeHUAMU. Eciy peakijya npespailleHysa BelecTsa 1 B BeIecTso 2:
1 — 2, xapakTepusyeTca U3MEHEHUEM 3HTaAbIIUU AH,_,,, a peak-
nua 3 — 2 xapakrepusyerca AH;_,,, To peakuiua 1 — 3 xapakTepu-
3yeTcsa U3MEHEHNUEM DHTAJIbIIUU:

AHy ,3=AHy 5 —AP; 5.

Cnedcmeue 2 3axoHa I'ecca. TernoBoi 3¢ dPeKT XUMUUYECKOH
PEaKINKM paBeH Pa3HOCTH CyMM JHTAJIbITUN 00pa30BaHUA MPOAYK-
TOB PeaKIMU U UCXOAHBIX BEIECTB C YY€TOM CTEXHUOMETPUYECKUX
K03)UITEHTOB:

A, Hfog = (3nA s Hog) ~(XnAsHiss)

TIPOJI.peax WCX.Bell-B
re n — crexruoMeTrpudeckrie k03¢PUIIeHTh B YypaBHEHUHU Peak-
1y, AyHSyg — cTaHAAPTHBIE SHTATLIINN 06Pa30BaHMA BEIIECTB.
Cmandapmuotl sumanwnueil (meniomoil) obpaszosamus geule-
cmea (f o3HavaeT «formation») mpu 3a[aHHOM TeMIlepaType Ha3bl-
BAIOT DHTAJIBIINIO PeakKIMM 0Opa3oBaHUS OAHOTO MOJIS DTOTO
BellleCTBA M3 2JIEMEHTOB, HaXOAAIMNXCA B Hanbojiee yCTOMYHNBOM
CTaHZAPTHOM COCTOSHHUM. DHTaJbIIMS oOpa3oBaHUs Haubosee
YCTOUYHBBHIX MPOCTBHIX BEIIECTB B CTAHZAPTHOM COCTOSHHUU IIPU
060U TeMrepaTrype paBHa Hy/Ito. CTaHZapTHBIE SHTAJBIIUU 00pa-
30BaHUS BEIIECTB IpU TeMIiiepaType 298 K nmpuBezieHbI B CIIpaBOY-
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HUKaX. DHTAJbIMUA 00pa3oBaHUs COEIUHEHUS — Mepa ero TeEpMO-
JVHAMW4YeCKON yCTOUYMBOCTH.

Cnedcmeue 3 3axona I'ecca. TernoBoi abdeKT XUMUIECKOU
peakIvu paBeH Pa3HOCTU CYMM 3HTAJIbIUN CrOpPaHUA UCXOJHBIX
BEIeCTB U MPOAYKTOB peaKkUUU C YIeTOM CTEeXHOMeTPUUYEeCKUX
K02pUITNEHTOB:

A HYog = (2 TlAcHg%) - (2 nACHS%)

WCX.BEII[-B npoz.peax

rZie n — cTexuoMeTpudeckue koabduienTsl; A HYg — dHTaNb-
MU CTOPAHUS BellleCTB.

Cmandapmuoil snmanwvnueil (menniomoil) czopaHus 8eujecmaa
Ha3bIBAIOT SHTAJIBITHIO PEAKIINH ITOJHOTO OKUCJIEHUS OJHOT'O MOJIA
BelllecTBa. DTO CJIeZICTBYE OOBIYHO HCITONB3YIOT AJI pacyeTa TeIio-
BbIX 9Q(dEKTOB OpraHUYECKUX peaKInii.

B TeXHUYeCKUX pacdyeTax UCIO0Ib3YIOT YAEAbHYIO TEIUIOTY Cropa-
HUA Q, KOTOpas paBHa KOJIWYECTBY TEILIOTHI, BhIeAIOIIeca Ipr
cropaHuu 1 Kr )KUKOI0 WIKM TBepZoro BeulectBa 1 1 M3 razoobpas-
HOTO BelllecTBa /10 00pa3oBaHUs BBICIINX OKCHU/OB:

~AH 1 -1000 ~AH o -1000

Qr = M oy Qr =

rae M — macca 1 Mok BeliecTBa; 22,4 1 — obbeM 1 MoJb rasa.
Eciu pacyeT TemsjoOTHl CTOPAaHUA BeJeTCA INPUMEHUTEIbHO
K peakuuu ¢ o6pa3oBaHUEM KUJKOU BOABI, TO yAeabHas TEIUIOTa
CropaHus HasbIBaeTcs BhHICIIEH, a s peakuuu ¢ obpa3oBaHUEM
ra3o00pa3HOU BOJABI — HUIIIEH.
OHmponusa S — Tak e, KaK Y SHTAJIbINUA, ABIAETCA TePMOAU-
HaMu4yecKou QyHKITMEN COCTOSTHUSA CUCTEMBI:

S=R-InW,

rae R — mMosapHasd razosas nocrodgHHasd, /x/Monb K; W — tepmo-
AUHaAMUYecKasa BepOATHOCTb COCTOAHUA CUCTEMBL.

TepmoarHaMU4YeCKONU BEPOATHOCTBIO COCTOSHUSA CUCTEMbI Ha3bI-
BaeTCA YMCJIO MUKPOCOCTOAHUM, C IIOMOIIbI0 KOTOPBIX OCYIECT-
BJIIETCA JAHHOE MaKPOCOCTOAHUE.

BenuuuHa S npsaMo nponopuroHaibHa In W, mosTomy sHTpomnus
ABJISIETCA MEPOU HEYIOPAAOUYEHHOCTH CUCTeMBbI. EAHMIA 13Mepe-
HUA sHTponuy, /Ix/moib K.
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Ee 3HaueHMe yBeIUYMBAETCSA C POCTOM TeMIlepaTyphbl U YMeHb-
IIaeTcs ¢ ee MOHWKeHUWeM. [Ipy MOBbBINIEHNU aBlIeHUsT SHTPOIHUS
rasa yMeHbIIIAeTcsA, a P MOHWKEHUN — YBeJIUYUBaEeTCs.

Ha BesimurHy S BAUSIOT Bce GAaKTOPHI, CBA3aHHbIE C IPUPOJOH
BEIIeCTBA, HAIIPUMeD, MOJIAPHOCTb OAHOTUITHBIX MOJIEKYT — Syycy ) <
< Suprr) < S, MonApHasa macca monekyn — S(F,) < S(Cly) <
< S(Bry).

OHTpOIMS BO3pacTaeT MpU Ilepexojie BelllecTBa U3 KPUCTaJ-
JINYECKOTO COCTOSTHHUS B XXKMAKOE U M3 XXHAKOTO B ra3000pasHoe.
YcnoxkHeHre MOJIEKY/ TaKKe COTPOBOXKIAeTCS POCTOM SHTPOIIMU.

CraHZapTHOe M3MeHeHHe SHTPOIMU B XUMUYECKOU peaKIuu
npu T = 298 K j1erKo BEIYUCIUTD, UCITOIb3Ys TaOIUITBI TEPMOHA-
MHUYECKUX BEJIMYUH, B KOTOPBIX MMPUBOJSATCA CTaHAAPTHBIE SHTPO-
nuu BemecTB SO ipu T = 298 K.

Vi3ameHeHue sHTpoONUM A S B IIpoljecce XMMUYECKOW peakluu
MOXKHO ITOAICUUTATh, UCIIOIb3Ys CIeACTBUE U3 3aKoHa [ecca:

A+So5 = (X 1S50s) ~(XnS3sg)

TIPOZI.peak HICX.BeIl-B

re n — crexuoMeTpudeckre KoabPpuiMeHTH B YypaBHEHUUN peak-
nuu; S99g — CTaHZApPTHBIE SHTPOIUY 00Pa30BaHMUs BEIECTB.

[Tpr XMMHUYECKUX B3aUMOJAEUCTBUAX OJHOBPEMEHHO W3MEHS-
IOTCA DHTAJBIIUA U DHTPONUA CUCTEMBI, OTKyZJa BO3HUKJIA UZesd
COIlOCTaBIeHUA dHTaAbNUIHOrO A H 1 sHTponuiiHoro TA.S dakTo-
POB XMMUYECKOUN peaKIvu.

Ecnu TeHZeHUMA K MOPAAKY U 6ecrnopsAgKy B CUCTeMe OfUHa-
koBa, To AH = TAS, 4To ABIAeTCA MaTeMaTUYEeCKUM YyCI0BUEM
PaBHOBECHOI'O COCTOSHUA CUCTEMBI, U3 KOTOPOTr'O €€ MOXXHO BbIBe-
CTU TOJIBKO ITyTE€M BHEIIHEro BO3/eUCTBUA.

B npouecce nepexozsa CUCTEMBL U3 OZHOT'O COCTOSHUA B JpPyToe
npoucxogaT usmeHeHud AH # TAS.

YcTounBOCTh JI000M CUCTEMBI OIpeeieTCsl COOTHOIIIeHUEM
SHTAJBITUMHOTO U SHTPONTUHUHOTO GAKTOPOB, KOTOPhIE OOBEAVHS-
1oTcsa GpyHKIMelN, Ha3piBaeMol aHepauell Tu66ca AG, paBHOU

AG =AH-TAS, [AG]=k/X/Moab uiu KX .

V3meHeHUe sHepruu ['nb6ca yUUTHIBaeT OJHOBPEMEHHO U3Me-
HeHUe SHTAJbIIUU U SHTPOIUU CUCTEMBI, CYMMUPYS TeHJeHLUU
K MOPSAAKY U OecIopsAAKY IIPU Ilepexo/ie CUCTEMBI U3 OJHOTO COCTO-
AHUA B Apyroe. FiMeHHO 1moaToMy AG — KpUTepUH, OIpee Ao
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HalpasJIeHWe CaMOIIPOU3BOJIBHOIO IIPOTEKAHUA XUMUYECKUX IIPO-
11€CCOB.

13 ypaBHeHusa AG = AH — TAS crnenyer:

1) ecitu AH < 0 u AS > 0, To Bcerga AG < 0, T. e. peakuus,
MIPOTEKAIIasa C BbIIeJIEHWEM TEIUIOTHl U YBEJIUYEHUEM CTEIleHU
6ecropsiZika, BO3MOXKHA IIPU BCEX TEMIIEPATypax;

2) ecitu AH > 0 u AS < 0, To Bcerga AG > 0, T. e. peakuus
C IOIVIOLIEHWEM TEIUIOTHI, COIPOBOXJAIOIIAACA YBEJIUYEHUEM CTe-
TIeHU MTOPAZIKA, HEBO3MOKHA HU MPU KaKUX TeMIlepaTypax;

3) Bo Bcex ocTtanbHbIX caydasix (AH < 0 u AS <0 u eciu
AH >0 u AS > 0), 3HaK AG < 0 3aBHCHUT OT COOTHOIIIEHH!S YJIEeHOB
AH u AS;

4) yeM BBIIlIE TEMIIEPATYpa, TeM OoJblilee 3HaUeHNE TTpHOOpe-
TaeT wieH TAS, v IpU BBICOKUX TeMIlepaTypax Aaxke SHA0TepMUuYye-
CKHe peaKLMU CTAHOBATCA CaMOIIPOU3BOJILHBIMU.

CranzapTHylo sHepruio ['mb6ca peakMu pPaCCUYUTHIBAIOT
10 cJeACcTBUIO 3aKoHa ['ecca:

A, Ggg = (EHA ng%) - (2 nAy Gg%)

J
TIPOA.peak HCX.Belll-B

rae A(G9ys — CcTaHJApTHbIE 3HaUeHUs sHepruu 'ub6ea.
CranzapTHble 3HaueHUs sHepruit 'mb66ca obpazoBaHUA MPO-
CTBIX BEL[EeCTB B CTAHJAPTHBIX COCTOAHUAX U MOAUPUKALUAX
PaBHBI HYJIIO.
I3MeHeHUMe CTaHZAapTHOU 3Hepruu ['mbbca Mpu XUMUIECKOU
peakiuu (p, T = const) paccuuTbeiBaeTcs mmo popmyiie

A,Glgg = A Hiog —TAShog -

0 0

Eciu npene6peyr usmeHenueM A, Hy,e U A Hjg € yBenude-
HUEM TeMIIEPATYpPbl, TO MOXHO OIPEAENTUTh TeMNepPaTypy Tpapy,
IIpU KOTOPOU yCTaHaB/IUBAETCA paBHOBECHE XUMUYECKOW peaKLuu
JJ1A CTaHZAPTHOI'O COCTOAHUSA pPeareHTOB:

0
_ ArH298
paBH — 0 .
Ar‘S298

Eciy peareHTHl HaXOAATCA B COCTOSIHUSAX, OTIMYHBIX OT CTaH-
JapTHOTO, TO U3MeHeHUe dHepruu ['mb6b6ca paccuuThIBaeTCs
IO YpaBHEHWIO, MOJYYUBIIEMY Ha3BaHUe u3omepmbl. Banm-
Togga, xoTopoe ana peakuuu adA + bB = cC + dD 3anuceiBaeTcsa
B BUJIE
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pEDS

AG= ArGg98 +RTIn -
PaDPgB

b

rae p(A, B, C, D) — oTHOCHTe/IbHBIE NTapIajbHbIE JaBIE€HUA COOT-
BETCTBYIOLIUX I'a30B.

YuutbiBas, 9T0 A,GY9s =—RT-InK, rae K — KOHCTaHTa paBHO-
Becus, To u3zorepMma Baut-Topda Oyzer uMeTh BUZ

p&pd
p4ps

A,G=—-RTInK+RTIn

Mpumepbl pelueHua 3apay

IIpumep 1. Vi3BecTHHI TerioBble 3¢ dekTsl peaknuit (1) u (2) mpu
noctogHHOM zasieHuu 101,3 kl1a u Temnepatype 273 K. Paccuurarite
TIpU TeX JKe YCIOBUSX TeIUIOBOM addeKT peakiuu (3):

(1) C(T.,I‘paCIJI/IT) + 02 = COZ(I‘) ArHl = —393,51 K,Z[}K/MO]IB

(2) Hy+1/20, =H,0, A, H, =-241,82 x/I>x/M0/b

(3) C(T.’I.pame) +2H20(r) = COZ(I‘) +2H2 Ang = ?

Pewenue. [lna onpezeneHus TEIUIOBOTO 3pdeKTa peaKI[uu BOCIIOIb-
3yeMcs ciedcmauem 1 3akoHa 'ecca. TepMoxuMHYecKoe ypaBHEHHE peak-
1A (3) MOKHO IIOJIYYHUTh B pe3yJIbTaTe CIeAyrolleil KOMOMHAIIMY TEPMO-
XUMUWYeCKUX ypaBHeHUU peakiuit (1) u (2): (3) = (1) -2+ (2)

Cc + 0,-2H,-0, = CO,-2H,0
C + 2H,0 = CO, + 2H,
CiemoBaTebHO,
A.H;=A.H; —2A, H,;
A,H3=-393,51-2-(-249,82)=90,13 k/[x.

IIpumep 2. Beraucaute TerioBoi adpdekT ob6pazoBanna NH; 13 npo-
CTBIX BeIeCTB IIPU CTAaHAAPTHOM COCTOSIHUU I10 TEIIOBBIM 3ddeKTam
peaxIuii:

(1) 2H2 +02 =2H20(){()J ArHl :—571,68 K,Z[)K,
(2) 4NHyp +30, =6H,00+2N,, A, H, =—1530,28 K/l

Pewenue. 3amuiiieM ypaBHEHHE PeaKIMH, TEIIOBOM apPeKT KOTO-
PO HEOOXOAMMO OTIPEIETUTh:
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B ypaBHenus (1) u (2) BxoaaT HyO,y u O,, KOTOpbIE He BXOAAT
B ypaBHeHue (3). [ToaTOMYy, YTOOBI UCKIIOYUTD UX U3 YpaBHeHUU (1)
u (2), yMHOkUM ypaBHeHMe (1) Ha 3 1 BBIUTEM U3 Hero ypaBHeHue (2):

(4) 6H2 + 302 - 4NH3 - 302 = 6H20()K) - 6H20()K) - 2N2(I‘)
[Tocne mpeobpa3zoBaHus ypaBHeHUs (4) U [ieJieHUs ero Ha 4 MoJy-

yaeM MCKOMOe ypaBHeHue (3).
AHayornyHbIe AeUCTBUS IIPO/Ie/IaeM C TETUIOBBIMU 3P deKTaMu:

(AI‘HI B—Aer) . 4:ArH3

B pesynbrare noaydaem: [-571,68-3 — (-1530,28)] : 4 = —46,19 k/Ik,
T. €. AH9(NH;) = —46,19 k/[X/MOTb.

IIpumep 3. Beruucnute Temnoty ruapatanuu CaCl,, ecamn n3BecTHo,
qTO IpU pacTBopeHnu 1 Mok 6e3BogHOro CaCl, Beigensaercsa 72,7 kXK,
a rpu pactBopeHuu 1 mosb kpucramnoruzapara CaCl,-H,O nmormoma-
etcs 18,0 k/[>k TEIIOTHI.

Pewenue. IIponiecc pacTBOpEeHHUA B BOZE XJIOPUZA KaJabLUA MOXHO
pa3buTh Ha ZIBE CTA/IUU:

(].) CaClz(K) + 6H20()K) = CaClz : 6H20(K), ArHlo,
(2) CaClZ . 6H20(K) +aq= Cac12aq()K) + 6H20()K), Ang

[lepBas cTasiusg — MpOIleCC TUAPATALNH, T. €. TOJyIeHHe KPUCTAI-
JIoTHApaTa, TeIIoBoi 3¢ deKT KOTOpPo Hy»KHO pacCuUTaTh; BTOpas cTa-
JIis1 — PAcTBOPEeHUE KPUCTA/UIOTHAPaTa B Bozie. CyMMapHBIN TeIIOBOH
abdext A HI+A.HY paBeH TemioTe pacTBOpeHUs 6€3BOAHOMN COMU
A Hj:

CaClyy +aq=CaCl,aq,,; A.HY.

Pa3HOCTh TEIJIOT pacTBOpeHus GessogHou conu (A.HY) u pactso-
penwus kpuctawioruapara (A, HY) npeacrasiser cob6oi TEIUIOTY MUpa-
tauuu (A.HY).

ITozICTaBUB COOTBETCTBYIOIIYE 3HAUYEHMsI TEILIOBBIX 3G PEKTOB, MOy-
JaeM

Amz{paTHo =-72,7—-(+18,0)=-90,7 kI,

T. e. Ipu rugpatanuu 1 mosnb CaCl, Boiensercsa 90,7 K/ TEIUIOTHI.

Ipumep 4. Kakoe u3 nepedncieHHex coeannenu HF ), HCl,
u HBr (), HaxoAAmuMXca B CTAHAAPTHOM COCTOSHUM, ABIAETCA Haubonee
YCTOUYHMBBIM, T. €. OyZIeT pasyaratbcs Mpu 6osiee BHICOKUX TEMIIEPATY-
pax.

Pewenue. TermoBbie 3PdEKTH peaKIuil, MPOTEKAIOIUX B IIPIMOM
1 06paTHOM HaIlpaBJIE€HUSAX, PABHBI 10 BETUYHUHE U MIPOTHUBOIIOIOXKHBI
110 3HaKy. DTO O3Ha4yaeT, YTO €CJIU U3BECTHHI CTaHJapTHHIE TEeIJIOTHI
o6pa3oBaHUs JaHHBIX COEAUHEHUM, TO SHTAIBIINU PA3IOKEHUST dTUX



coeZiIMHEHUH OyyT paBHBI, HO TPOTHUBOIIOIOXHBI IT0 3HAKY SHTAJIBIIUU
obpa3oBaHMA.

YeM mpovHee MOJIEKYJIa, TeM OOJbIIle SHEPTUU HEOOXOAUMO 3aTpa-
TUTH Ha €€ pasjioKeHue:

AfHO(HF) = —270,7, AfHO(HCD = —92,30, AfHO(HBr) = —35,98 (K,Z[)K/MOJH)) .

V3 Tpex coeimHeHNH Hanbosiee yCTONYUBHIM sBseTcsa HF, Tak Kak
Ha pasjiokeHHe 1 MoJb 3TOTO coeAmHeHUA noTpebyercsa 270,7 k/Ix
TEIUIOTH], T. €.

AfI_IOHF(I') = _AfHOpasnoxc.HF(r)'

ITpumep 5. OnpesieUTh TETUIOBOU 3P PEKT peaKy B CTAaHJAPTHBIX
yenoBuax (T = 298 K)

A1203(Kopym) + 3803(10 = A12(804)3(T).
Peuwerue. /iy onpezeeHUs TEILIOBOTO 3pdeKTa peaKI[¥y BOCIIOb-

3yeMcs ciedcmsuem 2 3akoHa 'ecca. CTaHZApTHBIE TEIUIOTH 06pa3oBa-
HUSA UCXOJHBIX BeIl[eCTB U MIPOAYKTA PeaKINy HaX0JIM B CIIPAaBOYHUKe:

BelecTBO A fH3og , KIIK/MOTb
Aleg(KOPYHA) _1675,0
SOsr) -395,2
ALy(SO,)s5 -3434,0

0

ITockonbKy B cipaBOYHUKE A Hjqs NMPUBOAUTCA B pacueTe
Ha 1 MoJib, IIPU pacyeTe TeIoBoro 3¢pdeKTa peaKIiMu COOTBETCTBYIO-
1lee 3HaUeHUe A HYyg YMHOXAETCA Ha YMCIO MOJTb BEIeCTBa, y4acTBy-
IOII[ETO B PEAKIINU:

A,HJgg = A tH305 (Al5(S04)3) — A s H3o5 (Al;03) — 3A f H g (SO3);

A HYys =-3434,0—(-1675,0)-3-(-395,2) =-573,4 k/Ik.

JlaHHada peakuya UJET C MOIVIOLEHNEeM TEIUIOTHI (Ang98 >0), T e.
ABJISIETCS SHAOTEPMUYECKOMU.

IIpumep 6. Ilo U3BeCTHBIM 3HAUEHUAM TeIUIOBbIX 3 (dEKTOB peaKInuii
cropaHuAa anMasa U rpaduTa paccuuTanTe TeluioBoi a¢dekT mpespalle-
HUSA OZIHOTO MOJIA yIiepoza B dopme anmasa B rpaduTt (A (Hpyen, = 7).

Peuternue. OmipeieTMM 3HTAJAbIIMU peaKIUU cropaHus rpadura
U ajMa3sa:

(1) C + 0, = CO,; A HY = -396,3 k/[>x/MOJIb;

rpadut

(2) Cypas + Oy = CO,; AL HY = -399,197 x/I:x/MOIB;

AngzAfH(OCOZ)+(AfH8 )+AfH(002)):

=-396,3-1,897-0=-398,197 k/I>x/MOIb.

(amma3s
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YTo6sI U3 ypaBHeHUH (1) U (2) moNyYuTh ypaBHEHME MEepexoza
amMasa B TpaduT ¢ HEM3BECTHBIM TEeIUIOBEIM 3¢ deKToM, 0CTaTOUHO
13 BTOPOT'O BBIYECTh [lepBoe:

Canvas = Crpaq)m: ArH?(B =?

" COOTBETCTBEHHO
A HY = A,HY — A, H? =-398,197 —(=396,3) = —1,897 k/lx/MOJb .

IIpumep 7. CKOJIBKO TEIUIOTHI BBIICIUTCA IPU CKUTAHUHU 2,24 J1 3TU-
JieHa, B3ATOr0 IIPU HOPMAaJIbHBIX YCIOBUSX, €CTM U3BECTHBI CTaHAPTHBIE
TEIUIOThI 00Pa30BaHMUS BEIIECTB.

Pewenue. 3anuiieM ypaBHeHMe IIpoliecca FTOPeHUs 3TUIeHa:

CoH, +30, = 2C0y 0 +2H,00
AHY =A.H9—A.HY =-398,197 - (-396,3) = 1,897 kI /MOb.
[To/iCTaBUB CITPABOYHBIE AAHHBIE, TOTYIUM

A HYg =2-(-393,51)+2-(-285,84) - 52,3 =-1411 k[ x.

CnenoBaTesibHO, pyu cxuranuu 1 mons C,H, Bhigenaerca 1411 k/Ix.
OzHaKo 10 YCIOBUIO 3a/la49U CKUTaeTced 2,24 J1 3STWIeHa, 9TO COCTaB-
JIeT

1% 2,24 1

Vin 22,4 1/mMonb

=0,1 mob,

rae V,, — MOJBHBIM 00beM J11000T0 rasza npu H.y. Takum obpasom, pu
cropanuu 0,1 mosb sTrneHa Beigenutea Q = 0,1 mosnb-1411 k/I:x/ Moib =
= 141,1 k/I>K TEILIOTHI.

ITpumep 8. OOBSICHUTE 3HAK U3MEHEHUS SHTPOIIUH B CIEAYIOIMINX
peakIuax:

a) Ny + 3Hy ) = 2NHj (5

6) Cpy + HyOy = COypy + Hypy;

B) 2CO + Oy = 2C0,y.

Pewenue. V13BeCTHO, YTO SHTPONUA Ia30B Bcerga 3HAYUTEIbHO
60JIbIIIE SHTPOIIUY TBEPABIX TeJ U YKUAKOCTEN, TOITOMY B XUMUYECKUX
peakIusax, UAYIIUX C yYacTHeM ra3o00pas3HbIX BEIEeCTB, SHTPOIUS
peakIuu Becerga mosoxkutenabHa (AS? > 0), ecoiy B pe3ysbraTe mpoiiecca
BO3pacTaeT YMCJI0 MOJIEH ra3000pa3HbIX BEIeCTB, U OTPUIlaTeTbHA
(ASY < 0), ecsti YMCIIO MOJIEH ra3000pa3HBIX YMEHbIIAETCS.

HeTpyzaHOo yBUAETD, 9TO B PEAKIUH (a) YHUCI0 MOJIEH ra3000pa3HbIX
BEIIeCTB B CUCTEME YMEHbIIAeTCA OT 4 10 2, TO3TOMY AS(Oa) <0; B peak-
uu (6) 9YMCIo MoJieli ra3000pa3HbIX BEIECTB BO3pacTaeT — AS(O6) >0;
B peakiuu (B) yMeHbIIIaeTcs — AS(OB) <0.



IIpumep 9. OtnipesiennuTe SHTPOIIUIO PeAKIUU

HZS(I‘) + Clz(r) = ZHCI(F) + S(K)

Peutenue. TTockonbKy sHTpONNA — QYHKIMA COCTOSTHUA CHCTEMBI,
ee n3MeHeHue A SO B rpoljecce XMMUYECKOM peakIy MOXXHO TTOZACUH-
TaTh, II0JIb3yACh CJIE/CTBMEM U3 3aKoHa ['ecca:

A S35 =257 + 53— (SP 5 + S, )-

IlogcTaBUB COOTBETCTBYIOIIME 3HAYEHUA SHTPOIINU JJIA KaXXA0T'0
M3 BELIECTB, B3ATHIE 13 CIIPABOYHBIX JAHHBIX, ITIOJIydaeM:

A.S%yg =2-186,7+31,88—205,6—223=-23,32 /K.

IIpumep 10. PaccuuTaiiTe SHTPONUIHBIA Y SHTAIBIIUIHBIA GaKTOPEI
MIPOTEKAaHUA Mpolfecca IMPU CTAaHAAPTHBIX yeaoBuax U 298 K:

COZ(I‘) + 4H2(1—.) = CH4(T) + 2H20()K)'

Kakoit 13 pakTopoB criocobCTBYET CAaMOIIPOU3BOJIHBHOMY ITPOTEKA-
HUIO PEAKI[UU B IPIMOM HaIpaBIeHUU?

Peutenue. Jlns pacyeTa SHTAJIBIIUIHOTO U SHTPOMUIHOTO GaKTOPOB
BOCIIONIb3yeMCsI cIeICTBUeM U3 3akoHa [ecca:

A Hfog =AfHey, +2-ApHY o —AfHR, —4-AfHy =
=-74,85+2-(-285,84)-(-393,51) = -253 k/I)x;
A (S35 = 58H4 +2'51%20 _5802 _4'5912 =

=186,31+2-70.08-213,68—-4-130,52=-409,29 x/K.

OHTaTBIUUHBIM (AKTOPOM IIPOLiecca ABIAETCA SHTAIBIINS PeAKIIUH.
CaMONIpOU3BOJIBHOMY ITPOTEKAHUIO MIPOIlecca CIIOCOOCTBYET yMEHbIIIE-
HUe SHTaIbIIUM cucTeMHl (A HO). DHTpONUIHEIN GpaKTOp paBeH Ipous-
BeJIeHUIo aOCOIOTHOM TeMIlepaTyphl Ha SHTPOIIMIO peakuuy, T. e. T-A,SO.
CaMOITPOU3BOJILHOMY T€YEHHUIO ITPOIEeCca CIIOCOOCTBYET POCT SHTPOITUU
CHCTEMBI.

B maHHOM cyTydae SHTPONUUHBIN GAKTOP paBeH:

TA SO pear = —409,29-298 = -121,97 K/l ,

BeJIMYMHA KOTOPOTO He CIIOCOOCTBYeT CaMOIIPOU3BOJIBHOMY ITPOTEKa-
HMUIO IIpoliecca.

OHTaIBNUIHBIN GakTop A, HYg =-253 /DK croco6CTByeT caMoIpo-
HW3BOJIbHOMY IIPOTEKAHUIO IIpoLiecca B IIPAMOM HallpaBlIeHUU.

ITpumep 11. PaccuuTaiiTe cCTaHAZAPTHYIO dJHEPruto ['mb6ca xuMmuye-
ckoil peakuuu npu 298 K 1 yctaHOBUTE BO3MOXXHOCTb €€ CaMOIIpOU3-
BOJIBHOI'O IIPOTE€KAHUA B IIPAMOM HallpaBJIe€HUN:
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CUSO4(K) + 2NH4OH(>K) = CU(OH)Z(F) + (NH4)2804(K)

Pewenue. dHeprus 'mb6ca AG — TepMmoanHaMuYecKas QyHKIIUA
COCTOSIHUA CUCTeMBl. V3aMeHeHMe sHepruu ['Mb66ca XUMUIeCKO! peak-
I[UY MOKET OBbITh PACCYNTAaHO HA OCHOBAHWU CJIEZICTBUSA U3 3aKoHa ecca:

A,GRog = A£Gy 0m, +A 7G550, —ArCGuso, —2 A fGRu,on =
=-359,4-900,3—-(-661,9)—2-(-254,2) =-89,4 x/Ix.

JItobasg xuMH4yecKas peaklysa IPOTeKaeT cCaMOIIPOX3BOIBHO B TOM
HanpasJIeHUH, KOTOPOe OTBeYaeT IIPU 3alaHHBIX YCIOBUAX (JaBIe€HUU
U TeMIlepaType) YMEHbIIEeHHUIO BeIUYUHEL AG.

CiezoBaTesbHO, B JAHHOM C/ly4ae BO3MOXXHO CaMOIIPOU3BOJIbHOE
IpOTeKaHMe IIpoljecca B IPSIMOM HalpaBlIeHUH, TaK Kak A, Gg <0.

IIpumep 12. YcTaHOBUTE, BO3MOXXHO JIY IIPU TeMIlepaTypax 298
1 1000 K o6pa3oBaHue BOASIHOTO ra3a o ypaBHEHHUIO

C(I‘pa(bI/IT) + HZO(I‘) + HZ(I‘) + CO(F)

ToJiarasi, 9To Bce ra3bl HaXOZATCA NP JaBleHuH 1 aTM.

Jlna faHHOM peaKIIUy OINpe/ieINTe TeMIIepaTypy Hadaia CaMOIIPOU3-
BOJIBHOTO IIpOIiecca U CTaHJAAPTHBIX COCTOSTHUAX BEIIECTB.

Pewenue. Victionb3ys cripaBo4Hble JaHHBIE (CM. TIpHIOKeHue 1), pac-
CYMTaeM CTaHJapTHbIe SHTAJIBIINIO U SHTPOIIUIO PEaKIUHU:

AHgg = AcHY +A;HOo —A;HY—AHY =
=-110,5-(-241,852)=131,32 k/I>k/MOJIb;
A, S35 = 5?12 +58 — S8 _ngo =
=(130,52+197,54)-5,74-188,72=133,6 [Ixx/K - MoJb.

Paccunraem usMmeHeHue sHepruu ['m66ca XMMHYeckoil peaknuu
0 .
A,G3og Tipu 298 K:

A,Gg = A HSog — TA, 8% =131,32-298-0,1336 = 91,5 kJIK,/MOJb .

[TockonbKy A,GSg>0, peakius CHHTe3a BOASHOrO rasa
1ipu 298 K caMOonIpoM3BOJIBHO HE UJIET.

[IpyHAB M3MeHEeHNe SHTAJbIIUU U DHTPOIIMU PeaKLUU IIOCTO-
AHHBIMU B TeMIlepaTypHoM uHTepBasne 298...1000 K, moxHO pac-
CUMTAaTh M3MeHeHUe 3Hepruu I'mb66ca mpu 1000 K: A.GSg =
=131,32-1000-0,1336 =-2,28 k/I>x, T. e. peaklisa B3auMOIeHCTBUS
rpadura c BoaaHbIM napoM npu 1000 K craHOBUTCA caMOIIPOU3BOJIb-
HOU. VI3 peakuiuu CMHTe3a BOAAHOIO Ta3a BUAHO, YTO €CJIU SHTPOINUA
CUCTEMBI YBEJIMYMBAETCs, TO C POCTOM TeMIIEPaTyphl BEPOATHOCTD peak-
LMY TOXKE YBEJINYVBAETCA.



Jl1s1 onpeie/ieHysi TEMIIEPATYPhI, BBIIIE KOTOPOM IIPOU30M/IET CMEHA
3HaKa sHepruu ['M66ca (P CTaHAAPTHHIX YCIOBUAX), BOCIIONb3yEMCS
ypaBHEHHEM

AHYe 131,32
Toamn =350 "=01336
r<298 ’

=982,9K,

cnepoBaTenbHo, Ipyu T > 983 K u cTaHAapTHOM COCTOAHUU PeareHTOB
peakuya MoXKeT IPOTeKaTh CaMOIIPOM3BOJIbHO B IIPSAMOM HallpaBleHUMU.

ITpumep 13. YcTaHOBUTE, BO3MO>KHO JIU BOCCTAHOBJIEHNE OKCUJA
»kesne3a (II1) 70 cBOGOAHOTO MeTaslIa 0 YpaBHEHHIO

FezoS(T) + BHZ(I‘) = 2FE(K) + 3H20(1")

npu TeMmnepatype 298 K u 1pu Haya bHBIX MapliyaabHbIX JaBIeHUSIX
Bemects p(H,) = 1,5u p(H,0) = 0,9.
PeuweHue. ViameHeHUe sHepruu ['M66ca XMMHUYECKOUM peaKIInu pac-
cuMTaeM Ha OCHOBAHUH CJIeJCTBHUS U3 3aKoHa ['ecca:
0 _ 0 0 0 0 _

=2-0+3(-228,61)-3-0—-(-740,98) = 55,15 x[Ixk.

V3BecTHO, YTO U3MeHeHMe dHepruu 'nb66ca A,.G9g TIpH IIOOBIX
HavyaJIbHBIX TApIaIbHBIX JaBIE€HHUAX BEIECTB CBA3AHO ¢ A, Gy¢ ypaB-
HEHUEM, TTOJYIUBIIUM Ha3BaHUe uzomepmsl Banm-Togga, KoTopoe st
JAHHOM peaKIIUU 3aMUIIETCs CIEAYIONMM 00pa3oM:

3
AG=A,Gg +RTIn Y0
3
Py,
oTciozia
0,93
ArG = 55,15+8,3142981nﬁ: 51,35 k/Ix,

Tak Kak A.G9g >0, To Imporiecc HEeBO3MOXKEH.
IIpumep 14. BBIYUCTUTH KOHCTAHTY PAaBHOBECHUSA AJI PEAKIINU CHH-
Te3a aMMHaKa U3 CTaHJapTHBIX SHepruii oopasoBanus ['m60ca BEIEeCTB.
Pewenue. 3anuieM ypaBHEeHUE PeaKIIMY CHHTEe3a aMMUAKa U3 TIPO-
CTBIX BEIeCTB:

NZ(I‘) + 3H2(1-.) = 2NH3(F)

CraHzapTHOe 3MeHeHHe dHepryuu I'nb6ca 11 yKa3aHHOH peaKIuu
COCTaBJIAeT:

A,GYog = 2-AfGl(\)IH3 +3‘AfG£I2 —AfGl(\)I2 =
=2(-16,7)-3-0-0=-33,4 x/Ix.
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KoHcranTa paBHOBecus gy T = 298 K mpu A,G9¢ =0 Haxozutcs
Y3 COOTHOILEHUA

OTKyZa

AGog 33,4103
—e - 298 — 5
Kpapy =€ RT =e 8314298 =7 15.10.

3afiaHue ana camocToATeNIbHOro peLueHna

JlaHo ypaBHeHUe peaknuu (CM. HoMep BapuaHTa B Tabi. 4).

1. /lna Bcex BelecTB, yYaCTBYIOLIUX B PEAKIIMU, BHIIIUIINUTE
Y3 PWIOXEHUA 1 3HaYeHUdA CTaHZAPTHHIX TEPMOAUHAMUYECKUX
BeMM4UH AHSog 1 S9oq.

2. BbluMCINTE U3MEHEHNe SHTAIbINU peakuuu A, HYg 1 ompe-
JleJInTe, ABJIAETCA JIU JaHHAA peaKlUa 9K30- WIU SHAOTEPMUYECKOM.
3anuurTe TEpMOXUMUYECKOE YPaBHEHNUE PEaKIUU.

3. Brruuciaure, kaKkoe KOJIWMYECTBO TEIUIOTH Q BBIAEIAETCA WIN
MIOIVIOIIAeTCA B XO/le XUMUYeCKOU peaKIuu AJI 3alaHHOU MacCh
m win obbema V OfHOTO M3 BCTYNUBIITUX B PEAKITUIO BENECTB.

4. Tlo BUAy ypaBHEHUS peaKIuM, He Mpuberas K pacderam,
oIpeieiTe 3HAK U3MEHEHUs SHTPOIUU peakiuu A, SS.. Brramc-
JIUB U3MEHEHVE DHTPONUU peaKIUU B CTaHAAPTHHIX YCJIOBUAX,
0OBACHUTE 3HAK A,Sdyg.

5. Beruuciaute sHepruto 'nb66ca mpaMod peakiMu B CTaH-
AApPTHBIX YCIOBUAX A,.GYgg U ONpefennTe, B KAKOM HallpaBlIeHUH
npu 298 K (mpssmMom wiu o6paTHOM) OyZeT MPOTeKaTh PeaKITus.

6. OmpezenuTte TeMIlepaTypy, IIpU KOTOPOM peaKlysa HaXOAUTCA
B PaBHOBeCUU (Tp).

7. Paccumrante A.G pu T, = T, - 100, T, = T, + 100.

8. IlocTpoiite rpaduk 3aBucuMoctu A.G or T u 0603HaubTe
Ha rpaduke o6sacTh TeMIlEpaTyp CaMOIIPOU3BOJIBHOT'O IIPOTEKa-
HUA peaKlvu.

9. BrluncIuTe 3Ha4eHUs KOHCTAHTHI paBHOBecUA K. IIpU TeM-
neparypax T; u T,. CaenauTe BBIBOZA O BIMAHUU TeMIIEpPATypPHI
Ha BeJIMYUHY K. 1 Ha CMellleHUe XUMUYECKOTO PaBHOBECHS.
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Tabnuua 4

Howmep
Bapu- YpaBHenue peakuuu aA + bB = cC + dD mA, T | Vb, 11
aHTa
1 | COy + 3Hyy = CHuqp + HyO, 11,2
2 CSyy + 4Hyqy = 2H,S(y + CHyy 38
3 [0 + 2Hyp = Cipagun + 2Hy0(y 33
4 | 2NFyq, + O, = 2NOF, 42,6
5 CO,y + 4H, = CHyy + 2H,0(, 36
6 SO, + 2COy = S5y + 2C0yy 5,6
7 | 2AsCly + 3y = 2Asy, + 6HCl, 59,9
8 | COyyy + 3Hyqy = CH3OH 5 + HyOp 1,12
9 | SOy + 2Hyy = 1/2S,4 + 2H,0 2,24
10 COy + 3Hyqy = CHypy + HyOpy 14
11 | 2PClyyy + Oy = 2POCly, + 2Clyq, 51
12 1/2S,) + 2C0Oyy = SO,y + 2CO, 44.8
13 | 2NOg, + 250,54y = Ny + 2805, 15
14 | 2COyy + 2Hyy = CHyq + COyy 21
15 | 4Syy + CHyqy = CSyqy + 2H,S 64
16 | 2PCly, + Oy = 2POCly, 61,2
17 SOy + 2H,Sy = 3S(;) + 2H,0(, 56
18 | 2NOg, + Clyey = 2NOCl, 45
19 SO,y + 2H,S 1y = 2H,0(,y + 3S(, 13,44
20 | 2H,q + SOyq = 2H,04 + Sep 22
21 | 4HCly) + Oyyy = 2H,0p + 2Cly 29,2
22 | 2BClyyy + 3Hyqy = 2By + 6HCly, 3,248
23 | Clyyy + 3F,, = 2CIF,, 6,16
24 | 2H,S¢y + CHyy = CSyy + 4Hyq 17
25 CSyy + 204y = CClyy + 25, 26,88
26 | SiClyyy + 2Hyqy = Sigy + 4HCl, 3,92
27 | 2NOyy + Fyy = 2(NOF 23
28 | SO,y + 2Hyq = 2H,040 + Sey
29 CClyy + 2H,(y = CHygy + 2Cly 8,4
30 CoHy(y + 3Hyy = 2CHyp 16,8
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3.2. Xumnyeckasa KuHetTuka. Xummnyeckoe paBHOBecCue

Xumuueckas kuHemuka — HayKa O CKOPOCTAX U MeXaHHU3Max
XUMHWYECKUX peaKIuii. OObeKTOM HU3YIEHUS ABISIETCA XUMUYecKas
peakius.

CKopocmbio Xumuueckoll peakyuu v Ha3bIBalOT M3MEHEHUE KO-
yecTBa BelllecTBa (n) B eIMHUITy BpeMeHHU (t) B eAUHUIIE pPeaKIU-
oHHoro npocTtpaHcTBa (R). Ckopoctb peakiuu v = f(c, T, P, kt) —
GYHKITUA pa3IMYHbBIX ITapaMeTpPOB.

Pa3muyaioT cpedHio0 CKOpOCMb 3a KaKOW-TO MTPOMEKYTOK Bpe-
MEHHU t; U ty:

17:+l—n2_n1
Rty—t;’

N UCMUHHYIO M2HOBEHHYIO CKOpOCMb, €CJIU IIPOMEXYTOK BpEMEHU
OeCKOHEeYHO MaJl:

O6acTh, B KOTOPOI JIOKAJIN30BaH XUMUYeCKHH mmpoifecc (06beM
V, Tiomaab MOBEPXHOCTHU S), MPUHATO HA3bIBAaTh PeaKUUOHHbIM
npocmpaHcmeom R.

Jljis1 TOMOT'eHHOM peaKIIMy peaKIIMOHHBIM ITIPOCTPAHCTBOM SIBJISI-
eTcsa oobeM V U, ecain V = const, TO

Jldn_ de
V dt dt

r/le ¢ — MOJIApHas KOHIleHTpalus (MoJib/JI) peareHra.

TakuM 06pasoMm, cKOpoCcmb 20MO2eHHOLL pedKyulU — 3TO U3MEHeE-
HHe KOHIIEHTpAI[UM OZHOI'0 M3 BEIeCTB B eUHUITY BpeMeHU. Eu-
HUIIa U3MepeHUsI — MOob-JI 1—c1,

B ypaBHeHMHU CKOPOCTH 3HaK (+) BbIOMpaeTCsa B ciiydae, Koraa
CKOPOCTb peaKIMU U3MepsAeTCS M0 M3MEHEHUIO0 KOHIIEHTpaIlluU
MIPOAYKTOB PeaKIuu; 3HaK (—), eCIi CKOPOCTh peaKI[UH OlleHUBa-
eTCs TI0 YOBUTM KOHIIEHTPAIIMK OJHOTO U3 UCXOJHBIX BEIECTB.

leTeporeHHas XuMHUYecKas peakiiusa — IIPOTeKaeT Ha TpaHulle
paszena ¢a3. CKOPOCTb 2emepoz2eHHOl peakyuu — 3TO U3MeHeHHe
KOJINYECTBA BEIeCTBA 32 eJUHUILY BpeMeHH B eZIUHUIIE TTOBEPXHO-
ctu (S) paszena das:
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_,Ldn
S dt

PasMepHOCTb CKOPOCTU — MOJIb-M—2-c1,

Bce peakuyu MOXXHO pasZieJIUTh Ha POCThIe U CI0XKHBIE. [Ipo-
CThle peaKI[Uy MIPOTeKaloT B OHY CTAAMIO0 U HA3bIBAIOTCA 00HOCMA-
OutiHbiMu (271eMEeHTapHBIMMU).

C/I0KHBIe peaKIMU MPEeACTABASIIOT COO0M MHOT'OCTaANUWHBIN
rpoiiecc.

B 3aBUCHMOCTHU OT 4YHMCJIA MCXOAHBIX YACTHUIl, Y4aCTBYIOIUX
B DJIeMEHTAapPHOM aKTe, TOBOPAT O Pa3HOUM MOJIEKYJIAPHOCTU peak-
Uy, Y1cao MoeKyl WK APYrUX 4acTUll, OAHOBPEMEHHO B3aUMO-
JIeiCTBUEM KOTOPBIX OCYIECTBIISIETCSA dJIeMeHTapHbIN aKT XUMU-
YeCcKOI'0 IIpeBpallleHus, Ha3bIBAeTCA MOJIEKYASPHOCMbIO peakuuu.
[To aTOMy IIpU3HaKy pasjn4yaioT MOHO-, OU- ¥ TPUMOJIEKY/IIPHBIE
peaknuu. [IoHATHE MOJEKYJAIPHOCTHU MPUMEHUMO TOJBKO K 3Je-
MEHTapHBIM aKTaM peaKIUu.

Ha cKopoCTh peaklIuM BAUAIOT MHOTHE (aKTOphI: MpUpPoJA
BeleCTB U UX KOHIIEHTpallus, AaBjieHue (/1 ra3oB), TeMIlepaTypa,
KaTaau3aTop, IJION[aAb CONMPUKOCHOBEHUA (JJis reTeporeHHBIX
peakiuii), mMpuMecu U UX KOHLleHTpauusa, popma cocyza (B3pbIB-
Hble peakluu), peakiusa cpeibl (pH), BHellHee BO3JelCTBUE
(y-uznydeHue, 3J1eKTPOHBI, TIPOTOHBI AJI paAuallMOHHO-XUMUYe-
CKUX peakIuii), Bo3zaelicTBrue Y® u BuaMMoOro ceeta st GOTOXU-
MUYECKUX, IIPUPOJA dJIEKTPOJOB, 3HaUeHe 3JIEKTPOHOT'O MMOTEH-
I[1ajia, COCTaB 3JIEKTPOIUTA [JIA 3JIeKTPOXUMHUUECKUX PeaKIni.

3asucumocms CKOpOCMU peakuuu om KOHUeHmMpayuu BbIpaka-
eTcst 3akoHoMm Oelicmsyrowux macc (3/IM) — OCHOBHBIM 3aKOHOM
XUMUYEeCKOU KUHETHUKU:

IIPU IIOCTOAHHOUN TeMIlepaType CKOPOCTb PeaKIMM B KaX-
ZAbIF MOMEHT BpeMeHHM IIPONopPHUOHAIbHA IPOU3BEAEeHIIO KOH-
IleHTpaluii pearupyrolliuX BellleCTB, BO3BeJ€eHHBIX B CTEIIeHAX,
PaBHBIX CTeXHOMETPUYECKUM KO3dPUIlMeHTaM B YypaBHEHUU
peakIuu.

Hampumep, a5t Heobpatumoi peakuyu dA + bB — c¢C + dD cko-
POCTb peakIliu paBHa

v=k-c ¢,

rae k — KoHcmaxHma ckopocmu peakuuu; nA u nB — K03dPUIeHTHI,
Ha3bIBaeMble nopsdkamu peakyuu Mo Bellectsam A 1 B. JlanHoe ypas-
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HeHVe Ha3bIBAETCA OCHOBHbIM KUHEMUUeCcKUM YpAgHeHUeM XUMUJe-
ckoii peakiiy. OHO oTpakaeT GU3MUECKUN CMBICJI KOHCTAaHThI CKOPO-
CTU peakUuuu. [Ipy KOHIIEHTpaluK pearupyroliux BellecTB, paBHBIX
1 MoJb/71, KOHCTaHTa CKOPOCTH YUCJIEHHO PaBHa CKOPOCTHU JaHHOM
peakuuu. KoHcTaHTa CKOpPOCTU peaklUy K He 3aBUCUT OT KOHIIeH-
Tpauuu (ZaBjieHUs) peareHTOB U BpeMeHU, HO 3aBHUCUT OT UX IpU-
pOZbI, TeMIlepaTyphl U MPUCYTCTBUSA KaTaau3aTopa. PasMepHOCTb
K 3aBUCUT OT MOPSAZKA PeaKI[iu U oIpeziesisieTcs U3 aHaar3a pa3Mep-
HOCTel BeJIMYVH, BXOAAIINX B OCHOBHOE KHHETUYECKOe YpaBHEHMeE.

CyMMa HOpsiIKOB peakI[Uuu M0 MPOAYyKTaM HasbIBaeTCsA MOPA-
KOM peakIuu n:

nzzni’

rzie n; — IOPAAOK peaKlUy 110 I-pearexTy.

Jlnsa ajieMeHTapHBIX peakKnuy MOPALOK U MOJIEKYJIAPHOCTH
COBIIA/AIOT.

Jl1 IPOCTBIX peakIyii, IPOTEeKAIIINX B OJHY CTaAUI0, IOPAAOK
peakiuu paBeH CyMMe CTeXMOMeTpUYeCcKUX KodpdUIeHTOB:

nzzvia

rae v; — koagdunueHT nepes GopMysoi i-2o BelecTBa B ypaBHe-
HUU peakiuu (cTexruoMeTpudeckuit KoahOUIIUeHT).

Hamnpumep, eciu Ob1 peakiiud aA + bB — c¢C + dD mporekana
B OIHY CTaJINIO, TO N, = @ U N = b Torla KNHETU4eCcKoe ypaBHeHe
IIpUHUMAaeT BU/

v=k-c§-ch.
3IM cripaBeZIJIUB TOJBKO JJI 3JileMEeHTAaPHBIX PeaKIUH.
B peaknysax HyJIeBOT'0O MOPAAKA CKOPOCTb PEAKIUU HE 3aBUCUT
OT KOHIIEHTpAalluU peareHToB. KuHeTH4YeCcKoe ypaBHeHHe cKopocmu
peaxuuu Hy/1e8020 Nops0ka UMeeT B/

_de_
dt

CrnenoBaTenbHO, pa3MePHOCTh KOHCTAHTHI CKOPOCTH peaKIuu
Takas ke, KaK ¥ pa3MepHOCTh CKOPOCTH PEaKIIMU.

B peaknuax HYJIeBOTO IMOPsSAKa KOHIEHTpAUUsA HCXOAZHOTO
BelllecTBa JIMHEWHO YMeHbIaeTcsl BO BpeMeHU. CKopocmb peakyuu
nepeozo nopsidka xapaKTepu3yeTcsl KWHETUYECKUM YpaBHEHHUEM

k.

V=
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v=k-c.

Jlns1 peakuyy epBOTo MopsfKa BuAa A — npodyKmbsl CKOPOCTb
peakuuu B AuddepeHiinanbHol GopMe BrIpa)KaeTcsl ypaBHEHHEM

dc
dt
I/le ¢ — TeKYyIas KOHIIeHTpaIusa A, MoJib/JT; k — KOHCTaHTa CKOPO-
CTU peakIMM MepBOro nopsijaka, c-1.
PelreHne sToro ypaBHeHus JJjI1 HAYaJIbHOT'O YCJIOBUSA C,_g = Cq
nMeeT BU/,

kl'C,

c=cy-eh,

/I OIIeHKU CTeNeHM MpeBpalleHUs BellecTBa ¢/c, (WIn OTHO-
IeHUs TeKyIel KOHIIeHTpalluyd K HavyaJbHOM) YacTO HCIIOIb3YIOT
NOHATHE 8pemeHu (Ilepuoza) MOJNyIpeBpallleHus t; ,» — BpeM,
3a KOTOPOe IMpopearupyeT MoJOBHHA UCXOAHOTO KOJUYEeCTBa Belle-
cTBa:

In2

t1 9= .
1/2 k1

1A peakiyiy HyJ1IeBOT'O IOPAAKaA BpeMs IIOIyIIpeBpaleHUd Ipo-
MOPLMOHAIBHO HaYaJbHOW KOHIIEHTPAIUM UCXOAHOTO BelllecTBa

£, =0
V2T oK

Cxopocmb peakyuu 8mopoz20 nopsAoka AJjis AByX peareHTOB
A U B noguuHAeTCd KUHETUYECKOMY YPaBHEHUIO

V:kz'CA'CB,

raie k, — KOHCTaHTa CKOPOCTU peaKLWU BTOPOT'o MOpsAAKa,
sg-Monb-1-cl.

Ilpu c, = ¢z U ecu pearupyroT OANHAKOBbIE YACTUIIBI, TO V =
= k,'c2. XapakTep M3MeHeHUsA KOHILIEHTpallul peareHToB BO Bpe-
MeHU MOXKET OBITh BhIPA)KEH YpaBHEHUEM

dc

y=-2k,c2.

dt
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[Iocne pa3acii€eHUuA IIEPEMEHHBIX U MHTEI'PUPOBaAHUA obeux
yacTen YpaBHEHUA Ul HAYAJIPHOI'O YCJIIOBUA C,— g = C IIOJIy9a€EM
p€UIeHue B BUAE

1 1
—=—+k-t.
c ¢

C
VI3 faHHOT'O YpaBHEHUS C YUETOM C =EO MOJIYYUM BhIpakeHue

ZIsl BpeMeHU TOTyIIpeBpalleHus
1
co-ky

tyo =

Takum obpaszom, BpeMs MONYIpeBpAIEeHUA B PEAKIUAX BTO-
pOTO TOPSAKA 3aBUCUT OT HAaYaJbHOUM KOHI[EHTPALMU B OT/IMYUE
OT peakIMi IepBOro MopsAzAKa. 3aBUCUMOCTD Ilepro/a IMoIyIpe-
BpaIlleHUsA OT KOHIIEHTPAINHU OTPEAEIAETCS MOPSIAKOM PEeaKIIHH.

3asucumocms cKkOpocmu peakyuu om memnepamypsl TPUOIH-
’)KeHHO BbIpakaeTcs ypaBHeHUeM BaHT-T'odda:

rae ky U kg, — KOHCTaHTBI CKOPOCTHU TIpU TemmepaTypax T; u Ty;
Y — TeMmIiepaTypHbIH K03PdUIIMEHT CKOPOCTU peakiuu (koadpdu-
neHT Baut-T'odda), 3HaUeHHE KOTOPOTO I dHAOTEPMUYECKOU
peakKIiy BhIlIe, YeM JJiA 9K30TepMUUecKoi. g MHOTHUX peaKIyii
y JIKWUT B Iipefenax 2...4.
AHaJIOTUYHO 711 CKOPOCTHU PeaKILUM CIIPaBe/IMBO BhIpaKeHUe
hL-T
v, =vg Y 10,
rae Vg, U Vy — CKOPOCTb PeaKIuu Npu TeMreparypax T, u Ty cooT-
BETCTBEHHO.

[lIBeackuit yueHsiii C. AppeHUyC Ha OCHOBAHUM 3KCIIEPHUMEH-
TaJIbHBIX JAHHBIX TIOKa3aJl, YTO YMCIO aKTUBHBIX YaCTHUII, a CJIe/o-
BaTeJIbHO, CKOPOCTh U KOHCTAHTa CKOPOCTHU BO3pACTAIOT C TeMIle-
paTypoii 1o SKCIOHEHIINATBHOMY 3aKOHY. 3aBUCMOCTh KOHCTAHTBI
CKOpPOCTH k OT TemniepaTyphbl T BeIpakaeTcs ypasHeHuem AppeHuyca:

E

k:ko'e_é,

e ko — Ipe3KCIIOHEeHIMaIbHbIN MHOXUTENb; R — MOJIApHas raso-
Bad nocrosiHHaA (8,31 x-monp1-K-1); E, — sHeprusa akTUBaluu.
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DHepeua akmusayuu — 3TO MUHUMaJIbHasA SHEPrUus peareHToB
(aToMOB, MOJIEKYJI U APYTUX YaCTHI]), HeoOXoauMas AJs Iepe-
X0/la UX B COCTOsIHME aKTUBUPOBAHHOI'O KOMIUIEKCA, T. €. JHepIrusd,
ZIOCTaTOYHAsI JJIsl TOT'O, YTOObI OHU BCTYIWIN B XUMHUYECKYIO peak-
ITUIO.

KoHcTaHTa CKOPOCTHM XMMUYECKOU peaKLUUu OoIpenenseTcs
Jl0J1ell aKTUBHBIX MOJIEKYII, T. €. YhcIoM 3P beKTUBHBIX COyZapeHUui

E
n _—a
—L =¢ RT,
N
rfie n, — 4MCI0 aKTUBHBIX MOJIEKYI; N — o011lee YMCI0 MOJIEKYIL.

YpaBHeHUe AppeHnyca I103BOJIAET IPOBOAUTH pacuyeThl U3MeHe-

HUA CKOPOCTU peaKIUU C YBeJIUYEeHUEM TeMIIlepaTyphl:
k_z _ E, 1 1

k 2,3R\T, T,

YpaBHeHUe AppeHUuyca NO3BOJAET PACCYUTATh KOHCTAHTHI
CKopocTHU (U CKOPOCTU) peakiyil IpU pasjUYHbIX TeMIlepaTypax,
a TakXKe DHEPruio aKTUBALMU U MPeJIKCIIOHEeHI[UATbHBINA MHOXU-
TeJIb o GopMyIaM:

g 23R0G:T) k.
L-T k
gk, =lgk+2> Fa 1

CyiiecTByeT MHOXECTBO peaklui, KOTOpble He UAYT 0 IOJI-
HOT'O IIpeBpallleHus peareHTOB B MPOJYKTHI, B3aUMO/IeCTBHE KaK
OBl peKpallaeTcsa Ha ONpeAeIEeHHOM 3Talle, T. €. IO MPOIIEeCTBUHN
HEKOTOPOI'0 BpeMeHU M3MeHeHNe KOHIIEeHTPaluil peareHTOB Ipe-
kparaetcs. [Ipy 3TOM B peaKIIMOHHOU cMech OOHapyKUBaIOTCSA
KaK IIPOAYKTHI pPeaKIUuii, TaK U UCXOAHbIe BellecTBa. XUMUUYeCcKasd
CHCTeMa B TaKUX yCJOBHUAX HAaXOJUTCA B COCTOSSHUM TaK Ha3bIBae-
MOTO XUMUYECK020 pagHogecusl. YCJIOBUEM XUMHUYECKOTO paBHOBe-
CUs ABJISIETCS PAaBEHCTBO MPAMOM U oOpaTHOM peakiuii. Peakiuu,
KOTOPBIE TIPU AAHHBIX YCIOBUSAX OJHOBPEMEHHO MPOTEKAIOT B ABYX
B3aMMHO ITPOTUBOIIOJNIOKHBIX HaIpaBJIeHUAX, HA3bIBAIOT 06pamu-
MblMU.

B ycioBUAX XMMUYECKOTO paBHOBecHUs KOHLEHTpauuu (Uin
napuuajgbHble JAaBJEHUA B Cjlydae ra3oB) MCXOAHBIX BEILIECTB
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Y MPOAYKTOB peakKly He U3MEHATCA BO BpeMeHU U Ha3bIBAIOTCA
PABHOBECHBIMU KOHUeHMpauusamu BellecTB. PaBHOBeCHbIE KOHLIEH-
Tpauuu 0603HAYaIOT CUMBOJIOM BellleCcTBa B KBAI[PaTHBIX CKOOKaX.

TepMozHAMUYECKUM YCJIOBUEM XWMHUYECKOrO PaBHOBECUA
ABJISIETCSA PaBEHCTBO 3Hepruu ['nb6ca XUMUYeCKol peakluu HyJo,
T. €. AG = 0.

st obpatumotit peakiuu N, +3H, < 2NH; 3anuinem Boipaxe-
HUE JJI1 CKOPOCTU MPAMON U 0OpaTHOU peaKIuM CUHTe3a aMMHU-
aka:

v, =k; [N, ]-[Hy3; ¥, =ky -[NH5 2.
B momeHT PaBHOBECHUA V; = V,!

k  [NH;P

= = Rpapn =K
ky [N,]-[HyB P

co

rge K, — KOHCTaHTa XMMUYECKOTO PaBHOBECHU:, BbIpa)KeHHasd
yepe3 MOJISIpDHBIE KOHILIEHTPaLU BEIeCTB.

Jlis1 paBHOBECHBIX CUCTEM 3aKOH JeUCTBYIOIIMX MacC MOXET
6BITh cHOPMYNUPOBAH TaK: XUMUUYECKOe pagHogecue YCmMaHasau-
gaemcsi, k0z20a npoussedeHue KOHUeHMpayuil npodykmos peaxkuull,
8038e0eHHbLX 8 CMeneHlU, PagHble crmexuoMempuieckum Kodghhuuyu-
eHmam, dejleHHOe HA Npou3gedeHue KOHUeHMpayuil peazeHmos, 803-
8e0eHHbLX 8 coomaeemcmayuue cmeneHu, CMaHOB8UMCS NOCMOSIH-
HOU 8enUUUHOTL NpU onpedesieHHbLX YCI08USIX.

Koy ABIAETCA KOMMYECTBEHHON XapaKTEPUCTUKON XUMUYe-
cKoro paBHOBecrsa. OHa He 3aBUCUT OT HaYaJIbHBIX KOHLIEHTPaLUun
pearvpyrolunx BellecTB, HO 3aBUCUT OT TeMnepaTypsl. OHa Takxke
He 3aBUCUT OT IIyTU peakluu, ee MeXaHH3Ma, a OmpeJesseTcA
TOJIbKO 3HaYeHNEeM PaBHOBECHBIX KOHI[eHTpaI1il peareHTOB U MPo-
JYKTOB peakyuu. 3Hasd BeJIMYNHY KOHCTAHThl paBHOBECHA U UCXOJ-
Hble KOHI[eHTpalli peareHTOB, MOKHO pacCYUTaTh PABHOBECHBIE
KOHI[eHTPallu1 BCeX BeIleCTB.

K5 TTOKA3bIBAET COOTHOLIEHNE KOHCTAHT MPSAMOM U 06paTHOA
peaxkuuu:

* ewm K > 1 paBHOBecHue CMeIeHO B CTOPOHY IIPAMOM peax-
1115058

* ecmu ke K < 1, To paBHOBecHe CMeIeHO B CTOPOHY oOpart-
HOU peakIuu.

Ecnu peakiys mpoTeKaeT B ra3oBoil ¢ase, TO KOHIeHTpaIUuu
MO>KHO 3aMEHUTh Ha NaplaabHble JaBICHUA:
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2
DPNH,

KpaBH: 3
pN2 sz

Eciiu moBeseHHE BCEX ra3o00pas3HBIX peareHTOB ITOAYMHS-
eTca 3aKOHaM HJeanbHBIX ra3oB (p; = ¢;RT), TO CBA3b MEXAY
K. u K, MOXXHO BBIDa3UTh ypaBHEHHEM

K, =K, -(RT),

rie An — U3MeHeHMe Y1ca MOJIEW Tra30B B pe3yJbTaTe pPeaKIlvu.
Jl1a peakuuu cMHTe3a aMMUaKa:

_ [NH;],-(RT)? ~ 1 .
P _[Nz]'RT'[H2]3 RTY®  °(RT)? =K.(RT)™2.

[Tpu paBeHCTBe uMcia MOJiel cjieBa U clipaBa K, =K.
Mexay uameHeHueM 3Hepruu ['nb66ca U KOHCTAHTOU paBHOBe-
CHA XUMHYECKOMN PEeaKIiM CyIeCTByeT COOTHOIIEHE

AG® =—RTInK =~2,3RT1g Kypuse (1
AGY

JlaHHOe ypaBHeH¥e MOXXHO 3aIlicath B BUAE K., =€ RT.

[To “3BECTHBIM PABHOBECHBIM KOHIIEHTPAI[USAM pearupyroIInx
BEIECTB MOXKHO OIPEeZeNIUTh KOHCTAHTY PAaBHOBECHUSA U COOTBET-
CTBEHHO CTaHJAPTHYIO dHeprur0 I'mbbca XUMUIECKON peaKIuy.

CocmosiHue pagHogecusi XapaKTepHU3yeTcs: HEeU3MeHHOCTbHIO
COCTaBa peaKIMOHHOM cpesibl BO BpeMeHU. CMeCTUTh IOJI0KEeHHe
PaBHOBECHUS MOXKHO M3MEHEHUEM TeMIIEpPATyphbl, KOHI[EHTPaIuU
YYaCTHUKOB PEAKIIU¥, MHOT/Ia OOIINM JIaBJIEHUEM.

CMmemieHre paBHOBecusa moAuuHsAeTcda npuHnuny Jle IllaTe-
JIbE: ec/U U3MEHUMDb YC08US, NPU KOMOPbLX CUCMeMa HAXOOULACh
8 pasHosecuu (p, T, ¢), mo pasHosecue cmewyaemcst 8 CMOPOHy moil
peaxkyuu, komopas npomugodeiicmgyem 3momy U3MeHeHUto, m. e.
cnocobcmayem 80CCMAHOBIEHUIO NePBOHAUATIbHO20 COCTNOSHUSL.

Mpumepbi pelueHua 3apay

IIpumep 1. PaccynTaiiTe, BO CKOJIBKO pa3 U3MEHUTCA CKOPOCTD IpH-
moit peakiuu 2CO;y + Oypy = 2C0y ;) IPU YBETUYEHUHU AABIEHUA
B cucTteMe B 10 pas? TemmepaTypa crucTeMbl NOAAEPXXUBAETCA MOCTOAH-
HOM.
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Pewenue. Hpe,ﬂHOJIO)KI/IM, YTO pacCMaTpuBaeMad pe€aKludg ABJIAECTCA
BHEMeHTapHOfI, T. €. AJId HEE CIIpaBE€AJINB 3aKOH ﬂeﬁCTBYIOLHHX Macc:

Vo =k-c2(CO)-c(0,).

[TpyHMMas, 4TO KOHLIEHTPALIUA U apLUaJbHOE JaBIeHNEe CBA3aHbI
IIpAMO MIPONOPLIMOHAIBHOU 3aBUCUMOCTBIO p; = C;RT. mony4aem

Vp:k'p%O'poz'

[Tocne yBennueHuA gasieHuA B cructeMe B 10 pa3 mapruaabHOE JaB-
JIEHUE KaXXJI0r'0 U3 peareHToB Bo3pacTtaeT Toxe B 10 pas, T. e.

v, =k-(10pco)?-(10po,) =1000-k - pZ, - Po, »
C/Ie[0BaTeIbHO, CKOPOCTh PEAKI[UH YBEIUYNBAETCS B

1000k - 2, -
T _Po P02 1000 pas.
Vo k'Pco‘P02

Ipumep 2. Jina peakunn 2NO ) + Cl,, = 2NOCl,,, KoHcTaHTa
CKOpOCTH peakiiuu paBHa 0,8. PaccuuTaiiTe: a) HayaJbHYIO CKOPOCTh
peaxIuu, ecay UCXOAHble KOHI[eHTpalluK BellleCTB paBHHI ¢,(NO) =
= 0,8 Mmonb/1, ¢y(Cl,) = 0,5 Mosb/71; 6) KaK U3BMEHUTCA CKOPOCTh peak-
LIUM B MOMEHT BpeMeHHU, Korza rpopearupyeT 20 % xj0pa; B) Kak U3Me-
HUTCS CKOPOCTD PEeaKIIUY, eCJIM YMEHBIIUTH 00beM cocya B 4 pasa?

Pewerue. a) B COOTBETCTBUM C 3aKOHOM JIECTBYIOIINX MaCC CKO-
POCTb TOMOT'€HHOM peakIIny BhIpakaeTcs KNHeTUYeCKUM YpaBHEeHNEM

Vo= k- C%(NO) . Co(Clz).
CrnefoBaTeIbHO, CKOPOCTH PEAKIINY B HAUYaJIbHBIN MOMEHT BpeMeHU
OyzeTr paBHa

Vo =0,8-0,82-0,5=0,256 22" .
J-C

6) CKOpOCTb peaKIliy B MOMEHT BpeMeHH, Korzia mpopearupyet 20 %
XJIOpa BBIPAXKAETCA YpaBHEHUEM

Vo =k-c2(NO)-c(Cl,),

rae c(NO), c(Cl,) — KoHIIleHTpaI BelllecTB K MOMEHTY BpeMeHH, Korzia
npopearuposao 20 % xiopa.

Paccunraem ¢(NO) u c(Cl,):
ecnu npopearupyet 20 % (wau 0,2 MoJib/JI) XJ0pa, TO ero KOHI[eHTpa-
WS YMEHBIITUTCSA Ha

Ac(Cl,)=0,5-0,2=0,1Momb/1,



torza c(Cl,) = ¢,(Cl,) — Ac(Cl,) = 0,5-0,1 = 0,4 Mmosb /1.

B COOTBETCTBUU CO CTEXHOMETPUIECKUMU KOIPPUIIMEHTAMU YPaB-
HEeHUA peaKIuu yMeHblneHue KoHmeHTpanuu NO coctaBut c(NO) =
= 0,1:2 = 0,2 mounb/n, Toraa c(NO) = ¢(NO) — Ac(NO) = 0,8-0,2 =
= 0,6 MOJIb /1.

CKOpOCTh peaKIMU K JaHHOMY MOMEHTY BPEMEHU COCTABUT V =
= 0,8:0,62:0,4 = 0,1152 mosb/7-C.

CiezioBaTeNbHO, CKOPOCTh PeaKIIMY YMEHBIITUTCS B

Vo _ k-c3(NO)-¢,(Cl,) 0,256
v, k-c2(NO)-c(Cl,) 0,1152

=2,22 pasa;

B) yMeHbIleHre 00beMa cocyza B 4 pa3a IMpUBEJET K COOTBETCTBY-
IOII[EMY YBEJTMYEHHUIO KOHIIEHTPAIU peareHToB. TakuM o6pa3oM, KOH-
HeHTpanuu peareHToB cocTaBAT c(NO) = 4¢,(NO), a ¢(Cl,) = 4c,(Cl,).
CrezoBaTebHO, CKOPOCTh PEAKITUU YBETUIUTCS B

v, _k(4:c2(NO)) (4 -¢(Cly))
vo  kc2(NO)-c(Cl,)

=64 pasa.

ITpumep 3. Peaktius nipu Temnepatype 30 °C mpoTekaeT 3a 1,5 Muny-
TBI. 3@ CKOJIbKO BPEMEHU 3aKOHYUTCA 3Ta peaklusd IIPU TeMIlepa-
Type 40 °C, ecii B JaHHOM TeMIlepaTypHOM UHTepBasie koddpduieHt
CKOPOCTH peakIiinuu paBeH 3?

Pewenue. IIpu yBenuuenuu temuepatypsl ¢ 30 70 40 °C ckopocThb
peakIuy B COOTBETCTBUU c ITpaBuioM BauT-IT'opda Bospacraert:

om) _ B

v(Th)
rae v(T,), v(T;) — CKOpOCTH peakliil IpU 3aZlaHHBIX TeMIlepaTypax

V(T ) 40-30
(—TZ) =3 10 =3, T. €. CKOPOCTb PeaKliuu yBeJIUunBaeTca B 3 pa3a.
vih

B cooTBeTCTBUU C OIIpeAcjICcHUEM CKOPOCTh p€aKIInn O6paTHO Ipo-
IIOpIHOHA/JIbHA BPEMEHU pEAKIINU:

v(T,) _ t(T,)
v(T) ()’

J

rze t(T,), t(T;) — epemsa peaxyuu npu memnepamypax T, 1 Ty:

v(Ty)
t(T;)=t(Ty) .
2 1 WT,)
YautsiBasd, uto t(T;) = 1,5 muH = 90 c, onpezensgeM BpeMs peak-
iy npu temmeparype T,: t(T,) = 30 c. TakuMm o6pa3oM, rpaBuIo BaHT-
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Todda cobromaeTcs: MOBbIIEHNE TeMIIEPaTyphl Ha Kaxkapie 10 °C mpu-

o 1,5
BOZIUT KITOBBILIEHUIO CKOPOCTH XMMHWYECKOM peaKLuu B 3 pasa (’— =3|
b
IIpumep 4. BEIYUCIUTL paBHOBECHBIE KOHILIEHTPALIUU KOMIIOHEHTOB
B obpaTuMoii peakiun CO, +H,0(;) & COyy +Hy(py, €cu B ucxoz-
HoU cmecu KoHLeHTpauuu CO u H,O coctaBisanu 2 u 3 MOJIb/J COOT-
BETCTBEHHO. K, = 1.

Peuwerue. CornacHO CTeXHOMETPUUYECKOMY YPaBHEHUIO COCTaBUM
COCTaB CHCTEMBI BO BDEMEHU B BU/Ie TAOIUIIBI.

KommnoHeHTBI Cco H,0 CO, H,
HcxonHble KOHIIEHTpaLUU 2 3 — —
[Ipopearuposaio X X — —
O6pasoBasnoch — — X X
PaBHOBeCHBIE KOHLIEHTpALIUU 2-Xx 3-x X X

3anuiieM BhIpa*K€HHKE A1 KOHCTAHTBI paBHOBECHA:

_[CO,1[Hy] _ x2 1
PR 1CO]-[H,0] (2-x)(3—x)

Pewrasg kBazpaTHOE ypaBHEHUE, IIOJYUYUM, UYTO X =1,2 MOJIB/ .
ITockosabky npopearuposaso 1,2 moas/a CO u H,O, To UX KOHIJeHTpa-
LIMM K MOMEHTY paBHOBecHA (paBHOBECHbIE KOHI[EHTPAI[U) COCTABAT:

[CO]=2-1,2=0,8; [H,0]=3-1,2=1,8momb/17,

a paBHOBecHble KOHIleHTpauuu [H,] u [CO,] OyayT paBHH IO
1,2 Moab/ 1.

Ilpumep 5. B peakiiuu riepsoro nopsagka A — B + C KOHCTaHTa CKO-
poctu k; = 5:10-5 c1. OnpezienviTe KOHIIEHTPAIUIO BelllecTB A U B U CKO-
pOCThb peakuu 4epes3 1 4 u 4epes 5 4, ec/ii HavyaabHasA KOHI[eHTpalUAa
A cocrtasnsna 0,2 MoJb/J1.

Pewenue. Ins peakiuu 1-ro nopsjka cripaBejiMBO YpaBHEHUE

c=cy-eht;

gepe3 1 u: ¢, =0,2-e-5107°:3600 = 0,17 Mosb/1;

gepe3 5 u: ¢, =0,2-e-5107°:53600 =0 08 MOJIB /1.

KoHueHTpanusa BelecTsa B HAXOAUTCA 110 CTEXUOMETPUYECKOMY
COOTHOLIEHUIO BelllecTB A U B. 13 ypaBHeHUs peakLuu cjiefyeT, 4YTO KOH-
IleHTpalysa BelllecTBa B Bo3pacTeT Ha Ty e BEeIUYUHY, Ha KaKyio yObI-
BaeT KOHIIEHTpaLUA A, TaK KaK U3 OZHOI'0 MOJIb BellleCcTBa A IToy4aeTcs
OJVIH MOJIb BeliecTBa B.

[Toatomy yepe3 1 4 cy = cy(y)—C4 = 0,2-0,17 = 0,03 mosb/11; uepe3
S4cp = copy—¢4=0,2-0,08 =0,12 mosnb/ 1.



PaccunTaem CKOPOCTb p€aKIINU I10 YpPaBHEHUIO

yepe3 1 4: v = 5-10-5:0,17 = 8,5:10-6 mosb/1;

yepe3 5 4: v = 5:10-5-0,08 = 4-10-° mosb /1.

IIpumep 6. B peakuyu BTOporo nopszaka A + B — D 3a 0AUH 4ac KOH-
LIeHTpalMU BellleCcTB A U B yMEeHbIIWINCH [0 CPABHEHUIO C Ha4aJIbHOM,
PaBHOM Cy4) = Cop) = 0,2 Mosb/11, Ha 30 %. OnpeziennTe KOHCTAHTY CKO-
POCTH ¥ CKOPOCTb PeaKIIMM B HaYaJbHbI MOMEHT BpEMEHHU U Uepe3 yac
TocJie Hayaja peakluu.

Pewenue. KoHnjenTpanyu BelecTB A U B 3a OVH 4aC yMEHBIIWINUCH
Ha 0,3:c, = 0,3:0,2 = 0,06 monb/71. Toraa yepes yac KOHLIEeHTpalUU
BelllecTB A U B cocTaBAT

cy=c5=0,2-0,06=0,14 mosb/1.

1 1
Jlns1 peakIiiyl BTOPOro mopsiika —=—+kt.
c ¢

Co—C_ 0,2-0,14 ~5,95.10- I
ccot 0,14-0,2-3600

Otcroga k, = vpe—

CKOpOCTb peakIliy B HayaJabHbIIi MOMEHT BpeMeHU OyZieT paBHa
v=k,-[A]-[B]=5,95-10"4.0,2-0,2=2,38-10>™moub-c! - 171,

Yepe3s oiH Yac CKOPOCTh PeaKIMK YMEeHbIIUTCSA U COCTaBUT

v, =k, -[A]-[B]=5,95-10"%-0,14-0,14=1,16-10"° monb-c! - ;L.

ITpumep 7. B cocyn o6bemom 0,1 m3 BBegeHO 10 T Bozopoza u 84 T
azoTta. K MOMeHTY AOCTHKeHUs paBHOBeCHUsd B cCHUCTeMe OoOpa3oBa-
JIoch 34 r aMMuaka. OmnpeziesiuTe KOHCTAHTY paBHOBeCUA peakiuu K.

Pewenue. Peakuiyil B3aMO/ZeMICTBUA BOZOPOJA U a30Ta

SHZ(I‘) + NZ(I‘) = 2NH3(F)

PaccunTaeM KOHIIEHTpALMIO peareHTOB B Ha4aJIbHbIN MOMEHT Bpe-
meHu. 10 r BoZopoZa cocTasideT 5 MoJib, a 84 r azota — 3 Moib. COOT-
BETCTBEHHO KOHIIEHTPAIIH 3TUX BEIEeCTB OyAyT:

5 3
Cy, =——=0,05™mo0mb/1; Cy, =——=0,03 M0JIBb/ 1.
™ 7100 "2 7100
B HavasbHBIN MOMEHT BpeMeHM HadaIbHas KOHI[EHTpaLyA IPOAYyKTa
peakuuu c(NH;) paBHa Hymo. K MOMeHTyY paBHOBeCHA KOHLIEHTpaLUA

aMMMaKa coCTaBHja:

34
NH;]=——=0,02Mo01b/11.
(NHa =17 700 /
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B cooTBeTCTBUU CO CTeXHUOMETpUUECKON peakuuel /s obpasoBa-
Huda 0,02 Mosb/J1 aMMHaKa AoJLKHEI TpopearuposaTh 0,03 Mosib BoZo-
pozna u 0,01 mosp azora. CirefoBaTeIbHO, pABHOBECHBIE KOHLIEHTPALUNA
atux rasos [H,] = 0,05 - 0,03 = 0,02 mosnsb/1, [N,] = 0,03 - 0,01 =
= 0,02 mosb/n1. TakuM 006pa3oM, KOHCTAHTa PAaBHOBECHS

[NH, 2 0,022

c= = =2500.
[N,]-[H,]* 0,023-0,02

Ipumep 8. OTpe/ieNiTe KOHCTAHTY PABHOBECHSA PeaKIUH
N2O4¢r) = 2NOyy)

U HamnpasiyieHUue peakuuu npu 400 K, eciiv B Ha4aJlbHOM COCTOAHUU
p(N,04) = 0,5; p(NO,) = 0,8.

Pewenue. TIpu pacueTe CTaHJAPTHOTO U3MeHeHUs sHepruu ['mMb66ca
AGY,, TnpeHeGpexeM 3aBUCUMOCTBIO A HYs U A.S%¢ OT TeMiepa-

TYPHI:
A H3og =2-A ¢H9g(NO,) — A fH395(N,04) =2-33,5-9,66 = 57,34 K/%;
A, S8%%g =2-88g(NO,) — S (N,0,) =2-240,45-304,3=176,6 [ix/K;
A,Glg = AHog — T - A,S%g = 57340—400-176,6 = 13300 JIx.

KoncTanTy paBHOBeCHS Ollpeie/IM 10 YpaBHEHHUIO

0
_AG400 3 13300
RT =¢ 8,314:400 — 54’7.

KpaBH =e
HayvasibHbIE YCIOBHA OTIMYAIOTCA OT CTaHAAPTHBIX, CJIeZIOBATENIbHO,
HeoOX0MIMO OIIpeZie/IUTb 3HAK AG o, V1A 3aJaHHBIX YCJIOBUH. [l 3TOTO
BOCITIOJIb3YEMCS YpaBHEHHEM
PRo
AGa0 = AGyy +RT - In—22—,
Pnyo,

2 2
. PNo, 0,8
COOTHOIIIEHNE JABIEHNNT ——2— = =1,28 cy1iecTBEeHHO MeHbIIe

pN204 O>5

K, = 54,7, moaToMy peakuus OyZieT mpoTeKaTh B IPSIMOM HaIPaBJIEHUU.
KpomMme aToro nsmeHeHue sHepruu ['mb66ca OTpULIATENBHO:

p2
AG400 = AG200 + RT . h’lN—OZ =
Pny0,

=13300+8,314-400-1n1,28 =—12479 JI.

CJIeZI0BATENbHO, CAMOIIPOU3BOIbHBIN IIPOIECC U3 33/JaHHOTO HaYallb-
HOT'O COCTOAHMA BO3MOXKEH TOJIBKO B IIPAMOM HaIlpaBJIEHWH, T. €. B CTO-
poHy ob6pazoBanus NO,.



3afilaHnA ansa CaMoCTOATENbHOro pelueHna

3adaHue 1. JlaHo ypaBHeHHe peakIiuu (CM. HOMeEp BapuaHTAa
B Tabi. 5).

1. 3anummuTe KWUHETUYECKUE YPaBHEHUA CKOPOCTel IMpAMOU V
1 obpaTtHOM V peakuuii. [oMo- winu reTeporeHHOU ABIAETCA JaH-
Had peakuud?

2. PaccunTaiiTe CKOpPOCTh NMPSAMOM peakKLUUu V, B HayaJbHbIN
MOMEHT BpeMeHU (IIpu ¢y). Kak M3MeHUTCA CKOPOCTb IIPAMOU
peakinuy K MOMEHTY BpeMeHU V,, Korzaa npopearupyet 20 % Bele-
cTBa B?

3. PaccuuTaniTe u3MeHeHUe CKOPOCTU NPAMOW peaKLuH MpU
OHOBPEMEHHOM TIOBBIIIIEHUU JaBJAeHUA B CUCTeMe B 3 pasa (17p)
1 TemmepaTypsl Ha 20 OC mipu y = 2 (711 Y4eTHBIX BAPUAHTOB) ; TIPU
OIHOBPEMEHHOM ITOHM)XEHUU JIaBI€HUsS B CUCTEME B 2 pasa (V)
u TeMmnepaTypsl Ha 20 °C npu Y = 2 (A1 HeYeTHBIX BApUAHTOB).

3adaHue 2. JlaHbl ypaBHEeHVE peaKlMU U UCXOJHbIe KOHIIeHTpa-
IIMU BelllecTB (CM. HOMep BapuaHTa B Tabi. 5).

1. 3anuuuTe BhIpaXkeHUE I KOHCTAHTH PABHOBECUA XUMUYe-
CKOU peakLuy Yyepes KOHLeHTpauuu K.

2. PaccuuTaliTe paBHOBeCHbIe KOHIIEHTPAIlMM BCeX BEIEeCTB
K MOMEHTY BpeMeHHU, kKorza npopearupyer 30 % BemjecTBa
A ¥ BBIYUCIATE KOHCTAHTY PaBHOBECHA.

3. YKaxuTe HalpaBJeHUE CMelleHUA PaBHOBECUsA IIPU U3MeHe-
HUM Kaxkzgoro us ¢axtopos (¢, p;, V u T), BEIUUCIUB U3MEHEHUe
SHTAIBIIUY peakuuu A, HYo.
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NNMOH.U% XHUHITTOHY OMHOH9INE]

€ ‘7 anHDEDE

0 0 0 0 0 ST0 Wg + Wotpg = Pz + W0s L1

1 l 1 1 50 50 W2z + DEode = %0 + PDd ¢ 91

1 1 1 1 T1 I Doz + Wsg = PstHg + P%0s ST

l l 1 1 1T 121 I0%H + WD = De + Wop "

l 1 1 1 b0 20 WoHY + Wsyz = DHe + WeDsye €1

0 0 0 l 8° b Yz + 100 = oz + YPHD 4

i i 0 0 e 1 WotHz + W =" + P00 I

0 0 e i € C a0 + YsHe = By + “%sD ot

l l 0 0 z o SNO + @omm — @Nmm + ENOw 6

l l 0 0 € €T DpHY + P15 = DtH z + YIS 8

7 7 J J 90 ¢0 Wsz + Wrop = PPz + Wegn L

e e 0 0 ST b0 “WotH + “HD = “He + YoD 9

0 0 i i 4 — Weng + W%0p = PotNeg + “o S

0 0 l l C b “1oH9 + Yaz = YHE + “fgr b

e l 0 0 91 80 W'HD + Wt = PstHe + Wis €

1 e e e 80 50 Wsz + WoNg = “osT + N 4

0 0 0 e 8 90 W0 T + Ws = WPos + Yooz I

I A d xou, nﬂ\ﬁ Mwﬁwus na\ﬁ.ﬂwus ap+D2 < gq+vyp eiendes

domoy
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i l 0 i 5T ST WofHz + YN = PHE + YoNe 9z
l 1 e 1 € € ®Wothz + Pfodz = PPog + YrHD ST
l 0 1 e 4 € “WoH + YoD!INH) = “C0D + “*HNE T
e e 0 y € I “Wo'Hy + Vs = Dy + WPose €2
0 e i 0 b 4 Weosz + WotHe = “YstHe + Prog (44
0 ! l l C € “10H9 + YN = g + “HNE X4
0 0 0 0 b 4 “WotHe + “'HD = “Hp + “%0D 0C
i i i i € €T “otH + “HO®HD = “HE + 0D 61
0 e e 0 ST ST Wehpy + D = DD + YstHE 81
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4. PACTBOPbI JIEKTPO/TUTOB.
TUAPONK3 CONEN

Pacmeopst — roMoreHHble (OHOPOAHBIE) CUCTEMBI IIepeMeH-
HOT'0 COCTaBa /IBYX WU OOJIBIIETO YKC/Ia BellecTB (KOMIIOHEHTOB),
OHUM 13 KOTOPBIX SIBJISIETCS pacTBOpUTENh. OHU MOT'YT OBITH I'a30-
BBIMU (HampuMep, BO3AyX), KUJKUMU U TBepAbIMU (Hampumep,
MHOTHE CIUIaBHI).

B XKUAKWUX pacTBOpax KOMIIOHEHT, HaXOASNIUNICA B U30BITKE,
ABJIAETCA pacTBOPUTENIEM, BCe OCTaJbHble KOMIIOHEHTHl — pac-
TBOPEHHBIE BelllecTBa. B pacTBopax MpoTeKar0T MHOTHE IPUPO/-
Hble ¥ IPOMBIIUIEHHBIE MIPOLIECCHl; U3y4eHHe CBOMCTB PAaCTBOPOB
CBSI3aHO C TAKMMU MMPAaKTUYECKUMU ITpobieMaMu, KaK pasziesieHre
BelecTB (ra3oB, HedTell), IyOOKas OUMCTKA, ITOA00P paCTBOPUTE-
JIer i peaju3alii TEXHOJIOTUYECKUX MPOLIeCCOB.

OcHOBHas KoJMYeCTBEHHAsA XapaKTEPUCTUKA PAaCTBOPOB — 3TO
KOHIIEHTpallusd, KOTOpasA OTpPakaeT CoZAep:KaHHe PACTBOPEHHBIX
BEIECTB B eMHHIIE MacChl, eIMHHIE 0ObeMa pacTBOpa WIM pac-
TBOPUTEJIA.

Maccosas 0011 — OTHOIIIEHUE MacChl paCTBOPEHHOT'0 BelleCcTBa
K Macce pacTBopa (B MPOIIeHTax - YUCJI0 PAMMOB PaCTBOPEHHOTO
BemlectBa B 100 r pacTBopa):

w="282 100 0p = BB 0
Mppa Vopa P

My pa = MpacrpopenHsix B-8 + Mpacreopurens -

MonsapHas koHuyermpayus (c,) -— YUCJIO0 MOJIEH PaCTBOPEHHOTO
BelllecTBa B OZTHOM JIMTPe pacTBopa:

N My, [MOHB].
CB

v MV x|

KpaTKoe 00o3HavYeHrEe — M.
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MonapHas KoHUyeHmpayus 3keusaieHmos (C,,,) — 910 MoJeit
SKBUBAJIEHTOB PaCTBOPEHHOTO Bell[eCTBA B OJHOM JIMTPE PacTBopa:

My M, |MoOIb |
CBK

v M V| 1 |
KpaTKoe 0003HavYeHre — H.

MonsinbHocms (c,,) — YUCIO MOJIe paCTBOPEHHOTI'O BellecTBa
B ogHOM Kuiorpamme (1000 r) pacTBopUTEIA:

n MOJIb
Cm = , .

Mpacrpopurens KT

Tump (T,) — 4MCI0 rPaMMOB PaCTBOPEHHOIO BeleCTBa B OHOM
MWLUIAJIATPE pacTBopa
T =Mssa | T
Vo v

p-pa
Ba)KHOUM KOJIMYeCTBEHHON XapaKTEPUCTUKON pPacTBOPOB SBJIA-
eTCsl paCTBOPUMOCTD S BelllecTBa B TOM WJIM MHOM pacTBOpPUTeEJIE.
Mepoii pacTBOPUMOCTH BeIlleCTBA MPH AAaHHBIX YCIOBUAX SBISIETCS
ero coZiep)kaHuvie B HACHIIIEHHOM PacTBOpE, T. €. KOHIleHTpaIllus
HaCBIIIEHHOT'0 PacTBOpa JaHHOTO BellleCTBa MPU OIpe/ieieHHON
TeMmIieparype. PacTBOpMMOCTb BbIpaXkaeTcsi B MOJib/J (MOsipHAA
pacmsopumocms) U T'/1 (Maccosast pacmaopumocms):

mg = v =sM,
I7Zle m — Macca pacTBOPEHHOTO BelllecTBa, I'; V — 06beM HachIeH-
HOT'O pacTBopa, J; M — MoiaApHas Macca pacTBOPEHHOIO Bellle-
CTBAa, I'/MOJIb.

Kugkue pacTBOpHL IIOApa3AesAl0T Ha PACTBOPHI JIEKTPOJIU-
TOB, CITOCOOHBIE POBOAUTD JIEKTPUYECKUIN TOK, U PaCTBOPHI HEd-
JIEKTPOJIUTOB, KOTOPBIE HE 3JIeKTPOIIPOBOAHEL. [Ipoliecc pacnaza
3JIEKTPOJINTA Ha WMOHBHI MO AEUCTBUEM MOJIEKYJT pacTBOPUTENA
HasbIBaeTcA ajekmpoaumuueckoil duccoyuayueti. KonmaecTBeHHO
JYicCOLMAIMA XapaKTepUuayeTcsa crmeneHslo ouccoyuayuu o, KoTo-
pasd paBHa OTHOUIEHUIO KOHLIEHTPALMU MOJIEKYJI, pacClaBLINXCA
Ha MOHBHI (¢), K 00IIel KOHIIEHTPAIUM PACTBOPEHHOTO 3JIEKTPO-
muta (cgy): o = ¢/cq. Ilo BenuuuHe oL 3J1eKTPOIUTHL JeJIATCA Ha Cd-
6bte ¢ o < 3 % u cunbHble ¢ oL > 30 %.
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K CUJIBbHBIM 3JIEKTPOJUTAM B BOJHBIX PAacTBOPAaxX OTHOCAT
TUJPOKCUJBI s-271leMeHTOB (kpoMme Be(OH),, Mg(OH),)), ruapoxk-
cuzpl 1anTaHouzoB Tuna La(OH),, mouTtu Bece conu (kpome ZnCl,,
Znl,, CdCl,, Cdl,, Mg (CN),, HgCl,, Fe(CNS);, Hg(CN), u ap.),
HeopraHudeckue kucaotel — HNO3, HCI, HBr, HI, HCIO,, HMnO,,
pas6asnenHaa H,SO,.

K cy1abbIM 2/IEKTPOJIUTaM B BOAHBIX PACTBOPAX OTHOCATCS OCHO-
BaHuA d-, f-, p-2JIeMeHTOB, OpraHUYecKre U MHOTMe HeopraHuye-
CKHe KHCJIOTHI, BOJJa Y KOMILUIEKCHBIE HOHBIL.

B pacTBope c1aboro 3/JeKTPOJUTa YCTaHABINBAETCS PaBHOBE-
cue, XapakTepusyeMoe koHcmanmot duccoyuayuu (K,), — OTHO-
IIeHWe TTPOM3BEIEHUSI PaBHOBECHBIX KOHIIEHTpAI[Ul NOHOB B CTe-
IIeHU COOTBETCTBYIOIIHUX CTEXHOMETPUUYECKUX KOIPUIIMEHTOB
K KOHLIEHTPallU HeJUCCOLMUPOBAHHbBIX MOJIEKY. K, XapaKTepu-
3yeT CIIOCOOHOCTDh BEIeCTBa pacnajaTbCs Ha MOHBL: 4eM Bhilie K,
TeM OOJIbIlle KOHIIEHTPAIUsI HIOHOB B PacTBOPE.

Jlyicconaliiy ¢j1abbIX MHOTOOCHOBHBIX KUCJIOT WX MHOTOKMC-
JIOTHBIX OCHOBAaHUM IIPOTEKAIOT I10 CTYIIEHAM, COOTBETCTBEHHO /I
KaXX/IOU CTyTIEHU CYIIIeCTBYeT CBOS KOHCTAHTA AMCCOITUALINU.

3aBUCUMOCTDb CTENEeHU AUCCOIMAIIUN OT KOHIIEHTPAIIUHN dJIeK-
TPOJIMTa BRIpAKaeTcs ypasHeHuem Ocmeanbod

_(X,Z'CO
1-o

K

[IpuMeHUTENTBHO K OYeHb CIabbIM aseKTpoautaM (o = 0), moJia-
rag, 4yto 1 —o = 1:

K
K=0?%cy, i o= |—.
)

Jlnsi omyrcaHUs CBOMCTB peabHBIX PACTBOPOB HCIOJIb3yeTCs
aKTUBHOCTh 4 — Mepa peajibHOT'O MOBe/leHUs BelllecTBa B pac-
TBOpeE; CTelleHb OTKJIOHEHUs IOBeJeHUs peajlbHOTO pacTBopa
OT UJeaJbHOTO BBIpaXkKaeTcs K03PPuyUueHMOM AKMUBHOCMU.
AKTUBHOCTB a MOHAa CBfI3aHa C ero KOHIleHTpauuel ¢ yepe3 Ko3d-
bUIeHT aKTUBHOCTH f popMysToi

a=cf.

KoadduiirieHT akTUBHOCTH 3aBUCUT OT MOHHOM CUJIBI [ pacTBOpa
lg f =—0,5122/1.
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MoHHaa cuia paCTBOpa YYUTBIBAET pA3/IMYHBIE DJIEKTPOCTA-
THYECKHUE BSaHMOﬂeﬁCTBHH MEXAY MOHAaMH M OIIpeAend€TCA KaK
ImosycymMmma HpOI/ISBe,Z[eHI/Iﬁ MOJIAJIBHBIX KOHHeHTpaHI/IfI ¢, BCEX
HMOHOB B paCTBOpPE€ Ha KBaZipaT UX 3apda z:

[=1/2-Y 2% cp,.

VoHHas cuja cKa3blBaeTCs Ha PaBHOBECHUM B CHCTEME MaJio-
PaCTBOPUMBIN 3JIEKTPOJUT — pacTBOP. Eciiu MasopacTBOPUMBIH
3JIEKTPOJIUT HAXOAUTCSI B pacTBOpe, COoZleprKallleM APyryue HOHBI
C BBICOKOU MX KOHIIeHTpallhuel, TO BMECTO KOHI[eHTpallui cieayeT
MTOJIb30BAThCA AaKTUBHOCTAMY MOHOB. Torzia BeIpakeHue IIpou3Be-
JIEHUSI PAaCTBOPUMOCTH 3allUCHIBAETCS B BU/IE

[P = (a,m- )" (an- )™

PacTBOpuMOCTE BelecTBa s cBaA3aHa ¢ [IP cooTHoenem

/ [1P
S e n+m|— .
n"mm

Boza — MasozucconiMMpoBaHHOE BELIECTBO, IIPU €€ 3JIeKTPO-
JIUTUYECKOM Arcconmanuy obpasyeTcs paBHOe KOJIUYeCTBO MOHOB
H*+ u OH-.

B BogHBIX pacTBopax KoHIleHTpaumuu H+ u OH- B3BauMocBA3aHbI
BBIpaK€HUEM KOHCTAHTHI JUCCOLIMALIN BOABI

[H*]-[OH"]

K=————-=1,8-10"1,
[H,0]

[Tockonbky [H,O] mpu H.y. mocTossHHaA BeJUYUHA, PaB-
Had 55,49 monb /i, npousBeaenre [H+] u [OH-] — Takxe mocTo-
AHHAA JJId JaHHOU TeMIlepaTyphl BeJIMUYMHA, KOTOpas Ha3bIBaeTCs
UOHHbIM npousgedeHuem 800bl K,,, paBHasa 10-14. B yucToit Boze
[H+] = [OH-] = 107 moab/n (pH = pOH = 7) — cpena Hell-
TpanbHadA; eciu [H+] > 10-7 monws/a (pH < 7) — cpezna kucias,
B IlesiouHoM cpege [OH-] > 10-7 monb/n (pH > 7).

KonndyecTBEHHO XapaKTep Cpelbl OIpe/ieseTcss 8000p00HbIM
nokaszamesnem pH, BelmunHaA KOTOPOTO paBHa OTPUIlATEIbHOMY
smorapudmy KoHIleHTpaluu H+

pH=-Ig[H*].
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Jlna pacuetra pH CHJIBHBIX KHUCJIOT UCIIOIB3YIOT GOPMYITY

pH=-lga(H")=-1g(f-[H*]),

WIH yIpolieHHo pH=-1gc., .
Jlia pacyeta pH CUIbHBIX OCHOBAHUM CIIPaBeAJIMBO

pH=pK,, —pOH=14+1ga(OH"),

WK yrpoieHHo pH=14+Igc .

I[Ipu pacuete pH ci1abbIX KUCJIOT U OCHOBAHUM YUUTHIBAIOT, KaK
IIPaBWIO, TOJIBKO 1-10 CTyTIeHb AUCCOIHAIINU C1abOT0 3JIEKTPOIUTA
Y IPOBOJAT 10 npubmmkenHoi ¢popmyne pH = -1g[H*] u pOH =
= -lg|OH-]. IIpu 3TOM paBHOBEeCHbIE KOHIIEHTpAIIMX MOHOB H+
1 OH- pacCUMTBHIBAIOT MCXO/S U3 COOTBETCTBYIONIUX KOHCTAHT JIHC-
colLMaIyu.

T'udponu3s coaeil. TUAPOIU30M COJIeH HA3BIBAIOT peaKI[UU
obMeHa MeXAy MOJEKyJaMU BOABI M MOHAMU COJU ¢ oOpa3oBa-
HUEM CJ1a0bIX JIEKTPOIUTOB. [Ipy 3TOM TakKe 00pa3yeTcss HEKOTO-
PBI M30BITOK JTMOO MOHOB Bogopoga H+, 1160 MOHOB r'HApOKCHAA
OH-, u pH pacTBopa ruzpoausytomieiicsa coayu CTAaHOBUTCA OTINYEH
OT HEUTPaJIIbHOTO.

['uaponuTHyeckoe paBHOBeCHE PeaKIUU TUApOJr3a MOXKHO
OTIMCaTh COOTBETCTBYIOINIEN KOHCTAHTOU pPaBHOBECUS] — KOHCMAH-
moti 2udpoausa K,. KoncTanTa ruziponusa cBsi3aHa ¢ MOHHBIM IIPO-
V3Be/leHeM BOJbI M KOHCTAHTOM ZMCCONMANNU C1aboro 3/IeKTPo-
JIUTA COOTHOIIEHUEM

rae K, u K, — KOHCTaHTHI AUccolanyuy c¢a1aboil KUCIOTH U cia-
60ro OCHOBAHUS COOTBETCTBEHHO.

KonnyecTBeHHON XapaKTepPUCTUKOU IIyOWMHBI MPOTEKAHUS
TUIPOJIN3a fABJIAETCS CMmeneHs 2U0poau3a o,
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IZle ¢, — paBHOBECHAaA KOHIIEHTpaLs I'M/IpOJIM30BAHHBIX NOHOB;
€y — UCXOAHasA KOHLEHTpalusA UOHOB COJU, IIOABEPTaIIIUXCs
TUZPOJIU3Y.

CreneHb ruzponmnsa cBs3aHa ¢ K, U UCXOQHOU KOHIIeHTpalueun
TAAPOJIUIYIOIINXCA NOHOB COOTHOILIIEHUEM, aHAJIOTUYHBIM 3aKOHY
OcTBanpaa:

2
K _ OCPCO
1—!_ .
1-o0,
Ecmm o, << 1, 1O

r
Co

K. =0, -cy, unu o, =

Kak nmpasuio paccyuThiBaroT pH pacTBOPOB r'/IpOIU3yIOIINXCA
CoJIel C y4eTOM TOJIbKO 1-11 CTyIlleHU TuZpoJsn3a. PaBHOBeCHYIO
KoHLeHTpanuio Ht win OH- HaxozAT ucxoada U3 KOHCTAaHT T'U/pO-
JIN3a WIY CTEIIeHU I'MApOJIn3a.

B ciydae conu, obpa3zoBaHHOM ciabbIM OCHOBaHUEM U cj1aboi
KHCJIOTOM, CTelleHb r'Hpoin3a U KOHI[eHTpalnya UOHOB BOOPoJa
He 3aBUCAT OT UCXOJHOU KOHI[EHTPALMU COJU U ONpPeJesaloTca
o bopMysIam

OCFZ\/ZZ

pH=1/2(pK,, + pK, — pK}).

Mpumepbl pelueHua 3apay

IIpumep 1. VimeeTcs pacTBop cyabdaTa aJFOMUHUS ¢ MACCOBOH Zioyeit
o = 10 % u wotHOCcThIO P = 1,105 r/cMm3. PaccunTaliTe MOJSIPHYIO KOH-
LIEHTpal1I0, MOJIAPHYIO KOHIIEHTPALIUIO SKBUBAJIEHTOB, TUTP, MOJISIb-
HOCTb U MOJIAPHYIO JOJII0 JAHHOT'O PacTBOpa.

Pewenue. Halizem maccy 1 1 pacTBopa

V

m bpa =1,1051-cM™3-1000cm® =1105T .

p-pa = Pppa’
[To ompegenenuto maccoBoi gonu B 100 r pacTBopa cozep-
kurtca 10 r AIZ(SO4)3, cneaoBaTenbHO, B 1105 r OyzeT comepKaThCs
(1105-10) /100 = 110,5 r Al,(SO,) ;.
PaccuuTaem mosspHyto Maccy Al,(SO,); 1 onpeZie M MOJIAPHYIO
KOHIIEHTpAIUIO pacTBopa:
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M(Al,(SO4)3) =342r/Moib.
TakuM 06pa3oM, B OJHOM JINTPE PACTBOPA COAEPKUTCS

m, 110,5
M, 342

=0,32 MOJIb,

U MOJIApHaA KOHIIeHTpalua coctaBut 0,32 MOJIb /1.

dakTOp 3KBUBaJE€HTHOCTU MojeKymsl Al,(SO,); paBeH 1/6 moie-
KYJIBL.

TakyM 06pa3oMm, MOJIsIpHAsA KOHLIEHTPAIUA SKBUBAJIEHTOB C,, PaBHA

Cox =€/ f=1,92Monb/71(1,92H.).

Hatizem TUTp pacTBopa, T. €. cogepxkanue Al,(SO,); B 1 M

_ ML, (S04)3 _ 110,5
1000 1000

=0,1105r/Mm.

ITo ycouto B 100 r pacTBopa cogepxutes 10 T Al,(SO4)5 1 90 T H,O.
Torga Ha 1 k1, T. e. Ha 1000 r BozA®l mpuxogutca (1000-10)/90 =
= 111,11 r Al,(SO,)5. OTo coctapnser 111,11/342 = 0,325 moib. Cie-
AoBatenbHO, B 1000 r pactBopurens H,O coaepxurea 0,325 mosb pac-
TBOpeHHoro BemecTBa Al,(SO,) 3, ¥ MOJISIIBHOCTB pacTBOpA C,,, 110 OIIpe-
Aenenuto paBHa 0,325 moinb/1000 r = 0,325 MOJIb/KT BOJBL.

Haiiziem Maccy BOABL: My, = My, py — My g0 = 1105-110,5 = 994,51

Jto cocrasaaeTr 994,5/18 = 55,25 Moib.

Monsapnas gonsa Al,(SO,); B pacTBOpe COCTaBUT

Ny.pa 0,32

x, = = =0,0058.
M. +nH,0  0,32+55,25

IIpumep 2. Yemy paBHa MaccoBas gossa 0,2 M pactsopa (NH,),SO,
¢ ItoTHOCThIO P = 1,015 r/cm3?

Pewenue. TpebyeTcs mepeiTH OT KOHIIEHTPAIIUM, BIpAXKEHHOU
B MOJIb/JI, K OTHOIIIEHUIO MacC paCTBOPEHHOIO BellleCTBa U pacTBopa.

Bripazum Maccy BeljecTBa cysnbdaTa aMMOHUA U3 GOPMYIIBI MOJIAP-
HOU KOHIIeHTpaIuu:

¢, - M((NH,),S0,) -V,
1000

-pa
pl"

s 1.

M(NH,)250, =

[ToacTaBUM 3TO BEIpaXkeHUe B GOPMYITY JJi OIIpeZieJIeHUsI MacCOBOM
ZI0JTU U TipeobpasyeM ero:

(%) = T=8210004 = 23210004 =
My pa Vopa P
¢- M((NH,),S0,)-V.
_ ((NH4),SO,4) PPA 10004
1000V, 5, -p



[To popmysie B3aMOCBA3U MOJIAPHON KOHI[EHTPAIUU C, ¥ MAaCCOBOM
JIOJTV (0 HaXOZIUM TIOC/IEZIHIOIO BEJTMINHY:

¢ M((NH,),S0,)  0,2132

o(%) = =
10p 10-1,105

2,6%.

IIpumep 3. PaccuuTaiiTe BogOpoAHbIN nmokasatenb 0,005 H. pac-
TBOpa XJIOPOBOJOPOAHOM KUCJIOTHI, cogeprkaiiero 0,01 Moab /a1 Xj0-
puza HaTpUA.

Peuwserue. JTaHHBIN pacTBOP COAEPKUT CUIbHBIE 3JIEKTPOJIUTHI, KOTO-
pBl€ JUCCOLMUPYIOT 110 YPaBHEHUAM

HCl - H+ + CI-
NaCl — Nat+ + Cl-.

BogopoaHbIii ToKa3aTe b TAKOTO pacTBOpA OIpe/essaeTcs akTUBHO-
cThbio MoHa Ht:

pH=pa(H*)=-1ga(H").
AKTHBHOCTb HOHa BOZOPO/ZA OIpeAensaeTcs KakK
a(H") = f-c,(H").

Monapnasa koHneHTpanusa pactsopa HCl paBHa ¢, = ¢ .2, =
= 0,005 mosnb/7, cnefoBarenbHO, KoHIeHTpauusA c(H*) = 0,005 mosb/7;
c¢(Na) = 0,01 mosb/n; c(Cl-) = 0,01 + 0,005 = 0,015 Moib/J1.

[L1OoTHOCTD OYeHBb pa3baBIeHHOTO PACTBOPA MOXKHO MPUHSTDH PaB-
HOU IUIOTHOCTH BoZbI p =1000 r/J1, MO3TOMY IIPY BBIYMCIEHUN NOHHOU
cuibl [ pacTBopa, a TakKe akTUBHOCTU MOHA BMECTO MOJISUIBHBIX KOH-

HeHTpaHI/Iﬁ MOXHO HCIIO/JIb30BATb HPI/I6JII/IBI/ITCJIBHO PaBHbIE UM MOJIAD-
HbI€ KOHIICHTpalluMn:

I[=1/2(c(H*))-22(H*)+c(Cl7)-22(Cl7)+c(Na*)-z?2(Na*t) =
=1,/2(0,005-12-0,015-12+0,01-12)=0,015.
ITo ypaBHEHUIO TIpeIeTbHOTO 3aKoHa Jle6ast — XIoKKeJIs OnpezesisieM
cpeauuii k0a$dUINEHT aKTUBHOCTU HOHOB B JJaHHOM pacTBoOpe:

lg f=-0,51-22-+/1 =-0,51-12-(0,015)/2 = —0,622.

CrnenoBarenbHo, f = 0,867.
HaxoauM akTUBHOCTb MOHOB BOZIOPOZA:

a(H") = f-¢,(H")=0,867-0,005=0,0043. .

Torza pH = -1g4,3-10-3 = 2,37.

IIpumep 4. Paccuuratite pH 0,1 M pacTBOpa IMaHOBOAOPOJHOM KHC-
sotel HCN. Onpezenute, Kak uaMmeHuTcs pH, ectu K 1 1 pacTBopa g06a-
Buth 0,1 Mosb nuanuga Hatpusa NaCN, kaxy1iascs cTereHb Juccolyia-
nuu kotoporo 0,857

59



60

PeweHnue. Cnabasg muaHOBOAOPOAHAS KUCJIOTA AUCCOLIUUPYET
cortacHo ypasHennio HCN < H* +CN-..

YuuteiBad 1o, 4TO KoHcTaHTa Auccounauuu HCN K, = 4,93-10-
10, cTemeHp AMCCOITMAIIMY KHUCJIOTH B pacTBope 6e3 100aBIeH s COMU
MO>XHO BBIYMCJIUTH 110 YIIPOILIIeHHOMY BBHIpa)K€HUIO 3aKOHA pa3BeleHus
OcTBanpja:

10-10
(XHCNZ\/ Ko =\/4’93 10 =7,02-107°.
CHCN 0,1

PaBHOBecHas MOJIsIpHAs KOHLIEHTPALUs MOHA BOZOPOJA COCTABUT

[H*]=o cyeny =7,02-107°-0,1=7,02-10° moJib /1.

CrenmoBaTeIbHO. BOJOPO/JHBIN MOKa3aTelb UCXOAHOTO pacTBOpa
paBeH

pH=-I1g[H*]=5,15.

[Tpu nobasnenuu B pactBop conu NaCN paBHOBecHe AMCCOI[AAITNN
KHUCJIOTHI cortacHo npuHnuiy Jle [llatenbe — BpayHa cMecTUTCA BJIeBO
(B cTopoHy 06pa3oBaHUsA HEITPOAUCCOLIMUPOBAHHBIX MOJIEKY/T KUCIOTHI)
B pe3y/bTaTe MOSABIEHUS B pacTBope OOJBIIOro KosndecTsa HOHOB CN-
3a CYET JUCCOLMALUY CUIBHOTO 3JIEKTPOJIUTA:

NaCN — Na* +CN-.

[Tpu 5TOM yMeHBIIMTCA KOHIIEHTpaIMA HOHOB BOZIOPOZA B pacTBOPE.
T. €. AUCCOIMAIUs c1aboil KUCIOTH OyZeT nmogasieHa. HoOByI0 KOHIIEH-
TPaIMI0 MOHOB BOZOPOJA MOXXHO 0603HaUYUTh Yepe3 x (Mosb/ ). KoH-
LeHTpauusa HoHOB CN-. BHOCUMBIX COJIbIO C KOHIleHTpanuen 0.1 Mosb /1,
OyzeT paBHa:

¢(CN-)=oa-c(NaCH)=0,1-0,85=0,085 mob /.
O611as KOHIIEeHTpalys [IMaHUA-HOHOB B HOBOM PacTBOPE COCTaBUT
[CN-]=x+c(CN-)=x+0,085.

[NozacTaBnaa KOHI[EHTpalliU MOHOB B BhIpaXkeHue K, 1 yuYuThIBas To,
YTO M3-32 OYEHb HE3HAYUTETbHOMN AVCCOIMAIIMU KUCIOTHI KOHI[EHTpa-
1y HeAuccouuupoBaHHoU kucaoTel [HCN] nmpakTuyecku coOBIaZiaeT
C UCXOZHOU KOHIIEHTpaIhel, TOTyIuM

[H]-[CN-]_ x(x+0,0,85) x-0,085

=4,93-10-10,
[HCN] 0,1 0,1

Koameny =

Pemas ypaBHeHue, Haxogum x = [H+] = 5,8:10-1 mosb /1.
CneznoBaTesibHO, HOBOE 3HaUYeHHE BOJOPOAHOTO MOKa3aTess pac-
TBOpa



pH=—1g5,8-10"10 =9 24

TakuM o6pasoM, nocie fo6aBieHUA COMU Cpefia pacTBopa u3Me-
HUJIACh U BMECTO cIaboKUCION cTana caabolnesoqHo, 4To 06ycIoB-
JIEHO He TOJIbKO IIoZIaBJIeHHeM Aucconuanuu caaboit kucaorsl HCN,
HO Y I'M/POJIU30M 110 aHUOHY cony NaCN.

ITpumep 5. Ouenure creneHs aucconuanuu a 8 0,005 M u 0,05 M pac-
TBOpaX CEpHUCTOM KUCIOTHI H,SO4.

Pewenue. Ina pelieHua clefyeT UCIONb30BaTh 3aKOH pa3Be/eHUA
OcTBanpza ¥ 3Ha4€HUA KOHCTAHT Jucconnanuu (mpunoxeHue 2). Cep-
HUCTas KUCJI0Ta — CIa0BIN 37IeKTPOJIUT, OHA AUCCOIIMUPYET CTYIIeHYaTo:

H,SO; & H* +HSO3; K,;=1,7-1072 (1-51 cTyIIeHb);
HSO3 < H* +S0%7; K,y =6,3-1078 (2-s1 cTymiens).

[MTockomnpky Kj; < K;, aucconanyeii KUCIOTHI 110 2-1 CTYIIeHU MOXKHO
B IIEPBOM NPUOIMIKEHUHN NTpeHeOpedsb U pacCYMTHIBATD a AJid 1-H cTy-
MeHU AV CCOIAIHMN.

B 10 K€ BpeMa 3Ha4YeHue K; OTHOCUTEIbHO BEJIMKO, II03TOMY pacyeT
a cIeayeT MpoBOAUTH 1O cTporoi popmysne OctBanbza. s 0,005 M pac-

TBOpa

o=

2¢,
_-1,7-102+(1,7-102)2 +4.5.102-1,7-102
- 2.5-1073

=0,81.

Pacuet o nmpubmmkeHHo! Gpopmyrte K, ~ a%:c IpUBOAUT K BEIUINHE
6osblre 1, uTo He uMeeT cMbicia. st 0,05 M pacTBopa MOIyIUM

yo L7102 +y(1,7-102)2 +4-5-10-2-1,7-102
- 2.5-1072

=0,44.

Pacuer o mpubmkeHHOM popmyiie gaeT oo ~ 0,58, 94To CyecTBEHHO
OT/IMYaeTCsA OT PaCCUUTAHHOIO BhIlle. HeTpyZHO BUZETD, UTO C yMEHBbIIIe-
HUeM KOHI[EHTPaIUK ¢JIaboro 3JIEKTPOJINTA O YBETNIUBAETCS.

IIpumep 6. BeranciuTe KOHCTaHTy ruposau3a K, cTeneHb r'uipoan3a
o, 1 pH 0,1 M pacTBopa uyaHnga HaTpUA.

Pewenue. Cosnb NaCN, ABIAACH CWIBHBIM 3JIEKTPOJIUTOM, ITIOJTHOCTBIO
auccoruupyet Ha noHBI NaCN — Na* + CN. Cosp NaCN o6pa3oBaHa
cwibHBIM ocHOBaHMeM NaOH u cina6oii kucioroit HCN, moaToMy cosb
NaCN rugponnsyerca 110 aHUOHY. 3allUChIBaE€M MOHHO-MOJIEKYIAPHOE
U MOJIEKY/IAPHOE YpaBHEHNe I'ApOoymn3a:

CN-+H-OH < HCN+OH-
NaCN+H-OH < HCN +NaOH
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'uapomMTUYECKOe paBHOBECHE XapaKTEePU3YeTCsI KOHCTAHTOM THUAPO-
JIN3a, KOTOPOE BBIBOAUTCS C UCIOJIb30BAaHMEM MOHHOTO ypaBHEHUS
TUAPOJIH3aA:

KpaBH ' [HZO] :KF = [HCN] [OH_] . [H+] _ KHZO .
[CN™] [H] K,

Tak, koHcTanTa Aucconnanu HCN K, = 4,93-10-10. Torza

g =Ko 1071

- =2,03-1075.
" K, 4,93-10%

[Tockonpky K, Mana, To cTelleHb TUpoju3a onpeensaeTcs mo ¢op-
My’ie

. -5
o= [ Ko 203107 g n 102,
C 0,1

coin

Konnentpanusa nonos [OH-] coctasut [OH-]= a,c, = 1,42-10-3.
OmpezenyM ruIpOKCUAHBIN TTOKa3aTesib U pH pacTBopa:

pOH=-1g1,42-103 = 2,85,

torga pH = 14 - pOH = 11,15.

Ilpumep 7. Hanumute NOHHO-MOJIEKYJIAPHBIE U MOJIEKYJIAPDHEIE YpaB-
HEHUS peaKIIny THIPOJIN3a 0 IIEPBOI M BTOPOM CTYTIEHSAM JJIs1 pacTBOpa
XJIopu/ia ITMHKa. PaccunTaiite 3HaueHue pH 0,01 M pacTBOpa cou.

Pewenue. Conb ZnCl, obpasoBana cinabsiM ocHoBaHueM Zn(OH),
U cwibHOU kucyioTor HCl, moaToMy rupon3yeTcs 1o KaTHOHY:

1-g cTyieHb

Zn?* +H-OH < (ZnOH)* + H*
ZnCl, + H-OH < ZnOHCI + HCI

2-4 CTyIleHb

(ZnOH)*+H-OH < Zn(OH), + H*
ZnOHCl+H-OH < Zn(OH), + H*

OHpe,Z[e)II/IM KOHCTAaHThbI T'HZpoJin3a AJd KaH(ﬂOﬁ CTYIICHU:

K 10-14
K= 10 0 - =2,04-1078;
Kynznom, 4,9-107
K, 10-14
Koy =——22 = =7,58-10-10, ,

Kyyznom, 1,32:107



Haxogum KOHIIeHTpallii KOHOB BOJOPO/a, 00pa3yroIuxcs Ha 1-1i
U 2-# CTYTIeHAX TUAPOJIH3a:

[H*]; = Kup -6 =[H*], =(2,04-10-8.10-2)1/2 =1,43.10°8;
[H* 1 = Ko -G = (7,58-10710.10-2)1/2 = 2,75.106,

CiiegoBaTebHO,
[H*]1=[H*]; +[H*]; =1,705-10 u pH=-1g[H*]=4,77.

s 1-# cTyneHu ruzposau3a pH MOXKHO paccuuTaThb 1o GopMmysie

pH=-1/2-1g(K,(,-¢©)=-1/2-1g(2,04-10-8 -10-2) = 4,85,

3HAYUT, [IpU NpUbIKeHHOM pacueTe pH pacTBopa cosell 2-1 CTYIIeHbIO
TUAPOJIN3a MOXKHO ITpeHeOpeyYb.

3adukcupoBaTh BeIUYUHY pH ZaHHOTO pacTBOpa Jydlle BCEro
MOKHO C IIOMOIIBIO JIJAKMYCa, KOTOPBIA U3MEHUT CBOIO OKPACKY C CMHeU
Ha KpacHYIo.

IIpumep 8. PaccuuTtath 06eM BOJBI, HEOOXOAUMBIN /711 pacTBOpe-
Hus 2,35 1 ioanza cepebpa Agl mpu T = 298 K.

Peuterue. 3anceiBaeM ypaBHEHMeE TeT€POreHHOTO PaBHOBECHUA:

Agle Agt+1-.

CBA3b MeX/y BeJIMYMHOU NTpou3BeeHusa pactsopumoctu [1P u pac-
TBOPUMOCTBIO S, BBIDQXKEHHOW B MOJIb/JI, OIIpE/e/IAeTCA BEIpaXKeHUEM

HPAgI = [Ag+][1_] =82.

Otcropa pacTBOpuMOCTh Agl:

s=[TIP o =1/8,5:10717 =9,22-10~ Monb/x1

u Macca Agl B oJHOM JIMTPe HaCBIIIIeHHOI'0 pacTBopa (MaccoBasi KOH-
IleHTpaIys)

m,(Agl)=s-M(Agl)=9,22-10-235=2,17-10-° monb/1.

C y4eToM TOro 4TO OCHOBHOUW 00be€M pacTBOpa 3aHUMAaeT BOJA,
06beM BOZIBI, HEOOXOAUMBIH JIs1 pacTBOpeHUs 2,35 T Agl, BEIYUC/IAIOT
o popmyiie

= = =1,083-10° 1=1083 m3.
m,(Agl) 2,17-10°°

VHzO
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3afilaHnA ansa CaMoCTOATENbHOro pelueHna

3adanue 1. VimeeTcss pacTBOP BellleCTBa JAHHOM KOHIIEHTPALU
1 mwioTHocTHu (Tabi. 6). OnpezaennuTe MOJAPHYIO KOHIIEHTPAIIHIO
BelmlecTBa (c,), MOJAPHYIO KOHIIEHTpalMio S5KBUBAJIEHTOB Bellle-
crBa (c,,), MacCoOBYIO JIOJII0 PaCTBOPEHHOTO BemecTsa (o, %) B pac-
TBOpe u TUTp pactBopa (7).

Tabnuua 6
Homep Kounenrpanua
Bapu- | BemectBO | p, I'/MI Co . Co
aHra vomo/n | o MOJIb /JI T, v/mn
1 AlCl,4 1,016 0,02016
2 AgNO, 1,194 1,4
3 CaCl, 1,031 4
4 Cu(NOy), 1,036 0,22
5 Fe,(SO,)3 1,181 0,2362
6 MnCl, 1,068 8
7 Zn(NO;), 1,067 0,9
8 NiSO, 1,21 2,8
9 ZnSO, 1,084 1,3
10 H,SO, 1,038 6
11 (NH,),SO, | 1,069 0,12828
12 Al,(SO,)5 1,105 1,3
13 Na,CO4 1,05 5
14 K,SO, 1,056 0,07392
15 H;PO, 1,150 3,0
16 Co(NO3), 1,015 0,11
17 Mg(NOs), 1,044 6
18 Na,SO, 1,053 0,06318
19 Ba(NO,), 1,015 0,5
20 FeCl, 1,0323 4
21 MnSO, 1,059 0,06354
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OkoHYaHue mabn. 6

Homep Kounenrpanusa

Bapu- | BemectBO | p, I'/MI c

aHra MOJBII;:/JI ®, % MOJ:I:/JI T, v/mn
22 Na,CO4 1,013 2
23 ZnCl, 1,035 0,6
24 MgSO, 1,27 2,54
25 CoSO, 1,08 0,0864
26 MgCl, 1,051 2
27 MgSO, 1,018 0,34
28 Na,CO4 1,02 2,1
29 CaCl, 1,074 1,74
30 Al,(SO,)5 1,105 6,7

3adaHue 2. CKOJIBKO MWUTWJIUTPOB pacTBopa A ¢ 3aJJaHHOU
MaccoBol mojeit o (%) u IWIoTHOCTBIO P (I'/MiI) MOTpebyeTcs A
HeWTpaJu3alyu pacTBopa B, cozeprkallero omnpeeieHHy0 Maccy
m pacTBOPeHHOTo BelecTBa (Tabi. 7).

Tabnuya 7
Howmep PacTtBOp A PacTtBOp B
ama | peeersa | O% | o | SR | me
1 H,SO, 4 1,025 KOH 1,4
2 HClI 1,36 1,005 Ba(OH), 1,71
3 HNO, 4 1,02 Ca(OH), 0,74
4 H,;PO, 6 1,031 KOH 0,7
5 HClI 2 1,008 Sr(OH), 0,61
6 KOH 1,3 1,01 H,SO, 0,49
7 H,SO, 5,5 1,034 NaOH 0,4
8 NaOH 4,2 1,045 H,SO, 0,98
9 KOH 8,9 1,079 H,SO, 0,98
10 H;PO, 6 1,031 NaOH 0,8
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[MpodonxeHue mabn. 7

Homep PactBOp A PactBOp B

wra | pemeersa | @% | b | ot | ome
11 KOH 7,8 1,068 H;PO, 0,33
12 NaOH 6 1,065 H;PO, 0,98
13 NH,OH 10,4 0,956 H,SO, 1,47
14 NaOH 11 1,12 H,SO, 2,94
15 H,;PO, 6 1,031 NH,OH 0,7
16 H,SO, 2,5 1,016 NaOH 0,4
17 H3PO4 2,15 1,01 NaOH 0,2
18 HNO, 4 1,02 Ba(OH), 5,13
19 H;PO, 4 1,02 LiOH 4,8
20 H,SO, 2,5 1,016 Ca(OH), 0,37
21 HClI 4,4 1,02 Sr(OH), 0,61
22 H,S0, 4 1,025 Ba(OH), 0,71
23 H;PO, 4 1,02 Ca(OH), 1,11
24 H,SO, 5,5 1,034 LiOH 0,24
25 H,;PO, 4 1,02 KOH 1,68
26 NH,OH 12 0,95 H,SO, 2,94
27 HNO, 6 1,031 Ca(OH), 0,37
28 H;PO, 3 1,014 KOH 0,14
29 H,SO, 4 1,025 NaOH 0,8
30 HCl 5,4 1,025 Ca(OH), 0,74

3adaHue 3. VimeeTcs pacTBoOp ciaaboro snmekTposiauta (tabi. 8).

1. 3anuimmTe ypaBHEHHUA JUCCOIIUAIIMH U BHIPAXKEHUA /I KOH-
cTaHT Aucconuanuu (K,) mo BceM BO3MOXXHBIM CTYIIEHAM, YKaXXUTe
MX BeJIUYUHBI (CM. IPUIOKEHHUE 2).

2. PaccuuTaiiTe cTeleHb JUCCOLMAIIUM CIAOOTO IJIEKTPOIUTA,
KOHIIeHTpaIuio noHoB [H+] B pacTtBope u pH maHHOTO pacTBOpa
C 33/IaHHOM KOHIIEHTpaIel 3JIeKTPOIUTA.
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Tabnuua 8

Howmep 3adaHue 3 3adaHue 4 3adaHue 5
BapHu- c c
aETa BeIeCTBO Mo;;, s | BEUIECTBO | BellecTBO MOJ:I,; I

1 H,Te 0,01 Ag,S0; Cdso, 0,02
2 H,AsO, 0,02 Fe(OH), | Al(NOs), 0,02
3 H,CO, 0,001 Be(OH), K,Se 0,03
4 H,GeO, 0,02 PbF, Ba(NO,), 0,04
5 H,PO, 0,025 In(OH), CoCl, 0,05
6 HOBr 0,05 Cd(OH), K,TeO, 0,02
7 HOI 0,1 Co(OH), FeSO, 0,01
8 H,TeO, 0,5 Cr(OH), Na,C,0, 0,02
9 H,C,0, 0,05 Cu(OH), | Cu(NO,), 0,05
10 H,SeO, 0,02 Ni(OH), FeBr, 0,01
11 H,TeO, 0,01 Pb(OH), NiSO, 0,05
12 HOCI 0,05 Ag,S0, Na,Te 0,01
13 H,BO, 0,01 Mn(OH), K,SiO; 0,01
14 H,S 0,005 CaF, MnSO, 0,02
15 H,Se 0,02 Hg,SO, NagAsO, 0,05
16 H, SO, 0,001 Sn(OH), K,GeOs, 0,01
17 H,Te 0,001 BaF, Cr(NO3)4 0,02
18 H,TeO, 0,01 Pd(OH), ZnBr, 0,05
19 H,C,0, 0,005 StF, SnCl, 0,02
20 H,SeO, 0,002 Ag,CO,4 Na,PO, 0,01
21 H,SiO; 0,005 Ga(OH), K,TeO, 0,01
22 H,S 0,02 Sc(OH), Na,SeO, 0,05
23 H,Se 0,05 Zn(OH), CrCl, 0,02
24 H,AsO, 0,02 AI(OH); | Pb(NO,), 0,05
25 H,BO, 0,05 Co(OH), Li,PO, 0,01
26 HOCI 0,01 MgF, NiCl, 0,05
27 HF 0,001 PbBr, CdcCl, 0,03
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OkoHuaHue maébn. 1.2

28 HCN 0,02 PbI, NagBO, 0,05
29 HNO, 0,025 Mg(OH), | (NH,),SO, | 0,03
30 HCOOH 0,02 Bi(OH); | Fey(SO,)s 0,02

3adanue 4. ViMeeTcs HaCHIIEHHBIN pacTBOpP TPYAHOPACTBOPU-
MOro 37eKTposauTa (cM. Tabs. 8). 3anuimTe BeIpakeHUe /I POr3-
BeZleHUA pacTBopuMocTH [IP u ykakuTe ee BelUUUHY. Berauciaure
PacTBOPUMOCTD JJAHHOT'O 3JIeKTPOaUTa (B MOJIb/J U T'/JI) B OZHOM
JIUTPE BOJbI, UCIOJb3ys 3HaUeHHe NPOu3BeJeHN PaCTBOPUMOCTHU
(cm. mpwiokeHue 3). PaccuuTtaiiTe, B KaKoM 00beMe BOZABI MOXKHO
pactBopuTth 0,1 I JAHHOI'O MaJIOPaCTBOPUMOI'O BelleCTBa.

3adaHue 5. VimeeTcst pacTBop coiu (CM. BapuaHT B Tabi. 8).

1. Hanuimure MoOJIeKyJIApHOE U UOHHO-MOJIEKY/IAPHOE YpaBHe-
HUA Peakly TUAPOoIN3a U BeIpakeHue i1 KOHCTAHTHI THAPOIn3a
o 1-i1 crynienu (K.).

2. PaccuuraiiTe ctenens ruzposusa (o) u pH pactBopa conu
C 3aZlaHHOU KOHILeHTpanuei, yYUTeIBasd TOJbKO 1-10 CTyIleHb
TUAPON3a.

3. Kakoii uBet OyZieT UMeTbh UHAUKATOP METUJIOBBIN OpaHKe-
BB Wiu ¢peHonbTaIenH B pacTBOpe AaHHOM COMU?

4. Kak usmeHaTca pH pacTBopa coiu ¥ OKpacKa UHAUKATOpa
IIpU HarpeBaHUM U IoYemy?



5. KONUTATUBHBIE CBONCTBA
PACTBOPOB

CornacHo ¢u3MyecKol Teopuu yueHUs o pactBopax (f. Baurt-
T'odd, C. Appenuyc, B. HepHcT u Ap.) pacTBopa o6aZialoT HEKO-
TOPBIMU OOIIMMU CBOMCTBAaMU, KOTOPBIE€ 3aBUCAT OT COOTHOIIIEHUS
YHcIa YacTULl KOMIIOHEHTOB, IPUPOABLI PaCTBOPUTENA U MPAKTU-
YeCKM He 3aBUCAT OT MPUPOJBI PACTBOPEHHOI'O BelllecTBa. Takue
CBOMCTBA MOJIYYWIN Ha3BaHUE KoJiueamusHbulx (0OIITHUX) CBOUCTB
PaCTBOPOB:

— NOHUMceHUe 0asJleHUSl HACbLUWEeHHO20 Napa KOMNOHEHMO08
N0 CpasHeHU0 ¢ 0asleHUeM HACLIULEHHO20 NApa YUCMbLX 8eulecma:
BCJIEICTBHE TOT'O UTO MPU PaCTBOPEHUM HeJeTydyero KOMIOHeHTa
B IOBEPXHOCTHOM CJIO€ KUAKOCTU KOHIIEeHTpal[usd MOJIEKYJ pac-
TBOPUTEJISI YMEHbIIIAeTCsA, yMeHbIIaeTCd U JlaBJieHue ee Iapa
p TI0 CpaBHEHMUIO C [laBJeHHMEeM HAacChIIIeHHOTO mapa HaJ YMCThIM
pacTBOpUTENEM p,. KosmnuecTBEHHO 3TO BBIpa)kaeTcAd 3aKOHOM
Paynsa: oTHollleHHWe NMOHUWKEHUS AaBJeHUA Mapa pacTBOPUTE
Ha/l paCTBOPOM HeJIeTy4dero BelllecTBa K JlaBJIeHUIO ITapa YMCTOTO
pPacTBOPUTEA Py PABHO MOJIbHOM Zl0JIe PACTBOPEHHOTI'O BellleCcTBa
N,:

—=Nj;
Po
— noebluleHUue memnepamypsl KUNeHUS U NOHUNCEHUE meM-
nepamypul 3amep3aHus (kpucmanaudayuu, omeepoesaHusl) pac-
meopa no cpagHeHur ¢ YucmsiM pacmeopumeJsiem: Kak CiaeACcTBUE
IIOHW)KEHUA JaBJIeHUA [1apa pacTBOPUTENA HaJ, paCTBOPOM HeJe-
Ty4ero BellleCcTBa [OBHILUIAETCA TeMIlepaTypa KUIIEeHUA U IIOHUXa-
eTcd TeMIeparypa 3aMep3aHua pacTBopa 10 CpaBHEHUIO C TEM-
repaTypoy KUIEHUA WIN 3aMep3aHUs YUCTOTO pPacTBOPUTEJA.
TeMIepatype KUNEHUA pacTBOpPa COOTBETCTBYET TeMIlepaTrypa,
IIpY KOTOPOU JlaB/IeHHE ee HACBIIIEHHOT'O Mapa paBHO BHEITHEMY
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JlaBJIeHUIO, TeMIlepaTypa 3aMep3aHus — 3TO TeMIlepaTypa, Ipu
KOTOpPOU JaBieHUe Mapa HaJ, PpaCTBOPOM CTAaHOBUTCSA PaBHBIM
ZlaBJIeHUIO Mapa HaJj TBepAoi dazoit (credcmsus 3axona Payns,
Tabi. 9);

— OJHO M3 MPOSIBJEHUU KOJUIMTAaTUBHBIX CBOMCTB pacTBO-
poB — sByieHue ocMmoca. Ocmoc (OT rped. osmos — JaBjeHue) -
310 Auddy3usa pacTBOPUTENS depe3 IMOJYIPOHUIAEMYIO MeEM-
O6paHy, pa3zesAPIIyIo ABa PacTBOpa Pa3JTNYHON KOHIIEHTPAIUH,
13 MeHee KOHI[eHTPUPOBAHHOTO B OoJjiee KOHIIEHTPUPOBAHHBIN
pacTtBop. B pacTBOpe c GosbIlneil KOHIleHTpAIuel BO3HUKAET
ocmomuueckoe 0agJieHue, KOTOPOe PaBHO M3OBITOYHOMY BHEII-
HeMY JaBJIEHUIO U KOTOpPOe CIeAlyeT MPUIOXKUTh CO CTOPOHBI pac-
TBOPa, YTOOBI ITPEKPATUTD IMPOIIECC, T. €. CO3ZIaTh YCJIOBUA OCMO-
TUYECKOTO paBHOBecHsA. DTO fIBJIeHUE BhIpakaeTcsl ypaBHEHUEM
Baut-T'odda

m=cRT.

®dU3UKO-XMMHUYECKHEe CBOMCTBA PACTBOPOB 3JIEKTPOJUTOB OT/IH-
YaroTCsA OT CBOMCTB PACTBOPOB HEAJIEKTPOJIUTOB Ha BEJIMUMHY U30-
TOHUYECKOTO KO3bUITUEHTA, TaK KaK KOJUYECTBO PACTBOPEHHBIX
YacTHll B pacTBOpax 3J€KTPOJUTOB, B OTJIMYHE OT PAaCTBOPOB Hed-
JIEKTPOJINTOB, OTIpeZiesisieTCsl He TOJIbKO KOHI[eHTpaliel pacTBopa,
HO U CTeIeHbIO AMCCOIIUAIINH.

H3omoHuueckuil koddduuyueHm i — 3TO OTHOLIEHUE CYMMBI
YKCIa MOHOB U HENPOAMCCOLMUPOBABIINX MOJIEKYJ/I JIE€KTPOJIUTA
K HadaJbHOMY YMCJIY MOJIEKYJ 3JeKTPOJAUTa. VI30TOHUYeCKUU
k03¢ ULIMEeHT TOKa3bIBaeT, BO CKOJBKO pa3 YMCJIO YaCTUI] B pac-
TBOPE 3JIEKTPOJIUTA OOJIBIIE YMC/IA YACTHUI[ B PACTBOPE HEIIEKTPO-
JIUTA TOU Xe KOHIleHTpauuu (JJs pacTBOPOB HE3JIEKTPOJIUTOB
i = 1, a ;14 pacTBOPOB 3JIEKTPOUTOB i > 1). CTeneHb ANCCOIHU-
ally O, JJIEKTPOJINTA CBS3aHA C U30TOHUYECKUM K03 PuiieHTOM
[ COOTHOLIEHUEeM

-1

o=—",
n-1

rae n — 4YMcCJjO MOHOB, O6p8.3YIOH.II/IXCH IIpn AuCCoOnralu 3JIEKTPO-
JITAa.

BaKOHbI, OITHMChIBAIOIHUE O6U.[I/Ie (1)I/IBI/I‘IGCKI/I€ CBOMCTBA pacTBoO-
POB HESJIEKTPOJINTOB U 2JICKTPOJJIUTOB, IIPUBEAECHEI B Tabi. 9.
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Tabnuua 9

3aKoHBI HeaseKkTpoauTsl DJIEKTPOJIUThI
Payna:
— TOHOMETPHUYECKUIA Ap=pY-N,, niu Ap=p)-N,-i, win
— KPUOCKOIMNYEeCKUN P°-p m P°-p
P° m+n, p° m+n
AT, =K., Cn, AT, =1-Kyp - Cpy
—  30y/IHOCKONUYECKUM AT, =K.5-Cpy AT =1-Ky5-Cy
Baum-Iogpa n=CcRT n=1-cRT

Ob6o3HaueHUsA: Ap — TIOHIKEHME JJaBJIeHUs ITapa pacTBOPUTEA HaJ pac-
TBOpOM; pY — mapijajbHOe [aBlIeHue apa pacTBOPUTEIS HaJ, paCTBOPOM;
N, — MosibHaA A0JA pacTBOPEHHOIO BelllecTBa; p® — faBjieHUe Iapa Haj
YUCTBIM pacTBOPUTENEM; p; — JaBJeHUe l1apa PacTBOPUTE/A HaJZ pacTBO-
pOM; N, — YUCJIO MOJIed PaCTBOPUTEIA; N, — YUCJIO0 MOJIEH paCTBOPEHHOIO
BemecTBa; ATy, — MOHMXEHUE TeMIepaTyphl 3aMep3aHus (kpucTamiusa-
IIUHN); Ky, — KPHUOCKOIMYeCKash KOHCTAHTA PaCTBOPUTEJIS; C,,, — MOJLUIbHAA
KOHIIEHTpaLlus paCTBOPEHHOI'O BEIeCTBa, MOJIb/KI; AT, — IOBHIIIEHUE
TeMIlepaTypbl kuneHus; K, 5 — 36y11ocKonyecKkas KOHCTaHTa pacTBOPUTEIS;
R — yHuBepcanbHad rasonad nocrogHHas (8,314 x/(monb-K); T — Temmnepa-
Typa, K; c — MonspHasa KOHLleHTpanysa pacTBopa, MoJb/JI; T — OCMOTHUYECKOe
JaBjeHue, I1a.

Mpumepbl pelueHua 3apay

ITIpumep 1. ITpu 25 °C gaBieHre HACHIIIEHHOT'O TTapa BOABI COCTaB-
nset 3,166 klla (23,75 MM pr.cT.). OnpesenuTe pu TOH Ke TeMIlepa-
Type ZlaB/IeHre HacChIIeHHOTo ITapa Haz 5 %-M BOZHBIM PacTBOPOM Kap-
6amuza CO(NH,),.

Pewerue. Ina naeanpbHBIX pacCTBOPOB IIPU MOCTOSIHHOM TeMIlepa-
Type B COCTOSTHUY PaBHOBECHS MEX/Y paCTBOPOM U ra3oBoi ¢a3oit Ha
HUM /laBJIeHVe HaCBIIIEHHOTO Mapa KaX0ro KOMIIOHEHT p; BbIpaa-
eTCs ypaBHEeHUEM

bi P Ni:
rae N — MosbpHaga A0JIA i-KOMHOHeHTa; plO — JlaBJIEHUE IIapa YHCTOI'0
KOMIIOHEHTA.
Brruncsium MosbHYIO 1o71to pacTBopurensa N; o opmyie
n

Ny=—1—,
ny +Tl2
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rJe n, U n, — YMUCJI0 MOoJIell pacTBOPUTEA U paCTBOPEHHOI'O BelllecTBa
COOTBETCTBEHHO.

B 100 r pacTBOpa copepkutcs 5 r kapbamuza (MosspHas macca 60 T/
MoJib) U 95 T Bozabl (MossipHas macca 18 r/moub). KosuecTBo Kapba-
MH/ZIa ¥ BOJbI COOTBETCTBEHHO PABHO:

n :§: 5,278 Moib; n, 2320,083 MOJIb.
18 60

HaxozauM MOJIBHYIO JOJTI0 pacTBOPUTEA (BOJBIL):

No_ T 5,278
" m+n, 5,278+0,083

=0,985.

CiemoBaTebHO,
p;=p?-N;=0,985-3,166 =3,119 klla (i 23,31 MM pT.CT.) .

IIpumep 2. PaccunTaiiTe, IpU KaKOM TeMIlepaType JO/DKEH KPUCTal-
JIM30BaThCA PacTBOp, coepkaiuid B 250 r Bozb! 54 I rmoko3bl CgH;,Og.

Pewenue. TToHn>XeHUe TeMIepaTyphl 3aMep3aHUA PACTBOPUTEIA
(BOzABI) BRIpAKAETCA ypaBHEHUEM

ATKP =Kip - Cm>

rae K, — KPHOCKOIIMYeCKas IIOCTOSIHHAS JaHHOTO PACTBOPUTEIIS; €,y —
MOJISTBHOCTB PacTBOpa.
Onpegennm MossuibHOCTB pactBopa (M(CgH;,04) = 180 r/Moib):
My 5, -1000  54-1000

Cp = = =1,2 MOJIb/KT;
My ga Mpqy  180-250

ATy =Ky -G =1,86-1,2=2,23°C.

CrezoBarenbHO, pacTBOp OyeT KpUCTA/UTU30BaThCsA Ipu —2,23 °C.

IIpumep 3. PacTBOp, cojep:kamuii 8 r HEKOTOPOTO BelecTBa
B 100 r guaTmnoBoro a¢upa, Kunut npu 36,86 °C, Torga Kak YMCTHIN
a¢up kumut npu 35,60 °C. Onpegenute MOJIEKYAAPHYIO Maccy pacTBO-
PEHHOr0 BelecTBa.

Peuwtenue. V13 ycnoBusd 3a7a4u HAX0AMM PasHOCTb TEMIIEPATYP KUIIe-
HUA:

AT, =36,86-35,60=1,26° .

[ToBbilIeHHE TeMIlepaTyphl KUIEHUA pacTBOpa oIpefesnsaeTcs
10 YPaBHEHUIO

ATKI/IH = K36 “Cm »

rae K, s — 20y/uirocKkonuyecKas HoCTOAHHAA PACTBOPUTEIA.



OnpeaeﬂHeM MOJIAJIBHOCTD paCTBOpa:

. _AT 1,26
" Kyg 2,02

=0,624 mop/1000 T 3dupa.

MoseKy/sipHyI0 MacCy paCTBOPEHHOTO BEI[ECTBA BBIPA3UM K3 COOT-
HOIIIEHUSA
My pa-1000

m D
MB—Ba ’ mp—m{

OTKyZa

_m,,,-1000  8-1000

M, . = -
T My, 0,624:100

=128,2r/M0JIb.

IIpumep 4. HaBecka BemjecTBa Maccoil 12,42 r pacTBopeHa
B 500 cm3 Bozsl. JlaBjieHue Mmapa mojgydeHHoro pactBopa mpu 20 °C
paBHo 3732,7 Ila. [laBieHue napa BOZABI IIPU TOU Ke TeMIlepaType

paBHO 3742 I1a. PaccunTaiiTe MOJIBHYIO MacCy paCTBOPEHHOTO BellleCcTBa.
Ap my

Peuwenue. ITonb3ysAck 3aKOHOM Paynd —— =— U yYUTHIBaA yCI0OBUA
3a/ja4yu, IOJyYUM Po M

Ap=3742-3732,7=9,311a; ny, = % =27,78 Mmoib,

TOT/Zla YMCJIo Mosiel (1n;) pacTBOPEHHOTO BelllecTBa OyzeT paBHO

ny oMoy 932778 o
Po 3742
[TocKOMBbKY ny = m , My o _m_l1242 180r/moib.
M, .. n, 0,069

IIpumep 5. PactBoOp, cogepxamuii 0,85 r xaopuga quHKa B 125 T
BOZBL, Kpuctayusyerca npu —0,23 °C. OnpezennTe KaxyIllyloOcsa cTe-
neHb Aucconmanuu ZnCl,.

Pewienue. HaviieM MOJIAZIbHYIO KOHLIEHTPALUIO C,, COJIA B PaCTBOPE.
Mosnbnas macca ZnCl, paBHa 136,3 r/Mosb, IO3TOMY

_ My4a-1000 _ 0,85-1000
Mypa My, 136,3-125

" =0,05 MOJIb/KT.

OmnpezenuM NOHIKEHHE TeMIIEpAaTyPhl KPUCTALTU3aUU 6e3 yueTa
JIICCOITUALINHU 3JIEKTPOIUTA (KKp BO/IbI paBHa 1,86):

AT e = Kip - €y =1,86-0,050=0,093°C.
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CpaBHUBas HaliIeHHOe 3HaY€HHUeE C SKCIIEPUMEHTATBHO OIpe/ie/ieH-
HBIM ITOHIKEHUEM TeMITepaTyphl KPUCTAUTU3AI[UN, BEIYUCIUM U30TO-
HUYECKUH KO3OUITMEHT i:

i= ATy / AT e =0,23/0,093=2,47.

Ka}KYH_IYIOCH CTEIleHb ArCcCoIrali O COJIN Haﬁ,qu K3 COOTHOIIEHHA

(i-1)
o= X
n-1

rae n — obee yrcio noHoB (ZnCl, — Zn2+ + 2 Cl),

(i-1) 2,47-1
o= —

_ - =0,735.
(n-1) 3-1

IIpumep 6. IIpu pacTBopeHUHU THAPOKCH/a HATPUA Maccoit 12 T B Bozie
Maccoit 100 r TeMriepaTypa KuIleHUs NOBbICKIACh Ha 2,65°. Onpesenure
crerneHb gucconmanuu (%) ruZpoxkcuzia HaTpus.

Pewenue. /111 CWIbHBIX 3JIEKTPOJIUTOB MeeM

ATKI/In:i'K36'Cm)
OTKyZla
i ATy 2,65-40-100 1
Ky-cp, 0,52:12:1000
Torga

o U=D_17-1_ o
m-1) 2-1

IIpumep 7. Onipesennte OCMOTUYECKOE JaB/IeHNE PACTBOPA CaXapO3bl
nipu 0 °C, ecau npu 20 °C ocMOTHYeCKOe JaBJIeHue 3TOro e pacTBopa
paBHoO 1,066-105 ITa.

Peuwenue. OcmoTnueckoe faBjieHre — 3TO MUHUMaJIbHOE JlaBJie-
HUe, KOTOpOe HY>KHO IIPWIOXKUTH K PACTBOPY, YTOOBI OCTAHOBUTH OCMOC.
ComnacHo 3akoHy Bant-Todda ocmoTrrueckoe gasienue (klla) paBHO

n=A ,
rze ¢ — MOJIApHas KOHLIEHTpanysa pacTBopa, MoJb/JI; R — MonsapHas
rasosad nocrossHHaa 8,314 ———; T — teMmneparypa, K.
MOJb-K

OrnpezieiM KOHIIEHTPAIUIO PACTBOPA CaXapo3bl ITPU U3BECTHOU TEM-
mepaTtype ¥ OCMOTUY€ECKOM /IaB/IeHUU:

T 107

c=—=———=0,044 Mmosb/11,
RT 8,314-293



TOorAga OCMOTHUYECKOE JaB/JI€EHUE CaXapO3bl IIpU 0 °C cocTaBuT

nt=cRT =0,044-8,314-273=99,7 kI1a.

36YJIIII/IOCKOHI/I‘-ICCKE[H 1 KpHUOCKOIIMYeCKad KOHCTAHThI 3aBUCAT
TOJIBKO OT IMMTpHUPOAbI paCTBOPHUTEJIA.

3afilaHuA ansa CaMoCTOATENbHOr0 pelueHunA

3adaHue 1. PaccuuTaiiTe TeMnepaTypy KUMEHUSA U 3aMep3aHusd
pacTBopa, COCTaB KOTOPOro mnpezcTasyieH B Tabs. 10.
TemmnepaTypbl KUIIEHUs, KPUCTAJIU3ALUN, KPUOCKONINYECKas
1 50yJLUTHOCKONIMYecKas MOCTOSHHbBIE YUCTHIX PAaCTBOpUTeeN Ipu-
BeZIeHbl B IIPWIOXKEHUU 4.

Tabnuua 10
Howmep PacTBOpUTEIH PacTBOpeHHOeE BelecTBO
Bapu-
aHTa BeILeCTBO Macca, r BeIeCTBO Macca, r
1 JTaHOI 500 Caxaposa 30
C,H;OH C1oH5701,
2 Boga 500 MoueBHHa 20
H,0 (NH,),CO
3 YkcycHaa kuciora 100 AHTpaneH 4,25
CH,;COOH Ci4Hyg
4 Xnopodopm 500 [IporieHoBas 7,2
CHCl, kucnora C3H,0,
5 JTaHOJI 200 AHTpaHWI0BasA 4,0
C,H;OH KHCJI0Ta
NH,C,H,COOH
6 Benzon 250 Kamdopa 7,55
CeHe Cy0H160
7 Xnopodopm 250 Hadranmu 2,35
CHCl, C,oHg
8 Boza 200 I' munepun 11
H,0 CsH5 (OH)3
9 DTaHOII 250 CanmunuioBas 11
C,H;OH KHCJIOTa
C;Hg05
10 Cepoyriepog 100 BeH3oliHasa kuciora 2,5
CS, CcH;COOH
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OKoHYyaHue mabn. 10

Howmep PacTBOpUTEND PacTBOpeHHOe BeliecTBO
Bapu-
aHTa BEILeCTBO Macca, r BeIleCTBO Macca, r
11 Boga 250 OTUIEHIVINKOJIb 12,5
H,O (CH,),(0OH),
12 Luknorexkcan 50 [Tuppon 0,25
13 benson 150 Cepa 0,75
CeHg S
14 JusTunoBeIi adup 50 AHUIVH 0,7
15 Boga 250 I'moko3a 20
H,O CeH ;506
16 Benson 50 ®deHon 0,9
17 Boza 500 MeTaHon 16
H,O CH,0OH
18 Boga 100 Caxaposa 17,1
H,0 C1oH5701,
19 Benson 200 TpuxaopykcycHast 4,95
CeHg KHCJI0Ta
CCl;COOH
20 YKkcycHas kucioTa 200 ArleToH 2,8
CH;COOH (CH3),CO
21 AnleToH 400 [nmunepun 9,2
(CH;),CO C;Hs(OH)4
22 Boza 100 I'moxo3a 4,84
H,O CeH ;506
23 YeTbIpexXxXJIOPUCTBIN 1,45AcnvipyH
yIIepOZ, CyHg04100
CCl,
24 YKCyCcHas KUCIOTa 50 AnTpaueH 1,8
CH,;COOH Ci4Hyg
25 DTaHOJI 50 Mo4yeBHHa 1,25
C,H;OH (NH,),CO
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3adanue 2. PasHosapuaHmmble 3adauu

1. W3BecTHO, yTO I1pU 42 °C AaBieHVe HACBIIIEHHOTO I1apa BOAbI
paBHO 8199,25 Ila (61,5 MM pT.cT.). Kak M3MeHUTCA JaBjeHNE,
eCJIy IIpY 3ToM TeMrepaTrype B 540 M1 BOAbI pacTBOPUTH 36 T IVItO-
K03bI CgH ;5,047

2. Ompezenute OCMOTHUYECKOe JaBjieHUe (B KUIOMacKaIax
u atmocdepax) npu 20 °C pacTBopa caxapa ¢ MaccoBOU Joyei
C,,H550;; 4 % u mnotHOCTRIO 1,014 /CM3.

3. OcmoTunueckoe aapieHue pactsopa modeBuHH! ((NH,),CO)
ripu 0 °C paBHo 6,8-10° I1a. HaiiauTte ee maccy B 1 Am3 pacTBopa.

4. Heanektponut maccoi 11,5 r cogepxkutca B 250 cm?3 pac-
TBOpa. OcMOTHYECKOe JaBjeHue 3TOoro pactsopa npu 17 °C paBHO
12,04-10° ITa. OnpezenyiTe MOJAPHYIO Maccy HE3JIeKTPOJIUTA.

5. Ilpu T, paBHou 315 K, gaBieHue HaACBHIIEHHOTO I1apa Haj
Bozou paBHO 82 klla. HackoinbKkO NMOHU3UTCA JaBjleHUEe Hachl-
IIEHHOTO BOJAHOTO Mapa NpU YKa3aHHOUW TeMIiepaType, eClu
B 540 r Bozbl pacTBOpUTh 36 I moKo3bl CcH,,0,? YeMy paBHO
OCMOTHYECKOe JlaBJieHre TaKoro pacTBopa, ecau p = 1,01 r/cm3?

6. KakoBa macca pacTBopeHHOro B 1,5 j pacTBopa aHHU-
mHa CH;NH,, ecin ocmoTHyeckoe JaBjieHHe TaKOr'o pacTBopa
nipu 17 °C paBHo 193 klla?

7. JaBneHue mmapa pacTtBopa, cozepxamero 0,05 Mosb Belle-
cTBa B BoZie Maccol 90 r, paBHO 52,47 kIla pu 34 °C. Uemy paBHO
JlaBJIeHWe 1apa BOABI IIPU 3TOM TeMIleparype?

8. AunnnH (CgH;NH,) maccoit 3,1 r pacTBopeH B adupe mac-
coi1 40,2 r. JlaBneHue napa nojay4eHHoro pactsopa pasHo 813,9 kI1a,
a IaByieHMe Mapa 4ucToro 3dupa rnpu Tou xxe TeMiepaType COCTaB-
nser 863,8 kIla. PaccunTaliTe MoJIeKy/IApHYIO Maccy adupa.

9. PaccuuTaliTe TeMneparypy KuneHud T,,. U TeMIepaTypy
3aMmep3anuda T,,,, BoaHOro pacrsopa rmunepuHa C;HgO4 ¢ macco-
BOH zosied 15 %.

10. Yemy paBHa MoJisipHas Macca pactBopeHHoro B 500 r 6eH-
30J1a HedJeKTposuTa Maccou 76,1 r, eciu T,,, TIOHU3UIACH
c5,4 10 0,3 °C?

11. Hackoabko noseicutrca T, U NoHU3uUTca T,,, pacTBopa
[0 CPaBHEHMUIO C YHUCTOU BoAou, ecau B 100 r BoAbl pacTBO-
putb 60 r caxapossl C;,H;,0:;?

12. Kakyro maccy rmunepuHa C;Hg(OH); Hy>KHO pacTBOpPUTH
B 500 T BOZBI, YTOOBI ITOBBHICUTD TeMIIEpATypy kuneHnus Ha 1,5 K?

13. PacTBop, comepkamuii HeaneKTpoauT maccoui 0,512 1 B 6eH-
3osie maccoi 100,000 r, kpucta/umsyercs rnpu 5,296 °C. Temrepa-

M
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Typa KpucTa/utu3anuu 6eH3ona pasHa 5,500 °C. BeruucauTe Mosib-
HYIO0 MacCy pacTBOPEHHOI'O BellleCTBa.

14. Brpruuciute TemIepaTypy KpUCTa/IM3alliy BOAHOr'O pac-
TBOopa MoueBuHH ((NH,),CO), cozep:kaliero Mo4YeBUHY Maccou
5 r B Bozge maccoii 150 r.

15. PactBop, cogepxkamuii kamdopy (C,;,H;,0) maccoit
3,04 r B 6en3oie maccoit 100,00 r, kumuT pu Temmneparype 80,714
°C. TemniepaTtypa kumeHus 6exsosa 80,200 °C. Berauciute 30y/UTH-
OCKOTIMYECKYIO KOHCTaHTy OeH301a.

16. Brrumciaure maccoByro gonro (%) raunepuna (C;HgOs)
B BOJHOM pacTBOpE, 3Hasd, YTO 3TOT PaCTBOP KUIIUT IIPU TeMIlepa-
Type 100,39 °C.

17. BrlunciauTe MOJIBHYIO MacCy He3JeKTPOJIMTA, 3Hasd, YTO
pacTBOp, COAEPKAIVMN 3TOT HEIJIEKTPOIUT Maccou 2,25 I' B BoZe
maccout 250,00 r, kpucta/uiudyerca pu temneparype —0,279 °C.

18. Ckosnbko moueBuHBl ((NH,),CO) cieayer pacTBOpUTH
B BoZie Maccoi 250 r, 4TOOBI TeMIlepaTypa KUIEHUsS TTOBBICUIACH
Ha 0,26°?

19. IIpu pacTBOpeHMM HEKOTOPOTO HE3JEeKTPOJIUTA MacCou
2,3 r B BoZie Maccoit 125,0 r TemmnepaTtypa KpucCTa/UIM3ali IOHU-
)kaetcd Ha 0,372°. BeryncanTe MOJIbHYIO MacCy HE3JIeKTPOJIUTA.

20. Kakyro maccy moueBuHH ((NH,),CO) cienyeT pacTBOpUTH
B BoZle Maccoi 75 T, 4ToObl TeMIepaTypa KpUCTa/UIM3alluu MTOHU-
3unach Ha 0,465°?

21.Kakyto maccy ¢penona (C;HsOH) crenyeT pacTBOpUTH B GeH-
3051e Maccoit 125 1, 4ToObI TeMIepaTypa KPHUCTA/UTU3ALUMKM PAacTBOPA
ObUIa HIDKE TeMIIepaTyphl KpUcTa/un3anuu 6eHsona Ha 1,7°?

22. BprumciauTe TeMmIiepaTypy KUIIEHUSA pacTBopa HadTaninHa
(C,oHg) B 6en30se ¢ MmaccoBoii foreit 5 %. TemnepaTypa KUIIeHUA
6en3oza 80,2 °C.

23. PactBOD, comepallUi HEKOTOPBIU HE3JEeKTPOJUT Mac-
coit 25,65 r B Boge maccout 300,00 r, KpUCTALTU3yeTCA IIPU TeEMIIe-
patype —0,465 °C. BeruncanuTe MOJIbHYIO MacCy HE3JIEKTPOIUTA.

24. BpIYUCIWTE KPUOCKOIINYECKYI0 KOHCTAHTY YKCYCHOU KHC-
JIOTHI, 3HadA, 4TO pacTBOp, cozAep:amuu aHrpaues (C,,H;,) mac-
cou 4,25 r B yKcycHOU Kucote Maccol 100,00 r, KpUcTaInu3yeTcs
npu T = 15,718 °C. Temnepatypa KpUCTa/UTM3al[UN YKCYCHOU KHUC-
JoTHI 16,650 °C.

25. TIpu pacTBOpeHUU cepbl Maccoii 4,86 r B 6eH30Je Mac-
coii 60,00 r TeMmepaTypa ero KulieHusa moBbicuiach Ha 0,81°.
3 CKOJIBKMX aTOMOB COCTOUT MOJIEKYJIA Cephl B 3TOM pacTBope?
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26. TemmepaTypa KpUCTa/IM3al[UXd PAacTBOpa, COAEp Kallero
HEKOTOPBIN HE3JIEKTPOIUT Maccou 66,3 r B Bozse Maccoit 500,0 T,
paBHa —0,558 °C. Beruncimre MOJBbHYIO MacCy HEe3JIEKTPOJIUTA.

27. BpluucauTe TemIiepaTypy KpUCTA/UTU3allMu pacTBOpa 3THU-
sosoro cnupra (C,Hs;OH) ¢ maccosoi noneu 2 %.

28. Ompegenute GpopMymIy BeljecTBa, B KOTOPOM MaccoBas A0
yriepoza coctasiseT 40,00 %, Bogopoaa 6,66 %, cepsl 53,34 %.
PacTBOp, coZiepKaluii 3To BelecTBo Maccoli 0,3 r B 6eH30j1e Mac-
cou 27,0 r, umeeT TeMnepaTypy 3amep3anusa Ha 0,308° HuKe TeM-
nepaTypsl 3aMep3aHus 6eH3071a.

29. Ompezgenurte GopMyITy BelecTBa, coAep:Kaiiero 40 % yrie-
poaa, 6,66 % Bogopozaa u 53,33 % kuciopoaa, ecau 2 %-1 BOAHBIN
pacTBOp 3TOr0 BellecTBa 3aMep3aeT npu temiepatype —0,21 °C.

30. PactBOp, cozep:kaluii mepoKCcUz Bogoposaa maccoit 1,477 r
B BoZile Mmaccoii 100,00 r, 3amep3aeT npu Temneparype —0,805 °C.
BeruuicinTe MOJIEKYIAPHYIO MacCy IepOKCHa BOJOPOAA.

31. TemmepaTypa KuUIleHMSA pacTBOpa, COAepKallero caaiu-
nunosyro kuciaory (C,H O;) maccou 5,7 r B cnupTe Mac-
cou 125,01, paBHa 78,4 °C. TemnepaTypa KUIIEHUS YUCTOT'O CIIUPTA
paBHa 78,0 °C. BeruuciauTe 30yIIHMOCKONMUYECKYI0 KOHCTAHTY
CIIUpTA.

32. PactBop, cocroamun us 4,6 r C;H;(OH)5; u 200 r ane-
TOHA, KUnut npu T = 56,73 °C. YucThiM alleToH 3akunaet rnpu T =
56,3 °C. Berurciaure 30y/THOCKOITNYECKYI0 KOHCTAHTY alleToHa.

33. 2,04 r munepuHa, pactBopeHHble B 100 I BOABI, TIOHMKAIOT
TeMIlepaTypy 3aMep3aHusa pacTBopa (110 CpaBHEHUIO C TeMIlepary-
poU 3amMep3aHuA YuCcTOM Bo/pl) Ha 0,414 °. Beruucanute MOIEKyIAp-
HBIM BecC IVIUIeprHA.

34. Ina nmpuroTtoBieHus aHtudpusza Ha 20 J BOABI B3ATO
6 s munepuHa CsHg(OH),. Yemy npubau3uTenbHO paBHa TeMIle-
paTypa 3aMep3aHus IPUTOTOBJEHHOro aHTUdpu3a? [ITOTHOCTD
dIepuHa paBHa 1,26 r/cm3.

35. B Kakux 06beMHBIX OTHOIIEHUSX HA/I0 B3SITh BOAY U OTU-
nenriukonb (CH,), (OH), (p = 1,116), 4TOO6BI IPUTOTOBIEHHBIH
13 HUX aHTUPHU3 3aMep3an mpu temneparype —20 °C?

36. PactBOp, cogepskamuii kapboHat HaTpusa Maccoi 0,53 r
B BoZie maccou 200,00 r, kpuctrausyercs npu —0,13 °C. Brruuc-
JIUTE KQXKYILIYIOCA CTeleHb AVUCCOLUALMU 3TOU COJIU.

37. Ompegenute cTeneHb gucconuanuu (%) pactBopa, coaep-
)ailero xjopuzi ammonusa maccou 1,07 r B 200 cm3 Bozbl, eciau
TeMIlepaTypa KuleHus 3Toro pactsopa passa 100,09 °C.
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38. OmpezenuTe M30TOHUYECKHUN KO3POUIIMEHT pacTBOPa,
cozepxxaintero KOH maccoii 2,1 r B Boge maccout 250,0 T u 3amep-
3aroulero nmpu tremneparype —0,519 °C.

39. Kakoe 3HaueHHe uMeeT cTeneHb gucconuauuu (%)
pacTBopa xjJopuza KobaabTa, MOJSIIbHOCTh KOTOPOTO paBHA
0,12 Mo /KT, ec/iv OH 3aMep3aeT npu Temmeparype —0,62 °C?

40. Ilpu pactBopenuu 101,1 r KNO; B 1 11 BoA®l TeMnepaTrypa
3amep3aHusa noHuswiack Ha 3,01°. OnpeznenuTe Kaxyllyrocs CTe-
neHb gucconyauuu KNOs B IoJly4eHHOM pacTBOPE.

41. OmnpezenuTe MOJSJIBHOCTh pacTBOpa OMHAPHOTO 3JIEK-
TPOJINTA, €CJIM ero BOAHBINM pacTBOp 3aMep3aeT IpU TeMIiepa-
Type —0,31 °C, a cTeneHb Auccolluaiy paBHa 66,5 %.

42. Kaxymuecsa crenenu guccounranuu 0,1 M pactBopos CaCl,
u AlCl; npubnusuTtenbHO ofuHakoBble. Kakoil pacTBop Oyzer
3aMep3aThb NpU Oosiee HU3KOUM U KUIIEeTh MpU Oojiee BHICOKOU TeM-
neparype?

43. PactBop KCl, MonnbHOCTh KOTOPOTO paBHa 1 MOJIb/KT,
3amMep3aeT npu temieparype —3,36 °C. Onpezaenure U30TOHUYE-
ckuii kK03bPULIMEHT U cTeneHb Arccorranuu (%).

44. PacTBOpEL, B paBHOM KOJIMYECTBE BOJBI COAEpKallue: mep-
BbIli — 0,5 Mo M10Ko3bl, BTopoil — 0,2 Mmona CaCl,, Kunar mnpu
OJWHAaKOBOU TeMmeparype. Onpe/eanTe KaxKyIIylocs CTelleHb Jyc-
counanum CaCl, B mosiyueHHOM pacTBoOpe.

45. Yemy paBeH uszoToHMYeckuil koapdunuent 0,1 mosnb/
KT pacTBopa cynabdara I[UHKA, ec/I SKCIepUMeHTalbHO Hali/leH-
HadA cTelneHb Aucconuanuu paBHa 40 %. IIpu kakol Temmneparype
HaYHeTCA KPUCTAUIU3anua?



6. AUCNEPCHBIE CUCTEMDI

ZlucnepcHoble cucmembvl — 3TO Te€TEpPOTeHHbIE WU I'OMOTeHHbIe
CHCTEMBI, COCTOSIIME U3 ABYX U Oosiee $ha3: TBepAOH, JKUAKOM U ra3o-
BOM. XapaKTepu3yloTCA CUJIbHO Pa3BUTOU MOBEPXHOCTHIO paszesna
Mexay dazamu. asa, ABIAIONMIAACT HEIPEPHIBHOU (CILIONTHOMN)
1 Urparoliias pojib pacCTBOPUTEJIA, Ha3bIBAETCS AMCIIEPCUOHHOM cpe-
noti (IC); apyras dasa, pasgpobieHHas U paciipesieJieHHas B 00beMe
J1C, — nucnepcHoit daszoit ([IP). [lucnepcHbix dha3 (B BUAe MEJKUX
KPHCTAJUIOB, TBEPABIX aMOPOHBIX YaCTUII, KalleJb WIN My3bIPbKOB)
B CHCTeMe MOXKeT ObITh HEeCKOJIbKO. HampumMep, B BO3AYIIHOM Avic-
IIEPCUOHHOU CpeZie MOTYT IIPUCYTCTBOBATDH YACTHUIIBI IIBLTA PAa3HOTO
XMMHYECKOTO COCTaBa 1 CTPOEHMs, KalleJIbKH BO/BI.

Knaccudukanus gucnepcHbIX CUCTEM

1. ITo cmenenu ducnepcHocmu (pa3Mepy YacTHIL):

* rpyboaucnepcubie d = 10-5 M (10 MKM) — IIBLIH, IECKH;

* mukporereporeHtsie (10>—10-7 M) — 3My/IbCUHU, CYyCIIEH-
3uu (B3BecH), IEHBHI;

* yJIbTPaMUKpOTETEPOTeHHble WU KOJIOUJHO-AUCIIEPCHBIE
B uzakou cpeze (10-7—10-2 m) — nuo3oau (3osu ¢ xugkont JC:
THUAPO30JIU — €CJIM PaCTBOPUTEJH BO/]a, OPraHO30JIM — PACTBOPUTEND
OpraHMYecKoe CoeIMHEeHHeE), a3po30iH (307u ¢ razoobpasHoii /1C);

* MOJIEKYJIAPHO WY MOHOAUCIIEPCHBIe (MCTUHHBIE PACTBOPHI)
< 109 m.

YacTuilpl 307eil HEBUAUMBI B ONITUYECKUHA MUKPOCKOII, BOAHBIE
CUCTEeMbI ITPO3PAYHbBI, GUIBTPYIOTCS Yepe3 0ObIYHbIE PUIBTPHI.

Camyto 6OJIbIIYIO Y/IENBHYIO IIOBEPXHOCTH Sy, MMEIOT KOJUIOU/-
Hble PACTBOPHI, B MICTUHHBIX pacTBopax Me)xdasHble TOBEPXHOCTU
OTCYTCTBYIOT.

2. Ilo cmeneHu 83aumodeticmausl mexcdy uacmuyamu oucnepc-
Holl paswl:

* cBOOOZHOAMCIIEPCHBIE — YACTHUIIBI HE CBSI3aHBI, 3TO CHCTEMBI,
obJtaZiarolye TeKy4eCcThlo, KaK OOBIYHBIE KUJKOCTH U PACTBOPHI
(kosutonZiHBIE PACTBOPHI, B3BeCH, cycneH3uu). JlucrnepcHas dasa
MTOABYKHAS,

81



* CBA3HOAMCIIEPCHBIE — 3TO CTPYKTYPUPOBAHHBIE CHUCTEMBI,
VMelollllie TIPOCTPAHCTBEHHYIO CETKY, KapKac U mpuobpeTaroliye
CBOMCTBA MOJYyTBEPABIX Tesa (Teu, MOPUCThIe Tesa, aMopdHbIe
ocazku). JlucriepcroHHas cpeZia TBepAasi, YacTULBI AVCIIePCHON
¢dasel cBsI3aHBI MeX/y OO0 U MOTYT CBOOOZHO TIepeMenaThCs.

3. Ilo 83aumodeiicmauio mexcdy oucnepcHoll asoil u ducnepcu-
OHHOUL cpedotl (AJIs1 KUAKOU CpeZibl).

CucTteMbl C UHTEHCUBHBIM B3auMozielicTBUeM (a3bl U CpPebl
c obpa3zoBaHUEM, HANPUMeEpP B JKUAKOCTAX, HA MOBEPXHOCTHU
AucrepcHoM ¢a3bl COMbBATHBIX CJI0€B HA3bIBAIOTCA JHUOPHUIb-
HbIMU (ruapoduabHbBIMU) (OT rped. lyo — pacTBopsio, phileo —
n106710). JInodunbHOCTh (AT BOABI — TUAPOGUIBHOCTD, [JI
Maces U JKUPOB — 0J1e0PUIBHOCTb) O3HAYaeT XOPOIllee CMadH-
BaHUe, Majioe MeXpasHoe HATTKEHUE, YCTOUMINBOCTh MTOBEPX-
HOCTel K B3auMHOMY ciaunanuio. [Ipu ciabom B3auMoeicTBUU
AvicriepcHoM ¢asbl U AUCIIEPCUOHHOM Cpe/ibl CUCTEMBI Ha3bIBAIOTCS
mmo¢dpoo6HbIMU (THAPOPOOHBIMU) (OT Iped. phobos — cTpax). JIno-
dobHOCTD (ruaApodOoOHOCTD, 01e0POOHOCTD) - IPOTUBOIIOIOKHOE
MOHATHUE TUOPUITHHOCTH.

4. Ilo azpecamHOMy COCMOSHUIO.

JucniepcHast dasa U AUCIEPCUOHHAS Cpe/la MOTYT HaXOAUThCS
B TPEX arperaTHbBIX COCTOSIHUAX (TBepzoe, *KUJKOe, ra3oo0pas-
Hoe). KoMOWHUpYysT TomapHO 3TU arperaTHbie COCTOSTHUS, MOXKHO
IIOJIYYUTD I€BATh Pa3JIMYHbIX COCTOTHUM (Tabs. 11).

Tabnuua 11
HcnepcHasa HCIepcu- Haszsanmue
A P A P IIpumepsI
daza OHHaf cpeja CHCTEMBI
las JucnepcHas CMecH HEKOTOPBIX r'a3oB
cucreMa IIPU BBICOKUX JABJICHUAX
He obpa3syercs
Kuakoctp Ilena [Tena rasupoBaHHOU BOZBIL,
IIy3BIPBKU r'a3a B XKUJ-
KOCTH, MbUIbHAA [IeHa,
las IIPOTUBOIIOXKapHad IeHa,

ImacTuiaa

TBepaoe Teno

TBepaas neHa

[leHomiacTt, MUKPOIIOpU-
cTas pe3uHa, rem3a, xJeo,
CBIP, T'eJIU, PEBECHBIHN
yTOJIb, TIEHOILTACT, IeHObe-
TOH, CHJIMKAarejib

82




OkoHYyaHue mabn. 11

JducnepcHasa | Jucnepcu- HazBanue
IIpumepsI
dasa OHHaf cpeja CHCTEMbI
las Aspo3soib TymaH, obsaka, cTpys
13 a3pO30JIbHOTO OayuIoHa
Kugkoctb OMyJIbCUA MoJI0KO, CIMBOYHOE
KugkocTh Macjao, MalioHe3, KpeM,
Ma3b, HedTh, ATEKC
TBepaoe Teno | TBepaas JKemuyr, omnaj, MOYBHI,
OMYJIbCUA TPYHTHI
l'as A3po30171b, [TbUTh, BIM, MYKa, IIleMeHT
MIOPOIIIOK
KugkocTtb CycrieH3us I'mnHa, macTa, Wi, *XUJIKue
(B3Becu), 30Jb | CMa304HbBIE MaciIa ¢ JoOas-
Teepaoe (koutouzHBIM | KOU rpaduTa mau MoS,
acTBO IIOKOJIa/], KaKao
TeI10 p p) i
TBepaoe Teno | TBepawiii 30ib | MeTa/umyeckye CILIaBhI,
LIBETHBIE CTeKJIa, MUHe-
paJibl, aMeTUCThI, OETOHHI,
SMaJii, KOMIO3UIIMOHHbIE
MaTepUuasIbl

MeTozab1 IIOJIy4€HUA KOJUIOUAHBbIX CUCTEM

Bce MeTobI TOTyYeHHs KOJUIOMHBIX CUCTEM Pa3/Ie/IAIoT Ha JBe
T'PYIIIIBL:

1) JucnepzayuoHHble — M3MeTb4eHNEe KPYITHBIX YaCTHUI] 0 KOJI-
JIOUZTHOU CTeIeHU JUCIIEPCHOCTH;

2) KOHOeHCcayUOHHble — KOJIJIOUAHOE COCTOsSIHNE BO3HUKAET
B pe3y/bTare 0O0beMHEHNST MOJIEKY/T MM MOHOB BeIeCTBa.

JlucrnieprupoBaHye MOXKHO IIPOBOAUTD PA3IMYHBIMU CITOCOOAMM:

* MexaHHYecKoe ApobjieHre, UCTUPaHUe, B3PHIBBI (/I TBEp-
JbIX BEIECTB); BCTPSAXUBaHUE, OBICTPOE MepeMelmunuBaHue (IJs
JKUAKOCTeM) ; 6apboTupoBaHue (71 ra3oB) Ap.;

* YJIBTPa3BYKOBOE APOOJIEHUE;

* D3jeKTpuYecKoe ApobseHure (B BOJBTOBOH Ayre WU BBICOKO-
YaCTOTHBIM Pa3psALoM);

* XUMHYECKOe ApobyieHre — TEeNTU3aIIKA.

[TenmTr3anyeil Ha3bIBaeTCA paciaj, CTPYKTYPhl Ha oOpasylolne
ee YaCTUIIbI IIPU ITPOMBIBAHUH OCAZIKA O0CTATOYHBIM KOJTUIECTBOM
KUZKOCTH WU IOJ, AeHCTBUEM CHEllMaJIbHBIX BEIeCTB — IIENTH-
3aTOpOB.
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KoHileHcallmoOHHbIE METOBI 0Opa30BaHMsA KOJIOUIHBIX PACTBO-
POB pa3zeysioT Ha GU3NUECKUEe U XUMUYECKUE.

a) ®usuyeckre MeToAbl OCHOBAHBI Ha BBIZEJIEHUHN YaCTHI]
HOBOU ¢a3wl U3 mapa (Mpu KOHAEHCALIMK) WU U3 XKUAKOCTU (IIpU
KPUCTAJ/UIMU3AIIUN) :

— KOH/IeHcaIlys Mapa B ra3oBoi cpeze (obpa3oBaHUe TyMaHa,
00J1aK0B, JBIMA);

— KOHJZIeHcallus Iapa B XUAKocTU (oOpa3oBaHUe 3079 PTYTH
B XOJIOZHOM BOJE);

— MeTOJZ 3aMeHBbl pacTBOpUTes (MosydeHre KaHUGDOIU MTPU
3aMeHe CIIUPTa Ha BOAY);

— a’po30JIbHBIM MeTo/ (IToaydYeHre HaHOYaCTUI] METAJLIOB —
Co, Ni, Cu, Al, Ag, Au — U UX COeTUHEHN);

— pacIbLIUTe/NbHAas CYyIIKa;

— KPUOXMMHUYECKUM MeTOA — KOH/IeHCcallys ITapoB (Hanpumep,
MeTaJUIOB) MPHU CBEPXHU3KUX TeMIlepaTypax;

— COBMeCTHasl KOHZieHcallus BellecTB, He PaCTBOPUMBIX APYT
B Zpyre, (3omu MeTtaioB Al, Na, K B opraHnYecKHUX pacTBOpHUTE-
JIAX) - UCIIapeHre U COBMeCTHasi KOH/IeHCallus B BaKyyMe;

— 30Jb-Te/ib METO/] U APYTHUE.

6) XuMHUYeCcKre MeTOAbl KOHAEHCAIIUU Ha3bIBAIOTCSA IO THITY
XMMHUYECKOU peaKIliH, COIMPOBOXK/aromeiicsa obpa3oBaHHEM MaJIo-
PacTBOPUMOTI'O COEIUHEHMUS:

1) OKUCIUTENTbHO-BOCCTAHOBUTENbHBIE PEAKIINU:

2HAuCl, + 3H,0, — 2Aul + 8HCI + 30,
2AgNO, + H,0, — 2Agl + O, + 2HNO,
0, + 2H,S — 2S! + 2H,0

2) peakuuMu rUpou3a:

FeCl, + 3H,0 — Fe(OH),! +3HCI
Al,(OH):CI + H,0 — 2A1(OH), +HCI
SiCl, + 2H,0 — SiO,| + 4HCI

3) peakIiiuy HOHHOTO OOMeHa:
AgNO; + KI — AgA + KNO,
2SbCl, + 3H,S — Sb,S;| + 6HCI

Bo Bcex cIydasx KOJUTOHHBIE CUCTEMBI MOXKHO IIOJYYUTh TOJBKO
torza, korga JI® obmazaer masnoi pactBopuMocThio B JIC. Takke
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HeOoOXOZMIMO, YTOOBI MEXK/Iy YaCTUIIAMU U CPEZION CyIIeCTBOBAJIO B3a-
MMOJIEHICTBUE, TIPETSITCTBYIONIEE CBA3BIBAHMIO YACTUIL IPYT C IPYTOM.

BBICOKOAMCIIEPCHBIN KOJUIOMHBIM pacTBOP BHEIIHE HE OT/INYa-
eTcs OT UICTUHHOTO (MOJIEKY/IIPHOTO) pacTBopa. Paznmmure Mexay
HUMHJ MOXHO YCTAHOBUTB 11O ONTUYECKUM CBOMCTBaM. 30JIH CIIO-
COOHBI paccerBaTh CBET, B pe3y/IbTaTe 4ero HabIoaaeTcs:

a) xoHyc TuHOans, He 0Opa3yIOIMMICS IIPU ITPOXOXK/IEHUM CBETO-
BOTO JIy4a 4epe3 COCy/, C ICTUHHBIM PacTBOPOM;

6) onanecueHyuss — pasauYre OKPACKH KOJJIOMJHOTO pacTBopa
B IIPOXOJIAINEM 1 OTPA’KEHHOM CBETE.

Eciu B TEMHOTE CBETOBOM JIyY IIPOIYCTUTH Yepe3 MPO3pavyHbIi
KOJIJIOW/THBIM pacTBOP, TO B 30Jie OyZIeT 3aMeTeH CBETANIUNCA KOHYC
CBETOBOTO My4YKa. B MCTMHHBIX pacTBOPAX WIN YUCTBIX KUAKOCTIX
3TO sABJIeHHE He HaOIromaeTcs.

LIBeT omasecIieHIINHY 30JIeH MPeNMYIIeCTBEHHO rory0oit. OObsic-
HSIETCS 3TO TEM, YTO JKeJIThle ¥ KpacHbIe Jydu (C OOIBIITON ATMHOM
BOJIHBI) MaJIO PACCENBAIOTCS U IIPOXOJAT Yepe3 CUCTEMY, a TOyObIe
1 cMHUe (C MeHblllel JJUHON BOJHbBI) XOPOIIIO PacCEUBAKOTCA.

HOT/Ia 110 BHEIITHEMY BU/Ty KOJUIOUAHBIN PacTBOP TPYAHO OT/IH-
YUTH OT UICTUHHOI'O, II03TOMY KOJUIOUHYIO IIPUPOAY ITOTYIEHHOTO
pacTBoOpa MOATBEPXKAAIOT ITyTeM HabJII0IeHYs B CHUIbHOM CBETOBOM
JIyde, MIPOXOASAIIeM Uepe3 3al0JTHEHHYIO KIOBETY C IIOCKOITapal-
JIeIbHBIMH CTeHKaMH. B KauecTBe MCTOYHHKA CBETAa MOXET CJIY-
KUTh MPOEKITMOHHBIN GOHAph WIU JI000H MCTOYHUK HaIlpaBJIeH-
HOT'O CBETOBOT'O ITy4YKa.

3HaK 3aps/a KOJUIOUJHBIX YaCTHUI] 30JIel MOXKHO OIpPeeNUTh
MeTOoZoM 3jieKTpodopesa, a AJis OKpaIlleHHBIX 30JIe — MeTO0M
KaIMWUIIPHOTO aHaJIM3a.

CTpoeHue KO/UIOUHBIX YaCTHI]

BcAkuii 30/1b COCTOUT U3 Muyen (AuctiepcHas dpasza) U UHTEPMU-
L[eJUIAPHOM KUJKOCTU (AucnepcroHHasa cpefa). Mullesia cOCTOUT
U3 f/Ipa, OKPY>K€HHOT'O IBOUHBIM dJIeKTpruiecKkuM cioeM (/19C).

PocT KpUCTQ/ZIOB U CTaOMIMU3aIMA KOJUIOUAHOM cucTeMBbl 0be-
CIIEYMBAETCS CIIeNMaJIbHBIMU BellleCTBAMU JIeKTPOIUTAMU-CTabu-
nu3aropamu. VloHsl cTabuinsaTopa, aZcopoupysach Ha TOBEPXHO-
CTU MUKPOKPHCTAJUIUKA — dzpezama, o0pa3yroT 3apsKeHHBIHN CIIOM,
Ha OCHOBe KOToporo 1 GopMUpyeTcs ABOMHOM 37IeKTpUYeCKUU CI0M.
ZI9C cocrouT U3 azcopbiioHHOrO U AUdPy3HOTO Cc0eB, 06pasyeTcs
aZicOPOIIMOHHBIM ITyTEM U IyTeM TTOBEPXHOCTHOM JIMICCOITUALILH.

[Ipupoga crabunmsaTopa omnpejenseTcs COTJIACHO IPaBUIY
[Taneta — PadHca: Ha KpHUCTA/UIMKaX arperara SHepruyHo aZcop-
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OUPYIOTCA U3 OKPYXKAIOIIEro pacTBOpa Te MOHBI, KOTOPbIE BXOAST
B COCTaB KPHUCTA/UIMYECKOUN pelIeTKU MaJ0pPacTBOPUMOTO COelu-
HeHUsA. B CcBA3U ¢ 3TUM CTabUIU3AaTOPOM MOTYT CHYKUTb MOHBI
J060TO U3 peareHTOB, UCIOIb3yEMBIX JJIA MOJIyYeHUs BellecTBa
avcrnepcHor ¢dasbl, eCcau 3TOT peareHT B3AT B M30bITKe. B 3aBu-
CHMOCTH OT NPUPOALI cTabuan3aTopa Ha OCHOBE OJJHOTO U TOTO
’Ke arperaTa BO3MO)XHO 06pa3oBaHUe MUIIE/LT IBYX BU/IOB.
Hamnpumep, B pe3y/ibTraTe peakiu MIOHHOTO oOMeHa

MnCl, + 2NaOH — Mn(OH),{ + 2NaCl

o6pasyeTcs 30Jib MAJOPACTBOPUMOrO COEJUHEHUS TUAPOKCHIA
mapranua(ll) Mn(OH),, cTpoeHre MuLeaabl KOTOPOTO MOXHO
3aIucaTh CAeAYIIUM 06pa3oM:

a) B ciaydae usbbsiTka MnCl,

MHUIesIa
rpaHysia
J}%L\ I I
{m[Mn(OH),] nMn*" (2(n-x)Cl }** 2xCl”
arperar aZcOpOIMOHHEBIN CIIOH ﬂH‘b‘bYBHOI;;Z 10

6) B cinydyae u3bbiTka NaOH

MMIle/UIa
rpaHysa
rnon I I
{m[Mn(OH),] nOH~ (n—x)Na" }*~ xNa?*
arperar aZCOpOIIMOHHBIN CITOH AndOY3MOHBIA C1oH

CocTaBHBIE YACTH MUIIEJUIBI:

azpezam — MeJIbYaUIINM KPUCTAUIUK, COCTOAIINAMN M3 HEKOTO-
pOro KoJu4yecTBa MOJIeKyJ (m), HepacTBOPUMBIU B AMCIEPCHOU
cpeZie BelllecTBa;

50po — BKJIIOYAeT arperaT U nomeHyuaionpedensoujie UOHbL
(TTON), BxoAsAIIME B A0COPOULOHHDBLIL 10l (MOHBI CTabUIU3aTOPA);

epamyna — 3apsbKeHHasd, BCIeJCTBHE HETOJTHOW KOMITeH cal[uu
3apsaza [TOU, BkitodaeT saapo u npomusouoHst (ITN) aacopOIIvoH-
HOT'O CJIOS;

Muuesna — coCcTouT u3 rpanyabl u I[I1 dugpdysuonHozo cnos.
Muiesia s/ieKTpOHeUTpasibHa.

YcToMunuBOCTh KOJUIOMAHBIX CHCTEM

Yemotiiuueocmosto KOJUIOUAHBIX CHUCTEM HA3BIBAIOT HEM3MEH-
HOCTb BO BpEMEHU €€ OCHOBHBIX XapaKTEPUCTUK — JUCIIEPCHOCTU
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1 paBHOMEPHOT'O pacIipe/ie/IeHUs YacTHll AucIiepcHoM a3kl B Auc-
epcUOHHOM cpefie. VIHoTZIa TpebyeTcs COXpaHUTh YCTOUYMBOCTD
(HampuMep, B Mpoliecce MoaydYeHUs MOKPBITUM), B IPYTUX CIIydasax
HApYUIUTh YCTOMYMBOCTb (OYHMCTKA CTOYHBIX BOJ).

YCcTOMYMBOCTD AMCIIEPCHBIX CUCTEM Pa3JesiaioT Ha iBa BU/A:

— cedumeHMAayuoHHyw (yCTOWYUBOCTH YACTUI JUCIIEPCHOU
da3sbl K 0CceJaHUIO);

— aepezamusHyio (YCTOMYMBOCTD YACTHI AUCIIEPCHOU ¢aswl
00beZIMHEHUIO B arperarhl).

CiunaHue 4acTUI] AuciiepcHou da3sbl, ux obbeIMHEHNE B arpe-
raTel HasbiBaeTcsa koazyasiuueil. OHa TMPUBOAUT K BHITIAJIEHUIO
ocajika, T. €. K pa3pylleHUIO KOJUIOUAHOW CUCTEMBI.

JInopobOHBIE KONIOUABI TEPMOAUHAMUYECKU HEYCTOUYUBHI.
OcHOBHBIMU daKTOpaMHU, OMpeAeAIIIMMI arperaTUBHYI0 YCTOM-
YUBOCTDb KOJUIOUZHBIX CUCTEM, SBJISIOTCA:

— DJIEKTPOCTaTUYECKOEe OTTAJTKUBaHUE MEX/Y rpaHy/laMU;

— HaJuyue aZiIcOPOITMOHHBIX U COMIbBATHBIX CJIOEB Ha MOBEPX-
HOCTU YaCTHII JUCTIEPCHOMN da3bl.

Jlns mnodo6HBIX KOJIOUAOB ITpeobiiaiaeT 3JeKTPOCTaTUIeCKUH
daxkTop.

Koarynsaius 11o$po6HBIX KO/LUTOW0B MOXKeT OBITh BhI3BaHA pas-
JIMYHBIMY TPUYUHAMU, KOTOPbIE CIIOCOOCTBYIOT Pa3pyIIEHUIO JJIeK-
TpOCTaTUYeCKOTo Gapbepa MeXXAy JacTullaMu (Harpes, JefcTBHe
3JIeKTPOMATrHUTHBIX TOJel, Aob6aBKka 3nekTpoauTa). [Ipu sToMm
HabJI0AI0TCSA CeAyIolIe 3aKOHOMEPHOCTH.

1. Bce cuibHBIE 3JIEKTPOJIUTHI BBI3bIBAET KOATYJIAIUIO KOJUIOU/I-
HOTO pacTBoOpa IpU YBeJIWYEHUHN UX KOHIIEHTPAlUU C, B pacTBope
J10 OTIpeZieJIeHHOT'O 3Ha4eHUs, Ha3bIBAEMOT'0 NOP020M KOA2YAAUUL,
WIN KOHUeHmpayuell koazynsayuu. BernurHa, obpaTHas c,, Ha3bIBa-
eTca Koazynupyroueil cnocobHocmoto anekmpoauma (V,):

Vi :i, J1/MOJIb.
CK

OTa BeJMYHMHA COOTBETCTBYeT 00’beMy KOJUIOUZHOTO PacTBOPA,
KOary/fanya KOTOPOro BbI3BaHa eCcTBHEM 1 MOJIb HOHOB 3JIeKTPO-
JIATA.

2. Koarynamus obycioBiieHa AeHCTBUEM TOTO MOHA 3JIEKTPO-
JIUTA, 3apsAL KOTOPOTO MPOTUBOIIONIOXKEH COOCTBEHHOMY 3apsAay
KOJUIOMZHOM YacTULIbI (FpaHyJIbL).

3. Koarynupytomee felcTBUe 3J€KTPOJUTA TE€M CHUJIbHEE,
yeM BBIIIE 3apsA/ MOHA, BBI3BIBAIOIIEro KOaryadanuio (npasuio
IlIynvue — I'apou).
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[Topor Koaryasanuu obpaTHO MPOMOPIMOHANEH 3apsAAYy HMOHA,
BBI3BIBAIOIIET0 KOATYJ/IAIINIO, B3ATOMY B IIECTOU CcTeleH!U (TIpaBUIO
3HAYMMOCTH):

Ck = 2_6

CJIe,Z[OBaTeJIbHO, HaWJydYIIuM KOaryJaToOpoM ABJIAETCA TOT
SJIEKTPOJINT, KOTOprﬁ MMeeT HauMeHbIINH IMOpor Koaryjaanuuu ajad
JAHHOT'O 30JI4. HOBTOMy Hanbojiee UHTEHCUBHO Koaryadanuda BbI3bI-
BaeTca MHOTo3apAAHbBIMH MOHAMMU, IIPOTHUBOIIOJIOXKHBIMU I10 3HAKY
CO6CTB€HHOMy 3apAaay KOJUIOMAHBIX YaCTHII.

111 MIOHOB OﬂHHaKOBOﬁ BaJIEHTHOCTH KOaryaupylroulana CII0CO0-
HOCTBb BO3pacTaeT C YBeJIHMYEeHHUEM S(b(l)eKTI/IBHOFO paauyca MOHa
(I/IJII/I C YMEHbIIEHHEM paguyca rigpaTupoBaHHOI'O I/IOHa). HaHpI/I-
Mep, KaTHUOHBI IMEeJIOYHBIX METAJIJIOB I10 KO&PYJII/IPYIOH_Ieﬁ CII0CO0-
HOCTH MOXXHO pacCIIOJIOXKHUTDH B CJIG,Z[YIOU.[HIZ JII/IOTPOHHBII‘/JI pAaAa:

Cst > Rb* > K* > Na*t > Lit.

Bo Bcex ciydasx IpUIHMHOM KOary/Aluy ABISeTCs YMeHbIIIeHe
CBSI3W MMIIEJUI C OKPY>KaKIUX UX AUCIIEPCUOHHOU Cpeloi.

3afilaHuA ana CaMoCTOATENbHOro pelueHunA

3adanue 1. JlaHbl pacTBOPHI ABYX peareHToB (Tabs. 12).

1. HanuimnTe MoJieKy/lIgpHOe ypaBHEHUEe XUMUYeCKON peaKIuu
o6pa3oBaHUs KOJUIOMZHOU YaCTUIILI IPU CMEIIMBAaHUM ABYX pac-
TBOPOB.

2. OrmpenenuTte, KaKOW peareHT B3AT B U30BITKE.

3. CocTaBbTe GoOpMyNy MHUILIENIb, 0003HAUbTE U HA30BUTE
ee coCTaBHbIe YacCTH.

4. OnpegenuTte 3apsaj KOJNJIOUAHOM YacTUIBI U YKaXKUTE,
K KaKOMY 2JIEKTPOAY OyAyT repeMelaTbCsl YaCTUIILI 3071 B ITOCTO-
AHHOM DJIEKTPUYECKOM IIOJIe.

5. Kakoii u3 ykazaHHBIX 3JIEKTPOJIUTOB OyZeT ob1a/aTh: a) Hau-
JIYYITUM KOaTyJIUPYIOIIUM JieiicTBUeM, 6) HauMeHbIIUM ITOPOTOM
koarynaiuu. OObACHUTE, TTOUeMy?

3adaHue 2. PazHosapuaHmHble 3a0adu

1. 3osmp BaSO, nmosnydyeH cMelInBaHNEM HEKOTOPBIX 00beMOB
OAMHAaKOBOM koHIeHTpauuu Ba(NO,), u Na,SO,. Hanumure ¢pop-
MYJIy MUIIEJUIBI, €CJIU B 3JIEKTPUYECKOM T10JIe TpaHyJia epemelna-
eTcs o aHozay. Kako# a/ieKTpoUT B3AT B U30OBITKE?
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2. B xakoM 06’beMHOM OTHOIIIeHUH ciiefyeT cMeniaThb 0,029 %o-it
pactBop NaCl (p = 1 r/cm3) u 0,001 H. pactBop AgNO;, 4TOOBI
MIOJlyYUTh OTPUIIATEIbHO 3apsKeHHble yacTullbl 30511 AgCl? Hanu-
muTe GOPMYITy MULIEILTHL.

3. Hanumure dopmynsl munemwts: Al(OH),, cTrabuinsrupoBaH-
Horo AlCl;. Kakoii us anexkrponutos — NaCl, Na,SO, nmu FeCl,
ABJIAETCA JIy4IIINM KOaryaaTOpOM /I YKa3aHHOTO 30JIA?

4. Hanumwute $dopMysTy MULIE/UTBI, €CJIU B PacTBOpe Ipu obpa-
3oBaHuu 30514 Fe (OH), mpucyrcTBytoT uoHs Fe+3 u Cl-. Ykaxure
3HaK 3apsza IrpaHyJIbI.

5. 3osnb Agl nonyyeH cmemuBanueMm 8 cm3 0,05 M pacTBopa
Kl u 10 cm3 0,02 M pactBopa AgNO,. Hanumute ¢popmysny obpa-
30BaBIIeiics MUIE/UTBI U OOBACHUTE, K KAKOMY 3JeKTpoAy Oyzet
JIBUTATbCA TPaHy/ia B 3JIeKTPUYECKOM IIOJIe.

6. B xakoMm mopszke ciexyet cauBath pactBopbl CdCl, u Na,S,
YTOOBI MOJNYYUTh KOJUIOUJHYIO CUCTEMY C YaCTULIAMU, UMEIOIINMU
MIOJIOKUTENbHBIE dJIeKTprUueckue 3apsaapl? Hanmumure dpopmyny
Mutiesuibl. Kakoi 13 3/IeKTPOSMTOB MOCIIOCOOCTBYET pas3pyLUIeHUIO
30/14?

7. B kakoMm nopagxe ciezyet ciuBaTh pacTBOpbI Ni(NO5), n K, S,
YTOOBI TIOJYYUTh KOJUIOUAHYIO CUCTEMY C YaCTUIAMU, HECYIIUMU
oTpullaTeJbHble 3JeKTpUuUeckue 3apAzabpl? Hanumurte dopmyny
MMUIIEJUTH.

8. 30/Ib CEPHOKUCIOTO OGapus MOJTyYeH CMelleHUEM PaBHBIX
o6beMoB pacTBopoB Ba(NO;), u K,SO,. Hanumure dopmyry
MuLesibl. OAVHAKOBBI JIM UCXOAHBblE KOHIIEHTPAI[UU PacTBOPOB,
€CJIV YaCTUIIBI 30/ IIepeMelaTca K aHOAy?

9. [lna nonyyenus 3o1a AgCl cmemanu 10 cm3 0,02 H. pac-
tBopa KCI u 10 cm3 0,05 H. pactBopa AgNO,. Hanumute dopmyny
MMUIIEJITBI 3TOT'O 30JIS1 U YKaXKUTE HalpaBjieHUe JBUKEeHUS YaCTHI]
pu anekTpodopese.

10. 3omap Al(OH), nonydeH cMmellleHUeM paBHBIX 00beMOB pac-
TBOpOB AlCl; 1 NaOH. Hanumure ¢popmyny muniessl 3o1da. Oau-
HAKOBBI JIM MCXOJAHble KOHIIEHTPAIUU 3JIeKTPOJIUTOB, €CJIU IpU
anekTpodopese YaCTUIIHI ABUKYTCA K KaTOLY?

11. 3onb Fe(OH),; nomydyeH metozom rugpoausa FeCl;. Hamu-
muTe GOPMYJTy MULIEJUTB, €CJTU CYUTATh, YTO CTAOMIN3aTOPOM 3011
ABJIAETCA OKCUXJIOPUZ, JKesie3a.

12. 3onp Cd(OH), nonydeH cMmelieHreM paBHBIX 00BEMOB pac-
tBOpoB CdCl, 1 NaOH. HanumuTe ¢opmyny mutiesisl 3o5a. Oau-
HaKOBBI JIU UCXOAHBIE KOHI[eHTPALIUU 3JIeKTPOJIUTOB, €CJIU YaCTULIBI
JBIDKYTCA K KaTozy?
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13. Ilocne HemosiHOTO TUTpPOBaHUA pactsopa KBr pactBopom
AgNO, obpasyeTca KOUIOWJHBIN pacTBOp. 3alUIIUTe YypaBHEHUe
peaxkyy MOoJy4eHUs KOJUIOUZHOTO PacTBOpa U CXEMY CTPOEHUA
MMULIEJLIBI.

14. HanumwuTe cxemMy CTpOeHUs MUIle/UTbl KapOoHaTa KaJb-
11, TIoJlydeHHOro 1pu B3auMozgerictsuu 20 cm3 0,005 M pacTtBopa
HUTpaTa Kaabusa ¢ 25 cm3 0,002 M pactBopa kapboHaTa HaTpUA.
YkakuTe HampapjieHUe JBUXeHUA YacTuUll Ipu daekTpodopese.

15. HanumuTe cxeMy CTPOeHUSA MUIEe/UIbI 30J1 KpeMHUEBOU
KHCJIOTHI, TOJy4eHHOTr'o pu B3aumozerictBuu 10 cMm3 pacTBopa
cunukara Hatpud ¢ 10 cM3 pacTBopa COMAHOU KUCJIOTH paBHOU
MOJIIPDHON KOHIeHTPAalUU. YKa)XUTe HallpaBJeHUE [ BUKEHUA
YyacTull IpU asekTpodopese.

16. B peakuwuio BBenu 15 cm3 0,02 M pacTBopa CepHOUM KHUC-
JIOTBHI U 25 cM3 pacTBOpa HUTpaTa CBUHIIA C MAacCOBOMU Jjoyieil conu
B pactBope 0,01 % (p = 1 r/cm3). Hanumure GopMysnry MULIE/IBI
3osna. Kakoit us anekrponutoB MgCl,, KNO;, Ba(NO;), umu
Al,(SO,); 6yzeT MMeTb HaUMEHBIIYIO KOAryJIupPYIOLIyI0 CI0CO0-
HOCTbB K IIOJIy4€HHOMY 30JI10.

17. 1 cm3 20 %-ro pactBopa (NH,),CO; pa3baBuiu BoAou
70 10 ecm3. K aTomMy pazbaBiieHHOMY pacTBOpPY A006aBWIU ITpU B36a-
thiBaHuU 0,02 cMm3 30 %-ro pactBopa AlCl3. O6pa3syetcs becuBeT-
HBIU OIIaJIECLIUPYIOIINU 30/Ib TUPOKCHUA aJIOMUHUA. 3aULIUTE
ypPaBHEHME peaKlUy MIoJy4eHUs KOJJIOWAHOI'O pacTBOpa U CXEMY
CTPOEHUA MULIEJUIHI.

18. K 1 cm3 1,5 %-ro pacrBopa KMnO, B npobupke goba-
Buiau 10 cm3 Bozwl. Ilo kariam BHecau 0,5 cm3 1 %-ro pactBopa
ThOCy/IbdaTa HATPUA.

3anuunTe OKUCIUTENbHO-BOCCTAHOBUTEIBHYIO PEaKIIUIO T10JIY-
yeHUd 304 okcrga mapranna (I'Y) u cxeMy CTpoeHUS MULIEJLIHI.

19. HamumuTe cxeMy CTPOE€HUA MHUILEJJIBl T'UAPOKCUZA
xpoma(Ill), momydyenHoro npu gobasrenuun k 20 cm3 0,01 M pac-
TBOpa cyabdata xpoma (III) 2 cm3 0,02 M pacTBOpa ruApOKcHUAA
HaTpuA. 3alulINTe YpaBHEeHME peaKIUy IOoNIy4YeHUa KOJUIOUZHOIo
pacTBopa U CXeMy CTPOEHHS MUIIe/UIBl. YKaXKUTe HallpaBJeHue
JBU>KEHUS KOJUIOWJHBIX YaCTULL IIPU 31eKTpodopese.

20. 30Jb CEPHOKHUCIIOTO cepebpa MoydyeH cMellleHueM PaBHBIX
obbemoB pactBopoB AgNO; u (NH,),SO,. Hanumute dopmyry
Munesabl. O4WHAKOBHI JIM UCXOJHBbIE KOHI[EHTPAIui PacTBOPOB,
€CJI YaCTULBI 30J1 IIePeMellaloTCA K KaToAy?



7. JNEKTPOXUMUYECKWUE MPOLLECCDHI

DJIeKTPOXUMHYECKHeE IMIPOIeCcChl IPOTEKAalT B 3JIE€KTPOXUMMU-
YeCKUX CUCTeMax, IpeJCTaBIsgoIuX coboil yCTpoUCTBO, B KOTO-
POM OCYIIECTBJIAITCA B3aUMHble IIpeBpalleHNU 3JIeKTPUYeCKOU
1 xuMudeckoil ¢popM sHepruu. KOHCTPYKTUBHO KaxKJas 3/1eKmpo-
Xumuyeckasl cucmema COCTOUT U3 ABYX DJEKTPOAOB U HAXOZA-
Ierocs ¢ HUIMU B KOHTaKTe 3JIeKTPOoJUTa. B Hell mpoTeKalT Kak
MHHUMYM OZIHA PeaKIyd OKUCJIEHUA U OJHA pPeaKlus BOCCTAHOB-
JileHuA. DNeKTPoAbl (0OBIYHO MeTaJLIbl) ABJIAIOTCA ITPOBOAHUKAMU
1-ro poza, T. e. 061aZIaI0T JIEKTPOHHOU MPOBOAUMOCTBIO. DJIEK-
TPOJUTHI (paciiaBbl WKW PacTBOPBI) WIU MPOBOAHUKU 2-TO poAa
0671a/1at0T MOHHOM MTPOBOAUMOCTBIO.

AnekmpoOHbLMU Npoueccamu Ha3bIBalOT OKUCIUTENTbHO-BOC-
CTaHOBUTEJIbHbIE peaKLy, MPOUCXOJAIINe Ha IpaHUlle paszesna
da3 c yyactrem 3apsHKeHHBIX YacTull (9/IeKTPOHOB MM MOHOB).

Adnexmpod — 3TO cucTeMa, COCTOAIIAA U3 ABYX KOHTAKTUPYIO-
mux ¢$a3: MaTepuasia ¢ 3IeKTPOHHON ITPOBOJAVMOCTBIO U HOHHOT'O
MpoBOAHMKA (paciuiaB, pacTBOP 3JEKTPOJIUTA WIU TBEP/bIi dJeK-
TPOJIWT). DJIEKTPOJMTAMHU CIY>KaT paciiaBbl COJel, OKCUAOB WU
TMPOKCUZIOB, PACTBOPHI COJNEN, KUCIOT WIM OCHOBAHUU B IOJIAD-
HBIX PAaCTBOPUTEJIAX, a TAKXKe TBepP/ble SNMEKTPOJUTHI.

Anekmpodom 1 poda sBIsgeTCA MeTa/IMdecKas IJIAaCTUHKA,
M3rOTOBJIEHHAs U3 MMPOCTOTO BelllecTBa (MeTasula Wid MOJIyIIPOBO-
[IHVKA) ¥ MOrpy>KeHHasA B pacTBOP (paciuiaB) 3JIEKTPOJUTA, COAED-
KAl ofHOMMEHHbBIE MOHBI.

Anexmpod 2 poda — 3TO CUCTeMA, B KOTOPOM MeTasul TTOKPHIT
CJI0eM ero TPYAHOPACTBOPUMOM conu (MIU OKCHZA), a PacTBOP
COZIEP>KUT aHUOHBI 3ToU conu (W OH-). DieKTpoasr n306pakatoT
B BUJIe CXeMBbI: cjieBa OT BePTUKaJIbHOU 4epThl, O3HAYamlIlel rpa-
HUIY pa3zena ¢as, yKa3blBAlOT BellleCTBa, HaXoAAIUecsd B pac-
TBOpE; CIIpaBa — BeIleCTBa, 00pa3yroIye 3JIEKTPOAHBIN MaTepua,
HarpuMep, Zn2+|Zn — IUHKOBBIHA 3JIEKTPO.

[Ipu morpy:keHuu MeTala B BOAHBIA PacTBOP €ro COMU MeXAY
MeTa/utmdeckoil ¢pa3oil U pacTBOpPOM OyAyT MPOUCXOAUTH B3AUMHO
obpaTHbIe Ipoliecchl MOHM3ALUUY U OCAXK/JeHUA MeTaslla:
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Me < Me"* +ne™.

[Ipu paBHOBeCUU CKOPOCTb pacTBOpeHUs MeTasia (mporiecc
OKMCJIEHUS) paBHA CKOPOCTHU paspsizia ero MoHOB (Ipollecc BOC-
cTtaHoBieHud). [loTeHI[Ma, ycTaHABAUBAIOUIUICA Ha 3J€KTPo/e
IIPU OKUCJUTEIbHO-BOCCTAHOBUTEIbHOM paBHOBECHUM, Ha3bIBa-
eTC PABHOBECHBLM 3J1IeKMPOOHbLM NOMeHUUaoM. VIamMepuTs ero
MOXKHO C ITIOMOIIIBIO IPYTOT'0 3JE€KTPOZa — 3NeKMmpooa CPAsHeHUs,
B KayecTBe KOTOPOI'0 YacTO MPUMeEHSeTCS BOJOPOAHBIN 3J€KTPOJ.
[ToTeHIIMa/m BOJOPOAHOTO 3JIEKTPOJAa B CTAHAAPTHHIX YCIOBUIX

(T = 298 K, 1,01 kIla, koHULEeHTpaLusa WOHOB BOZOPOZAA
B pacTBOpe paBHa 1 MOJIb/J) HPUHAT PaBHBIM HYJIIO EEI = 0B..

I/ISMepeHHYIO IMpX1 CTaHAAPTHLIX YCJIOBHUAX PA3HOCTDb ITOTCHIIN-
AJIOB MEXAY UCCIEAYEMBIM SJIEKTPOAOM U 3JIEKTPOAOM CPpaBHEHHA
Ha3bIBAaloOT cmaHaapmeLM aﬂeKmpoaHbLM nomeHuuaiom U 00603Ha-

0
4amoT EOX /Red "

ONIEKTPOAHBIN MOTEHITUAN JIOO0N OKUCIUTETHbHO-BOCCTAHO-
BUTEJIbHOWU CHUCTEMBbI, HAXOAAIIENWCA B HECTAHAAPTHBIX yCIOBHUAX,
MO>KHO pacCuuTaTh 0 ypasHeHutro Hepucma:

RT a[ox]

— 0
Eox/Red = EQx/Red + F In )
n ArRed]

rae EO — cTaHZapTHBIN 3/IEKTPOJHBIN MMOoTeHIMal, B; R — yHUBep-
caibHasA razopas nmocrosHHas 8,314 /xx/Mouab-K; T — abcosoT-
Had Temneparypa, K; F — gucno ®apazgea, F = 96 500 Ki/mob;
n — YUCJIO0 3JIEKTPOHOB, YYACTBYIOIIUX B 3JIEKTPOAHOU peakIuu;
a[0x]> A[Red] — AKTMBHOCTb OKUCIEHHON ¥ BOCCTAHOBJIEHHO! (GOpM
B 2JIeKTpoAHOM peakuuu Ox +ne~ <> Red.

BenrurHa paBHOBECHOT'O 3JIEKTPOJHOTO MOTEHIIMaAa MeTaJUIu-
YeCKOro 3JIEKTPO/la 3aBUCUT OT aKTUBHOCTH MOHOB MeTaJslia B pac-
TBOpe (MOJIIpHOM KOHIIEHTpAalluM 3JIEKTPOJNTA), TeMIePaTypPhl
Y TIPUPOJBI caMoTo 3eKTpoza. JJaHHast 3aBUCMMOCTD BbhIpakaeTcs
ypaBHeHHeM HepHcTa

2,3RT
— 0 >
Eyere e = Byten e 18 Buten

[Tpu H.y. (a =1monb/n, p = 1 atm, T = 298 K) ypas-

Melt+ CMen+
HeHUe HepHcTa nMeeT BUJ
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0,059
n

— 10
EMe”*/Me - EMen+/Me +

1g ¢y pon+-

YpaBHeHue HepHcTa MpUMEHUMO U JJiS Ta30BBIX JIEKTPO/OB,
HaIllpuMep:

a) [ BOAOPOAHOTO 2JIEKTPoZla B KUCIOU cpeJie — B 3aBUCH-
MOCTH OT aKTMBHOCTH (WJIM MOJIIPHOM) KOHIIEHTPALIMU KHUCJIOTHI
B PacTBOpE U JIaBJIeHUA Ira3000pa3HOro BOAOPOa HaZl pACTBOPOM
(mpu T = 298 K):

2

0,059, ag.
Ege n, = ES, iyt lg——=0,0591lga,.. —0,029511g pyy,
Pu,
Impu =const= atMm YpaBHEHHUE UMEECT BU/J
E,. y =-0,0591lga,, =-0,059 pH;

6) B IIEJIOYHOM cpeie KUCIOPOJHOMY 3JIEKTPOAY COOTBETCTBYET
ypaBHEHMe dJIeKTPOAHOr0 IIOTeHana

OZ(I‘) + 2H20 +4e~ <> 40H".

YpaBHeHue HepHcTa A9 KMCIOPOAHOrO ajeKTpoza mpu T =
= 298 K umeeTt BU/

0,25 0,5
. 0,0591gpo2 Ao _

EOZ,HZO/OH‘ - EOZ,HQO/OH— 1

Pou-
—1,229-0,059pH+0,014711g po,

WIU TIPU Po, =1

Eo, m,0/0m- =1,229—0,059pH.

YcTpoiicTBO, B KOTOPOM dHEPrysi XUMUYECKUX peaKIui mpeos-
pasyeTcs B 2JIEKTPUUYECKYIO SHEPTHIO, Ha3bIBAETCS 2A/1bBAHUUECKUM
anemeHmom. HaripoTus, yCTPOMCTBO, B KOTOPOM IIPU MIPOXOXKAEHUHN
3JIEKTPUYECKOT'0 TOKa Uyepe3 3JIeKTPOJUT MPOUCXOAIT XUMUYeCcKHe
peakiu, Ha3bIBAETCA J1eKMPOSU3EPOM.

OcHOBHBIE COCTaBHBIE YaCcTH raJbBaHUYecKoro sjeMeHTa (I'9):

* aBa anekmpooa (nosysnemenma), oMellleHHbIE B PacTBOP
anekmpoaumos. Ha rpaHulie pasziena «IpoBOJHUK 1-To poja (oiek-
TPOJl) — IIPOBOJHUK 2-TO poza (37eKTPOJUT)» BO3HHUKAET PaBHO-
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BECHBIN MOTeHIINaM. Ha ayeKTpozax MpoTeKaloT IIPOIeCChl OKKC-
JIEHUSI WX BOCCTAHOBJIEHUS — 3/1eKMPOOHble peakyuu. DIEKTPO/,
Ha KOTOPOM ITPOUCXOAUT OKUCIEHUE, Ha3bIBAETCSI AHOO00M, DJIEKTPOI,
Ha KOTOPOM IIPOHCXOUT BOCCTAHOB/IEHNE, HA3bIBAETCS KAMOOOM;

* PACTBOPHI ATEKTPOJUTOB, B KOTOPHIE TTOTPYKEHBI 3JIEKTPO/IBI,
MeXKAY cCOO0U COeAUHSIOTCS A1eKMPOJAUMUUECKUM KAIOUOM — U30-
THyTOM TpyOKO#, 3amosiHeHHOM arap-arapom ¢ KCI.

CaMOITpOu3BOJIbHOE MTPOTEKAaHUE OKHUCIUTETbHO-BOCCTAHOBHU-
TeJIbHBIX peaKlUU Ha 2JIeKTPOoZAax SABJAeTCS MPUUYNHON BO3HUKHO-
BeHUs HampspkeHHA B I'D u obecrneuynBaeT ero pabomy, KoTtopas
MOJKET OBITb MOJBLKO NOJIONCUMENbHOL BeJTNYNHOM. PaBHOBECHOE
HanpspKkeHue ['D, Win ero ayeKTpoABIKYIas cuna AE, TIpeacTas-
JisgeT cob0o¥ pa3HOCTh PABHOBECHBIX 3JIEKTPOAHBIX MOTEHIINATIOB
xaroga (Ey) u anoza (E,):

AEFS :EK _EA'

MaxkcuMmasbHast ayieKTpudeckas pabora A paBHa IIPOU3BeIEHUIO
nepeHeceHHoOro 3apsazga (nF) u AE:

A=nF-AE.

OTa paboTa coBepIIaeTCsa 3a CUET CaMOIIPOU3BOJIBHO IMMPOTEKAl0-
el peakuu, Aad Kotopoi A.GO < 0.

ITockonbky A = —AG, cnegoBaTenbHo, AG = —nF-AE.

TakuM obpa3oM, 3HasE TEPMOAUHAMHUYECKHE XapaKTEePUCTUKU
IIpoliecca, MOXKHO PacCYMTATh AIEKTPOABIDKYIIYIO CHITY, 1 HA0OOPOT.

DNeKkmpoau30M HA3bIBAETCA COBOKYITHOCTh 3JIEKTPOXUMUUE-
CKUX OKUCJIUTEIbHO-BOCCTAHOBUTEIBHBIX MIPOLIECCOB, TPOUCXO/A-
WX TIPU MMPOXO0KAEHUHU JIEKTPUUECKOTO TOKA Yepe3 dJIEeKTPOJIUT
C TIOTPY’K€HHBIMM B HETr'0 3JIeKTPOAAMU.

Ha xaTo/ie KaTHOHBI BOCCTaHABIMBAIOTCA B MOHBI O0jIee HU3KOM
CTeIlleHU OKUCJIEHUS WIN B aTOMbI, HallpuMeDp:

Fe3* +e- — Fe2*, Cu?t +2e- — Cu.

HeliTpasbHble MOJIEKYJIBI MOTYT y4acTBOBATh B MpeBpalleHUAX
Ha KaToZle HEeNOCPeACTBeHHO WM pearupoBaTh C MPOAYKTaAMU
KaTOZHOI'O Ipolecca, KOTOpble pacCMaTpUBAIOTCA B 3TOM CJIydae
KaK IIPOMEKyTOYHBIE BelllecTBa dJIeKTPOIn3a.

Ha aHOZie TPOUCXOAUT OKHCJIEHNE NOHOB WY MOJIEKYJ, ITOCTY-
TaIMMX U3 0O0beMa 3EKTPONINTA WIW IPUHAJIEKANUX MaTePU-
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aJy aHoZa, - B 9TOM CjIyda€ aHO/Z paCTBOPAETCA WIN OKHUC/TIAETCA —
dHOAHOE paCTBOPEHHUE.

ITocyie0BaTEeILHOCTD IMIPOIIECCOB HA 3JIEKTPOAAX P
3JIEKTPOJI3€ PAaCTBOPOB 3JIEKTPOJIUTOB C MTHEPTHBIMH
Y PaCTBOPUMBIMH 3JIEKTPOAaMU

Oco6eHHOCTbIO 3JIEKTPOJIM3a BOAHBIX PACTBOPOB SIBJISIETCS TO,
YTO 3JIEKTPOAHBIE TIPOLIECCHI POTEKAIOT IIPU OJHOBPEMEHHOM y4Ya-
cTUU BoAbl. HacTo mepeHanpsiKeHUe Ha dJIEKTPOAax OKa3bhIBAeTCs
JIOCTaTOYHBIM /IJIT OJJHOBPEMEHHOT'O pa3psi/la He TOJbKO HOHOB
3JIEKTPOJIUTA, HO Y MOJIEKY/I BOJIBI.

V13 2/1eKTPOAHBIX TIPOIlecCOB Hanbosiee BEpOATEH TOT, OCYIIECT-
BJIeHHE KOTOPOI'0 CBSI3aHO C MUHUMAJIbHON 3aTpaTod SHEPruwu.
[ToaTOMYy Ha KaToZie ITepBBIMU BOCCTAaHABIMBAIOTCSA Hanubosiee CHTb-
Hble OKUCIUTENN (C MaKCUMa/IbHBIM 3HaueHueM E0), Ha aHo/e TIep-
BBIMM OKHUCJISAIOTCS Hanbojiee CUIbHBIE BOCCTAHOBUTENU (C MUHU-
MaJIbHBIM 3HaUYeHHEM 3JIEKTPOAHOTO TIOTEeHITHAA).

* KamooOHusle peakuuu

[To crtocoGHOCTH pa3psKaTbCA Ha KaTo/le BCe MEeTaJUThl B 3aBU-
CUMOCTH OT 3HAYEeHUHN CTAaHAAPTHBIX IMOTEHIIUAJNOB MOApPa3/ess-
IOTCA Ha TPU T'PYNIbl (COrIacOBaHHBIE C 3JIEKTPOXUMUYECKUM
PAZOM HaTps)KeHW)

Katozaubie peakumu
Li K Ba Ca Na Mg Be Al Zn Fe Cd Ni Sn Pb Cu Hg Ag Pt Au
I rpynnia II rpynia IIT rpymnia
El(\)/[e”+|Me < E213+|Al E?Xl3+|Al < EI(\)/Ie”+|Me < EI?/Ien+|Me > E1(L)1+|H2
< E21+|H2
a) HeWTpaibHaA [TapaynenbHble
Y IIeJIOYHAs cpeja: MIPOLIEeCCHI: K(2): Men +
K(-):2H,0+ K(-):Met +
+n¢- — Me
+2e- - H, T +ne- — Me
2H* +2e~ —H, T
6) Kucasa cpea:
K(-):2H* +
+2e~ —>H, T
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* AHOOHbBlEe npoueccsl 3aBUCAT OT IIPUPOABI MaTepraa aHozAa
Y COCTaBa dJIEKTPOJIUTA.

Bce BoccTaHOBUTEMM B 3aBUCMMOCTU OT 3HAYEeHUHN CTaHAAPTHBIX
IIOTEHLIUAJIOB IIOAPAa3AeJIAIT Ha ABE IPYIIILL:

1) BoccTaHOBUTENHN, Y KOTOPBIX CTaHZApPTHBIM NOTEHIMAJ
MeHbIIIe ITIOTeHIMana KUCJIOPOAHOTO 3JIeKTpoJa IIPY JaHHOM 3Ha-
yeHuu pH. AHOZ, U3rOTOBJIEHHBIN U3 MeTasuia, OyeT aKTUBHBIM

(pacTBOpATHCA) B TOM CJIy4ae, eciu El(\)/[en+|Me <1,229-0,059-pH:

Me—ne- — Me't;

2) BOCCTAaHOBUTENH, Y KOTOPBIX CTAHAAPTHHIU MOTEHIIHAJ TIpe-
BBIILIAeT NOTEHI[UAI KUCJIOPOJHOTO0 3JIEKTPO/A: Egz,H Hy0 = 1,229 B.

B aTOM ciydae aHOZ He OyZeT pacTBOPATHCA — UHEPMHbLIL UnU
Hepacmeopumblii aHoO (HampuMep, 30JI0TO Au, IIaTuHa Pt u apy-
rvue MeTasUlbl ceMelCcTBa IUIaTUHBI, JUOKCcUA cBuHIa PbO,, rpadur
<<C>>),

Ha Takux MHEepPTHBIX 2JIEKTPOZaX aHOAHBbIE ITPOIECChl 3aBUCAT
OT COCTaBa 3JIEKTPOJIMTA:

— eCcJi B pacTBOpE MPUCYTCTBYIOT aHUOHBI OECKUCIOPOAHOM
KUCIOTH (Hampumep, S2-, I, Br-, Cl-), To nmpocThle aHUOHBI OKHC-
JIAIOTCS C BblZleJIeHHEM IIPOCTHIX BellleCcTB, HallpUMeDp:

2Cl- —2e~ - Cly;;

— ewIN B PacTBOpE MPHUCYTCTBYIOT aHUOHBI KMCIOPOACOEPKa-
mux KucaoT (Hanpumep, CO3-,NO;3,S0%,PO3") u F-, To aHoz-
HOMY OKHCJIEHUIO OYAyT IMOABEPraThCsi MOJIEKYIIbI BOABI (B KUC/IBIX
WIN HeNTpalbHBIX pacTBopax) wir OH-uoHBI (B IIEJOYHBIX pac-
TBOpax):

* OKHCJIEHUE MOJIEKY BOJBI B KUCABIX U HEUTPaIbHbIX PACTBO-
pax:

(DA :2H,0-4e- — 0, T +4H* wm

* OH- MOHOB B IIEJIOYHBIX PAaCTBOPAX:

A(+):40H- —4e- — 0, T +2H,0.
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Mpumepbi peleHus 3agay

IIpumep 1. BBIYUCAUTE TEKTPOAHBIN MMOTEHI[UAN KOOaIbTa B pac-
TBOpe xyopuza kobansra CoCl,, B KOTOPOM aKTUBHOCTb MOHOB KOOaIbTa
Co2* paBHa 0,025 (T = 298 K).

Peutenue. CornacHo ypaBHeHUI0 HepHcTa, 371eKTPOAHBIM TOTEHIIUAI
MeTa/uTndecKoro anektpoga npu T = 298 K pasen

. 0,059

EMe’“’ | Me = Men+ | Me

lga, n:-
n Me

14 3a71laHHOT0 3/IEKTPOZAA ITOIYYUM

0,059
n

E E°

Co2*|Co

0,059
2

Co2*|Co — Ig Aozt =

=-0,277+

1g,025=-0,324 B.

ITpumep 2. CocTaBbTE CXeMY raJibBaHUYECKOTO dJIEMEeHTa U3 Me/-
HOT'0 2JIEKTPOZa ¥ aTIOMHUHHUEBOTO 3JIEKTPOZAOB. BrIumc/inTe paBHOBEC-
HOe HampsiKeHWe raJbBaHu4YecKoro 3jeMeHTa npu T = 25 °C, B KOTO-
POM aKTHUBHOCTH MOHOB Cu2+ 1 Al3+ cooTBercTBeHHO paBHbI 0,1 1 0,005.

Pewenue. CornacHo ypaBHeHUI0 HepHcTa paccuuTaeM MOTEHLIIAIBL
OTZIeJIbHBIX DJIEKTPO/IOB:

O 0,059

CuZ*t*|Cu

0,059

ECu2+|Cu = + Ig Ao+ =

=0,337+ 1g0,1=0,307 B;

0,059
AIB*H|AL T E213+|A1 +Tlg App3+ =

0,059

E

=-1,662+ 1g0,005=-1,707 B.

V3 ABYX 3JIEKTPOAOB KaTOAOM OyAeT MeAHBIN 2JIEKTPO/, TaK KaK
y Hero moTeHnuasn 6osbiile. PaBHOBecHOe HampsokeHue I'D paBHO pas-
HOCTH IIOTEHIIMAJIOB KaToza U aHoza:

Ers = Equav 0y — Eapps = 0,307 -(<1,707)=2,015B.

Peaxiiuu Ha syekTpozax:

(-):Al0—3e — A3+ x 2
(+):Cu2t +2e—>Cu"%x3 n=6

TOP: 2Al + 3Cu2+ — 2A13+ + 3Cu
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B xauyecTBe 27IeKTPOJIUTOB HEOOXOAUMO BEIOPATh XOPOIIIO pacTBOPH-
MBI€ COJIM JaHHBIX MeTaJLIOB.
Cxema MeIHO-aJIIOMUHUEBOT'0 raJbBaHUYeCKOr'o d/IeMeHTa:

(-) Al|AICL, | | CuCly | Cu(+).

IIpumep 3. OnpesennTh HallpaBleHNe CAMOIIPOM3BOJIBHOTO IIPOTe-
KaHUSA PeaKIuu

Fe(NO;3); + Ag = Fe(NO3), + AgNO,

€CJTM aKTUBHOCTU B BOAHOM pacTBope paBHbI: a(Fe3+) = 0,01 monb/i,
a(Fe2+) = 0,001, a(Ag*) = 0,01.
Peutenue. 3HaUYeHUS CTAaHAAPTHBIX SJIEKTPOAHBIX TOTEHI[MAIOB B3au-
MO/IEUCTBYIOITUX JJIEKTPOXUMHUYECKUX CUCTEM COCTABJISIOT:
Fe3+ +e=Fe2+, EO =0,771B;

F63+|F62+

Agt+e=Ag, Egg+|Ag =0,799B.

3HauyeHUs SJIEKTPOAHBIX ITOTEHIINAJIOB ITPY YKa3aHHBIX aKTUBHOCTAX
HWOHOB paBHBI:

0,059 . Gpa+
Epe+jpezt = Bpea gz 1 e aFZz+ -
=0,771+0,059-1g 0,01 =0,83B;
0,001
E 0,059 | Apgr _

= +
Ag*lAg T TAgt|ag 1 & Upg

=0,799+0,059-1g0,01=0,681.

B naHHOM CiTy4ae MOTeHI[UA IIEPBOU MOJMypeaKIuu O0IbIlle, 4eM
BTOPOI.

[Tomypeakuus, y KOTopoi moTeHIuan 6osblie, 6ygeT IpoTeKaTh
B HaIlpaBJIE€HUU BOCCTAHOBJIEHUA OKUCIEHHON GOPMBI OKUCAUTENA,
a ToJstypeaxiiys, y KOTOpoi IoTeHIInal MeHbIIIe, - B HallpaBJIeHUU OKUC-
JIeHUSI BOCCTaHOBJIEHHON (OPMBI BOCCTAHOBUTEJIS, UYTO COOTBETCTBYET
Ipolieccam:

Fe3* + e — Fe2+

Ag—e— Agt

CymMupys obe MoIypeaklny, MoJIy9aeM CyMMapHOe YpaBHeHUe
CaMOITPOM3BOJIBHO MPOTEKAOIIeH peaKIiyi B MOHHOM BU/IE:

Fe3* + Ag — Fe2t + Ag*
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C TepMOAUHAMUYECKON TOYKHU 3pEHUs peaKIUsa B3auMOJEUCTBUSA
MeTaJsula ¢ paCTBOPOM COJIM IIPOTEKAET CAMOIIPOU3BOJILHO TIPH YCJIOBUM
AG < 0.

OmnpezenyM HanpsDKeHUE JaHHOTO TaIbBAaHUYECKOTO dJIeMeHTa:

El"a = EK _EA = 0,83_0,68 = 0,15 B.
[To ypaBHEHHUIO onpesenuM 3HakK A,G peaKinu:
A, Glos =—96500-0,15=-14475 JIxx.

Taxum obpa3om, 3alaHHasT peaKIKs CaMOTIPOU3BOIBHO OYZAET Mpo-
TeKaThb B IIPAMOM HallpaBJeHuH (cjieBa Halpago).

IIpumep 4. HanumuTe MOJIEKYJIApHOE U HOHHO-MOJIEKYJISAPHOe
ypaBHEHME peaKIUuil B3auMOAENCTBUA Xeje3a C CylbGaToM HUKE
NiSO,. CaenaliTe TepMOAUHAMUYECKYIO OLIEeHKY BO3MOXXHOCTH IIpOTe-
kaHuda peakuuu npu T = 25 °C u paccuuraiite 3/IC snekTpoxuMmuye-
CKOM CUCTEMBI.

Pewenue. MonekynapHoe ypaBHeHHe peakuuu: Fe + NiSO, — FeSO,
+ Ni. OxucauTeseM B 3TOM IIpoliecce MOTYT OBITh HOHBI HUKesd Ni2+,
a BOCCTaHOBUTEJIEM — aTOMBI Kejie3a. [IpoBepseM repBoe yclIoBUe BO3-
MOXKHOCTHU MPOTeKaHUs peakunu: EQ . ravopnrens < Exsemrens- BETAIUHBI
3JIEKTPOJHBIX MTOTEHI[UAIOB OepeM U3 CIIPABOYHBIX TAOJIHUIL:

0 S 0 =—
EFe2+|Fe =-0,44B, EN12+|N1 0,25B.
0 0
[Tockonbky EFe2 +|Fe <E., +|ni> TIPOLIECC BOSMOXEH.

[TpoBepsieM BTOpOeE yCJIOBHE MTPOTEKAHUSA IIPoIjecca — PacTBOPHU-
MocTb npoaykTa. Conb FeSO, pacTBopuMa B BoZe, a 3HaYUT, peaKliusa
MpoTeKaerT.

3amnucaB OTZeIbHO MPOLIeCChl OKUCIEHUA U BOCCTAHOBJIEHUS U CyM-
MHPOBaB UX, ITOJIYYUM UOHHO-MOJIEKY/ISIPHOE YpaBHEHME PEAKITUU:

BOCCTaHOBUTENb: (—): Fe0 — 2e- — Fe2+

okucaurenb: (+): Ni2t + 2e- — Ni€

Fe + Ni2+ — Fe2+ + Ni

TepMmoamHaMUYecKy Impoliecc B3auMOZAeNCTBYA JKele3a C PACTBOPOM
cynbdaTa HUKeA OyZieT IPOUCXOANUTD ITpHU yeaoBum A,G < 0.
Omnpezgensaem A,G peakiiuu 1o ypaBHeHu0 A,G=A.H-T-A,S:

ArI_Ig98 = ZAng98(npoz[) - ZAng98(ch) =
= AfH(ONl) +AfH(OFe2+) _AfH(OFe) _AfH(()Ni2+) =
=0+(-87,1)-0-(-53,1) =-34 k/I>x/MOJIb;
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Arsg98 = ZArSSQS(npoa) - ZArSSQS(ch) - S(ONi) + S(OFez+) - S(OFe) - S(ONi2+) =
=29,9+130,9-27,1-(-126,0)=-2,1 I:x/(moib-K);
A.GO =-34-298.(~0,0021) = —33,38 K/I,/MOJb.

[Mockonbky A,G < 0, JaHHAA peakuys IPOTeKaeT CaMOIIPOM3BOJIBHO.
OrmpeziennuM HaNpsKEHUE 3JIEKTPOXUMUYECKOU CUCTEMBI:

__AG_ -33380
~ nF 296500

=+0,173 B.

IIpumep 5. HanmcaTb ypaBHEHUA 2JI€KTPOAHBIX ITPOLIECCOB, IPOTEKa-
IOIIMX [IPY 3JIEKTPOJIA3€ BOAHOrO pacTBopa MgSO, ¢ THEPTHBIMMU 3JIEK-
TPOAAMHU.

Pewerue. CTaHZAPTHBIN 27I€KTPOAHBIN IIOTeHIIMAI cucTeMbl Mg2+ +
+ 2e — Mg paBeH 2,363 B. CynbdaT Maruus ABiseTcs coyablo, obpa-
30BaHHOM cJ1abbIM OCHOBAHHEM U CWIBHOH KHUCIOTOMU, IIO3TOMY BCJIE]-
CTBUE I'MIPOJIN3a CpeJia B ero BOAHOM pacTBope OyZieT c/1abOKUCIOTHOH
(pH < 7). CiepoBaTenbHO, IOTEHIIMA BOZOPOAHOIO 3/IeKTPOZAa

Ey+yy, ==0,059-pH=-0,059.7=-0,413B.

Ha karoze 6yeT MpOUCXOUTD IIPOIIECC C HAUOOBIIINM 3HAY€HUEM
MOTEHIINAA, T. €. JIEKTPOXUMHUYECKOE BOCCTAHOBIIEHHE BO/IBI C BBIZIE-
JIeHeM BOZIopoZia:

2H,0+2e~ — H, +20H-

a MoHBI Mg2+ OyZyT HaKaITMBAThCS B IPUKATOAHOM ITPOCTPAHCTBE.
Ha aHoze 6yieT IpOMCXOAUTD SIEKTPOXUMUYECKOE OKHCIEHUE BOJBI,
MIPUBOZsIIee K BbIIeJIEHUIO KUCIOpo/a:

2H,0—4e~ — O, + 4H*

TOCKOJIBKY OTBEYaIOIINM 3TOM CUCTeMe 3JIeKTPOAHBIN MMOTEHIA KUC-
JIOPOZHOTO 3JIEKTPO/A B C/IAOOKUCIION cpejie
0 _ _ _

EOZ,H+|H20 =1,229-0,059pH=1,229-0,413=0,816B
3HAYUTENbHO MeHbIle, YeM CTaHAapTHHIN ITOTEeHITHUAaJ, XapaKTepPU3ylo-
IUN cCUCTEMY

2- _ 2-. 10 _
S,0§™ +2e=2S05"; Eszogf/zsoﬁ* =2,01B.
Vonsl SO%~ OyayT HaKaIUIMBaTbCA B IPUAHOLHOM IIPOCTPAHCTBE.
YMHO>asd ypaBHeHHe KaTOAHOTO IIpolecca Ha 2 A1 IoABeeHUA

GaslaHca 10 IeKTPOHAM U CKJIAZIBIBAA ero ¢ ypaBHEHWEM aHOJHOTO IIPo-
1iecca, IoJy4alT CyMMapHOe YpaBHeHMe IIpoliecca 3J1eKTPon3a:



6H,0 = 2H, + 40H- + O, + 4H*

HpI/IHI/IMaH BO BHUMAaHHE OJHOBPEMEHHO IIPOUCXOAAIIEE HAKOILIE-
HHE€ MOHOB MarHuvd B IIPUKATOAHOM IIPOCTPAHCTBE U CYJIb(l)aT-I/IOHOB
B [IpUaHOAHOM IIPOCTPAHCTBE, UTOI'OBOE YpABHEHHE IIpOIIecca MOXKHO
3allrcaTb TakK:

6H,0 +2MgSO0, = 2H, +2Mg(OH), | +0, + 2H,SO0,

CiezyeT yYUTBIBaTh, YTO TUAPOKCUJ MarHus — MaJOpacTBOPHMOE
coelHEHUe.

IIpumep 6. Kakue mporieccsl 6yAyT IPOTEKATh Ha XKeJIe3HbBIX SIeKTPO-
Alax IIpU 3IeKTposn3e BogHoro pactsopa Al,(SO,) B aTMocdepe Bo3ayxa
B HEWTpaJIbHOU cpege?

Pewenue. Al,(SO4); — 2A13* +3S07%.

ArMocdepHbIii Bo3ayx umeet pH ~ 7.

A(+)Fe, SO%, H,0 Fe2*, Al3*, H,0 (-)K.

Ha xaTo/ie BO3MOXXHO IIpOTeKaHUe CJIeIyIOIIUX IIPOLIeCCOB:

Fe2+ +2¢~ =Fe EQ,2jp = —0,44B
A3+ 43¢~ = Al ESjsa)q =~ 1,662B
- - 0 .
2H,0+2e~ — H, +20H B ojty 20n- > —0-413B

BoitencTBue TOro UTO BBIZIE/IEHVE BOZOPOZA COIIPOBOXKAETCA IepeHa-
MpsDKEHUEM, HAauOOJIbIITNH TOTEHIMAJ CTAHOBUTCS Y IIEPBOTO MPoIiecca,
IIO3TOMY Ha KaToze OyZyT BOoCCTaHAaBIMBAThCSA UOHHI JKeye3a: FeZ+ +
+ 2e = Fe.

B npukaToHOM MIPOCTPAaHCTBE HAKAIUIMBAIOTCS UOHBI aJIFOMUHUS
Al3+,

Ha *xenre3HOM aHOZle BO3MOKHO MPOTEKaHUEe CJIeYIOIIUX MPOLIeCCOB:

—9¢— = Fe2 0 -
Fe—2e™ =Fe’* EFe2+|Fe— 0,44 B
2- _20=5.02- 0 -
2505 —2e=S5,0% Eszongsoﬁ— =2,01B
2H,0—-4e~ =0, +4H* Eo, w+m,0 <0,81B

[TockonbKy BbIZIeJIEHWE KUCIOPOZa Ha KeJIe3HOM aHO/ie COTIPOBOXK/a-
eTCs TepeHanpsHKeHUEM, JKeJIe3HbIN aHO OyZIeT OKUCIATHCS B IEPBYIO
oyepesb.

IIpumep 7. OnpenenuM BpeMs, HeoOXoAMMOeE JJS IMOJyde-
HUA 150 r MeTamInyecKoro HaTpUA MPU 3JeKTPOJIU3e paciiaBa XJo-
puza HaTpus, ecau cwia Toka 2000 A, a KaTOAHBIN U aHOAHBIN BBIXO/],
o TOKy 55 %. CKOJIbKO JIMTPOB XJIOpa IIPH 3TOM 00pasyeTcs?
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Peuwterue.
[Ipu syexkTponn3e paciuiaBa XJIOpUZa HaTpUSA Ha 3JIeKTPoZAax IpoTe-
KaloT MPOLEeCCHI

A(+):2Cl- —2e- —> Cl,
K(-):Nat+e- — Na

CormacHo nepBoMy 3akoHy Papaziess BpeMs, He0OXOANMOe /IS TTOJTY-
yeHuda 150 r MeTayuIMyecKoro HaTpus, olpeziesnseM Mo ¢popmyse

. myF___ 150-96500

=572c,

rae M,, (Na) — mosiApHaa Macca 9KBUBaJeHTOB HaTpHUA, I'/MoJb; [ —
cwla Toka, A; F — nocroanHnaa ®apazes; B, — BBIXOZ 110 TOKY.
O6beM x1opa 06pa3yeTcs B KOTHIECTBE 1 MOJIb U COCTABJISET

V. Vo) Tt-Bi 11,2-2000-572-0,55 .
¢l F 96500

IIpumep 8. CepebpeHue M3/ienii BeIeTCA B paCTBOPE a30THOKHUCIIOTO
3JIEKTPOJIMTA C TUIOTHOCTBIO ToKa 3 A/AM3. PaccyuTaTh TOJIIMHY cepe-
6psHOTO c1051, 0Opasylolerocs 3a 2 MUH, €M BBIXO/, 110 TOKY B; = 0,90.

[LnoTHOCTB cepebpa p = 10 490 kr/m3.
Pewenue. CornacHo 3akoHy ®apaziess macca BblieTBILIETOCA cepebpa

B MBK(Ag) -I-t-B;
Mpg = = .
W3 cooTHOIIIEHUS
~ Moag I-t-B;

Mpg = = =pSd

rocyie Mpeo6pa3oBaHUN HAXOAUM TOJIINHY ITOKPBITUA:
Moy ag) It B; _ Moy ag) - I-t-B; _
FpS Fp
107,9-3-10-120-0,9 3.45.106 w1,
96485-10490-10°

raei = I/S — IUIOTHOCTB TOKA; 0 — IUIOTHOCTh MeTajlia.

ITpumep 9. OnpezennuTe BBIXOJ, 10 TOKY BOAOPO/A, BBIAEIEHHOT'O
Ha 2JIEKTPOZie IPU HOPMAJbHBIX YCJIOBUSIX, €CIM 00BEM €ro CoCTa-
BWI 112 1 ipu IpoxoxeHnu yepes ajiekTpoZ 1000 A-4.

Pewenue. O6beM MOJIb SKBUBaJIeHTa BOAOPOJAA MPU H.y. COCTaB-
qset 22,4/2 = 11,2 1. JIis BeIZieIeHUsT TAaKOTro 06'beMa BoZopoa Tpe-
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OyeTcss KOJIMYEeCTBO dJIeKTpUYecTBa, paBHoe 1 F, wiu 26,8 A-4., ciezo-
BaTeJNbHO, AJiA BeigeneHusa 112 1 notpebyercsa 268 A-u. Halizem BBIX0/,
10 TOKY BOZOpOJa:

QH2 B 268

= =0,268, 111 26,8%.
Q 1000

Hy =

3afilaHnA ansa CaMoCTOATENbHOrO0 pelueHna

lasrpBaHUYECKUH DJIEMEHT

3adanue 1. laubl ABa dnmekTpoza (Tabu. 13).

1. 3anumure ypaBHeHre HepHcTa /14 pacyeTa 3/1€eKTPOAHOTO
IIOTEHIIMajIa ¥ BRIYMCIUTE €ro 3HaUYeHue /I KaXKA0ro 2JIeKTPo/a
B PacTBOpe 3JIEKTPOJIUTA IIPU 3aJaHHbIX yotoBuax u T = 298 K.

2. 3anuuuTe 3J1eKTPOXMMHUUYECKYIO CUCTeMy (TalbBaHUYeCKUMN
3JIeMEHT), ypaBHEHU 2JIEKTPOAHBIX peaKlnii (Ha KaToze U aHo/Je),
cyMMapHoU (Tokoo6pa3yrolileli) peaKlnu, ONpeAessionux paboTy
3TOr0 3JIeMeHTa.

3. PaccuuTraliTe paBHOBeCHOe Hampsi>)KeHHE COCTABJIEHHOTO
raJbBaHM4YeCKOI'o 3JIeMeHTa.

CraHgapTHBIE 2JIEKTPOJHbIE MOTEHIIMAbI 3JIEKTPOAOB IIpUBe-
ZIEHBI B IPWIOXKEHUU O.

Tabnuuya 13
Howmep dinekTtpoz 1 dnekTtpoz 11
];11?:: cxeMa . cxeMa pH pac- | Py, (Po,),
9IIEKTPOAA | wionp /1t 3JIeKTpoza TBOpa | MM PT.CT.
1 Ag*|Ag 0,01 |H,0, OH-|0,, Pt 8 0,5
2 Fe2+|Fe 0,05 | H,0, OH-|O,, Pt 5 0,5
3 Cu2+|Cu 0,02 H*|H,, Pt 4 0,5
4 Co2+|Co 0,01 H,0, OH-|O,, Pt 9 0,25
5 Ni2+|Ni 0,03 |H,0, OH-|0O,, Pt 2 0,7
6 Fe2+ |Fe 0,05 | H*|H,, Pt 3 1,5
7 Pb2+|Pb 0,02 | H*|H,, Pt 9 0,5
8 Bi3*|Bi 0,03 H+|H,, Pt 4 0,2
9 Sn2+|Sn 0,04 H,0, OH-|O,, Pt 2 1,2
10 Cr2+|Cr 0,02 H,0, OH-|O,, Pt 3 0,4
11 | Cr3+|Cr 0,01 |H*|H,, Pt 11 0,4
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OKoHYyaHue mabsn. 13

Homep dnektpon I dnekTpon, I1
1;11?1‘1: cxeMa . cxeMa pH pac- | Py, (P,,),
3NIEKTPOAA | oy, /i1 aJIleKTpoa TBOpa | MM PT.CT.
12 Ti3+ | Ti 0,03 H+|H,, Pt 5 0,9
13 In3+|In 0,01 H,0, OH-|O,, Pt 1 0,2
14 Cu*|Cu 0,02 H,0, OH-|0,, Pt 2 0,7
15 Mn2+ |Mn 0,01 H*|H,, Pt 12 0,3
16 Ti2+ | Ti 0,04 H+|H,, Pt 5 1,5
17 Cd2+|Cd 0,05 H+|H,, Pt 9 0,5
18 Zn%+*|Zn 0,5 H,0, OH-|O,, Pt 2 0,7
19 Mg2+| Mg 0,02 H+|H,, Pt 4 1,2
20 AR+ | Al 0,03 H+|H,, Pt 8 0,5
21 Ag*|Ag 0,05 H,0, OH-|O,, Pt 5 0,5
22 Fe2+|Fe 0,01 H,0, OH-|O,, Pt 8 0,5
23 Sb3+|Sb 0,04 H,0, OH-|O,, Pt 5 0,8
24 W3+ |W 0,01 H,0, OH-|0,, Pt 12 0,1
25 Mo3+| Mo 0,03 H*|H,, Pt 6 0,4

3adaHue 2. TanbBaHUYECKUI 3JIEMEHT COCTaBJIEH U3 ABYX MeTaJl-
JIMYECKUX 3eKTPoAoB (Tabm. 14).

1. TlogbepuTe 3M€KTPOIUTHI (CM. IPUIOKEHUE 6) U 3aIUIIUTE
3JIEKTPOXUMUYECKYIO cUCTeMy (raJibBaHUYECKU 2JIEMEHT).

2. 3anuuuTe ypaBHEHUA JIEKTPOAHBIX PEAaKIMU U CyMMapHOU
peaKIny, onpeessione paboTy ralbBaHUYECKOT'0 dJIeMeHTa.

3. PaccuuTaiiTe paBHOBECHOE HamNpsKeHUe raJbBaHUUYECKOIO
37IeMeHTa, COCTaBJIeHHOTO M3 YKa3aHHBIX 3JIeKTPOZAOB C y4eTOM
AKTUBHOCTHU MOTEHIIMAIONPeAeISI0IUNX NOHOB (a).

4. PaccuuTaliTe sHepruio I'n66ca, UCIIOMb3ysI paBHOBECHOE
HanpsDKeHYe TaJlbBaHUYECKOTro 3JIeMeHTa.

Tabnuua 14
Howmep AKTHBHOCTb IIOTEHIKAJ OIIpe-
Bapu- | Onekrtpog I dnexTpoz [I | ACAILINX HOHOB d, MOJb /I
aHTa anektpogal | amekrpoaa II
1 Ga3+|Ga Ag*|Ag 0,1 0,01
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OKoHuYaHue mabn. 14

Homep AKTHUBHOCTb MOTEHI[AAJ OIIpe-
BapH- dnektpoz I dnekrpoz II | A€IAIOLIKMX HOHOB d, MOJb /I
aHTa anmexkTpoga l | amexTtpoza II

2 Pd2+|Pd Cr3+|Co 0,2 0,05
3 Aus+|Au cd2+|cd 0,01 0,5
4 Sn2+|Sn Ag*|Ag 0,2 0,001
5 Aus*|Au Sn2+|Sn 0,005 1,5
6 Ag*|Ag Mg2+|Zn 0,02 0,5
7 Cut*|Cu Ti2+ | Ti 0,05 0,2
8 Cr3*|Cr Sn2+|Sn 0,03 1,2
9 Ni2+ | Ni ABB*| Al 0,05 1,3
10 Mg2+| Mg In3+|In 1,7 0,05
11 Pb2+ | Pb Aws+|Au 0,02 0,003
12 cd2+|cd Cr3+|Cr 0,8 0,2
13 Zn2+|Zn Sb3+|Sb 0,002 0,03
14 Pd2+|Pd Ga3+|Ga 0,01 1,0
15 Fe2+|Fe Sb3+|Sb 0,02 0,2
16 In3+|In Co2*|Co 0,2 0,005
17 Ti2+|Ti Fe3+ |Fe 0,05 1,5
18 Ga3+*|Ga Zn2*|Zn 0,8 0,5
19 Cr3+|Cr Ag*|Ag 0,7 0,1
20 cd2+|cd Fe3+ |Fe 0,5 0,02
21 Cu2*|Cu Au3t |Au 2,0 0,001
22 V2+ |V Sn“+|Sn 0,04 0,5
23 Bi3*|Bi Cu2*|Cu 0,5 0,05
24 Pb2+|Pb Ga’+|Ga 0,5 0,1
25 Mo3+| Mo Zn2+|Zn 0,01 0,9

3JIeKTpOJII/IB BOJAHBIX PaCTBOPOB 3JICKTPOJTINTOB

3adaHue 3. JlaH BOAHBIN pacTBOp dnekTpoaura (tabm. 15).
1. 3anumure 371eKTPOXUMUYECKYIO CUCTEMY, YPaBHEHUS 3JIEK-
TPOJAHBIX PEAaKUUHN 3JIeKTPOIM3a ¢ rpaduTOBBIMU 3I€KTPOAAMU.
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2. Ykaxxute pH pacTtBopa 70 anekTposr3a (6osbllle, MEHBIIE
win paBHO 7). Eciu B mpoliecce anekTposr3a MmeHsieTcsi pH pac-
TBOpA Yy 3JIEKTPOZOB, YKaXKUTE, B KAKYI0 CTOPOHY.

3. PaccuuratiTe Maccy wiu o6beM (a1 rasa) BellecTB, Bble-
JIMBIIMXCA Ha dJIEKTPOZax IpHU djeKTpoaude. KaTomHBIA BBIXO/,
MeTasuia 1o Toky paseH 80 %, eciu Ha 3JeKTPOZe NMPOTEeKaeT JBe
peaknuu. Eciy Ha KaToze BbIAENAETCA TOJBKO OAWH MeTaUl WIU
OZIVIH T'a3, BBIXO/, 10 TOKY Iporecca paBeH 100 %. AHOAHBINA BBIXO[,
1o ToKy 100 % BO Bcex ciy4anx.

4. Kak M3MeHUTCS aHOAHBIM MIpOIlecc, ecjd aHOJ, 3aMeHUTh
Ha JIpyro¥ MeTaJsuUl, YKa3aHHBIN B Tab6J1. 15. 3amuIimTe COOTBETCTBY-
IOIME SJIEKTPOAHbBIE PEAKIINH.

Tabnuuya 15
Konnue-
Homep PactBOD CTBO IIPO- 3amMeHa
Bapu- 3JIEKTPO- Tok, A BpiMﬂ’ HIeAIIero mMaTepu-
aHTa JuTa 3JIEKTPHU- aja a”Hoza
4ecTBa, A-4
1 CoCl, 8 Co
2 NiSO, 5 7 Ni
3 SnSO, 3 5 Sn
4 Zn(NO3), 11 Zn
5 BeSO, 3 7 Fe
6 Cr,y(S04)5 3 3 Cu
7 Bi(NO;)4 5 Bi
8 Pb(NO;), 3 2 Pb
9 FeCl, 5 7 Fe
10 CoSO, 8 Fe
11 Pd(NO,), 4 1,5 Al
12 KCl 3 7 Cd
13 Li,SO, 22 Fe
14 Fe(NO3)4 3 5 Fe
15 SnCl, 3 3 Sn
16 MgBr, 11 Ni
17 SbCl, 4 3 Sb
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OKoHYyaHue mabsn. 15

Konnye-
Homep PacTBOp CTBO IIPO- 3ameHa
Bpewms4,
Bapu- DJIEKTPO- Tok, A a HIeZIIero Marepu-
aHTa JuTa dJIEKTpPU- aja aHozaa
4yecTBa, A4
18 LiNOg4 2,5 4 Cu
19 MnCl, 43 Mn
20 Al,(SO,)4 23 Bi
21 SnCl, 3 5 Sn
22 FeSO, 21 Fe
23 NiCl, 12 Ni
24 Mo(NO3)4 5 6 Mo
25 In,(SO,)5 15 In
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NMPUNOXEHNA

lpunoxenue 1

TepmopMHaMuyecKne XapakTepucTUKN HeKOTOpbIX BeLecTB

npuT =298 K
BemecTBO AfH?, K/ /MOIB S°, Ix/(Mmonab-K) AsG°, k/l:x/MOIIB
AS 288,7 174,1 247,4
ASCly -271,1 326,8 -258,1
By 0 5,86 0
BCly, -403,8 289,5 -388,7
BCl; -427,1 206 -387,1
BaO, -557,9 70,29 -528,4
BaCl,, -860,1 126 -810,9
BeO(y, -598,7 14,1 -581,6
BeCly -494 63 -468
Br) (s 0 152,2 0
Br,; 30,92 245,35 3,14
Crpagur 0 5,74 0
C.mas 1,83 2,38 2,85
CO¢y -110,5 197,54 -137,14
CO,py -393,51 213,68 -394,38
CFy -933 261,37 -888,4
CClypy -102,9 309,9 -60,7
CCly -135,4 214,4 -64,6
CHy -74,81 186,31 -50,82
CoHy oy 226,75 200,82 209,21
CoHypy 52,3 219,45 68,14
CoHgr -84,68 229,5 -32,89
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[podomxeHue mabs.

BemniecTBO AfH°, K/l /Mob | S°, Ik /(Moab-K) AfG°, k/IK /MOJIb
CeHgr 82,93 269,2 129,68
CH;0H,, -202 239,7 -163,3
CH;0H -239,45 126,6 -167,1
CSyy 110,7 237,77 66,55
CSyx) 88,7 151,04 64,41
CaO, -635,5 39,7 -605,2
Ca(OH) -986,2 83,4 -898,5
CaCOg -1207,1 92,88 -1128,76
Clyp 0 222,96 0
CuO, -162 42,63 -134,3
CuyOy -173,2 92,9 -150,6
Fom 0 202,7 0
FeO, -263,8 58,8 -244,3
Fe,054) -822,16 89,96 —-740,98
Hy 0 130,52 0
HBr -35,98 198,59 -53,3
HCl, -92,31 186,79 95,27
HF -268,61 173,51 -270,7
HI, 26,57 206,48 1,78
HyO( -241,82 188,72 -228,61
Hy0 () -285,84 70,08 -237,2
H,S -20,9 205,69 -33,8
Ly 62,43 260,58 19,37
Ny 0 191,5 0
NH,;, -46,19 192,66 -16,66
NF;, -131,7 260,7 -84
NoFy 0 -22 317 79
N,O, 82,01 219,83 104,12
N,O5 90,22 307,1 110,5
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OkoHuaHue maébn. 1.2

BemniecTBO AfH°, K/l /Mob | S°, Ik /(Moab-K) AfG°, k/IK /MOJIb
N,Oy4r 9,6 303,8 98,4
NO, 90,25 210,62 86,58
NO, 33,5 240,2 51,55
NOCI, 52,59 263,5 66,37
NOF,, 65 248 -51
NOF;, -187 277,6 -
(NOYF, -109 259,3 37
(NH,),CO, -109 259,3 37
Clyp 0 222,98 0
ClF;, -157,75 281,5 -117,78
Oy 0 205,04 0
O3 142,26 238,82 162,76
PH; 5,44 210,2 13,39
P05 -1507,2 140,3 -1371,7
PCl;(, -279,5 311,71 -260,45
PCl;5 -374,89 364,47 -297,14
POCl; -306 323,84 -512,92
PF3; -956,5 272,6 -935,66
POF;,, -1252,27 284,93 -1203,75
Sy 0 31,88 0
Som 127,52 228,03 78,55
SFe(r) -1207,09 291,62 -1103,2
SOy -296,9 248,1 -300,2
SO3 -395,8 256,7 -372,2
SO,Cly -363,17 311,3 -318,85
Siy 0 18,83 0
SiCly, -657,52 330,95 -617,6
SiHyq 34,73 204,55 57,19
SiOyx, crexn) -903,5 46,86 -850,7
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lTpunoxenue 2

3HauyeHUA KOHCTAHT AUCCOLMALMU HEKOTOPBIX KUCNOT
M OCHOBAHUU

Kucnora
Ha3BaHUe K Ha3BaHUe K
u ¢popmysa A u ®opmysna A
Azotucrasa HNO, 5,13-104 | CepoBogopozgHasa K; 1,05-107
st KZ 1,3'10_13
AnmoMUHYeBas- 6-10-13 | CepHucras K, 1,4102
Bopuaa H3;BO, K; 5,8-10°10 | Ternypucras K,  2,7-103
K2 1.8'10_13 H2Te03 K2 1,8'10_8
K; 1,6-10-14
BpomHoBartucTas 2,5:10-? | TewrypoBogopogHaa | K;  2,3-10-3
HOBr H,Te K, 10-11
Banaauesasn K,  1,1-10-? | TelurypoBasa K, 2,510°
H3VO4 KS 4'10_15 H2T604 Kz 4,1'10_11
Bozopoza nepokeny, | Ky 2:10-12 | YrompHaa H,CO4 K, 45107
HzOz K2 4,8'10_11
I'epmanueBada-mera | K; 1,7-10-% | YkcycHas 1,8-10-°
MoxHoBaTuCTad 2,3-10-11 | docdopucras K, 1,6:102
KpemHeBasa-meTa K, 2,2:10-10 | ®ocdpopnasa HPO, |K;  7,1-10-3
sti03 K2 1,6'10_12 KZ 6,2'10_8
K; 4,2-10°13
MapraHnoBucTas K, 10-! | dTopoBOgOpPOAHAS 6,8-104
H,MnO, K, 7,1-10-11 | HF
MpibakoBas K,  5,6:10-3 | XsiopHoBaTucTas 5-10-8
H3;AsO, K, 1,7-10-7 | HOCl
K, 3-10-12
MypaBbrHad 1,8:10-4 | Xpomosasa H,CrO, | K; 1,1-101
HCOOH K, 3,2:107
CeneHucras K, 2,4-10-3 | llmaHOBOZOPOAHAS 6,2-10-10
H,SeO4 K, 4,810 | (cunwibHasa) HCN
CeneHoBozopozHaa | K; 1,3-104 | IIaBeneBasa K; 5,6-10-2
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OKoHYaHue mab6i.

OcHoBaHue
Ha3BaHUe K Ha3BaHUe K
u popmyia A u popmysna A

AroMUHUA K, 7,4-10- | Maprasnma(II) K, 3,9-104
ruzpokcuz AI(OH); | K, 2,1-10? | ruapokcuz

K, 1,1-10° | Mn(OH),
AMMOHUA 1,8:10-5 | Meau(Il) K, 3,4-10-7
TUAPOKCUT TUAPOKCUT
NH,OH Cu(OH),
Bapus rugpokcus K, 2,3-10-1 | Hukens(II) K, 8,32:104
Ba(OH), ruzpokcuz Ni(OH),
Kenesa(ll) K, 1,2-10-2 | OmoBa(Il) K, 10-12
TUJIPOKCU K, 1,3:10~* | rugpokcuz
Kemesa(III) K, 1,82-10-11 | Pryru(Il) K; 4-10-12
TUAPOKCUT K; 1,35-10-12 | ruapokcuz K, 5-10-11
Fe(OH)4 Hg(OH),
Kagmusa rugpokeng, | K 8,1-104 | Ceunna(Il) K, 5-104
Cd(OH), K,  4,2:1077 | rugpokcus K, 14108

Pb(OH),

Kob6ainbra(Il) K, 7,9-10-> | Xpoma(ID) K, 4-10-8
TUZIPOKCUT K, 8,9-10-% | ruzapokcuz
Co(OH), Cr(OH),
Kanprua K, 5,8:10-2 | Xpoma(III) K5 ~ 10-10
TUAPOKCUT TUAPOKCUT
Ca(OH)z CI‘(OH)3
Marnusa rugpokeus | K,  2,63-10-3 | LluHKa TUAPOKCUZ K, 1,32-10-




lip

UIoXeHue 3

lpounsBepeHne pacTBOPUMOCTH NP HEKOTOPbLIX
manopacTBopumbix dnekTponutoB npu T =298 K

BeiecTBO 1P BemecTBO 1P BeriecTBO 1P
T'udpoxcudst
Be(OH), | 2,09-10-¥ | Zn(OH), | 3,69-10-17 | Fe(OH), 4-10-16
Mg(OH), | 6,76:10-12 | Sc(OH), 2-10-30 Fe(OH); | 2,51-10-3°
Ga(OH), | 1,58:10%7 | Sn(OH), | 6,3-1027 | AI(OH), | 1,1-10-34
Bi(OH); | 3:10-—36 | Pb(OH), | 1,2:1020 | Co(OH), | 2-10-16
Pd(OH), 10-30 Cr(OH), 10-17 Co(OH); | 410-%
Cd(OH), 2,2-10-14 | Cr(OH); | 6,3-103! | Ni(OH), | 6,31-10-18
Cu(OH), 2-10-20 Mn(OH), | 1,9-1013 | In(OH); | 1,29-10-37
Cynvdamot dmopudut Jpyaue conu
Ag,SO, 2-10-5 BaF, 1,1-106 Ag,CO4 8,2:10-12
BasoO, 1,1-10°10 CaF, 4,0-10-11 Ag,SO4 1,5-10-14
CaSO, 1,3-104 MgF, 6,5-10-9 Bil, 8,1-10-19
Hg,S0, | 6,810~ PbF, 2,7-10-8 PbBr, 9,1-10-6
PbSO, 1,6-10-8 SrF, 2,5:10° Pbl, 1,1-10-°




lTpunoxenue 4

Temnepatypbl Kunenus, T ., Kpuctanausauuu, TKp,
n 36ynnunockonunyeckas, K.,
NOCTOSAHHbIE HEKOTOPbIX YMCTbIX pacTBOpPUTENEN

Kpuockonnyeckas, K

Kp’/

Kips Ks6»
PacTBOpUTEaH Tps °C T °C (xr'K)/ (xr’K)/

MOJIb MOJIb
AnieToH -95,35 56,24 2,4 1,48
Benson 5,53 80,1 5,12 2,57
Boza 0 100 1,86 0,52
JluaTIioBeIN 3dup -116 34,5 1,79 2,12
Cepoyriepoz -111,6 46,2 3,8 2,29
YkcycHada kucioTa 16,75 118,1 3,9 3,07
[Tukiorekcax 6,6 80,75 20,2 2,75
Xnopodbopm -63,5 61,2 4,9 3,61
YeThIpEeXXJIOPUCTHIN -22,96 76,75 29,8 5,25
YIJIepOZ,
dTaHoN -114,5 78,3 1,99 1,22




(TaHpgapTHble 3NeKTPOAHDIE MOTeHUUanbl nekTpoaos E°

llpunoxenue 5

npuT =298 K
DIIEKTPO/, DJIeKTpOJHAasA peaKLnusa E°, B
MeTa/unyeckue 3J1€KTPOABL

Li*|Li Lit e Li 3,045
K+ |K K+ tes K 2,925
Cs*|Cs Cs* +e e Cs -2,92
Ba2*|Ba Ba2+ +2e < Ba -2,906
Ca2t|Ca Ca2* +2e & Ca -2,866
Na*|Na Na*+e< Na —2,714
La3*|La La® +3e & La 2,522
Mg2+ | Mg Mg2* +2e & Mg -2,363
Be2+|Be Be2+ +2e < Be -1,847
A3+ | Al A" +3e & Al -1,662
T+ |Ti Ti2* +2¢ & Ti -1,628
T+ | Ti Ti3* +3e < Ti -1,21
V2+ |V V2 420 e V ~1,186
Mn?*|Mn Mn2* +2e < Mn -1,180
Cr2+|Cr Cr2+ +9e < Cr -0,913
Zn2+|Zn Tn2+ + % < 7n -0,763
Cré+|Cr Gr3* +3e < Cr -0,744
Ga3*|Ga Ga’t +3e < Ga -0,529
Fe2*|Fe Fe’* +2e < Fe -0,44
cd2+|cd Cd2 +2¢ <> Cd 0,403
In3+|In -0,34

Int+3e=1In
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[podomxeHue mabs.

DJIeKTPOoJ, DJIeKTpOoZHadA peakuud E°, B
TI+| Tl Tl +e e Tl 0,336
Co2+|Co Co?* +2e & Co 0,277
Ni2* | Ni Ni%* +2¢ & Ni 0,25

Mo3* Mo Mo3* +3e < Mo 0,2
Sn?*|Sn Sn2+ +2e < Sn 0,136
Pb2+|Pb Pb2* +2¢ < Pb -0,126
W3+ | W W3+ 43 s W 0,05
Fe3+ |Fe Fe3* +3¢ & Fe 0,036
Sn4+|Sn S+ +4e > Sny +0,007
Ge2*|Ge Ge2+ +2e & Ge +0,01

Sb3+|Sb Sh3 43¢ Sb +0,2
Bi%+ |Bi Bi3*+ +3¢ < Bi +0,215
Cu2*|Cu Cu2* + % e Cu +0,337
Cu*|Cu Cut +e e Cu +0,521

Ag*|Ag Ag* +e o Ag +0,8
0s2+|Os Os2* +2¢ & Os +0,85
Hg2+|Hg Hg2* +2e < Hg +0,854
Pd2+|Pd Pd2+ + 2¢ <> Pd +0,987
P2+ |Pt Pt2+ 42 e Pt +1,200
Au3+|Au Audt +3e & Au +1,498
Au* | Au Aut e Au +1,691
T'a30BbIe 3JIEKTPOZBI

Pt|H,|H+ 2H" +2e & H, 0,00
Pt|H,|OH-, H,0 2H,0+2e & H, +20H- 0,828
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[podomxeHue mabs.

DJIeKTPOoJ, DJIeKTpOoZHadA peakuud E°, B
Pt|Cl, |Cl- Cly +2¢ o 2C1- +1,36
Pt|F,|F- F, +2¢ < 2F- +2,87
Pt|O,|OH, H,0 0, +2H,0 + 4 < 40H- +0,401
Pt|O,|H*, H,0 O, +4H* +4e & 2H,0 +1,229
DJIEKTPO/IbI BTOPOI'O pojia
Ag|AgCl, CI AgCly+e &> Ag+Cl- +0,222
Hg|Hg,Cl,, CI Hg,Cl, +2e < 2Hg + 2Cl- +0,268
AlO,|Al AlOz +2H,0+3¢ & Al+40H- 2,35
Al(OH)5|Al AI(OH) + & Al+30H 2,31
Ag,0|Ag Ag,0+H,0 +e & 2Ag + 20H- +0,345
Be(OH),|Be Be(OH), +2e < Be+ 20H- 2,6
Bi,Os | Bi BiyO3+3H,0+6¢ < Bi+ 60H- ~0,46
Cd(oH)|Cd Cd(OH), +2e & Cd+ 20H- 0,824
Co(OH), | Co Co(OH), +2¢ & Co -+ 20H- 0,73
Cr(OH), | Cr Cr(OH), +2e < Cr + 20H- -1,355
Cu(OH),|Cu Cu(OH), +2e < Cu+ 20H- ~0,224
Fe(OH), |Fe Fe(OH), + 2 ¢ Fe+20H~ ~0,877
Ga(OH);|Ga Ga(OH)s +3¢ < Ga+ 30H- -1,26
HGeO;|Ge HGeO5 +2H,0 +4e < Ge+50H- -1,0
In(OH);|In In(OH)s +3¢ < In+30H" -1,0
HgO|Hg HgO+H,0+2e < Hg + 20H- +0,098
Mg(OH), | Mg Mg(OH), + 2¢ < Mg + 20H- 2,694
Ni(OH), | Ni Ni(OH), +2¢ < Ni+ 20H- 0,729
Mn(OH), |[Mn Mn(OH), +2e < Mn + 20H- -1,56
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OKoHYaHue mab6i.

DJIeKTPOoJ, DJIeKTpOoZHadA peakuud E°, B
PbO|[Pb PbO+ H,0 +2¢ < Pb+20H- 0,578
Pb(OH), | Pb Pb(OH), +2e < Pb+ 20H- ~0,714
Pd(OH), |Pd Pd(OH), +2¢ & Pd + 20H~ +0,07
SbO,|Sb SbO; +2H,0+3e < Sh+40H- ~0,675
HSnO, |Sn HSnOjz + H,0 +2e < Sn+30H~ ~0,91
TIOH|TI TIOH +¢ & Tl+OH- ~0,344
Zn(OH), |Zn Zn(OH), +2e & Zn+20H- -1,245
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