PACTBOPDI



[ eTeporeHHble paBHOBECUSA PACTBOPOB C
ocagKkom

CaCOjs() ¥ Ca2* + COz>

[Ca*][CO,” ]
[CaCO,]

[Ca®], [CO32_] - PABHOBECHBIEC KOHIICHTPALIMU HOHOB B PACTBOPE;
[CaCO3] - KOHIICHTpAI1s BEIIECTBA B 0caake (B TBEpAoH (ase), OHA MOCTOSIHHA.

K-[CaCOs] = Ky, = [Ca2*]- [CO]

Ilpou3seeoenue pacmeopumocmu — 310 NPOU3BEICHAE KOHIICHTPAIIUN HOHOB
MaJIOpPacTBOPHMOIO BEIIECTBA B €r0 HACHIILICHHOM PAaCTBOPE B CTEIECHAX UX
CTEXMOMETPUYECKHUX KOIPPUIIUECHTOB.
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Coepnuennie

IIponzeenenue
PACTBOPHMOCTH
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PACTBOPUMOCTH
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FeS
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C8a3b medcoy npouszeeoeHuem pacmeopumocmu u
Pacmeopumocmupio 0Caoka

KxAy 4——> X K}H‘ =+ Yy AX

K, = [K¥]*[AY]

O003Ha4uM MOJISIPHYIO PaCTBOPUMOCTB BeliecTBa uepes “S” . Torma pactBop
Oyzer comepxarh KaTnoHoB [KY"]=xS (Mosb/i1), aHHOHOB - [A* |=yS (MoaB/1).

S=x+y—E
K_=[xS]*[ySP \/ Y

Sp



® | [P mo3BOJISIET BEIYUCIUTH KOHLEHTPALIUIO
(pacCTBOPHUMOCTH ) HACKIIEHHOTO PACTBOPA
MaJIOPaCTBOPUMOI'O HJIM MPAKTUYECKU
HEPACTBOPUMOTO DJIEKTPOJINTA

m | [pumep

st AgCl [Agt]=[ClI] P =~IIP

s PbCl, P = 3\TIP/4
s Ca,;(PO,), P = S\IIP/108

13




B 11pucyTCTBUM OJHOMMEHHBIX HOHOB
PABHOBECHE CMEIIACTCS B CTOPOHY 00pa30BaHMSA
ocazka (3ghghexkm oonoumennozo uona).

-

AgS 52 Agl + §2-

AgNO,—TAg "+ NO, "




B npHUCyTCTBUY CUJIBHBIX 2JCKTPOJUTOB, HE COICPHKAIIUX
OOIIMX HOHOB, IIOJBM)KHOCTH MOHOB B pPacTBOPE
YMEHBIIIAETCI W PABHOBECHE CMEIIACTCI B CTOPOHY
OOJIBILICTO PACTBOPEHUS Ocaaka (co/ieeoit aghgpexm).

[Ipu 100aBICHUN K MAJIOPACTBOPUMOMY DJICKTPOIUTY ITIOCTOPOHHEM
COJIM MEKUOHHBIE CUJIbI B3AUMOJICUCTBHUA BO3PACTAOT U
KOA(P(OUIIMEHTHI AKTUBHOCTH MOHOB, COCTABJISIFOIINX MOJIEKYJTY
MaJIOPaACTBOPUMOTIO SIEKTPOJIMTA, YMEHBIIAOTCS 10 3HAYEHUN MEHbIIIE
CAWHUIILI. ITO BBI3BIBAET YBEINYCHUE PACTBOPUMOCTH AJIECKTPOJIUTA,

TAaK KaK pacTBOP CTAHOBUTCSA HEHACHIILICHHBIM BCJIEJICTBUE BBEACHUS
MTOCTOPOHHUX MOHOB.



m [lo 3rauenuam 1 IP MmoxHO onpenensaTs
HAMPaBJICHUE NPOTEKAHUS HOHHOOOMEHHBIX
pEaKii B paCTBOPAX B TE€X CJIyyasixX, KOrJa v B
JIEBOM, U B [IPABOU YaCTAX YPABHEHUA PEAKIIUU
HAXOIATCSA MAJIOPACTBOPUMBIE WJIA MPAKTUYECKU
HEPACTBOPUMBIE BELIECTBA

m [Ipumep
AgBr + FOI— KBr + Agl
P 5,3-10°3 1P 8,3-10-7

Peakiys npoTekaeT B MPAMOM HAIPaBJICHUN

AgBr + Ol = KBr + AgCl
TP 5,3-10-13 TP 1,8-101°

Peakiys npoTeKkaeT B 0OpaTHOM HaIlpaBJICHUHU
(B CTOPOHY MEHEE PACTBOPHUMBIX BEIIECTB)
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OOpa3oBaHUE OCAJKOB - Ppeakuyu OOMEHa

HaCbIL[eHHBIA PacTBOP

+ .
mA”~ + nB’

A

Pb(NOs), + 2HCI — PbCl, + 2HNO5
Pb2* + 2C1- — PbCl,



Ycnoeue oopazoeanun ocaoka: npou3BEACHUE KOHIICHTPAIIMA UOHOB B
pacTBOpe MHOKHO OBITH OOJbINE, 4YEM BEJIMYMHA IIPOU3BEICHHUS
PACTBOPUMOCTH JAHHOIO coenuHeHud. Hampumep,

[Pb*] [CI7]* > K,, (PbCL,).

Ycnoeue pacmeopenus ocaoka: npon3BeACHUE KOHIICHTPALIM HOHOB B
pacTBOpE (Pi) MECHBIIIE, YEM BEJIMYMHA IPOU3BEICHUS PACTBOPUMOCTH

nanHoro coeguHenus ([Pb*"] [C17]? < KSp (PbCl,) ).



llocienoBaTeabHOCTh OCaXKICHUS
NOHOB

m Eciu K pacTBOpY, COAEPIKAILIEMY CMECH HOHOB,
n00aBUTh MOH, KOTOPBIM OCAXKIAET KAXKIbIN U3
HUX, TO 00pPa30BaHUE OCAIKOB MaJIOPACTBOPUMBIX
3IEKTPOJIATOB MPOUCXOANUT CTYIIEHUATO (ApOOHOE
OCAKICHUE )

m [lepBbIM OCaXkHAE€TCS TOT DJICKTPOJINT, I
noctrxeHus [ 1P koroporo tpedyercs
HAaWMEHbIIAsA KOHIEHTPALNSI HOHOB OCAANTEIIA




[ I]pumep

B ECJ/IM K pacTBOPY, COJAEpKAILIEMY aHHUOHBI
Cl, Br, I', no6aBuTh HOH-OCAIAUTEIIb — Agt,

OCaZKU Oy Iy T BBIIIAAATH B CJICAYIOIIEM
[IOPSIIAKE:

Agl AgBr AgCl
[ 8.3 107 5,0:10°13 1.8-10°10
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JIOCTHXKEHHUE NOJTHOTHI OCAXKACHUS
NOHOB

m Jlnsg gocTuKeHMs MOJHOTHI OCAXKAEHMSI OAHOTO BHUA
MOHOB MaJIOPACTBOPUMOTO CUJIBHOT'O 3JIEKTPOJIMTA U3 €r0
HACBILEHHOI'O pacTBOpA CJEAYyEeT YBEJIUYUTh B PACTBOPE
KOHLIEHTPALIMIO IPYrOro BUAa MOHOB 3TOr0 3JIEKTPOJINTA

CaHPO, 5 Ca?*, + HPO,
nodasuts Ca’* + 2CI-
CaHPO,U S =" Gazt - HPO 20

= PacTBOPpUMOCTB 3JIEKTPOJIUTOB B BOAE Y MEHBIIAETCS, €CIIH
K X PacTBOPY AOOABUTH XOPOLIO PACTBOPHUMBIE BEILLIECTBA
(conu, CiupT, aleTOH) BCACACTBUE UX TMApPATALNN

8]
o




Jadaua. Beisenute GopMyITy 3aBUCUMOCTH IIPOU3BEACHUS
pacTBOpUMOCTH Kp OT pacTBOPUMOCTH 8 1711 AZaS.

Pewenue. AgS ¥ 2 AgT+ 82
CorjacHO YpaBHEHHIO JUCCOIHAIINN COJIH,
[Ag™] =28 (Monw/n), [S?7] =8 (Mmons/n).

Kyp=(25)%(S) =48°, wm




3adaua. Berauciure pactsopumocth AgCl B mpucyrcteum 0.01 M
pactBopa HCl.

Pewenue. AgCl Y5 Ag+CI
S s (st0.01 monbp/n = 0.01 Mob/1)

Ksp (AgCl) = [Ag]-[CIT] =5 -0.01 =1,6:1070, s=1,6:10" moJ1B/1



3aoaua. Bremaner au ocanok PbCl, mpu cMemyBanun paBHbBIX
00beMoB 0.01M pactBopa Pb(NOs), 1 0.02M pactBopa of HCI1?

Pewenue. Pb(NO3), + 2HCI — PbCl,; + 2HNO;
Pb#*" +2Cl- — PbCl,

IIpu cMemniMBaHWM PaBHBIX OOBEMOB PCTBOPOB KOHIIEHTPAIUH
pearvpyroInux BeMEeCTB YMEHbIAOTCS B 2 pa3a. KoHIleHTpaluu HOHOB
B PacCTBOPE COCTABJISIIOT:

[Pb*"] = C(Pb(NOs)2) =0.01 /2 =0.005 mosb/n
[CI"] = C(HC1)=0.02 /2 =0.01 mons/n

IIpousBeneHre KOHLIEHTPALUMK HOHOB B PacTBOPE:
P; = [Pb?']-[CI]?> = 0.005 x (0.01)>=5-10"7
3 tabnuuel HaxoauMm, 4yto Kg,(PbCly) =1.6-107°.

Tak kak P; < Ksp, To ocamox PbCl; He oOpa3syercs.



T'MIPOJIN3 COJIEU

OOMEHHAs pEaKIsI HOHOB COJIM C MOJIEKYJIAMH BOJIEI,
IPUBOJISIIEH K 0Opa30BaHUIO MOJICKYJ 1 MOHOB HOBBIX
CI1a0BIX AJIEKTPOJIMTOB.

® yaCTHBIM C/Iy4aM peakl[iy HOHHOIo obMeHa
® OIHO U3 XUMHUeCKUX CBOUCTB COJ/Ier



OcHo6Hble RPABUIA HANUCAHUS PEAKUULL 2UOPOIU3A:

1. Twaponusy mnoaBEPrarOTCs  AHHOHBI CJIA0BIX KHCJIOT M
KATHOHBI CJIA0BIX OCHOBAHUM, BXO/IAIIUX B COCTAB COJIM.

2. I'uaponus - mpouecc cryrneHuarsid. Ha kaxk1ov cTyneHu o auH
TUAP OJTUYIOIIUKCA UOH PEarupyeT ¢ OJHOU MOJICKYJIOU BOBI.

3. B OOBMHBIX VCIOBHAX THAPOJIH3 IIPOTCKACT TOJBKO IIO
MCPBOM CTYNCHU. [ MAPOIM3 YCUIMBACTCA TIPU HArPEBAaHUM U
Pa30aBIICHUH PACTBOPOB COJICH.

4. I'mapomm3 - TIpoLICCC, KakK IIPaBWIO, OOpaTUMBIM, €ro
PaBHOBSCHC MOJKHO cMmemath. JloOaBiaeHrue oTHOMMECHHBIX HOHOB (H'

wii OH ), BeIOCIMIOMMXCSA B IIPOLIECCE THAPOIM3A, CMCIIACT
PaBHOBECHME B CTOPOHY VMCHBIICHMS ruapoausa. JloOasieHue
IPOTUBOIIOJIOKHBIX MOHOB, CBS3BIBAIOIIMX BBIICIIOMMCC HOHBI H™ u

OH B Momekyabl BOABI, CMEIIACT PABHOBSCHUC B CTOPOHY VCUIICHMS
TUAPOIU3A.



Tunuvl peakuuit 2uopo.usa.

1. Conb 0Opazoeana uoHamu CUbHO20 OCHOBAHUA U CUTIbHOU
kuciomspl (Hanpumep, NaCl, KNO; u ap.).

NaCl + H,O — ruapoau3 He uaer (NaOH - cuiabHOe
ocHoBanue, HCl - cunbHas kuciaora).

Cpena vHeurpanbHasi, pH=7



2. Conb o6paszoeana uoOHaMu CUJIbHO20 OCHOBAHUA U C1a00l
kuciaomol (Haripumep, Na,COsz, KSCN u ap.).

Na;CO3 + H;O — ruapomu3 no annoHny (NaOH - cuibHOE
ocHoBanue, H,COs - cmabas kucnora).

COs2 "+ HOH ¥ HCO:; ™ + OH ™~ (cpema memnounas, pH>7).
Na;COs+ HOH ¥ NaHCO; + NaOH (1 cryneHp ruapoin3a).



JloOasnenne Kk pactBopy menouert (NaOH), copepxkammx

onHomMeHHbIe WOHBI (OH ), BbI3BIBaCT OCHAOJICHUE THAPOIN3A
(cmemieHue paBHOBeCHs BieBo no npuHimity Jle [llarense). JloOapneHue

K PacTBOPY KHUCIIOT YCHUIHMBAET THAPOJM3 3a cueT peakuyu H'+OH ™ —

H>O, B pesynbrare KOTOpOU KOHUEHTpauus moHoB OH B pactBope
YMEHBIIAECTCS, U PABHOBECUE TMAPOIIU3A CMEINAeTcs BIIpaBo. | uaponus
YCWJIMBACTCS U HAYMHAET UJITH MO BTOPOU CTYTICHU:

HCO; ™+ HOH “» H,CO; + OH~
NaHCOs; + HOH 5 H,CO; + NaOH (2 cTyrieHp ruaposiu3a).



3. Coatb 0Opazoeana uOHamu C1ad020 OCHOBAHUA U CUTIBHOUL
kucaomot (Harpumep, AlCls, FeSOy u np.).

AlCl; + H,O — ruapoau3 o katuony (Al(OH); - cnaboe
ocHoBanue, HC1 - cuiibHas kucniora).

APt + HOH ¥ AIOH?** + H* (cpena kucias, pH<7)
AICl; + HOH ¥ AIOHCL, + HCl (1 cryneHp ruiposinza).



4. Conv obpazosana uonamu cilaoo20 OCHOBAHUA U C1A0OI
KUciomol:

a) conv pacmeopuma 6 éode (Hannpumep, (NH4).COs, NHiNO: u a1p.).
(NH4).COs; + H,O — ruaponus uzaert cpazy no KaTUOHY U aHUOHY :

O2NH," + CO32~ + HOH 5 NH4,OH + HCO; ™ + NH." (pH~ 7)
(NH4)2CO3 + HOH hary NH,OH + NH,HCO;

0) conb Hepacmeopuma 6 éode (Hanpumep, FeS, ZnSi10; u ap.).
FeS + HO — HepacTBOpUMBIE COM THAPOIN3Y HE TTOABEPTatOTCSI.

8) cotb paziazaemcs 6000 (B TaOMULE paCTBOPUMOCTH CTOUT MPOUEPK,
HanpuMmep, Fe2Ss, AlL(COs)s m ap.). I'mapomus Takux coler HACT

HeoOpatumo U 10 koHIa: Fe,S;+6H>0 — 2Fe(OH); J+3H,S T



Cornb rugponmayeTcs NoSIHOCTbIO N HEOOPAaTUMO ecrn
OoHa obpasoBaHa:
- NerkoneTyvyeun unun TpygHopacTBOPUMOUN KUCITOTOU
(KOHCTaHTa guccounaunm He npeBbillaeT 10-7)
- TPyAHOPACTBOPMMbIM OCHOBaAHMEM (KOHCTaHTa guccouunauymm
He npeBbiwaeT 10-8)

Al(CO3)3 + 6H20 — 2AI(OH)3 +

3H2CO3
Cr2S3 +6H20 — 2Cr(OH)3] + 3H251



nmybunHa rupponu3sa

[TokaszaTtenem rmyouHbl NpoTeEKAHMS rMApPorn3a sBNsETCS
cTeneHb rmaponusa. [ nybmnHa rmgponmnsa 3aBUCUT OT
COOTHOLLEHNN 3HAYEHUN KOHCTaAHTbI rmaponmsa u
KOHCTaHTbI Agnccoumaumm (4em bonbLue pasbaBneH
PaAcTBOpP, TEM IMyDXXe NpoTeKaeT rmaposins), a Takke oT
Temneparypsbl, NpMpoadbl NOHOB, 0Opa3yoLLNX COfb, N OT
PACTBOPUMOCTU CONN B BoAe (KOHLIeHTpaLuun pacTeopa)



AJITOPUTM
HallCaHUsd HMOHHOI'0 U MOJIeKYJIAPHOIO
ypaBHEHUN THAPOJIM3a COJIU

1.0npepenure, K KaKou rpynrne oTHOCUTCA Kaxaas
N3 NpeanoXeHHbIX CoseNn.

2.3anvwmnTe ypaBHeHUA guccoumayuu KaXaonm
?onw.
3.3anuwmnTe ypaBHeHue guccoyualyum Boabl.

4.3annmnTe ypaBHeHUe B3aumMmogencTBus craboro
MOHa C BOJ0WN.

5.0npegennte xapaktep cpeabl.

6.Mo NOHHOMY ypaBHEHUIO COCTaBbTe
MOJIeKYyNSipHOe ypaBHeHUe.




MnSO4 & Mn#* + SO4%

Mn** + HOH < MnOH'+ H* [H*]=[OH] cpepa xucnas
Mn#* + HOH + SO4% < MnOH* + H* + SO4%

Mn>O4 + 2HOH & (MnOH)504 + Ha 50y

K2COs & 2K* + COs

COs* + HOH & HCO5 + OH- [H']<[OH"] cpema menouynasn
COs# +HOH + 2K* < HCOs + OH + 2K*

KoCOs+ HOH <& KHCOs+ HaCOs



Cmemeuue PaAsHoOgecH s peaKkiin zu()pwm:m

Ecin B pacTBOp FPII[pOHHSyIOHIGI\;ICSI COJIK BBCCTH PCaAKTHB,

CBSI3BIBAIOIIMI 00pa3yiomuecs npu rujponse nousl H wimm OH ™ | 10
B cOOTBETCTBUU ¢ nmpuHIUnoM Jle IllaTtenbe paBHOBecHE cMelmacTcs B
CTOPOHY VCHJICHHS THIAPOJH3a, B pe3yibTaTe THAPOJIH3 MOXKET
IIPOTEKATh MOJHOCTBIO - 10 00pa3oBaHUsI KOHCUHBIX MPOTYKTOB.

Hampumep, po0aBiieHHE K pacTBOpy KapOoHaTa HaTpHs
HEOOJIBIIOTO KOJIMYECTBA CHJIBHOM KHCJIOTBHI IPHUBEACT K YCHIICHHUIO
THJIPOJIN3a 3a CUET CBSI3BIBAHHS OO Pa3yIOIUXCS B IPOIIECCE THIPOJIH3A

noHoB OH
Na,CO; + H,O ¥ NaHCO; + NaOH

COs2” + HOH ¥ HCO; ™ +OH™

OH +H" - H,O
B pesyiapTare CTAaHOBUTCS BO3MOXKHOW M BTOpast CTYICHb

THApPOJIH3a KapOOHaTa HATPHSL:
NaHCOQO; + H,O ¥ H,CO; + NaOH

HCO;~ + HOH 5 H,CO; + OH ™.

JloGaBitsist kK cucTeMe H30BITOK OJTHOTO M3 00pa3yIoMUXCcs MpH
peaKIuu BEIECTB (KUCIOTHI WIH IEI0YH), MOYKHO TIOJJABUTH THIPOJIN3
(CMECTUTH paBHOBECHE THAPOJIN3a B OOpaTHYIO CTOPOHY). Tak, B
clyyae KapOOHaTa HaTpHUsl PacTBOPBI IMET0UYEH OCIalIISIIOT UM JIaXKe
MIOJIHOCTBIO MPEKPAIaloT THAPOJIH3 COJIH.



PaBHOBecHE peaklluv THAPOJIN3a MOKET CMEIIATHCA B CTOPOHY
€ro YCWJICHHs, €CJIM MPOAYKTOM OJHOM W3 CTyNEeHeH ruaposmsa OyneT

MAJIOPACTBOPUMOC COCIMHCHUC!
Bi(NOs); + HOH ¥ BiOH(NO3), + HNOs

Bi** + HOH “5» BiOH?** + H'

[Ipu pazdaBieHUM pacTBOpPa PAaBHOBECHE PEAKILIMK CMEIIACTCS

BIIPABO 34 CYET 0OPA30BAHUA OCAIKA HUTPATA OKCOBUCMYTA:
BiOH(NOs), + HOH — Bi(OH):NOs; + HNO3

J
BiONOs; ¥ + H,O

BiOH*" + HOH + NO3; = — BiONO;+ H



[ uaposn3 cojiu MOKHO YCUIIMTh TaK)KE Harpenas UM
pa30aBJsIsa €€ pacTBOP.

[ uapoiin3 yCuimuBaeTcs pyu HarpeBaHUM.

[ maponu3 ycuamBaeTcss npu pa30aBICHUM



B3aummnori cuopoaus

HMonsl H" (mmm OH ) MOYKHO CBsI3aTh B MOJIEKYJIBI BOAbI, BBOJS B
PacTBOP HE TOJIBKO WICJIOUb (MJIM KHUCIIOTY ), HO U IPYTYIO COJIb,

TUPOJIA3 KOTOPOUA MPUBOJUT K HAKOIJICHUIO B pacTBOpe noHOoB OH

(unmu H™), monst H" 1 OH~ OyayT HeTpanu3oBarh APYr Apyra, 4yTo
BBI30BET B3aUMHOE YCUJIEHHE TUAPOJIM3a 00CHX COJICH U B PE3YJIbTATE -
00pa30BaHUE KOHEYHBIX MPOYKTOB TUAPOIN3A (@3AUMHBIIL 2UOPOJIU3).



AlCl3 NaZCO3

AR+ H 0 < AIOH?* + H* CO,% + H,0 < HCO, +OH

> >

H+ + OH- = H20

2AICI; + 3Na,CO;s + 3H,0 — 2A1(0H); ¥ +3C0, T + 6NaCl
DAY +3C052~ +3H,0 — 2AI(0H); 4 +3C0, T

{2AICI, + 3Na,CO, = Al(CO,), + 6NaCl} + {Al(CO,),+ 3H,0 = 2Al(OH),| + 3CO 1}



B peakuysax B3aUMHOIO T'HAPOJIM3a B 0CAI0K
BBHINIAJIAET HAMMEHEE PACTBOPHUMBIN U3 BO3MOXKHBIX
IIPOJYKTOB T'HIPOJIN3A.

2CuSO4 + 2Na,CO; + H,0 — (CuOH)CO; 4 + CO, T + 2Na,SO,
2Cu* +2C052~ +H,0 — (CuOH),COs 4 + €O, 1T



MpakTnyeckoe npuMeHeHue

ABneHne rmaponmsa LWMPOKO UCMOMb3YeTC B XMMUYECKOM aHannse ans obHapy»KeHUsi MOHOB,
COMW KOTOPbIX 00pa3yloT Npu rmapornm3e HepacTBOPMMbIE COEAVHEHUS, ANS pa3aeneHnst MOHOB U
Ans ycuneHus / ocnabneHnst KUCNOTHOCTU / LEeNoYHOCTU BOAHbIX PacTBOPOB.

MOoponn3 LWMPOKO UCMONb3yeTcs B NpoLeccax nony4yeHns n3 oTxoaoB ApPeBECHUHbI,
NMOACOMHEYHOM NY3rn, CONOMbI, LLUENMYXM XJT0MKa, KYKYPY3HOI KOYEPbIKKMA U APYroro HenuLLEBOro
Cblpbsl Pa3fMYHbIX NPOAYKTOB (METMUNOBOIO/3TUNOBOIO CNMpTa, OEMNKOBbLIX APOXIKEN, FMIOKO3bI, U

ap.).
|_I/I,EI,pOJ'Il/I3 NCNOJb3yeTCA TaKXe AJd YMEeHbLUEHUA XKECTKOCTU BOAbI INMPU €e O4UCTKE

Ha peakumsax rugponmsa ocHOBaHbl NpoLiecchl Npon3BoAcTBa dymaru (rMaponus ApeBecuHbl),
Mblfia (OMbINMBAHWE XXUPOB - LLIENOYHOW MMApPOnn3), ocaxapuBaHue Kpaxmana, v ap.

Laxe B opraHn3max Xu1BbIX CYLLLECTB NPOTEKAaOT NpoLecchl rmaponnsa (6enkos, nonMcaxapuaos U
OPYTMX OpraHUYecKux BELLECTB)



