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1. BBeaeHHue

1.1 OCHOBHbBLE NOHSIMUSL
AHANUMUUYECKOoU Xumuu

AHAINTHYECKAS XMMHUSA, UM aHAJMTHUKA, — 3TO Pa3/esl XUMU-
YECKOM HayKH, pa3paldaThIBalOINM HA OCHOBE 3aKOHOB XMMHUU U (HU-
3UKH METOJIbl U MPUEMbI KAYECTBEHHOTO Y KOJIMYECTBEHHOTO aHAJIN3a
aTOMHOT0, MOJIEKYJISIpHOTO U (pa3oBOro cocrasa BemiecTBa. Hapsany c
JAHHBIM OIPEJICICHUEM HAYKH HCIIOJB3YIOT JPYTroe OIpEeICHHE,
npeioxkeHHoe B 1993 r. ma VIII EBponeiickoil koH(epeHIIUH MO
AHAINTUYECKOM XUMHUH: "AHAJUTHYECKAS XMUMMS — 3TO HaydHAs
OUCLUIUIMHA, KOTOpas Pa3BUBAET U MPHUMEHSET METOAbI, CPEJACTBA H
OOIIYI0 METOJIOJOTHIO MOJyYEHHUsI MHPOPMAILIUU O COCTABE U MPUPO/IC
BemecTna'.

AHaJn3 BelecTBa — 3TO MOJYYEHUE ONBITHBIM IIyTEM AAHHBIX O
XUMHUYECKOM COCTAaBE BEIIECTBA JIIOOBIMU METOJaMU: (HU3NUYECKUMU,
XUMHUYECKUMU, (PU3UKO-XUMUUECKUMU.

Paznmuuaror meron u MeTonMKy aHaim3za. MeToa aHaJaM3a BElle-
CTBa — 3TO KPATKOE OMPEAECICHUE MPUHIIUIOB, MOJIOKEHHBIX B OCHOBY
aHanu3a. MeToauka aHaaIM3a — MOAPOOHOE ONMKMCAHWE BCEX yCIOBHUU
U olepaiui, KOTopble 00E€CIEYMBAIOT PETJIAMEHTUPOBAHHBIC Xapak-
TEPUCTUKU aHaIu3a. XapaKTePUCTHKH — 3TO, IPEKJIE BCEro, Mpa-
BWJIBHOCTh U BOCHPOM3BOJUMOCTh pE3yJbTaTOB aHanu3a. IlpaBuiib-
HOCTh aHali3a OTPakaeT OJIM30CTh K HYJIO CUCTEMaTHYECKOM Mo-
TPENIHOCTH PE3YJIbTATOB; BOCIPOU3BOJAUMOCTDb MTOKA3bIBAECT CTEIICHb
OJIU30CTH JIPYT K APYTY PE3YyJbTAaTOB OTACIBHBIX U3MEPEHHUI WU OT-
peleNIeHU TPU aHaIM3e KaKA0M MpoOHI.

Ka4yecTBeHHbBII XUMUYECKUII aAHAJIU3 — 3TO ompejereHue (OT-
KPBITUE) XUMUYECKUX BJIEMEHTOB, aTOMOB, MOHOB, aTOMHBIX TpYIIII,
MOJICKYJI B aHAIM3UPYEMOM BemiecTBe. KaueCTBEHHbI XUMHUYECKUN
aHaJIn3 BKJIIOYAET B ce0s JPOOHBIM U CUCTEMaTUYECKUN BHUIbI aHAJIH-
3a. /IpoOHbIii aHaan3 — oOHApY’KEHHE MOHA WM BEIIEeCTBa B aHAJU-
3UpyeMol MpoOe ¢ MOMOIIBIO CIeM(PUUECKOro peareHTa B MPUCyTCT-
BUM BCEX OCTAJIbHBIX KOMIIOHEHTOB MpoObl. CHcTeMaTHYeCKNH aHa-
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JIN3 MPETyCMaTPUBAET Pa3/ICIICHUE aHATU3UPYEMBIX HOHOB 10 aHAJIH-
TUYECKUM TPYIIIAM C MOCIEAYIOIINM 00HAPYKEHHEM Ka)KJI0r0 HOHA B
CBOEH T'pYIIIIE.

KosnyecTBeHHBIH XMMHYECKHI AHAJM3 — 3TO OIPEICIICHUE
KOJINYECTBEHHOT'O COCTaBa BEIIECTBA, T.€. YCTAHOBIICHUE KOJIMYECTBA
XUMHYECKHX IJIEMEHTOB, NOHOB, aTOMOB, @TOMHBIX T'PYIIII, MOJIEKYJ B
BellecTBe. B kaueCTBEHHOM aHaJM3e UCIIOJIb3YIOT TEPMUH ''OTKPBI-
THE', B KOJIMYeCTBEHHOM — "'onpeaesienue" .

Ou3nNKo-XUMHYECKHEe MeTOAbl aHaau3a (MHCTPYMEHTAIbHBIC
METOJbI) — 3TO METOJbl, OCHOBAHHbIC HA HCIOJIb30BAHUU 3aBUCUMO-
CTH MEXIy U3MEpsSeMbIMU (DU3NYECKUMHU CBOMCTBAMU BEIIECTBA U €T0
KA4YE€CTBEHHBIM U KOJIMYECTBEHHBIM COCTABOM. DTH METO]IbI OCHOBAHBI
Ha IPUMEHEHUH (PU3UKO-XUMUYECKHUX TPUOOPOB.

JJIEeMEHTHbIM aHAJIU3 — 3TO KAYECTBEHHBIM U KOJIWYECTBEHHBIN
XUMHYECKHI aHAIU3, B PE3YJIbTATE KOTOPOIO OMPENEISAIOT, KAKUE XU-
MHYECKHE JJIEMEHTHI U B KAKOM KOJIMYECTBE BXOJST B COCTAB BEILIECT-
BA.

DYHKINOHAJIBHBIA AHAJU3 — OTKPBITUE W OIpPEJEICHUE pas-
JUYHBIX (YHKIMOHAIBHBIX Tpynm: amuHorpynnsl — NH,, rumpo-
kcwibHOU rpynmbl — OH, kapookcunbHOM — COOH 1 apyrux.

MoJieKyJSPHBIH aAHAJM3 — OTKPBITHUE MOJIEKYJI U OIPEICICHUE
MOJIEKYJIIPHOTO COCTaBa, T.€. BBIICHEHHUE TOTO, U3 KAKUX MOJIEKYJI U B
KaKOM KOJIMYECTBEHHOM COOTHOIIEHUH COCTOUT JAHHBIM aHAJIN3U-
pPyEeMBIN OOBEKT.

da30Bblii AaHAJM3 — OTKPBITUE U ONPENEICHUE PaA3INYHBbIX (a3
(TBEpABIX, XUAKUX, Ta3000pa3HBIX), KOTOPHIE BXOAT B JIAHHYIO CHUC-
TEMY.

I1o BesIMUMHE HABECKHU aHAIU3UPYEMOI TPOOBI METO/IbI aHATN3A
MOJPA3AEIAIOT Ha CIEIYIOLINUE: MAKpPO-, IMTOJTYMHUKPO-, MUKPO-, YJIbT-
paMHKpO- U cyomMukpoananus (Tadm. 1.1).

KaneabHbll aHAJN3 — aHAIW3, OCHOBAHHBIA HA W3YYEHHM MPO-
IYKTOB pEaKluu, OOpa3yrIIUXCs MPU CMEUIMBAHUU OJHOM Karliu
peareHTa ¢ OJHOM Kaluled uccliieayeMoro pactsopa. KanenbHblli aHa-
JIM3 TIPOBOJAT HA MOBEPXHOCTU CTEKIIAHHOU, (hap(OopoBO MIACTUHKU
WM Ha GUIBTPOBATILHOM OyMmare.



Tab6muma 1.1

XapaKmepucmuKa Memo008 AHAIU3A NO 8C/IUUUHE HABECKU

Memoo ananusza Macca nasecku, 2 | Obwvem npodwi, M
Makpoanaiu3 (rpaMmm-MeTo.N) 1,0-10,0 10,0 —100,0
[TonyMukpoanaiuns 0,05-0,5 1,0—-10,0
(caHTUTpPaMM-METO/)

Muxkpoananms 10°-10° 10 -10"
(MUIMrpaMM-METOT)

VY apTpaMukpoaHaiuz 10°-10"" 10°-10°
(MHKpOrpamMM-MeTO1)

CyOMUKpOaHaH3 10°-10" 107-10"
(HaHOrpaMM-METO1)

1.2 AHanumuueckKue npu3HarKu eewecme u
aHa tumuuuecKue peakKuuu

AHAJIUTHYECKUHA NPU3HAK — TAKOE CBOWCTBO AHAUIU3UPYEMOIO
BEILECTBA WM MPOAYKTOB €r0 IMPEBpAIICHUsl, KOTOPOE MO3BOJISAET CY-
IUTh O HAJIUYUU B HEM TE€X WM MHBIX KOMIIOHEHTOB. XapaKTEPHBIC
aHAJMTUYECKUE TPU3HAKU: IIBET, 3amax, yroj BpallleHUs MIOCKOCTH
MOJISIPU3AIlMU CBETA, PAAUOAKTUBHOCTD, CIIOCOOHOCTh K B3aUMO/ICUCT-
BHIO C 3JIEKTPOMArHUTHBIM U3TyYEHUEM.

AHAJINTHYECKAsI peaKkuusi — XUMUUECKOE IPEBpAIlICHUE UCCIIe-
JyEeMOT0 BEILECTBA MPH JICUCTBUU aHAJIUTUYECKOrO peareHra ¢ oopa-
30BaHUEM MPOJYKTOB C 3aMETHBIMU aHATUTUYECKUMU MpU3HaKamu. B
KAueCTBE AHAJUTUYECKUX pEaKIUi Yalle BCEro HCHOJIb3YIOT Clie-
IYIOIIHNE peakiuu: 00pa30BaHUE OKPAIIEHHBIX COCIUHEHUM, BhIMae-
HUE WIM PaCTBOPEHHUE OCAJIKOB, BBIJEICHUE ra3000pa3HbIX BEIIECTB,
o0pa3oBaHuE KPHUCTALUIOB XapaKTepHOW (POpMbI, OKpaIlllMBAHUE ILjIa-
MEHH, 00pa30BaHUE COCIMHEHUH, JIIOMUHECLHPYIOIIUX B PAaCTBOPAX.
PaccMoOTprM HECKOIBKO TPUMEPOB.

1. Oopazoeanue okpawennvix coeounenuil. KaTuoHbl Meau
Cu®’ B BOIHBIX PacTBOpPax MHpPH B3aMMOICHCTBHM C aMMHAKOM oOpa-
3ytoT pactBopuMsiii kommieke [Cu(NH;),]*" sipkoro cume-romy6oro
nseta. C nomorpio peakuuu coneit meau (II) ¢ pactBopom ammMuaka
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MOXHO ONpPEACIUTh KATHOHBI Cu®’. Karnous! Fe'* P BBEJICHUU B
pacTBOp THONHMaHAT-HOHOB (pomaHua-uoHoB) NCS  okpammBaroTCcs B
KPacHBIH LBET BCIEACTBHE 0OpasoBarms komiuiexca [Fe(NCS)s]™~
KpPacHOTO IIBETA.

2. Bwvinadenue unu pacmeopenue ocaokos. KaTtuonwl Oapus
Ba®’, mpucyTcTByIOIME B BOJHOM PAacTBOPE, MOXHO OCAIHTH IIPH
NENUCTBUM CYb(aT-HOHOB:

Ba®" + SO,” — BaS0,|. (1.1)

OO6pa3zyeTcs 6enblii MaIOPaCTBOPUMBIN O0CaloK cyJibdaTa Oapus.
2+ o
Karuons! kaneuust Ca™ MOXKHO OCaJUTh U3 pacTBOpa MpHU ACUCT-
BUU KapOOHAT-HOHA!

Ca™ + CO;> — CaCOs|. (1.2)

benbiit ocamok kapOoHaTa KaJblMs PACTBOPSETCS MPU JACHCTBUM
CUJIbHBIX KHCJIOT:

CaCO3l + 2 HCI — CaC12 + COQT + Hzo (13)

3.Peakuum ¢ BblIeJIeHHMEM ra3o00pasHbIX BemecTB. [lpu no-
OaBJICHUU K PacTBOPY COJIM aMMOHUS IEJIOYM BBIACISIETCS ra3000-
pa3HbIN aMMHAK:

0
NH, + OH — NH;- H,0 —— NH;% + H,0. (1.4)

OnpenenuTh BBIICISIOMMNACS aMMUAK MOXHO 10 3amaxy Wi I0
M3MEHEHHUIO 1BETA BJIAKHOM JJaKMyCOBOM Oymard.

[Ipu neiicTBUM Ha CyJIb(UIBI MIETOUYHBIX METAIOB CHIIBHBIX KH-
CJIOT BBIJICIISIETCSI CEPOBOIOPOI;

S* +2 H — H,St. (1.5)

CepoBOIOPO JIETKO ONPEAEIISIETCA 110 3aI1axy.

4. Oopazoseanue Kpucmaiioe XapaxkmepHou @Gopmvt (MUKPO-
Kpucmannockonuyeckue peakyuu). Katmonel K+ mpu peakumm c
rekcaHutpokynparom (II) HaTpus B IpUCYTCTBUU YKCYCHOU KUCTOTHI
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U COJield CBUHIIA 00pa3ylOT YEpHBbIE KPHUCTAJIbI TE€KCAHUTPOKYIIpaTa
(IT) xkanus:

2 K" + Na,Pb[Cu(NO,)s] — K,Pb[Cu(NO,)] | +2Na".  (1.6)

KpucTamisl UMEIOT XapaKTepHYI0 KyOn4ecKyo (opMy B XOPOIIIO
BUJIHBI 110]T MUKPOCKOTIOM.

5. Oxkpawueanue naamenu. IIpy BHECEHUU COCTMHEHUI HEKOTO-
PBIX METAJIJIOB B IJIaMs Ta30BOM TOPEJIKA HAOIIOIaeTCsl OKPAIIMBAHKE
MJJAMEHU B OIPE/ICTICHHBIN IIBET B 3aBUCUMOCTH OT IIPUPOJIbI METAILIA.
B miamenu conu pasiararoTcs, U aTOMbl METAJVIOB MEPEXOJAT B BO3-
oyxxneHHoe coctosHue. [Ipu nepexose u3 BO30YKIESHHOTO COCTOSHUS

B OCHOBHOE OHU HCITyCKAlOT IMOTJIOUIEHHYIO SHEPTUIO B BUJIE CBETA C
oTpeieNIEHHON JUTMHHOM BOJIHBI (Tadu.1.2).

Tabnuua 1.2

OKpamueaHue NAMEHU COCOUHCHUAMU HeKOmopbolx memailioe

Inemenm- LJsem naamenu Inemenm- LJsem naamenu
Memainn Memaini

JlnTunii KapMHHOBO-KpacHbIi Nnpuii Cune-(pHoIeTOBBIH
Harpun Kenrslii Tannun N3yMpyaHO-3€JIeHBIN
Kamuit duros1eTOBHIN CBuHel Cunun
Pyouanmii Po3oBo-(uosneToBblil Mpubsk Cunun
[e3umit P030B0-(hu1051€TOBBIN CypbMma Cunuii
Kanbiuit KupnuuHo-KpacHsIii Cenen Cunuit
CtpoHiui KapMHHOBO-KpacHbIi Temnyp N3yMpynHO-3€1EHBIN
bapuii JKenro-3eneHbli Menp 3eneHo-rony0oi
bop 3eseHbId Momubnen | JXKenro-3eneHslid

6. Oopazoseanue coeouHeHuil, JTIOMUHECUUDPYIOUWUX 6 DACHEO-
pax. lHor/1a B X0J1e aHaaM3a MPOBOJST PEAKIIUU, TTPOTYKTHI KOTOPHIX
00J1aJIlaloT CBOMCTBOM JtoMUHecHeHIIUM. [Ipy 00aydeHun Takux pac-
TBOPOB CBETOM B yJIbTPa(HUOJECTOBON WM BUAUMON 00JIACTH CIEKTpa
OHH UCITYCKalOT CBETOBOE M3JIyUYeHHE B BUAMMOM 00acTu. BuszyanbHo
ATO MPOSBIISETCS KaK OKpallleHHOE CBeUeHUe pacTBopa. [Ipu peakiuu
KaTHOHOB HATpHUS Na’ C ypaHuJaleTaToM IIMHKA
Zn[(UO,)3(CH;CO0);g] B yKCYCHOKHUCIION Cpe/ie MPOTEKAET PEaKIIus
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Na+ + Zn[(U02)3(CH3COO)8] + CH3COO_ +9 Hzo —

[IpoayKT peakuuu UCIyCKAET KENTO-3€JEHOE cBeueHue. Paznny-
HbI€ BEIIECTBA MCIYCKAIOT CBET B OINPEJEICHHOM 00JIaCTH CHEKTpa.
[To xapakTepy OKpacKd CyJIAT O HAJIIMYUH B PACTBOPE COOTBETCTBYIO-
HIEr0 COCAUHEHHUS], @ 0 MHTEHCUBHOCTH JEIAIOT BBIBOJ O KOJUYECT-
BEHHOM COJIEp>KaHUU BEILIECTBA B PACTBOPE.

1.3 Tunsl aHanuMuuecKux peaxyuu
u peazeHmose

AHAIUTUYECKUE PEAKIIMUA M PEareHThl MOAPA3EAIOT Ha CIEIH-
dbuyecKre u rpymmoBbIe.

Crneuunduyeckne pearcHTbl U PEaKIMK MO3BOJISIOT 00HAPYKUTH
JTAHHOE BEIECTBO WJIM MOH B MPUCYTCTBUU JIPYTUX BEIIECTB WM UO-
HOB. Hanpumep, katronsl Hukenas Ni2+ MOXHO OOHApy»XUTh B pac-
TBOPE C MOMOIIBIO0 peakTBa UyraeBa — TUMETHITIIMOKCUMA. DTOT pe-
aKTUB B aMMUA4yHOU cpelie 00pa3yeT ¢ KaTHOHAMHU HUKEJs Majlopac-
TBOPHUMBIN KOMILIEKC KPACHOTO IIBETA:

O .ee HO
o, T C=N-on HC—C N N-CoCH
N F ) Ni +
N 2H (1.8)
H,C—C—N OH HC—C N/ TCCH3
JMETVITTIAOKCHM oucveTwirokenMar Hukeds (11)

I'pynnoBble peareHThl M PEaKIMU TO3BOJISIOT OOHAPYKUBATh
VOHBI ONPENICJICHHON aHaJIUTUYECKOW rpynmbl. Hanpumep, consiHas
KUCJIOTa SBJISETCA TPYIIOBBIM PEAr€HTOM Ha MEPBYIO TPYIITY KaTHO-
HOB (Ag+, Hg22+, Pb2+). Xnopun-uon obpasyer ¢ KaTHOHAMH TIep-
BOM TPYIIIbI MAJOPACTBOPUMBIE B BOJI€ O€JIbIE OCAJIKU XJIOPHUJIOB:
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Ag"+Cl — AgCl |, (1.9)
Pb*" +2 ClI” — PbCl,|, (1.10)
Hg,” +2 Cl” — Hg,Cl, |. (1.11)

MHorna QONONHUTENBHO BBIIEIAIOT IPYNIY CeJIeKTHUBHBIX pea-
TE€HTOB U peakiuuil. OHH SBIAIOTCS TPOMEKYTOUHON CTYNIEHBIO MEXKIY
cneuu(puuecKuM U rpynnoBbIMU peareHTaMu U MO3BOJIAIOT OOHApY-
YKMBATh HECKOJIBKO BELIECTB UJIN UOHOB.

1.4 Xapaxmepucmuka uyecmeumejabHocmu
aHanumMu4ecKux peaxKyuil

AHAJIUTUYECKUE PEAreHThl M PEaKUUU MO3BOJSIOT OOHAPYKUTh
OIpeJIeNsiEMOE BEIIECTBO B PACTBOPE TOJIBKO B TOM CJIydae, €CIU OHO
COJICP>KUTCS B JIOCTATOYHOW KOHIEHTpanuu. Mickomas KOHIEHTpaIus
JIOJKHA TPEBBIIIATh HEKOTOPHIM MUHUMAJIBHBIN Npeaesl. MuHuMab-
HBbI KOHIEHTPAIIMOHHBIN Mpenesl HEOAMHAKOB Il pa3IuYHbIX pPeak-
1Mid. 9T0 00YCIOBIUBAET UX YYBCTBUTEIBLHOCTb.

YyBCTBUTEJIbHOCTh AHAIUTUYECKON pEaKIMU OMpeAessieT BO3-
MOXHOCTb OOHApPY>KEHUS BelleCTBAa (MOHOB MJIM MOJIEKYJT) B pacTBODE.
OHa xapakTepu3yeTcs CIEAYIOMNMU BETUNYMHAMH.

Ilpeoenvnoe pazoasnenue (V\p) — MakCUMaIbHBIA 00BEM pac-
TBOpPa, B KOTOPOM MOET OBITh OJIHO3HAYHO (BEPOSTHOCTH Oo0Jee
50 %) oOHapykeH 1 r JaHHOTO BEIIECTBA MPHU MTOMOIIY JTaHHOW aHa-
JUTUYECKON peakiuu. EnuHuna u3sMepeHus: mpeaenbHoro pasdanie-
Hus — M/, Hampumep, Ipy peakmun KaTHOHOB Mean Cu’ ¢ aMMua-
KOM B BOJTHOM PacTBOPE

Cu®" + 4 NH; — [Cu(NH;),]*, (1.12)

IIPpH KOTOPOM 0OOpa3zyeTcsl SPKO-CHHUM aMMHAYHBIA KOMIIJIEKC MU
(II), mpenenbHOe pasbasneHue 1t katrnora Cu®  pasro 250000 MIUT.
3HauuT, kKaTuoHbl Meau (II) MOKHO OTKPBITH C MOMOIIBIO 3TON peak-
UM B pacTBOpPE, COAEPKaIleM HE MeHee | T MOHOB Cu*" B 250000 M
BO/IbI.
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Ilpeoenvnaa xonuenmpauusa (Cy,,)— HauMEHbIIAs KOHIICHTpa-
1Y, TPU KOTOPOU OMpPENeIieMOe BEIIECTBO MOXKET ObITh OOHAPYKEHO
B PacTBOPE C MOMOIIbIO JaHHOU peakiuu. Enunuiia uamMepeHust — r/mi.
[IpenenpHas KOHIIEHTpALMS U MpeJebHOE pa30aBiIeHUE CBSI3aHbI CO-
otHommeHueM Cy, = 1/Vi,. MHOrma npenenbHyr0 KOHIICHTPALMIO Ha-
3bIBAIOT YYBCTBUTEJIbHOCTHI0 PEAKUMH U BBIPAKAIOT B €IUHHUIIAX
Mkr/mit (1 Mxr = 10—6r). Hanpumep, katnonsl K+ B BOJIHOM pacTBOpE
OTKPBIBAIOT peakiueil ¢ rekcanutpokodanbraroM (I1I) Harpus:

2 K" + Na;[Co(NO,)s] — NaK,[Co(NO,)s] | +2 Na'. (1.13)

B peakuum oOpa3yeTcs MalopacTBOPUMBIN KpPHUCTATUTMYCCKHUI
xenteii ocanok komiuiekca NaK,[Co(NO,)s]. IlpenenbHas KOHIICH-
Tpauusi katnoHoB K’ mpm sroif peakumu pasra 10 ° r/mir. Monm K'
HEJb35 OTKPBITh JAHHOW PEAKLMEHN, €CII €r0 KOHLEHTPAIUS MEHEE
107 r/mo.

Munumanouvtii 00vem npeoeibHo pazdasIeHHO20 pacmeopa
(Vmin) — HAUMEHBITNNH 00bEM aHATM3UPYEMOTO PacTBOpa, HEOOXOIH-
MBI I OOHAPY>KEHHsSI OTKPhIBAEMOIr'0 BEILIECTBA JAHHOW pEeaKIueH.
Enunnna wsmepenust — mil. MUHUMaIBHBIN 00BbEM TIPEASIbHO pas-
GaBJICHHOTO PAcTBOpA IIPH OTKPHITHH KatnoHoB Cu’' B BHme aMMuad-
HOro komiuiekca paseH 0,05 mi npu 3HaueHun Cyy, = 4-10°° r/mu. Ec-
AU 7 aHaJdu3a  HMCIOJb30BaTh MEHBIIMKA 00BbEeM pacTBOpa
(V<0,05 mn), To Henb3a Oynetr oOHapykuTh kKatruonsl Meau (II) peak-
UEN C aMMHAKOM.

Ilpeoen oonapyycenusn (omkpwvieaemvlit munumym) (m)— Hau-
MEHbIIIasi Macca OMpPEeAeNISIEMOro BelecTBa (B MKT), OJHO3HAYHO OT-
KpPBIBAEMOI'0 JJTAHHOW peakiueil B MUHUMAJILHOM 00BEME MpEe/IebHO
pa30aBJIEHHOTO PacTBOPA:

m = Cjipy' Viin® 10° = Vi - 10%/ Vi (1.14)

OTkpbiBaeMblii MUHUMYM Juisi KaTuoHOB Menu (II) B Buge amMmu-
a4YHOTO KOMILIEKCa [Cu(NH3)4]2+ TIPU OPEICIbHON KOHIICHTPALMU Ka-
tuoHoB meau (II) Cy= 4-10° r/MJ1 ¥ MHUHUMAJIBLHOM 00BEME npe-
JEeJBLHO pa30aBIeHHOro pacTBopa Vi, = 0,05 M paBeH:

m=4-10"°-0,05-10°=0,2 mxr. (1.15)
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Ecnu macca xkatnonoB meau (II) B 1TaHHOM 00beMe JaHHOTO pac-
TBOpa MeHbIle 0,2 MKT, TO HeJIb3sl OOHAPYKUTh 3TH UOHBI JAHHOU pe-
aKIMEH.

Ilokazamens uyecmeumenpHoCmu AHATUTUYECKON PEAKIIMU OIl-
penensieTcs:

PCiim = — 1g Ciim = — 1g (1/Viim) = 1g Viim. (1.16)

AHaMTHYeCKas peakius TeM YyBCTBHUTEIIbHEE, YeM MCHBIIE e¢
OTKPBIBAEMbIi MUHMUMYM, MUHUMAJIbHBIA 00BEM TpeAesbHO pa3daB-
JICHHOTO pacTBOpa M 4eM OoJbliie mpejearHoe pazdapieHue. YyBCT-
BUTEJILHOCTh PEAKIMHM 3aBUCHUT OT IIPUPOJIBI BEIECTBA M pearcHTa,
TeMrepartypsl, pH cpeapl U MPUCYTCTBUSI IPYTHUX BEIIECTB.

2. PacTBOpPEI

2.1. Booa kak pacmeopumens

Yucras BoJa MPEACTaBIsCT COOON OECIBETHYIO MPO3PAUYHYIO
KUJAKOCTh. IIOTHOCTH €e mpu mepexoje M3 TBEPAOTrO COCTOSHHUS B
KUJIKOE HE yYMEHBINACTCS, KaK y OOJIBIIMHCTBA JIPYTHX BEIIECTB, a
Bo3pacraet. [Ipu 4 °C Boga nMeeT MaKCUMaJbHYIO INIOTHOCTh U JIMIIb
IIpY JaJIbHEHIIIEM HarpeBaHUU INIOTHOCTh €€ YMEHbIIaeTcs. Moeky-
Ja BOJbI MMEET YTJIOBOE CTPOCHME; BXOJASAIINE B €€ COCTaB sijipa aTo-
MOB 00pa3yloT paBHOOEIPEHHBINA TPEYTOJbHUK. B OCHOBaHWU ero Ha-
XOJATCS JIBa aTOMa BOJOPO/ia, a B BEPIIUHE — SJIPO aTOMa KUCI0pO/a.
Jmuna xaxxaon cesizu O — H 6im3ka x 10 HM, paccTostHUE MEXITY S1-
paMu aTOMOB BOJIOPOJIa COCTABIAECT OKoio 15 HM. M3 BoCbMU 3JieK-
TPOHOB, COCTABJISIFOIIUX BHEIIHUN 3JICKTPOHHBIM CJIOM aTOMa KHUCJIO-
pojaa B MOJIEKYJI€ BOJbI, BE DJICKTPOHHBIE Maphl 00pa3yroT KOBAJICHT-
Hele cBsizu O — H, a octayibHble JBE Maphbl JICKTPOHOB SIBISIOTCS
HETIOACJICHHBIMU:
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Puc. 2.1. Cmpoenue monexynvt 6000l

ATOM KHCIOPO/a B MOJICKYJIE BOIBI HAXOIUTCS B COCTOSHHUH SP -
ruOpuaM3aIy, MOATOMY BaJEHTHBIM YIroJl CBSI3EH MEXIy aTOMaMH
BOJIOPOJIa U Kucaopoja coctaBisieT 104,5 © u OM30K K TeTpadapHude-
ckoMy (109,5°). Dnexrponsl, oopazyromue cBsizu O — H, cMmenieHs! k
0oJee AIEKTPOOTPULIATEIBHOMY aTOMy KHUCJIopoaa. B pe3synbTaTe 3T0-
ro aToMmbl BOAOpoAa TpuoOpeTaroT 3(PEKTUBHBIC MOJOKUTEIbHBIC
3apsiabl. HenonenenHple 3J€KTPOHHBIE Maphbl, HAXOASAIIUECS Y aTOMa
KUCJIOPOJIa, CMENICHBI OTHOCUTENBHO €TO Siipa U CO3Jar0T JBa OTPH-
LATEJNbHBIX MOJIFOCA. B 1eIoM MOJIeKysa BOAbI ABJISETCA AUIIOJIEM, B
KOTOPOM Ha OJIHOM KOHII€ MOJIEKYJIBl UMEETCS YaCTUYHBIA MOJIOKH-
TEJIbHBIN 3aps/l, a HA IPYTOM — YaCTUYHBIA OTPULIATEIIbHBIN.

B skunkoit ¢asze B BOJIE MPOUCXOIUT acCCOIMALIUS MOJEKYJ 3a
c4eT o0pa3oBaHUs BOJOPOIHBIX CBSI3EH:

H H H

B TBepaom cocTosiHuM (Jieq1) aTOM KHUCIIOPOJia KaKI0i MOJIEKYJIbI
y4acTBYEeT B 0Opa30BaHUM JBYX BOJIOPOJHBIX CBSI3€M C COCEIHUMHU
MOJIEKYJIAMH BOJBI:
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OO6pa3oBaHue BOJIOPOJHBIX CBS3€HM MPUBOAUT K TAKOMY PacCIofio-
KEHUIO MOJIEKYJI BOJBI, MPU KOTOPOM OHHM CONPHUKACAKOTCS APYT C
JIPYroM CBOMMH Pa3HOMMEHHBIMU MoJitocaMu. MoJekyibl BOJbsl 00pa-
3y1oT ciou. Kaxxast MoJiekysa OJTHOTO CJIOS CBSI3aHA C TPEMS MOJIEKY-
JJAMHU 3TOTO XK€ CIIOA U C OOHOU — U3 COCEOHEro cios. B cTpykrype
Japaa 00pa3yroTCsl MyCTOThI, pa3Mepbl KOTOPBIX HECKOJBKO MPEBHIIIA-
IOT pa3Mepbl MOJICKYJ BOJIBI.

[Ipy mnnaBIeHWM JbJIa Pa3pylIaETCs JUIIb YacTh BOJOPOJHBIX
cBs3et. [Ipu Temnepatype, OM3KON K HYIIIO, )KUAKAs BOJA COACPKHUT
OCTaTKU CTPYKTYpHI Jibaa. CBOOOJHBIE MOJIEKYJbI BOJBI MOTYT pa3-
MEIIATbCs B IYCTOTax 'MEAAHBIX' arperatoB. B pesyibrare 3TOrO
JOCTUTaeTCsl 0oJiee MIIOTHAsE YIAKOBKAa MOJIEKYJ, TO3TOMY IpH TJIaB-
JeHur 00bEeM BOJIbI YMEHBIIAETCS, a INIOTHOCTh Bo3pacTaeT. B unrep-
Basie Temreparyp 0 — 4 °C stoT addexT nmpeodiagaer Hall TEIJIOBBIM
pacuupenueM. [Ipu Temneparype Beoiiie + 4 °C npeobianaet BIUsHUE
TEIIOBOTO ABMXKEHUSI MOJIEKYJ U TUIOTHOCTH BOJIBI YMEHBIIIAETCS.

ITpu 20 °C B BOJE COXpaHSIETCS OKOJO MOJOBUHBI BOJOPOIHBIX
CBSI3€M, MMOJHOCTBIO OHU PA3pyLIAIOTCS TOJBKO MPU MEPEXOJE BOJBI B
razoo0pasHoe coctosinue. Ha cTpyKTypy BOJbI, KpOME TEMIIEpaTyphl,
BIIUSIOT PACTBOPEHHBIC BEIIECTBA, OCOOCHHO MOHBI.

2.2. BudblL pacmeopumeneu

N3 Bcero MHOroooOpasusi CBOMCTB KUJKOCTEH C TOYKH 3PEHHS
AHAJIUTUYECKOM XHMMHUU HaAuWOOJbIIEEe 3HAYCHUE HMEIOT JOHOPHO-
aKIeNTOpHAass CIOCOOHOCTH MO OTHOIICHHUIO K MPOTOHY (KaTHOHY BO-
I0poJia) W AWDJIEKTpUYECKas MNpoHHuIaeMoctb. [lo  moHOpHO-
aKIENTOPHON COCOOHOCTH B OTHOIIEHUH MPOTOHA PACTBOPUTENH JiE-
JIAT HA TPU TPYIIIBL:
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1) anpomonmnwie, T0 €CTh HE COJEPKANIME TOABUKHBIX MPOTOHOB
(4eTBIPEXXJIOPUCTHIN yriaepoa, OEH301 U APYTue);

2) npomoghunvusle, CKIOHHBIE K MPUCOCIUHEHUIO MPOTOHA (MH-
PUIMH U IPyTUE aMUHBI);

3) amgpunpommnsie, ciocoOHbBIEC MPUCOCAUHATH U OTJaBaTh IIPO-
TOH (BOJa, CIIUPTHI, KAPOOHOBBIE KUCIOTHI, KUJKUN aMMHUAK U JpPYy-
rue). Cpeau 3ToM TpyMIbl BBIACISIOT PACTBOPUTEIN C MPEUMYIIECT-
BEHHO JIOHOPHBIMH cBoMcTBaMHu — npotorennsie (HF, H2SO4).

BONBIIMHCTBO pacTBOPUTENIEH, UCTIOIB3YEMBIX B AaHAIIMTUYECKON
XUMUH, OTHOCST K aM(PUIPOTHBIM. DTH PACTBOPUTEIU CHOCOOHBI K
aBTOIPOTOJIU3Y — MEPEHOCY MPOTOHA OT OJHON MOJIEKYJIbI PACTBOPH-
Tens K apyroi. Ecin 0003HauuTh MPOTOHCOAEPKAITUN PACTBOPUTEID
HS, To peakiiuio aBTONpOTOIM3a MOKHO 3alIUCaTh B BUJIC

HS +HS <> SH," +§. (2.1)

+ —
B pesynbrare o0pa3yrorcs nonsl duonus SH, u nuarta S .
[Tpumepsr:

C,H;OH + C,H;OH < C,HsOH," + C,H:0O;

STUIOHHI 9THUJIaT

NH_?,()K) + NH3(;K) <~ NH4+ + NH27;

aMMOHHHM  aMHUJ

H,0 + H,0O - H;0O' + OH.

TUAPOKCOHUH TUAPOKCH/]T

B ananuThyeckod XMMHH, KPOME BOJbI, MOTYT HMCIIOJb30BaThCS
JIpYyTUe pacCTBOPUTEIN — OPTaHUYECKUE.

Cnupmoei. B Monekylax CHOUPTOB aTOM KHUCJIOpoJa 00JagaeT
JIBYMS HEMOJCJIICHHBIMHU MapaMu 3JIEKTPOHOB. ITO CIOCOOCTBYET 00-
Pa30BaHUIO BOJIOPOJIHOM CBSI3U: MOSABIISIIOTCS LIEMIOYEYHBIE WM ITUK-
JNYECKHUE ACCOLMATHI MOJIEKYJ:
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CreneHb accolMaldi OJHOATOMHBIX CHHPTOB YMEHBIIAETCS C
YBEIMYEHUEM MOJIEKYJIIPHOM MacChl U CTENEHU Pa3BETBICHHOCTHU
MoOJeKyJbl. CTPYKTypa CIUPTOB MEHEE MPOYHA, YEM CTPYKTYpa BOJBI.
MHOroaroMHble CHUPTHI 00pa3ylOT BHYTPHU- U MEXKMOJEKYJSPHBIC
BOJIOPOJIHBIE CBsI3U. Hanmuuue Oosbliero 4yucia THAPOKCUTPYHN Y
ATUX COUPTOB MPUBOAUT K O0Jee YMOPSAJIOYEHHOMY BOJOPOJIHOMY
KapKacy, 4eM y OJJHOATOMHBIX.

Kapoonoevie kucnomsl. be3BoHbie MypaBbUHASI U YKCYCHAsl KU-
CJIOTBI aCCOLIMUPOBAHBI 3a CYET BOJOPOIHBIX CBs3ell. B razoo0pazHom
COCTOSIHUHM OHH CYILIECTBYIOT B BHJIE€ IUMEPOB, B KOHAEHCHPOBAHHOM
(CKMIKOM) COCTOSIHUU TTOPSJIOK aCCOIMAlMM YBEIUYUBaeTCs 110 3 — 4.

Kemonwpi. Moinekyna aneToHa COAEPKHUT NPOTOH-aKLENTOPHBIN
aTOM KHUCJIOpOJia, HO HE€ HMMEET IMOJABHXKHOTO MpoToHa. [losTomy B
AKHUJKOM allETOHE HET BOJOPOJHBIX CBSI3€i; OCHOBHOE B3aMMOJECHCT-
BHUE MOJIEKYJI — IUIOJIb-TUIIOJIBHOE.

[ToMUMO TIEPEUYHCIIEHHBIX PACTBOPUTENIEN B AHAJUTHYECKOU XH-
MUU KCTIOJB3YIOTCS MPOCThIe 3(PUpbI (AMOKCaH, AUITHIOBBIA 3(dup),
aMHIbl KUCIOT (IuMeTrindhopMaMul), TPOU3BOJIHbBIC YTIIEBOJOPOI0B
(IUXJIOpATaH, TeTPAXJOPMETaH) U JIPyTHE.

2.3. Cocmae pacmeopose

PacTBOp — 7TO OJHOpOJHAS (TOMOTE€HHAs1) CUCTEMA, COCTOAIIAs
U3 JIBYX U 00Jiee KOMIIOHEHTOB M IIPOJYKTOB UX B3aUMOJIECHCTBHS.

PacTBOp COCTOMT M3 PacTBOPEHHBIX BEIIECTB W PACTBOPUTEIS,
T.€. Cpelbl, B KOTOPO 3TH BEIIECTBA PAaBHOMEPHO pPACHPEIEICHbI B
BUJIC€ MOJIEKYJ] WJIA HUOHOB. OOBIUHO PACTBOPUTEIEM CUUTAETCS TOT
KOMITIOHEHT, KOTOPBI B YUCTOM BHUJIE CYIIECTBYET B TOM € arperar-
HOM COCTOSIHMH, YTO U MOJIy4eHHBII pactBop. Eciam o0a koMnoHeHTa
10 pacCTBOPEHMS HAXOAWIMCh B OJMHAKOBOM arperaTHOM COCTOSIHUH,
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TO PacCTBOPUTENIEM CUHUTAIOT TOT KOMIIOHCHT, KOTOPBIM COJASPIKUTCS B
OOJIBIIIEM KOJINYECTBE.

PactBopbl 01HOPOIHEL. B 3TOM MX CXOACTBO ¢ XUMHUYESCKUMHU CO-
eAuHEHUAMH. TermoBoil d(p¢eKkT mpu pacTBOPEHUM BEIIECTB TaKXKE
yKa3bIBaCT Ha XMMHUYECKOE B3aNMOJICHCTBHE PACTBOPSEMOTO BEIIIECT-
Ba U pacTtBopuTtens. OTIMYKME PaCTBOPOB OT XMMUUYECKUX COCTMHEHUM
COCTOHUT B TOM, YTO COCTaB PacTBOPa MOXKET M3MEHATHCS B ITUPOKHUX
npeaenax. Kpome Toro, pactBopsieMoe BEIIECTBO U paCTBOPUTEIb CO-
XPaHSAIOT B PacTBOPE CBOM MHAWBHIyalIbHBIC XUMHUYECKHE CBOMCTBA.
HermocTosiHCTBO cocTaBa pacTBopa MPUOIMKACT UX K MEXaHUYECKUM
CMeCSIM, HO OT TIOCJICTHUX OHH OTJIMYAOTCSI OJTHOPOTHOCTHIO.

[To arperaTHOMy COCTOSHHIO PAacTBOPBHI MOTYT OBITH JKHIKHE,
TBEP/IbIE U Ta3000pa3HbIE.

2.4. IIpoyecc pacmeopeHust
meepodo20 eewecmea

PacTBOpenue kprcTtaiuia (TBEPAOrO BEIIECTBA) B )KUAKOCTH MPO-
TeKaeT ciuenyomuM obpa3zom. Korga kpuctamin BHOCAT B JKHIKOCTbD,
OT €ro MOBEPXHOCTH OTPBIBAIOTCS OTAEIbHBIE YACTHUIBI (MOJIEKYJIbI,
noHbl). baronapsa nuddy3um oHM paBHOMEPHO pPaCHPEACIISIIOTCS IO
BceMy 00beMy pactBoputessa. OTneneHue 4yacTUl OT KpUCTalla BbI-
3bIBAETCS UX COOCTBEHHBIMHU KOJIEOATEIbHBIMHU JBIXKEHUSIMH U TIPH-
TSPKEHHEM CO CTOPOHBI MOJIEKYJ pactBoputens. IIpouecc pactBope-
HUSl CONPOBOXKJIAETC 0OOpaTHBIM €MY MPOLECCOM — KPUCTAJIN3AIU-
eil. Ilepemenuve B pacTBOpP MOJEKYJbl (MOHBI) YIApSIOTCA O
MOBEPXHOCTh KPUCTAJJIa HEPACTBOPEHHOTO BELIECTBA, CHOBA MPUTS-
IMBAIOTCSA K HEMY U BXOJST B COCTAaB KpUCTailia. Beiaenenrne MoieKy
(MOHOB) M3 pacTBopa OyAeT MPOXOAUTH TeM ObIcTpee, YyeM OOoJIbIle
KOHLEHTpalus pactBopa. KoHLEHTpalus mo mMepe pacTBOPEHHUS Be-
IIeCTBAa BO3PACTAET, U HACTYNAeT MOMEHT, KOrJJa CKOPOCTh pacTBOpE-
HUS paBHA CKOPOCTU KpHUCTAILIM3AUHU (AMHAMUYECKOE PABHOBECHE):

pacTBopeHue —

HepacTBOpeHHOE BEIIECTBO € > BerecTtBo B pacTtBope
<— KpHuUCTaJUI3alus
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PacTBOp, HAXOAIMKCSA B pABHOBECUH C PACTBOPSAIOLIMMCS BEIIE-
CTBOM IPU JIAaHHBIX HEU3MEHHBIX YCIIOBUSIX, HA3bIBACTCS HACBHIIIEH-
HbIM. HachlieHHbIe pacTBOPBI UCHONB3YIOT penko. YHaile ucroiab3y-
I0T HEeHACBIIEHHbIE pAaCTBOPbI, T.€. T€, B KOTOPBIX PACTBOPEHO
MEHBIIIE BEIIECTBA, YEM MOXKET PACTBOPUTHCS MPU JAHHBIX YCIOBUSX.

[Ipr pacTBOpEHMM MHOTHX BEIIECTB B BOJIE MX YAaCTHIBI (MOJIE-
KYJIbl, UOHBI) CBSI3BIBAIOTCSI C MOJIEKYJIaMH pacTBOPUTENA, 00pa3ys
COEAMHEHHS — COJIbBATHI. DTOT MPOLIECC HA3bIBAIOT COJIbBATAIHEH.
B wacTtHOM cityyae, Korja pacTBOPUTENEM SIBIISIETCSA BOJA, 3T COEMIH-
HEHHUS HAa3bIBAIOT THAPATAMM, a IPOLIECC — THAPATANMEH.

B 3aBHCMMOCTH OT MPUPOABI PACTBOPEHHOTO BEIIECTBA COJIbBATHI
o0pa3yloTcsi pa3auyHbIMU OyTsMu. [Ipu pacTBopeHHM BelIeCTB C
MOHHOM CTPYKTYPOM MOJIEKYJIbI PACTBOPUTEIIS YIEPKUBAIOTCS OKOJIO
MOHA CWIaMHU DJIEKTPOCTATUYECKOTO MPUTSKEHUS (MOH-IUIIOIBHOE
B3aMMOJIEVCTBHE). MOKET UMETh MECTO TaKKE JOHOPHO-AKLIIENTOPHOE
B3aUMOJICMCTBUE. B JTaHHOM Cllydae MOHBI PACTBOPEHHOI'O BEIIECTBA
BBICTYIIAIOT B KAaYECTBE AKLENTOPOB, & MOJEKYJIbl PACTBOPUTEIIS — B
Ka4eCTBE JIOHOPOB AJIEKTPOHHBIX IMap (BOJia, aMMHUAK).

IIpy pacTBOpEHHM BelECTB € MOJIEKYJSAPHON CTPYKTYpou
COJIbBAThl 0OPA3yIOTCSl BCIIEICTBUE JUIOJIb-IUMOIBHOTO B3aUMO/IEH-
cTBUA. [{U1onM pacTBOPEHHOr0 BEIIECTBA MOTYT OBITh MOCTOSHHBIMU
(BelecTBa ¢ MOJISIPHBIMU MOJIEKYJIaMH) WJIM HaBEJEHHBIMU (BEIIECTBA
C HEMOJISIPHBIMHU MOJIEKYJIAMH ).

[ToaTBepkIeHNEM XUMUYECKON MPUPOJIBI PACTBOPOB SIBIISIETCA U
TO, YTO MHOTHE BEUIECTBA BBIJCISAIOTCS U3 paCTBOpPA B BUJIE KPUCTAJI-
JIOB, COJEPIKAILMX B CBOEM cocTaBe Boay. Ha kaxayro mosiekyiy pac-
TBOPEHHOT'O BEUIECTBA MPUXOAUTCA OMPEAECICHHOE YHCIO MOJIEKYJ
BOAbl. BemiecTBa, B COCTaB KPUCTAJUIOB KOTOPBIX BXOASAT MOJIEKYJIBI
BO/JIbI, HA3bIBAIOT KPHUCTAJLUIOTHAPATAMH, a COJEPKAIIYIOCA B HHUX
BONY — KPHUCTAIM3AMOHHOU. [lpuMepbl KpUCTALIOTUIAPATOB:
CUSO4 : SHzo, NﬂzSO4 - 10 HQO, N32C04 - 10 H20 Hn APpYyTruc.

[Iporecc 0O6pa3zoBaHusi THAPATOB MPOTEKAET C BBHIJCICHUEM TETl-
notel. [Tpu pactBopeHnu BemiecTBa oOMIMKA TEIUIOBOM 3 (deKT ckiia-
JIBIBAETCSl U3 TEIIOBOTO 3(PdekTa COOCTBEHHO PACTBOPEHHUS U TEILIO-
Boro 3¢ dexra runpartanuu. [lepBorit u3 3Tux 3PEHEeKTOB SHAOTEPMHU-
YeCKUil, BTOpPOM »HK30TepMHuueckuil. OOmmil TemwioBor >3PpdekT
PacTBOPEHUS paBEH allreOpanyeckoil cyMme 3Tux AByx 3ddektoB. OH
MOKET OBITh KaK MOJOKUTEIIbHBIM, TaK U OTPULIATEIIbHBIM.
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C KOJIMYECTBEHHON TOYKM 3pEHUS Ka)J0€ BEIIECTBO XapaKTepH-
3y€eTcsl paCTBOPUMOCTBIO B OINPEJEIEHHOM pacTBoputene. PacTBopu-
MOCTb — 3TO CIIOCOOHOCTH BEIIECTBA PACTBOPATHCS B BOJAE WJIU B JIPY-
rom pacrtBopurene. MHorma npuMeHstor TepMuH ''Kod¢duumeHT
pacTBopuMocTu'" . OH MOKA3bIBAET YHCIIO IPAMM BEIIECTBA, KOTOPOE
oOpa3yeT HachlleHHbIN pacTBop B 100 T pacTBOpUTENS NPHU JTaHHBIX
ycnoBusx. Eciu B 100 r Boasl pactBopsiercst 6osee 10 r BemecTBa, TO
ATO BEIIECTBO XOPOIIO PACTBOPUMOE (p); €CIIM PaCTBOPSETCS MEHEE
1 r, TO BeleCcTBO MaJIOpacTBOPUMOE (M); €CIIM B PacTBOP MEPEXOAUT
menee 0,01 r BemecTBa, TO €ro CUMTAIOT MPAKTUYECKHA HEPACTBOPHU-
MBIM (H).

PacTBOpUMOCTbH BEIIECTB 3aBUCUT OT TeMImepaTrypsl. PacTBopenue
OOJIBIIMHCTBA BEUIECTB COMPOBOXKAACTCS MOTJIOMICHUEM TEIIOThHL. B
3TOM CJly4a€ MOBBIIIEHHE TEMIEPATypbl MPUBOJIUAT K YBEIUYCHUIO
pacTBOpUMOCTU. B Tex ciydasix, Korja 3HEprus rujpataiuu J0CTa-
TOYHO BEJIMKA, TO 00pa30BaHHE PacTBOpPa COMPOBOXKIAETCS BbIjEIIEC-
HUEM BHEPTUH, TO3TOMY JJIsl TAaKUX BellecTB no npuHuuny Jle [lare-
b€ — bpayHa pacTBOPHUMOCTH C POCTOM TEMIEPATYphl MOHMKAETCS.
OTO MPOUCXOIUT TPU PACTBOPEHUU B BOJIE MHOTHUX COJIEH JIMTHS,
MarHusi, aTFOMUHUS.

[Ipu pacTBOpeHHM TBEPJBIX BEIIECTB B BOJE OOBEM CUCTEMBI Me-
HSIETCSI HE3HAUUTEIbHO, TO3TOMY PAaCTBOPUMOCTh HMX HE 3aBUCUT OT
JABJICHUSL.

2.5. IIpoyecc pacmeopeHust
2uodKxo020 sewiecmea

KukocTu TakkKe MOTYT pacTBOPATHCS B )KUAKOCTSIX. HekoTopeie
U3 HUX CMEIIUBAIOTCS JAPYT C APYroM B JIFOOOM COOTHOIICHHH, JPY-
rue — JIMiib 10 U3BECTHOrO mpeaena. B mocieaHem ciiyyae ¢ MOBBI-
HIEHUEM TEeMIEpaTypbl B3aUMHAsi paCTBOPUMOCTD KUIKOCTEN YBEIIH-
YUBACTCS. ITO MPOJOJDKACTCS 10 TEX MOp, MOKa HE OyJEeT IOCTUTHYTA
TEeMIlepaTypa, Mpu KOTOPOM 00e KUAKOCTH CMEIIMBAIOTCA B JIFOOBIX
nponopuusx. Temmneparypa, Ipu KOTOPOM OrpaHUYCHHAsh pacTBOPHU-
MOCTb KUJKOCTEH JIpyr B JIpyre MepexoquT B HEOrPaHWUYCHHYIO, Ha-
3bIBACTCS KPUTHYECKOH TeMmeparypoud pacrBopeHus. Hampumep,
JUIsl CMECU BOa-(PEHOJI KpUTHUECKasl TeMIIepaTypa pacTBOPEHHUS PaB-
Ha 66,4 °C.
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B3anmHOe pacTBOpEHUE KUJKOCTEH HE COMPOBOXKIACTCS 3HAUU-
TEJIbHbIM MU3MEHEHHEM 00bEMa CHUCTEMBI, O3TOMY 3TOT MPOLECC HE
3aBUCHUT OT JIaBJICHUSI.

2.6. IIpouecc pacmeopeHust
2a3006pa3Ho20 sewiecmea

PacTtBOopeHue ra3zoB B BOJIE — 3TO 3K30TEPMUUYECKHUI Mpolece, mo-
ATOMY TMPU MOBBIIICHUH TEMIIEPATyphl PACTBOPUMOCTh Ta30B B JKHJ-
KOCTH cHuxkaetcs. [Ipu pacTBOpeHHM rasa B KUJIKOCTH yCTaHABIUBA-
€TCsl paBHOBECHE:

pacTBOpCHHUE ra3sa —

I'a3 + xxuakocTe «— HachIlEeHHbIN PaCTBOP ra3a B )KUIAKOCTHU

«— BBIJIEJIEHNE ra3a

[Ipu 3TOM 00BEM cHCTEMBI YMEHbIIaeTcs. [103TOMy MOBBIIIEHUE
JABJIEHUS TIPUBOAUT K CMELICHUIO PAaBHOBECUS BIIPABO, T.€. K yBEIIU-
YEHUIO PaCTBOPHUMOCTH Ta3a.

2.7. IlepeHacvluieHHble pacmeopbl

PacTBOpuMOCTh OONBIIMHCTBA BEIIECTB YMEHBIIIAETCS C TOHUMKE-
HHUEM TEMIIEPATYPBI, MOITOMY MPH OXJIAXKICHUM HACBIIIEHHBIX pac-
TBOPOB M30BITOK PACTBOPEHHOI'O BEIIECTBA OOBIYHO BBINAJAET B OCa-
NOK. Ecnu mMpoBOAUTH OXJIAXKJICHUE PACTBOPA MEIJICHHO, HE IepeMe-
IIMBasi pacTBOP U HE J100aBIsAS B HETO TBEPABIX YACTHI, TO U30BITOK
PAaCTBOPEHHOT'0 BENIECTBA MOYKET HE BBHINAJATh B 0CaI0K. B aTOM ciry-
4ae MOJYYUTCA PacTBOP, COAEPKAIUN O0IbIIE PACTBOPEHHOTO BElIE-
CTBa, YEM €ro TpeOyeTcs JJig HACHIIIECHUS MPU JAHHOW TeMIlepaType.
Takue pacTBOpPHI HA3bIBAIOT MePEHACHIINEHHBIMU (TIEPECHIIICHHBI-
MHU). [Ipyr HEU3MEHHBIX BHEIIHUX YCJIOBUSX TAKHE PACTBOPHI CYIIECT-
BYIOT A0Jro. IIpu BHECEHNN B pacTBOP KpUCTaIa BELIECTBA, IIPU IT1€-
pEMENIMBAHUM, MPU TPEHUHU CTEKIISIHHOW MAJIOYKOW O BHYTPEHHIOIO
CTEHKY COCYJla HAYMHAIOT BBINIAJAaTh KPUCTALIBI PACTBOPEHHOTO BE-
mecrBa. [Ipu kpucrammsanuu BbIIEISIETCS TEILIO — PaCTBOP HArpeBa-
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ercs. B pacTBope ocTaercst CTOJNIBKO BEIIECTBA, CKOJIBKO COOTBETCTBY-
€T €ro PaCTBOPUMOCTH IIPU JTAHHOW TEMIIEPATYPE; U3JIHUILEK BbINAIACT
B BHJe ocajka. Jlerko oOpa3yloT Takue pacTBOPHI riayOepoBa COJb
NﬂzSO4 10 Hzo n 6ypa N32B4O7'10 H20

ITepeHachIllieHHbIE PACTBOPBI — HEYCTOMYMBBIE CHUCTEMBI. B03-
MOKHOCTh UX CYIIECTBOBAaHUSI OOBICHSIETCS OTCYTCTBHEM WU ME/I-
JICHHBIM 00pa30BaHUEM IIEHTPOB KPHUCTAJUIM3AIMU — MECT 0Opa3oBa-
HUS "'3apOJIBIIIEN" KPUCTAIIIOB PACTBOPEHHOTO BELIECTBA.

2.8. KoHueHmpayust pacmeopoe
U cnocobsl ee svblparKeHUus

Konuenrpamuen pacTBopa Ha3bIBA€TCS KOJIMYECTBO PACTBOPEH-
HOT'O BEILIECTBA, COJICPIKAILEECS B ONIPEAECIEHHOM KOJIMYECTBE PACTBO-
pa wiu pactBoputeis. PactBop ¢ 0OJIbIIONW KOHIIEHTpPALMER pacTBO-
PEHHOTO BENIECTBA HA3BIBAIOT KOHLEHTPHMPOBAHHBIM, & C MAaJIOW —
pa3daBieHHbIM. B aHaIMTHYECKOW XMMUU HanboJiee ynoTpeOUuTeb-
HBI CJIEAYIOIINE CIOCOOBI BHIPAKEHUSI KOHIIEHTPAIIMU PACTBOPOB.

1. Maccosasa 001 pacTBOPEHHOTO BEIIECTBA — 3TO OTHOIICHUE
MaccChl PaCTBOPEHHOT'O BEIIECTBA K 00IIel Macce pacTBopa:

m (B-Ba)
® % (B-Ba) = — - 100 %, (2.2)
m (p-pa

rJie m — Macca BemiecTBa B T; ® % — Oe3pa3mepHas BelUuuHa (J10JIH
CAMHUIIBI WUIH TTPOIIEHTHI ).

m (p-pa) - ® % m (B-Ba) - 100 %

m (B-Ba) = ; m (p-pa) =
100 % ® %

2. Monapnas Konuyenmpauus — OTHOIIICHHE KOJIMYECTBA PaCTBO-
PEHHOTO BellleCTBa (B MOJISIX) K 00BEMY pacTBoOpa:
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m (B-Ba) v (B-Ba)
Cu= = , MOJIB/JI, (2.3)
M (8-Ba) - V(p-pa) V(p-pa)

riae M (B-Ba) — MOJIsipHas Macca BEIIeCTBa B I/MoJb; V(p-pa) — 00bemM
pacTBopa B J; vV (B-Ba) — KOJIMYECTBO BEILIECTBA B MOJIb. EIUHUIIBI 13-
MEpEHUSI MOJISIPHOM KOHIIEHTPAIIMU — MOJIb/JI.

m (B-Ba)

m (B-Ba) = M (8-Ba) - V(p-pa) - Cy, V(p-pa) =
M (B-Ba) - CM

3. Monapuaa Konuenmpayus 3IKeusanenma (HOPMAIbHOCTh
pacTBOpa) — OTHOIIEHUE KOJIMYECTBA BEIECTBA IKBUBAJIECHTA K 00be-
My pactBopa. [l pacyera MOJSPHOKM MacChl BEIIECTBA DKBUBAJICH-
Tta — M(1/Z) (wnm mpocTo ’KBUBaJEHTa, D) HEOOXOAUMO MOJSPHYIO
MacCy BEIIECTBA PAa3JCINTh HA YHCIO SKBUBAJICHTHOCTH, PaBHOE
CyMME€ 3apsJI0B KATUOHOB B BEILIECTBE:

M(B-Ba)
M(1/2)= —,
> Z(kat)

rae Y. Z(kat) — cymma 3apsiioB KaTHOHOB B BemiecTBe. Jisi 0003Haue-
HUS MOJISIPHOW KOHIIGHTPAIIMKM SKBUBAJICHTA HCIIOJB3YIOT CHMBOJIBI:
C/z) nmn CH, eqvHULBI N3MEPEHUS — MOJIb-DKB/IL.

m (B-Ba)

C(I/Z) = (2-4)

M(1/Z) - V(p-pa) ;

m (B-Ba)

m (8-Ba) = C1/z) - M(1/Z) - V(p-pa); V(p-pa) = :
C(1/Z) - M(1/Z)
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3. XHMHYECKOE paBHOBECHE

3.1. Ckopocmb xumuueckou peaKuuu

CkopocTh peakuum B TOMOT€HHOW CHCTEME — 3TO U3MEHECHUE
KOHIICHTPAIIMM KaKOro-TM00 M3 BEIIECTB, BCTYMAIOIIUX B PEAKIIUIO
WK 00pa3yromuxcs Mpy peakluu, MPOUCXOAIee 32 €IUHUILY Bpe-
MECHU:

V= (3.1)

rae C, — koHeuHast KoHUeHTpanus;, C; — HayajabHas KOHUECHTPALUS,
t, — BpeMs1 OKOHYaHUS peakluu; t; — BpeMs Hayaja peakiuu.

3aBUCUMOCTh CKOPOCTH PEAKIHMH OT KOHIEHTPALMU pearupyro-
IUX BEIIECTB IMOJy4YrJia Ha3BaHWE 3aKOHA JAeMcTBUAA Macc. UToObI
MEXIYy YaCTULUAMU MWCXOAHBIX BELIECTB IPOU3OIUIO XUMHYECKOE
B3aUMOJICHCTBHE, HEOOXOAMMO HX CTOJIKHOBEHHE JPYT C JIPYroM.
YacTuupl AOMKHBI CONM3UTHCS HACTOJIBKO, YTOOBI aTOMBI OJHOW W3
HUX HWCHBITAIN JIEMCTBUE DIICKTPUUYECKUX IIOJIEH, CO3/1aBAEMBIX aTO-
Mamu Apyrou. TOJIBKO IPU 3TOM BO3MOXKHBI MEPEXOIbI AJIEKTPOHOB U
NEepPErpyninupoBKM aTOMOB, T.€. 00pa3oBaHHUE MPOAYKTOB pPEaKIUU.
[ToaTOMY CKOpPOCTH pEakLMu IPOIOPLHUOHAIBHA YUCILY COYyIapeHUU
YaCTHUI[ pearupyronmx BemecTB. Yucio coyaapeHuil Tem OoJbliie,
YeM BBIIIE€ KOHIEHTPALUUsA KaXJI0r0 U3 MCXOIHBIX BEIIECTB WA YEM
0O0JIbIlIE MPOW3BEICHUE KOHIICHTpAIUM pearupyromux Beniects. s
peakuuu

A+B—C (3.2)

CKOPOCTb OTIPEIESETCS YPaBHECHUEM

v=k-[A]"[B], (3.3)
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rae k — koahpuireHT nponoprruoHaJIbHOCTH — KOHCTAHTA CKOPOCTH
peakuun; [A] u [B] — paBHOBeCHbIE KOHIIEHTpaIMu BemiecTB A u B.
Ecnu Hanucath ypaBHEHHE peakiuy B 00IIeM BU/IE:

aA +bB — pP + qQ, (3.4)

TO JJ1s1 HETO 3aKOH JACHCTBUS Macc OyIeT UMETh BU/I;
. a b
v =k [A]*-[B]". (3.5)

3aKkOH JIEWCTBUST MacC ObUT OTKPBIT ONBITHBIM  MYTEM
K.M. I'ynpn6eprom u I1. Baare B 1867 r. OH untaetcs tak: "[Ipu mo-
CTOSTHHOW TEMIIEpaType CKOPOCTh PEAKIUH MTPONOPIIMOHATIBHA ITPOU3-
BEJICHUIO KOHIICHTPAIlM PEAarupyrOIIUX BEIIECTB; YUCICHHOE 3HA4e-
HUE€ KaXJ0W KOHILECHTPAIMM BXOJUT B MIPOU3BEJCHHUE B CTEIICHH, PaB-
HOM cTexuomeTpuueckomy koddduimenty nepes Gopmyon 1aHHOTO
BEIIECCTBA B YPABHEHHUHU PEAKIMH'. 3aKOH CIPABEJIMB I MPOCTHIX
peakuuii. Eciin peakuusi CioXHast U COCTOUT U3 HECKOJIbKUX OTHENb-
HBIX CTaJUi, TO 3aKOH MPUIIOKUM K JTIO00N CTaJANHU B OTJAEIBHOCTH, HO
HE KO BCEW PEAKIIMU B LIEJIOM.

3.2. daxmopwl,
enusiroyue Ha CKopocmeo peaxKyuu

1. Konuenrpauus. BiusHue KOHUEHTpAaIMM Ha CKOPOCTh PEaAK-
[IMH OINKCHIBACTCS 3AKOHOM JICUCTBHUS MacC.

2. Temneparypa. MOJIEKYyISIpPHO-KMHETUYECKAsT TEOPUS Ta30B U
KUJIKOCTEN JaeT BO3MOKHOCTh MOJACUYUTATh YKCIIO COYyAApPEHUN MEX-
Iy MOJIEKYJIAMH BELIECTB NMPHU peakiuu. YHCIO 3TUX CTOJIKHOBEHHI
OUYCHb BEJIMKO, HO HE KAXKJ0€ CTOJKHOBEHHE MOJEKYJ Pearupyromux
BEILIECTB MPUBOJUT K MPOAYKTaM peakuuu. JIjist Toro 4ToObl peakius
MPOU30IIIAa, HY>KHO Pa3opBaTh CTapble CBA3M U O0Opa3oBaTh HOBHIE.
N30bITOUHAS SHEPTHS, KOTOPOU JTOKHBI 00J1a71aTh MOJIEKYJIbl UCXO/-
HBIX BEIIECTB, YTOOBI UX CTOJIKHOBEHHE MPUBEJIO K MEPECTPONKE XU-
MUYECKUX CBsI3€l W 00pa30BaHUIO HOBOTO BEIIECTBAa, HA3bIBACTCS
yHeprueid akruBaumnm (E,). Monekyinbl, 001agarone Takoi SHepru-
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€, Ha3bIBAIOTCS AKTHUBHBIMHM. ODHEPIUI0 AKTUBALIMM HU3MEPSIOT B
KJ[>K/MOJIb.

C pocToMm TemnepaTypsbl YUCIO aKTUBHBIX MOJIEKYJ BO3PAaCTaET, a
3HAYUT, BO3PACTAET CKOPOCTh XMMHUUYECKOW peakuuu. Pacmpenenenue
MOJIEKYJ IO 3Hepru mnokazaHo Ha puc. 3.1. Ilpu Temneparype T,
KpHBasi CMEIlleHa B CTOPOHY 0o0Jiee BRICOKUX 3HaUYeHUM 3Hepruu. [os
MOJIeKyJ, oOnajaromias sHeprueil aktuBanuu E, (u 0ojee BBICOKOMH
SHEPruen), MoKa3aHa B BUJE 3aIITPUXOBAHHBIX YYACTKOB IOJI KPUBBI-
MU. Jloyist Takux moJekya npu temrieparypax T; u T, HEBbICOKA, HO
npu Temmepatype T, 3Ta gona Oosbllie, yeM npu 0osiee HU3KOM TeM-
nieparype T;.

Ecpl Ecpd Ea é-
Puc. 3.1. Pacnpedenenue mMonexyn no sHepeuu:
AN/ N - A E — 0ons monexyn, obradarowux suepeuet,
KOMOopas omaudaemcsi om cpeouet suepeuu Ha geauduny A E;
E —suepeus, T, u T, — memnepamypa (T, > T,); E,- onepeus akxmusa-
yuu,; Ecp;u Ecpy—3Hauenus cpeoneu suepauu Moekyn npu memnepa-
mypax T; u T, coomeemcmeenHo.

Bo3pacTtanne CKOpOCTH peakiuu ¢ pOCTOM TEMIIEPATYpPhl Xapak-
TEpU3yEeT TeMmmeparypHbld Ko3IpduuueHT. OH TMOKA3BIBAET, BO
CKOJIBKO pa3 BO3pACTaeT CKOPOCTb JAHHOW PEaKIIUM MPU MOBBIIMICHUN
temnepaTtypsl Ha 10 °. 91o npaBuio noayuwio umst Baut-I'odda:

b
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rJ€ V7] — CKOPOCTh XMMUUYECKON peakuuu npu remrmeparype Ti; O, —

CKOPOCTb pE€aKiuu npu Temieparype T,; Y — TeMneparypHbIil Ko3(d-
(bULMEHT, KOTOPBII MOKA3BIBAET, BO CKOJIBKO pa3 BO3PACTAET CKOPOCTh
peaKkuuy TpU TOBBILIEHUM TeMIepaTypbl Ha Kaxzasie 10 rpamycos;
AT=T,—T, (T, > T;). TemnepaTypHsbiii KO3)PUIHUECHT I KKAOU
XUMUYECKOW peakuuu pasziuyeH. [Ipu oOBIYHBIX TeMmIlepaTypax €ro
3HAUYCHME JI OOJIBIIIMHCTBA PEAKIINH JISKUT B Ipeesiax ot 2 1o 4.

OHeprus aktuBanuu (E,) 11 kaxnoil peakuuu paznuyHa. OHa
onpeae/sieTCs NMPUPOAOI pearupywoInux BemiecTB. Eciu sHeprus
aKTUBAallUM MMeeT HeOousbloe 3HaueHue (meHee 40 kJIk/MoJib), TO
3TO O3HAYAET, YTO 3HAUYUTEIbHAS YAaCTh CTOJKHOBEHHI YaCTUI] pEearu-
PYIOIIUX BELIECTB MPUBOAUT K MPOAYyKTaM peakiuu. CKOPOCTh 3TUX
peakiuii oueHb Benuka. [I[pumepom ux SIBISIIOTCS PEaKIUU B pacTBO-
pax, MOCKOJIbKY OHM CBOJSTCA K B3aMMOJICHCTBHUIO Pa3HOMMEHHO 3a-
PSPKEHHBIX 4acTUI] (MOHOB).

Ecnu sneprust aktuBaiuu Benuka (6osee 120 x/[x/Momb), TO 3TO
O3HAYaE€T, YTO OYEHb Majas J0Jsl CTOJKHOBEHHUM YACTHUIl MPUBOJUT K
peakuuu. CKOPOCTh 3TUX peaklMid OYeHb Hu3Kasd. [Ipumepom Takoii
pEeaKIuu SBISETCA peaklUMs CUHTE€3a aMMHUaKa U3 a30Ta U BOJOPOJA.
[Ipu 0OBIYHOM TEMIIEpAType PEaKIMs MPOTEKAET OYECHb MEJICHHO.

BOJIBIIMHCTBO peakiiuu UMEET MPOMEKYTOUHOE 3HaueHue E,, ko-
Topoe JexuT B npenenax 40 — 120 k/x/monb. CKOPOCTh 3TUX peak-
[IUH JIETKO U3MEPSIETCA.

[Ipy mpoTekaHWHM pEAKUUH HMCXOJHBIE BEHIECTBA MEPEXOMST B
MPOAYKTHl YEPE3 OMNPEACIEHHOE COCTOSHUE — IMEPeXOJAHOe COCTOsI-
HHe, U1 AKTUBUPOBAHHBIN KOMILIEKC:

A B A A A A
A B BB B B.
HUCXOIHBIE TIEPEXOTHOE MPOAYKTHI
BCIICCTBA COCTOsSHHC pCakuuunu

NmenHo ns 00pa3oBaHus aKTUBHPOBAHHOTO KOMILJIEKCA M HEOO-
XOAMMa DHEPTrus akTuBaluuu. HeyCTOWYMBBIA KOMIUIEKC CYILIECTBYET

KOPOTKOE BpEeMS U pachagacTcsi ¢ 00pa3oBaHUEM MPOJAYKTOB PEaKIIUU
(puc. 3.2):

25



Puc.3.2. I[Ipoyecc nepexooa ucxoonwlx eujecme
8 NPOOYKMbl peaxKyuu yepe3 aKkmueHblil KOMNIeKc

3. Karaam3arop. Ha ckopoCcTh XMMHYECKOUN peakiuy BIMSET Ha-
auyue Karanusaropa. Karanmzatop — 370 BEmECTBO, KOTOPOE MOKET
YCKOPSATh WIH 3aMEJISITh TCUEHUE PEAKIIMKU, HO CaM OH B HEW HE pac-
xoayercs. Takoe sIBJICHUE NOJIYYHUIIO Ha3BAHUE KaTAJIM3.

B 0GoJsbIIMHCTBE CllyyaeB ACHCTBHE KaTalM3aTopa OOBICHSAETCS
TE€M, YTO OH IMOHWKAET YHEPTUI0 AKTHUBAUUHU (TOT SHEPrEeTUYECKUM
Oapbep, KOTOPHIN JOJKHA TIPONTH peakiius, 4TOObl 00pa30BaIuCh KO-
HEYHbIC BEIIECTBA). B MpUCYyTCTBUU KaTaln3aTopa peakiiusi MPOXOoIUT
4yepe3 Apyrue MpoOMEKYTOUYHBIE CTaJuH, KOTOpble 00Jiee BBHITOJHBI C
SHEPTETUYECKOM TOUYKH 3peHUsA. [Ipr 3TOM BO3HUKAET JPYyro aKTUBU-
POBaHHBIN KOMILIEKC, IUIsl 00pa30BaHUsI KOTOPOro TpeOyeTCss MEHbIIE
DHEPIUU.

Pa3znnuaroT roMOreHHbI U rereporeHHbId By bl KaTanu3a. [Ipu
TOMOT€HHOM KaTaJIU3€ KaTaau3aTop M pearupyronme BenecTsa oopa-
3yI0T OAHY (pa3y; B cilydae reTepOoreHHOro KaTajau3a KaTtajan3aTop Ha-
XOJIUTCSI B CUCTEME B BUJIE CaMOCTOsITebHOM (a3bl. [Ipumepom romo-
TEHHOI'O0 KaTalln3a SIBJISICTCS PEAKLMs Pa3JIOKEHHS NEpPOKCUAAa BOIO-
poga B BOZHOM pAacTBOPE HA BOLy M KHCIOPOA. AHmoHbI Cr,O;
KaTAIU3UPYIOT ATy peakiuto. OHU 00pa3yroT ¢ IEPOKCUIOM BOAOpOAa
IIPOMEXKYTOYHOE COEAMHEHHUE, KOTOPOE pacnagacTcs Ha BOAY U KH-
CIIOpPOJL.
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[Ipu rereporeHHOM KaTajlu3€ pPeaklUs MPOTEKAET Ha MOBEPXHO-
CTH KaTaJIn3aTopa. AKTUBHOCTb €r0 B 3TOM CIIy4ae 3aBUCUT OT IUJIO-
IIaI1 U CBOMCTB €ro MOBEpPXHOCTH. UTOOBI UMETH OOJBIIYIO MTOBEPX-
HOCTbh, KaTAJIM3aTOP JOJKEH 00J1a/1aTh NOPUCTON CTPYKTYPOU WM Ha-
XOIUTHCS B TOHKOAMCIIEPCHOM COCTOAHUU. [IpuMepoM reTreporeHHoro

KaTajin3a SIBISETCS CHHTE3 aMMHaKa B MPUCYTCTBUHM KAaTaJIM3aTOPOB:
Fe + K,O nmu AL Os.

3.3. O6pamumuie
u Heobpamumosle pearKyuu.
Xumuueckoe pasHosecue

Bce xumuueckue peakiuy Mmo NpU3HAKy OOpaTUMOCTH MOXHO
pa3nenuTh Ha JABE TPYIIbL: HeoOpaTuMbie U oopatumbie. HeoOpaTu-
Mbl€ PEAKINU MPOTEKAOT 0 KOHIA — JO MOJHOIO0 M3PACXO0JOBAHUS
OJIHOTO U3 pearupyromux Bemects. QOpaTumMple PEaKIIUU MTPOTEKAOT
He 70 KoHMa. IIpu oOpaTuMoi peakiiuv HU OJHO M3 Pearupyromiux
BEIIECTB HE PACXOAYETCS MOJHOCTBIO. DTU PEAKIUN NPOTEKAIOT O/I-
HOBPEMEHHO B JIBYX HaMNpaBJICHUSIX: IPIMOM U oOpaTHOM (puc. 3.3):

Vg
N2 +3 H2 — 2 NH3 (37)
)

1

ul=ud

2

Puc.3.3. 3asucumocms ckopocmeti npamot u 06pamHot peaxkyutl
om 8pemeHuU: V; — CKOPOCMb NPAMOU Peakyuu;
0, — CKOpOCMb 0OPAMHOU peaxKyuu
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Bnauasne, npu B3aMMOJIEVICTBUY MCXOJHBIX BEIIECTB APYT C IAPY-
rOM, CKOPOCTh MPSIMOM PEaKI[uy BEJIUKa, a CKOPOCTh OOpAaTHOW paBHA
Hymto. [lo mepe mpoTekaHus peakuuu UCXOAHBIE BEIIECTBA PAaCXOy-
IOTCS, ¥ UX KOHIICHTpAIUs CHMXXKAETCS. B pe3ysibTaTe CHUXAETCS CKO-
pocTh npsiMor peakunu. OJHOBPEMEHHO MOSIBIISIIOTCS KOHEYHBIE TTPO-
IOyKThl, © KOHUEHTpALUsI WX MOCTEINEHHO pacTeT. BeiencrBue 3toro
MOCTENIEHHO BO3pPACTAET CKOPOCTh OOpaTHON peakuuu. Hactymaet
MOMEHT, KOTJa CKOPOCTH MPSAMOM U OOpaTHOM peakIuil CTaHOBSTCS
PaBHBIMU, MPHU 3TOM HACTYIIAET XHMHYECKOe PaBHOBecHe. DTO PaB-
HOBECHE HA3bIBAIOT JUHAMHYECKHMM, TTOCKOJIbKY TIpsiMasi U oOpaTHas
peakuuu He mnpekpamarorcsa. KoandecTBEHHOMW XapaKTEPUCTUKOU
PaBHOBECHS SIBJISIETCS KOHCTAHTA XMMHYECKOro paBHoBecusi. Pac-
CMOTpPHUM ypPaBHEHHUE

U
H2 + 12 «——— 2 HIL (38)
)

CornacHo 3akoHy neiictBus Macc (3.5) cKOpocTh MpSAMON peak-
IIUU paBHA

v; =k [Ha] - [Lo],
CKOpPOCTb 00OpaTHOM peakiuu
v, =k, - [HI]".

[Ipy xuMHYECKOM paBHOBecHMH V; = VU, T.e. ki - [Hy] - [I] =
=k, - [HI]2;

ki [HI]®

k; [Ho] - [12]

OTHOIIEHUE KOHCTAaHT CKOPOCTEH MpsAMOW W oOpaTHOM peakuui
TAKXK€ TPEICTABISIET KOHCTAHTY, KOTOpAash HA3bIBACTCA KOHCTAHTOM
PaBHOBECHS:
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ki [HI}’
K= = , (3.9)
kz [Hz] ) [Iz]

rae [HI], [H»], [I»] — paBHOBECHBIE KOHIICHTpALIMX BEILIECTB.
Ecnu HanmucaTh XUMUYECKYIO peakInio B 001ieM Bue (3.4):

aA +bB «—— pP +qQ,

TO JJIs1 HE€ KOHCTAHTa paBHOBECHS OyI€T UMETh BU/I;

[P’ - [Q]*
K= . (3.10)
[A]*- [B]®

[Ipu mocTosTHHON TeMIiepaType KOHCTAHTa PaBHOBECHUS OOpaTH-
MOM pEaKIHU MPECTaBISET COO0M MOCTOSIHHYIO BelnunHy. OHa mo-
Ka3bIBa€T COOTHOUIEHME MEXAY KOHLEHTPALMSIMU MPOLYKTOB pPEAK-
MM U UCXOJHBIX BEIIECTB, KOTOPOE yCTaHABIMBAETCS MPU paBHOBE-
cuu. M3MeHeHne KOHIEHTpAIMHU JIF0OOr0 BEHIECTBA BJICYET 3a COOOM
U3MEHEHUE KOHLUECHTPAMU BCEX OCTAIBHBIX BEIIECTB, YYACTBYIOIINX
B paBHOBECHMHU. B uTOre ycraHaBiIMBaIOTCS HOBbIE KOHIIEHTPAIUHU, HO
COOTHOUIIEHUE MEKy HUMU BHOBb OTBEYAET KOHCTAHTE PABHOBECHSI.

N3 cka3aHHOro CleayeT, 4TO YpaBHEHHE ISl KOHCTAHThI PaBHO-
BECHsI CIIPABEJIMBO B CIy4ae MPOCTBIX PEAKIUH, MPOTEKAIOIIUX B O/I-
Hy craauto. OJHAKO NMPaKTUYECKH BCE AHAIIMTUYECKUE PEaKLUU HE
SBJISIOTCA TIPOCTBHIMU. J1Jist 11000 peakuyu MOKHO MOJYYUTh BbIpa-
KEHUE NIl KOHCTAaHThl XUMUYECKOTO PABHOBECHUSI HA OCHOBE CTPOIOro
TEPMOJANHAMUYECKOTO PACCMOTPEHUS, KOTOPOE MPUBOJUT K CIIEIYIO-
HIEMY BBIPAKECHUIO:

Ka: b (311)

b
aAa *ap

b
Tae a,’, ag , ap', ag' — PABHOBECHBIC aKTHBHOCTH BelecTB A, B, P, Q
COOTBETCTBEHHO; K, — KOHCTaHTa PAaBHOBECHUS IS PEAKLUH, BhIpa-
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KEHHAasl 4e€pe3 PaBHOBECHBIE AKTUBHOCTH peareHToB. Bemnunna K,
HA3bIBACTCS MCTHHHOM TEPMOAMHAMHYECKON KOHCTAHTOM PABHO-
BECHS; OHA 3aBUCUT TOJIBKO OT IMPUPOJIBI PEArHPYIONIUX BEIIECTB U
TEMIIEPATYPBI, HO HE 3aBUCUT OT KOHLEHTPALIMU PEATCHTOB.

AKTHBHOCTB JIIO0OTO BEIIECTBA B PACTBOPE @; CBA3aHA C €r0 KOH-
nentpauueii C; orHomenuem a; = f; - C;, rue f; — kospdunment ax-
TUBHOCTH. J[JI1 XuMu4eckoi peakiuu B oo6mieM Buae (3.4) akTUBHO-
CTU JJIs KaXJ0ro M3 BemiecTsB paBHbl: ap = f4 - CA; ag = fg - Cg ;
ap = fp - Cp; ag = fo - Cq; B 3TOM cityuae TepMoanHAMHYECKas KOH-
CTaHTa PABHOBECHUS OYyJIET BBIPAXKATHCA YPABHEHUEM:

CPp . CQq pr . qu
K, = - , (3.12)
CAa . CBb an . fBb

I7Ie KOHIIEHTpPAIlMU BCEX peareHTOB paBHOBeCHble, T.e. Cp = [A];
Cp =[B]; Cp = [P]; Co =[Q.

Konuentpanunonnas koncranta paBHoBecus (K wim KC), a Takxke
dbyukius koddduimentoB aktuBHocTer (Ky) cBsi3aHbl ¢ TepMoauHa-

Mu4deckoi koHcTanTo (K,):

CPP . CQq pr . qu
KC = ; Kf = )
CAa . CBb an . fBb
K, =Kc - K;. (3.13)

Kosdduuuentsl axtuHocteit (f) 3aBucsar or xonuenTpauuu, a
TEPMOJIMHAMUYECKAsd KOHCTAHTa PaBHOBECUSA — OT TEMIEPaTyphbl, MO-
sromy (yskius koruenrpaiun KC = K, / K¢ 3aBucur ot temmepary-
pbl U KOHIeHTparuu. [ mnpeneiabHO pa30aBIICHHBIX PaCTBOPOB:
C; — 0; f; —» 0; a; — C;. Takum oOpa3om, s IPeAeabHO pa30aBs-
JIEHHBIX PACTBOPOB KOHUEHTPAILMS MO YUCIEHHOW BEJIMYUHE COBMNAJa-
eT ¢ akTUBHOCTHIO. CiriegoBarenbHo, lim KC = K, n K, 3aBuCHT TOJIb-
KO OT MPHUPOJbI BEMIECTBA WM OT NPUPOJABI MPOTEKAOIIEH XUMHUYE-
CKOM peaKInu, a TAaKKe OT TeMIIePaTyphl.
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3.4. YcnoeHast kOHCcmaHma paeHoseecusi

Kpome uCTHHHOW TEPMOJMHAMUYECKOW W KOHIICHTPAIMOHHOU
KOHCTAaHT MHOTJA KCIIOJIB3YIOT YCJAOBHYKH) KOHCTAHTY PABHOBECHS.
OHa BbIpa)aeTcsi HE YEPE3 pABHOBECHBIE KOHICHTPAIIMU PEAr€HTOB, a
yepe3 UX CyMMapHbIe (aHATUTUUECKHE) KOHIIEHTPAIIMU B PACTBOPE.

ITycTh B cucTEME IPOTEKAET PEAKIIUSA

aA +bB «—— pP +qQ

Y YCTAaHABIIMBACTCS PABHOBECHE, KOTOPOE XapPAKTEPU3YETCS KOHIIEH-
TPALMOHHOW KOHCTAHTOM:

G’ Cot [P [Q]
Ke = = )
Ca-Cg®  [A]-[B]

I7Iec BCE KOHIICHTPALIMM PEarcHTOB — paBHOBECHBbIE. Eciu B gaHHOMN
CUCTEME OJJHOBPEMEHHO C OCHOBHOM peakluel MpOoTEeKaloT KaKue-
ambo Apyrue peakuuu (MoOOYHbIC, KOHKYPUPYIOUIUE) C ydacTHEM
JTAHHBIX PEAreHTOB WJIM OJHOTO U3 HUX, TO B 3TOM CUCTEME MOTYT yC-
TAHABJIMBATHCS U JIPYTU€ PABHOBECHS, COOTBETCTBYIOIIME ATUM MO-
O00uHBIM peakiusM. [Ipu 3ToM cymMma BceX paBHOBECHBIX KOHIIEHTpA-
M Bcex (GopM JIaHHOTO peareHTa OyAEeT OTIMYaThCs OT €ro paBHO-
BECHBIX KOHIEHTpALUM, COOTBETCTBYIOIIMX OCHOBHOMY YpPaBHEHUIO
peakuuu. B TakoMm citydae BBOJAT YCIOBHYIO KOHCTAaHTY XUMHUYECKOTO
paBHOBecus K', kotopast onpeaesnsieTcsi COOTHOIICHUEM

[Cp]” - [Cql®
K' = : (3.14)

[CAl® - [Cp]°

rae [Ca]?, [Cr] b, [Cp] P, [Col 97 cyMMBI paBHOBECHBIX KOHIIEHTpAIUii
Bcex (popm pearentoB: A, B, P, Q cooTBeTcTBeHHO. YClIOBHAasI KOH-
CTaHTa paBHOBECHUA IO (PopMe 3alKCH HANOMUHAET KOHIICHTPAIlUOH-
HYI0, HO OHA 3aBUCHUT OT yCJIOBUU: TEMIIEPATYPHI, KOHIIEHTPALIUU pea-
TEHTOB, MOHHOW CHWJIbI PacTBOpa, KOHIICHTPAIIMM MOCTOPOHHHUX BE-

31



mecTB B pactBope, pH u T.1. PaBHOBECHBIE KOHIIEHTpAIIM COOCTBEH-
HO peareHTOB A, B, P, Q nipencTaBisitoT TOJABKO YacTh (MU J0JI0) OT
CYMMBbI PaBHOBECHBIX KOHIIEHTpAIlMi BceX (POpM KaKJIOTrO pearcHra:
[A] = aa - [Cal; [B] = ag - [Cg]; [P] = ap - [Cp]; [Q] = 0q - [Cq], rae
OA; Op; Op; O — KO3(GGUIMEHTHI ( Ol — JOIH WM MOJIbHBIE JIOJIU Be-

IIECTB), paBHbIE €IMHULIEC WIM MEHblIKe ee. UeM MeHblle O — q0Jis
KQKJIOTO peareHTa, TeM OOJbIIE€ CTENEHb €ro y4acThs B MOOOYHBIX
peakuusax. B cBsa3u ¢ 3t ko3 PuuueHTsl 0 Ha3bIBaOT '"'K03(Punm-
eHTaMHU NMOo00YHBbIX peakuuii". Uucnennsle 3HadueHUs K03 uIneH-
TOB 3aBUCAT OT NPUPOABI BEIIECTB, UX KOHLICHTPALUU U KOJIUYECTBA
no0ouyHbIX peakiui. C UCMNOIb30BaHUEM YKa3aHHBIX COOTHOIIEHUH
BBIpA)KEHUE UIsl YCIOBHOW KOHCTAHThI paBHOBECHS Oy€T UMETh BU:

[PI° - [Q]° ap’ - ag’
K'= : : (3.15)
[A]*- [B]° ap’ - g’
aAa . aBb
o= : (3.16)
ap’ - o
[P - [Q]
nockoJibKy K¢ = ,Torma K'=a - K. (3.17)
[A]*- [B]°

Ecnu noOouHble peaklMu OTCYTCTBYIOT, TO O = 1 M yclloBHas
KOHCTaHTa COBNAJAET C KOHIEHTPALMOHHON KOHCTAHTOM.

VYCOBHBIE KOHCTaHThl PABHOBECHUSI BBOASAT TaKUM 00pa3oM, 4YTO
TOJBKO JUJII OJHOTI'O WJIM HEKOTOPBIX YYACTHUKOB PEAKIIMU HCIIOJIb3Y-
10T CyMMbI PaBHOBECHBIX KOHIEHTpAlUi BceX OpM JaHHOTO pearcH-
Ta, a JUIsl OCTAJIbHBIX — PABHOBECHbIE KOHLEHTpauuu. OO0mmm mpu-
3HAKOM JIF00O# YCJIOBHON KOHCTAaHTHI PABHOBECHS SIBJIIETCS TO, UTO B
BBIPA)KCHUU KOHUEHTPAUMOHHOM KOHCTAaHTBI XOTSA Obl JJI OJHOTO
y4aCTHHKA PEaKIMM BMECTO €r0 PaBHOBECHOW KOHUEHTpALMH (ury-
pupyeTr o01as cymmapHasi KOHLUEHTpalus BceX (opM JTaHHOrO pea-
TEHTa B paCTBOPE.
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Hanpumep, B pacTBOpe yCTaHOBUIIOCH PABHOBECHE
A+B«——D,

MPUYEM HU3BECTHO, YTO peareHT B MpHCYTCTBYET B pacTBOpE B
pasmnuHbIX XuMHdeckux dopmax: B; HBY, H,B* u mp. O6uas koH-
neHTpanus Bcex (opMm peareHta B pasma [Cg] = [B] + [HB'] +
[H2B2+] + ... Torma ypaBHeHUE I YCIOBHOW KOHCTAHTBI PABHOBECHS
IPUMET BU/T

[D]

K=
[A]-[Cg]

(3.18)

3.5. CMeweHue xumuuecKko20 paeHo6ecusl.
IIpunyun Ae Illamenve

Ecnu cucteMa HaxoAUTCS B COCTOSTHUM PaBHOBECHSI, TO OHA Oy/IeT
npeObIBaTh B HEM, TTOKa BHEITHUE YCIOBUS MOCTOSHHBL. [IpuHiun Jle
Ilateane: "Ecau Ha cucremy, HAXOASIIIYOCS B COCTOSTHUM YCTOM-
YMBOr0 XUMHMYECKOr0 PaBHOBeCHs, OKa3bIBATh BHELIHEeEe XUMHUYe-
CKOe BO3/1eiiCTBHE, TO B Heil caMONPOM3BOJBLHO HAYHYT MNPOTe-
KATh NMPOLECChl B TAKOM HaNpPaBJIeHUU, KOTOPOe 0CJIA0UT BHEI-
Hee BO3JeiicTBHE, M CaMO PABHOBeCHMe CMECTHTCA B TOM :Ke
HAnpaBJIeHUH"'.

Hawubosnbiiiee BIUSIHUE HA CMENICHUE PABHOBECHS OKAa3bIBAIOT
cienymome GakTopsl.

1. H3menenue xkonyenmpayuu. J{onycTuM, MPOTEKAET peaKIus
CorJIacHO ypaBHeHHIO (3.8)

U
H2 + 12 «——— 2 HL.
V)

Ecnu yBennmuuTh KOHIEHTpaUo Bojgopoaa [H,], To cornacHo 3akoHy
JEUCTBHS MaccC 9TO MOBJIEYET 32 CO00M YBEIMUYEHUE CKOPOCTH MIPSMOM

peakuuu V. B pesynbrare xoHnenrpanuu [H,] u [I,] OyayT ymeHb-
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IIaThCSI; ATO TOBJICUET 3aMEIJICHHE MPSIMON pPEakIMu U YCKOpPEHHUE
oOpaTHOM, MOCKONBKY KoHIeHTpauusi [HI] mpomykra peakuuu Bo3-
pacret. Uepe3 HEKOTOPOE BpeMsI YCTAHOBHUTCSI HOBOE€ PAaBHOBECHUE, HO
pu 3TOM 3HaueHue KoHueHTpanuu [HI] Oyaer Beiiie, 4eMm 10 MOBBI-
IICHUS KOHIIEHTPAIMU BOJIOpOa, a [I,] — Huxke.

IIponiecc M3MEHEHUS KOHICHTPALMK, BbI3BAHHBIM HAPYIICHUEM
pPaBHOBECHUsI, HAa3bIBAECTCS CMeEIlEHHEM WWIH CABUIOM XHUMHUYECKOIo
paBHOBecusi. Ecniu mpu 3TOM YBEIMYMBAIOTCS KOHLEHTpAlMUA Be-
IIECTB B MPAaBOM YaCTH YPABHEHUSI, TO PABHOBECUE CMEIIAETCS BIIPABO
(B HampaBJIEHUU MNPSIMON peaKiuu); Mpu OOPaTHOM MU3MEHEHUU KOH-
IEHTpallMii paBHOBECHE CMEIIAeTCs BIEBO (B HAMpaBJICHUU OOpaTHOM
peakiun). Takum 00pa3oM, MpU YBEIMYCHUN KOHIIEHTPAIIUU KaKOTO-
a100 W3 BEMIECTB, YYAaCTBYIOIIMX B PaBHOBECHMH, OHO CMEIIAETCS B
CTOPOHY pacxojia JaHHOI'O BEIIECTBA; NP YMEHBIICHUU KOHIIEHTpA-
MM KaKOTO-JIM00 M3 BEIIECTB PAaBHOBECHE CMEIACTCS B CTOPOHY 00-
pa3oBaHUsI ATOTO BEIIECTBRA.

2. U3menenue oaenenusn. JlaBieHHE B CHUCTEME M3MEHSETCS
BCJICJICTBUE YMEHBIICHUS WIH YBEIUYCHUS €€ 00beMa. DTO BIUSAET Ha
CMEILICHUE PaBHOBECHSI B TOM Ciydae, KOrja B peakiud Y4acTBYIOT
razoo0pa3Hbie BemiecTBa (3.7):

Vg
N2 +3 H2 — 2 NH3
L2

JonmyctuM, 00beM CHCTEMBI YMEHBIIUJICS BIBOE. B mepBhIii MO-
MEHT MapUUaJIbHOE JaBJIEHUE (a CIeJ0BaTEIbHO, KOHUEHTpAlUU ra-
30B) BO3pacTyT BABOE. IIpum 3TOM HM3MEHHMTCS COOTHOLICHHE MEKIY
CKOPOCTSIMH MPSIMOM 1 00paTHOM peakiuid. Jlo yBeTuueHUs JaBICHUS
CKOPOCTH MPSAMOA U OOpATHOM peakiuil ONpeessauch ypaBHEHUEM
(3.5), xapakTepu3yIoIKUM 3aKOH JEUCTBUS MacCC:

vy =kl - [N,] - [Hy]’; 02 =k - [NH;].

B nepBbIii MOMEHT BPEMEHH IOCIIE CXKATHUS T'a30B UX KOHIIEHTpa-
1 OyayT umeTh 3HadeHus 2 [H,], 2 [N»], 2 [NH;]; npu aTom ckopo-
CTH V' ¥ V' OYAyT OIpeaesIThCs HOBBIMU YPaBHECHHSIMMU:
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V' =k; - 2 [Ny] - (2 [Ha])’ =16 k; - [No] - [Ho]’ = 16 vy
V' =k, - (2 [NH3])> =4k, - [NH;]* =4 v,.

Takum oOpa3zoM, B pe3ysibTaTe YBEIMYCHUS JABJICHUS B CUCTEME
B 2 pa3a CKOpPOCTb MPSIMOM peakiuu Bo3pactaeT B 16 pa3, a obpart-
HOU — TOJILKO B 4 pa3a. PaBHOBecHe HapylmMTCS U CMECTUTCS B CTO-
pOHY 00pa30BaHMs MPOYKTOB PEAKIINH, T.€. BIIPABO.

[Ipu yBenMueHUU AABJICHUS ITyTEM CXKATHSI CUCTEMbI paBHOBECHUE
CIBUTAETCS B CTOPOHY YMEHBIIIEHUS YHCIIA MOJIEKYJ ra30B, T.€. B CTO-
POHY MOHM>KEHUSA JAABJICHHUS; IPU YMEHBIIIEHUU JAaBJICHHUS PABHOBECHE
CIBUTAETCS B CTOPOHY BO3pacTaHUs YHCJa MOJIEKYJI Ta30B, T.€. B CTO-
POHY YBEJIUYCHHUS JaBIICHHUS.

B ToM cnydae, ecnu peakius MpoTeKaeT 0e3 M3MEHEHMs 4YHclia
MOJIeH ra3oB, HalpUMEpP, CUHTE3 WoaucTOro Bojopoaa (3.8), To mpo-
1[€CC U3MEHEHUSI 1aBJICHHS HA CMEIICHUE PABHOBECHS HE BIIMSIET.

3. U3menenue memnepamypot. PaBHOBecre OOJBIIMHCTBA XH-
MUYECKUX PEaKIM CMeIaeTcsl Mpyu U3MEHEHUHU TeMmnepaTypbl. Dak-
TOP, KOTOPBIN OMNpeJeNiIeT HapPaBICHUE CMEIICHUS, — 3TO 3HAK TEM-
noBoro 3ddekra peakuuu. [Ipy MOBBIIEHUU TeMMEPATypPhl paBHOBE-
CHUE CMEIAEeTCsl B HANpPaBJICHUM SHIAOTCPMHYECKOM peakiuu, a Mpu
MOHWKEHUU — B HAIPaBJICHUU 3K30TepMHUUECcKOor. B kauecTBe mpume-
pa MOXKHO pacCMOTpPETh peakiuio cuHTe3a ammuaka (3.7). TemnoBoit
3 dekT (M3MEHEHUE PHTAIBIINKM) JAHHOW pEaKIud UMEET 3HaueHUE
AH = — 92,4 x]I>x/Monb. Cyas 10 3HaKy SHTAIBIIUM, PEAKIUs JK30-
TEPMHUYECKAs], IO3TOMY ITPU MOBBIIIEHUH TEMIIEPATYPhl PABHOBECHE B
CHUCTEME CJIBUTACTCA BJIEBO — B CTOPOHY PAa3JIOKCHUS aMMHaka. Tak
MPOUCXOUT, TOTOMY YTO PEAKILHS PA3JIOKEHUS — IHAOTEPMUUYECKAs U
MPOXOJIAT C MOTJIOIMIEHUEM YHEPTUH.

[IpOTUBOIIOIOKHBIM NPUMEP — pEaKlUs CHUHTE3a OKCHAA a30Ta

(ID):
N, + Oy «——— 2 NO; AH =+ 180,7 xJI>x/MOJIb.

Peakuys CUIIBHO 3HAOTEPMHUUYECKAsi, O3TOMY IPHU MOBBIIICHUH
TeMIepaTyphl B JaHHON CUCTEME PAaBHOBECHUE CABUIAETCS BIPABO — B
CTOpoHYy oOpasoBaHus okcuaa azota (II).
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4. TeopHsi 3A€KTPOAHTHYECKOH
JAHCCOIIHAIIHH

4.1. Onexxmponumesl u Hes’eKMpoaumsl

Ecnu B cocy1s HOMECTUThH PacTBOP BELIECTBA B BOJE, @ TOBEPX He-
ro — OJMH PacTBOPUTEINH (BOAY), TO YE€pe3 KaKoe-TO BpeMsl KOHIICH-
Tpalus BELIECTBA BO BCEM 00BEME pacTBOpA CTAHET OJMHAKOBOM. Ta-
KOM CaMOIPOU3BOJBHBIA TPOIECC MEPEMEIICHUSI MOJIEKYJ (MOHOB)
BEIIIECTBA, IPUBOJIAIINI K BEIPABHUBAHUIO KOHIICHTPAIIUM, Ha3bIBACT-
ca nuddys3uein. HacTuipl pacCTBOPUTEISI U PACTBOPEHHOI'O BEIIECTBA
muhPyHAUPYIOT (IBMXKYTCS) B MPOTHUBOIOJIOKHBIX HalpaBiICHUSAX.
DTOT MPOIECC HA3BIBAIOT BCTPEYHOM, WIIM ABYCTOPOHHEH nuddy3ueil.
[IprunHa 3TOrO MpoIEcca — TEMIOBOE JBHKEHUE MOJIEKYJI PaCTBOPH-
TEJISl U PACTBOPEHHOTO BEILIECTBA.

Ecnu mexnay pacTBOpOM M pacTBOPUTENEM IMOCTABUTH MOIYNPO-
HUIIAEMYI0 Teperopoaky (puc. 4.1), To depe3 Hee CMOTYT MPOUTH
TOJIKO MOJIEKYJIbl pacTBOpuTens (BoAbl). Takas OJHOCTOPOHHSS
mudPy3ust Ha3bIBACTCS 0CMOCOM.

[To mepe nocTyIuIeHus BOABI B COCYJI C MOJYIPOHUIIAEMOU TEPE-
ropoAKoM B HeM OyJeT MOJAHUMAThCS YpOBEHb kuakoctu. [lo Mepe
ero NoJHATUs OyAeT co3JaBaTbcs U30bITOUHOE AaBieHre. OHO U3Me-
pseTCs pa3HOCTHIO ypoBHEW. Koraa rugpocrtaTnyeckoe JaBJICHUE JOC-
TUTHET OMNPEEICHHON BEIMYUHBI, OCMOC MPEKPATUTCS, T.€. HACTYIIUT
PAaBHOBECHE MEXKY PACTBOPOM M pacTBOpUTENEM. | HIpocTaTuueckoe
JABJICHHUE CTOJI0A >KUJKOCTH CTAHET PaBHBIM OCMOTHYECKOMY JaBlie-
HUIO pacTBopa. OcMoTHYECKOe JaBJIeHHe — 3TO KOJIMYECTBEHHAS Xa-
pakTepucTtuka ocmoca. Ero BennurHa 3aBUCUT OT KOHIIEHTPAlUK pac-
TBOpa, TEMIIEPATYPbI, HO HE 3aBUCUT OT MPHUPOJIbI PACTBOPEHHOIO BE-
HIECTBA U PACTBOPUTES.
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T 4

Puc.4.1. Jlemoncmpayus ocmoca (onvim Banm-I'oghgha):

1 — cocyo c 8o0oti; 2 — cocyo ¢ pacmeopom, 3 — mpyoKa co cmoaou-
KOM HOOHUMAIOWetcs HCUOKOCmu, 4 — noaynporuyaemas nepe2opoo-
Ka, h — eblcoma cmonouKa HcuoKoCcmu Hao yposHeM pacmeopd & co-
cyoe

Bant-I'opd mokazan, 4ro 1y pacTBOPOB HEIJIEKTPOJIUTOB HEBBI-
COKHX KOHIICHTPAIIMHA BBIMIOJHSICTCS PAaBEHCTBO

P=C-R-T, 4.1)

rae P — ocMmotuueckoe namieHue pactBopa; C — MojsipHas KOHIICH-
Tpauus pactBopa; T — abcoitoTHast TeMrepaTypa pacTBopa.

OpHako CyIIECTBYIOT BEUIECTBA, PACTBOPHI KOTOPHIX OTKIOHSIOT-
csi oT 3akoHa Bant-T'odda. D10 pacTBOphI 3jeKTPOIMTOB. JJIsT HUX
OCMOTHYECKOE JaBJICHUE, U3BMEHEHHUE TEMIIEPATYPbl KUNEHUS (Atyy,) 1
3amep3anusi (At,,,) Bcerga OOJibIlie, YeM 3TO OTBEYAET pacueTHOM
KOHIIEHTpaIUM pacTBopa. UToObI pacripocTpaHuTh ypaBHeHue (4.1) Ha
pacTBOpbI EKTpoauToB, Bant-I'opd BBen momnpaBouHbiil kK03 Pu-
LMEHT 1— m30oToHMYeckui koddpduuuent. [Tostomy ypasaenue (4.1)
npeoOpasyercs B CIEAYIONIEE:

P=i-C-RT. (4.2)
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N3oTonnveckuit kKodPUIUEHT onpeaenseTcs s KaxIoro pac-
TBOpa IKCIIEPUMEHTAIBHO:

= E — At'KI/Il'I _ A‘['3aM 4
P At At (#3)

KHII 3aM

rae P’- ocmotuueckoe nasienue pactsopa; At ., — MOBBIIIEHUE TEM-
nepaTypsl KuneHus, At,,, — IOHIKEHHE TEMIIEPATyphl 3aMep3aHHs
pacTBopa, He NOJUMHSIOmErocs 3akoHy Banr-T'opda; P, At

At,ay — 3HAUEHHS TEX JKC BEJMYHMH, BBHIYHUCICHHBIC TCOPETHYECKHU ITO
KOHIIEHTpaILUM pacTBOpa.

C paz0aBiieHHMEM pacTBOpa WM30TOHUYECKUN KOA(DUIIMEHT pac-
TeT, MPUOJIMKASICH K 1IeJbIM unciiam 2, 3, 4. CnegoBaTelbHO, KHCIIO-
ThI, COJII U OCHOBAaHHS, PACTBOPSISICb B BOJE, CO3JAIOT 3HAUUTEIIHHO
OOJIbIIIee OCMOTHUYECKOE JIaBJICHHE, Y€M IKBUMOJISIPHBIC KOJIMYECTBa
BCEX OCTaJbHBIX BenlecTB. EcTeCTBEHHO OBLIO MPEANOI0XUTh, YTO B
pacTBopax, 00JaJaIONIUX AHOMAIBHBIM OCMOTHYECKHM JIaBJICHUEM,
MOJIEKYJIbl BEIIECTB pacrajaloTcs Ha 0o0jiee€ MEJKHE YacTUIIbl. ITO
npeanosioxkenue Ob10 BhickazaHo C.Appenunycom B 1887 r. Bemect-
Ba, paclajiarolluecss B paCTBOPE WJIM pacilaBe Ha HMOHBI, OH Ha3Bal
3JIEKTPOJIUTAMMU.

[Ho/ioxkeHUsT TEOpUM  IJIEKTPOJUTHYCCKOM JTUCCOUMALUAU
C. Appennyca:

1. [Ipu pacTBOpeHUM B BOJI€ BJEKTPOJUTHI PACIANAKOTCS Ha IO-
JIOKUTEIIBHO U OTPULIATEIIBHO 3aPSIKEHHBIE UOHBIL;

2. PacTBOpBI AJIEKTPOIUTOB IMPOBOJAT 3JIEKTPUUECKHM TOK. [lpwm
JNEWCTBUHU MTOCTOSHHOTO TOKA IMOJOXKHUTEIBHO 3apSKEHHBIE MOHBI JIBU-
KYTCA K KaToay (3TO KaTHUOHBI), & OTPULIATEIHLHO 3apsI’KEHHbIC MOHBI
JBHXKYTCSI K aHOY (3TO aHUOHBI);

3. Jluccoruaius — oOpaTUMBIA MPOIIECC, MPOTHUBOMOJIOXKHBIA eMy
IIPOLIECC HA3BIBACTCS aCCOLMALIACH.
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4.2. CmeneHb duccouuauuu

Ecnu Obl 2JIEKTPOIUTHI MOJHOCTHIO MOABEPTraiMCh JAUCCOIUAIINT
Ha MOHBI, TO OCMOTHYECKOE JABJICHHUE U JIPYTUE MPOMOPIMOHATIBLHbBIC
€My BEJMYHHBI BCErja ObUIM OBl B II€JIO€ YUCJIO pa3 OoJblle 3Haue-
HUM, HAOII0IaeMBIX JUIsl HUX B pacTBOpax 3JaeKTpoautoB. Baut-I'opd
YCTAHOBUJI, YTO M30TOHUYECKHUI KOA(DPUIMEHT BbIpaX)aeTcsi IPOOHBI-
MU YHCIIaMH, KOTOpbIe C pa30aBICHHMEM pacTBOpa CTpEMATCS K Iie-
aeiM. C. AppeHryc 00BSICHUIT 3TO TEM, UTO TOJIBKO YaCTh 3JIEKTPOJIUTA
MOJIBEPraeTcsl AUCCOUManui Ha WOHBI. OH BBEJ MOHSTHE 'CTeNmeHHu
aucconuanun’. CreneHb IUCCONMANUAU — Ol — 3TO OTHOIICHUE YHC-
Ja MOJIEH 3JIEKTPOJINTA, PACHABIINXCS HAa MOHBI B JJAHHOM pPacTBOPE

(Vuce), K 00IIEMY YHCITy €r0 MOJIEH, BHECEHHBIX B pacTBOP (Vycx):

VIII/ICC 0
o=—"--—7-100% (4.4)

HCX

CreneHp IUCCOMMAIIMA O BBIPAXKAIOT B JOJISIX €AWHUIIBI WIM B
npornentax. Ecau o = 1 (100 %), To Bce ncXoHbIE MOJIEKYJIBI B pac-
TBOPE PaCHaguCh HA UOHBI (Ve = Vyex); €ciim 0 < 1 (< 100 %), To
pacnangach Ha HOHBI TOJIBKO YacTh HX.

[To cnocoOHOCTM K AUCCOLMAIIMU DJICKTPOJMTHI ACHATCS Ha
CHJIbHBbIE (HeaCCOUUPOBAHHbIE) U cJia0ble (aACCOUMUPOBAHHBIE).
CujibHbIe 3JIEKTPOJUTHI B pa30aBICHHBIX pacTBOpax pacHagaroTCs
Ha MOHBI TPAKTUYECKH MOTHOCTHIO. K HUM OTHOCAT OOJIBIIMHCTBO CO-
JIe, CUJIbHBIC KUCJIOTHI 1 OCHOBaHUs. Hanmpumep:

NaCl < Na' + CI;
HCI1+ H,0 < H;0" + CI'; B ynpomennaom Buze: HCl <> H' + CI;
NaOH <> Na" + OH".

JIns. CHIIBHBIX BJIEKTPOJIMTOB PABHOBECHE CMEIIEHO BIOPAaBO H
0 = 1. B KOHIEHTPHUPOBAHHBIX PACTBOPAX CUJIBHBIC JJIEKTPOJIUTHI YacC-
THUYHO aCCOLIMUPOBAHBI.

39



CJi1a0ble 3JIEKTPOJHUTHI B PACTBOPAX MOJBEPKEHBI TUCCOIUALINU
yacTu4yHO. K JaHHO# rpynmne OTHOCAT ciadble KUCIOThl U OCHOBAHUS,
KOMIIJIEKCHBIE COETMHEHUS, COJIN HEKOTOPbIX MeTaiioB. Hanpumep:

CH;COOH + H,0 < H;0" + CH;COO ;
B ynporuenHom suae: CH;COOH <> H' + CH;COO
NH;- H,0 <> NH, + OH .

OOBIYHO AJ1s1 CIa0BIX BJEKTPOIUTOB COOJIOAAETCS HEPABEHCTBO:
o <<l1.

[Tonsitust "cunbHbie" U "caObie" 3JIEKTPONUTHI — YCIOBHBIE, TO-
CKOJIBKY OJHO M TO € BEIIECTBO B 3aBUCUMOCTH OT PACTBOPUTEIIS
MOXET ObITh CUJIbHBIM 3JIEKTPOJIUTOM WM ciadbbiM. Hanmpumep, Takue
cuiIbHBIE KUCOTHI, Kak xjopHas (HCIO,4) u xmoposonopoanas (HCI),
SBJISIFOTCS CUJIbHBIMU 3JIEKTPOJIUTAMU B BOJIC M JKUJIKOM aMMHAKe; HO
B 0€3BOJIHOM YKCYCHOM KHMCJIOTE€ OHU OKa3bIBAIOTCS CIAOBIMU U TOJ-
BEPraroTCsa JUCCOLUMAIMY B HE3HAYUTENbHOW cTeneHu. HanpoTtus, yk-
cycHas kuciora (CH;COOH) — cnabblif 37€KTpOIUT B BOJAHBIX pac-
TBOpAX Y CWJIbHBIN B ®KHUJKOM aMMHAKE.

4.3. IIpuuuHbsl
anexmponumuueckou ouccouuauuu

B Bakyyme criiam MPUTSHKEHUS MEXKTY 3apsHKEHHBIMHA YaCTULIAMU
HE MENIal0T MOCTOPOHHUE CHJIbI WIIM APYTUe YacTullbl. B moboit apy-
roii cpene (B KakoM-JIMOO pPacTBOPUTENIE) SHEPrUs B3aUMOJICUCTBUS
MEXIY 3apsOKEHHBIMM YaCTULAMH YMEHBIIAETCS. DTO YMEHBIICHUE
XapaKTEepU3yeTcs: AUDIIEKTPUUECKOU IMPOHUIAEMOCThIO — €. Jludjiek-
TPUYecKasi NPOHMLIAEMOCTb — 3TO YHCIO, [OKa3bIBAKOLIEE, BO
CKOJIBKO Pa3 yYMEHBIIAETCS SHEPTUs B3aUMOJICUCTBUS MEXKIY 3apsi-
YKEHHBIMU YaCTULIAMH B JAHHOU CpeJie 10 CPAaBHEHHIO C BAKYYMOM.

Homyctum, snekrponut KA pacnagaercss HA HOHBI

KA < K% + AZ.
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B cooTtBercTBHHM ¢ 3ak0HOM KyIllOHa B Bakyyme 3HEprust 31€KTpO-
CTaTUYECKOT0 B3aMMOJECUCTBUA E TOUEUHBIX AIEKTPUYECKHUX 3aPsI0B
+ —
€Z W €Z paBHA:

(Z)(Z)-¢€’
Ir

E= , (4.5)

IJ€ € — CIUHUYHBIA SJICKTPUYECKUU 3apsll; r — PACCTOSTHUE MEXIY
LIEHTPaMU KaTUOHA K”* u anmona A”". B Cpene C AUDRIEKTPUUYECKOU
MPOHUIIAEMOCTBIO, OTJIUYHOU OT €AUHHUIILI (€ # 1) PHEprus B3auMo-
NeHCTBHISA MEXTy TEMH ke dIeKTPHIECKHMU 3apsaaMu (ez 1 ez ) Oy-
JIET IPYTrou — B € pa3 MEHBbIIIE:

p__(ZH(@)-¢
== .1 . (4.6)

Hanpumep, anst Boael npu 18 °C auanektpuydeckas TpOHUIAC-
MoCTh € = 81, clenoBaTENbHO, SHEPTUS INEKTPOCTATUYECKOTO B3au-
MOJICUCTBUSL MEXIY OJJICKTPUYECKUMHU 3apsgaMud B BOJHOUW CpeEJE
yMeHbIIaeTca B 81 pa3 mo CpaBHEHHUIO C SHEPTUEH B3aMMOICUCTBUS B
BaKkyyMe. J[JIst 3JIEKTPOJIUTOB B BOJHBIX PACTBOPAX ITO O3HAYAET yBE-
JUYEHUE UX CIOCOOHOCTU K AMCCOIMAIMU (BO3pACTACT CTENEHb JIMC-
COIIMAIINHN).
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4.4. IIpouecc duccoyuauuu

B 3aBUCHMMOCTH OT CTPYKTYpbl PAaCTBOPSIEMOI'0 BEUIECTBA €r0
JUCCOIAALINS TPOTEKACT MO-PA3ZHOMY.

1. luccoyuayun eewyecmeé ¢ UOHHOU KPUCMAIIUYECKOU pe-
wemkKou:

%

= N

)
AN

Korna kpucrtann conu (Hanpumep, KCIl) nonagaer B BOJIHYIO cpe-
1y, TO PacCIOJIOKEHHBIE HA €ro MOBEPXHOCTH MOHBI MPUTSITUBAIOT K
ceOe MoJsIpHbIE MOJIEKYJbI BOJbI. Takoe B3aMMOJIEHCTBHE MOIYUYUIIO
Ha3BaHUE MOH-IUNOJIbHOTO. K KaTMOHaM Kajius MOJIEKYJIbI BOJIbI MPHU-
TATUBAIOTCA OTPHULATEIBHO 3apsHKEHHBIMU TMOJIIOCAMH, K aHHUOHAM
XJIOpUJIa — TOJIOKHUTENIBHO 3apsoKeHHbIMU. ['miaparthHas "aTMmocdepa'
UCIIBITBIBAET TOJNYKH CO CTOPOHBI JIPYTHX MOJICKYJ, HaXOJSIINXCS B
pacTBope. DTHX TOJYKOB BMECTE C TEIUIOBHIMH KOJEOAHUSIMH MOHOB
JOCTAaTOYHO, YTOOBI MOHBI OTOPBAIMCH OT KPUCTAIIIMYECKON PEIIETKU
U TIEpPEILIU B pacTBOP.

o @Q
OO —»@@ /@k
O
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2. Jlucconuanus mNOJAPHbIX MOJIEKYJI:

oo )T —

AN AN
WA N4

— o ()

AN AN

Monekynbl BOAbI, MPUTATUBAOIIAECS K KOHIIAM MOJISIPHOM MOJIE-
kynbel HCl (mumonb-aumonbHOE B3aWMMOJACHCTBHE), IMOISPU3YIOT €e€.
Bcenencrsue 3Toro MoJsiekyna pacnajgacTcs Ha MOHbl. BHavdaie npoTu-
BOIOJIOKHO 3apsSKEHHBIE HOHBI 00pa3yl0T KOHTAKTHYIO HOHHYIO TIapy,
a 3aT€M CTAHOBATCA 'CaMOCTOATEIbHBIMH'. Hampumep, npu pacTtBo-
PEHUU B BOJIE XJIOPUCTOTO BOJIOPO/IA

HCl < H" + CI” wiu B moaaom Buae HC1 + H,0 < H3O+ + Cl”

MOJIEKYJIa €€ pacrnajaercsi TakuM o0pa3om, 4To oOmas mapa
JIEKTPOHOB OCTAETCS y aTOMa XJIOpa, KOTOPKIM MpeBpalaeTcs B XJo-
pua-uoH. Kartnon Bomopona (IpOTOH) BHEIPSETCS B AJICKTPOHHYIO
000JI0UYKYy aToMa KHUCJIOpOJia B MOJIEKYJIE€ BOJbI U O0Opa3yeT KaTHOH
ruapokcorns H;O'

[lepemeniue B pacTBOP HOHBI OCTAIOTCS CBS3aHHBIMHU C MOJICKY-
JaMUu BOJBI M 00pa3yroT ruAPATUPOBAHHBIE HOHBI. B o0mieM ciryuae
JUTSL JTIOOOTO PACTBOPUTENIS OTU COSTUHEHUs] HA3bIBAIOT COJIbBATHPO-
BaHHbIE HOHBDI.
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4.5. Cnabvle snekmponumst

B pactBope ci1aboro 3JIeKTpOJIMTa MPHU TUCCOIHAIINN YCTaHABIIH-
BAETCS pAaBHOBECHE

CH;COOH < H' + CH;COO .

K HEMy MOXHO NPHUMEHUTHh 3aKOHBI XMMHUYECKOTO PABHOBECHSI.
KoncranTa paBHOBECHS JJIs1 JAHHOW PEAKIIUN UMEET BUJ

[H] - [CH;COOT]
K= . (4.7)
[CH;COOH]

KoHcTaHTa paBHOBECHs, OTBEYAIOIIAs JUCCOLMAIMU CIadboro
DJEKTPOJIUTA, HA3bIBACTCSI KOHCTAHTON aucconuanuu. BennuuHa
3TOM KOHCTAHTBI 3aBUCUT OT IPUPOBI JJIEKTPOIIUTA U PACTBOPUTEILS,
OT TeMIepaTypbl, HO HE 3aBUCUT OT KOHIIEHTpauuu pactBopa. OHa
XapaKTEpU3yeT CHOCOOHOCTh JAHHOTO JJIEKTPOJIUTA IOABEPraThCs
JUCCOLIMAIIMM Ha MOHBI: YeM OOJIbLIE €€ YUCICHHOE 3HauY€HHE, TEM
JIer4ye IpOUCXOIUT NUCCOLUALINS HIIEKTPOIUTA.

MHOroOCHOBHBIE KHCIIOTBI, OCHOBAaHHUs JABYX- U TPEXBAJICHTHBIX
METAJIJIOB MIOJBEPKEHBI CTYIIEHYaTON auccouuanuu. Hanpumep, nuc-
COLMANMs YTOJIbHOW KUCIIOTHI IPOTEKAET 110 IEPBOU U BTOPOM CTyIIe-
HAM:

1.H,CO;<> H + HCO;";
2. HCO; < H + CO5™".

Jucconumanus 1mo nepBod U BTOPOM CTYIIEHSAM XapaKTEPU3YETCA
COOTBETCTBYIOIIMMU KOHCTAHTAMM:

[H'] - [HCO;7] [H] - [CO5™]
K, = ; Ko =
[H,CO;] [HCO;]
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CyMMapHOMY ypaBHEHHUIO TUCCOIHAITIN
H,CO; < 2 H + CO>
oTBeyaeT ooOmras koHcrtanra K

[H'] - [CO;™T]
K= . (4.8)
[H,CO;]

Bemunuunsl K, K, K, cBg3ans1 Apyr ¢ npyrom
K=K, - K, (4.9)

[Ipu ctyneH4yaTol AUCCOLMALUU JIEKTPOJIUTOB PACIa] HAa MOHBI
10 MOCJIEAHEN CTYIEHU BCErIa MPOUCXOUT B MEHBIICH CTENEHU, YEM
M0 MpEebIAYyIIEed CTYNEeHH, IMO3TOMY COOII0AaeTCI HEPaBEHCTBO:
K; > K; > K3 u T.1. OT0 00BsACHSETCS TEM, YTO DHEPTUs, KOTOPYIO
HYKHO 3aTpaTUTh ISl OTPhIBA MOHA, MUHHUMAaJIbHA TIPU OTPHIBE €TO OT
HEUTpaIbHON MOJIEKYJIbI U CTAHOBUTCA OOJIbIIE TIPU JUCCOIUALIUU TIO
Ka»JI0M TTOCIIEAYIOIIEN CTYIICHH.

Mexnay koHctanToi (K) u creneHnro auccornuyamnuu (0) CyIiect-
BYET B3aMMOCBS3b. ECIIM pacCMOTPETh MPOCTEUINNA Ciy4yad, KOrja
AJIEKTPOJUT MOJIBEPTACTCSA AMCCOIMAIIMM ¢ OOpa30BaHHEM JIBYX HO-
HOB, TO C — KOHIIEHTpAIUs AJICKTPOIUTa (MOJB/T), Ol — CTEMEeHb €ro
JUCCOIMAIINN; KOHIIEHTpAIMs KaXI0ro U3 MOHOB OyaeT paBHa C - q,
a KOHIIEHTpalus HeauccoruupoBaHHbiX Moliekyd C - (1- o). B atom
cilyyae KOHCTAaHTa IUCCOLMAIMU OyIeT paBHA

(C - o) o - C
K= = . (4.10)
C-(1I-a) 1 —a

JI71s1 pacTBOPOB ClA0BIX DJIEKTPOIUTOB O << 1, TOorjga ypaBHEHHUE
(4.10) npumert BUA
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Kzaz-cmmaz\/% (4.11)

CrerneHb AUCCOIMALIMM BO3PACTaeT IMPU CHMXKEHHM KOHIIEHTpA-
UM pacTtBopa. Jluccormanus — Ipoecc paBHOBECHBIM, PAaBHOBECHE
SBIIACTCA JUHAMHUYECKUM, T.€. IPU €r0 YCTAHOBJICHUU MPOTEKAET €IIIE
U TIPOTHBOIIOJI0KHO HAmNpaBJISHHBIA IpoIlecc — acconuarus. Pa3oas-
JICHWE pacTBOpa HE BIMSIET Ha CKOPOCTh COOCTBEHHO JIHUCCOIHAIIUM
(OTpBIB MOJIEKYJI UJIM MOHOB OT KPHUCTaJjia), HO CKOPOCTh acCCOLMAIUN
3HAYUTEILHO CHUKACTCSA. JTO OOBSACHSIETCS TE€M, YTO YMEHBIIASTCS
BEPOATHOCTH CTOJIKHOBEHHSI CBOOOJHBIX YaCTHIl B pacCTBOPE U, CIEI0-
BaTEJIbHO, YMEHBIIIAETCSI CKOPOCTh 00pa30BaHUsI MOJICKYJIbl U3 HOHOB
WJIA CKOPOCTh POCTa KPUCTAJLIA.

4.6. CunvHble anneKkmpoaumel

4.6.1. Akmuenocmo u Ko3gppuyuenm akmugHocmu

B BOAHBIX pacTBOpax CHIbHBIC SJEKTPOIUTHI OOBIYHO MOJTHOCTHIO
MOABEP>KEHBI JAUCCOIMAIMU, TMO3TOMY YHCJIO MOHOB B HUX OOJbIIE,
4YeM B PacTBOpPAX CIAOBIX 3JIEKTPOJHUTOB TOU K€ KOHIEHTpauu. Pac-
CTOSTHUE MEX]ly HOHAMHU B PACTBOPAX CHIIBHBIX 3JIEKTPOJIUTOB MEHb-
111e, MOCKOJIBKY YKMCJIO HOHOB B OIpe/ieIeHHOM o0beme Ooblie. B Ta-
KUX pacTBOPax MOHBI HE BIIOJHE CBOOOHBI, IBUKEHHUE UX "CTECHEHO"
B3aMMHBIM TMPUTSHKEHUEM JPYTr K Apyry. binarogapsi 3ToMy KaxKablid
WOH OKPY’KEH JPYTMMH MOHAMM MPOTUBOIIOJIOKHOTO 3HaKa ("'MoHHas
atMocdepa").

B oTCyTCTBHE BHEWIHETO B3JEKTPUUYECKOrO MOJISI "MOHHAsA aTMO-
chepa" cuMMETpUYHA U CUJIbI, JEUCTBYIOIINE HA IEHTPAJIbHBIN HOH,
B3aMMHO YypaBHOBEMIMBAIOTCS. CTENEHb AMCCOIMAIIMU 3JIEKTPOJIUTA
OOBIYHO OMPEACIISIOT ONBITHBIM MYTEM IO 3JEKTPONPOBOTHOCTU pac-
TBOpa (pealibHOE 3HAUYCHUE CTENeHU aqucconnanuu o). Eciau B pacTBop
OMYCTUTh 3JIEKTPOABI U MPOIYCTUTh MOCTOSHHBIN TOK, TO MOHBI pa3-
HOTO 3HAaKa MEPEMENIAOTCd B IPOTUBOIOJIOKHBIX HApPaBICHUSIX.
[{eHTpaJIbHBIN MOH JIBUKETCS B OJJHY CTOPOHY, HO "MOHHast atMocde-
pa" U3 MOHOB MPOTHUBOIIOJIOXKHOIO 3HaKa — B Apyryto. [Ipu sToM nBU-
YKEHHE LEHTPAIHHOTO MOHA 3aMEIJIACTCs, T.€. CHUKAETCSl Cuiia TOKa.
Yem Oosibllle KOHIIEHTpAIUsi pacTBOpa, TEM CHUJIbHEE ''Topmo3siiee
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NelcTBMEe MOHHOM atMocdepbl’ Ha NBUKEHHE MOHA, TEM HUXKE DJIEK-
TPOIIPOBOJIHOCTbH PacTBOPA.

Takum 00pa3oM, CHM)KEHHE YHUCIICHHOTO 3HAYEHUsI CTETICHH JIHC-
COIMAIIMU Ol JIJISI CHUJIbHBIX 3JICKTPOJUTOB IPU MOBBIIICHUH HUX KOH-
IEHTpAIuU — 3TO "Topmo3diiee JelcTBMEe HOHHON aTtmocdepsl”. B
CBSI3U C OTUM OMPEACISIEMOE 0 AJIEKTPONPOBOJIHOCTH (WA JIPYyTUMU
(GU3NYECKUMH METOJIaMH ) 3HAYCHUE CTETICHHU JMCCOITMAINN CHJIBHBIX
ANIEKTPOJUTOB HA3BIBACTCS KaKylleHcsl CTeNeHbI0 MCCOIUAIUU
(mpumep — cM. Tabm. 4.1).

Tabnuia 4.1

3asucumocms cmeneHu ouccoyuauuu
Om KOHUEHMPAyuu CUiIbHO20 I1eKmpoauma (Xa0puoa Kaius)

Konyenmpayus KCI, monv/n o, %
0,01 94,2
0,1 86,2
1,0 75,6
2,0 71,2

JIJis OTIEHKHU COCTOSIHHSI HOHOB B PacTBOPE CHIIBHOTO JICKTPOJIH-
Ta TOJB3YIOTCSA BEIMYMHOM, KOTOPYIO HA3bIBAlOT AKTHBHOCTb. AK-
THBHOCTb MOHA — 3T0 d(PdekTuBHas (YCIOBHAs) €ro KOHIICHTpAIus,
COOTBETCTBEHHO KOTOPOW OH JCHCTBYET MPU XUMUUYECKHUX PEaKIIUSIX.
AKTUBHOCTb MOHA BBIYUCIISIOT IO (popMyIie:

a - f ) C)
(4.12)

rae T — xoopduuuent akrusnoctr, C — konuenrpanus. Kosddummenr
AKTUBHOCTH 3aBUCHUT OT IIPUPOJIbl MOHA M KOHIIEHTPALIMKU pacTBopa. B
KOHIEHTPUPOBAHHBIX pacTBopax f < 1; B pa3s0aBiIeHHBIX — MIPUOIIIKA-
ercsa k eaunune, T.e. upu C — 0 f — 1, a — C. Eciu sxcnepuMen-
TaJbHO OOHApPYXEHHOE 3HaueHHE KO3(P(UIIMEHTa aKTUBHOCTH MEHbB-
1€ €AMHULbI, TO 3TO YKa3bIBAET HA B3aUMOJCICTBUE MEXITY NOHAMH B
pacTBope.
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DKCMEPUMEHTAIBHO HEBO3MOXHO OINpPEEIUTh aKTUBHOCTh U KO-
3 PUIMEHT aKTUBHOCTH JIsl UHJIMBUIyaIbHBIX KAaTHOHOB U aHUOHOB
B pacTBOpe. BmecTo 3THX mokasareyiel onmpeaeisitoT CPeIHEHOHHYIO

AKTUBHOCTH &4 U CPEAHEUOHHBIA KO PUIIUEHT aKTUBHOCTH f.:
a. =1 - Cy (4.13)
C.=(C.> - "), (4.14)

rae C. — cpenHenonHas KoHueHTpaius; C, — KOHIIEHTpalusl KaTUOHA;
C_ — KOHLIEHTpalMs aHWOHA; V. U V_ — CTeXHOMETpUueckue Kod3phu-
IIUEeHTHI B dopMysie cuiabHOro ajektponuta K. A,_, KOTOphIi moa-
BEpraeTcsl AUCCOIMAIMY Ha KaTHOHbI K** 1 aHnoHsI A” :

Ky: Ay o v K +v_ AT

OO11ee KOTUYECTBO DIEKTPOJIMTA B PACTBOPE OIPENENIeTCsl KaK
CyMMa:

V=vitv_,

Hanpumep, mist cunbHbIX 3aekTpoianToB NaCl u Aly(SOy4); Mox-
HO PacCUHUTATh CPEIHCHOHHBIC KOHIICHTPAIIMU M KOHIICHTPAIIMH KaX-
JIOTO MOHA CJICAYIOIINM 00pa3oM:

NaCl < Na' + CI;

vi=1;v.=1;Cy=(C, - C)"* C.=C(Na"); C_=C(Cl);

AL(SO,); <2 AP +3S0,”;

v.=2;v_.=3;Cy=(C - CH; C.=CAI); C_=C(SOH).
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4.6.2. Honnasa cuna pacmeopa

B pacTBOpax CUJIBHBIX JIEKTPOJIUTOB BCE MOHBI B3aUMOJECHCTBY-
0T MeXay coboil. i1 popMaibHOrO OmMcaHus CyMMapHOTO 3JICK-
TPOCTATUYECKOTO B3aMMOJICHCTBHSI BCEX MOHOB B PAacTBOPE BBEICHO
MOHSITUE MOHHOW CUJIBI pacTBopa I:

I, = 0,5 : > C; : Z7;
(4.15)

rae C; — MoJigspHasi KOHIIEHTPAIMS 1-T0 HOHA B pacTBOpE; Z; — 3apsij 1-
ro uoHa. JIyisi OMHapHBIX (pacmaJaroIIuXxcs Ha JBa MOHA) CHIIBHBIX
31ekTponuToB KA, COCTaBICHHBIX M3 OHO3APANHBIX HOHOB K' 1 A~
TUCCOLMAITMS KOTOPBIX MPOTEKAET IO CXEME

KA K + A7,
MOHHAas cujia pacTBOpa paBHa

I.=0,5 [C(K) 1*+CA) - (-1)*]=
=0,5 - [C(K)+C(A)]=0,5-2C=C.

B naHHOM ciyyae MOHHasl CHJia pacTBOpa paBHA €ro KOHIIEHTpa-
muu, 1.€. I.=C.
Jlst OuHaApHBIX 3eKTpoauToB KA, KOoTOpble MOABEPraroTCs Jauc-
2+ 2-
COITMAIIMM Ha AByX3apsiaHbie HOHBI K 1 A™:
2+ 2-
KA &< K + A7,

MOHHAs CUJIa PACTBOPA BBIUUCIISAECTCS CIEAYIOIINM 00pa30M:

I.=0,5 [CK*) - 2° + C(A™) - (-2)"] =
=2 - [C(K*) + C(A™)]=4C.

I[J'I}I SJICKTPOJINTOB, HTOABCPIKCHHLIX JTUCCONUAINU I10 CXCMC

KA, & K +2 A, wm KA « 2K+ A7,
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MOHHAas CUJIa pacTBOpa paBHA
[.=0,5-(C-2°+2C-1)=3C.

J{71 3IEKTPOIUTOB, KOTOPBIE MOABEPKEHBI JUCCOLMAIINU MO JIPY-
TOM CXEME

KA o 3K +A,
HOHHAasA CHUJIa paBHA
I.=0,5-3C-1°+C-3%)=6C.

AHaJIOTMYHBIM 00pa3oM MOXHO PacCUUTaTh MOHHYIO CHIIY pac-
TBOpa JII0O0T0 AIEKTPOJIUTA.

HNoHHas cuiia pacTBOpa — BEJIMYMHA pa3MepHasi, pa3MEpPHOCTh €€
COBIAJAET C Pa3MEPHOCTbIO KOHIeHTpanuu (moib/i). Ilpu pacuere
MOHHOM CHJIBI PACTBOPA CMECHU DJICKTPOJIUTOB BKJIAJ CIA0BIX SJIEKTPO-
JIUTOB HE YUUTHIBAETCS, TAK KaK OH OYEHb HE3HAUYUTEJICH.

Ecnu nosib30BaThCd 3HAYEHUSIMU AKTUBHOCTH, TO 3aKOHBI XHUMU-
YECKOr0 PaBHOBECHSI MOKHO TPUMEHATh U K CUJIBHBIM 3JIEKTPOJIUTAM.
[Ipy 3TOM MOKHO MOJYYUTh 3HAUYEHUSI KOHCTAHT JUCCOLMAIMUA CUJIb-
HBIX KHCJIOT, €CJIM BMECTO 3HAYEHUW KOHIEHTPAIM HMCIOJIb30BaTh
3HAYEHUS aKTUBHOCTEM.

4.6.3. Bauanue uonnoii cunvt pacmeopa
Ha KOIuyuenmovt akmueHocmeil UOHOB

Teopust U ONBIT MOKA3bIBAIOT, YTO KOA((PUIIMEHTHl aKTUBHOCTHU
VMOHOB 3aBUCAT OT HOHHOM cuJibl pactBopa. ['.H. JIsrouc u M. Pennaimn
YCTAaHOBWJIM JMIIMPUYECKOE NMPABUJIO HMOHHOM CWIbl (NMPaBWIO
JIbouca-Penaana): B pa30aBjIeHHOM pacTBOpE C JAaHHOW MOHHOM CH-
JIOM BCE MOHBI C OJMHAKOBBIM IO A0OCOJIIOTHOW BEJIMYMHE 3aPSIOM
UMEIOT OJMH U TOT € KOA()PUIHMEHT aKTUBHOCTU. IDTO MPABUIO
CIIpaBEJINBO i1 PACTBOPOB C HEBBICOKOM KoHmeHTparueit (0,01 —
0,02 monw/n). [JaHHOe mpaBuiIo sBIsIETCS NpuOIM)KeHHbIM. Hampu-
Mep, Tipu noHHoM cuiie pactBopa I, = 0,0005 monb/n K03 PUITHEHTHI

AKTUBHOCTHU OJHO3apPSIHBIX MOHOB (H', K', Na", NH,, Ag+, Cl, T,
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CN, NO; wu ap.) pasusl £ = 0,975; npu I, = 0,001 mons/n f nexur B
unrepsaie ot 0,964 10 0,967; npu I, = 0,1 mons/n £=0,75-0,83.

CormacHo TeopuM CWIbHBIX dJekTpoiauToB II. Jlebas wu
0. XI0KKeIs

1gﬁ=—A-z?\ﬁE, (4.16)

rae f;— kooULUMEHT aKTUBHOCTU MHAMBUIYAILHOIO i— IO HOHA;
Z;— 3apsia 3Toro uoHa; I, — nonHas cuia pactsopa; A — kosdduiu-
€HT, 3aBUCSIINI OT TEMIIEPATYyphl U MPUPOJIBI pacTBOpUTENs (€ro au-
ANIEKTPUUECKON MPOHUIIaeMOCTH). st BOAHBIX pacTBOpoB mipu 25 °C
A =0,512, moatomy ypaBHeHue (4.16) Oyer 3anmucaHo B BUJIE

lgfi=-0,512-27 ~Ic.

DTO ypaBHEHHUE CIIPaBEJIMBO MPU 3HAYCHUAX MOHHOM CHIIBI pac-
tBopa I, < 107 Mons/n. Ecin 3HAaYeHHe MOHHOHM CHIBI PacTBOpa
I. < 107* Moms/11, TO MIPUMEHSIETCS BTOpOe MpuOIMmkeHue teopun Jle-
0as1- X FOKKEeJIs:

A-z2- e

lg f,=— ,A=0512. (4.17)

1+ Ic

[Ipu Oonee BBICOKMX KOHILEHTPAIUMAX HCHOJIB3YIOT CIEAYIOIIEe
ypaBHEHHUE:

A-z2- e

g f;=— + const I, , (4.18)

1+ /Ic

rae const [, — mocTosgHHas BEIMYHUHA, ONPEETseMasl ONBITHBIM ITyTEM
JUTSL KaKJI0M KOHKPETHOM cucTeMbl. YpaBHeHue (4.18) npumensiercs B
IIMPOKOM HWHTEpBAJE€ 3HAYCHUHM HOHHOM CHWIIBI, BILUIOTH A0 [, = 4
MOJIb/JI.
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CornacHo BTOpoMy mpuOikeHuto teopur Jlebas u XioKKens
MO>XHO BBIUYUCIUTH KO3(P(UIMEHThl aKTUBHOCTH INPU HWOHHOM CHIIE
pactBopa I, = 10° Monb/n. Bo MHOTHX CIIydasx IS aHATHTHISCKHX
1eJIel TaKue pacdyeThbl TPUEMIIEMbI, OCOOCHHO €CIU 3apsiibl HOHOB IO
aOCOJIIOTHOM BeNMYMHE paBHBI eAuHulEe. OTCI0Ja CIEAYET, YTO E€CIIH
MOHHAsl CWjla pacTBOpa IMOCTOSIHHA, TO JUISl BCEX MOHOB, MMEIOIIUX
OJIMHAKOBBIN 1O a0COIIOTHOW BEIUYHUHE 3apsia Z;, KO3()PUIHUEHTHI aK-
TUBHOCTH OJIMHAKOBBI.

Yem BbIllIC 3apsA]l MOHA, TEM CUJIbHEE BIUSET MOHHAs CUja pac-
TBOpa Ha KO3(Q(UIIMEHT aKTUBHOCTU MOHA, T€M OOJbIIE 3TOT KOA(-
¢uuueHT oTianyaercs oTr eAuHUIbl. [losToMy ykazaHHble (QOpPMYIIbI
(4.16 — 4.18) nmyure UCIIONIB30BATh JJISI BBIYUCICHUS KOA(PDUIIMEHTOB
AKTUBHOCTH HMOHOB NpH aOCOJIIOTHOM BEJIIMYMHE MX 3apsAlia, paBHOU
€IMHHUIIC, U TTPU HEOOIBIINX 3HAYEHUSIX HIOHHON CHJIBI PACTBOPA.

5. IIpousBeaeHHe paCTBOPHMOCTH

3aKOH JEHCTBUA MacC MPUMEHNUM KaK K PABHOBECHSIM B TOMOTEH-
HOW, TaK ¥ K PABHOBECHUSIM B T€TEPOTr€HHOU CUCTEMAX.

I'omorenHasi cucrema — 3T0 CUCTEMA, COCTOAIIAS TOJIBKO U3 OJI-
HOU (a3bl (TBEpIOH, KUAKOM, ra3000pa3Hoil). da3a — 3TO YacTh CUC-
TEMBI, OTJEJIEHHAsA OT JPYIUX €€ 4acTel MOBEPXHOCThIO paznena. I'e-
TEPOreHHasi CUCTeMA — 3TO CUCTEMA, COCTOSIIasi U3 HECKOJIbKUX (a3.
I'eTeporenHoe paBHoOBecHe — 3TO PaBHOBECHE, YCTaHABIMBAKOIIEEC
Ha rpaHuiie pasjena ¢as.

5.1. IIpou3eedeHue pacmeopumocmu
MANOPACMB0PUMO20 CUIbHO20 3NleKxmponuma

IIpousBenenne pacTBOPMMOCTH — 3TO BEIIMYMHA, PaBHas MPO-
U3BEJCHUIO PAaBHOBECHBIX AKTUBHOCTEH (WJIM PABHOBECHBIX KOHIICH-
Tpauuii) HOHOB JAHHOTO 3JIEKTPOJINTA B €70 HACBIIIEHHOM PacTBOPE B
CTENEHAX, PABHBIX COOTBETCTBYIOLIUM CTEXUOMETPUUYECKUM KO3 Pu-
HAEHTaM. JTO NOHATHE NMPUMEHUMO K CHJIBHBIM JJIEKTPOJIUTAM, y KO-
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TOPBIX MOJSIPHAS PAacTBOPEMOCTh S < 10> mous/n. IIpomsBeeHne
pacTBOpUMOCTH 0003Havaetcs: cumBosiamu: 1P, L, Ho vame K,°.

[Ton pacTBOPUMOCTBIO TOHUMAIOT KOHIIEHTPALIUIO HACBIILIEHHO-
ro pacTBOpa JIaHHOTO BEIIECTBA NPHU OMNPEACICHHOW TeMIeparype.
M cnonp3yroT pa3inuyHble BBIPAXKEHNS PACTBOPUMOCTH.

Maccoeaa pacmeopumocmsp BemectBa Cp — 3TO Macca pacTBO-
PEHHOTO BEUIECTBA, COJEpKaIasics B 1 IUTpe ero HAChIIIEHHOTO pac-
TBOpA:

m
Cp=—, 5.1
m =y (5.1)

IJIe m — Macca BeliecTBa, I'; V — 00beM HACBIIIEHHOTO pacTBopa, J.
MaccoBasi pacCTBOPUMOCTb BBIPAKACTCS B €AMHUIIAX I/J1.

Monasapnasa pacmeopumocmsp BEWIECTBA S — 3TO KOJIMYECTBO pac-
TBOPEHHOTO BeIecTBa (B MOJISIX), cojaeprkaiieecs B 1 auTpe ero Ha-
CBIIIIEHHOT'O pacTBOpA:

__m , (5.2)
M-V

r7Ic m — Macca BellecTBa, r; M — MojsipHas macca, I/Moib; V — 00beM

HACBHIIIIEHHOTO pacTBOpa, J. MoJjsipHasi paCTBOPUMOCTD BhIPaKaeTCs B

€IUHULIAX MOJIL/II.

PacTBOpHMOCTh MaJIOPaCTBOPUMOTO CHJIBHOTO JJIEKTPOJIUTA 3a-
BHUCHUT OT €ro MPHUPOJIbI, TPUPOIBl PACTBOPUTES, TEMIEPaTyphl, JaB-
JeHus (3aBUCUMOCTh OT JIaBJICHUS Malla, €CJIM HE IMOTJIOIIAITCS U He
BBIJICTIIIOTCS  Ta3000pa3HbIC BEIIECTBA), OT MPUCYTCTBUS JPYTHX
ANIEKTPOJIUTOB WJIM BEIIECTB, KOTOPBIE CIIOCOOHBI 00Pa30BHIBATH KOM-
IJIEKCHl C MaJIOPACTBOPHMMBIM JJICKTPOJIMTOM HJIM BCTYyNaTh C HUM B
JIPyTUe PEaAKIIHH.

Ilpumep 1. IlpousBenenune pactsopumoctu BaSO, B rereporen-
HOU cucteMe, cocrosmen u3 ocaaka BaSO4 1 ero BogHoro pactropa.
B HeM ycTaHaBIMBaEeTCS paBHOBECHE:

BaSOyr) < Ba®" + SO,* (pactBoOp). (5.3)
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BaSO,4 — cuibHBIN 3JEKTPOJIUT — B BOJHOM PACTBOPE OH IMOJIHO-
CTBIO PACITaIA€TCS HA MOHBI, XOTS MX KOHIEHTpalus HeBelnka. Mo-
nekys BaSO, B BOIHOM pacTBOpe HET.

K (BaSO,) =a (Ba*") - a (SO, ) =
= [Ba”"] - [SO,* ] - f(Ba®") - f(SO,M).

PactBopumocth cynbdara Oapus B BOjAEC O4YECHb Malia
-5 2+ 2-
(S = 10 monsw/n). Kornentpanuu nonoB Ba™ u SO~ Taxxe Malbl, U
uX K03 (DHUITMEHTH aKTUBHOCTH PaBHBI CIMHMIIE, TTOITOMY

K (BaSO,) = [Ba*"] - [SO, ] .
IIpu KoMHaTHO# Temmeparype K.°(BaSO,) = 1,1 - 107"
Ilpumep 2. TlpomsBenenue pactBopuMocTH opTodocdara Oapus

JUTs1 BOJHBIX pacTBOpoB. [Ipu pactBopenun oprodocdara 6apus B Bo-
Jie yCTaHaBJIMBAETCS PaBHOBECHE

Ba;(PO,)yr <> 3 Ba®" +2 PO,> (pacTBop). (5.4)

K,* [Bas(POy),] = 21(]3212+)3 -a(PO 43*)2 —
[Ba>T - [PO, T - f(Ba>")’ - (PO, )’

f(Ba™") =~ 1; f(PO,”") = 1. Toraa K. [Ba;(PO,),] =
_ [Ba2+]3- [PO43_]2 .

IIpu koMHaTHO# Temmeparype K [Bas(PO4),] =6 - 1077,

[IpousBenieHre PacCTBOPUMOCTHU SIBIISIETCS MOCTOSIHHOW BEIWYU-
HOM TIpU MOCTOSIHHOW TemIepaType. ITO OOBSICHSAETCS CIEAYIOIINM
oOpazom. Hanpumep, s reTeporeHHoro pasHoBecust (5.3) KOHCTaH-
Ty PaBHOBECHS MOKHO 3alKCaTh B BUJIE:

a(Ba™) - a(SO,™)
K= , i K - a(BaSOy) = a(Ba”") - a(S04>).
a(BaSO4)

[Ipu nmocTositHHOM TemIiepaType KOHCTAaHTAa XMMHYECKOTO PaBHO-
Becusi (K) mocrosiHHa; aKTMBHOCTH YHCTOTO TBEPJOrO BEIIECTBA
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BaSOy4t) npuHHMaeTcs  IOCTOSHHOM M PaBHOM  €IMHUIE:
a(BaSO,) = 1. Torna npoussenenue K - a(BaSO,) = const, Takum 00-
pazom,

K - a(BaSO,) = K.°(BaSO,) wm KL (BaSO,) = a(Ba®™) - a(SO.%) .

B Bome pactBopuMOCTb cynbdara Oapus O4eHb Maja, MOdITOMY
f(Ba’") ~ 1; f(SO,*) = 1. CnenoBaremsro a(Ba®") = [Ba*'] - f(Ba®") =
[Ba™], a(S0,™) = [SO4” ] - f(SO,™) = [SO4” J;

KL (BaSO,) = [Ba*] - [SO,* ] = const. (5.5)

5.1.1. Céa3v npouszeedenus pacmeopumocmu
C pacmeopumocmsio

[IpousBeneHne pacCTBOPUMOCTH CHUIIBHOTO 3JIEKTPOJIUTA CBSI3aHO C
€ro pacTBOPUMOCTBIO. JlOIyCTHM, UTO MPOTEKAET I€TEPOrE€HHOE PAaB-
HOBECHE, KOTOPOE OIMHUCHIBACTCS YpaBHEHUEM

KuApm ) < n K™ +m A™ (pactsop).

Torzma mpou3BeeHHEe PACTBOPUMOCTH DJIEKTPOJINTA 3AIUIIETCS B
BHJIE

Ko(KnAp) = [K™]" - [AT]™ - fK™)" - flA™)", (5.6)
rae S — MOJIsIpHAs pacTBOPUMOCTH 3ekTposiura K, A,,. Hetpyano Bu-
neth, uto [K™]=nS, [A"] =m S, NOCKOIBKY OHA MOJICKYJIA JJICK-

TPOJIMTA pacragaeTcs Py JUCCOIMAIIMA Ha N KATHOHOB M M aHUOHOB,
CJIEOBATEIILHO,

KSO(KnAm) — Iln - S n l’Ilm .Sm . f(Km+ )Il . f(Anf)m _
=n"-m™-S™" - f(K™ )" - A" . (5.7)

N3 mocrmenHero ypaBHEHHsS MOYHO BBIPA3UTh PACTBOPUMOCTH
S(KyAp):
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n+m

S (K,A,,) = \ nn mm : f(Km+')n : f(An_')m (5.8)

JIns reTepOoreHHOro0 paBHOBECHUS B BOJE, KOTAAa KOHIEHTPALUH
KaTHOHOB M aHWMOHOB MaJibl, UX KOA()PUIMEHTHl aKTUBHOCTH PaBHBI

enunmie, T.e. f(K™) = £ (A™) = 1. B a3toMm ciyuae

n+m Ks(Kn Am)

n_m
S (KuAm) = nm (5.9)
JInst cpaBHEHUsSI PACTBOPUMOCTH MAIOPACTBOPUMBIX CHJIBHBIX

3JIEKTPOJIUTOB OJHOTUITHOTO COCTaBa (OJMHAKOBOE KOJHUYECTBO Ka-

THOHOB U aHMOHOB B MOJIEKYJIE) MOKHO HENOCPEICTBEHHO COIOCTAB-

JSTh YHCIICHHBIE 3HAUYCHUS UX NpousBeleHuil pactBopumoctu (K°).

Yem meHblIe yncieHHoe 3HaueHue K°, TeM XyXe pacTBOpUMO CO-

eIuHEHHE B Boje. [l cpaBHEHHS PacTBOPUMOCTH 3JIEKTPOIUTOB

Pa3HOTHUITHOTO COCTaBa (pa3iMyHOE KOJUYECTBO KATUOHOB U AHMOHOB

B MOJIEKYJIE€) JIyYIl€ MOJIb30BaThCS YHUCICHHBIMUA BEJIMYUMHAMH pac-

TBOpUMOCTH (S).

Bennuuna K° misg OonbIIMHCTBA COCAMHEHUN MMEET OYE€Hb Ma-

JIbI€ YKCJICHHBIE 3HAYEHUS, MMO3TOMY WHOTAA MCIOIB3YIOT BEIMYHUHY

"mokazarelb mpousBeneHus pacteopumoct” pK’:

p s0 - lg Kso-

5.1.2. Ycaoenoe npouszsedenue pacmeopumocmu

WNHorja B MpakTUYECKUX pacueTax B aHAUIMTHYECKON XUMUM HUC-
MOJIB3YIOT YCIOBHOE IMpoM3BeAcHUE pacTBopuMocTtu K, koTopoe He
ABJIAETCS MIOCTOSHHOW BEJIMYMHOM, a 3aBUCUT OT KOHUEHTpAMU pea-
F€HTOB U HaJW4YMsl MOCTOPOHHUX BemlecTB. B dopmyiny ycioBHOro
MIPOM3BEACHUS PACTBOPUMOCTH BXOJST HE PABHOBECHBIEC KOHIICHTpA-
1M1 MOHOB, & CYMMbI PABHOBECHBIX KOHIICHTpAIlMid BceX (HOpM JTaHHO-
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ro MOHA B pacTBOpE (YUUTHIBAECTCS HAIMYKE MMOOOYHBIX PAaBHOBECHUN).
Hanpumep, npousseaeHre pacTBOPUMOCTH Isi AgBr uMeeT Bu/1

K (AgBr) = [Ag'] - [Br].

B npucyTtcTBuM amMmmuaka B cucteMe OynyT oOpa3oBBIBAThCS pac-
+
TBOPUMBIE aMMHaYHble KOMILIEKCHI cepedpa [Ag(NH;),]

Ag" + 2 NH; = [Ag(NH3),]",

T.€. MpoTeKaeT moboyHas peakius. [Ipu 3ToM KOHIIEHTpaIus KaTuo-
HOB cepeOpa cHmkaercs. OOIIas KOHIIGHTpaAlMsl ATHUX KaTHOHOB
[Cag+] Anst Becex popM coennnennii cepedpa B pacTBOpe OyAeT paBHa

[Cagi] = [Ag']+ [[Ag(NH;)] ]

OO6m1as KOHILIEHTpalusi HOHOB Opomuaa B pactBope [Cp. | coBma-
JaeT C UX PABHOBECHOM KOHIEHTpaluen [Br |, mMOCKoIbKy OHU HE
y4acTBYIOT B T0OOYHOM peakiuu. Toraa yciaoBHas KOHCTaHTa PaBHO-
Becus OyJIeT paBHa

K (AgBr) = [Cag:] - [Cor 1= {[Ag] + [[Ag(NH;),] ]} - [Br]. (5.10)

[To yucmoBomy 3HaueHuro BenuunHbl K n K® MoryTt cuiabHO
pazinyaThCs.

5.2. Ycnoeusa obpasoeaHust ocadxos
MANOPACMBOPUMBLX CUJILHBLLX 3/1eKKMpPOoaUmoe

Jlns oOpa3zoBaHus ocajika cyibdara Oapus HEOOXOIUMO COOJIIO-
nenue paBeHctBa K°(BaSO,) = [Ba™] - [SO4* ] = const. KonrenTpa-
IIMM KaTHOHOB Oapusi M1 aHUOHOB CyJib(aTa B pacTBope cysbdara Oa-
pHs OAMHAKOBBI U PaBHBI KOHIIEHTpauu C pacTBOPEHHOM COJIH:

C(Ba’") = C(S0,*) =C.
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DTO paBEHCTBO COOJIIOIACTCS HE3aBUCUMO OT TOTO, SIBJISIETCS JIU
PacTBOp HACHIIICHHBIM WX HET. [Ipon3BeieHne KOHLIEHTpaIMii HOHOB
2+ 2
C(Ba™") - C (SO47) Ha3pIBalOT MOHHBIM NMPOU3BEIEHHEM.
B HeHacbileHHOM pacTBOpe cyibdara Oapusi KOHIEHTpAIUU
2+ P
nonoB C(Ba™ ) u C (SO4" ) MeHbllle, 4eM UX KOHIEHTpaluus (MoJsp-
Hasi paCTBOPUMOCTD, S) B HACBIIIEHHOM PAaCTBOPE, TOATOMY

C(Ba*") <SS, C(SO ) <S;
C(Ba®") - C(SO,5) = C* <K (BaSO,) = S°. (5.11)

M3 HeHaCHIIIEHHOTO pacTBoOpa cyibdaTta Oapusi 0CaoK JaHHOTO
BEIIECTBA HE BBIMA/IACT.

Ecnu noHHoe mpowusBeneHue OyAeT OoJbllle MPOU3BEACHUS pac-
TBOPUMOCTH, TO KOHIICHTPAIIMSI HOHOB B PACTBOPE BBIIIE MX MOJISIP-
HOM PacCTBOPUMOCTH S:

C(Ba’") > S, C(SO4 ) > S;
C(Ba®") - C(SO,”) = C* > KL (BaSO,) = S°. (5.12)

B manHOM ciydae pacTBop OyJeT mepeHaChIIeHHBIM U 0CaJIOK
cyibdarta OGapus OyneT BBIMAAATh JO TEX MOP, MOKa KOHIUEHTPALUH
MOHOB CTaHyT PaBHBIMU UX KOHIEHTpAlMd S B HACBIIIEHHOM pac-
TBOpe, T.€. IOKa HOHHOE MPOU3BEJICHUE CPABHAETCS C MPOU3BEICHUEM
PacTBOPUMOCTH:

C(Ba™) - C(SO,7) = K(BaSO,).

Takum oOpaszom, ycioBueM oOpa3oBaHUs Ocajka cyJbdara Oapus
U BBITIQJICHUS €T0 U3 PACTBOpPA SBISICTCS HEPABEHCTBO

C(Ba®) - C(SO,5) > K(BaSO,).

Hanpumep, amst dochara kampumst KL[Cas(POy4),] = 2,0 -+ 1077,
3HAYUT, YCIOBHUE BBIMAICHUS TOTO OCaJIKa U3 pacTBOpa CleIyIolIee:

C(Ca*)’ - C(PO,”) > K[Ca3(POy,),] =2,0 - 107,
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B o0uiem ciyyae ycioBue o0pa3oBaHUs OcCajka MajopacTBOPH-
+
MOT0 CHIILHOTO dj1ekTpoiuTa K A, cocrosiero u3 n karnonos K™ u
m aHMOHOB A", UMeeT BUJ

CK™ )" - C(A™M)™ > K(KnAn), (5.13)

T.€. HOHHOE MPOU3BEJCHUE JTOKHO MPEBBICUTH YHUCICHHOE 3HAUYCHUE
MIPOU3BEACHUS PACTBOPUMOCTH MajaOpacCTBOPUMOIO CHIIBHOTO 3JIEK-
TPOJUTA.

5.3. IpobHoe ocarcoeHue uoHoe

VYuer uncnennoro 3naueHust K°, S u ycinoBue oOpa3zoBaHus oca/i-
ka (5.13) mo3BojseT TpoBOAUTH H30MpaTeabHOe (IPO0HOE) ocaxae-
HMe Pa3JIMYHBIX HOHOB U3 PACTBOPA.

[IpubaBneHre HaACBHIIIEHHOTO BOJHOTO pacTBopa cyibdaTa Kaib-

uust CaSO,4 K BOJHBIM pacTBOpaM COJIEd KaTHOHOB Sr*’, Pb**, Ba®'
MPUBOJIUT K UX TTOMYTHEHHIO BCJIEACTBHE 0Opa30BaHMS OCaaKa CYJib-
daros SrSO,, PbSO,, BaSO,4, mockoJIbKy OHM MEHEe PacTBOPHUMBI B
BOZie (MMEIOT MEHbIIIee 3HAYCHUE MPOU3BEICHUS PACTBOPHUMOCTH),
yeM cyiibdat kanpius. [IpubasieHue ke HaChIEHHOTO BOJHOTO pac-
tBopa BaSO, K pactBopaM coueii karnonos Ca®’, Sr**, Pb”" He BBI3BI-
BaeT 00pa30BaHUs OCAJKOB COOTBETCTBYIOIIUX CYJb(aToB. ITO MOXK-
HO OOBSICHUTH, CPAaBHUBAs YMCJICHHBIC 3HAUCHMS MPOU3BEICHUN pac-
TBOPUMOCTH BCEX UYEThIPEX TEPEUHUCICHHBIX cyibdaroB. I[lpu
KOMHATHOM TeMIlepaType MX MPOU3BEICHUS PACTBOPUMOCTH YMEHbB-
IIIAIOTCS B MOCJIEIOBATEILHOCTH
Ko (CaSO,) =2,5- 107> KL (SrS0,) =3,2 - 107 > KL (PbSO,) =
=1,6-10"°>K° (BaSO,) =1,1-107"°.
B HachIIieHHOM BOJHOM pacTBOpe Cyib(aTa KaibIldsd KOHLICHTPAIUS
arnoHoB SO,” cocrapisier 5 - 10 ° MOJB/T, @ B COOTBETCTBYIOLIEM
pactBope cyibhara Gapust 1,05 - 10~ mous/1, T.e. B 100 pa3 MeHbIre.
Ecnu x pacTBOpy KakoW-mu0Oo cojii Oapusi 100aBUTh HACHIIEHHBIN
pactBop CaSQOy,, TOo s BeInageHus ocajgka BaSO, HE0OX0IMMO BBbI-
MOJIHCHUE HEPABEHCTBA

C(Ba’™) - C(SO, ) >1,1-107".
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KoHueHTpanuss HOHOB cyJibpaTa B pacTBOpe Cyib(dara KaabLus
COOTBETCTBYET BEJTUUNHE

C(SO,* ) =S(CaS04) =(2,5-107)"*=5-10" mons/m.

2+ o
Torma koHIEHTpaluio0 KaTHOHOB Oapusi [Ba“™ |, Beie KoTOpoOit
Oynet HaOMoJaThCs BhlMaieHue ocajaka BaSO,4, MOKHO paccuutaTh

[Ba*]-[SO, ]1=1,1-10"
1,1-107" 1,1-107"°

[Ba™]= = =0,22 - 10" moup/.
[SO,* ] 5-10°

[Ipu Takol KOHIIEHTpAIlMd KaTMOHOB Oapus OyaeT HaOMroIaThCs
oOpa3oBaHME OCajJKa B HACBIIIEHHOM BOJHOM pacTBope CaSQ,. D10
HU3Kas KOHIICHTpAIMs, OHA TOpa3go HUXKE, YeM B HACHIIIIEHHOM BOJ-
HOM pactBope BaSOy:

[Ba®"]=S(BaS04) = (1,1 - 10'%)"*=1,05 - 10> monb/1.

[TosToMy mnOpu cojepkaHUM HOHOB Oapus B  pacTBOpE
C(Ba*") > 0,22 - 107 monb/n mpuOaBICHIE HACIIIEHHOTO PAaCTBOPA
CaSO,4 npuBOAUT K MOSIBJICHUIO OCAJIKA.

[TpuBOAst MOTOOHBIE PACUYEThI, MOKHO OOBSICHUTH, TOYEMY BhITA-
JAI0T OCAJKK CYIb(aToB Mpu 100aBICHUU:

« HachleHHoro pactBopa CaSO4 K pacTBopaMm comeit Sr°', Pb™'
(moMuMO pacTBOpOB coneit Ba®");

* HaCBHIIEHHOTO pacTBopa SrSO, k pacTBopam coueii Pb™" n Ba®';

* HACBHIIIEHHOTO pacTBopa PbSO, k pacTBopam coeii Ba™'.

5.4. IpobHoe pacmeoperue ocaoxoe

Ha ocnoBe conocrtaBnenus 3nauenut K°, S u ¢ yuerom ycioBus
obOpazoBanms ocaaka (5.13) MOKHO Takke OOBSICHUTH SIBIICHUC U30H-
paTejbHOro (ApoOHOro) pPacTBOPEHHS] MAJOPACTBOPHMOIO JJIeK-
TPOJIUTA, HAXOAIIETOCs B CMECH C OCaJKaMu JAPYTHUX MaJlopacTBO-
PUMBIX CHJIBHBIX AJICKTPOJIUTOB.
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Hanpumep, umeercst cMech ocaakoB cynbharoB: CaSO,4, PbSO,,
BaSO,. Ecnu B 3Ty cucremMy J100aBUTh PaCTBOP COJIM CTPOHITUS (Sr2+),
TO KaTHOH KaJbIIUs W3 OcCajKa MeperseT B pacTBOp, a Sr nepenier
Ha MECTO KaTHOHa Ca2+, T.€. B OCAJIOK:

CaSO4(T) SI'SO4(T)
PbSOyr) + Sr’" —— PbSOy 1) + Ca’" (pacTBOp).
BaSO4(T) BaSO4(T)

B nmaHHOM citydae B T€TEpOreHHOM CUCTEME MPOTEKAET peaKIus
2+ 2+
CaS0Oy4] + St —— SrSO4| + Ca™ .

OOBsACHSETCS 3TO TEM, YTO MPOU3BEACHUE pacTBOpUMOCTH SrSOy
MEHbIlle, 4YeM mpousBeAeHue pactBopumoctu CaSOy; cynbbarbl
CBUHIIA U Oapusi TAaKXKE€ OCTAIOTCS B OCAJIKE, TOCKOJbKY MX PAaCTBOPHU-
MOCTbH MEHBIIIE PACTBOPUMOCTHU CyJIb(aTa CTPOHITHS.

Yem Oosibliie paznuyue MEXAY YUCICHHbIMU 3HaUeHusiMu K ° of1-
HOTHUITHBIX JJICKTPOJIMTOB, TEM JIETUE MOXKHO NMPOBECTH CEIECKTUBHOE
OCaXXJEHWE WIIH PAaCTBOPEHUE.

5.5. ITepeeoo o0Hux
manopacmeopumslx coeOuHeHull e opyaue

[Ipu npoBeneHuH aHanv3a HWHOTAA BO3HUKAET HEOOXOJIUMOCTH
MEPEBECTH OJIHM MaJIOPaCTBOPHUMBIE OCAJKH B JIPYTHE€ TAKXKE Majo-
pactBopumble. [Ipu cucremaTnueckoM aHainu3e ISl OTACJICHUS Ka-
THOHOB Ca2+, Sr2+, Ba’" 0T oCTalbHBIX KATHOHOB MX NEepeBOIAT B Ma-
JopacTBopuMble cynbdarel. Ocanok cyab(paToB OTACISIIOT OT OOIIEro
pactBopa. [lns ompezneneHus JaHHBIX KaTHOHOB B OOIIElH cmecu
CyJibpaToOB UX HEOOXOJAMMO MEPEBECTU B PACTBOP, U yKE B MOJIyUYECH-
HOM pACTBOPE OMNPENCIUTh KaxIblii kaTUOH. OjHako cyibdaThl He
pacTBOPSIIOTCS B BOJE, KUCIIOTaXx, MIejioyax. Torga ux nepeBodsT npu
HarpeBaHUHU B KapOOHATHI:
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CaSO4(T) CaCO3(T)

0
SI'SO4(T) + N32C03 % SI'CO3(T) + Na,SOy,.
BaSO4(T) BaCO3(T)

OO6pa3yroliyrocsi cMech KapOOHATOB PACTBOPSIIOT B KUCIOTE, Ka-
tionst Ca”’, Sr*’, Ba®" MEPEXOIAT B PACTBOP, B KOTOPOM HX OMpEJIe-
JISIFOT C TOMOUIBIO CIIEM(UUECKUX PEAKITUH.

[Iporecc mpeBpailleHUs] MalOpPaCTBOPUMBIX CYJb(aToB B Majo-
pacTBOpUMbIE KapOOHATHI MPOXOUT CIAEAYIOIIUM 00pa3oMm:

BaSO4(T) + N32C03 EE— BElCOg(T) + NEleO4.
KL (BaSO,) =1,1-107"% K2(BaCO3) =4 - 10"°.

YroOsl cynbdar Oapus pacTBOPSIICA U NMEPEXOJUI B OCaJ0K Kap-
OoHarta 0apus, HeOOXOIMMO BHITIOJTHEHUE YCIOBHIA:

C(Ba’") - C(SO, ) < 1,1 -107"% c(Ba*) - C(CO5" ) >4-10"°.

TosbKO MpH COONMIOICHUH JAHHBIX YCIOBHM OCaJIOK Cyib(ara Oa-
pusi OyJIeT pacTBOPSTHCS, TEpPEIIeANIie B PacTBOP KaTHOHBI Oapuis
OynyT ocaxknarbcsi B ¢popme kKapOoHaTa. [Ipu mporexkanuu >TuX Mmpo-
IIECCOB UOHBI CyJibdhaTa OyayT HaKaIlJIUBaTLCA B PaCTBOPE M UX HEOO-
XOJIMMO TIEPUOANICCKU YIAAATh.

B paBHOBecHOM pactBOpe Haja ocagkom BaSO, KoOHIEHTparus
kaTHOHOB Ba’' Gyrer paBHa

C(Ba*") =[Ba*]=(1,1- 10" =S(BaS0,) =
=1,05- 10> moub/i.

Jlist oOpa3zoBaHus ocaaka kapOoHaTa Gapusi HEOOXOIUMO, YTOOBI
KOHIIEHTpAIINs HOHOB KapOOHAaTa MPEBHIIIaIa BETNINHY

K.°(BaSOy,) 4-107"°
[CO" ] = = =3,81 - 10 Momb/a.
[Ba®] 1,05-10°
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DTO 3HaYEHHE COOTBETCTBYET HU3KOM KOHIICHTpAIIMW MOHOB Kap-
OoHara B pactBope. /[aHHYI0 KOHIICHTPAIMIO MOKHO MPEBBICUTH ITy-
TeM BBeaeHust Na,CO;z B pactBop. IIpu 60iibiioM M30BITKE aHHOHOB
CO;* Ooyner HaOJI0AaTHCS HEPaBEHCTBO
C(CO;)>3,81-10° wMomp/n, ¥  HOHHOE  IPOM3BELCHHUE
C(Ba®") - C(CO;”") 6ymer Bo MHOro pa3 mpessimars KL°(BaCO;). B
ATOM CJIyyae OCaJIoK kKapOoHaTa Oapusi JIeTKO oOpasyeTcs. 3a cuer
BbImazieHnus ocagka BaCO; B pacTBope MOHUKAETCA KOHILIEHTPALIMS
xatronoB Gapust C(Ba®") u nonnoe npomssenenune C(Ba™) - C(SO,™)
CTaHOBHUTCS MEHbIIIe, ueM uucjaeHHoe 3HaueHne K°(BaSQO,), T.e. oca-
1ok cyibdarta Oapus pactBopsieTcs. [Ipoiecc nmpogosxkaercs 10 TEX
1op, TTOKa MPAKTUIECKU BECh 0CAJIOK Cylb(ara Gapus HE MpeBpaTUTCS
B 0CaJIOK KapOoHaTta Oapusl.

Omneparnuto o6padbotku BaSO,4 pacTBOpoM cofbl MpU HATPEBaHUU
MIOBTOPSIIOT HECKOJIBKO pa3, MEPUOANYECKH yAass PacTBOp, B KOTO-
POM HAKAILIMBAIOTCS HOHBI SO4” .

5.6 Bnusinue dobaeox
NOCMOPOHHUX INeKmpoaumoe
HA pacmeopumocms Malopacmeopumsblx
CUNbHBIX INIeKMPONUMoe

1. Bausinue 3J1eKTPOJIMTA ¢ OJHOMMEHHBIM HMOHOM. Paccmort-
PUM IeTEpPOTr€HHOE PaBHOBECHE

BaSOyr) <> Ba®" + SO,” (pactBop).

DTO paBHOBECUE XAPAKTEPU3YETCS KOHCTAHTON paBHOBECHS
(mpousBeaeHueM pactBopuMocTr) K(°, KoTopasi mocTosiTHHA TTPU HEU3-
MEHHOM TemIieparype. Eciau B CHUCTeMy BBECTH PACTBOPUMBIN DJICK-
TPOJUT, COACPKAIIUN OTHOUMEHHBIE NOHBI (SO,), To KOHIICHTPAIHs
X BO3PACTET II0 CPABHEHMUIO C HUCXOIHOM. [Ba2+] : [SO42_] = const,
[109TOMY yBEJIMUYCHHE KOHICHTpaluu noHos [SO,” | mpuBeIeT K CHu-
KEHUIO KOHIICHTPAIlMU KaTUOHOB [Ba’'], T.c. pactBopuMocTh BaSO,
YMEHBIITUTCAL.

Takum oOpa3oM, BBEICHUE B PACTBOP AJIEKTPOIUTA, COJEpKaIle-
ro OJHOMMEHHBIE C OCaJIKOM HOHBI, HE 00pa3yIOIIUE C HUM PaCTBO-
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pUMBIE KOMIUIEKCHBIE COCIUHEHUS, TOHUXKAET PACTBOPUMOCTb MAJIO-
PacTBOPUMOTO CWJIBHOI'O JJIEKTPOJIMTA, T.C. YBEIUYMUBAET I[OJHOTY
ocaxaeHus. K TakoMy ke BbIBOJly MOKHO IIPUWTH, UCIIOJIb3Ys IPUH-
nun Jle [larenbe: yBequueHUe KOHIICHTPAIlUM MOHOB Cyib(aTa cMe-
IIAET PABHOBECHUE B CTOPOHY 00Opa30BaHUS OCAJIKA.

Ecnu BBOJIMMBIE B TE€TEPOre€HHYIO CHCTEMY HOHBI 00pa3yloT ¢
OCaJIKOM KOMIUJIEKCHOE PAaCTBOPUMOE COCIUHEHHUE, TO INPOUCXOAUT
oOpaTHBIH MpoIlecc — pacTBOpeHue ocaaka. Hampumep, mporekaet pe-
aKIus

Hg* +21 — Hgl|.
[Ipu n30BITKE HOHOB HOJUIA TETEPOTCHHOES PAaBHOBECHE
Hglyr) < Hg** +2 1 (pactBop)

HE CMEIIAeTCs B CTOPOHY OCajKa, a HA00OpOT, HAOJIOIA€TCs €0 pac-
2_
TBOPEHHE BCIICJICTBHE 00pa30BaHUs KOMILIEKCHBIX HOHOB [Hgl4]™ :
— 27
Hglym +21 — [Hgli]™ .

2. Biusinue no0aBok MHAU(P(PEPEHTHOro 3jieKTpoJsaura. Pac-
CMOTPHM TO K€ FETEPOr€HHOE PABHOBECHE:

BaSOy ) < Ba’" + S0, (pacTtBOD).

BBeneM B cucrteMmy Kakue-TuOO pacTBOPUMBIE DJIEKTPOJUTHI, HE
cojiepKalllie OJHOMMEHHBIX C ocaakoM HoHOB (Hampumep, KCI,
NaCl, NaNOs). IIpu 3Tom 00l1iee Ynciio HOHOB B PaCTBOpPE BO3pacTa-
€T, YBEJIMYUBAIOTCS CHJIbI 3JIEKTPOCTATUYECKOTO B3aUMOACHCTBUS
MEXTy BCEMU MOHAMU M TIOBBIIIACTCS MOHHAS CHUJIa PAacTBOpa COTJIac-
HO ypaBHeHuto (4.15):

.=0,5-C,-Z>

2+ 2-

B srom ciyyae xoddduimentsl aktusaoctd f(Ba™) u (SO, )

yK€ 3aMETHO OTJIMYalOTCA OT eauHulbl, nosromy K °(BaSO,) HyXHO
2+ 2-

BBIPAXKaTh HE YEpEe3 paBHOBECHBIE KOHIeHTpauuu [Ba™ | u [SO,” |, a

yepes paBHOBecHsIe akTuBHOCTH a(Ba®)  a(S0,Y), T.c.
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K (BaSO,) = a(Ba®") - a(S0,>);

yantsiBas, uto a(Ba’")=f(Ba’")[Ba’"] u a(SO,” )=f(SOs ) [SO4 ],
MOJIy4YUM

KL (BaSO,) = [Ba*"]- [SO4 ] f(Ba™) - f(SO/5).

[Ipu HE CIUIIKOM BBICOKMX KOHIICHTPAIMSAX PACTBOPOB C POCTOM
HOHHOUM cuiibl [, KOA(pPUIIMEHTHI aKTUBHOCTH HMOHOB YMEHBIIAIOTCS
(CTaHOBSITCS MEHBIIIC €IMHUIIBI) B COOTBETCTBUH C ypaBHeHUEM JleOas
1 XIOKKEJIS IJI CIIBbHBIX 3JIeKTPOJIUTOB (4.17):

A7} \Tc
1++/Tc

Ypasuenune crpasemtuo mpu I, < 107 momb/1. Bemnunna K°
MOCTOSIHHA TIPU JJAHHOW TeMIieparype, MO3TOMY YMEHBIIICHHE TTPOU3-
Begenns f(Ba™") - f(SO,°) DOMKHO KOMIICHCHPOBATHCS YBEIHUCHHEM
MIPOU3BE/ICHNS] KOHLICHTPAIAN [Ba2+] : [SO42_] 3a CUET BO3pacTaHUs
TUX KOHIIEHTpAIUH, T.€. MPOUCXOJUT IOBBIIICHUE PACTBOPUMOCTH
ocajka cyiibdara dapus.

Takum oOpa3zoM, BBeACHHE B TETEPOTEHHYIO CHCTEMY J100aBOK
uHIuphHepeHTHOTO (IMTOCTOPOHHET0) AJCKTPOJIUTA MPUBOIUT K H3MeE-
HEHUIO PACTBOPUMOCTH MajOpPaCTBOPUMOTO CHJIBHOTO JJIECKTPOIUTA
BCJICJICTBHE U3MEHEHHS KOA(D(PHUITMEHTOB aKTUBHOCTH MOHOB. JTO SIB-
JICHUE HA3bIBAETCS COJIEBBIM 3PP eKrToM.

[Ipu HE 0YeHBb OOIBITUX 3HAYCHUSX MOHHOW CHJIBI pacTBopa (UTo
XapakTepHO MJis1 OOJIBIIMHCTBA AHATUTHYCCKUX DPEaKIUi) BBEIACHUE
MIOCTOPOHHUX DJIEKTPOJIUTOB OOBIYHO TIOBBIIIAET PACTBOPUMOCTH
ocaJka.
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5.7. BhusiHue pa3nuuHbix ¢paxcmopos
HA NOJTHOMY OCa’><O0eHUsl 0caodKoe
U ux pacmeopeHue

[Ipn mpoBeAeHUM aHATUTUYECKUX PEAKIMl JTOOMBAIOTCA TaKOM
MOJTHOTHI OCAXKJICHUSI HY>KHOT'O BEILECTBA, YTOOBI OCTATOYHOE KOJIH-
4ECTBO €ro B PACTBOPE HE MPEBBIMIANO KOHIEHTparmio 10 ° MOIb/IL.
[ToaHOTA OCaXKJIEHUSI OCAJIKOB U MX PAaCTBOPHUMOCTH 3aBUCST OT psjia
(hakTOpPOB, OCHOBHBIMH U3 KOTOPBIX SIBJISIIOTCSI:

* IPUPOJIa OCAKIAEMOTO BEIMIECTBA, OCATUTEINS, PACTBOPUTEIIS;

* KOHLICHTpAI1s PeareHTOB;

* pH cpenpr;

* IPUCYTCTBHE TOCTOPOHHUX BEIIECTB;

* YCIIOBUSI OCaxJieHUsl (ObICTpoe, MEIJICHHOE, U3 pa30aBJICHHBIX
pPacTBOPOB, U3 KOHIIEHTPUPOBAHHBIX);

* XapakTep ocaaka (aMop(HBIH, KPUCTAUIMUYECKUM, MEITKUM,
KPYITHBIN);

* BO3MOKHOCTh MTPOTEKAHUS MOOOYHBIX PEAKIINIA;

* MPOJOJKUTEILHOCTh BBIICPKUBAHUS OCaJIKa ¢ MAaTOYHBIM pac-
TBOpoM ("'co3peBaHue" ocajka).

[Ipy npouyux paBHBIX YCIOBUSIX OTJICJICHME MOHOB OyneT Oosee
MOJTHBIM, Y€M MeEHbIIIe yncieHHoe 3Hadenue K¢°, S (Moman/m) Toro co-
€JIMHEHMS, B BUJE KOTOPOTO OCAXKIAETCs JaHHbBIN HOH.

Ocaxnenue Oyner 0oJiee MOJHBIM, €CIIU KOJIUYECTBO MPUOaBIICH-
HOTO peareHTa He MEHbIIIE€ TOT0, YTO TPEeOYEeTCs COrIacCHO YPaBHEHUIO
peakiuu. BBejeHue oJHOMMEHHOTO MOHA TMOBBIIIAET MOJTHOTY OCaX-
JICHUSL.

bonwiyto poss urpaer pH cpenpl. Hanpumep, MaiopacTBOpumMbIe
B BOJIE TUJIPOKCHUIBI JYUIII€ OCAXKIAOTCA MpHU MoBbIieHu:u pH cpenp;
npu noHwxkeHun pH onu pactBopsroTcs. [pyras kapTuHa HaOmrO1a-
€TCSl IPU OCAXKJACHUU MAJIOPACTBOPUMBIX COJIEH CIa0BIX KUCIOT: MOJ-
HOTa OCAXJICHUS YBEJIWUYMUBAETCS NMpHU CHUXKeHUU pH cpesbl.

[Ipouecc PNEKTPOIUTUUECKON AUCCOLMALINU SIBISETCS SHIOTEP-
MUYECKHUM, T.€. YBEIIMUCHHE TEMIIEPATYPhI JOJKHO MPUBOJUTH K yBeE-
JUYEHUIO PACTBOPUMOCTH (MJIM CHUKEHHUIO TOJIHOTBI OCAXICHMUS).
Opnnako oOpasyroluecs MOHbI B BOJI€ MOJIBEPrarOTCsl TUApaTaIluu —
3TO HK30TEPMHUYECKUN MPOIIECC, POCT TEMIIEPATYPhl 3aTPYAHSET €TO.
O6a nporuecca Mo-pa3HOMY 3aBUCAT OT TEMIIEpaTyphl, 3HAYUT, B JaH-
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HOM ciy4dae oOuui 3pdexT peakiuu (M paCTBOPUMOCTD) OINpeesis-
eTCsl IPUPOJION PAcCTBOPSEMOTO BelllecTBa U pacTBopurens. Bo MHo-
I'MX aHAIMTUYECKUX PEAKIUX, TJI€ B KAUeCTBE PACTBOPUTENS UCIIOIb-
3yeTCsl BOJa, PACTBOPUMOCTH BO3PACTAET C POCTOM TEMIIEPATYyPHI.

JIJist TOro 4TOOBI MOBBICUTH PACTBOPUMOCTH OCAJKa, HYXKHO CBSI-
3aTh OJIMH W3 OT/JAaBAa€MbIX B PAacTBOP MOHOB B BUJE MaJIOAUCCOIUU-
pytoiiero coeaunenus: (Hamnpumep, H,O), razooOpasHoro BerecTBa
(manpumep, CO,) nin B Buze KomiutekcHoro mona ([Hgl]™).

OOBIYHO OCaIUTENIbHbIC AaHATUTUYECKUE PEAKIIMU MPOBOJAT B Ta-
KHUX YCJIOBUSIX, KOTOPBIE 00ECTICUNBAIOT HAUOOJIBIITYIO MOTHOTY OCaX-
JIEHUS OCaJIka CTEXHOMETPUYECKOr0 COCTaBa, COJAEPIKAIEro MHUHU-
MyM TpUMEceld MOCTOPOHHUX BEIIECTB, U HCKIIOYAIOT MPOTEKAHUE
NOOOYHBIX PEaAKIUH.

6. KHCAOTHO-OCHOBHOE paBHOBECHE
B pacTBOpax

6.1. IIpomonumuuecKkast meopusi
Kucsiom u OCHO8aAHUl

Co BpeMEHHM CTaHOBJICHUS TEOPUU AJIEKTPOJIUTHUYECKON ITUCCO-
nuanuu C. Appenunyca (1883 — 1887 r.r.) npuHATO CYUTATH, YTO KH-
CJI0Ta — 3TO BEILECTBO, BBIJIEIAIONIECE MPU MOHU3ALMM (JUCCOLHAIUN
Ha MOHBI) KaTHOH Bojopoaa H', a ocHoBaHME — 3TO BellecTBO, BhIfE-
asromee npu voHmzanuu rugpokcurpynmy OH . CormacHo 3TuM
NPEACTaBICHUAM TUIMHMYHBIMU KHUCJIOTAMH SIBJSIOTCS MUHEpaIbHBIC
(HCI, HNOs, H,SO4 u 1p.) u opranndeckne RCOOH. Bce onn nipu
JTUCCOLMAIIMNA OTHICIUISIOT KaTUOH BOJIOpo/a (MHOTA €ro Ha3bIBaIOT
POTOH):

HCl - H +Cl;
H,SO, <> H" + HSO, ; HSO, < H + S0, ;

CH;COOH < H' + CH;COO'.
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K tunmyabiM ocHoBaHusM oTHociIT NaOH, KOH, Ca(OH),,
NH4,OH wu gp. Ilpu noHM3aUKA OHHU BBIACISIOT THAPOKCHUI-AaHUOHBI

(OH):
NaOH <> Na’ + OH ;
Ca(OH), <> CaOH" + OH; CaOH" « Ca’>" + OH ;
NH,OH «> NH," + OH .

bonee oOmias mpoToNMUTHYECKas TEOpUsl KUCIOT M OCHOBAaHMMA
Obuta mpeagokeHa B 1923 — 1928 rr. gaTckuM (PU3HKO-XUMHUKOM
N.H. bpencrenom n anrmmiickum xumukom T.M. Jloypu. 9Ty Teoputo
Ha3bpIBalOT Teopuen bpencrena — Jloypu. CornacHo maHHOW TeopuH
KHMCJIOTA — 3TO BEUIECTBO, BBIACISIONICE NMPU MOHU3ALHUU IPOTOHBI
(IOHOp TIPOTOHOB), @ OCHOBAaHHME — BEIICCTBO, MPHUCOCIUHSIONICE
MPOTOHBI (AKIENTOP MPOTOHOB). B pamkax 3Toil TeOpUU KUCIOTAMU U
OCHOBAHUSIMH MOTYT OBbITh KaTHOHBI, aHUOHBI WJIM HEHUTpaJbHbIE MO-
JeKyJibl. BemiecTBa — nepeHOCUMKHA MPOTOHOB — HA3bIBAIOT MPOTOJIM-
tamu. Hanpumep, Bo3MOXeH MpoIiecc 00paTUMOro mnepexoja KUcio-
ThI (OJTHOOCHOBHO#) B OCHOBaHHE (OJHOKHCIOTHOE):

HB«———H +B , (6.1)

KHCJI0Ta OCHOBAHHEC

rie HB u B — BemecTBa, Ha3pIBaeMble CONMPSHKCHHBIMU KHUCIIOTON M
ocHoBaHueM, T.e. HB — kuciora, comnpsbkeHHass ¢ ocHOBaHWEM B ;
B — ocHoBanue, comnpsixkeHHoe ¢ kuciotoit HB. [[ns BogHBIX pacTBo-
poB ypaBHeHUE (6.1) MOXXHO HamMcaTh B BUJC

HB + H,O ——— H;O' + B. (6.2)

Kuciora 1 OCHOBaHHue 2 KHCJIOTA 2 ocHoBaHue 1

ConpsiyKeHHBIMM SIBJISIFOTCA KUCJoTa | m ocHOBaHMeE 1, a Takxke
KHCJIOTa 2 U OCHOBAHHUE 2.
Hampumep:

CH;COOH «——— H" + CH;COO ;

KHCJI0Ta OCHOBAHHUEC
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NH; + H «——— NH, .

OCHOBAHUEC KHCJI0Ta

CornacHo Teopumn bpeHcrena-JIoypu KHCIOTBI U OCHOBaHHS Ha-
XOJATCS B MPOTOJMTHYECKOM pPaBHOBecHH. [IpoTonutnueckoe pas-
HOBECHE B IIUPOKOM CMBICIIE — 3TO PABHOBECHE, B KOTOPOM Y4YaCTBYET
IIPOTOH — KaTHOH Bogopoaa H'. B y3KoM cMbICiIe IPOTOINTHYECKUMHE
HA3bIBAIOT PEAKIMU, B KOTOPHIX YYACTBYIOT MOJIEKYJIbI BOABI, OTAAIO-
M€ WIN TPUHUMAIOIINE KaTHOHBI BOAOPOIA:

H,0 - H +0H ;H,0+H < H;0".
B camol BoJie yCTaHABIMBAETCS MPOTOJIUTHUUYECKOE PABHOBECHE:
H,0 + H,0 < H;0" + OH .

IIpoTOoTpONHBIMM HA3BIBAIOT TAKHE PEAKIUH, B KOTOPBIX IEpe-
HOCUYHMKAMU MIPOTOHOB CJIY>KaT HE MOJIEKYJIBI BOJIBI, & MOJICKYJIbI IPY-
I'MX BEIIECTB:

CsHsN + HCl « CsH:NH' + CI.

IIpoTouTHYECKNE PeaKIIUM U PABHOBECHUS — OTO JIIOObIE peak-
IIMY ¥ PAaBHOBECHS C yU4aCTHEM MPOTOHOB.

Peakuuu mporoJimM3a — peakiuv KUCJIOT U OCHOBAHUU C PaCTBO-
puTeieM, B KOTOPBIX YYaCTBYET MPOTOH (KaTHOH BOJAOPOJA).

BemectBa, criocoOHbIE KaK MPUCOEAUHATh, TAK U OTJIaBaTh MPO-
TOHBI, Ha3bIBalOT amMoauTamu (Wiu aM(POTEPHBIMU BEIIECTBAMM).
[Tpumepsl aM(pOTEPHBIX BEIIECTB:

HCO; < H'+ CO5*; HCO; + H' — H,CO; — CO, 1 + H,0;
H,0 -+ H +OH ; H,0+H < H;0".

Eure Oosnee oOuiel siBIseTCs TEOpUsI KUCIOT U OCHOBaHUN aMepu-
kaHckoro xumuka [.H. JIptonca (1926 r.). CormacHo 3Tol TeopHH
KHCJIOT U OCHOBaHHHM JIbIoMca KUCI0Ta — 3TO COEIUHEHHUE, CII0CO0-
HOE MPHUHATH AJICKTPOHHYIO Mapy ¢ 00pa30BaHHEM KOBAJICHTHOU CBS-
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31, a OCHOBAHHUE — COCAMHEHHE, CIIOCOOHOE MPEOCTABUTh DJIEKTPOH-
HYI0 TIapy Juisi 00pa3oBaHus 3Tou cBs3u. Hanpumep:

+
H H
+
H:N: + H H:N:H (6.3). (6.3)
H H

OCHOBAHHUEC KHCJIOTaA

6.2. IIpomonumuueckKkoe pasHoeecue 6 eooe

CorracHO COBpEMEHHBIM TIPEICTABICHUSM B BOJIC MPOXOJHUT aB-
TONPOTOJIH3:

H,0 + H,0 & H;0" + OH
uiy B kpaTkoit popme: H,O <> H + OH .

Boja — cinaOblii 37€KTPOJIUT, OITOMY 32 KOHCTAHTY PaBHOBECHUS
MOKHO MPUOTUKEHHO TPUHATH KOHIICHTPAIMOHHYIO KOHCTAHTY K:

[H;0'] - [OH ]
Kc= , wm K¢ - [H,O1" = [H;0] - [OH 1.
[H,07

[Ipn mocrosiaHOM Temneparype K¢ = const. Konuenrparus BobI
TaK)Ke IMOCTOSIHHAa W paBHa 55,55 moinw/a, 1.€. [Hy,OF = (55,55)2 =
const. [IponsBeaeHne IByX MOCTOSAHHBIX BeJIWM4YuH K¢ - [H20]2 TaKKe
IIOCTOSIHHAS BEJIMYMHA:

K¢ - (H,O7* = const = Kw;
Kw=[H;0'] - [OH ], wmu Kyw=[H'] - [OH ]. (6.4)

Bennunna Ky Ha3pIBaeTCS KOHCTAHTOM aBTONMPOTOJIM3A BOJbI,
VI HOHHBIM Mpou3BegenneM BogbL [pu 25 °C Ky = 1,008 - 107 =
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14
10 . ITockoisbKy uuciaoBbie 3HaUeHUs1 Ky uMeroT HeOobII0e 3HaUe-
HUE€, TO BMECTO HMUX IIPUHATO MCIIOJIb30BAaTh OTPULATEIIBHBIN JECs-
TUYHBIN JIoTapudM 3TOU BETUUYHNHBI — BOJAOPOAHBII MOKAa3aTeIb:

pKw=—1lgKy=—1g 10 '*=14. (6.5)

B 4ncTor BOJIE€ KOHILIEHTPALlMM KAaTUOHOB BOJAOPOJAa U aHUOHOB
TUAPOKCUTPYIIIT OJUHAKOBBI:

[H;0']=[OH ], Torza [H;0']=[OH ]=10";

pH=-1g[H;0']=-1g 107 =7, (6.6)
pOH=—-1g[OH |=-1g 107 =7; (6.7)
pKw =pH + pOH = 14. (6.8)

[Ipy KOMHATHOM TEMIEPATYPE B KUCIBIX BOJHBIX PACTBOPAX YHUC-
JICHHBIE 3HAYEHUs KUCIOTHOCTU Miau pH < 7, B HEUTpAIBHBIX pacTBO-
pax pH = 7, B mienounsix BOAHBIX pacTBopax pH > 7.

B npeacTaBieHHBIX BBIIIE COOTHOLICHUSIX (QUTYPUPYIOT PaBHO-
BecHble KoHIeHTpanuu [H;0'] u [OH ]. Bonee cTporum sBisroTcs
COOTHOILIEHUS, BBIPAKEHHBIE YEPE3 PABHOBECHBIE AKTUBHOCTHA NOHOB:

pH =—lg a(H;0"), pOH = — Ig a(OH );
Kw=a(H;0") - a(OH ), nmu Ky = a(H") - a(OH).

JI71s1 pa30aBIIEHHBIX KUCIBIX U MIEJIOYHBIX BOJHBIX PACTBOPOB pe-
3yJbTaThl PaCYETOB C MCMOJb30BAHUEM PABHOBECHBIX KOHIICHTPALIMIA
U aKTMBHOCTEW MOHOB MPAKTUYECKU COBMHAAaroT. [ KOHIIEHTpUpPO-
BAHHBIX PACTBOPOB UCIOJIb3YIOT 3HAYCHHS] aKTUBHOCTEI MOHOB.

C uzmeHeHneM temnepatypsl pH HeWTpalbHBIX BOJAHBIX PacTBO-
pPOB HECKOJIbKO MeHsieTcsa. OOBACHSIETCSI 9TO TEM, UTO IPHU MOBBIIIIE-
HUH TEMIIEPATYPHI CTENEHb JUCCOUMAIMU (MOHU3AIMHN ) )KUIKOW BOIBI
YBEIIMUUBACTCS, CJIeOBaTENbHO, 3HaueHus Ky pactyt (Tadm. 6.1).
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Tabnuia 6.1

H3menenue 3naueHuil UOHHO20 NPOU3EEOCHUA B0ObL
Ky u pH neitmpanbnuix 600HbIX pACMEOPO8
6 3a6UCUMOCHU OM MmeMnepamypvl

Temnepamypa, °C Ky pH
5,0 0,1846 - 10" 7,37

20,0 0,6809 - 10* 7,08

25,0 1,0080 - 10 7,00

60,0 9,6140 - 10" 6,50

100,0 59,0000 - 10~ 6,12

OTH U3MEHEHHS] OTHOCUTEIBLHO HEBEIUKHU, HO MPHU TOYHBIX U3ME-
PEHMSIX U pacyeTax UX HYKHO YUYUTHIBATH.

6.3. Xapaxmepucmukxa cunisl ciadslx Kucaom

CnaOble KUCIIOTBI B BOJHBIX PacTBOpax IIOJIBEPrarOTCs JIHUCCO-
AAIMA B HE3HAYUTEJBLHOU CTENEHHU, T.€. O << 1. B Takux pacTBopax
YCTaHABJIMBACTCS PABHOBECUE MEXIYy MOHAMH M HEIUCCOLMHUPOBAH-
HBIMH MOJIEKyJaMu. B 001mieM ciiydae B COOTBETCTBUU C MPOTOJUTH-
yeckol Teopuent bpencrena-Jloypu st nuccoruanuu cjiaboil ogHo-
OCHOBHOW KucioThl HB cnipaBeimmBo ypaBHeHue

HB + H,0 < H;0" + B . (6.9)

Hctunnas tepMoanHamuyeckas koHcTaHTa K jgaHHOro paBHOBe-
CHSl OIIPE/ICIIICTCS U3 YPaBHEHUS

a(H;0") - a(B")
K= , (6.10)
a(HB) - a(H,0)

rJe Bce akTuBHOCTH — paBHOBecHbIe; a(H,O) = const, Torna ypaBHe-
Hue (6.10) MOXXHO TIepenucarh B BU/JIE
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a(H;0") - a(B")
K- a(Hzo) = 5
a(HB)

npousBeaeHue AByx koHcTaHT K - a(H,O) — BennumHa mocrosiHHas
(mpu mocTostHHOM Temmeparype) u paBHas K,, T.e. K; = K - a(H,0).
Torma

a(H;0") - a(B")
K, = . (6.11)
a(HB)

[TockonbKy mIsi ClIaOBIX DJIEKTPOJMTOB CTENEHBb JAUCCOIMAIINHI
HamMHOro MeHsble eauHulibl, To K = Kc = K,, rne K — koHcTanTa (quc-
coranuu) paBHoBecHs, K- — KOHIIEHTpallMOHHAs KOHCTAaHTa pPaBHO-
Becus, K, — KOHCTaHTa KHUCJOTHOM JUCCOLMAllMK, WJIM KOHCTAHTA
KHMCJOTHOCTH cJ1a00o¥i Kuciothel. [IpubnamxkeHHoe 3HaueHUe KOHCTaH-
Thl KMCJIOTHOCTH JJIsi pa30aBJI€HHBIX PACTBOPOB CIA0OBIX KHUCIOT OIl-
peleIsieTCsl COTJIACHO YPaBHEHUIO

[H;O']- [B]
K, = : (6.12)
[HB]

rac BCC KOHUOCHTpAIUHW PABHOBCCHLIC. I[J'IH MHOTHX CJIA0BIX KHCJIOT

qyucjeHHble 3HaueHus K, uMeroT HeOONBINyH BEIWYHHY, MOITOMY
MPUMEHSIOT CHJIOBOM MOKAa3aTeJdb KOHCTAHTBHI KHUCJIOTHOCTH (I0-
Ka3aTeJb KMCJIOTHOCTH):

p Ki=—-1gK,. (6.13)

Yem Oouibiie ynciiennoe 3nauenue K, (uem mensmie pK,), tem
CHJIbHEEe KHCJI0TA.
JlormycTrM, 4TO MCXOAHAsI KOHIEHTpaUus OJHOOCHOBHOW KHMCIIO-

Tel HB paBuHa C,, 00— cTeneHp ee aucconuanuu B pactBope. Torma
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pABHOBECHBIE KOHIIEHTPAILMM HOHOB OymyT paBubl [H;0'] = [B'] =

= o - C,, a paBHOBecHast koHleHTpauus kuciiotel [HB]=C,—a - C, =
=C, (1 —a). Torna

[H;0"] - [B] o - C, o - C,

K, = ~ ~ . (6.14)

[HB] Co-(1-0) 1o

Ecnayn BMECTO KOHIIEHTpAIlMU HCMOJIb30BaTh OOPATHYIO € BeJu-

yuHy — pa3Benenue V = 1/C, (1/Momab), To opmynia ajis KOHCTAHThI
KHCJIOTHOCTH OYyJIeT UMETh BU]T

(12

K, =

: (6.15)
V-(1—-a)

O6a nocnenuux cootHouieHus (6.14 u 6.15) 11 KOHCTAHTHI KU-
CJIOTHOCTHU TI0 (popMe 3amucH SIBJISIOTCS BRIPAKCHHEM 3aKOHA pa3Be-
nenusi OcrBaabaa (cMm. ypaBuenus 4.10 u 4.11) ans cnaboro Ounap-
HOTO AJICKTPOJIUTA (B TAaHHOM cllydae i Kuciaothl). [Ipu o << 1

Ka
Kazaz-Ca,HﬂHaz,/—
Ca

B o6mem cimydae mist ¢iaboro 3jaeKTposiuTa (KUCIOTHI) JIF0O0TO
cocraBa K A, , pacnaaaronierocsi B paCTBOpE Ha HOHBI

KA, nK™ +mA"™,

3daKOH pa3BCACHUA OCTBaJ'IBI[a OIMMCBIBACTCA COOTHOIICHHUCM

— (0
K:nn_mm_cmﬂll_

, (6.16)
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rae C — ucxoaHasi KOHLUEHTpaIMs ciadboro sjaekTposurta (ciabdoil Ku-
cnotsl). st oprodocdopnoit kucnotel H3PO4 (n = 3, m = 1) MoxHO
HaIMcaTh CyMMapHOE YPaBHEHHE JTUCCOIUAIUH:

H;PO, — 3 H + PO, ;
TOTJIa JUISA JAaHHOU KUCJIOTEI

(x1+3 B 27c3 (X4

J 0 -

Ka:33 . 11 . C1+3_1 .

JIst OMHAPHOTO AJEKTPOIUTA 3aKOH pa3BeacHUs OcTtBanbaa (Ipu
a<<1)

K ~ 1,ln . mm . Cm+n—1 . am+n (617)

Hcnonw3zys 3akoH paszBeneHus OcTBajibAa, MOKHO HAWTH 4YHC-
JICHHOE 3Ha4YeHHEe paBHOBecHOW BenuuuHbl pH pacTBopa ciaboit oa-
HOOCHOBHOHM KHCJIOThI. PaBHOBECHasI KOHIIEHTpAIUsd KaTUOHOB BOJIO-
poJia paBHa

Ka Ka
HiO =0 Co=|— - Co=,|—.
[3 ] a Ca a Ca

pH = — Ig [H:0'] = - Ig w/% — 0,5 (IgK, +1g C) =

=0,5-(—lgK,—1IgC, ;- 1gK,=p K, —1gC,=p C,,
Cnenosarensno, pH=0,5 - (p K; +p C,). (6.18)

Takum o0pazoM, Jyisi pacyeTa paBHOBeCHOro 3HaueHusi pH pac-
TBOpa c1ab0 0OTHOOCHOBHOM KHCIIOTHI HEOOXOAMMO 3HATh KOHCTAHTY
KMCJIOTHOCTH 3TOM KUCIIOTHI K, 1 ee ncxoanyro koHueHTpanuto C,.

Ipumep. Paccunrate pH pacTBOpa yKCyCHOM KHCIOTBI C UCXOJ-
HoM koHreHTpanueit 0,01 monw/n. IIpu KOMHATHON TeMmmepaType s

ykeycHo# kucaotsl K, = 1,74 - 10” u p K, = 4,76.
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pH=0,5-(pK,+p Cp)=0,5- (4,76 —1g 0,01) =
—0,5- (4,76 +2) = 3,38.

AHAJIOTUYHO MOYKHO PacCMOTPETh PaBHOBECHE IS CIa00i MHO-
TOOCHOBHOM KHCJIOTBI. MHOIOOCHOBHBIE KHCJIOTBHI IOJBEPTatOTCs
JTACCOIMAIIMA HA WOHBI CTyrneH4aTo. Kaxnasa cTyneHb XapakTepusy-
eTCsI CBOCHM KOHCTAHTOM JMCCOIIMAIINH.

H;BO; + H,0 < H;0" + H,BO;; K, =

_[H;0"]-[H,BO;]
[H;BO;]

=7.1-10""

H,BO; + H,O « H30+ + HBO32_; K,

+ j—
_[H0"1[BOT) _ o o
[H,B0;]

HBO;* + H,0 <& H;0"+BO;” ;K3 =

_ [H;07]-[BO}]
[HBO3"]

=1,6- 107,

[IpousBeneHre KOHCTAHT CTYIEHYATOM JUCCOLMUALIMU PABHO II0JI-
HOW KOHCTaHTE auccounanuu KuciaoTsl K (4.9):

H + 3 B 3-
K=K, K, Ky k=30 TABO T 5 60 g0
[H3B0;]

ATO €CTh KOHCTAHTAa MOJHOM JUCCOLMAIINN KUCJIOTHI IO CXEME

H;BO; + 3 H,0 <> 3 H;0" + BO;™".
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6.4. Xapaxkmepucmukxa cunsl
cnadvlx ocHoBaHUU

B coorsercTBuu ¢ teopuen bpencrena-Jloypu ais nuccounanyu
OJIHOKHMCJIOTHOTO €J1a00ro OCHOBaHUs B B BOAHBIX pacTBOpax MOXKHO
3anucarhb

B+ H,0 <> HB" + OH. (6.19)

Ecnu crenenp nucconuanuu OCHOBaHUS O << I, TO 3a KOHCTaHTY
PaBHOBECHSI MOYKHO MPUHATH KOHIIEHTPAIIMOHHYIO KOHCTAHTY

g =B 1-[OH ], K [H,0]= MBTIOHT]_pe — const  (6.20)
[B]-[H,0] [B]

IpYU MOCTOSIHHOM Temmneparype. Kg — KOHCTaHTa aucconuanuu ciado-
ro OJTHOKUCJIOTHOTO OCHOBAHUS, WM KOHCTAHTA OCHOBHOCTH CJ1a00-
IO OCHOBAHMS.

p Kp=—-1gKs, (6.21)

rae pKg — cuji0Boi moka3zarejib KOHCTAHTHI OCHOBHOCTH (IMOKAa3a-
TeJIb OCHOBHOCTH).

KB:[HB+]'[OH_]-[H301]= [H,0]-[OH "] = [HB+]+ _ K_w,
[B] [H;07] [B]-[H;07] K,
[HB"] 1

nockonbky [H;0'] - [OH ] =Kw; u =
T U BlH,0T] K,

K
Takum obpazom, Kg = K—W ; Kw=K, - Kg. (6.22)

a

Jlns mokazarens pKy nmonydaem: pKw =p K, - p K. (6.23)
Takum o0Opa3om, HOHHOE Mpou3BesieHne BoAbl Ky paBHO mpous-
BEJICHUIO KOHCTAHT KUCIOTHOCTH K, 1 ocHOBHOCTH Kg compsikeHHOU
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Imapbl KUCJIOTEI 1 OCHOBAHUA. CoracHo 3aKOHY Pa3BCACHUA OcTBaJIb-
Ja
2
Ky = , (6.24)
-

rje Ol — CTENEeHb AMCCOIMAIMKM ciIaboro ocHoBaHus, Cp — HMCXOHAS
KOHIIEHTpalus ocHoBaHUA. IToCKONBKY M ciaboro ajekTpoiauta (B

JJAaHHOM cJj1y4ae OCHOBaHI/IH) o<<1,To
Kg= 0o Cgua=(Kg/Cp). (6.25)

PaBHOBecHOE 3HaueHue pH BOAHOro pactBopa OJHOKHCIOTHOTO
OCHOBaHUS MPU KOMHATHOW TeMIepaType paBHO

pH =pKw — pOH = 14 — pOH; pOH =—-1g [OH ].

[OH]=a-Cp= ? . Cy== K, C, ;

B

— lg [OH_] = 0,5 ) (—lg KB — lg CB)

Hcnonws3ys mnokazatenu pOH = — Ig[OH ], pKg = — 1gKg u
pCg = — 1gCg, monyuaem:

pOH =0,5 - (pKg + pCy); (6.26)

pH = 14 - pOH = 14 - 05 - (Kg + pCp).
(6.27)

Takum 00pa3zoM, paBHOBecHOEe 3HaueHue pH B pactBope ciiaboro
OJTHOKHCIIOTHOT'O OCHOBAHHUSI MOKHO paccUuTath mo gopmyie (6.27).
IIpumep. Paccuutars pH B BogHOM pacTBOpe aMmuaka (KOMHAT-

Hast Temmepatypa, konnentpauus 0,01 mous/1), ecim K = 1,76 - 107
u pKg =4,76.
B BoiHOM pacTBOpe aMMHaKa yCTaHABIMBAETCSI PABHOBECHE:
NH; - H,O <> NH,OH <> NH," + OH",
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KOTOPO€ CABUHYTO BJIEBO, TAK UYTO CTENEHb JUCCOLMALMA aMMHaKa O
<< 1. CunenoBarensHo, s pacyera pH MOXHO HCHONB30BaTh COOT-
HouieHue (6.27):

pH=14-10,5 - (p Kz +pCp) = 14— 0,5 - (4,76 — g 0,01) =
= 14-0,5 (4,76 +2) = 14 — 3,38 = 10,62.

AHaJOTUYHBIC PAacUeThl MOKHO TPOBECTH U JIJIs JIIOOOTO MHOTO-
KHUCJIOTHOro ocHoBaHusd. Cia0ble MOJUKUCIOTHBIE OCHOBAHUS, KaK U
OA00HBIE KUCIIOTHI, TOABEPralOTCs AUCCOMMAIINH CTyneH4YaTo. Kax-
O CTYTIIEHU OTBEYAeT CBOSI KOHCTAHTa JUCCOMUAnny (KOHCTAHTa OC-
HOBHOCTH). ['mapokcua cBuaiia Pb(OH), B BogHBIX pacTBOpax moji-
BepraeTcs peakiuu JUCCOMMAIIMA Ha MOHBI B BE CTAIHUU:

[PbOH'] - [OH]

Pb(OH), <> PbOH" + OH™; K, = =9,55-107";
[Pb(OH),]
[Pb>] - [OH]
PbOH' <> Pb*" + OH; K, = =3,0-107"
[PbOH ']

[Pb>] - [OH T’

ITpouseenenne: K=K, - K, = =2,865 - 107",
[Pb(OH),]

IPI(¥ K — xoncranrTa AUCCONHAIINHN PCAKIIUU I1O CXEMC
Pb(OH), <> Pb*" +2 OH .

Kak 1 B cmydyae MHOIOOCHOBHOM KHMCJIOTBI, JJIsI CJIa0OT0 MOJIUKH-
CJIOTHOTO OCHOBAHMS KOHCTAHTA AUCCOLMAIMM KaXKJAOM IMOCIEIYIO-
el CTYNEeHH OOBIYHO Ha HECKOJIBKO IMOPSIKOB MEHBIIE KOHCTAHTHI
JTACCOIMAIMY NPEABIAYIIECH CTAAUN.
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7. TuapoAn3 coaeH

7.1. Obwee noHsamue o 2uoponuse

HMonbl pacTBOPEHHOTO BEIIECTBA MOTYT MO-pPa3HOMY B3aMMOICH-
CTBOBAaTh C MOJIEKYJaMHM pacTBopuTelis. Ecii npu B3auMOAEHCTBUU
MOHOB C MOJIEKYJIAMHA PACTBOPUTEIISI HMOHBI OKPYXKAKOTCS €ro HEW-
TpaJIbHBIMU MOJIEKyJIaMH ¢ OOpa30BaHHUEM COJIbBATOKOMILIEKCA, TO
TAKO€ SIBJICHUE HA3bIBAETCS COJIbBATALIMEN, a JJI1 BOJHBIX PACTBOPOB —
ruapatanyent (cm. 1. 2.4).

OT sBJCHUHN CONBBATAIUM U THIAPATALIMU OTJIIMYAKOTCS MPOIECCHI
COJIbBOJIM3A U TuAposm3a. [Ipy npoTekanun Takux MpOLECCOB MOJIE-
KYJIbl PACTBOPUTEIISI B3aUMOJICMCTBYIOT C MOHAMU PACTBOPEHHOTO
BEIIECCTBA; MPHU ITOM MOJIEKYJIbI PACTBOPUTEIISI pas3jlaratoTcs Ha CO-
CTaBHbBIC YaCTH, U OTH YacTH (TaKK€ MOHBI) BCTYMNAIOT B PEAKIUIO C
MOHAMHU PACTBOPECHHOTO BEIIECTBA.

IIpouecc coabBOJM3Aa — 3TO MPOIECC B3aUMOJCHUCTBUS PACTBO-
PEHHOTO BEIIECTBA C MOHAMH, OOPa3YIONIMMHUCS MPH MOHU3AIUH MO-
JIEKYJI pACTBOPUTEJSL BO BPEMS 3TOrO Ipolecca.

IMpouecc ruapoau3a — 370 B3aMMOJCUCTBUE PACTBOPEHHOU COJIU
C KaTMOHaMH BOJIOPOJa WJIM THAPOKCUTPYMNIIaMU HEHUTpaJbHBIX (HE-
JUCCOLMUPOBAHHBIX) MOJIEKYJ BOAbL. ['MApOnu3 — yacTHBIN ciydait
ConbBOIM3a. ['MIpoanu3y B BOJHBIX pacTBOpax IOJBEPrarOTCs COJIH,
coJiepJKalie KaTHOHBI CIAa0BIX OCHOBAHHMM WJIM aHUOHBI CIAOBIX KH-
cnot. Conu, couepkanye KaTUOHbI CUIIBHBIX KUCIIOT U @aHUOHBI CUJIb-
HBIX OCHOBaHWH, B BOJHBIX PaCTBOpax HE MOABEPTaIOTCS THUIPOJIU3Y.
Ecau conb comepXuT OgHOBPEMEHHO KAaTHOH CIa00TO OCHOBAHUS H
aHUOH CJa00# KUCIIOTHI, TO TUAPOJIU3Y MOJABEPratoTCs KATUOH U aHU-
OH.

IIpumep 1. Anerar HaTpus:

CH;COONa < Na'+ CH;COO".

Katnon HaTpusi ruapoiu3y HE MOABEpPraercs, a aleTeT-aHuOH
NOJABEPKEH TUIPOJIU3Y MO CXEME

CH;COO + H,0 < CH;COOH + OH .
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B pesynbprare B pactBope HakamuuBaroTcs aHuoHbl OH u peax-
LYsI CPEIbl CTAHOBUTCS IIEJIOYHOM.
Hpumep 2. Xstopua amtOMUHUS:

Al Cl; <> AP+ 3 CI.

OOpa3oBaBiinecs: XJOPUI-UOHBI HE TOABEPraroTCs THUAPOIU3Y, a
KaTHOHBI AJTFOMUHUS TTOJIBEPTAOTCS TAaHHON PEaKIIUU COTJIAaCHO CXEMe

A’ +2 H,0 <> AIOH* + H;0";
AIOH*" + 2 H,0 <> Al(OH)," + H;0™;
Al(OH)," + 2 H,0 <> AI(OH); + H;0".

[Ipu rugposnse XJIOpUIa aJtOMUHKS B PACTBOPE HAKAILIMBAIOTCS
KAaTHOHBI TUJAPOKCOHMS, CPEJla CTAHOBUTCS KUCIIOH.
IHpumep 3. Auerat aMMOHUA:

CH;COONH, <> NH," + CH;COO;
NH,  + H,0 < H;0" + NHj;;
CH;COO™ + H,0 <> CH;COOH + OH".

Auerar aMMOHHUS TMOJBEPraercs TUAPOJIU3Y IO KATHUOHY M IO
aHUOHY, MOCKOJIBKY JaHHasi cojib 00pa3oBaHa KaTUOHOM cJIaboro oc-
HOBaHUSI M aHMOHOM ciaboi kucinoThl. 3HaueHue pH pactBopa s
NOJI00HBIX COJIEH MOKET OBITh Pa3JIMYHON B 3aBUCHUMOCTU OT IPUPO-
Il KATUOHA U aHUOHA.

B OonblIMHCTBE Clly4aeB THAPOJHU3 — Mpolecc oOpaTtumbiid. B
TOM CJly4dae, €clid NPOAYKThI THIPOJIU3a YXOIAT U3 cPepbl peakiu B
BUJIE MaJIOJMCCOLIMUPYIOMINX COEAUHEHUN (HEpacTBOPUMOE, ra3000-
pa3Hoe BEIIECTBO), TOr/A MPOLECC TMAPOJIN3a MPOTeKaeT HeoOpaTH-
MO

ALS; + 6 H,O — 2 AI(OH); 4 +3 H,S T.
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B pactBopax coiieil, B KOTOPBIX MPOTEKAIOT THUAPOIUTHYECKUE
IPOLIECCHI, YCTAHABIMBAETCS THAPOJUTHYECKOe paBHoBecue. KoH-
CTaHTa 3TOro paBHOBecUs K}, Ha3pIBa€TC KOHCTAHTOM THAPOJIN3A.

Crenenb rugapojm3a h— 3To BenuuyuHa, paBHAs OTHOLICHUIO
Yycjia MOHOB, IMOJBEPrIIMXCS peakuuH rujposivza (n,), K oluemy
YHCIIy IJaHHBIX HOHOB B pacTtBope (n):

h=_h
0 (7.1)

CTGHGHB IrmapoJin3a BbIPpAKACTCA B JOJIAX CAMHULBI UJIN ITPOLICH-
Tax; 3Ta BCIWYHNHA B03paCTaeT C yMeHBH_IeHI/IeM KOHHeHTpaHI/II/I pac—
TBOpa U C pocTOM TemnepaTypbl. OOBIYHO THUIPOJIU3Y MOABEPraeTcs
MajJgass 4aCTb HOHOB, 06paBYIOHII/IXCH npu gucconranv, IMO3TOMY
h<<1.

7.2. T'udponus3 aHuoHa cnabou Kuciomol

PaccMoTpuM TUAPOJUTUYECKOE PABHOBECHE B BOJHOM PAacTBOPE

COJIM, KOTOpasi COJACPKUT aHUOH B~ c1aboii 0JHOOCHOBHOM KHMCJIOTHI
HB:

B+ H,0 <> HB + OH" (7.2)

KOHHGHTpaI_II/IOHHaﬂ KOHCTaHTa JAaHHOI'O pPaBHOBCCHUA CCTb KOH-
CTaHTa ruapoJi3a:

i,  [HB][OH']
B

+
YMHOXHWM YHUCJIUTENb U 3HaMeHaTelb Ha Bennunny [H;0 ' ]:

[HB]-[OH"] [H:0"] _ oo oy [HB]

[B] [H;07] [B”]-[H;07]

Kh=
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B npasoii uactu ypasrenus [H;O'] - [OH] = Ky, (noHHOE TIpoO-
U3BEJICHUE BOJIbI) U, KPOME ATOTO,

[HB]
[B™]-[H;0"]

rac Ka — KOHCTaHTa KHUCJIOTHOCTH. CHGI[OB&TGJII)HO,

=1/K,,

K
KOHCTaHTa rujipoinza oyaer paBHa: Ky :K—W ,(7.3)
a

K
a TIOCKOJIbKY KOHCTaHTa OCHOBHOCTHU Kp = K—W ,ToK,=Kg. (7.4)

a

TakuMm 00pa3oM, KOHCTaHTa THUAPOJIU3a PaBHA KOHCTAHTE OCHOB-
HOCTH OCHOBAHMS, CONPS)KEHHOTO C KUCIIOTOW, aHUOH KOTOPOU IOJI-
BEepraeTca ruaposn3y. Poiab CTENeHU NUCCOIMAlUM UTPAET CTEIEHb
TUJIPOJIN3a, M, B COOTBETCTBUHM C 3aKOHOM pa3BeneHus OcTBaibia,

npu h << 1 monydaem

h= |—h (7.5)

rae Cp — KOHIIEHTpAIMsl aHUOHOB, TTOJIBEPTAOIINXCSA THAPOIIN3Y.
KoHnenrpanus rugpokcurpynmn u BenuunHa pH B pactBope or-
penensercs CaeayomuM o0pa3om:

Ky -C
[OH ]=h-Cg= &'CB: &: =W ¥B
CB CB Ka
pH=14 —pOH. pOH=-1Ig /KWK—.CB=

=0,5- (14 +pCp—pKy) =7+ 0,5 - (pCp—p Ka).

pH=14-7-0,5 - (pCg—p Ky)=7+0,5 - (pK, — pCp). (7.6)
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Takum o0paszom, 3Hauenue pH pactBopa, B KOTOPOM MOABEPraeT-
Csl TUJIPOJIN3Y aHUOH CIa00N OJHOOCHOBHOW KHCJIOTHI, MOKHO pac-

cuutath 1mo Qopmyne (7.6), rae pK, — mokaszarenb KOHCTaHTHI KH-
cinotHoctr kuciiotel HB; Cg — ucxonHas kKoHIEHTpalysi aHuoHa B .
AnanornyHo MoxHO paccuurtath Ky, u pH pactBopa B citydae ruapo-
JIM3a aHMOHOB CJIa0bIX MHOTOOCHOBHBIX KUCJIOT.

7.3. T'udponus kamuoHa cn1ab6020 ocHOBAHUSL

PaccMoTpuM ruaponus katnona BH' ¢1aboro ogHOKHCIOTHOTO
OCHOBaHUs B B BOJHBIX pacTBOpax
BH' + H,0 < B+ H;0". (7.7)

I[J'Iﬂ KOHCTAHTbI THAPOJIN3a MOKHO 3aIlIMCATh:

[H:0']-[B]  [H0']-[B]  [OH]

K, = — : _

[BH'] [BH'] [OH ]

[B]
= [H;0"]- [OH ] - : [H;0"] - [OH ] = Ky, mostomy
[BH'] - [OH ]
[B]
=1 /KB )

[BH'] - [OH ]

rac KB_ KOHCTaHTa HMOHHU3allNu ciaboro OJHOKHCIOTHOI'O OCHOBaA-
HUA, Juccoranust KOTOPOro IpOTCKaCT 110 CXCMEC

B+H,0 - BH +OH .

Jlist koHcTaHThl TUaponu3a Ky katmona ciaboro ocHOBaHUS TO-
Jy4aeM BBIPAKCHUE
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, Torna K, = K. (7.8)

Takum oOpa3oM, KOHCTaHTa THIPOJIM3a KaTHOHA CJIabOTrO OCHO-
BaHHS paBHA KOHCTAHTE KHMCIOTHOCTH KHCJIOTBI, CONPSIKCHHOUW C OC-
HOBaHHUEM, KaTHOH KOTOPOTO MOJBEPraeTcs ruapoinsy. B cooTBeTct-
BHUM C 3aKOHOM pa3zBeaeHus OcTBanbaa s ganHoro ciaydas (h << 1)
oJIy9aeMm

h=."7% ", (7.9)

rae C, — KOHLIEHTpalus KATUOHOB, IMOJIBEPratOIINXCA TUAPOIIU3Y.
Hainnem pH pactBopa, B KOTOPOM MPOTEKAET THAPOJIUTUYECKOE
paBHOBECHE

BB
[H:0']=h-C,=

OCKONbKY Ky, =

[H;0']= KW—'Ca’ Kh:K_W.
Kp Kp

[TosTomy Ig [H;0']=-7+0,5 - (1gC, — 1gKp);

—lg [H;0']1=7+0,5 - [-1gC, — (-1gKp)].

pH =—lg [H;0']; pC, = — 1gCy; pKp = — 1K
OtrcromapH=7—-0,5 - (pKg — pC,). (7.10)

[Tocnenuee cootHomeHue (7.10) mo3BoJIIET pacCUUTaTh YUCIICH-
HOe 3HaueHue pH pacTBopa, B KOTOPOM IOABEpPraeTcsl THAPOIN3Y Ka-
THOH CJIa00r0 OJHOKHUCIOTHOTO OCHOBAaHMS. AHAJIOTHYHO PacCMaTpH-
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BACTCS TUAPOJUTUUECKOE PABHOBECHE U ISl KATUOHOB CJIA0BIX TOJIH-
KUCJIOTHBIX OCHOBAHU.

7.4. T'udponus conu,
codepicawiuii KamuoH cnaboz20 ocHoeaHUS
U AQHUOH cnaboil Kucnomul

[IycTh B BOAHOM pPacTBOpPE MOABEPracTcs TMAPOIU3Yy Ccoiib BA,
+
oOpa3oBaHHasi KaTHOHOM B~ ¢y1aboro OJHOKUCIOTHOTO OCHOBAaHUS

BOH u aamonom A c¢na0oit oqaoocHOBHOU Kuciaotel HA. Cop moji-
BEp)KEHA JINCCOLUAIIUA HA HOHBI:

BA—B +A". (7.11)
O6a noHa noABEPraroTCs TUAPOIU3Y

B+ 2 H,0 <> BOH + H;0™;

A +H,0 & HA +OH .

PaBHOBECHBIE KOHIICHTPALMHA PABHBI

[BOH] = [H;0']; [HA] = [OH ], mosTOoMy I CyMM KOHIICHTpa-
IIUH MOJIyYUM YpaBHEHHUE

[H;0'] + [HA] = [BOH] + [OH ].

Cnabas xkucinora HA u cmaboe ocHoBanue BOH B BogHOM pac-
TBOPE HOHU3HPYIOTCS

+ —_
HA + H,O & H;0"+ A K, = [H3([)HL][A | : (7.12)
+ —
BOH < B"+ OH ; K = B []1"([)?{1;1 ] , (7.13)
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rae K, — xoncranTa KuciaoTHOCTH ciabdoit kucimotel HA; Ky — koH-
CTaHTa OCHOBHOCTH cj1aboro ocuoBanus BOH.

N3 ypaBuenuid (7.12 u 7.13) MOXHO HalTH PAaBHOBECHBIC KOH-
LHEHTPAILUY KUCIOTHI U OCHOBAHMS:

[H;07]-[A7] _[B']-[OH7]

; [BOH] = .

[HA] = a K,

N3 dhopmyiibl 1711 HOHHOTO MPOU3BeIeHUs BOBI (6.4) MOKHO BBI-
Pa3uTh PABHOBECHYIO KOHIICHTPALUIO THAPOKCUTPYIII:

[OH | = KW+.
[H;07]

[ToncraBnsas momyuenHoe Beipaxkenne s [HA], [BOH] u [OH ],
B YPaBHEHUE JIJI1 CYMM KOHIICHTPAILUH, IMOJIy4aem

[AT] _[B'][OHT], Ky

H;0']+ [H;0" :
[H;O'] + [H;07] K, K, (H,0°]
[H3O+]2+ [H3O+]2’ A ] = [B+]'[OH_]'[H3O+] + Kw;
K, Kg
MO (1 + =k -1+ )
a B

2 K +[AT] . Ky +[B'].
[H;07] —Ka Ky K,

. K, Kg+[B']
H;O' =Ky - =2 - =B ;
[H;O']" =Ky K, K. +[A]
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KW-KaxKB+{B+Dj” 1

[H;0'] = ( -
K- (K, +[A7])

YuuteiBas, yto 4amie Bcero KB << [B+], K, << [A—], MOxHO
npubmkenHo npuHath KB + [B+] = [B+], K, + [A—] = [A—]. Torna:

[H,0' = K\EK[&‘A[T]' (7.15)
.

+ -
Ecmu crenenp ruaponunsa katnoHa B u aHnmona A umeeT He-
00JbIIOE 3HAYEHHWE, TO PABHOBECHbIE KOHLIEHTpAMU KaTHOHA U
+ —_
aHuOHa OyTyT MpUOJU3UTENLHO paBHBL: [B'] = [A ]. B aToM cinyuae

a

[H;0') = ; [H;:0'] =

B B

pH=—1g[H;0']=0,5 - [~ g KW — Ig (K, / KB)]; — 1g Ky, =
=p Kw;

—lg (K, / Kp) =p (Ky / Kp); pH= 0,5 - [p Kw + p(Ka / Kp)], unu
pH = 0,5 - (pKw + pK; — pKp). (7.16)

Takum o6pa3zom, pH pacTBopa MOABEpKEHHON THAPOJINU3Y COJIH
BA 3aBucur kak ot pK,, tak u ot pKg. Ecnu 3nauenus pK, n pKgy
NpUOIM3UTEILHO PaBHBI, TO 3HaYeHHe pH pacTBopa maHHO# conu Oy-
JIeT IpaKkTU4ecKu HerTpanbHou (pH = 7).

AHaJIOTUYHOE PACCMOTPEHUE MOXHO MPUBECTU U JJIsl COJield 00-
JIE€ CII0KHOTO COCTaBa, MOJABEPTAOIIUXCS TUIPOIINA3Y.
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8. BydepHbie pacTBOPSI

BydepHble pacTBOpbI (CHCTEMBI) — 3TO PaCTBOPHI, CIIOCOOHBIC
COXPaHATh NMPUOIUZUTEIIPHO MOCTOSTHHOE 3HaueHue pH npu nobasie-
HUU K HUM HEOOJIBIIINX KOJTUYECTB CHIIBHBIX KUCIIOT WM OCHOBaHUM.

OHM MOTyT coaepaTh OJHO BEIIECTBO MM UX cMech. K Oydep-
HBIM pPAacTBOPAM WHAMBUIYAIbHBIX BEIIECTB OTHOCAT HACHIIICHHBIN
BOJHBIN pacTBOpP TUApOTApTpaTa Kaiaus (Kajaus KUCJIOTO BUHHOKHCIIO-
ro) KHC;H4Og4. Hannsiii pactBop umeer 3HaueHue pH = 3,567 npu
25°C. Bonsbeli  pacTtBOp  TeTpabopata  Hatpus  (Oypbl)
Na,B40; - 10 H,O ¢ xonuentpanueit 0,05 Monb/l1 uMeeT 3HAUYCHHE
pH = 9,18 Taxxe nipu 25 °C.

[Ipumepsl Oy(epHBIX CUCTEM, COCTOSIIIIMX U3 CMECH BEIIECTB:

* pocdartneiit Oydep, coaepxkamuii cmecb KH,PO, u Na,HPO,
(moctossHCTBO 3Ha4YeHUW pH MOXeT mojaaepKuBaThCs MPU 3aJaHHOM
COOTHOIICHUH KOMIIOHEHTOB B nHTepBaie 4,80 — 8,00);

e anieTaTHbIi  Oydep, comepxkamuii cmech CH3;COOH u
CH;COONa (moctositHCTBO 3HaueHWil pH moanepkuBaeTcs MpU pas-
JUYHOM COOTHOIICHUH KOMIIOHEHTOB B uHTepBasie pH = 3,80 — 6,30);

* YHUBEpcaslbHasi OydepHasi cMech, COAEpKalllas CMECh PacTBO-
poB H;PO,, CH;COOH, H;BO; u NaOH B onpeneneHHbIX COOTHO-
meHusx. Moxkno noanepxubats pH B untepsane 1,81 — 11,98 (B 3a-
BUCHMOCTH OT COOTHOIIICHHS KOMIIOHEHTOB).

8.1. ByjgpeprHass cucmema,
codepicawiast cnabyro Kuciomy u ee Conv

[Ipumepom 1OMOOHON CHUCTEMBI MOXKET CIY>KUTh arieTaTHas Oy-
dbepHas cMech, coeprKailias caa0blif AJEKTPOJIUT — YKCYCHYIO KHUCIIO-
Ty M €€ COJIb — alleTaT HaTpusl. AIleTaT HATPHUS — CUIIBHBIN DJICKTPOJIUT
U JIUCCOLIMMPYET B BOJHOM PAaCTBOpPE HA MOHBI MPAKTHYECKU TOJHO-
CTBIO; YKCYCHAasl KHCJIOTa — JIUIIb YaCTUYHO:

CH;COONa «> Na" + CH;COO ;

CH;COOH + H,0 < H;0" + CH;COO".
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[Tocnennee paBHOBECHE CMEIICHO BJIEBO, IMOCKOJIBKY JHMCCOIIHMA-
IIAS YKCYCHOM KUCJIOTBI MOIABISCTCS B MIPUCYTCTBHE HOHOB aIleTara.

1. Ecnu B 1aHHYI0 cCMeCh BHOCST HEOOJBIION 00bEeM CUITBHOU KH-
CJIOTBHI, TO KaTHOHBI BOJAOPOJa CBSA3BIBAIOTCS MOHAMU arleTaTa B Cja-
Oy10 YKCYCHYIO KHCJIOTY:

H;0" + CH;COO < CH;COOH + H,O.

2. Ecin BHOCST HeOoabIIOEe KondecTBO mienoun, To OH -noHbI
CBS3BIBAIOTCS YKCYCHOM KUCIIOTOM:

OH + CH;COOH « CH;COO + H,O0.

Pacuer Benmmunnbl pH B aneratHoi OydepHOi cMecH MOKHO Mpo-
BECTU cienytonum obpa3zom. KoHlleHTparimoHHas KOHCTaHTa JIUCCO-
ITHAIMKA YKCYCHOM KUCJIOTHI (KOHCTAHTA KUCJIOTHOCTH) PaBHA:

[H,0'] - [CH5COO ] [CH,COOH]
Ka= ; [H3O+] =Ky .
[CH,COOH] [CH,COO ]

[TockonbKy 111 YKCYCHOM KHCIIOTHI 0L << 1, TO paBHOBECHasA KOH-
uentpauus [CH;COOH] npubau3uTenbHO paBHAa MCXOAHOM KOHIICH-

Tpanuu ykcycHou kuciotel, T.e. C(CH;COOH), a nns voHa anerara
[CH5COO ] = C(CH;COONa). [Toatomy

C(CH;COOH)
[H;0']=K, - ;
C(CH;COONa)
C(CH;COOH)
—1g[H;0']=-1g K, Ig ;
C(CH;COONa)
C(CH;COOH)
pH=pK,+p
C(CH;COONa)
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Ecnu paccMmarpuBath OydepHyI0 CUCTEMY, COACPKAIIYIO ClIadyo
OJTHOOCHOBHYIO KucioTy HB, u ee conp katB (kat' — omHO3apsaHBIi
KaTHOH), TO MOXHO TOJIyYUTh 0OIllee yYpaBHEHUE ISl ONpPEACIICHHUS
pH pactBopa:

pH = pK,+ p(C, / Cg), (8.1)

rae K, — koHcranTa auccornuanuu (KoHCTaHTa KuciloTHocTu) HB;
C, u Cg — ucxoanble koHIleHTpanuu kuciaotel HB u ee conu katB.

8.2. Bygeprast cucmema,
codeprkauwias cnaboe ocHoeaHue U €20 COob

PaccmoTpumM paBHOBecue B amMmmuayHOM OydepHoil cmecu (Boi-
HBIM PacTBOpP aMMMaKa M XJIOPHJIa aMMOHUs). XJIOPHJI aMMOHHUS Kak
CHJIBHBIN 3JIEKTPOJUT JAUCCOIMUPYET HAa MOHBI MPAKTUYECKH IOJTHO-
CThIO; aMMHUaK — cJ1ab0e OCHOBaHUE U AUCCOIIUUPYET YACTUYHO:

NH,Cl - NH," + CI';
NH; + H,O & NH,OH < NH, + OH .

1. Ecniu x ammuauHoit OydepHON cMmecHu T00aBUTh HEOONBIIOE
KOJMYECTBO CUIILHON KHCIIOTHI, TO KATHOHBI BOJIOPO/Ia CBSA3BIBAIOTCS C
TUAPOKCUTPYIITIAMH, KOTOpPBIE O0pa3yroTcs MpU JUCCOLMAIIMU pac-
TBOpa aMMHAKa:

H;O0'+ OH < 2 H,0.

YObUIh THAPOKCUTPYIIT KOMIICHCUPYETCSl 3a CYET JajbHeuInei
IUCCOLMALIMY pacTBOpPa aMMHUAaKa.

2. Ecnu k OydepHOMY pacTBOPY 100aBUTh HEOOJBIIIOE KOTUYECT-
BO II€JIOYH, TO €€ TUAPOKCUTPYNILI OYAYT CBSA3BIBATHCS ¢ KATHOHAMHU
aMMOHUSA ¢ 00pa30BaHUEM aMMHUAKA:

OH +NH, < NH,OH.
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Ternepb MOXHO BBIYUCIUTH BeMunHy pH amMmMmuagHoro 0ydgepHo-
ro pactBopa. KoHIIEeHTpallMOHHAs! KOHCTAHTa PABHOBECHS PEAKIIUU

NH; + H,0 < NH,OH < NH, + OH paBHa
[NH4+] - [OH ] [NH;]

Kp= ; [OH-] =K - ——
[NH;] [NH,']

[Ipyu HEOONBIIONW CTEMEeHW Auccouualuu O << 1 paBHOBECHas KOH-
neHTpauus ammuaka [NH;] Oyaer paBHa ero MCXOJHOM KOHIIGHTpa-
nuuu C(NH;3), a paBHOBecHass KOHIIEHTpalMsi KAaTUOHOB aMMOHUSA
[NH4+] — ucxoaHo# koHneHnTpanuu xjgopuaa ammonuss C(NH4CI):

[NH;] = C(NH;); [NH,'] = C(NH4CI). Torna

C(NH3)
[OH |=K5 - . [locne norapudmMupoBanus morydacm
C(NH,CI)
C(NH;)
—Ig[OH ] =—IgKp—Ig ;
C(NH4CI)
( C(NH3)
pOH = pKp +p :
L C(NH,CI)

(C(NH3)
pH=14-pOH=14-pKg—p L

C(NH,C])

B obmewm cinygae ns onucanus 0ydhepHO cMecH, cojaeplkaliei
cinaboe OJHOKHUCIOTHOEe ocHOBaHMEe B u ero coinbr BAn (An aHMOH),
MO>KHO UCIOJIb30BaTh (OPMYIY:

pH =14 —-pKg —p(Cg/ C,) (8.2)
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rac pKB — MOKa3aTeidb KOHCTAHTHI OCHOBHOCTH CJa00To0 OAHOKHCJIOT-

Horo ocHoBanusg B; Cg m C, — COOTBETCTBEHHO HCXOJHBIC KOHIICH-
Tpaluu ciaboro ocHoBanusi B u ero conu BAn.

8.3. ByjgpeprHast emrxocme.
Hcnonv3oeanue 6ygepHulx cucmem
e aHanu3e

BydepHoii eMkocTbI0 [} Ha3bIBAIOT BBIPAKEHHOE B MOJb-IKB
(r-3KB) KOJMYECTBO CHJILHOIO OCHOBaHWSI B, mpubaBieHHe KOTOPOTO
K 1 1 OydepHOro pactBopa BbI3bIBAET BO3pacTaHME BeIWYMHBI pH
3TOr0 PacTBOPA HA €IUHMUILY:

dB AB

B= = . (8.3)
dpH ApH

[Ipu nobGamiaenun kuciaoTel pH pacTBopa moHmxaercs. [loatomy
Oy(depHyro eMKOCTh [} MOXXHO ONpPEIETUTh KOJIWYECTBOM CHIBHOMN
KHUCJIOTHI WJIM CHJIBHOTO OCHOBaHUS, KOTOPBIC MpHU J00aBICHUU K Oy-
dbepHOMY pPacTBOPY U3MEHSIOT Ha €AUHUIlY 3HaUeHue pH ogHOro auT-
pa IaHHOTO pacTBopa.

JlucTuiiupoBaHHasi BOJla, MpPUMEHseMast JJIsi TPUTOTOBJICHUS
Oy(epHBbIX pacTBOPOB, J0JDKHA UMETh 3HaueHue pH = 5,8 — 7,0.

Jliist OypepHoil cCucTEMBI, COCTOSIIIEH U3 pacTBOpa ci1abon KUCTIO-
Thl U €€ CcoiH, Oy(pepHyI0 €eMKOCTh MOXKHO MPUOTUZUTEIHHO PacCUu-
TaTh MO popmyie

(Ca + CB) g\ [H30+]
B=2,303": (8.4)
(Ks + [H;0'])*

rae C, u Cg — KOHIIEHTpAIIMA KUCJIOTHI U €€ COu B OydepHoit cMmecH

COOTBETCTBEHHO; K, — KOHCTaHTa AMCCOLUMAIIUM PTOW KUCIOTHI (KOH-
+

cTtanTa KUca0oTHOCTH); [H30 | — KOHIIEHTpaIsg KaTHOHOB BOJOPOAa B

OydepHoit cMecu 10 NpudaBICHUS] OCHOBAHMUSI.
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B kayecTBEHHOM U KOJMYECTBEHHOM aHajin3e OyQepHbIE CUCTe-
MBI IPUMEHSIOT B TOM ClIy4ae, €CI HeOOXOAMMO MOAIEPKUBAThH T0-
ctostHHOe 3HaueHue pH cpenwl. Hanpumep, npu KOMIIEKCOHOMETPH-
4ecKoM ompeeneHnr kaTnonoB Mg”', Ca®’, Pb*" mpumenstor ammu-
auHy10 Oy(hepHYIO CMECh.

AnetaTHbIH Oydep IPUMEHSIOT MPH OTACICHHH KaTHOHOB Ba”'
ot katroHoB Sr° 1 Ca*” ¢ moMomIBIo ouxpomat-aHuoHOB. ToT xe Oy-
dep IPUMEHSIOT IIPH OIpeIeIeHIH KaTHOHOB Ni°' ¢ IIOMOIIBIO JHMe-
TUITHINOKCUMA.

9. OKHCAHTEABHO-BOCCTAHOBHTEABHBIE
peakKIlHH B AHAAHTHYECKOH XHMHH

9.1. CywyHocmeo
OKUC/IUMENbHO-60CCMAHOBUMENIbHBIX peaKyuil.
Cocmaenenue ypaeHeHUl

Peaknun, npoTekaromue ¢ i3MEHCHUEM CTEIICHU OKUCIICHUS aTo-
MOB, BXOJSIIMX B COCTaB pPEArMpyrONIMX BEHIECTB, HA3bIBAKOTCS
OKMCJIUTEIbHO-BOCCTAHOBUTEIbHBIMU. V3MEHEHUE CTEIIEHU OKUC-
JIEHUSI CBA3aHO C MEPEXOJOM BJIECKTPOHOB OT OJHOrO aroma K JIpyro-
My.

3aKOHOMEPHOCTH JIAHHBIX PEAKIIAN COCTOAT B CICITYIOIIEM.

1. OKucnenuem Ha3BIBACTCA MPOILECC OTAAYM IJIEKTPOHOB ATO-
MOM, MOJIEKYJIOW, HOHOM:

- 3+ - + - -
Al-3e¢—>AlI";H,-2e—2H ;2Cl —-2¢&— Cl.
[Ipu okMcIIeHUH CTETIEHb OKMCICHUS aTOMa ITOBBIIIASTCS.

2. Boccmanoeénenuem Ha3bIBACTCA NPOLECC MPUCOCAUHECHUA
AJIIEKTPOHOB aTOMOM, MOJIEKYJIO, HOHOM:

S+2&—S":ClL+2&—2Cl;Fe +&— Fe*.

HpI/I BOCCTAaHOBJICHNU CTCIICHb OKUCJICHUA ITOHNKACTCA.
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3. ATOMBI, MOJIEKYJIbI, HOHBI, KOTOPBIEC OTJAIOT JIEKTPOHBI, Ha3bl-
BAalOT BOCCTAHOBHUTEJsIMM. [Ipu peakiuu OHU OKHUCIAIOTCSA. ATOMBI,
MOJICKYJIbI, MOHbI, TPUCOCIUHSIONINAE JIEKTPOHBI, HA3bIBAIOT OKHUCJIU-
TeJasimu. [Ipu peakiiuu OHM BOCCTaHABIMBAIOTCS.

4. OkHuCIEeHUE BCETAa COMPOBOXKIACTCS BOCCTAHOBJICHUEM W Ha-
000pPOT BOCCTAHOBJICHUE — OKUCJICHUEM:

BOCCTAHOBHUTEINDb — € <> OKHCIIUTEIND,

OKHCIIUTENIb + € <> BOCCTAHOBHUTEIIb.

CreneHb OKHMCJIEHMSI — 3TO YCIIOBHBIM 3apsiJi aTOMa B COECIUHE-
HUU, BBIYUCIICHHBIM UCXOMS U3 MPEAINOJIOKEHUS, UTO JaHHOE COEMIU-
HEHHUE COCTOUT TOJbKO M3 MOHOB. IIpu omnpeneneHUn CTENEHU OKHC-
JIEHUS MPEANoIararT, YTO BAJICHTHBIC 3JICKTPOHBI B COCIMHECHUU IIe-
pPEXOMAT K 00Jiee IIEKTPOOTpUIIATEIbHOMY atoMy. [103TOMy yCIOBHO
CUMTAIOT, YTO COCAUHEHHUS COCTOST TOJBKO M3 MOJOKHTCIHLHO M OT-
PHUIIATENBHO 3aPsKEHHBIX HOHOB. B eHCTBUTENHHOCTH B OOJIBIIIMHCT-
B€ CJIy4aeB MPOUCXOJUT HE IMOJIHAS Tepe/iadya JIEKTPOHOB, a TOJIBKO
CMEIIICHUE OOIIeH IEKTPOHHOM Maphl OT OJHOTO aTOMa K APYroMy.

CrterneHb OKHUCIIEHUSI MOKET UMETh MOJIOKUTEIBHOE, OTpULlATEIb-
HOE WM HyJieBoe 3HaueHue. OHa MOXET MpeACTaBIATh CO00M Ipo0-
Hoe uucio. Hanmpumep, cTeneHb OKUCIICHUS aTOMa *KeJie3a B COeuHE-
Huu Fe;O4 paBua +8/3. JIpoOHasi cTeneHb OKUCICHUS] HE UMEET CMBIC-
Ja Ipu OOBSCHEHHHM CBS3M B XMUMHUUYECKOM COCAMHEHHUU, HO MOXKET
HCMOJIb30BAThCS MPU  COCTABJICHUM YPAaBHEHHM OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIIHM.

Y 0AHOATOMHBIX MOHOB CTEIICHb OKMCJICHUS paBHA 3apsiy MOHA:
g katnoHa K+ ona paBnHa +1; s Ba*" paBHa +2; JIsi aHUOHA S*
paBHa —2 W T.4. B OOJBIIMHCTBE COEIMHEHWN KAaTHOHBI BOJOPOJIA
UMEIOT CTENEHb OKHCIIeHUsS +1, TOIbKO B THJpUIaX MeTalioB —l.
AToM Kuciopoaa B OOJBIIMHCTBE COCAMHEHHN MMEET CTEIeHb OKHC-
JeHUsI —2, B COCAUHEHHSIX ¢ 00Jiee IIEKTPOOTPHUIIATECIbHBIM 3JIEMEH-
TOM — (pTOpOM — +2, B nepokcugax —l.

B ¢cJI0KHBIX COeIMHEHHMAX MOXKHO BBIYHMCIIMTH CTECIICHH OKHCIIC-
HUSI aTOMOB Ka)XJIOTO JJIEMEHTa, YYHUTBIBAs, 4YTO ajreOpanyeckas
CyMMa CTEIeHeW OKUCIICHHUs aTOMOB B COCJIMHEHUH BCETJla paBHA HY-
J10, a B CJIOKHOM HOHE — 3apsay umoHa. Hampumep, B COeMHEHUSX
Mapradna: MnO, Mn,0;, MnO,, Mn;0,4, K, MnO,4, KMnO, — cTrenenu
OKMCJICHHUSI MapraHila COOTBETCTBEHHO paBHBI +2, +3, +4, +8/3, +6,
+7.
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[Ipu cocTaBieHUM YpaBHEHUW OKHCIUTEIHLHO-BOCCTAHOBUTEIb-
HBIX PEAKIINI OJB3YIOTCA IBYMSI METOJIAMHU.

1. Memoo snexkmponnozo doananca. B 35To0M METOJIe CPaBHUBAIOT
CTEIICHU OKHCJICHUSI aTOMOB B MCXOJIHBIX M KOHEUHBIX BEIIECTBaX.
Uucno 371eKTPOHOB, OTAAHHBIX BOCCTAHOBUTEIEM, JIOJKHO OBITH paB-
HO YHCIy 3JICKTPOHOB, MPHUHATHIX OKuciauTeneM. i1 cocTaBiieHus
ypaBHEHUSI HY>XHO 3HATh (pOPMYJIbl PEarupyIOIIUX BEIIECTB U MpPO-
JTYKTOB pPEaKIINH.

IHpumep 1.

HCI + Mn02 — ClzT + MnC12 + HQO,
rae HCI (Cl) — BoccranoBurens; MnO, (Mn*") — okuciuTes.

DIIEKTPOHHBIE YPABHECHUS:

¢  koxhd.
2CI -2&—Cl, 1 2
Mn*" +2 & — Mn?" 1 1

B nonnoit hopme ¢ yueroM ko3¢ PUITHEHTOBR:

4H +4Cl" +MnO, = Cl, + Mn*" + 2 CI" +2 H,0.
MonekyIsipHOE ypaBHEHUE:

2 HCI + MnO, — CI,1 + MnCl, + H,0.
MosnexynsipHOe ypaBHEHHE C Y4e€TOM KO3(D(PUIIUEHTOB:
4 HCI + MnO, — CI,1 + MnCl, + 2 H,O0.

Hpumep 2.

H,S + KMnO, + H,SO, — S| + MnSO, + H,0,

re H,S (S*)— Boccranourens; KMnO, (Mn'")— oxucinrens;
H,SO, — xucnas cpena.
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DJIEKTPOHHBIE YPAaBHEHUS:

€  koxbh.
S¥-2&—S 2 5
Mn"" +5& — Mn*" 5 2

B nonno#t popme ¢ yuetom k03P HUIIMEHTOB:
5H,S +MnO, +6H =5S| +Mn*" + 8 H,0;
MonekyspHOe ypaBHEHUE C Y4eTOM KO PHUITUEHTOB:

5 st + 2 KMHO4 + 3 HzSO4 =5 Sl + 2 MHSO4 + KzSO4 +
+ 8 H,O.

[IpaBUIBLHOCTh HANKMCAHUA YPABHEHHS MPOBEPSIIOT MYTEM IO/I-
cyeTa KOJIMYeCTBa aTOMOB KaXKJIOTO AJIEMEHTA JI0 U MOCIE PEaKIIUH.

2. Memoo nonypeaxuuit (WOHHO-2]1€KMPOHHBLI Memo0). [lan-
HbI METOJI OCHOBAH HAa COCTABJICHUM HOHHBIX YPAaBHEHUW ISl TPO-
1ecca OKMCIICHUS U IIpoliecca BOCCTaHOBJICHUS.

IIpumep. Ilpu nponyckaHnu CEpoOBOAOPOJIA YEPE3 IOJKHUCIICH-
HBI pacTBOp MEPMAHraHaTa KaJusi MAJIMHOBAas OKpacKa MCY€3aeT U
BBITNIAJIAET OCAJ0K CEPBI, T.€. MPOTEKAET PEaKIIUsI

H,S —>S|+2H".

DTa cxema peakiui YpaBHEHA MO YKMCIY aTOMOB; HY>KHO TOJBKO
YPaBHSTH €€ U 110 YKCITy 3apsiI0B CJIEBA U CIIpaBa OT 3HAKa PABEHCTBA:

st_zé:Si‘FZH‘F.
DTO mepBasi MOJYPEAKIHs — MPOIECC OKUCIECHUSI CEPOBOAOPOIA.
O6ecneunBanue pactBopa KMnQO, cBs3aHO C IEpeXo0JIOM aHMOHA

— 2+
MnO, B xkaTmoH Mn”":

MnO, — Mn*".
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B xwuciom pactBope KHUCIOpPOA, BXOASAIIMA B COCTaB aHUOHA

MnQO, , BMecTe ¢ KaTHOHOM BOAOPOJa 00pa3yeT BOIY:
MnO, +8 H — Mn’" + 4 H,0.

Tenepb HYKHO YpaBHATH 3apsibl (clieBa +7, cupaBa +2), 11 3TO-
r'o B JIEBOW YaCTU YPAaBHECHUS HYXKHO ITOCTABUTH S € :

MnQ, + 8 H++ 5 & =Mn*" + 4 H,0.

DT0 BTOpasi MOJyPEAKIUs — MPOLIECC BOCCTAHOBIICHUS aHMOHOB
MHO4_ .

Jlnst cocTaBieHus OOIIEero ypaBHEHHUS PEaKId HYyKHO 00€ TOJTy-
peakiuy MOYJICHHO CJIOXKUTh, MPEABAPUTEIILHO YPaBHSAB KOJUYECTBO
NPUHATBIX U OTJAAHHBIX JIEKTPOHOB. 3aT€M HY)XKHO HaWTH HaUMEHbB-
niee 0011ee KpaTHOE JJIs YUCIa AIEKTPOHOB U PACCTaBUTh COOTBETCT-
BYIOIINE KO3(P(DUIIMEHTHI:

¢  koxd.
H,S—2&=S|+2H+ 2 5
MnO, + 8 H++5&=Mn*"+4H,0 5 2

B nonnoit opme ¢ yueroM k03¢ (PUIIMEHTOB:
5H,S+2MnO, +16H =5S|+10H" +2 Mn*" + 8 H,0.
Coxkparus Ha 10 H', momydaem

5H,S+2MnO, +6H =5S]+2Mn* + 8 H,0.

[IpaBUIBHOCTh COCTABIICHHOTO YPAaBHEHHUSI MPOBEPSIOT IOJICUE-
TOM YMCJIa aTOMOB BCEX JJIEMEHTOB B JIEBOW U MPABOM YaCTSAX PaBEH-
cTBa. UTOOBI EpEelTH K ypaBHEHHUIO B MOJIEKYJISIpHOM (hopMme, B JIEBOM
4aCTH PAaBEHCTBA K KKJIOMY aHUOHY MOJAOMPAIOT COOTBETCTBYIOIIUMA
KaTHOH; 3aTE€M T€ K€ MOHBI U B TOM K€ YHUCIIC 3alIUCHIBAIOT B IIPABYIO
4acTh PABEHCTBA!
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5H,S+2MnO, +6H =5S|+2Mn* + 8 H,0,

2K"'+380,7=2K"+3S0,7,

5 st +2 KMHO4 +6 HzSO4 =35 Sl +2 MHSO4 + KzSO4 + 8 Hzo

OT1an4yue MeTOI0B JIEKTPOHHOI0 0aJIaHCa U MOJYpPeaKnu

1. B meTone nonypeakiuii IpUMEHAIOT HE TUIIOTETUYECKHUE, a Pe-
aJbHO CYIIECTBYIOIIME HOHBIL;

2. [Ipy ucnonp30BaHUU METOMA MOJTYpeaKuidi HET HE0OXOAUMO-
CTHU 3HATh CTENEHb OKUCIIEHUSI aTOMOB B COCIMHECHUSX;

3. IIpn wucnosb3oBaHMM MeETOAA IMOJypeakiuyd BuUIHA poiib pH
CpElbl, TAE MPOTEKAET OKUCIUTEIIbHO-BOCCTAHOBUTEIbHAS PEAKIIUSL.

9.2. BnusiHue cpedbl HA npomeKaHue
OKUCTUMENbHO-60CCMAHOBUMENIbHBbLX peaKyul.
Knaccudgurxauus oxuciumensvHo-
60CCMAaHOBUMENIbHBLLX peaKyuil

Bnusuaue pH cpenbl Ha mpoTekaHWEe peakuud WILTFOCTPUPYETCS
CIICAYIOIIEN CXEMOM:

OkucneHHas Cpena BoccranoBnennas
dopma: dopma:
H+
> Mn2+, OeCIIBETHBIN
pacTBOp
MI]O47 HzO
, MnO, |, Oypsiii
0CaJo0K
OH MnO,>, pactBop

3CJICHOI'O IBCTA
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IMpumep.

Peaxkuusn 6 Kucnoii cpeoe:

SO, + MnO, — SO, + Mn*";
B-JIb OK-JIb
SO, +H,0-2&=S0,” +2H"

MnO, +8 H++5&=Mn*"+4H,0 |5

N.y.5 SO +2 MnO, +5H,0 +16 H+ =
=580, +2Mn*" + 8 H,0 + 10 H+;

My 5 Na2803 +2 KMDO4+3 HzSO4 =
=35 N32804+2 MHSO4+ KzSO4+3 HQO

Peakuyus 6 neuumpaivbHoil cpeoe:

SO;* + MnO,  — SO, + MnO, {:
B-Ib  OK-JIb ¢ Koa (.
SO;> + H,0 —2&=S0, +2 H+ 2 3

MnO, +2H,0+3&=MnO, ! +40H | 3

N.y.3 SO;" +3 H,0+2MnO, +4H,0=
=380, +6H"+2MnO, | + 8 OH";

My 3 NﬂzSOg +2 KMHO4 + HQO =
=3 Na,SO4 + 2 MnO, | + 2 KOH.
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Peakuyusn ¢ wenounoit cpeoe:

SO, +MnO, — SO,* + MnO,”;

9

B-Ib  OK-JIb e K0a (.
SO;* +2 OH —-2&=S0,” +H,0 2 1
MnO, + & = MnO,*" 1 2

N.y. SO;* +2 MnO, +2 OH =S0,” + H,0 + 2 MnO,”;
My NﬂzSOg + 2 KMHO4 + 2 NaOH =
= N&zSO4 + KzMIlO4 + Na2MnO4 + HQO

Cpenn MHOXECTBa OKHCIUTEIBHO-BOCCTAHOBUTEIIBHBIX pPEAKIIMI
BBIJICTISIIOT CJEYIONINE THIIBI.

1. Mesicmonexkynapunvie. K HAM OTHOCST peakiuu, B KOTOPBIX
OKHCIIUTENIb U BOCCTAHOBUTEND SBJISIOTCS Pa3IUYHBIMU BELIECTBAMHU.
K HUM MPUHAJICIKUT OOJIBIIIMHCTBO OKUCJIUTEBHO-
BOCCTAaHOBHUTEIIBHBIX PEAKIUN (IPUMEPHI CM. BBILIE).

2. Buympumonekynapuslie  OKHCIUTEIBLHO-BOCCTAHOBUTEIIbHBIE
peakiuu. B ciydae Takux peakiuil OKHCIUTEIh U BOCCTAaHOBUTEID
HaxoAsTCS B OJJTHOM BEIIIECTBE.

tO

2 NaNO3 =2 NﬂNOz + OzT,

tO

2 KCIO; =2 KCIl + O,1.

3. Peakyuu oucnponopuyuonuposanus. J{aHHbIE pPEAKIHU CO-
MIPOBOXKIAIOTCS OJTHOBPEMEHHBIM YBEIMUCHUEM U YMEHBIIICHUEM CTe-
IIEHU OKMCJICHHUS aTOMOB OJIHOTO M TOIO K€ 3JieMeHTa. McxoaHoe co-
CAMHEHHE 00pa3yeT BEIIeCTBa, OJHO M3 KOTOPHIX COACPKUT aTOMBI
ATOTO 3JIEMEHTa C 00Jiee BBICOKON CTENEHbIO OKUCICHHMS, IPYroe — ¢
0o0JIee HU3KOIA.

Cl, + H,O = HCIO + HCI.
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9.3. OxucniumenvHo-eoCcCMmaHosumMeJlbHbule
cucmemsl U NomeHyuuasblL

PaCCMOTpI/IM OKHCJIUTCIBbHO-BOCCTAHOBUTCIIbHYIO PCAKIIHUIO:
2 FCC13 + SHC12 =2 FGCIQ + SHC14,
B MOHHOM (I)OpMC JAaHHas pCaKIus 6YI[€T BBITJIAACTh TAKUM 06pa30M:

2Fe” + Sn*=2Fe*" +Sn*.
OK-JIb B-JIb

[Tonypeakiuu, COOTBETCTBYIOILIME MPOLIECCaM BOCCTAHOBIICHUS U
OKHUCJICHUSI MOYKHO 3aIlMCaTh B BUJIC

2 Fe* +2&=2Fe”, Sn** —2&=Sn*".

B naHHOM OKHCIMTEIIbHO-BOCCTAHOBUTEIBHOM PEAKIIMUA Y4YaCT-
BYIOT JBa AJIEKTPOHA U UMEIOTCS JIBE€ PEeAOKC-NIapbl (OKHUCIUTEIbHO-
BOCCTAHOBHUTEJIbHBIE MaPbI): Fe3+| Fe*" u Sn*" | Sn2+; Kaxxgas u3
map comepkut okmuciaennyio gopmy (Fe’', Sn*") u BoccraHoBen-
nyio opmy (Fe**, Sn™).

Penokc-mapa — 3T10 cucremMa, COCTOSIIIAs M3 OKHUCIECHHOM M BOC-
CTAHOBJICHHON (OpM JaHHOTO BEIIECTBA, B KOTOPOM OKHUCIICHHAs
dbopma (OKUCIHUTENb) ABISETCA AKIENTOPOM 3JIEKTPOHOB M BOCCTa-
HaBJIMBACTCS, MPUHUMAas 3JICKTpOHBI. BoccraHoBneHHas (gopma BbI-
CTYIIAa€T B POJIM JIOHOpPA BJIEKTPOHOB M OKHUCISIETCS, OTHAaBas ux. B
000U OKHCIUTENIbHO-BOCCTAHOBUTEIBHOM pPEaKIIMU YYaCTBYIOT Kak
MHHUMYM JIBE€ PEAOKC-Iaphl.

DPGDHEKTUBHOCTh OKUCIUTENBHBIX MWW  BOCCTAHOBHUTEIBHBIX
CBOWCTB BEIIECTBA 3aBHUCUT OT €ro MPUPOJIbI, YCIOBUU MPOTCKAHUS
PEAKIIMK M OIPEACNISETCS BEIMYUHON JIEKTPOAHOT0 NMOTEHIHAJIA
peloKc-mapbl (OKMCIUTEILHO-BOCCTAHOBUTEIBHOIO MOTEHIUAJIA).
DTOT NOTEHIMAII SKCIIEPUMEHTAIIBHO ONPEACISIOT C MOMOIIBI) OKHUC-
JIATEIBHO-BOCCTAHOBUTEIIBHOIO 3JICKTpoaa. OKHCIUTEIbHO-BOCCTA-
HOBHUTEJBbHBIN JIEKTPOA — 3TO 3JIEKTPOJI, COCTOSIIUA U3 HHEPTHOTO
MaTepuaia, MOrpyKEHHOr0 B BOJHBIM PacTBOpP, B KOTOPOM HMEIOTCS
OKHCJICHHAsI U BOCCTAHOBJICHHAs ()OPMBI TAHHOTO BEIIECTBA.
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OKUCIUTENTbHO-BOCCTAHOBUTEIbHBIE TOTEHIIMAIBI MPUHATO OT-
CUMTBHIBATh OT MOTEHIMAJa CTAaHJAPTHOrO BOJOPOJHOIO 3JEKTPOJIA,
KOTOPBIA YCJIOBHO TPUHUMAIOT PaBHBIM HYIO: Erp.|wy = 0 (Ha ca-
MOM Jieji€ OH OTJIW4YeH OT HyJsi). CTaHIapTHBIN BOJOPOJHBIN DJICK-
TPOJA TPEACTaBIsET cleayromyr cucteMmy (puc. 9.1). IlnmaruHoBas
IJJACTUHA TOKPBITA CJI0EM Iy04aTol IUIATHHBI JUIsl YBEJIMYEHUS IIJI0-
I[aJ¥ MOBEPXHOCTU W TOTPYKEHA B BOJHBIA PACTBOpP KHUCIOTHI (Ha-
npumep, HCI) ¢ akTUBHOCTBIO KATUOHOB BOJIOPO/1a a(H3O+) = 1. Ilna-
TUHOBAasl TUIACTMHA OMBIBAETCA IMOTOKOM Ta3000pa3HOTro BOJOpPOJa
noj naBiaeHueM 1 atMm. MoJeKyJsipHBIM BOJOPOA aJcopOupyeTcs Ha
IJIATUHE U IUCCOIMUPYET Ha aTOMbl. O0O03HAYEHHE CTAHIAPTHOTO BO-
JOPOJIHOTO JIEKTPOAA:

Pt, H, (Py> = 1 atm) | HCI [a(H;0") = 1].

Ha moBepXHOCTH Takoro oOpaTuMOro 3JEKTpoja MPOTEKAeT pe-
aKIus

H +& < 0,5H,.
4
1
s
[
1 © oo
—= | |o
3

Puc. 9.1. Cxema 2az06020 6000poono2o snexkmpooa: 1 — nanpaenenue
NOMOKA 2A3000paA3H020 8000p00a; 2 — NIAMUHOBLLU IJIEKMPOO,
3 — pacmeop coNsAHOU KUCI0mbl, 4 — nPOBOOHUK K Npubopy 0ns uzme-
PeHUsl NeKMpuU1ecKo20 NOMmeHyuald
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YcaoBHBIH (OTHOCUTEJbHBIN) OKHMCJIUTEIbHO-BOCCTAHOBH-
TeJbHbIN NMOTEHHUAJ (3JEKTPOJAHBIM MOTEHIHAJ) PEIOKC-TIaphl —
3T0 AekTpoaBkyias cuia (3JIC) raapBaHUYECKON 1€, COCTaB-
JIEHHOW U3 TAaHHOTO OKUCIIUTEIbHO-BOCCTAHOBUTEIBLHOIO AJIEKTPOJIA U
CTaHJApPTHOTO BOJOPOAHOTO 3ieKkTpoaa. CTaHIapTHBINA BOJOPOIHBIM
AJIEKTPOJ] 3alKCHIBAIOT clieBa. B ciydae penokc-mapbl FeC13|FeC12
oOpaTuMo paboTarolias 1eMb 3aMMChIBACTCS TAKUM 00pa3oM:

Pt, H, (P = 1 arm) | HCI [a(H;0") = 17 | | FeCls, FeCl, | Pt
CTaHJAPTHBIA BOJOPOIHBIN JIEKTPO/T OKUCIHUTEIHLHO-BOCCT.
BJIEKTPO/I

Cornacno onpenenenuto, /1C 1aHHON 1eNU paBHA OTHOCUTEIb-
HOMY OKHCJIUTEIbHO-BOCCTAHOBUTEILHOMY MOTECHIIUATY PEIOKC-TIAPhI
FeCls, | FeCl,. IloteHian BOJOPOJHOTO 3JICKTPOAA CUMTAETCS paB-
HBbIM HYJIIO. B naHHOU cxeme BepTuKanbHas yepTa ( |) O3HayaeT CKa-
JOK NOTCHIHMAIa Ha TpaHWIe pa3dcna ¢as; JABOMHAs BEPTUKAIbHAs
gepTa (| |) Oo3HayvaeT ycrpaHeHue Mud¢y3HOro MoTeHIrasa, BO3HH-
KaloIlleTo Ha IpaHuIle pas3jesna ABYX Kuakux ¢a3 ("comeBoit MOCTUK").

Ecan B OKMCIMTEIbHO-BOCCTAHOBHTEILHON PEaKIIMA HE y4acT-
BYIOT KaTHOHBI BOJIOPOA, TO B OOIIEM CiTydae peajibHblii YCJI0BHBIH
OKMCJINTEJIbHO-BOCCTAHOBUTEIbHBIN moTeHuuaa E pegokc-mapsl
omuchIBaeTCs ypaBHeHHeM HepHcra:

R-T a(okuc.)

E=E°+ - In

n-F a(BoccT.)

, (9.1)

rae E° — cTaHmapTHBIN OKUCIUTEIbHO-BOCCTAHOBUTEILHBIN MTOTEHITU-
an JaHHOM pEeNOKC-Maphl; N — Pa3HOCTh 3apsAI0B WM KOJIUYECTBO OT-
JAHHBIX (MIPUHSTHIX) B pEaKIMU AJIEKTPOHOB; R — yHUBEpcaibHas ra-
3o0Bas mnocrosiHHas (8,314  Ix/monws-K); F— wuyucino ®Papanes
(96485 Kn/monp); T — aOcomtoTHas Ttemmeparypa; a(OKUCI.) U
a(BOCCT.) — aKTUBHOCTH OKHMCJIEHHOW M BOCCTaHOBJIEHHOM (hOopM COOT-
BETCTBEHHO.

104



Hanpumep, nns penokc-napel Fe3+| Fe’* (n = 1) ypaBueHue
HepucTa umeer Bua

3+
R-T In a(Fe™)

E = EOFeS+
F a(Fe’")

Fez+ +

Eciu a(Fe’") = a(Fe®) = 1, 1o 06e hopMBI HAXOIATCSA B CTAH-
napTHbiX coctosHusiXx U In 1 = 0, Ttorna E = E°. Takum oGpazom,
CTAHAAPTHBIN OKHUCJIUTEIbHO-BOCCTAHOBUTEIbHbIN MMOTEHIIAAJ
E° penokc-mapel — 3TO Takoil €€ MOTEHIHMaJI, KOrJa BCE YYACTHUKH
OKHCJIUTEIIbHO-BOCCTAHOBUTEIIBHOM PEAKLUU HAXOIATCS B CTaHIAPT-
HBIX YCJIOBUSIX, T.€. UX aKTUBHOCTHU PABHBI €IUHULE. /(711 MHOTHX pe-
nokc-nap E° onpenenensl mpu KOMHATHOW TEMIEPAType U MPUBOJIST-
Cs B CIIPABOYHUKAX.

B aHanuTUYECKONM XMUMHUM 4acCTO UCIIOJIb3YETCA YypaBHeHUE HepH-
CTa, B KOTOPOM BMECTO AKTUBHOCTEW HCITOJb3YIOTCA KOHIICHTPALUU
OKHCJICHHOM ¥ BOCCTaHOBJIEHHOU (opMm:

R-T C(okuci.)
E=E°+ - In : (9.2)
n-F C(Boccrt.)

DTO ypaBHEHHUE CIIPaBEIIMBO s pa30aBICHHBIX PAaCTBOPOB, KO-
raa f(oxucn.) = f(Bocer.) = 1, mosromy a(okmcn.) = C(okuci.) u
a(socct.) = C(Bocct.). YpaBHeHue (9.2) MOXHO MCIIOJb30BaTh JJIs
pacyeToB, KOrJa PacTBOPHI HE SBIISIOTCS CHIIBHO pa30aBIICHHBIMH.

Koa(dpuiirentsl akTHBHOCTEW OKUCIEHHON U BOCCTAaHOBJIIEHHOU (hopm
OpU 3TOM SIBJISIFOTCS OJIMHAKOBBIMH, BCJIEJICTBHE OJU30CTH XHUMHYE-

CKOI mpupoasl 00enx Gopm, T.. npu yceaosuu f(okuci.) = f(Boccer.).
Ecnu temneparypa komHatHas (T = 298 K wnu 25 °C), to, nepe-

X0l K JECATUYHBIM Jiorapudmam, ypaBHeHue HepHcTa MOKHO mpe/-
CTaBUThH B CIICYIOIIEM BHUJIE:

0,059 C(okwucit.)
E=E°+ g , (9.3)
n C(BoccT.)
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rae 2,3 R - T/ F=0,059 (MHOXuUTENIb 2,3 — MEPEX0/ OT HATYPAJIBHOTO
jgorapudpma K gecaTudHomy). Ha mpakTuke B aHAIUTUYECKUX pacye-
Tax ypaBHEHME HepHCTa 4acTo HCIIOIB3yETCs B IOCIEIHEM BUIE
(9.3).

Ecir B OKACIUTENBHO-BOCCTAHOBUTEIBHBIX PEAKIUAX YYACTBYIOT
KaTUOHBI BOJIOPOAA, TO UX AKTUBHOCTb WJIM KOHLIEHTPALUS BXOIAT B
ypaBaenue  Hepucra.  Hanpumep, 1moTeHuMan  peaoKcC-Imapbl
MnO, | Mn*, YYaCTBYIOLIEH B MTOIYPEAKIIAN

MnO, +8 H++5&=Mn"" +4 H,0
MOYKHO HaMTH JJIs1 KOMHAaTHOM TeMrnepaTypsl U3 ypaBHeHus (9.3):

0,059  C(MnO,) - C(H;0°
E=E°+ g
5 C(Mn*"

[Torenmman E penokc-map 3aBUCHAT OT KOHUEHTPAIMA KATHOHOB
BOJIOpOJa. YpaBHeHHME HepHCTa ONKCHIBAET peaibHbIE CUCTEMBI, IO-
3TOMY pEaJbHbId YCIOBHBIM (OTHOCUTEIbHBIN) OKHUCIUTEIBHO-
BOCCTAaHOBUTEIIBHBIM MOTEHIUA — 3TO MOTEHIMAT PEIOKC-NIaphl MPH
YCIIOBUH, YTO YYACTHUKH PEAKIMA HAXOAATCS B PEAIbHBIX YCJIOBUSIX,
a HE B CTAaHAAPTHOM COCTOSIHUHU.

Yem OoJibllle OKHUCIUTEIbHO-BOCCTAHOBUTENIBHBIM MOTEHIHAT
JAHHOU peJoKC-apbl, TeEM 00Jie€ CUJIbHBIM OKHUCIUTENIEM SIBIISETCS
okucieHHas (opma ngaHHOW mapbl. Yem MeEHbIIE OKHUCIUTEIBHO-
BOCCTAHOBUTEIIbHBIN MOTEHIIUAJ, TEM 00Jiee CHIIbHBIM BOCCTAaHOBHUTE-
JIEM SBJISIETCS] BOCCTAHOBJIEHHAsI (hOpMa 3TOM peIOKC-Taphl.

9.4. IlomeHuyuan,
WU 31eKkKmpooeurKyuiast Cuna peaxKuuu

PaccMoTpuM  OKHCIIUTEIIPHO-BOCCTAHOBUTEIBHYIO pPEakiuio (B
COKpaIlleHHOM HOHHOM BH/IC)

Ce*" + Fe*" « Ce’" + Fe''. (9.4)
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Yucnao 3J€KTPOHOB, YYACTBYIOIIMX B JAHHOM peakmuu, n = 1.

G+ 3+ 3+ 2+
Kaxnas u3 aeyx penokc-nap Ce’ [ Ce” u Fe' | Fe™ xapakrepusyer-
Cid CBOMM MOTEHIIMAJIOM B COOTBETCTBMU C ypaBHeHHMeM HepHcta

(9.1):

R-T a(Ce*™)
E1 = Elo + - In .
F a(Ce’)
R-T a(Fe’")
E,=E,°+ - In
F a(Fe™)

Horenuman (IAC) peakumm — 3TO Pa3HOCTh OKHUCIUTEIBHO-
BOCCTAHOBUTEJILHBIX MTOTCHIIMAJIOB peAoKc-niap. B 1aHHOM ciiydae

R-T a(Ce™) - a(Fe™)
E=E,-E,=E°-E°+——1In . (9.5)
F a(Ce™) - a(Fe™)

[TomeHnsiem moj 3HaKOM Jiorapudma YUCIWUTENTh W 3HAMEHATEIb
MecTaMH U 0003Ha4YuM CUMBOJIOM E° pa3HOCTh CTaHAAPTHHIX MOTEH-
nuanoB E° — E,°. Torna ypaBuenue mis 3J[C peakuuu (9.4) 3anu-
IIETCS B BUJIC

R-T  a(Ce™)-a(Fe™)
E=F°— - In , (9.6)
F a(Ce™) - a(Fe™)

rne E° — crangaptHeii noteHuuan (crtanaaptHas 3/(C) peakuuu. B
YUCIUTEIIC TI0J] 3HAKOM Jiorapudma CTOMT IPOU3BEJACHHUE aKTHBHO-
CTel MPOAYKTOB pEakiliM, a B 3HAMEHaTeJe — MPOU3BEACHNE aKTUB-
HOCTEH MCXOIHBIX BEIIECTB.

Ecnau akTMBHOCTH peareHTOB 3aMEHUTH (MIPUOIMKEHHO) HA KOH-
IIEHTPAIMU, HATYpaJbHBIM JorapuM 3aMEHUTh Ha JECATUYHBINA, TO
JUIsi KOMHAaTHOW TemmepaTypbl ypaBHeHue (9.6) Oyaer umerh cie-
JTYFOLIAM BUJL;
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C(Ce’) - C(Fe™

E=E°-0,059 - Ig (9.7)

C(Ce™) - C(Fe)

B oOmem ciaydae s 11000 OKHUCIUTEILHO-BOCCTAHOBUTEILHOM
peakiuu ee norenuuan (1C) pasen E = E; — E, u onuceiBaeTcs
ypaBHeHueM HepHcTa B Bue

R-T 6 TIlLa"
-In

E=E°-
n-F ILa (9.8)

rae E° = E,° — E,° — crangaptHas 3/1C; n — 4yucio 3JIEKTPOHOB, yya-
CTBYIOIIUX B PEAKIIUU; &; U A — AaKTUBHOCTH COOTBETCTBEHHO IPO-
JTYKTOB PEAKIMU U UCXOJHBIX BEUIECTB; Vi U Vx — CTEXHOMETPUUECKUE
KOA(PUITUEHTHI MPOAYKTOB PEAKIIMU U MCXOJIHBIX BEIIECTB COOTBET-
ctBeHHO. [IpousBenenus [| OepyTcsa mo BCceM MPOIYKTaM PEAKIMH U
WCXOJIHBIM BemiecTBaM. [lepexos oT akTUBHOCTEH K KOHIICHTPAILIHSIM
IpU KOMHATHOM TeMIiepaType U OT HaTypaJbHOTO Jiorapudma K aecs-
TUYHOMY, MOJy4aeM

0,059 . IL-C"
— g

E=E°
n I, -Cc Y - 9.9)

BripaxkeHue, crosiiee moj 3HakoM Jiorapudma, mo ¢popme CoBma-
JaeT ¢ BBIpaKCHUEM JJISI KOHCTAaHThI XUMHUYECKOT0 paBHOBecHs. Eciu
3aMucaTh OKHUCIHMTEIHbHO-BOCCTAHOBUTEIBHYIO PEAKIINI0, B KOTOPOM
y4acTBYET N 3JIEKTPOHOB, B 00IIIEM BHJIC

aA +bB < dD + eE, (9.10)

TO IJIA HCC BBIPAKCHHA TepMOI[HHaMquCKOﬁ J51 KOHI_IGHTpaHPIOHHOfI
KOHCTAHT XUMHUYCCKOI'O PaBHOBCCHU:I 6YI[YT NMCTb BU/I.
d e
. d e
K=o e y _[DIIF]

a b ? c —

d, "dp [A] '[B]b

108



r7i€ BCE aKTUBHOCTU U KOHIIEHTPAIIMU BEIIECTB paBHOBECHbIE. Dop-
Myl Juist DJ1C Toit xe peakuuu (9.10) umeroT BUI:

o RT a(D)!-a(E)°

E=E° - A oD (9.11)

o RT C(D)!-C(E)*

R TN RS ©-12)

[JI€ BCE aKTUBHOCTHU WJIM KOHLICHTPALUU HEPABHOBECHBIE, 4 COOTBET-
CTBYIOT TOMY MOMEHTY PEaKkIUH, A KOTOPOro €€ IMOTEHIMAJ PaBEH
E.

Ilepexons OT aKTUBHOCTEM K KOHUEHTpPALHUSIM NPU KOMHATHOM
TEMIIEpaType U OT HATYpaJIbHOTO Jorapudma K JECATUYHOMY, TOJIY-
yaem

0,059 | C(D)!-C(E)*

(0]
E=E n & C(A)* - C(B)b : (9.13)
CranpgaptHas OJIC peakunn E° paccumThiBaeTcsi Kak pa3HOCTH
CTaHJAPTHBIX OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX NOTEHIIMANIOB E° 1
E,° nByx penokc-tap: E° = E,° — E,°. 3a E|° npunumaercs cranaapt-
HBIN MOTEHIIUAJI TOW peoKC-Maphl, OKKUCIeHHas: ¢opMa KOTOPOM B 3a-
MACU YPABHEHHS PEAKIHNU BBICTYNAET B POJIU UCXOIHOTO BEIIECTBA —
okuciurens. 3a E,° npuHMMaeTcsi CTaHIapTHBIA MOTEHIMAI TOU pe-
JIOKC-TIaphbl, BOCCTaHOBJIEHHAsA (popMa KOTOPOU B 3amucCH YpaBHEHUS
PEaKIMU BBICTYNIAET B POJIM UCXOTHOTO BEIIECTBA — BOCCTAHOBUTEIIS.
Hpumep. Ilycte B pacTBOpe NMPOTEKAET OKUCIUTEIBHO-BOCCTA-
HOBHUTEJbHAS PEAKIIUS

MnQ, +5Fe*"+ 8 H — Mn*" + 5 Fe’" + 8 H,0.

B nmanHHOW peakuuu n = 5 WU y4yacTBYIOT JBE€ pPEIOKC-IIaphbl
MnO, | Mn*" u Fe''|Fe™, CTaHJApPTHBIE OKUCIUTEIBHO-BOCCTA-
HOBUTEJbHBIE TMOTEHIUAIBI KOTOPHIX 0003HAYalOT COOTBETCTBEHHO
E.° n E,°. Tepmoaunamuueckast kKoHCTaHTa paBHOBecus K u moTeHIu-
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an peakuuu E npu komMHaTHOU Temmneparype OyAayT paBHbI (0e3 yueTa
AKTUBHOCTHU BOJIbI)

B a(Mn*")-a(Fe’*)’
~ a(MnO,”)-a(Fe**)’ -a(H,0")*

00,059 a(Mn”")-a(Fe’)’

E:E g - 24+5\5 +18
5 a(MnO, )-a(Fe™)’ -a(H,0")" -

KOHHCHTpaHI/IOHHaH KOHCTAaHTa " IIOTCHIHAJI pCaAKIITUHU

[Mn2+] . a[Fe3+ ]5
[MnO4_] ) [Fez+ ]5 '[H3OJr ]8 ;

. 0,059 C(Mn>*)-C(Fe*)’

E:E g - 2455 +18
5 C(MnO,")-C(Fe**)’ -C(H,0")*

Tac E° = Elo - Ezo.

VYpaBHeHUs U1 MOTEHIMANIA PEAKLUU SABIISIOTCS OOIUMH U MO-
T'yT OBITh UCIIOJIB30BaHbl IPU BbIBOJIE (POPMYJIBI JIJIsl MOTEHIMANA JIIO-
0oro anexTpoaa. s OKUCIUTENBHO-BOCCTAHOBUTENIBHOIO MTPOLIECcCa

Oxucnourenp + n € <« BoccTaHOBUTEID

IMOTCHIMAJI pCaKIUHU MOXKHO 3aIlMCaTh B BUJIC:

—R.T-ln

n-F  a(okuci.) -

E_E° a(BOCCT.)

(9.14)

ITomeHsIB MecTaMU YMCIUTENIb U 3HAMEHATEIIb 110 3HAKOM JIora-

pudma B ypaBHeHuu (9.14), nonyuum ncxogHoe ypaBHenue HepHcra
(9.1).
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9.5. HanpaeneHue npomexaHust
OKUCTUMENbHO-60CCMAHOBUMENbHOU peaKyuu

VY4yeT 3HaKa MOTEHIHMAIa OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOU pe-
akiuu (E > 0, E <0, E =) no3BoJisieT onpeaenuTh HampaBiIeHUE po-
TEKaHUs PEAKIUU B 3aIaHHBIX YCIOBUSIX.

Ecmu norenuuan E OKUCAUTEIBHO-BOCCTAHOBUTEIIBHOM PEAKLIUU
oonbiie Hysa (E° = E° — E,° > 0), To peakius npoTekaer B OpsiMOM
HaIpaBJIEHUHA B COOTBETCTBHM C 3aIlMChI0 YpaBHEHHUs peakuuu. Ecim
noteHuuan peakuuu menbine Hyns (E° = E,° — E,° < 0), To peakuus
IPOTEKAaEeT B OOPATHOM HANPABJICHUU COTJACHO 3allUCH YPaBHEHUS
peakiun. Eciau nmotenmuan peakiuu paeHd Hymto (E° = E° — E,° = 0),
TO CUCTEMA HaXOAUTCS B COCTOSTHUU YCTOMYUBOTO PAaBHOBECHSI.

N3 TepMOAMHAMHUYECKON TEOPUU JIEKTPOJABIKYIIUX CHIT U DJIEK-
TPOJHBIX MOTEHIMAJIOB M3BECTHO, YTO MOTEHIMAT peakuuu (Uiu ee
DJ1C) E cBsa3an ¢ usmeHenuem >Hepruu ['moodca AG cieayromum co-
OTHOLLIEHUEM:

AG=-n-F-E, (9.15)

rae F —uucino ®apanes.
CranmapTHbI MoTeHIMan peakiuu E° cBs3aH cO CTaHIapTHBIM
n3MeHeHueM dHeprum [ 'ndoca:

AG°=—n-F-E° (9.16)

N3 TepMOIMHAMUKN PaBHOBECHBIX MPOLIECCOB M3BECTHO, YTO €C-
a1 u3MeHenue suepruu ['moodca AG npu 10001 XMMUYECKON peakiuu
Menbine Hyns (AG < 0), To 3Ta peakuus NPOTEKAET B MPSIMOM Ha-
MIPABJICHUU B COOTBETCTBUHM C ypaBHeHUEM peakuuu. Eciu AG > 0, To
peakiys UAET B 00paTHOM HaMpaBJICHUU COTJIACHO 3aUCH YPABHEHUS
peakuun. Eciin AG = 0, To B cUCTEME yCTaHABIMBAETCA PAaBHOBECHE.

[Tockonbky AG u E cBsizanbl ypaBHeHuem, n > 0, F > 0, To ciemy-
eT:

1. IIpu AG < 0 norenuman peakuuu E > 0;

2. [Tpu AG > 0 norenuuan peakiuu E < 0;

3. IIpu AG = 0 norennuan peakuuu E = 0.
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Hpumep 1. Onpenennurs, B KAKOM HAIIPABICHUU MPOTEKAET PEaK-
s (9.4)

Ce*" + Fe?" & Ce*t + Fe.

YcaoBus sl peakiuu: KOMHaTHasi TEMIIEpaTypa, BCE PEarcHThI
HaxXOJsATCS B CTAHJAPTHBIX COCTOSIHUSX, T.€. UX AKTUBHOCTH PaBHBI
CIMHUIIC: a(Ce4+) = a(Fe’") = a(Ce’) = a(Fe’") = 1. CranmaprHble
OKHCJIUTEIIbHO-BOCCTAHOBUTEIIbHBIC TOTEHIMANIBI TPU KOMHATHOM
Temmeparype pasusi: Ce' | Ce’”, E°=1,775B; Fe’" | Fe’", E,°=0,77 B.
B nanHoMm ciydae aig onpenefieHrs HampaBleHUsS peaklnu HeoOXo-
JMMO PacCUUTATh €€ CTAaHJApPTHBIA MOTEHIMaN (MOCKOJILKY BCE pea-
TEHTHl HAXOJATCS B CTAHJIAPTHBIX yciaoBusx). E° = E° — E,° = 1,775 —
0,77 = 1,005 B (E° > 0). 3HauuT, npu JaHHBIX YCIOBHUSIX PEAKIIUS
MPOTEKAET B MPSIMOM HAMPaBJICHUU B COOTBETCTBUU C 3aMKCHIO YpaB-
HEHUs peakiui: HoHsl Fe*  okucmsorest nonamu Ce” .

IHpumep 2. OnpenennuTs HaNpaBiIEHUE MPOTEKAHUS PEAKIINU

L+28,0," 21 +S,06 (n=2).

YcaoBus: KOMHaTHas TeMIleparypa, akTUBHOCTH PEareéHTOB pPaB-
mer: a(ly) = 0,01; a(S,05° ) = 0,005; a(I') = 0,01; a(S406° ) = 0,005;
CTaHJapPTHBIC OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIC IMOTECHIMAIIBI TIPH
TEeMIIepaType PEAKIMNU JIs PEIOKC-TIap paBHbI: I, | 21,E°=0,621 B
1 S,06° | S,05°", E,° = 0,09 B. INorenuman peakIy MOKHO BBIpa-
3UTh COOTHOIIICHUEM:

0,059 g a(I")*-a(S,0,>)
2 a(1,)-a(S,0,”)* °

E=E°-

IHOACTABJIAA UYNCIICHHBIC 3HaquI/IH, HOquI/IM:
0,059 | 0,010,005
2 ©0.01-0,005

E=0,621-0,09 - =0,522 B.

HOCKOJ’IBKY IMOJIYYCHHOC 3HAYCHHUC 0oJbIIIe HYJIA, TO pCaKLHUA B
HJAaHHBIX YCJIOBHAX IMPOTCKACT B IIPAMOM HAIIPABJICHUHU: fIO,Z[ OKHCJISACT
TI/IOCYJIL(l)aT-I/IOHLI A0 TCTPATHOHAT-NOHOB.
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9.6. BnaustHue pa3nuuHoulx ¢paKxkmopoe
Ha 3HAUEeHUSl NOMEHYUAO06
U HanpaeneHue npomexKaHust
OKUCIUMENbHO-60CCMAHOBUMENIbHBIX peaKyuil

1. Bauanue xonuenmpayuu peazenmos. J|anHoe BIHSHUE OYe-
BHUJIHO U3 pacCMOTpeHUs ypaBHeHUs HepHCTa, KOTOpOE CBS3BIBAET pe-
albHBIE TMOTEHIMAJIbl U KOHUEHTPALMM PEareHTOB. JTO YpPaBHEHUE
MO3BOJISIET PACCUUTATh, KaK BIUSECT U3MEHEHUE KOHILIEHTpAIMU Ha TO-
TEHIMAJbl PEIOKC-TIap UM Ha MOTEHI[MA CAMOW PEaKIIHH.

2. Bauanue pH cpeowvi. Ecnv B peakiiuyi HEMOCPEACTBEHHO y4a-
CTBYIOT KaTHOHBI BOJIOPOJA, TO UX KOHIIEHTPAIUs BXOJUT B ypaBHE-
Hue Hepucra. Hanmpumep, noteHmman peakunmn

HAsOs +2T +3H  AsO, +L,+2H,0 (n=2)

onpeaesieTCs Mo ypaBHEHHUIO (0€3 yueTa akTHBHOCTH BO/IbI)
_R-T In a(AsO, )-a(l,) .
2-F  a(HAsO,”)-a(I")-a(H")’

E=E°

N3menss pH cpenpl mis Takux peaklui, MOXKHO U3MEHUTH I10-
TEHLUMAJ U OKa3bIBaTh BIIUSHUE HA TCUECHUE PEAKIIUH.

Nnorpa pH cpenbl Oka3bIBaeT BIUSHUE HA TCUCHUE PEAKLIUU JTAXKE
TOrJa, KOrJa KaTHUOHBI BOAOPOJA HEMOCPEACTBEHHO HE Y4YaCTBYIOT B
peaKklUi U WX KOHIIEHTpalMs HE BXOIMUT B ypaBHeHue HephHcra. OT0
oObsicHsAETCS BiIUsiHUEM pH cpe/ibl He Ha TaHHYIO PEeakIluio, a Ha Mpo-
TEKaHue MOOOYHBIX mpoueccoB. Hampumep, B 0CHOBE MeToJa
XJIOPUOAOMETPHUHM JIEKHUT MOJIYPEAKLIUS

ICl1+2e—1 +CI.

KaTnonbsl BOAOpoJia HEMOCPEICTBEHHOTO YYacTUsl B PEakiuu He
MPUHUMAIOT, HO aHAJIN3 MIPOBOJST B KUCIION Cpeje, MOCKOIbKY B IIIe-
JIOYHOM cpejie MPEUMYIIIECTBEHHO TPOTEKAET MOOOYHAs pPeaKIus:
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ICI1+20OH <10 +Cl +H,0.

Ha sty peakiuro pacxomayercss HEKOTOPOE KOJIWYECTBO XJIOpHUAa Mo
(ICI), 1 5TO IPUBOJIUT K OIIMOKE B pacyeTax.

3. Bauanue 0oo6asox nocmoponnux uonos. B ypasnenne Heph-
CTa BXOJSIT aKTUBHOCTA MOHOB — YYACTHUKOB PEAKIIMU. 3HAUYCHUS AK-
TUBHOCTEH 3aBUCAT OT KOd(P(HUIIMEHTOB aKTUBHOCTEH, a MOCIEIHUEC —
OT MOHHOW cuwiibl pacTBopa. MOHHAs cuia pacTBOpa ONpeAensieTcs mo
dopmyite (4.15) .= 0,5 - ¥ C; - Z;®, T.e. OHa 3aBHCHT OT 3apsioB Z; U
KOHIeHTpauuu Bcex MoHoB C;. CiemoBaTenbHO, J00aBKa MOCTOPOH-
HUX AJICKTPOJIUTOB U3MEHSET MOHHYIO CUITY pacTBopa u ko3 duimueH-
Thl AKTUBHOCTH HOHOB. [103TOMY MEHSIETCS MOTEHIIMAT OKHUCIUTEIb-
HO-BOCCTAaHOBUTEIBHON PEAKIUH.

4. Bhiuanue memnepamypoi. Eciini paccMOTPETh YpaBHEHUE
HepHcta, To BIusgHUE TeMIIepaTypbl OKa3bIBAET CYILIECTBEHHOE BIIUSA-
HUE€ Ha CTaHJApTHBIN noteHuan peakuuu E° u muoxurens R - T/ n -
F. CnenoBarenbHO, NOTEHIMAN peakuu E TakKe 3aBUCHUT OT TEMIIE-
paTyphl.

S. Bauanue oaenenuna. Eciv npu TMPOTEKAHUU OKHUCIUTEIBHO-
BOCCTAaHOBUTEIIbHOM PEAKIIUH HE BBIJICISAIOTCS U HE MOTJIONIAOTCS Ta-
3000pa3HbI€ BEIIECTBA, TO MOTCHIMAJ PEAKI[MU HE 3aBUCUT OT BHEIII-
Hero AaBiieHus. Ecny B peakiuy y4yacTBYIOT ra3000pa3HbIe BEIIECTBA,
TO MOTEHIMaN €€ OyAeT 3aBUCETh OT JIABJICHUS. JTO MPOUCXOAUT MO-
TOMY, YTO B ypaBHeHUE HepHCTa BMECTO aKTUBHOCTEW MOKHO BKIIIO-
YUTh MaplHaTbHbBIE JABJICHUS Ta3000pa3HbIX PEAreHTOB WM MPOIyK-
TOB peakuuu. Hampumep, B OCHOBE METOJa HUTPUTOMETPUU JIEKHUT
MOJTypeakIius, B KOTOPOM ydacTByeT peaokc-napa: NO, | NO:

NO, +2H++¢&+« NOt+H,0((n=1).

[Torenuman 3ToKW peakuuu MPU KOMHATHOW TEMIIEPATYpE PaBCH
(6€3 ydyeTa aKkTUBHOCTH BOJIbI)

E=E°—0,059-lg— 20D
a(NO, )-a(H")
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AxTUBHOCTH okcuja azota (II) paBHa ero mapruaibHOMY AaBiie-
Huto: A(NO) = p(NO), Torzna

E=E°—0,059]g—PNO)

a(NO, )-a(H")*

Takum oOpaszom, E 3aBUCHT OT mapuuaibHOTO JAaBJIEHUS OKCHUAA
azota (II) p(NO) u, cienoBarenbHO, OT BHEUTHETO JIABJICHHUS.

9.7. 'nybuHa npomerxaHust OKUCIUMESIbHO-
60CCMAHOBUMENLHBLX peaKyuil

JIrobOas peakiusi cCaMOIIPOM3BOJBLHO MPOTEKAET MPH MOCTOSHHOM
TEeMIIepaType J0 TE€X IOp, NTOKa B CUCTEME YCTAaHOBHUTCS COCTOSTHUE
YCTOMYMBOTO paBHOBECUSI. DTOT 3aKOH PACIPOCTPAHSIETCS U HA OKHUC-
JUTENHHO-BOCCTAHOBUTEIBHBIE PEaKIi. B COOTBETCTBUU C Teopueit
OJIC m 3JIeKTpOIHBIX MOTECHIIMAIIOB CTAHJAPTHOE U3MEHEHHUE SHEPTUU
['n606ca AG® cBs3aHO CO CTaHJAPTHBIM MOTEHIIMAIOM PEAKIMU ypaB-
HeHueM (9.16):

AG°=—n-F-E°
[Ipu oCTOSIHHOU TEMIIEPATYPE BBIMOIHIETCS PABEHCTBO
AG°=—R-T-InK,

ciaegoBarelibHO, — R - T -InK=—n"-F - ES

| K_n-F-E" E_R-T-an
orcroga: 1 TR Wm ST o (9.17)
., 0,059-IgK
[Ipu KOMHATHOI Temneparype: E" = n : (9.18)

Takum o6pazom, yem OoJibllle CTaHAAPTHBIA MOTCHIINA PEAKIIUH,
TeM OOJIbIlIe €€ KOHCTAaHTa PaBHOBECHUS U TeM OoJbIle TTyOWHA Ipo-
TeKaHus peakiuu. [yOMHa MpoTeKaHUS OKHCIMTEIBHO-BOCCTAHO-
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BUTEJILHON PEaKIIMU ONPEEISIETCS PAa3HOCThIO CTAHAAPTHBIX OKUCIIH-
TEJIbHO-BOCCTAHOBUTEIBHBIX MOTEHIMAIOB PEAOKC-Map, y4acTBYIO-
IIMX B peakiuu, T.e. padHocThio E° = E;° — E,°.

['myOuHa mpoTekaHus JIF0OON peakIuu XapaKTepU3yeTcs CTere-
HBIO TIPEBPAILCHUS] UM PAaBHOBECHBIM BBIXOJO0M peakiuu. CreneHb
NpeBpaleHus] UCXOJHOTO BENIECTBA B MPOAYKTHI PEAKIUUA — 3TO OT-
HOIIICHHUE YHClia MOJIEH MpOopearupoBaBIIETO BEIIECTBA K YUCIY MO-
JIEW TOTO K€ BEIIECTBA, BHECEHHBIX B MCXOJAHYIO cMech. PaBHOBec-
HbIH BBIXO0/l — BBIPAXEHHOE B MPOLICHTaX (WX JOJSX €IUHUIIBI) OT-
HOIIIEHHUE YUCJIa MOJIEW MPOJYKTOB PEaKIMU K OOIEeMYy YHUCITy MOJen
pEareHTOB B PABHOBECHOW CMECH.

JIns aHaMUTHUYECKUX PEaKIMi Ba)kKHA TIyOMHA €€ MPOTEKaHUS.
UeM BbIIIE CTENEHb MPEBPAILICHUS UCXOJHBIX BEIIECTB B MPOIYKTHI,
TeM MEHbIIe omuoKa aHaiau3za. OOBIYHO CUMTAIOT, YTO PEAKIIHS IPO-
nula MPaKTUYECKU 0 KOHIA, eciii mpopearupoBaino 99,99 % ucxon-
HOT'O BEILIECTBA. ITO YCIOBUE MO3BOJISIET OLICHUTh 3HAYEHUE KOHCTaH-
Thl PABHOBECHS.

Hanpumep, npoTtekaeT peakius

A+B < D.

Ecnm ncxomHple KOHIIEHTpAlUM peareHToB A u B mpuHsATH paB-
HBIMU €IMHUIE, TO PABHOBECHBIE KOHIIEHTpAIMU BELIECTB JOJIKHBI
ObITh paBHBL: [A] = 10—4 u [B] = 10— 4 (mockoasky 0,01 % oT equnu-
bl paBHo 0,0001 - 100 % / 1,0 = 0,01 %. Crenens npeBpalilieHus paB-
Ha 100 % — 0,01 % = 99,99 %). PaBHOBeCHas KOHIIEHTpAIMs BEIIECT-
Ba D Oyner paBna [D] = 1,0 — 0,0001 = 1,0. Torna koHCTaHTa paBHO-
BecHsi OyIeT paBHA

_ D] L0
" [A]-[B] 107*-107*

=10%

YTo0OBI peakius MpoTeKaa MPaKTUYECKH 10 KOHIIa, HEOOXO0IUMO
COOJIIOJIEHUE YCIIOBHUSA: KOHCTAHTA PaBHOBECHS PEAKIIMHU JT0KHA OBITh
8 8
paBHa He MeHee 10°, T.e. K> 10°. CnenoBarenbHo,

8
EO:E"—EO:RTan, EOERTlnIO
: 2 n-F n-F
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JI11 KOMHATHOW TeMIIEpaTypbl HEPABEHCTBO CIIEIYIOLIEE:

0,5

E'=>—, (9.20)

2,3-R-T-In10° 0,059-1g10° 0,5
MOCKOJIBKY 0F = = :

n n

Paccmotpennbie ypaBHeHHs (9.17 — 9.20) mo3BOJISIIOT KOJIUYECT-
BCHHO  OIICHUTh  BO3MOXXHOCTH  MPOTEKAaHUS  OKHUCIUTEIHHO-
BOCCTAHOBHTEIIPHOM PEaKIINH, €CIIH U3BeCTHO E° M 4nCcI0 AIeKTpoHOB
(n), y4acTBYIOIIMX B PEaKIMK; MOKHO paccuuTarh BeluuuHy K, eciu
W3BECTHBI CTaHJAPTHBIC MOTEHIIMAIBI PEIOKC-TIap; €CI U3BECTHA Be-
mnunHa K, To MOKHO paccuuTarh BeauuuHy E°.

10. KOMIIAEKCHBIE€ COEAHHEHHS
B AaHAAHTHYECKOH XHMHH

10.1. CmpoeHue KOMNNEKCHBbLX COeOUHEeHUU

KommiekcHble (KOOPAMHAIMOHHBIE) COCAMHEHMS — 3TO COCIU-
HEHHUS CJIO)KHOU CTPYKTYPHBI, B COCTaB KOTOPBIX BXOST IEHTPAJIbHBIN
aTOM-KOMIUIEKCOOOPA30BaTelb U CBSI3aHHBIE C HUM HEUTpabHBIE MO-
JICKYJIbI UJIU UOHBI (JIUTaH/IbI).

KomriekcHoe coeTMHEHUE COCTOUT M3 aTOMAa-KOMILJIEKCO00pa-
3oBaTesst M, C KOTOpbIM CBsi3aHbl JUraHabl L. ATom M u nuranaer L
00pa3yioT BHYTpPeHHIOK cdepy KomIuiekca (TP HAIIMCAaHUU COEIIH-
HEHHUs OHa 3aKJII0YaeTcsl B KBaJpaTHble cKOOKHW). B kadecTtBe nuran-
JIOB MOTYT BBICTYIIaTh HEUTPAJIbHBIC MOJIEKYJIbl (OOBIYHO OHU UMEIOT
HETOEJICHHBIC TTaphl AJIEKTPOHOB MPU KAKOM-JIHO0 aTOME) WU OTpH-
1IATEJIbHO 3apsiKEHHbIC MOHBI. [IpOCThie MOJIOKUTENIBHO 3apsiKEHHbIC
WOHBI (KaTHOHBI) B POJIM JIMTAHJIOB HE BBICTYNaroT. Eciii BHYTpeHHSA
chepa KOMIUIEKCA HECET OTPULIATENIbHBIN UITH MOJIOKUTEIIbHBIN 3apsij,
TO JUJII €ro KOMIICHCAIIMM HEOOXOJAMMbl MOHBI, 0Opa3ylollue BHEII-
Hio10 cpepy. Bo BHelHel chepe MOTyT HaXOIUTHCS HE TOJIBKO HOHBI,
HO U HEWUTpaJbHbIE MOJIEKYJIbI (OYEHb YacCTO HEUTpAJIbHbBIE MOJICKYJIbI
BO/IbI, B TOM YHCJIC U KPUCTAJIIIU3AIMOHHAS BOJIA).
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IIpumep 1. Paccmorpum komruiekce coctaBa Ky[Fe(CN)y] - 3
H,0 — Tpuruapar rexcanmanodeppara (II) xkanus. B ponu meramna-
KOMIIIEKCOOOPa30BaTest BEICTyIAaeT KatioH Fe®', B pou JTHraHmaos —
nuadorpynmnbl CN—. Katuon xenesa (II) u mects npmanorpynm oopa-
3YIOT  BHYTPEHHIOIO  KOOPJMHAIMOHHYIO  cepy  KOMILIEKca
[Fe(CN)g]*". Bo BHemteit chepe HaxomATCs deThipe KatnoHa K, oHn
KOMIICHCUPYIOT OTpUIIATEIbHBIN 3apsii BHyTpeHHEU cephl, TOCKOJIb-
Ky B II€JIOM MOJIEKyJa JOJKHA OBITh 3JEKTpOoHEHTpaibHa. Bo BHel-
Hel cdepe HAXOMATCA TaKkKe TPU MOJICKYJIbl KPUCTAIIU3AIlMOHHON
BO/IbI.

IMpumep 2. Kommiekcwl miatunsl (11): [Pt(NH;),Cl,]; K;[PtCly];
[Pt(NH;)4]Cl,. B nepBom coenrHeHn BHEIIHSSE cdepa OTCYTCTBYET,
MOCKOJIBKY BHYTpEHHsISI chepa KOMIUIeKca HelTpaibHa. Bo BTOpoM
COCIMHEHUU BO BHEIIHEH cdepe HaxoasTcs nBa kathuoHa K+, mo-
CKOMBKY BHYTpeHHsis chepa [PtCly]° Hecer oTpunarenbHerii 3apsn. B
TPETbEM COCJIMHEHUU BO BHEIIHEH cdepe HaxoasaTcs ABa XJIOPHU-
AHHMOHA, TTOCKOIBKY BHyTpeHHss1 chepa [Pt(NH;)4]*" 3apsokena moro-
KHUTEJIBHO.

HeitpanbHbie MoJiekysia (HO HE MOHBI), HAXOASIIUECS] BO BHEIII-
Hel cdepe, HA3hIBAIOT KJAATPATHBIMHU MOJIEKYJaMM, a CaMU COE/u-
HECHUSA — KJaTpataMu (COCAUMHECHUS BKJIIOYEHMS). OTHU Ha3BaHUSA
CIPaBEJIUBHI JIJIs1 JTIOOBIX HEHUTPAIbHBIX MOJIEKYJ, KPOME BOJABI WJIU
JIPYroro pacTBOPUTEIIA.

Jlurann L oOpasyer ¢ MeTtajuioM-KomILiekcooOpa3oBareiemMm M
KOOPAMHAIMOHHYI) CBSI3b PA3JIUYHON TPUPOJbI: MOHHYIO, KOBa-
JICHTHYIO TOJIApHYI0 (MO crnoco0y o0pa3oBaHWS JTOHOPHO-AKIIECTI-
TopHy10). KoopauHaiimonHasi CBsi3b MOXKET OBITh OJWHAPHOM, JIBOM-
HOM, TpoitHOU. CBSA3b METa/l — HEUTPaIbHBIN JUTraH] 0OOBIYHO 000-
3HAYAKOT CTPEJIKOM, HANPABICHHOW OT JUranaa K meramny: M<«—L,
Hanpumep: Ag«—NH;; Co«—H,0. KoopinHanmoHHY0 CBSI3b METAILT —
anuaorpynmna (OTpUILATENBHO 3apsiKEHHAs rpynmna) 0003Ha4yaroT 4ep-
toi: M—L, nanpumep: Fe—CN; Hg—I.

KoopauHanmoHHoe 4McJI0 [IEHTPAIBLHOIO aTOMa-KOMIIJIEKCO00-
pazoBatresii — 3TO YHUCIO KOOPJMHAIMOHHBIX CBS3€H, 00pa3zyeMbIX
aTOMOM-KOMILJIEKCOOOpa3oBaTeyieM ¢ JUTaHAaMu. JTO YHCIO MOXKET
UMeTh 3HaueHus 2, 3, 4, 5, 6 u T.1., Bru1oTh 1o 12. Hambosee gacto
BCTPEUYAIOTCA KOOPJAMHAIMOHHBIC uKcha: 2, 4, 6, pexe 8. Kak mpaBu-
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710, KOOPAUHALIMOHHOE YUCJIO aTOMa METaJlJIa HE COBNAAAET C €r0 CTe-
MEHbIO OKUCJIEHUSI, OOBIYHO OHO MPEBBIIIAET CTEIEHb OKUCIICHUSI.
[Iprmepbl KOMIUJIEKCOB € Pa3IMYHBIMU KOOPAMHALMOHHBIMU YHC-

JaMHu.
1. KoopauHaimonHnoe uuciuo 2:

+

I I -
P%NAg]ﬂ%}UQD Jccual (102) . (02

2. KoopauHaninoHHOE 4uclio 4:

~ NH, - _2-
Cl
11 Bl
Cl Pt ClI Cl Ni Cl
Cl 10.4 .
NH;, (103); - -

3. KoopauHaninoHHoe yuciio 6:

- 2+
OHX OH, B 2
4 Cl 1y, €
OH, > Ni<— OH, ClPptCl
N Cl' Cl (10.6) .
OH, OH, | (10.5);

4. KoopauHanluoHHOE 4HCiI0 8. B KOMIUIEKCHOM aHUOHE
4—
[Z1r(C,04)] atom umpxonusa (IV) okpykeH BOCEMbIO aTOMaMH KH-
CJI0pOJIa YETBIPEX OKCaJaTorpyImn (OKcajaT — aHWMOH I1aBEJICBOM KH-
CJIOTHI):
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O~ 0
]
0O 0
Oﬂo\\Zr// T ° (10.7)
O O
00 (07,

Yuciao KoOpAMHAIIMOHHBIX CBS3EH, KOTOpBIE 00pa3yeT OJMH U TOT
K€ JIMTaHJl ¢ OJHHUM aTOMOM MeTaJUla-KOMILJIEKCOOOpa3oBaresisi, Ha-
3bIBAETCS IECHTAHTHOCTD (KOOPAVMHAIIMOHHASI €MKOCTh). JIMranasl Mo-
I'yT ObITh MOHOAEHTAHTHBIMU U MOJUJECHTAHTHBIMU (OU-, TPU-, TETPA-,
MeHTa-, TEKCaJACHTAHTHLIMHU). K MOHOAEHTAHTHBIM JINTaHJAaM OTHO-
carcs annonsl: F , Cl, Br, CN , NO, , SCN , a Tak)xe HEHTpaJbHbBIC
MOJIEKYJIbl, UMEIOIINE OJNH JOHOPHBIA aTOM (aMMHakK, BOJa, IEpBUY-
Hble aMUHbI). OHU OOBIYHO OOPa3yT TOJIBKO OJHY KOOPAMHAIIMOH-
HYIO CBA3b.

[Ipumepbl coeAMHEHUN C MOHOACHTAHTHBIMHU JUraHgamu:10.1—
10.6. Ilpumepsl coenrHeHUs: ¢ OMAEHTAaHTHBIMU auranaamu: 10.7, a
takxke 10.8:

. 2+
L H,N—CH,
Co\ (10.8)
H,N-—CH, (10.8).
HpHMep COCAUMHCHUS C TPUACHTAHTHBIMU JIMTaHIaAMU
- _ 3+
HszNHz \ / H2N7CH2
HC—NH, > Co~— H,N—CH (10.9)
H,C— NH, HN—CH, (10.9).
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NHOrna KOMIUJIEKCHBIE COEOUHEHUSI MOTYT NPEACTABIISITH YaCT-
HBIA CJIy4all T-KOMIUIEKCOB. K HUM OTHOCAT KOOpPJIMHAIIMOHHBIE CO-
€IUHECHHUS] METAJUIOB C JIMTaHJAMH, UMEIOIIUMHU KPaTHBIE CBA3U. JTU
CBSI3U UI'PAIOT POJb JOHOPHBIX LeHTpoB. Hanpumep, conp Llense nme-
et coctaB K[Pt(C,H,)Cls] - H,O, BHyTpeHHsIs cpepa KOTOpOH UMEET
CTPOEHHUE

Cl
CH,
Cl— Pt=<— || (10.10)
| CH,
Cl (10.10).

KoMmiekcHbIE COeTMHEHUSI MOTYT ObITh KATHOHHOI0, AHUOHHO-
ro TUIMA U KOMILIEKCAMH-HEIEKTPOJIUTAMHU (CIa0bIMU 3JIEKTPOJIU-
TaMu). BHyTpeHHss cepa KOMIITIEKCOB KATHOHHOTO THITA HECET TMO-
JIOXKHUTEbHBIH 3apsn, Hanpumep: [Ag(NH;),]": [Cu(NH;)4]*". Bayr-
peHHsIs cpepa KOMIUIEKCOB aHMOHHOTO THUIIA 3apsiKeHa OTPHUIIATENIHHO,
ranpumep: [Co(NO,)s]>"; [Hgli]*". BuyTperHss chepa KOMIIICKCOB-
HEAJIEKTPOJIIMTOB HE UMeEET 3apsa, Harpumep: [Pt(NH;),Cl,].

Ecnu  KoMILIEKC COAEPXUT TOJBKO OJMH aTOM MeTaljia-
KOMILIEKCOOOpa3oBaTeisi, TO OH Ha3bIBaeTCsl OAHOsIAepHbIM. Eciu oH
COJICPUT JIBa WK O0Jiee aTOMOB MeTaJlJla-KOMILIEKCOOOpa3oBaTets,
TO TaKOW KOMIUIEKC Ha3bIBACTCS MHOTOSICPHBIM (OU-, TPUSACPHBIM U
T.71.). Hanpumep, 6usnepusiii komriekc rmiatudsb (11):

2 -

Pt Pt (10.11)
Br Br  (10.11).
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Tpusiaepusiii HeWTpanbHbli KoMIuieke Meau (I1):

.. a., NCCH
Cu Cu Cu

Ny \ / N
CHCN/ Cl

Eciu nonusaaepHbli KOMIUIEKC COIAEPKUT aTOMBbI OJJHOTO METall-
Ja, TO OH Ha3biBaeTcs romoMerasindeckum (10.13); ecnu B monu-
AIEPHOM KOMILIEKCE UMEIOTCSI aTOMBI Pa3JIMYHBIX METAJIOB, TO KOM-
IIJIEKC Ha3bIBaeTCs rerepoMerauinyeckum (10.14):

Cl

(10.12).

2.
NH
Br\ L 3

\ Br
/ / Pt\
3

/\

S

NH Br (1013)’ BI‘ Br (1014)

Ecnu nurann B mOJUsSIIEPHOM KOMIUIEKCE CBSI3aH OJIHOBPEMEHHO
C JIByMsI WJIM TpeMsi aTOMaMu MeETajlla, TO TaKOW JUraHj Ha3bIBaIOT
MOCTHKOBBIM.

B MHOrosiIepHbIX KOMIUIEKCAX MOTYT OCYIIECTBIISITHCS CBSA3U Me-
Taj-Metai. Eciy Takux cBs3ed 10CTaToOuHO MHOTO (Oosee Tpex), TO
TaKMe KOMILIEKChI Ha3bIBAIOT KJIACTEPHBIMHU COeTUHEHUSIMHM, WJIH
"kaacrepamu' ("knactep" B mHepeBoAE — 3TO POM, CKOIUICHHE,
IpO3/b).

Mexanu3sMm o0pa3oBaHusi KOOPAMHAIMOHHOW CBSI3M B KOM-
MJIEKCHBIX COCMHEHUSX COCTOUT B cliefytolieM. B TeTpaammuaynom
komruiekce meau (II) [Cu(NH3)4]2+ umeroTcss 4eThipe OIWHApPHBIC
KOOPJAWHAITMOHHBIE CBS3H, JOHOPHO-AKIENITOPHBIE IO IMPOUCXOXKIE-
Huto: Cu2+«—NH3. Kaxnasa Takas cBsizb 00pa3yeTcsi BCIeACTBUE "OT-
TATUBAHUSA'" HEMOJEICHHOMN Maphl 3JIEKTPOHOB OT aTOMa a30Ta aMMHa-
Ka Ha MYyCTYI0 aToMHYyr0 opoOutans karuona menu (II). B mporecce
0000IIECTBICHUS 3JICKTPOHHBIX Map 00pa3yeTcs 4YeThipe KOOpAUHa-
nuoHHble cBa3u Menp (II) — ammuak. CtpoeHue BHEIIHETO YpPOBHS
IEKTPOHHOM 00O0JIOYKHU aTOMa MU BhIpaKaeTcCs DJICKTPOHHOU (op-
mysoi 3d10 4s1, a nnsa katuona Cu2+ 3d9:
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2+
Cu

(U]

A P A A A

Jluranapl — MOJIEKYJIBI aMMHUAKa — UMEKOT HEIMOJEIICHHYIO MHapy
AJIEKTPOHOB HAa aTOME a30Ta. JTa HEMOJECJEHHAs mnapa 3JIEKTPOHOB
MOXET Y4acTBOBATh B 00pa30BaHMU KOBAJICHTHOM CBSA3U MO JOHOPHO-
AKIENITOPHOMY THILY:

2+
Cu

4 ——— [Cu(NH;),]>".

T 1 1 1
NH; NH; NH; NH;

B KOMIUJIEKCHBIX COEIMHEHUSIX MHOT'03apsIHbIE KAaTUOHBI METaJl-
JIOB B JACHCTBUTEIBHOCTH HE CYIIECTBYIOT, OCKOJIBKY KOMIUIEKC CO-
CTOUT HE U3 "YHUCTHIX" MOHOB, a U3 LIEHTPAIBHOTO aroMa METaJUIa U
JUTaHJ0B, 0000IIECTBUBIINX CBOU 3JIEKTPOHBI. [10aTOMY MpaBuibHEe
Ha3bIBaTh METAJUI-KOMILIEKCOOOpA30BaTelb HE MOHOM, a YKa3bIBaTh
ero BaJCHTHOCTH, Hampumep, xeine3o (I1), a ue Fe*', cepebpo (1), a He
Ag' u 1.1 Takke HpeIOYTUTENHHO HA3bIBATH OTPULATENBHO 3apsi-
YKEHHBIE JIMTaH/bl BO BHYTPEHHEU cepe KOMIUIEKca HE aHMOHAMU, a
auorpynnaMy, Hampumep, LHAHOTpyMNa, a HE [HMAHUA-aHUOH
(CN), autporpynna, a He HUTpuT-auuoH (NO, ) u T.1.

Kak npaBuno, 3¢)(peKTUBHBbIN MOJI0KUTEILHBIN 3aps/l HA LeH-
TPAJIbHOM aTOMe MeTAJJIa-KOMILJIEKC000pa3oBaTe/isi BO BHYTPEH-
Hell cdepe MeHbIE ero creneHu okuciaeHus. Bo BHemHen cgepe
NPUCYTCTBYKOT KATHOHBI M AHMOHBI C 3apPSAaMH, COOTBETCTBYIO-
IMMHU UX MOHHOMY COCTOSIHUIO.

10.2. HomeHknamypa
KOMNIEKCHbLX COeOUHEHUU

CylecTByeT TpU OCHOBHBIX MOJAXOJIa K HOMEHKIIATYpE KOM-
JICKCHBIX COCIMHECHUN:
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1. Tpaouyuonnsvie cneyuguueckue eHeHOMEHKIAMYPHbBIE HA-
36aHUA, COTJIACHO KOTOPHIM Pa3IUYHbIC KOMIUICKCHBIC COCIMHEHUS
UMEIOT ClielIMaJIbHbIe HAUMEHOBAaHUS. B TaHHOM BU€ HOMEHKJIATYPHI
OTCYTCTBYET Kakas-Iubo joruueckas cxema. KoopauHaIrmoHHBIM CO-
CAVMHEHUSAM TIPUCBAMBAIOT HCTOPUYECKU CJIOKHUBIIHUECS Ha3BaHMS.
Hanpumep: Ky[Fe(CN)¢] — xentas kpossiHas coiib; K;[Fe(CN)g] —
KpacHass KpoBsiHas couib; [Pt(NH3)4]J(OH), — ocHoBanue Peiize;
K[Co(NO,)4(NH3),] — conp Dpamana; Fe;[Fe(CN)g], — "TypuOyseBa
cunb'"; Fey[Fe(CN)g]; — "Oepnunckas 1a3ypp'.

2. Homenknamypa, npeonoxceHHas ocHoeameem KOOpPOUHA-
uuonnoit meopuu Anvgppeoom Bepuepom (1866 — 1919 rr.) u He-
CKOJIbKO U3MEHEHHAs! €T0 MOCJIe0BaTEISIMU.

a). Komnnexcnvie kamuonvl. BHauane Ha3pIBAIOT OTPULATEIBHO
3apsOKEHHBIC JIMTAHIbl BHYTPEHHEH cepbl ¢ OKOHYaHHEM —0 (XJIOPO-,
OpoOMoO-, HUTPO-, pojJaHO- U Ap.). Ecau ux xonudecTBo 0ojiee 0qHOTO,
TO TIEpe] Ha3BaHUEM JIMTaH7a HOOAaBIISIOT YUCIUTEIbHBIC: AU-, TPH-,
TeTpa-, eHTa- u Jp.

3aTeM Ha3bIBAIOT HEUTpaJbHBIC JTUTAHAbI, TPUYEM MOJIEKYJIbI BO-
Tl HA3bIBAIOT aKBO, MOJICKYJIBI aMMHaKa — AMMHUH.

[Tocne nuranoB, 3apsSKEHHBIX HEUTPAbHO, HA3BIBAIOT aTOM Me-
TaJUIa-KOMIUJIEKCO00pa3oBaTeiss U B IMOCIEAHIO OYepe/lb BHEIIHE-
chepHbie MOHBI. [Ipu 3TOM Ha3BaHHME aToMa MeTajljla COCTABISAIOT U3
KOPHSI €Tr0 JIATUHCKOT'O Ha3BaHUA C XapaKTEPHbIM OKOHYaHUEM B 3a-
BHCHMOCTH OT CTEIeHH OKHCIeHHS (cM. Tadm. 10.1).

Tabmuma 10.1

3asucumocms OKOHUYAHUSA HA36AHUSA AMOMA
MemaJma-KoanleKc006pa3oeameJm Oom €20 cmenernu OKucCJ/ieHus

Crenienp okucieHus | | II 111 v Vv VI VII | VIII
(BaJIEHTHOCTB)
OxonuaHue Ha3Ba- | -a -0 -u - -aH -OH |-MH |-€H
HHUS MeTajja

[Tpumepsi: [Pt(NH3)4]Cl, — TeTpaaMMUHIIIATOXIJIOPU;
[Pt(NH3)4Cl,]Cl, — nuxiopoTeTpaaMMHUHILIATEXJIOPHUI;
[Co(NH;3),CO5]Cl — kapOboHaToTeTpaaMMUHKOOATBTUXJIOPHUI;
[Cr(NH3)sCl1]Cl, — x10poneHTaMMUHXPOMUXJIOPUI.
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0). Komnnexchvie anuonsl. BHayane Ha3bIBalOT OTPUIIATEIBHO 3a-
PSOKEHHBIC JIMTaHABl C COOTBETCTBYIOIIUMHU YHUCIUTEIBHBIMU (M-,
TpH-, TETPa- U Jp.). 3aT€M Ha3bIBAIOT HEUTPaAIbHBIE MOJICKYJIbI, IOCIE
4ero UAET Ha3BaHUE METajla ¢ COOTBETCTBYIOIIUM CTEIEHU OKHCIIC-
HUSI OKOHYAHHEM, K KOTOPOMY J100aBIsIOT cydhPukc —at. 3aTeM B po-
JTUTEILHOM TaJieKe Ha3bIBalOT BHEIIHeC(hEpHbI KaTuoH. [Ipumepsr:
K[Co(NH3),(NO;)4] =  TeTpaHUTpOAMAMMHUHKOOAIBTHAT  KaJusi;
K,[PtCly] — Terpaxmnopomiaroar kanusi; K[Ag(CN),] nuumnanoapreH-
taat kanus; K4 Fe(CN)g] — rekcanmanodeppoat Kaiusl.

B). Heiuimpanvuvie xomniexkcol. HazBaHHE CTPOST aHAJIOTHYHO
npeapiayemy (0), 3a UCKIIFOUEHUEM TOT0, YTO K HA3BaHUIO METaJlja-
KOMILIEKCOOOpa3oBaTessi He MNpuOaBiIgiOT okoH4YaHui. Hampumep:
[Pt(NH3),Cl,] — nuxnopoauammunmiatuta; [Co(NH;);(NO,)s;] — Tpu-
HutporpuaMmuuko0ansT; [Co(NH;3)3(NO,),Cl] — xiopoauHUTpOTpH-
aMMUHKOOQJIBT.

3. Homenknamypa, pexkomenooeannas ¢ 1960 2. Mexcoynapoo-
HbIM COI030M YUCHOU W RNPUKIAOHOU Xumuu (HOMeHKaamypa
HIOIIAK). D10 nHaumboisiee ynoTpeOuTeNnbHass HOMEHKIAaTypa, M €€
MOXHO paccMaTpuBaTh KaK YCOBEPIICHCTBOBAHHYIO HOMEHKJIATYPY
A. Bepnepa.

Jluran bl Ha3bIBAKOT TAaKXKE, KAK U B HOMEHKJarype BepHepa, T.e.
Ha3BaHUS OTPULIATEIILHO 3aPSHKEHHBIX JIMTAHA0B OKAaHYMBAIOTCS HA -0,
a HEUTpaJIbHBIC JIUTAHbI UMEIOT OOBIYHBIC HA3BAHUA.

a). OonosdepHvle Komniekcol. BHayane Ha3bIBalOT KAaTHOH, 3a-
TeM — aHuoH. [Ipu mepeuucneHuu JIUraHAOB CHayajla Ha3bIBAIOT OT-
PHULIATENBHO 3aPSKEHHBIE, 3aTEM — HEUTPAJIBHBIE C COOTBETCTBYIOIIH-
MU YUCIUTEIbHBIMU (AU-, TpU-, TETpa- U T.1.). [lociie 3Toro Ha3biBa-
I0T aTOM METaJla-KOMILIEKCOO0pa3oBaTesi C yKa3aHUEM €0 CTEICHU
OKHUCJIEHUs (BaJICHTHOCTH) B CKOOKax, HE OT/essisa 0003HAUYCHHUE CTe-
MICHU OKHUCJICHUSI OT OCHOBBI Ha3zBaHMsA. CuMBO (0) UCMOMB3YIOT 1151
0003HaYEHUS HYJIEBOM CTENIEHU OKUCIICHUSI.

Ecnu xoMIuiekc mpeacTaBisieT co00il aHMOH, TO K Ha3BaHUIO 1ICH-
TpaJbHOIO aToMa J00aBysAOT cyhPpuKc —ar.

Ecnu nuranapl — CI0)KHBIE MHOTOAQTOMHBIE MOJIEKYJIbI, TO BMECTO
YUCIUTENbHBIX JU-, TPU-, TETPA- U JIP. UCIIOJIB3YIOT CIECAYIOIIUE YHC-
JUTENbHbIC: OMC-, TPUC-, TETPAKUC-, IEHTAKHUC- U JIP.

[Tpumepsi: [Pt(NH;)4]Cl, — Terpaammunmnatuna(ll)xmnopun;

[Co(NHj3)sCl1]SO,4 — xnoponentaammunkoOansT(I1)cynbdar;
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[Co(C,Hs5);3]Cl; — Tpuc(atunienanamuH )kooansT(I)xmopua,.

Ecnm kaTuoH Ha3bIBAlOT B POJIUTEIHLHOM MajeKe, TO Ha3BaHUS
KaTuoHa U aHumoHa muInyT pazaenbHo: [Co(NH;)s]Cl, — rakcaammuH-
koOanbra (III) xmopua, wiam xjopua rexkcaammuHkoOanmbta (I11);
K,[PtCly] — xanust terpaxsoporuiatunar (II), unu terpaxioporuiatu-
Hat (II) xamus.

0). MHrozcosioepnvie kKomniexcol. B MHOTOSIICPHBIX KOMILJIEKCAX
MOCTHKOBBIE JIMTAH/Ibl 0003HAYalOT CUMBOJIOM [l (MIO) TIEpea UX Ha-
3BaHUEM:

. /OH\
2 (00,01 (G0, 10.15) (10-13)
KaJIHS oucoxcanatoxpomat(Ill)-p-auruapoxkcodrucokcaIaToxpo-

mat(IIl), mim Terpaokcanaro-p-auruapokcoxpomat(Ill).

10.3. PaeHo8ecue 8 pacmeopax
KOMNIEKCHbLX COeOUHEeHUU

KommiekcHble coequHeHNST KAaTHOHHOTO M aHMOHHOTO THIIOB Ya-
ITIe BCETO PacCTBOPUMEI B BOJIE. B MX BOJHBIX pacTBOpax yCTaHaBJIMBa-
eTCS XUMHYECKoe paBHOBecHe. KOMIUICKCHI-HEIICKTPOIUTHI Mallo-
pPacTBOPUMBI; PAaCTBOPUBIIASCSA YacTh HMX BelIeT ce0s Kak clialOblit
AIEKTPOJIUT.

[Ipy  pacTBOpeHMHM  aMMHAYHOIO  KOMIUIEKCAa  cepedpa
[Ag(NH3),]Cl nin dbeppounanuna kanus Ky[Fe(CN)g] BHawane mpo-
HUCXOOUT MEPBUYHAS IEKTPOJIUTHYECKAS TUCCOIUAIIMS:

[Ag(NH;),]Cl « [Ag(NH;),]" + CL';
K4[Fe(CN)g] <> 4 K™+ [Fe(CN)]*.

[Ipu mepBUYHOM AMCCOIMAIMA KOMIUIEKCA, TJI€ €CTh HMOHBI BO
BHEIIHEN cdepe, COCAUHECHHUE BEJCT Ce0sl KaK CHIIbHBIN 3JICKTPOJIHT.
3aTeM MPOUCXOIUT BTOPMYHAS JAUCCONHUANMUS KOMIUJIEKCA MO THUITY
c1a00r0 AIEKTPOIUTA — TUCCOLUUPYET BHYTPEHHSS cdepa:
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[Ag(NH;),]" + H,O — [Ag(NH;3)(H,0)]” + NH;

[Ag(NH3)(H,0)]" + H,0 < [Ag(H,0),]" + NHs.

AHAaJIOTUYHO JUCCOLMUPYET (heppOIIMaHUI-UOH:

[Fe(CN)6]4— + H20 <> [Fe(CN)5(H20)]3— + CN—;

[Fe(CN)S(HQO)]3_ + H,0O <« [Fe(CN)4(H20)2]2‘ +CN ;
UT.O. ......

[Fe(CN)(H,0)s]" + H,O «> [Fe(H,0)s]”" + CN .

Kaxxnast cTynmeHp auccoumanuyd BHYTPEHHEH cdepbl KOMILIEKca Xa-
PaKTEpU3yeTCsl CBOEH KOHCTAHTOM XHUMHUYECKOI0 PaBHOBECHS (JIMCCO-
IUAIAN).

Paccmotpum paBHOBecue B 0601iem Buje. [IycTh npu B3aumoaei-
CTBMHM MOHOB MeTtayuia M ¢ nurangamu L mpoTekaroT peakuuyd KOM-
IJIEKCOOOPa30BaAHMS:

M+L oML, B, =MD (10.16)
a(M)-a(L) '
ML+L oML, B, =— Mb)
a(ML)-a(L)
UT.I. .....
ML _,+L< ML, B = aML,) ; (10.17)
a(MLn—l) ’ a(L) .
rjae Bce aktuBHocTH (@) — paBHOBecHbIe; B, B,, .... B, — ucrunnsie

TEPMOJANHAMUYECKUE KOHCTAHTHI PaBHOBECHUSI, KOTOPBIE JJIsi 00pa3o-
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BaHUSI KOMIUIEKCHBIX COCAMHECHUI UMEIOT Ha3BaHUsI KOHCTAHTBI CTYy-
MEeHYaTOro KoMIulekcooOpa3oBanus. [IponsBeneHne JTaHHBIX KOH-
CTaHT PaBHO MOJIHOW KOHCTAHTE 00pa30BaHUs KOMILJIEKCA (MOJTHOM

KOHCTAHTE YyCTOHYHBOCTH) [3:

M+nL < ML, , (10.18)
_ a(ML )
a0 (L) (10.19)

Ecnmu xosduiimeHTsl aKTUBHOCTH PEareHTOB PaBHBI €IUHUIIC
(ycroBue, cupaBeIIMBOE I CUJIBHO pa30aBJICHHBIX PACTBOPOB), TO
PABHOBECHBIC aKTUBHOCTH B YPABHEHHWHU MOKHO 3aMEHUTH PaBHOBEC-
HbIMU KOHIICHTpaluaMu. Toraa KOHIEHTPAIMOHHAs KOHCTaHTa yC-
TOWYHUBOCTH KOMILIEKCA OyJIeT UMETh BHU]I

B—ms (10.21)

TJI€ BCE KOHLUECHTPAlUU PAaBHOBECHBIE.

[Ipy MOCTOSTHHOM M JOCTATOYHO OOJIBIIION MOHHOM CHIIE pacTBOpa
(Ic = 1 — 4) xoHIIEHTpallMOHHAs! KOHCTaHTa YCTOMYMBOCTH TaKXKe MO-
CTOSIHHA, JJaXe eCIU KOd(PPUIIUEHTHI aKTUBHOCTH CHJIBHO OTJIUYHBI OT
€AMHUIIBI, 2 PACTBOPHI HE SABJISIOTCS CUIILHO pa30aBICHHBIMH.

Yem 00JiblIIe KOHCTAHTA YCTOMYMBOCTH KOMILJIEKCA, T€M OH
NpPoOYHee U TeM IoJIHee HOHBI MeTa/ia M CBAI3aHBI € JIMTAHJIaMH
L.

PaccmoTpuM peakiuio I1UCCOUMAMU KOMILIEKCa B 00IIEM BUJE:

ML, <> M +nL . (10.22)

JlanHas peaknus XapaKTepH3yeTCs MOJHOW MCTUHHOW TEPMOJIH-
HAMHYCCKOM KOHCTAHTOH paBHOBecHsl (CHHOHUMEBI: KOHCTAHTa He-
CTOMKOCTH, KOHCTAHTA HEYCTOMYMBOCTH, KOHCTAHTA JAUCCOI[MA-
uuM KoMiuiekca). O6o3nauvaror ee KH.
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_a(M)-a(L)’
aML ) (10.23)

H

AHAJIOTUYHO JJI1 CTYIIEHYaThiX KOHCTAHT HecToukocthn KH, ;
MO>KHO HamucaTh

ML <M +L, (10.24)
B a(ML, )-a(L)
Ko =1/B,—— (Man) , (10.25)

a(ML, ,)-a(l)
a(ML,_,) ,

ML &M L, +L Ky, =1/,
AT ...

M)-a(L
ML <> M+L, K, =1/p, 2®-al),

a(ML)

KoHcTanTa yCcTOMYMBOCTH (KakK MOJIHASI, TAK U CTyIEeHYarTas) eCTh
BeIMYMHA oOpaTHas KoHctanTe Hectoiikoctu: 3 = 1 / KH. Ipousse-
JIEHUE BCEX CTYIIEHYAThIX KOHCTAHT HECTOMKOCTH PABHO IMOJIHOW KOH-
CTaHTE HECTOMKOCTU KOMILJIEKCHOTO COEIMHEHHUS:

KH,I 'KH,Z' 'KH,n:KH- (1026)

KoHCTaHThl yCTOMYMBOCTH KOMIUIEKCOB YacTO HMMEIOT OOJbIIHE
YUCJIOBBIE 3HAYEHUS, MO3TOMY OOBIYHO MPUBOMAST HE BEIUYUHBI Ca-
MHX KOHCTaHT, a UX JecaTHuHble Jorapudmser 1g. Jis koHCTaHT He-
CTOMKOCTH MPHUHATO MPUBOJAWTH WX mokazarenu: pKy = — IgKy. Uc-
THHHBIE TEPMOJIMHAMHUYECKAE KOHCTAHTBI YCTOMYMBOCTH U HECTOUKO-
CTH KOMIUIEKCHBIX COEIUHEHUH (BbIpaKEHHbIE 4Y€pe3 pPaBHOBECHbIE
AKTUBHOCTH) 3aBUCAT TOJBKO OT MPHUPOJBI PEAreHTOB, MPUPOJIbI pac-
TBOPHUTEJISI U TEMIIEPATYPBl U HE 3aBUCAT OT KOHUEHTpanuu. KoHien-
TPalMOHHbIE KOHCTAaHTHl YCTOWYMBOCTH U HECTOWKOCTH 3aBHUCAT JO-
MOJTHUTEIIBHO OT KOHIIEHTPALMM pearecHTOB 1 HOHHOW CUJIBI PacTBOPA.
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Hanpumep, npu 25 °C npoTrekaeT peakius

Cu®' + 4 NH; < [Cu(NH;),]*";

B= [[Cu(NH,),]""]
Ui Hee F [Cu2+] , [NH3]4 ; 1g3=12,03 pu I = 0.

Y CTaHOBIIEHO, YTO KOHCTAaHTBhl YCTOWYMBOCTH KOMIUIEKCOB pPa3-
JUYHBIX METAJUIOB OJHOTHUITHOIO COCTaBa YU CTPOCHUS C JIMTAHIAMH,
00pa3yIIMMU KOOPJMHAIIMOHHBIE CBS3U C MOMOIIBIO AJIEKTPOHOI0-
HOPHBIX aTOMOB KHCJIOPOAA U a30Ta, U3MEHSIOTCS B MOCJIEN0BATEIIb-
HOCTH

2+ 2+ 2+ 2+ 2+ 2+
Mn® <Fe" <Co” <Ni" <Cu >7n".

DTa TMOCIENOBaTEIbHOCTh  Ha3blBaeTcs  psjgoM  HpBuHra-
YunbsaMmca.

10.4. YcnoeHble KOHCMaHmMsl ycmouuueocmu
U HeCcmouKocmu KOMNNEKCHbLX COeOUHEeHUU

Jluranzipl B paCTBOpPE MOTYT HAaXOAUTHCS B pa3IM4HbIX (popmax u
y4acTBOBaTh B MOOOYHBIX PABHOBECUSIX (MIOMHUMO PEAKIIMUA KOMILICK-
cooOpazoBanusi). Takux TMOOOYHBIX PABHOBECHUN MOXKET OBITH HE-
CKOJIbKO. UTOOBI yuecTh Bce (hOPMBI HAXOXKACHUS JINTaHAa B PACTBO-
pe, BBOJUTCS TMOHATHE YCJIAOBHOW KOHIEHTPANMOHHON KOHCTAHTHI
YCTOMYHUBOCTH KOMILIEKCA, WIM YCJOBHOM KOHUEHTPAIMOHHOM
KOHCTAHTHI ero HecTokocTH. [To popme HanmcaHusi OHU aHATIOTUY-
HBbI COOTBETCTBYIOIIUM (POopMysiaM JIJisi KOHIIEHTPAIMOHHBIX KOHCTaHT
YCTOMYMBOCTU U HECTOMKOCTH KOMILJIEKCA.

[Tycth B pacTBOpE npoTekaeT paBHoBecHas peakius (10.18):

M +nL & ML, ,

JUIsT KOTOPOM KOHLIEHTPALIMOHHASI KOHCTAaHTa yCTOWYMBOCTH OyJeT
paBHa:
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Toraa 3a yCIOBHYH) KOHLUEHTPAIMOHHYIO) KOHCTAaHTY YCTOMYUBO-
CTU KOMILIEKCHOTO COEIUHEHUS MOXKHO MPHUHATH Benuuuny 3', koro-
past OMCHIBAETCS COOTHOLICHUEM:

[ML, ]

L
- 9

B MIC. T (10.27)
rae [ML,] u [M] — paBHOBECHBIE KOHIICHTPAIIMU KOMILIEKCHOI'O CO-
€IMHCHUS U MOHOB METa/Ia COOTBETCTBEHHO; [Cp ] — cymma paBHO-
BECHBIX KOHIICHTpaIUid BceX (JOpM JUraHjia, MPUCYTCTBYIOIIUX B pac-
TBOpE, 3a UCKJIIOUYEHUEM JIMTaH/IO0B, CBSI3aHHBIX BO BHyTpEeHHEU cdepe
KOMILJICKCA. AHAJIOTHYHOE BBIPAKECHUE MOXKHO 3aIMKUCaTh U JIJISI YCIIOB-
HOW KOHIICHTPAIIMOHHOW KOHCTAaHTBI HECTOMKOCTH KomIuiekca K'y:

_[M]-[C. ]
“=TIML] (10.28)

'

Otnomrenwne [L] / [Cy ] Ha3pIBaeTCA aKTUBHOM J10J1ei auranaa (o —
10Jis, Wik KO3 PUUMEHT KOHKYPUPYIOIIMX MOOOYHBIX PeaKkumid).
JlaHHOE OTHOLIECHUE XapaKTEpU3yeT MOJIBHYIO OO JINTAHA0B B pac-
TBOPE, HAXOIALIUXCS B CBOOOJHOM COCTOSTHUU:

LIl

c1 [L]1=a - [C.]. (10.29)
[C.]

DTy BenmnunHy 0003HAYar0T Takxke 0. CBsA3b MEXy KOHIICHTpa-
[IMOHHOW KOHCTAaHTOW YCTOMYMBOCTHU KOMILJICKCA 3 u ero YCIIOBHOM
KOHCTAaHTOW YCTOMYMBOCTH CJIEYFOIIAS:

B = (ML,] _ [ML,] 1 _P
o [M][L]n o [M][CL]n O(’n o an ’ (1030)

Y CIOBHBIE KOHCTAHThl YCTOMYMBOCTH U HECTOMKOCTH KOMILICK-
COB HE€ SBJISAIOTCS MUCTUHHBIMH TEPMOJWHAMHYECKUMH KOHCTaHTAMU
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KaKoro-JIM00 XUMHUYECKOT0o paBHOBecHs. VX 4MCIIOBBIC 3HAUCHUS W3-
MEHSAIOTCA C U3MEHEHUEM YCJIOBUHM MPOBEICHUS PEAKLIUI, HO OHU UC-
MOJIB3YIOTCSI B MPAKTUYECKUX pacueTax, T.K. MO3BOJISIIOT (POpPMaIBHO
YYUTBHIBATh TOOOYHBIC PEAKIIUU C YUACTUEM JIUTAHIOB.

Hampumep, nurang L sBisercsa ocHoBanneM bpeHncrena-Jloypu u
Y4acTBYET, KPOME PEaKklMi KOMILIEKCOOOpa3oBaHus, B MOOOUYHBIX pe-
aKUUSX:

L+H - HL;HL +H - H,L*.

COOTBETCTBYIOIIME KOHIIEHTPAIIMOHHBIE KOHCTAHThl KHCJIOTHOM
+ 2+
mucconmaruu K; u K, kucnmor HL™ u H,LL™ OynyT paBHBI:

'oHL] " [H,LM)

H']-[L]  _[H][HL']

MOKHO paccuuTaTh paBHOBECHble KoHIeHTpanmun [HL'] wu
2+
[HoL™

e L,y o JHUTHU] (P (L)
Kl Kz Kl ’ Kz

CyMMa paBHOBECHBIX KOHIIEHTpaluil Bcex (opM JMraHaa B pac-
TBOpe [Cr] OyzeT paBHa

[C1=[L]+[HL ]+ [H,L"]
[H']-[L] [H']-[L] _

=L+ =
Kl Kl'Kz
{1, )
Kl Kl'Kz

Beens 00— momro smrasga, KOTOPYH) B JIAHHOM CJIy4ae MOKHO
0003HAYUTh KaK O , MOJKHO 3aIucaTh

[L]/[Ci]=1/(1+[HT/K +[H7T /K, -K)=a0y.
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Torma: 1 /oy =[CL]/[L]=1+[H]/K,+[HT/K; - K.

Bv:[MLn]'O(‘II;n:B,OLLn: - B —
[M]-[L] 1+[H /K, +[H /K, K,

B naHHOM ciydae yciioBHAs KOHCTAHTA YCTOMYMBOCTUA KOMILUIEK-

ca [}' 3aBuCHT OT KOHIIEHTpAIIMK KAaTHOHOB BOJIOPO/A, T.€. OT YKMCJICH-
HOTO 3HaueHus pH pacTtBopa. AHAJIOTHMYHO MOKHO BBECTH YCIIOBHYIO
KOHCTaHTY YCTOMYMBOCTH KOMIUIEKCA MPU HAJTUYUU UHBIX MOOOYHBIX
PaBHOBECHI (pEAKIIHIA).

OOmMM ycaoBUeM JJis BBEACHUS YCIIOBHOM KOHCTAHTHI YCTONYH-
BOCTH SIBJISIETCSA TO, YTO B BBIPOXKEHUU JJISI KOHIICHTPAIIMOHHOW KOH-
CTaHThl PABHOBECHUSI BMECTO PABHOBECHOM KOHIIEHTPAIIUU OJIHOTO WJIU
HECKOJIBKUX PEareHTOB MCIOJIb3YIOT CyMMapHbIE€ KOHIIEHTpAIMU BCEX
dbopM JaHHOTO peareHTa-y4aCTHUKA PEaKIMUu B pacTBOPE.

10.5. BnustHue pa3nuuHslX paxKkmopoe
HA NPoyeccsbl KOMNieKcoobpasoeaHus
e pacmeope

1. Bauanue pH cpeodwi. VI3MeHeHNEe 4YuCICHHOTO 3HadyeHus pH
pacTBOpa BIHMSAET Ha MPOLIECCHl KOMILJIEKCOOOpa30BaHMs, OCOOEHHO
€CJIM B peaKIuu 00pa30BaHUs KOMILJIEKCA WM B TOOOYHBIX PEAKLMIX
y4acTBYIOT KaTHOHBI BOJIOPO/IA.

Hanpumep, ammuauHblii kommiekc cepedpa [Ag(NH;),]" mosxer
CYILLIECTBOBAaTh B HEUTpaJbHBIX WIM CIaOOLIEIOYHBIX pacTBopax. B
KHCJION CpeJie OH pa3pylIaeTcs C BbIJCICHUEM OCaIKa:

[Ag(NH;),]" + Cl +2 H,0 — AgCl]| + 2 NH," + 2 H,0.

2. Biuanue xkonuenmpayuu nuzanoa. Yem 00blie KOHIICHTpA-
U JUraHjaa, TeM MOJIHEE METall CBS3bIBAcTCS B KoMIUIeKc. Ilpu
YBEJIMYEHUHU KOHICHTPAIlUM JIMTaH1a L paBHOBeCHE peaKkiuu

M + nL < ML,

CMCIIACTCA BIIPABO U KOHUOCHTPAA HOHOB MCTAJIJIa YMCHBIIACTCA.
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3. Bauanue nocmopoHHUX uUoH08, 00pa3ylouiux maaiopacmeo-
pumsle COCOUHEHUA C MEMAI0M-KOMNIEKcoodpaszosamenem. Bee-
JIEHWE B PacTBOpP MOCTOPOHHUX HMOHOB HMHOTAA MOXKET IMPUBECTH K
pa3pylIeHUI0 KOMIUIEKCA.

PaccMoTpriM paBHOBecHe B pacTBOpe KOMIUIEKCa cepedpa
[Ag(NH;),]":

[Ag(NH3),]" <> [Ag(NH3)]" + NH; <> Ag” + 2 NH;.

[TockonbKy KoMIieke moBosibHO ycroiumB (Igh = 7,21), 1o B
OOBIYHBIX YCIIOBHSIX PAaBHOBECHE peaKIMu CABUHYTO BieBO. [Ipu BBe-
JIEHUW B PACTBOP HOJIU-MOHOB | BO3MOXXHO BBIMAJCHUE OCAIKa HO-
nuaa cepedpa:

Ag +1 — Agl|.

DTO MPOUCXOAUT MOCTOJIbKY, MOCKOILKY MPOU3BEICHUE PACTBO-
pumocTH moxuaa cepeopa K¢ (Agl) = 8,3 - 10" Ha HECKOIBKO T10-
PSAJIKOB MEHBIIIE, YeM MPOU3BEACHNE PACTBOPUMOCTH XJIOpHIa cepeo-
paKs® (Agl)=1,78 - 10"

4. Bauanuem uonnou cuavl pacmeopa. C N3MEHEHHUEM HUOHHOUN
CHJIbI pacTBOpa M3MEHSIOTCS PaBHOBECHBIE aKTUBHOCTH MOHOB — yda-
CTHUKOB peakiuu. CienoBaTelbHO, MEHSICTCS COOTHOIICHHE MEXKIY
PaBHOBECHBIMH KOHIICHTPAIIMSIMH PEareHTOB.

S. Bauanue memnepamypoi. KOHCTaHTBl yCTOWYMBOCTH W HE-
CTOMKOCTH KOMILJIEKCOB, KaK U JIOObIE KOHCTAHThI XUMHYECKOTO PaB-
HOBECHUSI, 3aBUCAT OT TeMmiiepaTypsl. [loaTomMy ¢ ee M3MeHEeHHeM paB-
HOBECHUE KOMIUIEKCOOOpa30BaHUs CMEIIAeTCsl.
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10.6. IIpumeHeHUe KOMNIEKCHbLX COeOUHEeHUU
6 XumMuuecKkom aHanuse

1. Ocastcoenue xkamuonoé u anuonosé uz pacmeopa. Katnonel
+

kamusga K ocaxaaroT ¢ IOMOIIBI0 TIeKcaxJIOpIUIaTHHATa HaTpus
Nﬁz[PtCle

2 K"+ [PtCls]* — Ko[PtClg]|.
JKEJITBIN 0CaJIOK

OcaxeHrne KaTUOHOB KaJlus MOXHO Tak)Xe MPOBOAUTH C MOMO-
nipto rekcanutpokodansrara (Ill)uarpust Naz;[Co(NO,)s]:

2 K"+ Na[Co(NO,)s]*” — NaK,[Co(NO,)]|.
JKEJITBIN 0Cag0K

+
Ocaxnenne katnoHOB aMMoHusE NH; MOHO mpoBecTH ¢ MOMO-
IIbI0 PACTBOPOB rekcaxjopruiatuHara Hatpust Na,[PtClg] unu nnatu-
HOXJIOPUCTOBOAOPOAHOM KUCHOTHI Hy[PtClg):

2 NH," + [PtCls]* — (NHy),[PtClg]| .
JKEJITBIN 0CaZl0K

2. Pacmeopenue ocaokos. [Ins pacTBOpEHUs OCaJIKa XJIOpHUIa Ce-
peopa AgCl ucnonb3yroT peakiuoo 00pa3oBaHUs PAaCTBOPUMOIO KOM-
iekca [Ag(NH;3),]Cl:

AgCl] + 2 NH; — [Ag(NH;),]" + CI".

O06paboTka 1ie104aMy MPY HArpEeBaHUM Ocajika Cyib(dara CBUHIIA
PbSO,4 npuBOIUT K €ro pacTBOPEHUIO BCJIEACTBHE 00pa30BaHUs pac-
TBOopuMoro komiiekca [Pb(OH)4]SOy:

PbSO,4] + 4 OH — [Pb(OH),* + SO,*.

3. Pazoenenue uonoe nymem opooHo20 ocaxcoeHus uiu opoo-
Ho20 pacmeopenus. VIoHbl kagMus Cd*" u Zn2+, oOJaarome O0aImn3-
KHMMH CBOMCTBAMH, MOKHO Pa3ACIUTh C ITIOMOIIBI0 IPOOHOTO OCaXKIe-
HUS C MOCICAYIOINIUM HUX ompeaeiacHueM. J[is 3toro B pacTBop, co-
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JepKaluii cMech KaTHOHOB, BHOCAT THoKapOoamua SC(NH,),, a 3atem
komruieke xpoma (III) [Cr(NCS)4] . O6pasyercss pacTBOPUMBIN THO-
KapOaMHTHBI KOMIUIEKC KaJIMUSI:

Cd* +2 L o [CdL,]*,

rae L — monekyna truokapbamuga. OOpa3yronuics KOMIUIEKC OCaxK-
naercs B (opMe MajIopacTBOPUMOIO OCajKa KpacHOTO IIBeTa — KOM-
mekca coctaBa [CdL,]- [Cr(NCS)4],:

[CAL,]*" + 2 [Cr(NCS),]” — [CdL,] - [Ct(NCS),]1}.
KPacCHBIN 0CaZ0K

OcagoKk KaJMHEBOTO KOMILUIEKCA MOKHO OTACIUTHh OT PacTBOPA.
Tlociie OTHENCHHS B PACTBOPE OCTAIOTCS KATHOHBI [IMHKA Zn” .

Jpyroii npumep — BbIZIEJICHHUE XJIOpUIa cepedpa U3 CMeCH XJIOpH-
noB: AgCl u Hg,Cl,. O0a xnmopuaa sIBISIFOTCS OcajkamMu OEJIoro IiBe-
Ta. CMeCh JaHHBIX OCAJKOB 00padaThIBAIOT pacTBOPOM amMmuaka. Ka-
THUOH cepedpa MepexoJUT B paCTBOP BCIICICTBUE MPOTEKAHUS PEAKIIUN

AgCl| +2 NH; — [Ag(NH;),] + CI".

Xnopun prytu (I) octaercs B ocajke, KOTOPbIA MOCTEIIEHHO TEM-
HEET BCJICJICTBUE 00Opa30BaHUS METAIUIMYECKON PTYTH:

Hg2C12 + 2 NH3 — NHzHgCI + Hgl + NH4C1
YEPHBIN OC.

4. OmKpvimue uOH08 NO USMEHEHUIO OKPACKU PACMEOpa 6cJle0-
cmeue o0pazoeanus OKpaweHHbvlX KOMniaekcog. MHOrue KOMIUIEKC-
HbIE COCIMHEHMS 00JIaal0T XapaKTEPHON OKPACKOM, YTO IMO3BOJISET
WCMOJIb30BaTh UX JUISl OTKPBITHSI MOHOB B pacTBope. Hampumep, s
OTKpBITHS KaTUOHOB Fe2+ n Fe3+ ncnonp3yroT peakuuu:

3 Fe’" +2 [Fe(CN)s] — Fes[Fe(CN)gl, |;
"TypHOyJeBa CUHB"

4 Fe’* + 3 [Fe(CN)s]*™ — Fes[Fe(CN)gls |.
"OepauHCKas Ja3yps"
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3+
Katnonbr Fe' MOXXHO OTKPBITH TaKK€ C ITOMOIIBIO POIAHM/I-
aHWOHA IO O00pa30BaHMIO B PACTBOPE OKPAIICHHBIX B KPACHBIN IBET
THOILIMAHATHBIX KOoMILIekcoB xene3a (111):

Fe'" + 6 NCS™ < [Fe(NCS)q] . (10.32)
KpacHBIU p-p

5. Mackuposeanue uonoé 6 pacmeope (ycmpaneHue ux me-
warouwezo oeiicmeus). VIoHbl, MEMAIOIMNE OTKPBITUIO APYTUX MOHOB
B pacTBOpE, MOKHO CBSI3aTh B IIPOYHBIE KOMIUJIEKCHI C TOMOILBIO MO/I-
XOJSIIMX JJIsl 3TOr0 JUraHAoB. JlaHHBIA COCOO MOHMXKAET UX KOH-
LEHTPALMIO B PACTBOPE U YCTPAHAET UX MEIIAOIIee IeHCTBUE.

C HOMOIIBIO JAHHOTO CIIOC06GA MOXKHO OTKDBITh KaTHOHBI CO B
npucyTcTBuE KatroHoB Fe’ ' peaxuueii ¢ poganua-nonamu NCS™. Ka-
tiorbl Co”’ MPH B3aHMOJCHCTBUM C PONAHHA-aHHOHAMH OOpPa3yIoT
KOMIUIEKC CUHETO LIBETA:

Co”" +4 NCS™ — [Co(NCS),]*".
CUHUU p-p

[TonydyeHHBIN KOMIUIEKC HE SIBJISIETCS YCTOMYMBBIM, U B pa30aB-
JIEHHOM PAacTBOPE PABHOBECHUE CMEIIECHO BJIEBO (KOHCTAHTA YCTOWYH-
BOCTH KOMIUIekca koGansra B = 1,6 - 102). Karnous! xenesa Fe'*
Takke 00pa3yloT C pOJaHUI-MOHAMU KOMIUIEKC, OKpaIleHHBIN B
kpacHbiil 11BeT (ypaBHeHue 10.32). KoHcTaHTa yCTOWYHMBOCTH KOM-
mekca xenesa 3 = 1,7 - 103, 1.e. 0" 6ojiee yCTOMYMB, YEM COOTBETCT-
Bytomui komiuieke kooanwTa (I1). Ha one okpaiieHHOTO KOMILIEKCa
xkene3a (III) okpacky coenunenus kooanbta (II) 3ameTuTh mpakTUye-
CKH HEBO3MOJKHO, T.€. KATHOHBI Fe’' MEIIaloT OTKPBHITHIO KATHOHOB
Co*' ¢ IIOMOUIBIO TAHHOM peakiuu. Memaroiiee 1eMCTBUE KaTUOHOB
xenesa (III) MoXKHO yCTpaHUTH BBEAEHUEM B PacTBOp (PTOPUI-MOHOB
F . B nmpucyrctBun 3tux annoHoB sxkene3o (III) cs3piBaeTcst B 0UeHb
MPOYHBIN OECIBETHBIN KOMILIEKC [FeF6]3_:

Fe’" + 6 F < [FeF¢]”
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C KOHCTaHTOM ycroituusoctu 3 = 7,0 - 10'". Dror KOMIUTEKC HAMHOTO
ycToifumBee, ueM KoMIUeke xenesa [Fe(NCS)s]®, mostomy mocies-
HUM KOMIUIEKC B MPUCYTCTBUU (DTOPUII-UOHOB pa3pyllaeTcss U Iepe-
XOJIUT BO (pTropuaHbIil KoMIuiekc xxenesa (I11):

[Fe(NCS)s]* + 6 F > [FeFg]” + 6 NCS™ .

KoHueHTpaninoHHass KOHCTAHTa 3TOTO PABHOBECHS
_ [[FeE "1 [NCS'T’
[[Fe(NCS). T 1-[F1° (10.33)

Ecnu uucnutens u 3HameHarenb ypaBHeHUs (10.33) yMHOXUTH
3+
Ha KOHIIEHTPAIIMIO KATUOHOB Jkene3a [Fe™ |, To MOXXHO MOJy4YuTh Clie-
TyIOIllee paBEHCTRO:

[FeF]"] [Fe™]-[NCS]" _
[Fe” ]-[F]° [[Fe(NCS),]"]

B([FeF,]") :7,0-1()“:4,1.108.
B([Fe(NCS),]") 1,7:10°

3Ha4YeHWE KOHCTaHThI paBHOBecHUs 4,1 - 10°® nocrarouno OOJIBIIIOE,
MIOATOMY PaBHOBECHE MPAKTUYECKH CABHUHYTO BIIPABO, B CTOPOHY 00-
pazoBaHusi ¢ropugHoro komruiekca xeineza (III), T.e. pomaHuaHBIM
(TMOIMAaHATHBIN) KOMIUIEKC MPAKTUYECKU Pa3pyIlaeTcsl.

Karron Co”" B aTmx YCJIOBHUSIX HE 00pa3yeT MPOUYHBIX (PTOPUIAHBIX
KOMIIJICKCOB.

JI1s1 MacKUpOBaHUSI HOHOB METAJIJIOB MCIIOJIb3YIOT UX CBSI3bIBAHHE
B XJIOPUAHBIC, THOCYIb(ATHBIE, aMMHAYHbIE KOMIUIEKCHl. OCHOBHOE
yCJIOBHE, KOTOPOE JOJLKHO IMPHU 3TOM BBINMOJHSITHCA ClEAyolIee: 00-
Pa3yIoMUKCsS KOMILIEKC, B KOTOPBIM CBS3bIBAIOTCS MEIIAIOIIME UOHBI,
JOJDKEH 00J1a1aTh BBICOKOM YCTOMYMBOCTBIO, a ONIPEICIISIEMbIN HOH HE
JOJDKEH O0Opa30BbIBaTh YCTOMYMBBIE KOMIUJIEKCHI C MAaCKUPYHOUIUM
peareHTOM.

6. H3menenue oKuciumenbHo-60CCMAHOGUMEIbHBIX NOMEH-
yuanoe pedoxc-nap. O0pa3zoBaHUE PA3TUYHBIX KOMIIJIEKCOB BIIMSET
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Ha BEJIWYMHY OKHMCIUTEIbHO-BOCCTAHOBUTEIBHOTO MOTEHIMAIA pe-
JOKC-mIap. PaccMoTpuM penokc-mapy pt** | Pt*", KOTOPOU COOTBETCT-
BYET MOJYPEAKIIUS Pt*" +2 & o Pt"". Karnonst Pt'" u Pt B pacTBope
HEe cyliecTBY0T. OHM BCerja MpUCYTCTBYIOT B (hopME€ KOMILIEKCOB,
MpUYEM OPUPOAA JINTAHAOB U COCTAB KOMIUIEKCOB BIIMSIFOT Ha BEJIH-
YUHY OKHUCIIUTEIBHO-BOCCTAHOBUTEIBHOTO TOTEHIINAA!

[PtCls]*” +2 & < [PtCl,]* +2 CI; E°= 0,734 B;
[PtPy,CL]* + 2 & « [PtPy,]*" +2 Cl'; E°= 0,847 B,

rae Py — ocratok nupuavna.

Kpome mnpuBeAeHHBIX NPUMEPOB, KOMIUJIEKCHBIE COCIMHEHUS UC-
MOJIB3YIOT JJIs KOHIEHTPUPOBAHUS BEIIECTB, JJIsI OINPEACIICHUS Ka-
THOHOB METAJUIOB JIIOMUHECIICHTHBIM METOJIOM, ISl (PUKCHUPOBAHUS
TOYKH 3KBUBAJICHTHOCTH B THTPUMETPUUYECKOM aHAIIN3E.
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3agAIOYEHHE

Y4ebHOEe mocoOue OXBaThIBAET OOIIME TEOPETUUECKHUE OCHOBBI
AHAIINTUYECKON XMMUHU, IPETYCMOTPEHHBIE IPOTPAMMON, MPEaHA3HA-
YeHHOU JJisi cTyJiIeHTOB Il Kypca yHUBEpCUTETCKOTO KOJUIeaXa, 00y-
YaONIMXCS M0 CcrenranbHOCTh «OXpaHa OKpPYKAIOILIEH Cpelibl U pa-
IIMOHAJIBHOE MCIIOJIB30BAaHUE MPUPOJHBIX PECYPCOB». DTUM 00YCIIOB-
JIEHBI TIOCJIE0BATEIBHOCTh U 00bEM MaTepHayia, pacloJIOKEHUE TJIaB
Y X Ha3BaHHUE.

AHanu3 pa3IuYHbIX OOBEKTOB OKpPY’KAIOLIECH cpeabl 0asupyercs
Ha MCHOJIb30BAHUU METOJIOB KAYECTBEHHOTI'O U KOJMYECTBEHHOTO aHa-
Jau3a. 3HaHUE JAHHBIX METOJ0B U UX NPUMEHEHUE Ha MPAKTUKE He-
BO3MOKHO 0€3 YCBOCHHSI TCOPETUYECKUX OCHOB BCEX PEAKIMU U XH-
MHYECKUX MPOILECCOB, KOTOPHIE SIBJISIIOTCS OCHOBOM YKa3aHHBIX METO-
n0B. TeopeTndyecKkue BONPOCHl aHATUTUYECKOW XUMHUHU OCHOBBIBAIOTCS
Ha 3aKOHOMEPHOCTSIX NPOTEKAHHWS XUMHUYECKUX PEAKIUH, KOTOpbIC
U3y4daeT o01as U HeopraHuyeckas xuMus. B jaHHoM y4eOHOM 1moco-
OWM ATU BOIMPOCHI PACKPHITHI MPUMEHUTEIBHO K aHAIU3Y Pa3INYHbIX
HEOPraHWYECKUX BEIIECTB (COJICH, KUCIOT, OCHOBAHUM, KOMITJIEKCHBIX
COCMHEHUM, OKHUCIUTEIEH, BOCCTAHOBUTEIEH M JPYTrux), KOTOPbHIC
MOTYT SIBJISITBCS TOTEHIMAJIIBHBIMUA 3arpsi3HUTEISIMUA  OKPYKarOLIEH
Cpensl.

[TOCKONBKY OCHOBHBIM PACTBOPUTEIIEM BEMIECTB B IMPUPOIHBIX
YCJIOBUSIX SIBIISIETCSI BOJA, MOAPOOHO PacCMOTpEHa TEOpHUs PacTBOPOB
31eKTpoauTOB. HekoTopbie BElIeCTBa MJIOXO PACTBOPSIOTCS B BOJIE
(WM TIPaKTUYECKU HE PACTBOPSAIOTCS), CJIEAOBATEIbHO, B IMOCOOUU
IIPUCYTCTBYET IJ1aBa O T€TEPOr€HHOM PABHOBECUHU B CUCTEME OCATOK-
pacTBOp. BONBIIMHCTBO BEMIECTB, MOMAJAOIIMX B MPUPOJHBIE BOBI,
MPOSIBJISIFOT KUCJIOTHO-OCHOBHBIE CBOMCTBA. KMCIOTHO-OCHOBHOE paB-
HOBECHE B PACTBOpPAX U €ro PoJib B aHAIU3E TAKXKE PaCCMOTPEHBI. B
MPUPOJIHBIX YCIOBHUSX MOTYT MPOTEKATh OKUCIUTEIHLHO-BOCCTAHOBHU-
TEJbHBIE PEAKIIUHA U MPOIECCh 00pa30BaHUs KOMIUIEKCHBIX COEIUHE-
HuiM. B mocoOum moapoOHO paccMOTpPEHBI JaHHBIE IMPOIECCHl U X
AHAIMTUYECKOE 3HAUYCHUE.
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VYyebHOe mocobue coAepKUT OO0NBIIOE KOJIUYECTBO YpPaBHEHHI,
KOTOPBIE OIKCHIBAIOT 3aKOHOMEPHOCTH NPOTEKAHUS XHUMHYECKUX
MIPOLIECCOB, OHO COJACPKUT TaKKe OOJIBIIOE KOJIMYECTBO XUMHUYECKUX
dbopMyJl U ypaBHEHUH, KOTOPbIE WITIOCTPUPYIOT JIaHHBIE 3aKOHBI. Bee
3TO BMECTE B3ATOE€ IMO3BOJISIET TJIy0>KE M NpPaBUJIIbHEE MOHSATH U3JIO-
JKeHHBIM Martepuan. IIpuBeaeHHBIH B KOHIIE MOCOOMS CITMCOK PEKO-
MEHJIyEMOH JUTEpaTypbl MOMOXKET CTyJACHTaM KOJUIEIXKa CaMOCTOS-
TEJIbHO IOJYYUTh JOINOJIHUTEIBHBIE 3HAHUS MO AHAIUTHUYECKOM XU-
MUY UK 0oJiee MOAPOOHO U3YUUTh HHTEPECYIOIINE UX BOIIPOCHI.
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CunoépukoB Cepren ['eoprnesmy

OCHOBbI
aHanuTn4yeckKkou
XUMUU

VY4yebOHoe nocodue

Penakrop, koppekrop JI.H. CenuBanoa
Komnrerorepnas Bepctka M.H. MiBanoBou

[Toamucano B edats 10.07.2006 . dopmat 60x84/16.
bywmara tun. Yci. neu. 1. 8,37. Yu.-u3a. 1. 5,22.
Tupax 100 5k3. 3aka3

OpuruHan-MakeT NOATOTOBJIEH
B PEAAKIIMOHHO-U3/1aTeNIbCKOM otaene Apl'Y.

SpociaBckuii rocy1apCTBEHHBIA YHUBEPCUTET.
150 000 Apocnasib, yia. CoBerckas, 14.

OtneuaraHo
00O «Pemuep» JIP U] Ne 06515 ot 26.10.2001
r. SIpocnasnb, mp. OkTa0ps, 94, od. 37 ten. (0852) 73-35-03
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