H3IBECTHWA
TOMCKOI'O OPOEHA TPYJIOBOT'O KPACHOI'O 3HAMEHM ITOJIMTEXHUUECKOTO
MHCTUTYTA umenu C. M. KUPOBA

Tom 128 1965

9. A. 3AXAPOBA

HEKOTOPbBIE OCOBEHHOCTH AHOAHOTO PACTBOPEHHUSI MEJH
B IIEJIOYHOM U KAPBOHATHOM ®0OHAX B METOJE
AMAJIbTAMHOM NMOJIAPOTPA®UU C HAKOMJIEHHEM

(TMpeacTaBiena HayuHbIM CEMHHAPOM Kadeapbl (HDUIHUECKOH XUMHH)

Jlns aHanu3a BeLleCTB BBICOKOH CTENEHH YHCTOTHI 3a MOCJAEIHHE TOJbI

Bce GoJiblliee pacnpocTpaHeHHe MoJydaer MeTOJ aMaJjblaMHOil MoJsiporpa-
(uu ¢ "Haxomaenuem [1]. Ognako B psje ciaydaes OIeHKA KauecTBa M KOJH-
yecTBa OMNpejensieMoil MPUMeCH 3aTpyAHeHA M3-3a TIOSIBJAEHHS aHOMaJbHBIX
JABOHHBIX MJIH TPOHHBIX 3yOIOB OAHOTO 3jeMeHTa. Panee [2] Mbl u3yyauau
BJIHSIHHE KOHIIEHTpALMH IeJoud u HoHOB Pb B pactBope Ha (Gopmy c/0XK-
HBIX aHOAHBIX 3yOLOB CBHHIA. B suTepatype Takxke eCTb CBEACHHS O IOJY-
YeHHH JBOUHBIX 3y6I0B cBHHIIA [3] 1 Mequ [4] Ha IIETOUYHOM M KapOOHATHOM
(one, ognako moapoGHbIe HCCAEJOBAHUS B 3TOM HalpaBJeHUH OTCYTCT-
ByIoT. ITosToMy mpezcraB/sijio HHTEpeC H3YUYHUTb aHOMAJIbHOE MOBEIEHHE
amaJjbraMbl MeJH [PH aHOJHOM PacCTBOpPEHHH ee B LIeJOUYHBIX U KapGoHar-
HBIX PacTBOpPax, KOTOpPble YAacCTO HCIOJB3YIOTCS /I8 COBMECTHOTO Olpejese-
HHsl HECKOJBKHX 3/eMeHTOB. B Hacrosaiieil paboTe HcC/AeI0BANOCh BJIHSIHHE
Ha QopMy aHOmHOro 3y6ua MelAHM psiia (aKTOPOB — KOHLUEHTpalUHH Mely
B pacTBOpe, BPeMeHH 3JeKTPOJH3a, NPUPOALl W KOHUEHTpauuu Qouna, cko-
pOCTH H3MeHEeHHS MOTeHLHa/Ja C 1eJbl0 BBISICHEHHS IPHYUH TaKOro aHo-
MaJIbHOTO INOBEJIeHHs] aMaJjbraM MeAd NPH aHOJHOM PacTBOPEHHH B YKa3aH-
HBIX QoHaX.
~ MeTtonuka 3kcnepumMeHTa

B paGore WuCMOIb30BAJCA CAMONHMLIYIIMH BeHrepCcKkuil mnogasporpad
7-77-4/b. Tloasiporpaduueckas fg4yedka U 3/JEKTPOJbl He OTJIHYAJUCh OT OMHU-
cannbix panee [2]. CTanzaprable pacTBOPbl MeIH TOTOBHJIHCH W3 HABeCKH
MeTaJJHuecKoil MedH, PAaCTBOPEHHOH B a30THOH KHCJOTE M MOC/AeLoBaTellb-
HO pa36aBjsiiUCh TPUAECTU/ISATOM JIO KOHEYHOH KOHUEHTPAIMH OKOJIO
1.10-° M. JIas nmpUTOTOBJEHHSI pacTBOPOB (POHA MCHOJb30BAJUCL peak-
THBBI MapKH cfl. #. WJIH X. 4., COJAep:KallHe B HCCAELYeMOM pacTBope
Cu (2-+) menee 11078 M. Uncao 3/eKTPOHOB 2, YUacTBYIOUIUX B Ilpolecce
AHOJHOTO PacTBOpPEHHs MeAH M3 aMajJbraMbl' (Ha OJMH aToM MeJIH), ompe-
NeJJ0Ch KyJOHOMeTpuYeckuM MeTofoM. KoanuectBo asekTpuuectBa Qp,
CBSA3aHHOE C aHOJHBIM IIPOLECCOM PaCTBOPEHHUS MEIH, ONPEemessioch MyTeM
JI3MepeHUs IJIOUIaJM IOJA AHOAHBIM 3yOLOM € OCTaHOBKOIl H3MEHEHHSs I1O-
TSHIMAJa IocJe JOCTHXKeHHs MoTeHUHana nuka'). VIsmepenue moiianu

1) Ilns kpaTkocTH jajee MBI GyleM YHOTPeGJsTh BEIpaxKeHHe: IJIOULAfb 101 3yGLoM
¢ OCT&@HOBKOII.
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NPOBOAMIOCH MJAHUMETPOM. DTH JaHHBIe CPAaBHUBAIUCh C KOJHYECTBOM
sJAeKTpHYecTBa Q s, MOMIEAUINM HA BOCCTAHOBJEHHE HOHOB MEIH B TEYEHHE
NpeIBapUTEJbHOTO 3JeKTposau3a. McKoMOe 4HC/IO0 3/EKTPOHOB Z ONperesis-
JIOCh U3 OYEeBHJHOTO paBEHCTBA:

1

VR Q3 =¥ —1— QP’

n 2
L Qs

Qs

(n —uHCI0 3JEKTPOHOB, YYAaCTBYIOLUIMX B npollecce 3JEKTPOJaH3a Ha OJMH.
HOH Meldu; n=2). :

B Teuenue oaHOro aHs paGora oGBIYHO NMPOBOJAHIACH C OJHOI M TOH K€
Kamied pTYyTH, B cJydae OTKJOHEHHsI BBICOT 3y6La MeAaH >S5 0, 3JeKTpo-
JUTHUECKH OcaKaajach HoBas Kamas pTyTH. [IpoBepka moJHOTHI pacTBOpe-
HHST Me[W H3 aMaJbraMbl MPOBOAMJIACH TYTeM HOBTOPHOTO IIOJYYEeHHsI
AQHOJHOI TMOJSIPOTPAMMBI IOCJ€ HHTEHCHBHOTO IepeMellNBaHHs B TeueHHe
1 MunyTel npu pasoMkKHyToi Hend. OTcyTcTBHe 3yOlla MeJH Ha MOBTOPHOIL
NoJsiporpaMMe YKasblBaJdo Ha IOJHOTY PacTBOPeHHS MeLH H3 aMaJjbraMbl.

JIisi cpaBHHUTEJNbHOTO M3YUeHHsT 3/eKTPOpPacCTBOPEHUA aMaJbraMbl Mei
Ha pasHplX (oHAX NPUMEHSJICS NPUEM IepeHoca 3JeKTpojda, KOTOPBIH 3a-
KJI0YaeTcsl B TOM, UTO TPeJBAPUTENbHBII 3/€KTPONTHU3 € NMOJTYyYeHHEM aMalib-
raMbl IPOBOAUTCS HA OJHOM (oHe, a aHOJHOE PACTBOpPEHHEe aMaJbraMbl—Ha
apyrom c¢oue. Ilpu sTom Kamasg amanabraMmbl BMecTe ¢ CH(OHOM BCIIOMOra-
TeJbHOr0 3JIEKTPOJAA M KallJeil CMauHuBaloUlero MX 3JIGKTPOJIMTA IpH 3a-
MKHYTOH Lenu NepeHoCHTCss B atMocdepe MHEPTHOro rasa cHayasna B IIPO-
MEKYTOUHBIIl PacTBOp /AJsT INPOMBIBKH, a 3aTeM — B HCIBITYEeMBIil 3J€KTPO-
JIUT, B KOTOPOM TPOBOJMTCS pacTBOpPeHHE MeAd U3 aMmanabrambl. bBoaee
0Apo6HO TeXHHKa IlepeHoca 3JEKTPOAa M KOHCTPYKIHS sYeiiKH ONHCAaHbI
patee [5]. ITotepu mMeau B mpolecce mepenoca MPH HCIOJAb30BAHHOI HaMH
TeXHHKe He npeBbimann 4—6 9.

B ky/jonoMeTpHueckux pacyeTax 4ucja 3JEKTPOHOB C HCIOJb30BaHHEM
npueMa MepeHoca BO3MOXKHO NPHUMEHHTb METOJ «CTAaHAApPTHOIN MNJIOMIANH»
MOA aHOJAHBIM 3yOLIOM BMECTO M3MEpPEHHS TOKa 3JEKTPOJH3a B TeX 3JeKTPO-
JINTaxX, B KOTOPBIX TPYAHO 3aMepHUTb TOK 3JEKTPOJH3a H3-3a OTKJIOHEHHUS
BeIXOJAa o TOKY oT 100 ) uaum B ciayuae OueHb MaJblX KOHLEHTpaIUil
OnpejeJasieMOro BelllecTBAa B pPacTBOpe, KOrja TOK 3JEKTPOJH3a MeHbIIe
OCTaTOUHOT'O TOKA.

Jasa noomaneil nmop ABYMs aHOAHBIMH 3YOLAMH, NMOJYYEHHBIX B Pa3HbIX
3J1eKTPOJIUTAX NPU OAMHAKOBBIX YCJOBHSAX 3JEKTPOJAH3a, OUEBM/HO, Crpa-
BE/IJINBO COOTHOILIEHUE

OTKY Jia 2z

deiy e 1
e Qp A QP’
20 &

rae Q) —9TO «CTaHiaprHas» IUIOL(ajib NOJ aHOAHBIM 3YOLOM B 3JEKTpO-
JIMTe, JJIs KOTOPOTO BeJHUYHHA 2o ABJSETCS H3BecTHOi. M3 sToro pasencrsa
onpefeaseM Z NPH aHOJHOM DAacTBOPEHHH MeTaJjla M3 PTYTHOTO B PacTBOP
Apyroro sJjexkTpoaura. OTMETHM elle, YTO METOJl CTaHAAaPTHOH ILIOMIaLH
II03BOJISIET ONpPEAeJaATb YHCJAO 3JEKTPOHOB IIPH aHOJHOM pacTBOPEHHH
aMaJbraMbl B HCCJeLyeMOM 3JeKTPoJuTe Ge3 NpOBeJCHUsS MNpeABapHUTE/b-
HOTO 3JIEKTPOJIH3A Ha ITOM ¢oune (tabdJu. 6).

JKcnepuMeHTaNbHAsA 4acTh

3aBHCHMOCTb BBICOTHI 3yOIIOB MeH OT KOHIEeHTpanuu ee nowos B 0,1 M
pacrBope K,CO; msobpakena nHa puc. 1. B oGiactu KoHUeHTpaIHil Meau
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Puc. 1. 3aBHcUMOCTb BBICOTHI BTOpO-
ro g3ayb6ma Mead OT KOHIEHTpPaluH
nowos Cu (2+4) B pacrsope 0,1 M
KyCOs. VcioBus ONBITa: T =3 MUH,
v=5 ma;, r=004 cm (v— Bpems
3JIeKTPOJIM3d; U — 06beM  PacTBoOpa;
r— pajuMyc pPTYTHOIl Kali). 3HAuKOM
/\ o603HaueHa BBICOTA mNepBOro, GoJjee
oTpUI[aTeJbHOrO 3y6la MeJH, MOsIB-
asorerocst  npu  KoHuentpaunu - Cu

(2-4+) Boime, uem 6.10—6 M.
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OnbITa: = 1105 M; v=5 wma;  ri=0,04
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2. BuausHue BpeMEHH TPeJBapUTEJIbHOTO
9JIEKTPOJIH3a HAa BEJUYUHY @HOJHOIO TOKa II€PBOro
(xpupast 1) u Broporo (kKpusas 2) 3y6LOB Melu B
0,1 M KOH. Kpusast 3-— nuoutajib 1oj JBOHHBIMH
3y0uaMu MeAM C OCTAHOBKOH IOTEHIHAJa. ¥ CJIOBUS

CMm;

W =600 ms/mun. (C— KOHLEHTpamuss Mejd B pa-

CTBODE).



1-10-"—6-10-¢% M B ycl0BHSIX ONbITA Ha IOJASIPOTPAMME TOSIBJISAETCSH
OJHH aHOAHBIH 3y6ell ¢ ¢n = — 0,04 8, a ¢ pajabHeNIIUM yBeJHYeHHEM KOH-
LeHTpallu MeAu 3y0ell pacuupsieTcs U pas3JBanBaeTcs, NPHYEM IEPBBIil
3y6ell 3aBHCHT OT KOHIEeHTpauuu He Jguneitno. [Has meau B 0,1 N KOH
B H3yueHHO#l o6GJacTu KoHleHtpauuii 5°10-8—15-10-5 M ¢opma 3ybua
caoxkHas (puc. 3, XxpuBas 3), OIpHueM BTOpOH 3y0Oel pacrer ¢ KOHIEHTpa-
uuell JUHEHHO, a TIEepBBI JOCTHraeT Inpejeaa IpPH  KOHUEHTpaIHH
4,5-10 —7 M. AnajoruuHblii XapakTep MMeeT 3aBUCHMOCTb aHOAHOTO 3y0ila
OT BpeMeHH 3jeKkrpoausa 1 910 -¢ M Cu(24) B pacreope 0,1 N KOH
(puc. 2). Ilnomanb nox 3y6LOM C OCTAaHOBKOII B HMHTepBajde 1—20 MHHYT
MeHsieTCsl JIuHeliHo (puc. 2).

Konuenrpauuss (oHa OKasbiBaeT 3aMETHOe BJksIHHE Ha (GOpMY aHOI-
HbIX 3y6uoB Meau. Tak, B pactBope 0,1 M Ky,CO; mnpu KOHLIEHTpaLHH
Cu(2+) 1-10~° M u ABYXMHHYTHOM 3JIEKTPOJH3e Ha IOJSIpOrpaMMe I10-
JydyaeTcsl XapaKTepHbIH JBOiHON 3yben Meau (puc. 3, KkpuBas 2). B Tex xe
VCJIOBHSAX 3JEKTPOJH3a U pacTBope-
uusi, Ho B 0,5 m 1 M pacrBopax
KeCO; mpu aHOAHOI noOJApH3alUH
ObLT TOJIy4eH OJAUH HOPMaJbHBIIl 3Y-
6eu menu ¢ ¢, = —0,15u —0,18 s,
COOTBETCTBEHHO (pHc. 3, KpuBas 1).
B pacrBopax 1eqoud pasaduHOH
konuenrpauuan (0,1 N—2 N) 1pu
OJMHAKOBOH HayaJbHOH KOHUEHTpa-
UMM MeJH B KamJje IoJaydaloTcst JABOIi-
Hble 3yOLBI MeAu ¢ MOTeHIHaJdaMH,
CMEeUIaIoUIMMHUC B OTPHUILATENbHYIO
cTopoHy ¢ YyBeaudenuem pH. Baus-
Hue npupoAsl ¢ona Ha GopMy aHOI-
Horo 3ybua MeAM W3yyaJdoch MeTO-
oM mepeHoca aJgaektpoia. Ilpu stom
9JEKTPOJIH3 ¢ HaKOIJEHHeM TPOBO-
auiacs B pactBopax KOH, H.SO, u
aneraTHom 6ydepe, a 3JeKTpopacTBo-

Puc. 3. Tunuunele ¢opmMBl Hpo-
CTOr0O M CJIOKHBIX 3y6LIOB Me€Iu Ha
¢onax: 1—0,5 M Ky;CO;; 2—0,IM peHne—a (oHaX, ABJSIOUUXCA: 1) HH-
KeCO;; 3—0,1 M KOH  (anek- JU((PepeHTHBIMU TI0 OTHOLIEHHIO K
Tpoa — Kamag  pryru); 4—0,1 M Cu(2-+) (H.SO,, KNO3); 2) xoM-

CO;3; (NJeHOYHBIH 3JEKTPON).
RGOt POA) niekcoo6pasosarensimu -~ (NH,Cl —

-— NH,OH); 3) o6pasyiomumu TpyaHOpacTBOpUMBble coefaunenust ¢ Cu(2--)
(KOH, K,CO;). Kak BugHo u3 Ttaba. 1, na Bcex ¢Qonax, xpome KOH u
0,1 M K,COg3, npu ofHOI U TOI 2Ke KOHIEHTpaUUu aMajbraMbl MelH, ObLIH
OJIy4eHbl HOpMaJbHble 3y61bl Meau. CiaoxkHble 3yOunl Ha ¢ore 0,1—0,2 N
KOH 1 0,1 M K;CO; nosiB1sinch HE3aBUCHMO OT  TOTO, TIPOBOJHJICS JIU
3JIEKTPOJIM3 ¥ PacTBOpeHHe B 3THX pacTBOPax MM TONBKO pPacTBOpeHHe
(B YHCTHIX OT MeJM pacTBOPAX) IOCJEe HAKONJIEHHS MeAH B APYTHX 3J€K-
tpoautax (0,36 N H,SO,, aueratHom 6ydepe pH=4,2 u np.). Uz tada. |

MOZKHO BHUJAETb, YTO UYBCTBHUTEJbHOCTDH :MGZU'I-CT (Be.HI/I‘{I/IHa dAHOJHOTO ITHKa,

OTHEeCEHHAasI K OJHOI KOHHOEHTpALHH B PacTBOpE MpPH OAUHAKOBBIX YCJAOBHAX

nepeMellNBaHNs) HA pas3lHYHBIX (oHax pasnuuyHa. Tak, HaubGoJiblIee ~C—no-

aydaercss B pacrBopax H,SO, m wmaumenbmee — B NH,Cl— NH,OH.
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Taoauma 1

AHoJHble 3y0OLbi MeIH, MOJy4YeHHble METOJAOM TMepeHoca 3JeKTPOAa B PasjuuHble (IOHBI
YcaoBusa onbita: 9 =3 ma; C = 1,6.10-5 M; =2 mun

®OoH 115 AHOIHOTO . , B OTH. Bux sy6ua
pacTBOpPEeHHUst 1]C.103, a/M N Hﬁr(l?. Kax. 3. pHc. -3, KpH-
Bast Ne
I. ®on pas aaekrposauza 0,1 M KOH

0,1 MKOH 48 . 2201) {:85;@ 3
0,36 N HySO, 70 105 -+0,07 1

1 MNHsCl —1 M NH,OH 28 140 —0,32 1
0,1 M K.CO; 31 2101) {:85; 2
0,5 M K,COs 60 110 —0,15 1
1,0 M K,COs 56 115 —0,18 1

II. ®on mas axexkrpoaumsa 0,36 N H,SO,
0,1 N H,SO, 162 107 10,06 1
1,0 M K,CO3 148 105 —0,17 1
0,1 M K:COs 57 . 0o 2
III. ®on pas ajekTpoausa — aueraTHoit Oydep pH =4,2

Aneraruniit 6ydep, '

pH— 4,2 72 130 +0,06 1
Bopatnntit 6ydep, pH=10 56 140 —0,04 1
NH,CH,COOH—KQH,

pH = 10 62 130 —0,18 1
0,1 MKNOs 74 115 +0,10 1
0,1 M KsCOs 44 2901) {:8%? 2
0,5 M K,COs 72 130 —0,15 1
0,09 M KOH 74 2101) {:8’%2 3
2,0 M KOH , 80 2001) [—0,36 3

1—0,23

1) IlupuHa caoxHOro 3y6ua yCIOBHO H3Mepsilach B INOJOBHHE BHICOTHI §oJjee IMOJO-
KHUTeJbHOro 3y01a.
I/C — orHOUIEHHEe BBICOTHI 3y0Oua K KOHIEHTpAIHH HOHOB;
® — [mHpHHA TOJY3y0ua; ¢, — NOTEHIHUA] NHKa.

ol
CpaBHEHHe 3HaUYeHHU E‘ , INIOJMYUYEHHBIX B pPACTBOpax MmocJje IepeHece-

nus u3 KOH, co SHAUCHHAMH =, [OJYYeHHBIMH TOC/e MPOBEJICHHS 3JIeK-
TPO/IM3a B CEPHOKHCIOM HJIH YKCYCHOKHC/IOM (pOoHe, MOKa3bIBAeT, YyTO B Iep-

BOM cJaydae IoJay4daloTCs 3aHUZKEeHHBbIE SHATCHHA -E' . DT0 MOKeT ObITh

BBI3BAHO HUJH YMEHbIIeHHEM KOHIEHTpallud MeJAu B pacTBOpe 3a CUEeT THl-
poau3a, WM YMEHBbIIECHHEM TOKa 3JEKTPOJaH3a H3-3a TacCHBallHH pTyTHOfI
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KaIg B KaTogHoM Iukjie. Ta6a. 1 (cToab 2) nmoxkasbiBaer Tak:Ke aHOMaJb-
HO OoJibliie 3HAYEHHs IHPHHBI 1101y3y610B Mean Ha poHax KOH n K,CO;
(220—210 ms). Bausinue ckopoctu uaMeHenus: norenuuana (W) na dopmy
sy6uo Mmeau Ha ¢one 0,1 M K,CO; u 0,1 N KOH unnocrpupyercs: na

Ta6baunma 2

BinsiHHe CKOPOCTH H3MEHEHHWS NMOTEeHIHala Ha BbICOTY JABOHHBIX 3yOLOB MeIH
U paccrosinue Mexay Humu. Pon 10,1 N KOH, Konuenrpauus

Cu(+2)=910"%M, - =3 mun

W 1,-108, a 1,-108, a 1/1, [, M8
200 2 13 1462 1024-3
400 28 25 1,4 10243
600 37 29 0,95 1084-5
800 41 50 0,82 10846
1000 47 61 0577, 10547

W — ckopoCTb U3MEHEHHsl MOTeHnHanra (M8|Mur),

/, — BoicoTa nepBoro 3yb6ua (6oaee OTPHIATENBHOrO),
/> — BBICOTA BTOpOrO 3y06I1a,

[ — paccrosinue Mexnay 1 u 2 3yGuom.

puc. 4 u B ta6a. 2. Ilpu ouenb Manbix ckopoctsax (W menbrue 100 ms/mun)
[IoJIydaeTcss TOJIbKO NEePBBIH 3y0ell pactsaHyToil ¢opMmbl. C yBeHueHHeM

.06 -03 -0

I

Puc. 4. Buausguue cko-
pPOCTH H3MEHEHHsS TOTeH-
uuMana Ha GopMmy aHoi-
HbIX 3y6uoB wmend. Kpu-
bas 1—333  m8/mun;
2—500 wme/mun; 3—1000
MB[MUH. YCJOBUS OILITA:
=138 |0 b My Siti=
=8 Mud; =004 _“cn.

CUHTBIBAJIM YHCJAO 3JICKTPOHOB,

CKOPOCTH H3MEeHeHHsI IOoTeHllHaJsJa OT
200-—1000 mB/Mur OTHOLIECHHE BEJHUUH-

N\

HBl TepBOro 3y6la KO BTOPOMY ( : )

2

'3

yMenbuiaercst  (taba. 2), paccrosiHue
MezKay 3yOLaMH OCTaeTcCsl INOCTOSIHHBIM
u (¢opma 3ybua craHoBUTCS GoJiee Mpo-
croit (puc. 4, xpuBas 3). HMsyuamaocb
BJIMSIHME OCTAHOBKHM IIOTEHIHaJa 1ociae
IepBOro H BTOpPOro nuka Ha ¢opmy 3y6-
1noB (puc. 5). Ilpu ocrtaHoBKe mOTeH-
1Hasa Tmocjae IepBOrO mnHKa (pHc. D,
kpuBas 1) (npu 3tom OyMaxkHasi JeHTa
caMonucLa IpoJdoJIZKaeT  JBHrarbcs)
BCS1 MeJlb He BBIXOAHUT M3 KalJH, TaK Kak
NpH AajibHeilllleM nycke 6apabaHa (KpH-
Bag 1, Touka 6) nosBJAsieTCs BTOPOW 3Y-
Oell Mo MoOTeHLHaJay, COBMNAAAWIIHI cO
BTOpPHIM 3y6uoM (KpuBas 2). Ilpu ocra-
HOBKe TIOTeHI[HaJa Iocje BTOpOro 3y0-
na (puc. 5, KpuBag 2, Touka @) MOJY-
yaJsicsd JBOHHOH 3y0Oel Meau, Mo ILIOILa-
JH PaBHBI CcyMMe TIomiajeid otjaenb-
HBIX 3yOLIOB ¢ OCTaHOBKOIT (KpuBasi 1).

IIpueMoOM OCTAHOBKH NOTEHIIHOMET-
puyeckoro G6apa6aHa MBI BOCIOJb30Ba-
JHCb JAJd [ojJcueTa IJIoulajzed TMoj
aHoJAHBIMH 3yOuaMH, U3 KOTOpoil pac-
Y4acTBYIOUIHX B Ipollecce aHOIHOTO

pactBopenus: amajabraMel Meau B pactBopax KOH u K,CO;. U3 ta6a. 3, 4
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i1 5 BUAHO, UTO Ha 3TuUX (oHAX MeJb NEPEXOJUT B PacTBOp C ydacTHeM JBYX
3/JEKTPOHOB KaK Ha KameJbHOM, TaK M Ha IJIGHOYHOM 3JieKTpojae (dhopmy

LBOIHOrO 3y0la MeAM Ha IJIEHOYHOM 3JEKTPOAe CM. pHC. 3, Kp. 4). Hua4

05 03 03 01 8omT

Puc. 5. AHozHBIEe MOJIIPOrPaAMMbI Me/H, CHSITHIE C
OCTAHOBKOIl NOTeHUHAaJga Iocje nepsoro 3ybua (KpH-
Basg 1) u BToporo 3y6ua (2). Toukamu a u 6 09Ho-
3HQUeHbl MOMEHTHl OCTAHOBKH M TyCKa IOTEHIHO-

MeTpHyeckoro GapabaHa.

maabix KouueHrtpauuit Cu(2-F) saHHKeHHble 3HAYEHHST 2, BEPOSITHO, I10JY-
YaJHCh 13-3a (OJBIIOTO0 OCTATOYHOTO TOKA, YTO BHOCHJO OMIUGKY B pacuer

TOKa 9JI€KTpO.HHSa.
Taoauma 3

Pacuer 4ucna 3JIeKTPOHOB, YYaCTBYOUHX B aHOJ-

HOM pacCTBOPEHHH MeXH M3 aManbraM. YCJIOBHUSA

onbita: =3 mun, W=600 ms8/mun, r=0,04 cn,
¢dor —0,1 N KOH

108 1
C-100 M | Q,-10° xys QPKM ) 2
3,6 31 23 e
4,8 32 33 2,0
7,8 37 43 2,3
10,0 54 53 2,3

1) Qp paccuuTbiBanach IO IVIOWIANAM MOJX aHOMHBLIM 3YOIOM € OCTaHOBKOIl MOTeHUHala

nocsae BTOporo 3yobua.

Tabauma 4

Pacuer mioinaay M 4Mcja 3JEKTPOHOB NPH AHOAHOM
pacraopeuﬂu Meaud U3 aMaJbrambl. yCJIOBPlﬂ onbiTa:
¢don—0,1 M K,COs, =3 mun, r =0,04 cm

C-10"0M | Q,-10% xya | Qp-108 Ky z
9,0 14,4 15,40 9,12
9,0 13.8 13,82 2,02
9,0 13,9 13,92) 2,03

1) Maomanb MOx NBOHHBIM 3yOUOM C OCTaHOBKOii.

2) Cymmaphasi IIoIiagb IOJ MEpPBBIM H BTOPLIM 3yOLaMH C OCTaHOBKOH.




Jl7isi cpaBHeHHs UKC/a 3J€KTPOHOB, YUaCTBYIOUHX NPU OKHCJAEHHH MeIH
Ha pasHbIX (pOHAX MPH OJAMHAKOBOH HCXOAHON KOHUEHTpAUHMH MeId B KarJje
NPUMEHANCA METOJ «CTaHJapTHOH MJoulajny», 0 KOTOPOH rOBOPHJIOCH BbILIE.
[IpaBuabHOCTh MeTOJda «CTAHAAPTHOI mJolaAn» Oblla MpOBepeHa HaMH Ha
NpHMepe CpPpaBHEHHs NJollajell aHOAHOTO pacTBOPEHHs MeAd B pacTBopax
0,36 N HySO,(20=2) u 1 M NH,Cl 41 M NH,OH. Kak Buzano u3 taba. 6,

Ta6auma 5
Pacuer mjomagu u 4YMcia 37EKTPOHOB, YYaCTBYIOLIMX B AHOJHOM
OKHCJIEHMM MeJ¥ M3 aMaJjbraMbl. YCJIOBHS OMNbITA:
¢pon—0,i M K,CO3, C = 510 °M, = — 1 mun, W= 666 MB|MUH,
NJeHoYHbIH 3jekTpon, S = 0.2 cm?

Q,-105 Qp- 103, kya (Qpi + Qpo)- 10° s
Kya 1 3y6en ’ 2 3yb6en KyA
8,5 2,5 5,3 738 1,85
8,5 2.9 5,4 8,3 1598
8,5 249 5,7 8,6 2,01

. BO BTOPOM 3JIEKTPOJHTE Z= 1, TO ecThb Ipolecc pacTBOPeHUs HjleT ¢ obpa-
30BaHHeM HMOHOB OJHOBAJIEHTHOI MeJAH, ¢ 4YeM CBSiI3aHAa HU3KAsl UYBCTBUTE/Ib-
HOCTb ONpejesieHHsT MeJIH Ha aMMHAuHO-XJOPHIHOM (oHe. :

M3yuanoch BAHSIHUE TepeMellNBaHHsi pacTBopa TOKOM a3oTa BO BPeMsI
CheMKH aHOAHOI mojsporpaMmbl. Okasa/och, UTO B YCJOBHSIX OIBITA, Mepe-
MeIllBaHue He BJAHSI0 Ha (OPMY U BBICOTY CJIOZKHBIX aHOAHBIX 3YOIOB Mell
Ha ¢oune 0,1 M K,CO;3; u He3HauuTesbHO H3MeHsAN0 (opMy 3yOla Meau Ha
¢one KOH.

O06cyxeHHue pe3yabTaTos,

[TosnyueHHble pe3y/JabTaThl ¢ YY€TOM HEKOTOPBIX JHTEPATYPHBIX AaHHBIX,
OTHOCSILIUXCSI K @HOMAaJbHOMY PAaCTBOPEHHIO aMaJjbraM, MOXKHO OOBSICHHTb
C HECKOJIbKMX TOYeK 3peHus. MoOKHO Npeano/oXKHTh, YTO NMPUYHHOH obpa-
30BaHUA ABOHHBLIX 3yOLOB ABJageTcss 00pasoBaHHe HECKOJbKHX HHTEpMeTaJl-
JTHYECKHX COEJMHEHHI MeJH CO PTYThIO, UMEIOUIUX Pa3/HUHBIE CTAHAApTHBIS
3/J€KTPOJIHble TOTEHUHAJbl, IIPHYEM pPaBHOBECHE MEKAY HHMH YCTaHaBJ/IH-
paercss MeasneHHo. [loaTBep:kaeHneM 3TOro Npeanosio:KeHHs, Kasa/jgoch Ol
ABJSETCS ONBITHBIH (PAKT, YTO aMasabraMbl HeKOTOPHIX MeTannos (Co, Mn)
Jal0T Ha NOJspOrpaMMe HECKOJNbKO 3yOUOB, KOTOpBIE, 10 MHEHHIO aBTO-
poB [6, 7], BbI3BaHbl OKHCJEHHEM Pa3/JHYHBIX HHTEPMETAJIHYECKUX COeJHHe-
HHIil. DTOT B3NIAL ocnapusaercss 3eGpeBoii [8], coriacHo KOTOPOH B 3JeKTpo-
XHMHYECKOH peakUHH Y4acTBYIOT cBOOOAHBIE aTOMBI MeTaJsna, ofpa3oBan-
Hble B pe3ysbTaTe AHCCOLMALUY HEYCTOHYMBLIX NPU KOMHATHOI TeMmepary-
pe TBepAblX COeJUHEHUIl MeTassna co PTYThIO.

Hamu onbiTHble JaHHble ¢ MEPEHOCOM 3JEKTPOJAa He MOATBEPIKAAIOT
BBbICKa3aHHOE Bbllle npeanosoxenue. Ecau O6bl MPUYMHON MOSBJIEHHA IBOII-
HBIX 3yOLOB ABJASAJOCHE 00pa3oBaHHe HHTEPMETAJJIHUECKHX COEJIMHEHHII
B PTYTH, TO CJ€10Ba/J0 Obl OXHAATh, YTO ABOHHbIE 3y6Ibl GYAYT HA JIOGLIX
(oHax, HE3aBHCUMO OT HX NMPHUPOJABl U KoHUeHTpauuu. OMHAKO H3 HALIUX
onbITOB BUAHO (cM. tabu. 1), uro Ha oauux ¢ouax (KOH, K,CO3) npofinoii
3y0el Meau NOSIBJASIETCs, @ HA APYTUX HE MOABJISETCS.

[anee MOKHO HmpeamoJaraTh Ha/luYyke CTYNEHYATOro paspsaa MeIu M3
amasabrambl. ITpomecc anojaHoro pacTBopeHusi amajbraMbl MeId B OTHOLLE-
HUM BAJICHTHOCTH HMOHOB, MOCTYNAaMOIIMX B PacTBOpP, H3yYeH HEAO0CTATOYHO.
HMwmetores ntepatypuele pannbie [9] mo pacTBOPEHHIO MEIHONO aHOAA B BOJ-
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HBIX pacTBOpax, M3 KOTOPbIX [e/JaeTCsi BBIBOA O TOM, 4TO NEpPBOHAYaJbHO
MeJb OKHCJSIETCS J0 OJHOBAJEHTHOH, a KOHEYHDLIHl pe3yJabTaT 3aBHCHUT OT
toro, uto npousoiiger ¢ Cu(l-). B HeKOTOpHIX yca0BUAX (LIEIOYHBIE H
aMMHauHble pPacTBOPbI) MPH OKHCJEHHH MEJHOrO0 aMaJblaMHOrO Kamarolle-
ro 37MeKTpoja Ha MOoJsiporpamMMe INOSBJSIOTCS JBOHHbIe BOJIHDLI, OJMHAKOBAs
BBICOTA KOTOPBIX MPUBOAMUT uccaegoBareseir [10, 11] K BbBOAY O cTymenua-
ToM paspsge. HaubGosee npsiMoit oTBET Ha BONPOC, CKOJBKO 3/JEKTPOHOB
YYacTBYeT B 3JEKTPOXMMHUYECKOH peaKLUMH, JO0JJKHbl AaTh KYJOHOMETpuue-
CKHE HM3MEepEeHHsl IJIOLaAM MoJ aHoAHbIM 3ybuom. [IpoBeneHHble HAMH W3-
vmepeHusi (cm. tab.a. 3, 4, 5, 6) mokasa/au, yTo BO Bcex (oHax (Kpome
NH,Cl — NH,OH), ne3aBucuMo ot TOro, mo/Jy4aercs HOPMAJbHBII HJIU
JABOMHON 3y6el, MJollajb MOJ aHOJHBIM 3YOLIOM COOTBETCTBYET JBYX3JEK-
TPOHHOMY 3JIEKTPOPACTBOPEHHIO MeJu H3 amaJjbraMmbl. B cayuae NH,Cl—
— NH4OH noayuaercst oaHO3/J€KTPOHHBIN HOPMAaJbHBIN 3y0el Me/li.

Ta6bauia 2
Pacuer, uKcia 3JeKTPOHOB, Y4acCTBYIOWMX B OKHUCJEHHH MeH
U3 aMaJbramMbl Ha pPa3HbIX (OHAX METOJOM KCTAHHAPTHOM
naowaau». Konuenrpauus Cu(-+ 2) 1,6- 10-5M, = =2 mun,
r,= 0,04 cx. W3 n3mepeHuii ToKa 3JeKTPOJU3A NMOJY4EHO

Q, = (18 +-1,5)-10~° xya.

Pon aasa $on naa g
3JIEKTPONH3a PacTBOpeHHST Qp-10° Ky %
0,1 NKOH 0,1 NXOH 18,0 2,04-0,1
0,1 NKOH 0,3 NH,SO, I 1,94-0,1
0,1 NKOH 1 M NH,CI 8,8 1,040,05
1 M NH4OH

Takum o6Gpa3oM, NepBble JBa MNPEANOJIOMNKEHHS HE TIOJATBePKAAIOTCA
ONBITHBIMH JauHHbiMH. Haubo/see BepOSITHBIM, NMO-BHAUMOMY, SBJSIETCS TO-
JaBJeHHe aHOJHOTO TOKa MOBEPXHOCTHBLIMH IJIEHKaMH, oOpa3yemMbiMH MpO-
JyKTaMH 3JEKTPOAHOH peakuuu ¢ anuonamu Qona. Kemy.ssi ¢ cOTpyaHHKA-
Mu [12, 13] oOGHapy:KUI TOpMO3dllee AeHCTBHE OCaAKOB T'HAPOOKHCEH CBHH-
11a 4 KajaMus Ha AUPDY3HOHHBIE TOKH, MOJYYEHHBIE C KanalouUM amalb-
raMHBIM 3J€KTPOJOM B LIeJOYHbIX pactBopax. Ilpum stom ma mosgporpamme
MOoJy4YaJuCh pe3KHe 3aJOMbl B Hadaje BOJIH, a BOJHbBI JAe(hOPMHPOBAJIKC.
B Hamwux ombiTax MmosiBJeHHe ABOHHBIX 3yOIlOB MOXKHO CBfi3aTb ¢ 0OpasoBa-
HHEM OCajJKa THAPOOKHCeH WM KapOOHATOB MEIM HA MOBEPXHOCTH PTYTHOM
kansu. Jlebopmauus aHogHOro 3ybua Moxer ObiTb BbI3BaHA OJHOBPEMEH-
HBIM JEeACTBHEM HECKOJbKHX (pakTopoB: l) majgeHue TOKa H3-3a yMeHbLIE-
HHSI TPaJHeHTa KOHLUEHTPALHUH; 2) yBeJHYEHHE KOHCTAHTbl CKOPOCTH IMpoLec-
ca paspsijia M3-3a yBeJHUEHHUsI MOTeHlMagaa; 3) MmajeHHe ToKa M3-3a YTOJ-
IIeHHs] MJIEHKH; 4) yBe/JHYeHHe TOKa M3-3a PACTBOPEHMS NJEHKH B M30OLITKE
1oHOB (hoHa. C 3TOi# TOUKM 3peHHsI, yBeJHUeHHe KOHLEHTpPALUMH MeId B Kar-
Je (mocse AOCTHXKEHHS IPOM3BEIEHHsi PACTBOPUMOCTH OCajka B NpPHU3JIEK-
TPOAHOM CJIO€) BBI3bIBAET yCHJEHHE AEHCTBHS TpeTbero (pakropa, a YBeJH-
YeHHe KOHILEHTpaUHH (pOHA YCHAHUBAET UYeTBEPThbil (aKTOp — pacTBOpeHue
ocajaka. ;

N3 aureparypHbiX AaHHBIX [14] M3BECTHO, 4TO MOHBI M@AH B pacTBOpe
1ieJ04d U KapOOHATOB MOryT 00pa3oBBIBATH MajOpacTBOPHUMBIE COEAHHE-
HHS, KOTOpble pacTBOPAIOTCS B H30bITKe (oHa ¢ 0Opa3sOBaHHEM KOMILIEK-
coB. M3 cpaBnenua npoussenenuil pacrtsopumocteit s CuCOj;, paBHOro
2,36 - 10 —'° [15] u Cu(OH),, paBnoro 5,6 - 10~ [15], oueBHaHO, UTO NpH
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0/IMHaKOBOIl KoHueHTpauuun ¢oua (0,1—1 M) HeoOXoAHMa HECPABHEHHO
MeHblIasi KOHUEHTpauuss Meau s obpasoBanus ocajka Cu(OH),, uto u
nabmaiogaerca Ha onoite: B 0,1 N KOH MBI He MOTr/IH NMOJYYUTH OJHOTO YeT-
Koro 3ybua Mead Jaxe IpU MajJeHbKUX Konuentpauusx Cu(2--). Pacrtso-
pHUMOCTb OCaJKOB KapOGOHATOB M TH/-
pooKHCH MeIu B H3ObITKe (pOHA TaKxKe
pasanuna (GoJblle 1715 KapOGOHATOB).
IOTUM MOXKHO OOBACHUTH HCUYE3HOBE-
HHe JBOIHBIX 3yOLIOB MeIH C POCTOM
kounenrpauun K,COs;, B oruuue ot
pacrBopa KOH.
CxemMaTHyecKy BJAHSHHE IJIEHKH
MOXKHO NOSICHMTb Ha puc. 6. Buano,
‘ UYTO MPH pPaBHOH NJIOLIAAM HOPMAaJb-
HANPS K€ e HBIHl W JABOHHON 3y0ell AOJKHbBl HMeTb
7 pasJHuHyIO WHPHHY NoJay3ybla, uto U
HaOgoqaercs Ha onbite (taba. I,

TOoK

Puc. 6. CxematHyeckoe

u306pakeHue BJMSIHUST cros16. 2). ‘

nienku ua (GopMmy aHoj- Binsnue cKopocTH H3MeHEeHHs Mo-
Horo  3y6uma: 1 —mop- TeHIlMa/s a Ha (popmy 3yO6IOB, C TOUKH
MajbHHIL SyGell; 2 — NpH 3peHuss o6pa3oBaHHsl HEPACTBOPHUMOII

HaJW4YHUU IJIEHKH.
JIEHKH, CBOAHUTC K CO3JAaHHUIO pas-

JHUHBIX YCJAOBHH /51 00pa3oBaHMsi M PACTBOPEHHS OCAJKOB (MOCKOJILKY
HTH TPOLLECCHl MPOUCXOMASAT BO BPEMEHH).

To, uTo mepememiMBaHHe pacTBopa B AHOJHOM IHKJe HE IIOBJHAJIO Ha
(opmy caoxHOro 3ybua Mead, MOXKEL- ObITh CBSI3AaHO- C aJCOPOIHOHHOM
IPUPOJIOIT MJIEHOK, HA UTO YKa3blBaJjoch B JHTepatype [12].

BriBOIbI

1. Msyueno BaHsSHHE HA XapaxkrTep aHOAHOTO 3y0ua MeAM pas3jHuHbIX
(akTOpOB: KOHLEHTPALMH MEJH B pacTBOPE, BpPeMEHH NpeABapHTEJILHOrO
3JeKTPOJIu3a, CKOPOCTH M3MEHEHHs TOTeHIHaJja, mepeMenuBanis pacTBopa,
IPUPOJLI U KOHUEHTpPAUUH (poHa.

2. M3 KyJOHOMETpPHUECKHX PAacyeToB II0KAa3aHO, YTO CJOKHBIH Xapak-
TEP aHOJHOTO PAaCTBOPEHHA MEJH B H3yYEHHBIX (POHAX He CBsI3aH CO CTYIEH-
YaThlM OKHCJIEHHEM MeJH.

3. I'lokasaHo, yTo mpueM nepeHeceHHs 3JEeKTPOAa U3 OJHOTO 3JEKTPO-
JIUTa B JAPYrofi Moxker OLITb HCHOJL30OBAH: a) [/ NpPOBEJEHHsT Hpoiecca
HAKOIJIEHHS B 3JEKTPOJIHTE, B KOTOPOM OTCYTCTBYIOT KaKHe-JIHOO OCJI0KHe-
HUSI B KaTOJAHOM Ipoiecce; 6) /s onpeeseHHsi KOJHYeCTBa 3JeKTpuue-
CTBa, 3aTPAayeHHOTO HA BbIJEJECHHE MeTaJ/l1a, METOJAOM CTaHAapPTHOH IJIO0-
LIaJH Noj 3y6LoM.

4. O6cyK/aeHbl BO3MOZKHBIE TPHUYHHBL CJOXKHOTO XapakTepa aHOIHOIO
pacTBOpEHUs] MM H3 aMaJ/blraMbl B IEJOYHOM M KapOOHATHOM pacTBOpe M
BbICKA3aHbl MPEANno/okKeHuss 06 oOpa3oBaHMU MAcCHBUPYIOUIHX OCAAKOB Ha
MOBEPXHOCTH PTYTHOH KamJIH.
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