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BBe;nelme 

S~eKTpOMHrpanHoHHH! MeTOn, B KOTOPOM K3MePRDTCH cpe~e nO~KE
HOCTH axeMeHToB B axeKTpKqeCROM no~e, O~eHb y;nooeH ~ Onpene~e~ 

KOHCTaHT YCTOHqaBOCTH KO~eKCOB MeTannOB B paCTBOpax, npz nOCTaHOB
,e a,CnePHMeHTOB C npenapaT~ pa;nHO~OB, CBOOOJ[HHX OT HOC11ITe~eft 
1-3 • B npe~eA paOoTe MH HC~e;nOBanB nponecc ~~aa Bian) 

B KHcnHX H me~o~ paCTBopax nepxAopaTa HaTPHR, C nOMO~ roPH
SOHT~LHoro a~eKTpo~pesa HOHOB. STOT MO~~BaHHHA BaPHaHT MeTO
~ s~eKTpOMHrpaUKH, B ROTOPOM He HcnO~SYDTC8 BHCOKO~cnepCHHe HHepT
HHe MaTepHaJIIi, TUna KBapneBoro neCKa, ~ rz,n:PO,ll;HHB.Ml{qeCKO, CTaO~
Sanm'I axeKTp~a, owr paspaOOTaH B HaIIleA JIBOOpaTOPO /5-7 • HOBa8 
ROHCTPym:tRl{ s~eltTpOMllI'panBOHHOa J1I{em oOecnetnIBaJIa nOCTOJUiCTBo ~l!MH
~ecKoro COCTaBa axeKTpo~TOB 111 TeMnepaTYPHoro peEHMa B Te~elme MHoro
~COBHX nepzOnOB HSMepelmi 111 HCKmD~ BOSlmKHOBelme nOTOKOB ~OCTH 
B TpyOKe, Blton KOTOpoA ~m'aJlll:Cl> 11I0HH. 

PeaynTaTH nepBHX aRCnepl1!MeHTOB C paJ[HOBHCMYTOM nOKaa~ ne~e
cooOpaaHocTL npl1!MeHe1m8 sToA MeTO~ ~ nOCTaHOBKH mlIIpOKOro cneKTpa 
Hc~e;noBaHHa He TO~KO np.R Ha~elmH npOneCCOB ~o~aa, HO H KOMn
~eKcooopa30Ba1m8 HOHOB MeTannOB C paa~HHMH ~aMH. 

UenI>ID HacTosmeA paOOTH owro onpe;ne~eHHe C nOMO~ HaIIleH axeKTpo
MHrpanHoHHoA MeTOJ[HRZ KOHCTaHT YCTO~OCTH MOH08J[epaax KO~eKCOB 
BHCMYTa C ~pOOHOBHMH KH~O'l:aMH: ll{aBe~eBOH, <lJyMapoBoi H SlHTapHOii. 
no CpaBHeHBD C KaTHOHaMH ,lij)yrHX MeT~OB, KOMlIJIeKCH TaKOro THna ~ 
BHCMYTa Ha~eHH ~OO. QqeBl!lJ[H~ aTO CB83aHO C TPYnHOCTRMH npH 06pa
60TRe H l1IHTepnpeTanKH peSY~TaTOB SKCnepHMeHTOB, TaR KaK HCC~enOBa
HHR npOBOJ[8TCH B ~60KHCJIWC ~ HelTpanHNX paCTBOpax, rne OJ[HOBpe
MeHHO l'/,1lYT ~ nponecca: KOMlIJIeKco06paaoBalme H ~~a BHCMYTa. 
HMe~ec8 ~e no~eHH KaKZM-~60 0;naHM MeTO;nOM,H nOSTOMY HX 
npoBepKa, HaM Ka.'llteTC8, sac.nymmaeT BHHMaHW!. 

KHTepaTYPHHe ~HHHe 0 KOHCTaHTSX YCTO~OCTH KOMnneKCOB BHCMY
Ta C ~p60HOBHMH KHC~OTaMH npHBe;neHH B Ta~e I. 

3KcnepHMeHT~HBJt ~cn 

Hc~e;noBaHH8 BHno~eHH co cB060~ OT HOCl1ITe~eH pa;nHo~a
MH BHCMYTa-205 111 206. 

2 

Ta4ngua I. KoHCTaHTH YCTO~OCTH KOMnneKCOB BHCMYTa C 
,ItHKap60HOBIiMH K1/I'~OTaMl'f. 

T(K) }J. •ax-JJll:T . PaBHOBeCHM JbrTepaiH2L 'pH ' peaKUHll 19K1 19K2 19K) Typa 
(1) 29),1 Bi.3++L2-=BU+0,01 ;HC104i 2,0 6,1 /8/ 
(1) 298,1 1;KNO);2,)) Bi2L)+2L2-• (lge>2·8,)8) /8/ 

BiL2+BiL5 (lge>3 .8,15) 
(2) 298,1 );Na2S04;4,5 Bi.3++ 5HL-. (lgf.'>5 .. 16 ,5) /9/

Bi(HL)2
5 

0) 298,1 Bi.3++HL-,.);Na2S04i),O 7,56 /9/
Bi(HL)2+ 

(4) 298,1 Bi)++nL2- ..0,1; NaCI04 ; ~O,47 8,65 ),67 /10/
2,6-9,0 BiL~-2n 

(5) 298,1 0,1; NaCI04 Bi.3++ n12 10,47 8,28 3,50 /10/
2,6-9,0 BiL~-2n 

(1) - JQaBeJIeBM K1/I'~OTa C2H204 
(2) - HMO'tJlWl. KH~OTa C4%05 
(3) - BHHHaSI K1/I'CROTa C4%06 
(4) - acnapn!HoBafl HH~OTa C4H5N H204 
(5) - rRYTaMl'fHOBafl HHCROTS C H NH 05 7 2 4 

PanKOB11ICMYT roTOBRRH o6RyqeHHeM rrpHpOJ[Horo CBHHua npOTOB~I~ C 
9Heprzel 65 MgB Ha H30XPOHHOM UHKRoTpoHe Y-240 V~ AH YCep ( V~eB). 
OT,lJ;eReHlle OT CBIUma, O'fHCTKY if ,OHUeHTPJlJPOBaHlle pall;JlOBllClvlYT8 ocytQeCT
~ no ifSBecTHoi!: !!1eTo~Ke /12 • Y,lJ;eRbHaR 8RTllBHOCTh nO':S:'"fHHOT'U 
paCTBOpa 205,206Bi 3+ B 0, I M Hl'lo) 6HRS OKORO IO fER </,\11- • [; :;:;" l<T
pOMBrpa~OHH~ Tpy6RY, SsnORHeHHyn 3ReKTPO~TOM 38,lJ;8HHOro COCT8Ba, 
BBO~ 1-2 ~ 8KTHBHoro paCTBOpa~ 

CXeMaTH~eCKH KOHCTPYKUKH aneKTp0MHrpsnKoHHol R~e~KH r:OY338H8 H8 
pHC. I . .IJ:eTaJU.Hoe OrrHCSHJlJe MeTO,lllIHH 3KcrrepHMeHTa ,ll,8HO B H8!IIHX rrpe,lJ;H
~ coo6meHJIJHX /4-7/. 

BpyTTo-nO~HEHOCTb BHcMyTa H3MepstRsCb rrpH T = 298,1(1) K B CRe
~ paCTBOpax, CO,lJ;e~mHX maBeReB~, ~YMapOBYID H RHTapHYID KHC~OTH 
(H L ):2

1. 0,20 M I-f, )J = 0, 200 (2), Clr: 1 (' -+' !f 2 L 

ll. 0,05 M I-f, jJ 0,200(5), H(";a)CI04, H2L 

ill. 0,05 M W, )J = 0,250(5), H(na)CI04 , H2L, . 


B KOTOpliX KOHUeHTpaIl.H:e: e- H3MeH.HJlHCb OT °,ll,O 2.IQ-4 M, 7,5.IO-7M JIJ
84'10- M, COOTBeTCTBeHHO ,lJ;AR 8HHOHOB C204

2-, C 0 H 2- JIJ C 0 H 2-.4 4 2 4 4 4 
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PRC. I. 	CXeMa 8.lIaRTpoM.1ilJ:'PaI{il:OHHoil: 

W!a:ibm.I- CT9ltJI.flJiH8.l' 8.lIaKTpOMm'pB

naOHliM 'l'py6K8.,2 - IIaTpy6m .wm BBo

~a B 8.lIaRTpOMm'panaOHHYD TPy6l<Y Tap

MO~aT~,8.lIaRTpO~OB .wm IiISMapeHKa 

HaDpBZaHKa IiI aR'l'HBHHX paCTBopOB,3 -

TapMOCTaTHp~ KOEYX,4 - 8.lIaRT

po~a xauapH,5 - m~apH ~ no

AAU 0XJJ;8JI!,ltaDqail: BO~ B 8.lIaRTpO,IJ;

Hua RaMepH,6 - nnaTHHOBHe 8.lIeRTpo~. 

PaCTBOpi SJIeK'lPOJlll'lOB I'OTOBBJlll H8 ~C!'lIJI'JIlIpoBa.HHol BO,ne ~ 

peSImIBOB KBaJQt~ q,na l!I :n. Sa ,ltBDeHl!leM 06pasyPIfI!IX paBHO:,BeC

H~ Ol!lOTaMY l!IOBOB Bl!ICMYTS B 8.lIeK'lpoMR~OBHOI 'lpy6Ke cxe~ no 

raMMa-l!Is.nyqeHllJ) C IIOM01ltbll CllRH'l'JIJfJllIItBOBBOI'O p;eTeKTOpa. I'pa.D;HeHT 

BaIlJl.08Hl!1.fl 8.lIeK'.rpl'NaOKOI'O IIOJI'JI: ~l!I Bcex onpep;eJIeHl!l.flX IIO~epJlllB8JIc.a 

nOCTOJ!Hlll{M: 6E == IO,oo(5) B·CJ'- • 3KcnepmreHT8JIl)H8.fl SlIlI8pa~ n08

BOJl.M8 l!ISMeps.rrl> CROPOCTJ) ,nBJIl!elWI Bl!ICyY'l'S B,ll;0Jll'> Tpy6K11 (CM'O- ) • .na
JIee 9'll!! B~ l!IcnOJll'>SOBaJIl!lCl> )J;JI.fl ~cxeHHl 6pYTTO-nO,nBHZHOcTel 

( U B e)J;ll:HIII.l1iX 10-4.~c-tB-1) B Sa,ztaHl!HX Ol!lCTeMaX. 

PeSYJll'>TSTH l!I 06oY!AeHl!le 

KoMllJIeKCo06pasoBaHl!le Bi (m) C aHlIOHOM lIlaBeJIeBol KHCJIOTH. Ha pac. 2 

npHBe,neHH l!ISMepeHHHe HBMH SKCnepl!IMeHTaJIl>BBe SaBl!ICKMOCTH 6pYTTo-nop;

Bl!Il!.HOCTH Bl!IcyY'l'a U 0'1' KOJmeHTpat(ll!l C2,ol- B 0,20 M l!I 0,05 M paCTBO

pax It npH nocTommol KOBBOI cue jJ =0,200 (Cl!IOTeldli 8JIeKTpoJIl!lTOB 

I H D). KoHUeHTpat(Il!I OKOaJIaT-BOHOB paOC'llB'J.'HBaJIl!ICl> KCXO)tll l!I3 RO!OTaHT 

,IJ;BOOOn;HattHlI lII8BeJIeBol KIICXOTH: pKS1 = 3,81 l!I co 1,31 !II • QT06HpKS2 
ynPOCTBTl> pemeoe sap;a'Dt 0 BeJIl!l'DtH8X ROHCTaHT YOTOI'Dt:BOCTH OKOaJIaTHNX 

ROMlIJIeROOB Bl!ICyY'l'S, IdIi C,Il;eJIaJIB p;oItylQeoe, 'ITO ROMllJIeKOo06pasoBaHl!le 

IIPOl!lCXO,IJ;BT TOJll'>RO B COOTBeTOTBl!ll!l C pe~ (1) l!I (2) 

Bi3+ + C ° 2- K1 .. L-Bi{C ° )] + 	 (I)
2 4' 2 4 

~+ 2- K2 r; ] 
[Bi(C2041 + c2 04 --===''''r.Bi (C204 >2 . 	 (2) 

TIpe.nnoJI8raJIOOl> TaKEe, 'ITO ~yrlIe BOHN, cop;epza~eo.fl B IiICCJIep;yeldliX 

Ol!lCTeMaX,liI maBeJIeBa.fl OCJIOTa SaMe'lHO He BnHHDT as nO~OCTl> Bl!ICMY

Ta. 3TH ,IJ;onymeHJ1!.fl IIOSBOJIHJIK HanKCS'll> ypaBHeoe (3), KOTopoe yqHTHBae'l 

BJIHHHHe Ha nO~OCTl> BHCMYT8 HaK rrponeccoB KOMDJIeKco06pasOBaHll.fl, 

TaK II nmpoJlllS8, Di(m) : 
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PRC. 2. 	llo,ltBDBOCTl> pa,llJIOBIIQyYT8 6es HOCB'J'eJlI!: B BO,1tHICJ: 

paC'fBopax ~C204 - H(Na}CI0 ,)J =0,200,4 
T == 298,1(1) K. ( I. [It] =0,20 II; n - [It] =0,05 II), 
CDJloIIIHIie JIlIHIIB - paC'le'lBlfe KpJrllLIe. 

_ unH+P+u~i[~] 2+ujr~KMB+J +u4K1 [L2-J [H+P+u5x1~[L2-F ls"']3 
u .. 	 ~ (3)

[H+P+K~ [H+)2 +K~K~[~J +K~K:ix~+K1 [L2-] [H+P+K1~ [r.2-] 2 [H+] 3 

rp;e ui l!I KI (i .. 1.2,3) - nOJtBIIIIROC'llt II ROBO'l'aHTH I'Jf.1U)OJIlIS8 ~OK
COROlIIlJIeKOOB Bl!ICMY'I's; u4' uS' K1 B ~ - noltBDHOCft It ROHOTaH'I'H YC

'loI'lJlBOC'll!! MOBO- It JXJI3aMellleHHllX ROlIlIJIeKCOB C JIlIl'aBJIaMII L 2- • YpaBBeDe 

(3) MODO lIpJIBec'll!! B 60JIee ROMIIaK'lHYJ.! WoIllf3' (4) 

c1 + u4K1 [L
2-] + u5K1K2 [L2- ] 2 

u .. O2 + K1 [L2-] + K1~ [L2- ] 2 ' (4) 

rp;e IIapaMeTpi C1 It C2, OTpallaDT nponecc I'It.ltP0JIl!IS8 BltcMY'l'a: 

o 0 I [ +] -1 0 I I [ • .+ ]-2C1 a u1 + u2K1 H + U3 K1K2 n 
(5) 

o 1 + KI [H+ ] -1+ K'K' [H+]-2+ K'X!K' [H+J-32 .. 1 1 2 1 2"'"3 . 

YpaBHeHl!le {4) nOSBOJUIeT paCO'lB'J'8Tl> BeJJlr'Il.mIl nOmutllDiocTel 11 ROHCTaBT 

YCTOI'll!lBOOTH BHCMY'I'S, He nplI6eI'8JI K ~ 0 I'l!I,IijlOJIl!e Bi (m) B CHC

5 
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!'eM8X 9Jl6lt'l'POJDI'l'OB (I) lit (IT). Quo IitCnOJtI.SOBaJIOC:& AII'JI MBTeMB'J.'lI1l8CKOI 


06pa60TKH peSYJl:&TaTO~ 9KCn8paMeHTOB MeTO~M BaBM8HLmBX KBaAPBTOB 

no IJpOrpaMMe MINUI1 J.3/, npB paC1I6Te Ha 3BII 000-6500 m6CD co,n:epq


.-xes B H8M B6litSB6CTBHX DBpaMeTPOB. P83YJl:&TaTH paC1I8TOB npBBe.n:6HH B 


Ta6Jmne 2. Ha pilC. 2 CIUlOIllBHllll JIIIJIl'UtMI[ nOX8SaHH paoc'III'l'8HBlile 0 IIC


nOJtI.SOBaBlit6M ~eHHHX DBpaMeTPOB xpIIBHe, KOTOpH6 xopomo OOBnanamT 


C 9KonepxMeHT8Jl:&BHMH T01lX8Mlit. 


Ta6J.!11J.!a 2.BeJlll."lIilllH DBpaMeTPOB B ypaBBeBlitlit (4), JIOJIf'I8BHH8 B pe


sYJl:&TaT8 MBT8MB'J.'lI1leCKOI o6pa60TKH 8Kcn8p&MeHTaJI:&BBX 

saBilcDIOo!'el il = f ( [C2~-] ) B CBCTeM8X 8Jl8K'l'poJIJI

'.l'OB (II).(IJ H 

UPII [L -]= 0, uBi(m) (I) =+5~64t4).IO-4~c-IB-I:
1

\\B1(m) (n) =+5,OO(7)j1O-4C1f'C- B- ; cf II ~ 
paCC'III'l'aHH no,n:8HBIiIM 4. 

CP8,ll;1i.I(O,200M W) U(0,051J4 W)llapaMeTP 

19 KI (K
I 

.1I:np.MO.'/I:&-.L) 7,67(2) 7,40(7) 7,6f)(8) 

4,92(2) 4,81(7) 4,8l(2)19 ~(~ ~TP·MOJtI.-I~ 
2 12,59(34) 12,21(13) 12.46(5)19 /62. (~2. JIJlTP MOJl:&- ) 

+2,26(5)+2,24(II)+2.26(4)U~(C204)J+(IO-4CMfc-IB-I) 
-I,I8(I5) -1,63(64)-2,55(21)U~(C20 )~-(IO-4cy2c-IB-I) 

C (Io-\c c-IB-I ) 6,68(4) 10,33(8)I 

cf 
 (IO-4m,r2c-I B-I ) 
 7,906.34 
1,184(8) 2,064(18)C2 

1,9021,205~ 
H.s ,n:8.BJIHX !'a6Jmntl 2 CJl8.IlYe'1', 'Cl'l'O AII'JI 06em: CBCT8M (1 lit U) noJIY

1I6HH OJDI1UCIe BeJIB1DIHII KOBCTaB'l' YC'1'Ol:qoocD KI ~ B nO,ll;BllllBOOD KOMIl

JleXCBoro X8DOHa [Bi(C20 )]+ • Ho no,ItBDHOCT:& aBlitOHa [B1(C204 lJ'B OHO
4 

T8M8 n B,n:l108 mure, lIeM B OBC'1'8Me I. nepBaJI BeJDl1lJlB8, no-:mt,n:BMOMY ,n:OC

TOBepHel, TaE X8K B CIitCTeMe U MaKOBMaJl:&HaH KO~eHT~ C20~- sa no
ps.n:OK BI:IIIIe, lIeM B ClitCTeMe I: 1,99.10-4 M H 1,24.10-5 M H, CJle,n:OBaT8Jl:&

HO, mape '1'a o6JIaCTl> KOHlleBTpanltl KOMnJI8KOo06pasOBaTe.rut. B KOTOpol sa 

pesYJl:&TaTax IitsMepeBHI OKOPOC'1'91 MBrPSnRIit BIIcMYTa CX8SHB8eTCK 06paso

BaH116 KOMIUteKOHOro aBlitOHa. 

BeJIJl."IIiIlI cf II ~ B Ta6Jl:Bne 2 paOC'III'l'aHH no .n:aHHllM 0 ItOHO'1'aB'l'ax 

H nO.n:BDHOCTr npo.I\YK'l'OB l'B,IijlOD8a B1 (m) B nepx.nopaTH'HlC paCTBopax C })J = 0,25 /4 • Bll.n:Ho, 11'1'0 pesYJl:&TaTH l!BYX pa60T, B KOTOpH.X B3111aJIJIC:& 

AII'JI saKJl])'qeHH.A: 0 TOM, 11'1'0 paCO'lll'l'aBHHe Be.mr<IllHll 1I0,n:BmIIHooTel H KOHC

TaBT YC'1'olNimOCTIit KOMnJIeKcoB'[Bi(C20 )n]<J-2n) , n = 1,2, BepOKTHo4 
6JIJIsKH K BCTBBHHM, HeOMOTpJI Ha yTIpo1lteHHy'l) MOlleJI:& IJpO!(eCca, Bli6paBlfYll 

AII'JI 06pa6oTKIit 8XCII6p&MeBTaJIbH'HlC .naHHHX. 
C ,IUlyrol CTOPOHH, pesYJl:&Ta'l'll sacTomqe:l!: pa60TH MODO paCCMaTPK

BaT:& H KaK ,n:onOJllD[T~Oe IIO,n:TBe~eHlle npaBltlll.HOCTB .n:aHHHX 0 npo.J1Y1t
Tax I'B,lij)OJDI3a BIIclQ'Ta 4/, IIOJlf1le~ ,eTo,n:oM 8J1eK'l'poMHrpaIt'llll. 

PacClIHT8HBlile B8MJI B npe~1 4 lit HacTOJDQel pa60Tax no.n:BBllROo
TIit Bi3+. [B1(C20 >]+ lit [Bi(C20 4 )2] - 06sapyJIJIBaJ)T lIeTttyI) JIllHelHyJ>4
S8BIICIitMOCT:& BeJIlAIitH 0'1' saps.n:a Iitosa (plitc. 3), 6JIJISKYJ) K saKORY C'l.'OKCa, 

KO'1'OpWI npBM6BllTeJl:&HO K .n:aHHOMY c.nyqaJ) MOJIlIO saIllitcau B c)Je.n:y:DQe:l!: 
tIlopye (6): 

(6 )uq.B1(C ° )J3-!n> • Const· z[ ( 0) ] O..I!n)t 2 4 
r,n:e n =0,1,2. 

T 

{ 
~ 

'Ir' 
_utAr 
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·'~',I 
• 

B1 C2 4 n 
~ ) 

PIle. 3. 	IIo,n:BllllROc'J,'I. Bi 3+ ,[Bi(C204) ] + lit 

[B1(C204 )2 J - B SaBIitC¥MOCTB 0'1' 

aaPH.n:OB HOHOB. 

&10 noaBOMeT c,n:eJIaT!> IIpe~OJIOl!eBlle, '11'1'0 

pacCMBTpzBaeMYe HOHH HMeM B BO.lllDiX paCT

BOpax 6JIJIaKl1Je pa.ltI!yCLl lit A1IJ:l HBX OJmSKI1J Be

J.lliI'IIitBH MJIKPOBmlKOC'l'R a.JIeKl'poJIJlToB. AH8Jlo

rJI'llHHe S8BIICIitMOCTB ~6.m.n:aJmC:& TaMe llPY
rIitMIit aBTOpaMB / 2,14/. 

KoMIUlexcoodpasoBaBlite Bi em) C aHHOHaMH KHTapHol H WyMapoBOI 

!9!9:!Q! 
PeSYJIDTaTH 9KCneplitMeHTaJIbHOI'O onpe,n:eJJeHBH 6PYTTO-nOllBllllROCTel 

B1(m) B a.neKTpOJDI'l'ax, co,n:eJlll8~ pasJDrqHHe KOHlleHTJ?8I@f aBHOHOB 
(C4H404 )2- - ClitOTeNH aneRTpOJIJlTOB (I) lit (n) H (C4H204)2-- CHCTeMY 

aneK'l'poJIJIToB (II) lit (m) nOKaS8HH sa p!itcymcax 4 lit 5. IlPH paClieTe KOHC

TaBT YCTomBOCTB CYKf,tIH8THblX !II tJlYMapaTH'HlC KOMlIJIeKCOB MIl IitCXO.n:BJIH IitS 

Mo,n:e.neil Dpo!l6000B xOMnJIeKco06pasoBaHH.A:, aH8JlOrJI"UD:IX '1'01, KOTOpaK dHJIa 

!IplIHSITa .n:JIII OKC8Jl8THHX HOHOB (ypaBHeHH.A: I H 2). MaTeMaTneCK8Si odj;la

dOTKa DpoBe,n:eHa IIO IJpOrpaIIIoIe MINUlT, B COOTBeTCTBIIll 0 ypaBHeBlleM (4). 

IIocKOJl:&Jty H ifJYMaPOBaJl, lit KHT~H8K ?CJlOTH O'leH!> c.nadHe: p/O 32 
paB~ 7,41 H 9,08 COOTBeTCTBeHHO 5,16, TO B IitOCJle,n:oB8HHHX BaMIit CIitC-

TeMaX 8JIeRTpoJIHTOB IitSMeHeHIitK 6PYTTO-nO,n:BKXHOCTel BHCMYTa onpelle~c:& 
nC)Jl;Bl'llHOO'!'ll IIOHOB BIIoMYTa B paO'l'BOpax paSJlII1IHoro XIIMII"IeCKOI'O COO'1'aBa, 06pasOBaHBeM KOMIIJIeKCHblX KB'l'ROHOB [B1L]+ • Ilo&TOMY B ~OM CJIY1I8e 
COrJIaoy:m'CK II8lUIY c0601. an 8Kon9pJD19BT8Jl:&HH9 llaK'l'Lt .n:a:m OOHOBaHlle ,IIJl.Il DpoBe,n:eRll.fl paClIeTOB IIO IIporpaMM6 IONUlT, Tpe60BaJIoc:& B ypaBBeBlitlit 
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PHO. 4. IloJtBmaiOCTl> p$,ItIIlo- ~ ....fT--;---------;=====:l 

IT 

BKCyYTS 6es HOCRTaJIH B BO,D;-~¥ --. ~-1-i- -+-4 i 
HHX pacTBOpax C4Hs04- I U j r -joi
-H(lia)Cl04> JA= 0,200 M, 1 t i +!! 1" 
T = 200, HI). (1. [If*"]= '" lt4-~-11\&0 

= 0,20 Mi II. [If*] = 0,05 Ml 	 t 
CWIollllWe JlllmiiI - paclleTHHe •• 

Kpmme. 

4.0 

as 

t 
3.0 

13 11 	 n .. • 1• 
-Ig[~ 

(4) 	nO,D;BHZBOC'l'1lM ROMDJIeKCJIHX HOROB U[BiLn]J-2n f n'" 1.2 npHDHC8Tl>
4KOHKpeTHL1e BeJDfCIlI.IDo[: UO[pnt= +2.25(25FIO- o..zc- B-1 II UO[BiL2r" 

= -2.0(1,0)·10-4~c-IB- • 0HJt ~ BH6paBH H8 OCHOBSHlIH npe,D;DO~o.a
rom 0 '1'OM, 'l'l'0 ROMlIJIeRCHLIe 1l0HLI BJlCyY'1'8 C .ltllR8pCSoHOBllMl! KHCJlOTaMB 'l'iI 

na. [BiL]+ H [Bi~J- DIem 6JIilaltRe no)tBBllHoc'l'JI B paC'l'BOpax 9~eKTpoJIIITOB 
C O,lJ;i1H8ROBHMH HJIiI 6JI11alOlMH HOHHL1Yll ClIJI8MJI. PesYJD.TS'fIi paClleTOB n}lHBe
,lteHLI B Ts6m!:n;e 3. IIpeZJte Bcere OJIe,D;yeT O'l'Me'l'il'1'l>. llTO lt8K ,JtJIIi c~

HSTHHX, TSR H ,JtJIIi <lJyMapaTHHX ROMIIJleRCOB BBCMj"l'S nOJJ:YlleDN 6JIilsKHe 

BeJIH'D!lBN K1 • B paSJIi['qHHX no COC'1'SBY paOTBOpax. BpY'!'TO-no,n:emmoOTH 

npH[L2-J= 0 nOJJ:YlleHl:l npa~ecKH TaKHe .a. ~ • B ~e~eBo
KHCJII:lX paC'1'BOpax HJII[ pacc'D!l'l'aHHHe DO ,D;8HHHM pa60TH 4/ • 

8 

Ts6.nmrR 3. 	BeJIll"UIHLI Kr H UBi(Jn) (npH [L2-J = 0). paoO'D!lTaHHLle B 

pesY~T8Te MaTeMaT~eoROI 06pa60TKH SKCnepBMeHT~HHX 
saBKoDlocTeI uat ( [L2-J ). r,D;e L2- ROHIJ;eHTpaQlUl 8Hl10HOB 

JlHTSPHOA (C404H42-) H <lJyMapoBOI ltROJIOT (C404~-) B 

CHCTeMaX aJIeRTpoJIIITOB r. n H ID. 

PSCO'D!lTSHHI:le B CHCTeMaX 9~eRTpoJIIITOBIKitOJIOT8 Cpe,lUi.BeJIH'D!lHLI 
ITI I ill 

IiHTSPHa..Il: l8K1 (K1 JIIITP·MOm.-1 ) 9,07(7) 8,27(9) 8,67(48)-

+5,68(10) ·+5,04(10)uBi(III} -
(IQ-4 ..z -1B-1)c c

~poB8Sl 19K1(K ~p'MO~-1) 6,94(10) 6,86(20) 6,90(20)-r 
-
 +4,96(10) ft4,74(1O)
uBi(IIIJ 

(10-4C..zc-1B-1) 

CllJIOlllHHMH .lIHHH.FI:MH Ha pHc. 4. H 5 DOlt8S8HLI samtCHMOCTH uat ([L~- J). 
paoo'D!l'l'aHHHe no cPopyY~e (4), C HCDO~SOBaHlleM D8paMeTpoB, DOJIY'IeHHl:lX 

npH IoIBTeMBTHlleCROA 06paCSoTRe 9KCnepBMeHT~HHX ,D;8HHHX. KaIt BH,D;HO, 

KPKBHe Y,D;OaneTBOpHTex&HO COB~ C 8ltCnepHMeHT~HLIMH TOllRaMB. 

HOOJIe,D;oBaHHe ROMnneRCo06pasoBaHBR BHCMYTS C <lJyMapoBOA ltROJIOToA 

~o npoBe,D;eHO B ~yx paOTBOpax 0 DOCTOSHHOA KHOJIOTHOCThm 0,05 M~ . 
H pas~ BeJIll"UIH8MIiI HOHROa CHJIH. B DOOJIe,D;HeM OJIY'Ise, lt8R H OJIe,D;o

~o aKl,D;STb. H8~eTCR HeROTopaR TeH,D;e~ R YMeHbmeHHm 6PYTTO

DO,D;BHZBOCTH BHCMYTS. 

3aJumqeHlle 

HsMepel:ll1e cROpocTeA s~eKTpOMHrpaUJillI (T = 298.1 K) cBo60,D;Horo 

OT HOCHTe~ pa,D;HOBBCMYTS B paCTBopax ~pCSoHOBUX KHOJIOT ( H2L)
maB~eBol. <lJyMapoBol H JlHTSPROI - nOSBO~ n~Tb 9KCnepHMeHT~

DNe S8BBCHMOCTH 6pYTTO-nO~ocTel HOHOB BHOMYTS OT ROHIJ;eHTpaUJillI JIiI 

rsH,D;8 U.t([L2-]).MaTeMB~eOlt8R 06pa60Tlt8 8TKX SSBHOHMOCTel MeTO,D;OM 

H8BMeHldllBX KBa.JU)8TOB 6wm npoBe,D;eHa HCXO,D;R H8 MO,D;e~bHHX npe,D;CTaBJleHllA 

o paBHoBecHHX npoueocax ROMnneKOo06pasoBaHBR H rH,D;poJIiIss BBCMYTS B 

HsytmeMWC CHCTeMaX. B;,um paCC'D!lTSHLI ope,D;RHe BeJIl!'D!lHH nepBOI H BTopol 

RORCTSHT yCTO~OCTH B no~ocTel OKcanaTHHX ROMnneKCOB BBCMYTa: 

18 K1 = 7,65(8) H 19~ = 4,8H2); U[Bi(c.oll + = +2,26(5) 

ro-4c..zc-1B-1 it ULBi(C204)21=-I.63(64) IO~4tJc:!c-IB-I, (fA =0,20); 
nepBhle KOHCTaHTI:l 0YKlUIH8TBNX 19 KI = 8,67(48) (f =0,20) H !llYMapaTHliX: 
19K1 = 6 ..90(20) ( P. =0,20 H 0,25) lWMl1JIOKCOB BHCMj'Ta. 

i) 



Bee BeJllt1DDIIi paRee He OIIpe,lt8J1J1J1l11C:D, ltpOMe Kl ~ OJtC8.JI8TlIIllC 

ltOMWf8ROOB. PaCC'!:B:'I'8HJI8JI: B8MIiI BeJDI1DIHa DO'li'll H8 .ltB8 DOPJDUta 60Jtld11e 

DpHBe,lteHHol B TaClJJln(e I. Bepo.lt'l'HO, CTOm. OytlleC~e~lOe paoxoJl,lt8oe 

CBRS8HO C H8,ltOC'I'aTO~O nOnHHM yqeTOM B pa60Te 8 npo~ecoa ~a. 
llo,ltBHUloCTJI JIIOHa B13+ JII ero OKC8JJ8TlIIllC ltOMIiJIeRCOB 06Hapy.DB8I)T 

mmeflH;yJ) SaBJIIOJI(MOCT:D 0'1' saPfl',lta JIIOHa, XOTOPYll MODO npB/.1.lJ:JI(QHHO ODJII
08Tl> ypaBHeHJlleM 

UO[B1(C204)~2n • 1,9'(3-2n), r,lte n. 0,1,2, 
'l'!'0 nOSBOMeT IIpeJ(lIOJIBl'Q'I':D dJIi[s1CII8 BeJIJII'lllHfl pa,oyOOB JII IDIltpOBRSxooTel 
9JIeK'l'poJIJllTOB ~ 9TJIIX JIIOHOB. 

ABTOpil 0'lQ!'l'8Jl'l' OBOJD,f DpJiI.Il'l'HIiM ,ltOJIl'OM B!ipaSHTl> 6JJaroMPSOCTl> 

B.A.Are8D1, .m;\esso Itpe,ltocTammmeMY 06JIy'q8HHH8 npoTOHaMlt 06pasD,!>I 

~. a TaKKe A.M.AKBMOBoA JII B.H.C06~eB1 sa 60~ TeXRJll'leCKYm 

DOMOIIIl> npB DO.JtrOTOBKe JII IIpOBe,lteHJlll: 8RQDepBMeSToB. 
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Pem cJ>. H ;o;p. PI2-86-272 
3neKTpOMHrp~HH HOHOB pa;o;HQHYKnHAOB 6es HOCHTeneH. 
KOMnneK~ BHCMYTa B BOAHWX pacTBopax ~aBeneBOH, 
~YMapOBOH H HHTapHoH KHcnOT 

3neKTpOMHrp~OHHMM MeTO;O;OM HSMepe~ nOABKEHOCTH pa;o;HOBHC
MYTa 6es HOCHTenH B BOAHMK pacTBopax AHKap6oHoBWX KHcnOT: ~a

BeneBoH, ~YMapoBoH H HHTapHoH. MaTeMaTHQeCKaH o6pa6oTKa 3Kcne
pHMeHTanbHMK AaHHb~ nOSBOnHna paCC~TaTb cpe;O;HHe BenH~~ KOH
CTaHT yCTOH~BOCTH H nO;O;BIDKHocTeH KOMIIJIeKCHMK HOHOB [BiLn ]S-2n 
PaCC~Ta~ ;o;JJH OKCanaTHMK KOMn:J1eKCOB 19~ = 7,68(8), IgK 2 
= 4,81(2) H UO[Bi(C 20 4)]+ = +2,~,6(5)1O-4 CM 2C- 1 B-l 
° 	 -4 2 -1 -1

U[Bi(C ° ) ]-= -1,63(64)10 CM C B ; p. = 0,200; ATIH CYKIJ;H
2 4 2 

HaTHblX H ~YMapaTHWX KOMnneKCOB IgK 1 = 8,67(48), p. = 0,200; H 
19K 1 = 6,90(20), p. = 0,200 H 0,250 COOTBeTCTBeHHO, T=298,1 K. 

Pa60Ta BwnonHeHa B ITa6opaTopHH HAepHMK npo6neM OHHH. 

fipenpHHT 06:t.eAHHeHHoro HHCTmyr, lI,lJ,epHhIX HCCJle;o;OSaHHii. JIyfiHa 1986 

nepeBOA O.C.BHHorpa;o;oBoH 


Rosch F.et al. PI2-86-272 

Electromigration of Carrier-Free Radioisotopes. 

Bi (III) Complexes in Aqueous Solutions of Oxalic, 

Fumaric and Succinic Acid 


Ion mobilities of carrier-free radiobismuth 205.206 Bi in 
aqueous solutions of dicarbonic (oxalic, fumaric and succinic) 
acids have been measured using an electromigration method. Ma
thematical treatment of experimental data allowed one to ob
tain mean values of complex formation constants and individu
al ion mobility of the complex ions [BiLn ] S-2n. Values of 19K1= 

i=7.68(8),lgK2 =4.81(2) andU[Bi(C
2 

0 
4 

)}+ =+2.26(5)10- 4cm2 g \o-1 

U[Bi(C204)21-=-1.63(64)10-4cm2s-1v p.=0.200, for oxalate 

complexes; IgK 1 =8.67(48), p. =0,200 and 19K 1=6.90(20), p. =0.200 
and 0.250; for succinate and fumarate complexes, respectively, 
have been calculated; T=298.1 K. 

The investigation has been performed at the Laboratory of 
Nucleat:- Prohlems JINR .

I'repnn"t ot tn~ Tomt Institute for Nuclear Research. Dubna 1986 


