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3KCTPAKIJ,MH TPOMHhIX MOHHO-ACCOU,MMPOBAHHhIX 
KOMllJIEKCOB HMOliMH (V), OliPA30BABIIIMXOI C IIOJIMcDEHOJIAMM 
11 XJIOPM)),OM 2-(4'-MO)),cDEHMJI)-3-(4"-HlITPOcDEHMJI)-5-cDEHMJI-TETPA-
30JIIUI 

AJlCKCaH,Ilp AJlCKCaH,IlpOBa , CTCIPKa KOCTOBaa 11. OJl,llP)l(HX HUBpantJId 

" KarPe,)pa HeOcpOIIUlieCKOU XUMUU, 

YII1I6epCUmem 11M. XU.1eJ/()apcKo2o, 4000 ll.!1060U6, EiO.!l2apu.Q II 

" Karfjeopa lIeOi'paHII'IeKOii XIIMUU, Yllu6epcumem fl. E. llYPKulle, 61137 EiPHO, CfCCP 

DocTynHJIO B pe.naKI..\HJO 7. <!leBpaJIli 1985 

CnCKTpo<!loToMeTpIPleCKHM H pa.nHoMeTpH'IecKHM MeTo.nOM HCCJIe.nOBaHO pacnpe.neJIeHHe HHO-

61l1l(V) Me)J(.ny BO.nHOit <!la3oit, co.nep)J(al.I(eit XJIOPH.n 2-(4' -Ho.n<!leHHJI)-3-( 4" -HHTpo<!leHHJI)-5-<!JeHHJI

-ICTpa30.'1HlI (I1HT), nHpOKaTeXHH HJIH 2,3-.nHrH.npoKcHHa<!lTaJIHH B npHCYTCTBHH cePHOH KHCJIOThI 

Ii OrpaHH'IeCKOH <!la3oit, co.nep)J(aIl..\eH XJIOPO<!lOpM. YCTaHOBJIeHO, 'ITO B OrpaHH'IeCKYJO <!la3Y 

BXOi.\IlT HOHHO-aCCOl..\vlHpOBaHHhlit KOMnJIeKC THna (I1HT) NbO (nOJIH<!leHOJI}z H onpe.neJIeHhI 

COOTBCTCTBYJOll..\lle KOHCTaHThI 3KCTpa}(UHH, pacnpe.neJIeHHlI H YCTOit'lHBOCTH .naHHhIX KOMnJIeKCOB. 

l;JJ KOMlIJlCKCHbIX COC,IlIfHeHMll Hlf06MH oco6oc MCCTO 3aHlfMalOT TC C OPTO,llIfIPCHO

JTaMH I - 3• YCTaHOBJlCHhI YCJlOBIHI KOMlIJlCKCOo6pa30BaHlfH C 1Il1pOKaTCXl1HOM IfJlH 

IIHpOraJIJlOJlOM B lIPHCYTCTBlf1f nlfppOJlIf)J,HHTIfOKap6aMaTa, N-6CH30HJlIPCHHJl

IHil,pOKCMJlaMIfHa, KynIPCppOHa4 , )J,lfaHTHnHpHJlnpOnHJlMCTaHa 5 , CI.,CI.'-,IlHnHpl1)J,HJla 6 , 

LICTBCPTIflJ.HbIX aMMOHlfeBhIX H IPOCIPOHHeBhIX COJlell7, ~-,IlIfKeTOHOB H a~HJlnHpa-
30JlOHOB8 . 

B -'lpYflfx HaWMX 3KCTpaKQlfOHHbiX IfCCJle)J,OBaHHHX 6blJIa YKa3aHa B03MO)l(HOCTh 

XapaK rCpH30BaTh 3KCTpaKQlfH H YCTOlllJ.HBOCTH TPOllHhlX IfOHHO-aCCO~MlfpOBaHHhIX 

KOMlIJleKCOB Hlf06lfH C HeKOTOphlMM OpmO-,IllflPeHOJlaMH H 2,3,5-TpHIPeHHJlTCTpa-

10JlHOBbiM XJlOPH)J,OM9 - 11 • 

L1,CJlb HaCTOHIQell pa60ThI CneKTpOIPOTOMCTpHlJ.eCKH H pa)J,IfOMeTpHlJ.eCKH onpe)J,e

JlHTb OlITHMaJlhHhle YCJlOBIfH 3KCTpaK~1f1f HII06lfH (V) B npHCYTCTBHH nlfpOKaTeXHHa 

If 2,3-,Ill1rlf;:J:pOKCHHaIPTaJlIfHa, xJloplf)J,a 2-( 4'-lfo)J,lPeHHJI)-3-( 4" -HHTpOIPeHHJI)-5-IPeHHJI

-TeTpa30JlIfH (HHT) H3 cepHOKIfCJlOll Cpe,llbl H xapaKTepH30BaTh cooTBeTcTBYIOII.I,He 

paBHOBCCMH KOHCTaHTaMIf 3KCTpaK~HH, pacpe,lleJleHIfH H aCCOQHa~HIf. 

:) KCDEPMMEHT AJlbHA.H qACTb 

Pcal CHTh! H annapaTypa 

CCPIIOKIlCJIble paCTBophI C KOHl..\eHTpal..\HeH 1,82. 10- 3 Mon/JI no Nb rOTOBHJIH cJIe.nYJOII..\HM 06pa-
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30M: Nb2 0 S (<I>JIYKa, illBCfil(apliH) HarpeBaJIH B nJIaTHHOBOM THrJIe C KOHL(. HF Ii 9 MOJI!JI H 2S04 

(I : I), BbmapliBaJIH ,0;0 6eJIoro .ob[Ma, OXJIalK.oaJIH H paCTBOpHJIH B 9 MOJI!JI H 2S04 , 

PaCTBOp 9SNb B 0,9% ll(aBeJICBOfi KHCJIOTe (CCCP) y.oCJIbHOfi aKTHBHOCTH 410 MBq/CM3 IlHOCHJIH 

B HH.oHKaTopHbIX KOJIH'ICCTBaX K BblwcYKa3aHHoMY pacTBopy Nb, HarpCBaJIH .00 pa3pywcHHlI 

OKCaJIaTHOrO KOMnJIeKCa HH06HH H .oOJIHBaJIIi .00 onpe.oCJICHHOrO 06bcMa C 9 MOJI!JI cepHofi KIiCJIO

Tofi. 

IllipoKa TCXHH (IlK), 2,3-,LIlirH,LIpOKcHHaqlTaJIHH Cll;rH), 2-(4' -HO,LIellCHIiJI)-3-( 4" -HIiTpoellcmm)

-5-<PeJIlIH-TeTpa30JIHYM XJIOPH,LI (MHT+, CI-), (BCC <l>JIYKa, illBefil(apHlI), cepHali KHCJIOTa H XJIO

POellOPM 6bIJIH ,,'1.,LI.a.". 

B pa60Te HCIIOJIb30BaHbI cneKTpoelloToMeTp C<I>-16 (CCCP), annapaT ,LIJIll BCTpaXHBaHHlI This 2 

(r .a:P) H pa.oHOMCTpH'IeCKali annapaTypa LB-2040 (Bcrthold, r<l>P) C KOJIO,LIl\OBb[M Cl\IIHTHJIliTOPHb[M 

,LICTCKTOPOM SZ 50N 8SF!2E. 

Cnoc06 pa60Tb[ 

B 3KCTpaKl\HOHHb[e np06HpKH BHOCliT paCTBOpb[ H1i06Hll, nOJIHelIcHOJIa H MHT Ii C nOMOIl[bIO 

CCPHOl!: KHCJIOTb[ ,LIOBO,LIliT ,LIO OnTHMaJIbHOfi KIiCJIOTHOCTH . .a:OJIHBaJOT ,LIHCTHJIJIlipOBaHHOII BOAOM 

AO 10 MJI, npH6aBJIliJOT paBHblfi 06bCM OpraHH'ICCKOrO paCTBOpliTCJIli H 3KCTparHpYJOT 15 MHH 

Ha annapaTc ,LIJIli BCTpaXHBaHHlI. Ilpe,LIBapliTeJIbHble HCCJIC,LIOBaHHlI nOKa3aJIlf, 'ITO 3TO BpeMli 

3KCTpaKl\HH BIIOJIHe ,LIOCTaTO'lHO, '1T06b[ ,LIOCTurHYTb 3KCTpaKl\IiOHHOro paBHOBCCHli. IToCJIe paCCJIaIi

BaHlili elIa3 OpraHH'ICCKHfi CJIofi OTACJIliJIH OT BO,LI[1OrO H H3MepliJIU OnTU'IeCKYJO nJIOTHOCTb Ha 

C<I>-16 B KJOBeTe C B = 10 MM. Kor,LIa IiCIIOJIb30BaJIH pa,LIHOaKTHBHbIC paCTBOpb[ HH06HlI, nOCJIe YCTa

HOBJIeHHlI paBHOBCCHli oT6HpaJIH 113 KalKAofi elIa3bI paBHb[e 06bCMbl B aMnYJIaX ,LIJIli H3MCPCHIIll 

pa,LIIiOaKTHBHOCTH H onpC,LICJIliJIH K03el1el1lil\lIeHT pacnpe,LICJIeHlili HH06HlI. M3-:m Hc60JIbillOM paCT

BOPHMOCTIi .a:rH, cro BHOCHJIIi B CHCTeMe C OpraHH'ICCKHM paCTBOpHTeJICM. 

PE3YJIhTAThI II IIX OI)CY)K,lJ,EHIUl 

IlPH B3aHMO,ll;eiicTBHH HH06ml C IlK HJIH ~rH H I1HT 06pa3YIOTc5I HOHHo-acco

I.vmpOBaHHbIe KOMIIJIeKCbI - Opraml'IeCKHe 3KcTpaKTbI, KOTopbIe oKpaIIIeHbI B )l(eJI

TbIll: U;BeT. YCTaHOBJIeHO, ':ITO OHH XOPOIIIO 3KCTparHpYIOTC5I B XJIOP0<P0PM HJIH 

,ll;HXJIOp3TaH: CTelleHb 3KCTpaKU;HH Nb-~rH-I1HT 98,9% C XJIOP0<P0PMOM H 93,2% 
C ,ll;HXJIOp3TaHOM; ,ll;AA Nb-IlK-I1HT 98,0% C XJIOP0<P0PMOM H 98,5% C ,ll;HXJIOp3Ta

HOM. B HaIIIHX ,ll;aJIbHell:IIIHX HCCJIe,ll;OBaHH5IX 3KCTparHpOBaJIH XJIOP0<pOPMOM 

OH y,ll;06eH H 110 ClleKTpaJIbHbIM IIpH':IHHaM (He60JIbIIIOll: XOJIOCTOll: OllbIT). 

B ClleKTpe 1I0rJIOIQeHH5I XJIOP0<popMHoro 3KCTpaKTa HHOHHO-aCCOU;tUlpOBaHHbIX 

KOMIIJIeKCOB HMeeTCH O,ll;Ha 1I0JIOCa CAm .. = 400 HM ,ll;JIH Nb-IlK-I1HT H ;.max = 
= 390 HM ,ll;JI5I Nb-~rH-I1HT; ,ll;aHHble BOJIHOBbIe ,ll;JIHHbI 6bIJIH HCrrOJIb30BaHbI 

TO)l(e Ha pIfC. 1- 3. 

KHCJIOTHOCTb BO,ll;HOll: <pa3bI HMeeT cYIQeCTBeHHYIO pOJIb ,ll;JI5I nOJIHOrO H3BJIel:leHIfH 

HH06HH(V). Ha pIfC. 1 npe,ll;CTaBJIeHO ee BJIHHHHe Ha 3KcTpaKU;HIO; OHa MaKCIfMaJIbHa 

B cpaBHHTeJIbHO IIIHPOKOM HHrepBaJIe Ha':IaJIbHbIX KOHI.J;eHTpaU;Hll: H 2S04 : 0,09 - 1,4 
MOJI/JI ,ll;JIH Nb-IlK-I1HT H 0,09-1,2 MOJI/JI ,ll;JI5I Nb-~rH-I1HT. 

Ha pHC. 2 H 3 npe,ll;CTaBJIeHbI B03,ll;ell:CTBHH KOHu;eHTpaU;Hll: nOJIH<peHOJIOB H peareHTa 

I1HT Ha OnTHl:lecKYIO llJIOTHOCTb XJIOP0<P0PMHbIX 3KcTpaKToB HOHHbIX accou;rraTOB 
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3KCTPaICU;RJI KOMflneKCOB HK06HJI (V) 
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PRe. 1 

3aBHcHMoCTb OflTH'lecKoii. nJIOTHOCTH opraHH

'IeCKOH «Pa3b! OT KHcnOTHOCTH BO)lHOil. «pa3b!. 

1 4.10- 1 Monln IlK, 3,6.10- 5 MOn!n Nb, 
6.10- 4 Monln HHT, A. = 400 HM; 2 5.10- 3 

MOJIln LJ,rH, 1,8.10- 5 MonlJINb, 5.10- 4 

Monln HHT, A = 390 HM 

A 

01 

o 15 

PHc.3 

JaBHCKMOCTb OflTH'lecKoil: nJIOTHOCTH opraHH-

1fecKOii. «pa3b! OT KOHu;eHTpaU;HH peareHTa 

HHT. 1 5. 10- 3 MOJJ/JJ LJ,rH, 9,1. 10- 6 

MOJJ/JJ Nb, 0,9 MOJI/JJ H 2S04 , A. = 390 HM; 

2 4. 10- 1 MOJJ/JJ IlK, 1,8. 10- 5 MOJJ/JJ Nb, 
0,9 MOJJ/JJ H2S04 , A. = 400 HM 
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PHc.2 

3aBHcHMoCTb OflTH1feCKoii. nJJOTHOCTH opraHH-

1feCKoil: «palb! OT KOHl\eHTpau;HK nOJJH«PeHO

nOB. 1 LJ,rH: 9,1 • 10-6 Mon/n Nb, 5. 10-4 

Mon/n HHT, 0,9 MOJJ/n H 2S04 , A. = 390 HM; 

2 IlK: 1,8. 10- 5 Mon/JJ Nb, 6. 10- 4 Mon/n 

HHT, 0,9 MOJI/n H2S04 , A. = 400 HM 

log" 

-1 

PHc.4 

3aBHCHMOCTb K03«p«PHI.\HeHTa pacnpe,LIeneHHJI 

HlI06HJI OT Ha1fanbHoii. KOHu;eHTpau;HH nOJIH

«PeHOJIOB. 1 LJ,rH, 2 IlK; cNb = 7,2. 10- 6 

MOJI/n, CH2S0. = 0,9 Mon/JJ, CHTH = 5. 10- 4 

MOJI/n 



2372 ArreKcaH}J,pOB, KOCTOBa, HaBpaTlIJI ; 

Nb-llK-I1HT H Nb-.LJ:rH-l1HT. BI{,n;HO, 'ITO OHI{ HaXO,n;SITCH B ,n;OBOJIbHO 60JIbmOM 

H36bITKe B HCCJIe,n;OBaHHbIX CHCTeMaX. 

COOTHOllleHHe OT,n;eJIbHbIX KOMrrOHeHTOB, orrpe,n;eJIeHHOe C rrOMOlll.blO MeTO,n;a 

C,n;BHra paBHOBeCHH (pHC. 4, 5), OKa3aJIOCb paBHbIM Nb : TIK(.LJ:rH) : I1HT = 1 : 2 : 1. 
3TO rro,n;TBep,n;I{JIOCb MeTo,n;OM H30MOJIHPHbIX cepHH, MeTo,n;OM lieHTa-cf>peH'la 

H ACMyca12• 

l1Men B BI{,n;y c,n;eJIaHHbIe HCCJIe,n;OBaHHn, YCTaHOBJIeHHbIe MOJIHpHble OTHOIIleHHn 

Me)K,n;y ':laCTln~aMH H JIHTepaTypHbIe ,n;aHHble 0 COCTOHHHH HHo6Hn B cepHOKHCJIbIX 

paCTBopax13 ,14, 3KCTpaKD;HIO KOMrrJIeKCOB MO)KHO BbIpa3HTb CJIe,n;yIOIII,HM 06pa30M: 

{I1HT+, NbO(rrOJIHIPeHOJI);} (C) 

PaBHOBeCHe (C) MO)KeM HaIIHCaTb rrpH rrOMOlll,1{ KOHCTaHTbI aCCOIJ;HaIJ;HH 

p = [{I1HT~, NbO(rrOJIHIPeHOJI);}] 

[I1HT+] [NbO(rrOJIHIPeHOJI);] 
(1) 

H pacrrpe,n;eJIeHHe HOHHbIX aCCOIJ;l{aTOB 

10gDN' 

a 

{l1HT+, NbO(rrOJIHIPeHOJI)2} ~ {I1HT+, NbO(rrOJIHIPeHOJI);} opr (D) 

I 
I 

1 
I 

Pl1c.5 

3aBHCHMOCTb Koecl>cI>H~HeHTOB pacnpe}J,erre

HHR HH06HR op HaqanbHOA KOH~enHTPa~ 

peareHTa lfHT. 1 ,n:rH, 2 TIK; CNb = 7,2 . 
. to- 6 Morr/rr, CH2S04 = 0,9 Morr/rr, CnK = 
= 4. to-I Morr/rr, C,n;rH = 5. to- 3 MorrIn 

Collection Czechoslovak Chem. Commun. [Vol. 50) [1985) 



3KCTpaxUl1H KOMnneKCOB HI{0611H (V) 2373 

npH nOMOl1J.11 KOHCTaHThI pacnpe)J,eJ1eHHjI 

Ko = [fI1HT+, NbO(nOJIHrpeHOJ1)~}]opr , 
[{I1HT+, NbO(nOJ1HrpeHOJ1)2}] 

r)J,e HH)J,eKC opr 3Ha'lHT OpraHH'IeCKYIO rpa3y. 

YpaBHeHHjI (1) H (2) n03B0J1S1IOT rpOPMYJ1l1pOBaTh KOHCTaHThI 3KCTpaKlI,HH 

(2) 

(3) 

HX 3Ha'leHHe B03MO)l(HO onpe)J,eJ1I1Th H3 3aBHCI1MOCTH log DNb = f(CHHT) rparpH

'IeCKHM nYTeM (pHC. 5). 
TaKl'IM 06pa30M, eCJ1H Bhlpa3HTh 3Ha'leHHe DNb COOTHOllIeHHeM 

K oP[I1HT+] D _ [{I1HT+, NbO(nOJ1HrpeHOJ1)~}]opr 
Nb - [NbO(IIOJ1HrpeHOJ1)2] + [{I1HT+, NbO(IIOJ1HrpeHOJ1)~}] + P[I1HT+] , 

TO rrOJ1YIIaeM Ha KPHBOH 3aBHCHMOCTH D = f(CHHT) )J,Be aCHMIITOThI: 

)J,J1S1 P[I1HT+] ~ 1 ~ KoP[I1HT+] , 

)J,J1j1 P[I1HT+] ~ 1 ~ KD . 

(4) 

OTCIO)J,a BhlIII1CJ1eHhl cooTBeTcTBYIOI1J.I1e 3HaIIeHHSI aCCOll,Hl1pOBaHHhlx H pacnpe)J,eJ1H

TeJ1hHhIX KOHCTaHT P H Ko, KOTophle )J,alOT IfHrpopMall,HIO 06 YCTOH'IHBOCTH HOHHO

-aCCOll,I1HpOBaHHhIX KOMIIJIeKCOB B BO)J,HOH H OpraHH'IeCKOH rpa3ax. 

IlocJ1e IIO)J,CTaHOBKI1 3THX KOHCTaHT B COOTHOllIeHHe (4) o6paTHo 6hIJ111 IIocTpoeHhI 

TeopenfIIecKHe KpHBhle YKa3aHHhIX BbIllIe 3aBHcHMocTeH. OHH npaKTH'IeCKH COB

IIa)J,alOT C 3KcIIepHMeHTaJlhHhIMH 3Ha'leHHjlMH. 

IlOJ1Y'IeHHble KOHCTaHThI KeX' Ko H P 6bIJ1H o6pa6oTaHbI CTaTHCTH'IeCKH (c Koerp

rpHlI,HeHToM Ha)J,e)l(HOCTH 0,95) H HMelOT 3Ha'leHHe (c )J,OBepHTeJ1bHhIM HHTepBaJ10M) 

)J,J1j1 : 

IlK: log Kex = 5,15 ± 0,18, log Ko = 1,74 ± 0,10, log P = 3,41 ± 0,16 

LJ:rH: log Kex = 5,33 ± 0,13, log Ko = 1,86 ± 0,06, log P = 3,50 ± 0,14. 

1-13 HHX MO)l(HO C)J,eJ1aTh 3aKJ1IO'IeHHe, 'ITO HOHHble aCCOll,HaThI KOMnJIeKCOB Nb(V) 

C I1HT )J,OCTaTO'lHO YCTOH'IHBhI B BO)J,HOH rpa3e H IIepeXO)J,SlT npH 3KCTpaKlI,HOHHOM 

npOll,eCce npeHMYl1J.eCTBeHHO B XJ10pOrpOpM. 
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