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Komexcowr mrapOK0 n p H M e W T C R  &fIR CeJIeKTHBHOl'O BH,l@JIeHHR, pJb3 

a ~ m 3 a  E pa3zeneam.e pemo3e~enb~tor: (P33) a r p a H c n r r g T o m e s a u t .  (TII3) 
3JIeMeHTOB. ~ ~ o B H I U ~ H H ~ R  C T ~ ~ E W L ~ K O C T ~  XeJIaTHHX KOMIUreKCOB B IIepBylD O W -  

BH3HBaeTCR IIOJIOBtEITeJlbHHM H3MeHeHMeM 3HTPOIIHH B peaKUI4H KOMIIJIeK- 

coo6pa3o~arma. Kpo~e T O I ' O , C T ~ ~ W I ~ H C C T ~  KOMIWIeKCOB 3aBkICHT OT aTOMHBX 

I I a p a M e T p O B  UOHOB MeTaJIJIOB, TaKHX,KaK PaJHYC, 3HTaJIbIIHR H 3HTPOIIHR 

I 'HApaTaIlEH H H O H H ~ ~ ~ O H H H ~  I I O T e W a J I .  T a K ,  HaIIpLlMep, B P q r I a X  JIaHTaHH- 

n O B  C T ~ ~ E Z I I ~ H O C T ~  XeJIaTEIhIX KCMlZlIeKCOB a C T e T  C nCPq4ICOBHM HOMePOM 3JIe- 

MeHTa C IIeKOTOPbIM IIepenOMOM Y Gd R/. 
Ha OCHOBe TOYHHX 0 u p e ~ e J I e H E a  KOHCTaHT YCTO~~WBOCTH KOMIIJIeKCOB 

B03MCIRHH HBAelRHhle B H B O m  06 6TOMHHX I I a p a M e T p a X  3JIeMeHTOB. YTO oc06e~- 
HO BalRKO AJLR MaJIC H 3 n e H H H X  MeTaJUIOB, TaKMX,KaK TRXeJIHe aKTHHH.l&i, a 
T a m e  Prn. Kpc~e T o r c , x o m n e x c o m  m p o ~ o  B C ~ O J I ~ ~ ~ D T C R .  m p a 3 n e n e ~ ~ a  
P33 H TII3, n o 3 T o y y  nccsenosame ~ o ~ e ~ c c o 6 p a 3 c ~ a ~ m ~  H M e e T , H a p w  c 
W ~ H H M ,  T a m e  n p a K T m e c K o e  3 ~ a ~ e ~ ~ e .  

C J I ~ W ~ T  OTMeTHTb, YTO a0 CHX n C p  B J M T e p a T y p e  IlMelPTCa 60JIbUIHe 

P a C X O m e H E R  DO B e n m H H a M  KOHCTaHT Y C T O ~ I A B C C T H  XeJIaTHHX KOMILlIeKCOB 

P33 J4 Tn3, a @IH.Pm H TRlRentrX TII3 3TH AEiHHHe ECYTH COBCeM OTCYT- 

CTByloT. 

B H ~ C T O ~ ~ P  pa60~e  M ~ T O Z O M  HOHHCI'O 0 6 ~ e H a  ~ W O  H 3 p e H O  KONIIIJIeK- 

coo6pa3o~ame Pm, Eu,  Tb, Trn,yb,Am E Cf I , ~ - ~ ~ M P Y H ~ E ~ K ~ o ~ ~ K c ~ H T ~ T ~ ~ -  
~ ' K C Y C H O ~ ~  (mA) H C ~ 3 ~ l m e H ~ p H a ~ H n e H T a y ~ C y ~ H O f i  (mu) KMCJIOTaMEI. 

Onpeaene~ae ~ 0 r n H e H T c ~  pacnpenenearia HOHOB M e w  KaTHOHIlTOM 

A PaCTBOPOM MbI Q O B O H W  B CTaTHYeCKHX YCJIOBHRX. 

P ~ C T B O ~  o 6 s e ~ o ~  5 K7I BCTPRXEIBaJIH C H ~ B ~ C K O ~  CMOntl BO@TBT I(PS 
(8$DVB, 20-60 MKM) mccoii 5 m IIPA 20 '~  B T e s e m e  60 MHH. KPS 
u p e m p n T e n H o  nepeaomm B HaTpHeBym @pw. JJLH 3~01'0 nocne nomeno- 
B ~ T ~ J I ~ H O B  npOMhIBKii PaCTBOpaMH IM UH,SCN, 6M HCl , H20 CMOJIy o6pa6a- 
T m a m  P~CTBOPOM 0.1 M NPLIO,, a B O J O ~ ~ ,  a 3 a T e M  BHC B a r n  H a  BO3AY- 

X e .  B K a Y e C T B e  alolOaKTHBHHX HHAHKaTOpOB IIpHMeHWDl 1 5 2 ~ ~ ,  
160Tb, 170TQ 1g8yb, 241~Q 249q. P a m ( o x n m e c ~  P B C T O V  OTMeTWKCB 

npoeepm y - c n e ~ ~ p c ~ e ~ p w e c m ,  1 4 7 ~ m  M e p n m  H a  P - n e r e x T o p e .  M3y- 
seme pacupenenema P33 H TII3 M e w  c h l 0 n 0 8  H PaCTBOPOM I I P O B O ~ ~  npa 
OIIpeneJIeHHOM pH p a C T B O p a ,  kI3MeKRR H C X O D  K O H I t e H T p a W  KCMnJIeKCOHa 

n p ~  HOHHOP c u e  p =O , I ( No C/Olr ) . Pac~~opar  ~ o ~ w 1 e ~ c o o 6 p a 3 c ~ a ~ e n e ~  



n p H r o T a a r m B a m  H 3  I . ~ - ~ ~ M E ~ o ~ ~ K c ~ H T B T ~ ~ ~ K c ~ c H o ~ ~  H m a m e H T p H -  

w H I I ~ H T ~ ~ K c ~ c H O P  KEWOT MapOK ¶.a.II. paCTBOpeHHeM EX B Na OH H 3  

p a c ¶ e T a  o b p a 3 0 ~ a m  c o e ~ ~ ~ e ~ ~ i t  NQ~H$JJTA H !JfZ2H$'TIIA. Z l o ~ ~ y n ,  cwry 
YCTaHaBJlMBaJBI C n e T 0 M  PaBHCBeCHHX I C ~ a e ~ ~ p a r l a P  BCeX @OpM JlEI'aHAa H 

pH PaCTBOpa / 2 / .  fl0CJXe BCTPRXHBaHElR H YCTaHOBJIeHWI PaBHOBeCHR CMeCb 

KaTHOHHTa H P C T B O p a  U e H T P H @ j T Q O B a W  M B P C T B O P e  OlIpeLleJLUJlE KOHlJeH- 

TpaI@63 MeTalllIa (DO PaL[ElOaICTEIBHOCTH A ) ,  a TaKlEe IIOBTOPHC KOHTPOJMPOBa- 

w pH p a c T B o p a .  

TeopHR H I&laKTHKa MCCJIeaCBaHER ~ o ~ n n e ~ c o o 6 p a 3 0 ~ a ~  MeTOaOM HOH- 

HOP0 06MeHa OIIMCBEH B WTePFiTYPe JDBOJEHO IIo,I&)O~HO /3y44. O C H O B H O ~  
n a p a M e T p  HoHHoro o 6 ~ e ~ a  - K O ~ @ @ H W ~ H T  pacrrpeaenem HOHOB M e T a m o B  

c K a T H o m T a m  O n p e A e m e T c x  s r rpawe~ne~ 

Lfi - KOHUeHTpaI@W MeTaJIJIa B CMOJIe (MMOJI~)  

$,+- K o w e H T p a m  M e T a m a  B pacmope (MMOJI~)  

7~ - 0 6 ~ 3 ~  pacmopa 
m - BeC xaT%OHEITa (I') 

B ~ ~ B H C H M O C T E  OT mama H OT sapma HoHa m e T a w a  B p a c T B o p e  

hQWT 0 6 p a 3 0 ~ a ~ b ~  ~ e & T p ; t l ~ b H H e ,  IlOJIOXETeJIbHO H OTPHqaTeJLbHO 3apRXeH- 

me K O ~ ~ K C H .  Am K o m e c T B e H H o r o  a ~ a m 3 a  T a m  C H C T ~ M  pa3pa60~am 
HBCKOXbKO MaTeMaTH¶e CKHX MeTOAOB. B CTIPgae 0 6 p a 3 o ~ a m  B PaCTBOpe 

OnHOrO OTpHqaTeJ0HO 3apRXeHHOrO WEi H e f i ~ p a J 0 ~ 0 r o  KOMILlreKCa ~ ~ 0 6 ~ 0  
IIPEMeftffPb p a C ¶ e T a  ROHCTaHT Y C T O ~ B O C T H  M~TO~,IIF@AJIOX~I~F& 

lIly6eprou T P ~ X B ~ J I ~ H T H H ~  JraHTaFIXAH H aRTHHEAU 06pa3pJ~ B paCTBOpaX 

c R ATIIA, x a ~  XOPOIL~O H ~ B ~ C T H O ,  H ,  x a ~   am p a ~ b m e  d u o  noxasa- 
HOT', O m  OTpEIJaTeJlbHO 3apmeHHym KOblIIJIeKCHyBl @Opw. TaKEId o6pa- 
 OM M O ~ O  H C X O ~ T ~  ~3 caenymm coo6paxemB: e m  HOH M e T a m a  NO- 

m T C R  B MBKPOKOHQeHTPaWRX EI PaCTBOp EMeeT IIOCTOZIHIIYB) HOIfLIyD C w ,  

TO CnpaBeaJMBo ypameme (I), H LVLR E O ~ ~ H T O B  pacnperrenenm BoHa 

9 121 - K o m e H T p a q w r  HOHOB M e T a m a  B cMone  

[M] - K O W . e H T p a m  HOAOB MeTCiJLUa B PaCTBOpe 

1 ~ 1 ~ 7 -  K o M s e H T p a w  K o m e K c a  B p a c T B o p e  

[ L ]  - PaBHOBeCHaR KOWeHTpaI@W JIIWatma 

Kd OIIJWJWmeTcR aKCIIepEMeATaJlhH0 B 3aBHCEMOCTH OT K O Q e H T p m  W- 

rama, Kda T a m e  ~ o m o  onperrewrb a ~ c n e p m e ~ ~ a n ~ o  xm a K c T p a n o m -  

mefi @ J W U W  = ~ [ L L ] )  K m= 0, tl - HaKOOH KPSM0fi. [&I Pa+ 
CPHThIBillDT H 3  ~ a H H 0 f i  06198ii KOUeHTpaIJJ5H K O M I L I I ~ K C O O ~ ~ ~ ~ O B ~ T B J I R ,  W O  

KOHCTaHT , I@3CCO~aIp fM E pH paCTBOpa.  

&E3 IlpBBIUIbHOI'O ~ H 6 0 p a  YCJXOBH~~ OIIHTOB IIpe.QEapHTeJIbH0 HCCIIBHO-- 

B&UE ItaReTHKy H H30TepMg  COP^^. Haxpmepe ~ b ~ +  onperre- B p e M  

HOCTEWHHII PaBHOBeCXR B PealClQUi CO CMOJIO~~  n p R  pH=2,5 H / U = O , I  
( Na&lOy 1. P ~ B H O B ~ C H ~  IIpaKTH'4eCRE ZOCTEI'aeTcR 3a t = 20 MEHyT 

BCTpRIHBaHIIR. 

9 CHJ XOTR Y C T I O B ~  p a c ¶ e T a  

(;Ycura/r) 
KOHCTaHT JTCTO~EBOCTH 

T p e 6 ~ ~  npOBeA0aaR OIIHTOB 

I&lH KOHJXBHTPa4EE MeTaiUIa, 

CMct C, ( C L  - 0619a~3 KOH- 

qeHTpaqHR mama) ,  ~006-  
XOAEMO BCe  X e  OIlpeAeJlETb 

H 3 0 T e p w  c0p61.p~~ M e T B M a ,  

O C O ~ ~ H H O  113-38 T o r o ,  PTO 

B OIIUTBX IlPEMeHIUIH AOBQnti 

HO MaReEbEEB K(xllgpBCTBa 

-6 I 6 1 I I )  C M ~ .  213 p ~ c . 1  BWO,PT~  
-7 - - - 3 Z B YCIIOBEKX O m T a  H O W -  

). Iq[W'(ur-/m) werim pacnpezaem oc- 



3.3. Onpeneseme KcHcTaHT YCTOP~BCCTEI  Eu, ?in, Am c ATIIA 
B3ynanocb pacnpeneseme n m a T o p m x  xomecTB Eu, Tm, Am c 

KaTHOHElTCM E3 PaCTBCpCB C pH02 B 06JIacTE KOHUeH'QaLWH A T m  OT 1.10- 
4 

no I* Io -~  M O ~ / J I .  K c ~ @ @ ~ I @ ~ H T H  paCQeneJIe- CEJIbHO 3aBEICFIT OT paBH0- 

aecaoii xomeHTpamH mrama [L~-J. H, pnc. 2 no~casa~a ~ _ ~ B H ~ H M O C T ~  

ocipar~oii B~JI -H~~ KO-~HT~ pacnpesesemu! + OT 1 L 5-]. KaK 
ElEmO, 3Ta 3aBHCEMOCTb XOpOIllO aIIIIPOKCEMHp~eTCR ~ R N I D ~ ,  3KC'QanO- 

~ o ~ o p o i i  K [ L  5-l =O naeT 3 ~ a q e m e  HJ~FI = 0,416 IO-~.  IIpmm 
Ku 

rrposomacb MeTonoM HameHbmLM KsaqpaToB. Hasee, HCIIOJW~R ypameme 
(51, paCCWTHW KOHCTaHTY Y c T O ~ O C T E  p , ee BeJIK¶EHa C JTeTCM 

o l n s 6 ~ ~  OnpeneseHaR [Ls] n Kd paswreTcEI &&,= ~ 2 , 6 5 9 ~ 0 4 .  Pacne~  
Bcex s~anemfi n p o s o m  Ha 3BFd EC-I060 c n c n o ~ ~ b s o ~ a ~ ~ e ~  nporpam 
FUMILI . Ha pnc. 3 n o ~ a 3 a m  coomeTcTsymnwe B~BIICEIMOCTE 

- I )  = f ( ) IWI KOMIUIeKCOB Tm, E u, A n  Haxnoa 
KPEBHX, K O T O ~ H ~ ~  JLJM Bcex ~ J I ~ M ~ H T O B  paBeH I,  nomepmBaeT obpasoname 

n p ~  AaHHHX YCJIOB- onHcro KomneKca B a a  [HcP-. B ~ a 6 m u e  I npme- 
neHH B0JMPHHhI KOHCTaHT YCTO~¶¶~~BOCTE. KaK BEAHO, H F ~ ~ J I U I A ~ ~ T C R  YnOEJeT- 

BOpETeJIbHOe COBIlaHeHHe Mew HaHHbIhtK, IIOJQTBHHNME pa3JIEPHbLMEI MeTOna- 

ME. 

$(r/m) L $ K ~  ~ k d - 1 )  

T a b m a  I 
3Ha¶eHEe KOHCTaHT YCTO~EBOCTU LVLR KOMILTIeKCOB 

Eu, h, Am c ATm 

h3+ HOIIK~IP O ~ M ~ H  25 0,1(NH4U04) 22.92 /IO/  
~ J I ~ K T ~ O M E I ? ~ ~ W  25 O B I  22,74 /9/ 

H O H ~  0 6 ~ 0 ~  20 O,I(NaLIO,) 22,62f0,04  am n a ~ m e  

A~anomwo H3 BHW KOMILlIeKCOB C HCCJIeAOBanOCb PaCIIpeHeJIe- 

me Pm %, ~ b ~ ,  Tm , yb3+, E Cf3+ c K~TMOHETOM B CECTeMe c 
1 , 2 - m a ~ ~ ~ o r e x c a ~ ~ e ~ p a a q e ~ a ~ o ~  n p ~  pHw2,5. 3 a ~ n c m o c ~ a  a~cneprm- 
MeHTaJLbHHX AaEHXX L$(% - 1 )  OT gL4-J  npHBeneHki Ha PnC. 4. CIUIOW 

HHe JIklHEE fIURDTCII PaCPeTWIMB CPBAHEIMEI 3HaYeHERMEI. COOTB~TCTBJ'DIW~ 

KoHcTaHni  Y C T O ~ ~ H B O C T H ,  a Tame naame, nonyneamae A ~ ~ ~ H M E  MeToAam. 
conocTamem B ~ ~ 6 s .  2;  K ~ K  B E A H O , K M ~ ~ T C R  xopouee cornacne Mexu 
~HHHME p a s m ~ ~ x  M ~ T O ~ O B  onpenenemui. B sa~woneme ~ ~ H B O J L E T C R  3 a ~ ~ -  

CEMOCTb KOHCTaHT ~ C T O ~ ~ B O C T H  P33 0 mTA, C 3 T n J I e ~ a ~ T e  

TOM (3mA) H HETPHJIOTPHaIJ@TaTOM (mA) OT HOHWrX pFWlyCOB 

(PHC. 5 ) .  
PE 3T0 ECIIOJKbSOBBWCb CPeAHHe 3HaPeKKFI KOHCTaHT ~ C T O ~ E B O C T E  

P33 Ps99,12T , a JLJM IQOMeTEX HaIILH naHHHe,YCTaHOBJIeHAhIe H O H O O ~ M ~ H H H M  

E aReKTpOMlVpa~OHHHM MeTO&aMB (Ta6n. 3) . B3 IIOJrYgeHHHX Pe3YJLbTaTOB 

~ o m o  O ~ ~ H H T ~  B O A W I ~ ~  p-c pm3+ p a s m  0,982 a'r 4 0,972 (A'). 

B mTepaType npnseaewr a~aneam LYIR r (pm3+) B npeAeJIax 0,968 A 
no 0,979 2 /13-15/. IIp,  TOM 3m B- n o w e m  ~n~c~pa~~o-ef  

I 3+ cpeWnrx aaanead p a . 4 ~ ~ ~ 0 ~  P33. ~ O J ~ ~ T ~ F I H ~ F I  snecb sewmm paqyca Pm 
KaK BqrlH0,XOpOIIIO COrJIaCyeTcR C 3 T E M  HaHHIME, ¶TO CBEAeTSBCTByeT 
0 QHMeHJMOCTE HCIIO~30BaHHOPO EaMH MeTOna. 



~ n c .  4. 3 e a n c r n o c s a i g ( ~ - ~ )  os  
Kd 

B CHCTeMaX Pnb Tb ,  Tm, yb , Am, Cf C m A  

Tadma 2 
%a¶eHlC3 KOHCTaHT ~ c T o ~ E ~ o c T E  &lG3 KOMILTIeKCOB 

Pm, T b ,  Tm, y b ,  Am, Cf c AUTA 

HTA O , I  11.1 0 ,I   oma ad & M ~ H  
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of R a r e - E a r t h  and T r a n s p l u t o n i u m  E l e m e n t s  
by Ion E x c h a n g e  

T h e  c o m p l e x  f o r m a t i o n  of P m ,  E u ,  T b ,  T m ,  Yb, Am and 
C f  i n  so lu t ions  of c h e l a t i n g  agen t s  - 1 , 2 - D i a m i n o c y c l o -  
hexanetetraacetic acid and ~iethylenetriaminopentaace- 
t i c  acid - has been inves t igated .  T h e  s t a b i l i t y  con- 
s t a n t s  of the  c o m p l e x e s  have been d e t e r m i n e d .  F ron  t h e  
r e s u l t s  ob ta ined  the  ~ m 3 +  i o n i c  r ad ius  has been e s t i m a -  
t ed .  

T h e  i nves t iga t ion  has been p e r f o r m e d  a t  t h e  L a b o r a -  
t o r y  of N u c l e a r  R e a c t i o n s ,  J I N R .  
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~ O ~ C K H  E . , ~ H  &H ~ O K  P 1 2 - 8 8 - 1 6 6  
M c c n e J 4 o ~ a H a e  K O M ~ L J I ~ K C O O ~ ~ ~ ~ O B ~ H H J ~  

peJ4KO3eMeJlbHbDc A TPaHCIlJIYTOHHeBbM 3JIeMeHTOB 

MeTOnOM HOHHOrO 0 6 M e H a  

k i c W e J 4 0 B a J I O c b  K O M ~ ~ K C O O ~ ~ ~ ~ O B ~ H H ~  HOHOB Pm, E u ,  T b ,  
Tm, Yb, Am, C f  C X ~ J I ~ T O O ~ ~ ~ ~ ~ ~ I Q ~ M H  K O M I I J I ~ K C O O ~ ~ ~ ~ O B ~ T ~ ~ R -  

Mki ~ , ~ - ~ I ~ ~ M I I H ~ H K ~ O ~ ~ K C ~ H T ~ T ~ ~ ~ K C ~ C H O ~  H nH3TkLneHTPHaMHH' 

I I e ~ T a y K c y c H o f i  K H U l O T a M H .  oI IpeJJ ,ene~61 KOHCTaHTbI ~ C T O ~ ~ H B O '  

CTH 3THX KOMIlJIeKCOB. M 3  IIOJIY9eHHbIX JJaHHblX PJlR pm3+ O w -  

H e H  H O H H ~ I ~ ~  PaJXHyC. 

P a 6 o ~ a  B m n o n H e H a  B J I a 6 o p a ~ o p ~ ~  RnepHux p e a ~ q n f i  OWIA. 
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