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ALIGARE I!USLIM UhIVERSI ' lY 
ALIGAPJI, I I 3 L 4  

h e  s e c a r a t i o n  p o t e n t i a l  o f  TEF impregna ted  s i l i c a  gel-G for 
46 m e t a l  i o n s  h a s  been e x p l o r e d  i n  J number of s o l v e n t s y s t e m s .  
Ihe e f f e c t  of  t h e  d e g r e e  o f  i m p r e g n a t i o n  of  TbF h a s  been s t u d i e d  
and some i m y c r t c n t  b i n a r y  and t e r m r y  s e p a r z t i o n s  were a c p i e v e d .  

INTRODUCTION 

I n  1 S56, Viinches te r (1  ) f i r s t  combined t h e  f a v o u r n b l e  f e a t v r e s  
o f  k i t h  T o l e c u l a r  w e i @ t  e x t r a c t s n t s  w i th  8 chro rna toc re3b ic  t e c h p i c u e  
EEL r e p o r t e e  t h e  U C E  of  d i ( 2 - e t h y l  h e x y l )  p h o s p h o r i c  a c i d  loecied on 
k120, f o r ,  s e p a r e t i n g  a number of r a r e  e a r t h s .  D i l u t e  H C 1  was u s e d  
as E mobi le  Fhase .  S ince  t h e n  r eve r sed -phase  chrornc tonraphy h a s  
becone v c r y  p o p u l c r  and hundreds  of p , p e r s  have been  pul - l i rhec '  
u s i n g  n i z h  .nolecul:.r weiE.ht amir.ee, s u b z t i t u . t e d  q u a t e r ~ 2 r y  ar.moniuo 
sa l t s ,  h e t e r o c y c l i c  arnines(2j  anc  t e t r a  s u b s t i t u t e d  pyrazole(:)  as  
s t t t i o n a r y  ~ ~ Z - C E C .  I n  t h i s  pzFer, WE d e ~ c r i b e d  t h e  :tuci.y 0 :  t t e  
e f f c c x  of t r i  n- b u t y l  phosphP te  c ' m c c n t r r t i o n  on p l e t e s  l o ? d e d  

wi th  s i l i c a  e e l - G .  8 C 1  22?d t::'C3 have beer. L I ' E ~  2s e l u a n t $ .  

complexin<, ac id :  such  a s  t e r t a r i c  -cj.Z, c i t r i c  e c i d  anc? o x z l i c  ~ c i c l .  

2 

W e  have  t r i f d  t c  j.,lrrove T : I ~  s e r c r ~ t i o c c  i,p u $ i n g  SCEE 
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166 QURESHI, SETHI, AND S H A M  

;?ATERIALS AX3 I Z J I L 2 S  

b o a  r a  tus  
YLC appar; . tus (Tos l -n iwel ,  I n d i a )  WIS u sed  to p r e p a r e  t h i n  

l a y e r s  on g l e s r  ~ l c t , e s  ( 2 0 x 7  cm), ' Ike  F l a t € :  were deve!cy,eri i n  
g l e s r  jars (2L'x6 cm). 

Pea e n t s  
%jc: g,el-C, t r i  n - h u t y l  phospha te  and b f n z e n e  were a11 of 
a n p l y t i c e l  @ r ? d e  from L.E.fI. England. O t h e r  c h e m i c a l s  were Of 
AzalaR Kr?de. 

'Yest s o l u t i o n s  snd D e t e c t o r s  

c a t i o n s  w e r e  prepzrei '  i n  ii l i t t l e  air.ount o f  tk le  c o r r e c p o c d i n c  ~ c i r ? ~ .  
C c n v e c t i o c a l  srot t , c . s t  r e e c ~ c t :  were user? f o r  detection c e r F c s c s ( b ) .  

Freor . r :  t i o n  -?f WiF imprepnat6d  t h i n  l a v e r s  

w a t e r  i n  t h c  r c t i o  of 1 : T  w i t l ;  c o n s t a n t  s h r k i n f ,  for a l o u t  5 min. 
Th i s  slurry was i a m 6 d i a t f l y  c o s t e d  on t h e  c l f a n  gla.-r p l a t e s  wi th  
t h e  ; e l p  of ar. e c t l i c a t o r  and un i fo rm ticin 1eyGrs (- c.1: mr t:::c;:) 

were o b t e i n e d .  l h c  p l n t e s  were f i rs t  d r i e d  a t  roonl t c m p e r z t u r e  and 
t h e n  i n  En e l e c t r i c  over] for 2 h r s .  a t  100 2 5 O C .  ' i he re  p l a t e s  viere  
s t o r e d  i n  a n  oven a t  Toom t e m p r i t u r e .  silica gel-G l a y e r s  w e r e  then 
ir!!prff,nated w i t h  tri n- b u t y l  p t o c p h a t e  i n  kenzer,€.  r e n z e r , e  t i a s  

e v a y o r r t c <  by k:eetin; t h e  T l z t e s  i n  ar. e l e c t r i c  OV~I: a t  gc 2 5 ' ~  
f o r  1 hr. The p l a t e s  w e r e  t h e n  s t o r e d  i n  a n  oven a t  room t e%per :> tu re  
and used  as  such  f o r  chromatoerephy.  

F r o c f d u r c  

s i l i c a  gel-G p l a t e s  w i th  t t e  h e l p  o f  ,:less c z p i l l m i e s  and t h e  s p o t s  
were ollo:cred t o  d r y  a t  room t c i n i  e r z t u r e .  :'he s o l v e n t  a s c e n t  was 

a l w e y s  11 cm. The hL and RT w e r e  meesured a f t e r  r1f:Ection. 

T c z t  s o l u t i o n s ,  0.1X of c h l o r i d e s ,  n i  t r e t e s  o r  s u l p h . z t e s  of 

The s l u r r y  was ? r e p s r e d  by mix in& s i l i c t !  eel-G !:itn c o n c ' u c t i v i t y  

%e s a n p l e  s o l u t i o n  wee looded  (1 or 2 S p o t s )  or. TZP i m p r e g r a t e s  

S0lve;t . V Z l € E ,  
h e  folio:.:??.; s o l v e n t s  W T C  used :  

S, I T :  HC3. 
S2 I N  HN03 
S3 IN H2S04 
Sq 0.11.: O x a l i c  kc id  
S5 0.11~ ' l a r t a r i c  Acid 
S -  O.II1 C i t r i c  w i d  0 

'Gie H v d u e c  for c p l y  t h o s e  c a t i o n s  which f i v e  c o n r e c t  T r o t s  f 
were  tnker .  for p l o t t i n :  t h e  f i g u r e s .  ir, illoct o f  t h e  
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TA5Lii 2 
Ternary S t o a r a t i o n ?  Achieved Experimental lv  

20 Ei3+(0.10-0.20) - Ir3+(0.35-0.55) - Fd2+(0.85-1 .OO> lh.30m. 

20 P b 2 + ( 0 . 0 0 ~ . 0 C )  - Fe3+(0.40-0.60) - Pd2+(0.70-0.9@) lh.40m. 

Zero %r4+(0.00-0.00) - UO;+(O.S2-0.72) - Fd2+(0.94-1 .OO) 4 h m .  

20 Sn4+(0 .0@~.15)  - Fe"(0.30-0.60) - cd2'(0.80-0.90) Ih-TOm. 

sl 

s 2  

s2 

s4 
Sn4*(0.CO-0.15) - Fe"(0.50-0.70) - Fd2+(0.80-l .OO) 

s e p a r a t i c n z  were ac'cieved on 2052 TbP inpregnated  silicp. ge l& layers. 
1'he impor tan t  b inary  and t e r n a r y  s e p e r a t i o n s  a r e  nunmarized i n  
Table 1 and 2. 

X S C  CSSI CX 

Figs. l a  and l b  show t h e  e f f e c t  of impregnetiot? on t h e  Hf 
v a l u e s  of t h e  niete.1 i c n c  i n  1€3cl ar.c: 11: XO,. S t  i s  appzrant  
t h a t  a s  we i n c r e a s e  t h c  impregnat ion,  t h e  R value g e x e r a l l y  
decrecses .  .:owevrr, i n  the  C Z E I  o r  kg , € 3  
ii values  arf uni forr?ly low ic both t h e  solvent? R t  di f f c r e n t  
degrees G-C ImFregn;ltion. 131r shoaa 2 d e f i n i t e  i n t e r e c t i o r :  0: 

s i l i c c  eel-. wi'tl: the c a t i o n s  i n  q u e s t i m .  

4 

+ 2f L+ , &:*+ prc' 2 r '  , t k e  

f 

Figs. 2 a.n.d 3 r e f e r  t o  the ti, vaI.usc Of d i f x e r e r ; t  a e t d  i O W  

in I?.. iiX2 anij 0.1;.1 c i t r i c  ocia.  h e r .  st the lo.;: colica;-rztior: of 
O.lls,  t h e  cozglex in t  p r c p e r t i e s  of' c i t r i c  e c i ?  src- zgwrsi7t a x 1  very 
few ::ietal i0r.s show ar. kf vz lue  cf l e s :  ti.&- C.1. 

- 
- 

r ips .  4c, t 2r.d c exclzjn th e f f e c t  of pl', 0:. the acir?s  used 
as so lvef i t s ,  or. .L!ie kf values. cf m e t e l  ions. :r. elmo.?t a11 CISFS, 

t t e  curve pasccu through a rlrcxiru-. =r L -i.-: c " .  a,. i p  j r  beceuse 
of t t r  two  f;ictcrE whick a r c  a f i e c 3 . r ; .  t k e  3f v=ducr i . e . ,  t?.c p.. 
end t j : E  corwlcx f o r m t i o n .  

. .  
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Rf  

0.0 

Percentage impregnation of TBP in Benzene 

1N HCI 
----.-& -.-.--. 1 N  H N 0 3  
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170 QURESHI, SETHI, AND SHARMA 

Percentage impregnation of TBP in Benzene 

FIGURE Ib. Flot of Rf Vs. percentage imgregnation of E F .  
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2 +  Mn 

r 
K 

At. No 

FIGUFE 2. Plot of Rf V s .  a tomic  number in I?: ?NO3 (20% 
i m p r e g n a t i o n  of  TBF) .  

R h3+ 

At. No 

FIGC?.? 3 .  Flot of Rf Vs. atomic :?uq: Er ir: C.11.- c i t r i c  
a c i d  (209- impregna t ion  0; T t F ) .  
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1 .o 
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0.0 ':L W 1 2 3  
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Pb2+ 

I 1 2 3  
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FIGURE 4a. 
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"OI Sn4+ 

0.0 u lb 
0.0 Ilc 

r 
K 

0.0 

f Th4+ 

1 .o 0.51 2 
0.0 
1 .o 0.51 _/7 
0.0 

1 2 3  1 2 3  

R bt 

*F i" 
1 2 3  

P 
L 

1 2 3  
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QURESHI. SETHI. AND S H A M  

0.0 LL 

0.0 .I-y L 
1 2 3  1 2 3  

A p l o t  of kf Vs. z t o n i c  number i n  l i  ! i I C  on 205 '22F impregna ted  3 
l a y e r s  (F i : , .  5 )  ~ h o w s  S O F E  i n t e r e s t i r p  r e - u l t s .  Almost a l l  t h e  
tr:;p.:itior,:-l metalc f a l l  on a s t r e i g b t  line. Ihis  i n d i c a t e s  t h a t  i n  

C ~ . C E  o f  z r n n z L t i o n e l  m e t c l z ,  tl!e F.f i ?  F ropor t io r !F l  t o  t h e  a t o i i c  
nulnber rlkicil mey be a t t r i b u t e d  t o  t h e i r  sitr,:I?r c h c - i c a l  n a t u r e ,  

i ab le  1 summarizes t h e  s e p a r a t i  ons  a c h i e v e d .  Yhu: t h e  s e p a r a t i o n s  
of Cs+-i,+, Fef+-VC2+, Y3+-La3+, i;r4+-,1h4+ apd 'l.i4+-ir4+ w i t h  t h e  

h e l p  of s i n : F l e  e l u a n t s  are i : : t e r i . c t inp  zxd slior: t ? e  a d v e ~ t a g e  of 
revr - r -ed  phase  chromatography.  ' lhis i? conf i rmed  by t h e  t e r n a r y  
s ~ p a r n t i o n s  d e s c r i t e d  i n  k a b l e  2. 

Table  3 shows t h a t  mos t  of t + e  c e t i o n r  whicli l lzve Iol i  Hf v a l u e s  
p r c i p i t a t e  i n  t h c  s o l v e n t  sys t em c o n c e n e c ; .  'Yhere a r c ,  however ,  a 

f e w  e x c e p t i o n s  e.g., C e 3 + ,  La3+ and Ed2+ i n  s o l v e n t  s4 amd m4+ i n  
s o l v e n t  S6. ~ h e s e  i o r x  p r e c i p i t a t e  i n  t h e  s o l v e n t  s y z t e m s  bu: S ~ O O V  

a h igh  ttf on YE€ impregna ted  s i l i c a  gel-ti l a y e r s .  "hi: i s  p r o b e b l y  
due t o  t h e  f a c t  t h a t  t h e  lif impregns ted  s i l i c e  gs1-L i m m o b i l i z e s  
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At. No. 

FlGL3.2 5 .  Plot of Hf Vs. atomic nmroer of t r a n s i t i o n a l  
metel  io:ir i n  I i ,  E!uL7 ( 2 0 %  impregnation cf T' IF) .  

/ 

t h e  y r e c i D i t a t i n 2  o x a l a t e ,  t a r t a r a t e  and c i t r a t e  i o n s  an? hence 
increaser: t h e  kf value of t h e  m e t 5 1  ions .  

ACntiCYLc'ijCiii~15 I :I 
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