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P R O  E X P E R I M E N T I S  

S e p a r a t i o n  of  M e t a l  I o n s  o n  I n o r g a n i c  I o n - E x c h a n g e  P a p e r s  

P a p e r s  i m p r e g n a t e d  w i t h  s y n t h e t i c  i n o r g a n i c  i on -  
e x c h a n g e r s  h a v e  b e e n  u s e d  r e c e n t l y  fo r  c h r o m a t o g r a p h y  
of  m e t a l  i o n s  t - s .  T h e s e  p a p e r s  a r e  h i g h l y  s e l e c t i v e  fo r  
m e t a l  i ons .  F a s t  a n d  c l e a n  s e p a r a t i o n s  a r e  a c h i e v e d  o n  
t h e s e  p a p e r s  d u e  t o  c o m b i n e d  e f f e c t  o f  i o n - e x c h a n g e  a n d  
p a r t i t i o n .  T i t a n i c  t u n g s t a t e ,  a c a t i o n  e x c h a n g e r ,  w a s  
s y n t h e s i z e d  in  t h e s e  l a b o r a t o r i e s "  a n d  t h e  c h r o m a t o -  
g r a p h i c  b e h a v i o u r  o f  s e v e r a l  c a t i o n s  in  s o m e  s o l v e n t  
s y s t e m s  o n  t i t a n i c  t u n g s t a t e  p a p e r  w a s  r e p o r t e d  e a r l i e r  ~. 
I n  t h e  p r e s e n t  c o m m u n i c a t i o n ,  i m p o r t a n t  s e p a r a t i o n s  i n  
9 n e w  s o l v e n t  s y s t e m s  a r e  r e p o r t e d .  I n  a d d i t i o n  t i t a n i c  
m o l y b d a t e  p a p e r s  h a v e  a l s o  b e e n  p r e p a r e d  a n d  t h e i r  
b e h a v i o u r  t o w a r d s  m e t a l  i o n s  in  a l a r g e  n u m b e r  o f  
s o l v e n t  s y s t e m s  h a s  b e e n  s t u d i e d ,  A s  a r e s u l t  s o m e  o u t -  
s t a n d i n g  s e p a r a t i o n s  h a v e  b e e n  a c h i e v e d .  

Experimental.. Apparatus. C h r o m a t o g r a p h y  w a s  p e r -  
f o r m e d  i n  20 × 5 c m  g l a s s  j a r s  u s i n g  t h e  a s c e n d i n g  m e t h o d  

o n  14.5 × 3 c m  V V h a t m a n  No .  1 p a p e r  s t r i p s .  Reagents. 
C h e m i c a l s  a n d  s o l v e n t s  w e r e  e i t h e r  E .  M e r c k  ( D a r m s t a d t )  
o r  B r i t i s h  D r u g  H o u s e  A n a l y t i c a l  r e a g e n t s .  1 5 %  t i t a n i c  
c h l o r i d e  s o l u t i o n  o f  B . D . H .  ( E n g l a n d )  w a s  u s e d .  

Preparation o/ ion-exchange papers. P a p e r  s t r i p s  w e r e  
f i r s t  p a s s e d  t h r o u g h  t h e  0 . 2 5 M  t i t a n i c  c h l o r i d e  s o l u t i o n  
fo r  3 sec.  T h e  e x c e s s  o f  t i t a n i c  c h l o r i d e  is  r e m o v e d  b y  
p l a c i n g  t h e  s t r i p s  o n  f i l t e r  p a p e r  s h e e t s .  A f t e r  30 m i l l  
t h e  p a p e r s  we re  d i p p e d  i n  0.25M s o l u t i o n  o f  s o d i u m  
t u n g s t a t e  o r  s o d i u m  m o l y b d a t e  ( a s  t h e  c a s e  m a y  be )  
fo r  5 sec  a n d  t h e  e x c e s s  w a s  d r a i n e d  off .  T h e  s t r i p s  w e r e  
d r i e d  a t  r o o m  t e m p e r a t u r e  a n d  t h e n  w e r e  w a s h e d  "3 
t i m e s  w i t h  w a t e r  a n d  d r i e d  a g a i n .  

Cation solutions, 0 . 1 M  s o l u t i o n  o f  c h l o r i d e s ,  n i t r a t e s  
o r  s u l p h a t e s  o f  m o s t  o f  t h e  c a t i o n s  w e r e  u s e d .  T h e i r  
p r e p a r a t i o n ,  p r o c e d f i r e  f o r  s p o t t i n g  a n d  d e t e c t i o n  r e a g e n t s  
w e r e  d e s c r i b e d  p r e v i o u s l y  ~. 

Table I. Separation of one cation from numerous metal  ions as predicted by Rf values 

Metal ion Solvent sys tem Ions which interfere Time Ion- 
exchange 
papers 

In +3 (0.85-0.73) Ethyl  aceto-acetate + Sn +~, Ga +~, t tg  +~, Pd ~ ,  Ag +, Pb +~, Hgz+~, Bi +s, 1 h Titanic- 
from 27 cations 20% Methylamine Hydro- CU +*, Sb +z, As +z, Fe +z, Fe +~, Au +~, Pt +~, Zn +~, tungstate  

chloride + HBr  (9:2:4) Cd +z, Te +a, Ru +~, Cr +~, Se +~, Sn ÷~, Ce +* paper 
Ethyl  methyl  ketone + Ag +, Pb +~, Hg~ +~, Bi +~, Cu +~, Pd +~, UOz+~, Sb +~, 25 min Titanic- 
Acetone 50% HCI (7:3:1) As +z, Fe +a, Fe +~, Au +~, Pt +4, Mo +~, Zn +z, Cd +~, tungstate  

Te+*, Ru +s, Ce +*, Th+4, In+S, Sn+2 Sn+4 Nb +~ paper 
Ni+Z, Co+~, Cd +z, K+, Rb +, Cs +, Cu +*, pd+~, Fe+2, 20 rain Titanic- 
Au+~, Ir+4, Mn+~, Zn+~, AI+3 Be+~, Ga +3, Ba +z, Mg+ 2, tungstate  
Ru+g Ce+4 In+3, Ca+Z Nb+6 V+4, Se+* Ge+4, Sn+* paper 
Co+~, Cu+*, Bi+S, Sn+~, As+Z, Ce+4 4 h Titanic- 

molybdate 
papers 

30 mln Titanic- 
molybdate 
papers 

Ge +~ (0.45-0.27) 
from 27 cations 

Sr +2 (0.72-0.44) 
from 25 cations 

Be +2 (0.41-0.30) 
from 41 cations 

1M Ammonium formate 

HC1 + n-butanol (3 : 7) 

Zr +4 (0.00) Saturated KCl + 
from 35 cations 0 .5M HC1 (1:1) 

Ag+, T1 +, Hf+4, y+8 W+., pt+~. it+4, Se+4 
Te +4, Nb +~ 

Table 11. Separations achieved on titanic tungstate  and molybdate papers 

Solvent sys tem Separations achieved Time Ion-exchange 
paper 

n-butanol  + Mo +6 (0.00-0.26) - V +4 (0.39-0.59) - UO2+* (0.83-1.00) 2 h Ti tanie- tungstatc  
dioxan + 50% HNO 3 Pb +~ (0.23-0.34) - Sn+a (0.70-0.99) 2 h Ti tanic- tungstatc  
(3:2:3) Te +4 (0.00-0.06) - Pt  +4 (0.47-0.77) 2 h Ti tanic- tungstate  
Formic acid + methyl  Th+4 (0.00-0.31) - UO2+2 {0.73-0.87) 1.15 h Ti tanic- tungstate  
alcohol + HCI (1:3:1) Ni +~ (0.49-0.74) - Zn +z (0.90-1.00} 1.15 h Ti tanic- tungstate  
Ethyl  methyl  Ma +~ (0.07-0.17) - Zn +* (0,46-0,61) 25 rain Ti tanic- tungstate  
ketone + acetone + TI + (0.00-0.00) - Bi+3 (0.37-0.64) 25 min Titanic- tungstatc  
50% HCl (7:3:1) Mn +~ (0.07-0.17) - Fe +~ (0.47-0,77) 25 min Titanic- tungstate  
Acetone + acetic acid -t- Pb +2 (0.00-0.14) - Bi +~ (0,50-0.68) 1.45 h Titanic- tungstate  
4 M  HNO 3 + n-butanol  Ru +a (0.00-0.04) - Pd ÷z (0.40-0.70) 1.45 h Titanic- tungstate  
(1:1:1:1) Cd +* (0.17-0.34) - Sb +3 (0.48-0.75) 1.45 h Titanic-tungstate 
0 .1MAnthran i l i cac id  Pb +* (0.00-0.00) - Ge +~ (0.22-0.49) - Hg +z (0.72-0.90) 1 .20h Titanic-tungstate 
in 50% ethylMcohol Pb +~ (0.00-0.00) - Cd ~z (0.17-0.49) - Hg +~ (0,69-0.86) 1.20 h Titanic- tungstate  

Ag + (0.00-0.00) - Co +~ (0.17-0.44) - Pt  +4 (0.73-0.90) 1.20 h Titanic- tungstate  
Ir +4 (0.00-0.30) - Pt  +4 (0.60-0.85) 1.20 h Titanie- tungstate  

Acetone + acetic acid + Fc +~ (0.65-0.62) - A1 +~ 10.25-0.12) 1.30 h Titanie-molybdate 
n-butanol  + 4 M HC1 T1 + (0.17-0.00) - Ga +3 (0.76-0.67) 1.30 h Titanic-molybdate 
(1 ;1 : 1 : I) As +3 (0.08-0.22) - Sb +8 (0.61-0.64) 1.30 h Titanie-molybdate 

Ba +2 (0.04-O.14) - Mg ¢~ (0.50-0.63) 1.30 h Titanic-molybdate 
HC1 + n-butanol  Se +4 {0.04-0.13) - Te+4 (0.64-0,82) 4 h Titanie-molybdate 
(3:7) Ni +2 (0.06-0.23) - Co +~ (0.39-0.48) Zn += {0.86-0.94) 4 h Titanic-molybdate 
Saturated KC1 -t- Ag + (0,00-0,00) - Au +3 (0.37-0.50) - Pd +2 (0.73-0.93) 30 rain Titanie-molybdate 
0.521I HCl (1 : 1) Zr +4 (0,00--0.00) - Th +4 (0.93-0.9i) 30 min Titanic-molybdate 
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Results. I n  m a n y  cases i t  was  poss ib le  to  s e p a r a t e  1 
c a t i o n  f r o m  n u m e r o u s  m e t a l  ions  eas i ly  a n d  rap id ly .  
Such  r e su l t s  a re  s u m m a r i z e d  in  T a b l e  I .  M a n y  i m p o r t a n t  
a n d  d i f f i cu l t  s epa r a t i o ns  h a v e  been  ach i eved  p r ac t i c a l l y  
a n d  are  g iven  in Tab le  I I .  I n s t e a d  of s i m p l y  g iv ing  R I  
va lues  of  t h e  ca t ion  t h e  RT (rear  l imi t )  a n d  Rr. ( f ron t  
l imi t )  are  g iven  to  h a v e  c lear  p i c t u r e  of t h e  spot .  

Discussion. I t  is c lear  f r o m  t h e  r e su l t s  s u m m a r i z e d  
in  Tab le s  I a n d  I I  t h a t  t i t a n i c  t u n g s t a t e  a n d  / t i t a n i c  
m o l y b d a t e  a re  good ion-exchangers .  P a p e r s  i m p r e g n a t e d  
w i t h  t he se  i on -exchange r s  a ch i eve  fast ,  se lec t ive  a n d  
specif ic  s e p a r a t i o n s  of  m e t a l  ions.  Di f f i cu l t  s e p a r a t i o n s :  
to  m e n t i o n  a few Mo+e-V+4-UO~ +z, Pb+z-Sn  +~, Mn+~-Zn+Z, 
a n d  Zr+4-Th+4 etc.  h a v e  b e e n  ach i eved  c lea r ly  a n d  
rap id ly .  

Se lec t ive  s e p a r a t i o n  of 1 m e t a l  ion f rom n u m e r o u s  
m e t a l  ions  ha s  also b e e n  ach i eved  w i t h  ease. Ve ry  few 
d i rec t  m e t h o d s  a re  a v a i l a b l e  w h i c h  s e p a r a t e  b e r y l l i u m  
f r o m  t h e  m a j o r i t y  of e l e m e n t s  in  a s ingle  s tep.  B e  +z 
can  b e  eas i ly  s e p a r a t e d  f rom 41 ca t i ons  i nc lud ing  Ag +, 
Al+S Au+S a n d  Ga+S (which  in te r fe re  in  b e r y l l i u m  de te r -  
m i n a t i o n )  o n  t i t a n i c  m o l y b d a t e  p a p e r s  u s ing  HCI  + 
n - b u t a n o l  (3: 7) as  developer .  F a s t  s e p a r a t i o n  of z i r c o n i u m  
c a n  also be  ach i eved  on  the se  p a p e r s  f rom 35 c a t i o n s  
(Table  I) i nc lud ing  Fe  +s, Th+4, Sb+3, Mo+e, Ge+4, Cr+3 
a n d  Ga+ 8. These  a re  t h e  ca t ions  t h a t  in t e r fe re  m o s t  in  
z i r con ium d e t e r m i n a t i o n .  T h i s  is p r o b a b l y  t h e  be s t  
s e p a r a t i o n  of Zr+4 f r o m  n u m e r o u s  m e t a l  ions  ye t  re-  
p o r t e d  L 

Zusammenlassung. Mit  a n o r g a n i s c h e n  I o n e n a u s t a u -  
c h e r n  T i t a n w o l f r a m a t  u n d  - m o l y b d a t  impr/~gnier te  IDa. 
p iere  w u r d e n  zur  C h r o m a t o g r a p h i c  m e h r e r e r  M e t a l l i o n e n  
in  v e r s c h i e d e n e n  wgssr igen,  n i ch tw~ss r i gen  u n d  ge- 
m i s c h t e n  L S s u n g s m i t t e l n  v e r w e n d e t .  T r e n n u n g e n  e ine r  
A n z a h l  yon  t e rn / i r en  u n d  b in i i ren  G e m i s c h e n  w u r d e n  
d a m i t  erziel t .  
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Quantitative Determination of Phosphol ipids  

T h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of t i s sue  p h o s p h o l i p i d s  
a f t e r  t h e i r  s e p a r a t i o n  b y  t h i n  l aye r  c h r o m a t o g r a p h y  
(TLC) h a s  b e e n  r e p o r t e d  f r o m  severa l  l a b o r a t o r i e s  1-s. 
T h e  m a j o r  d i f fe rences  a n d  s imi la r i t i e s  of these  m e t h o d s  
a re  s u m m a r i z e d  in  T a b l e  I .  I t  m a y  be  n o t e d  t h a t  in  t h e  
m e t h o d s  r e p o r t e d  t h e  s e n s i t i v i t y  r a n g e  of p h o s p h o l i p i d  
p h o s p h o r u s  d e t e r m i n a t i o n s  were  comparab l e .  T h e r e  were  
d i f ferences  in  t h e  choice  of a b s o r b e n t ,  s o l ven t  sys tems ,  
a n d  d e t e c t i o n  reagen t s .  T h e  g r e a t e s t  Var ia t ion  is in  t h e  
t i m e  r equ i r ed  for  d iges t ion  of sample ,  for  ins tance ,  
d iges ted  for  20 m i n  b y  ROUSER et  al. 6 as  c o m p a r e d  w i t h  
4 h by PARKER and PETERSON 5. 

The existing methods for tissue phospholipids deter- 
minations were found to be tedious where a large number 
of samples had to be determined. This paper describes a 
simple procedure which allows determination of several 
samples while still retaining a high degree of sensitivity 
and accuracy. 

Methods. Glass  p l a t e s  (20 × 2 0  cm) were  coa t ed  w i t h  
a 0.3 m m  laye r  of Si l ica Gel  G (Merck) us ing  t h e  a p p a r a t u s  
a n d  m e t h o d s  desc r ibed  b y  CHAHI. a n d  KRATZI~rGL L i v e r  
l ip id  so lu t ions  usua l ly  c o n t a i n i n g  u p  to  30 ~zg of p h o s p h o -  
l ip id  p h o s p h o r u s  were  app l i ed  o n t o  each  l ane  b y  m e a n s  
of  t h e  m u l t i s a m p l e  a p p l i c a t o r  of CHAHL a n d  K~ATZING 1% 
T h e y  were  t h e n  i m m e d i a t e l y  p l aced  in a l i gh t -p roof  t a n k  

a N. ROBINSON and B. M. PHILLIPS, Clin. chim. Acta 8, 385 (1963). 
B. M. PHILLIPS and N. ROBINSON, Clin. ehim. Aeta 8, 832 (1963). 

3 D. ABRAMSON and M, BLECH~R, J. Lipid Res. 5, 628 (1964). 
V. P. SKIPSKI, R. F. PETERSON and M. BARCLAY, Biochem. J. 
90, 374 (1964). 
F. PARKER and R. 17. PErERSON, J. Lipid ires. 6, 455 (1965). 

s G. ROVSER, A. N. SIAKOTOS and S. FLEISCHER, Lipids 1, 85 (1966). 
7 j ,  KAHOVCOVk and R. ODAVId, J. Chromat. 40, 90 (1969). 
8 A. F. ROSENrHAL and S. C. HAN, J. Lipid Res. I0, 243 (1969). 
9 j .  S. CHAHL and C. C. KRATZING, Lab. Pratt.  19, 289 (1970). 

Table I. Comparisons of methods and conditions for separation and quantitative determination of phospholipids using TLC techniques 

Tissue Silica Dimension Detection Treatment Digestion P in sample Reference 
Gel reagent of sample ~ time (tzg) 

Human CSF G 1 HzSO ~ D 3 h 0.5-5.0 a 
Human serum (same procedure as 1) 
Rat thymus G 2 Ex 15 min 3.1-6.2 8 
Rat liver H 1 E 3 h 0.2-5.0 4 
Rat liver H b 1 E 4 h 1.85-7.17 
Beef brain H 2 × 2 D 20 min 0.07-2.40 * 

Iodine vapour 
Iodine vapour 
Iodine vapour 
Iodine vapour 

D P]L determined in presence of adsorbent Ex P]L extracted before P determination E P]L eluted before P determination, b Adsorbent 
washed before use. 


