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PAPER CHROMATOGRAPHIC SEPARATION 
OF DMSO COMPLEXES OF METAL IONS 

S. D. Sharma and S .  Misra 
Department of Chemistry 

Hindu College 
Moradabad 244 001 India 

A B S T R A C T  

R va lues  of DMSO complexes of some me ta l  ims f 
i n  twelve  s o l v e n t  s y s t e m s  are g iven .  The s e p a r a t i m  9 5  

Zn and H g  DDlSO complexes from o t h e r s  have  been achieved  

i n  Water and i n  n-butyl a l c o h o l  r e s p e c t i v e l y  by u s i n g  

paper chromatography. Some o t h e r  p o s s i b l e  se?a r? i t i sns  

a r e  a l s o  reported. 

I N T R O  D U C T  I 0  N 

Dimethyl su lphox ide  (DMSO) o f f e r s  numerous 

advantages  as an e l u a n t  i n  c a t i o n  exchange c h r m a t o g r a p h y ;  i t  

h a s  a complex forming tendency wi th  a lmost  a l l  meta l  i o n s ,  

c o n t a i n s  no i o n i z a b l e  p ro tons  and h a s  a f a i r l y  h igh  dielectric 

c o n s t a n t  ( f  = 47.5). I t  h a s  a t t r a c t e d  t h e  a t t e n t i o n  of 

r e s e a r c h e r s  because  of i t ' s  b i o l o g i c a l  a p o l i c a t i o n s  and i t s  

unusual p r o p e r t i e s  as s o l v e n t ,  1.e.t i t s  a b i l i t y  t 3  s o l v a t e  

metal i o n s  i n  p r e f e r e n c e  t o  a n i o n s  and a s p e c i f i c  sDlva t ing  

e f f e c t .  
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1732 SHARMA AND MISRA 

DI.1SO was f i r s t  i i l t r o d u c e d  as 3n e l u a n t  in i o n  

exchange  chromatoqraphy by J a n a u e r  (1) who u s e d  it €or t h e  

d e t e r m i n a t i o n  of Kd on Dowex 50 11 - x 8 r e s i n  u s i n g  0 . lQ - 1.29 1.7 

H c l  i n  20 - 95% DMSC). J a n a u e r  ( Z ) ,  pr ize  ( 3 ) ,  F r i t z  (4' 2nd 

P h i p u s  ( 5 )  s t u d i e d  t h e  i o n  e x c h J n 7 e  b e h 3 v i ~ r  3i I Lir-c number 

3f c a t i o n s  i n  mixed s o l v e n t  s y s t e m s  c ? i i t a i n i n T  3"33. 214s ius  

3nd S c h m i t t  ( 6 )  s t u d i e d  t h e  s o r p t i m  b c h 2 v i  u r  3 5  v a r i o u s  

c a t i o n  e x c h a n p r s  i n  DMSO - H 2 0  m i x t u r e s .  L a t e r  S m i t s  and 

Co-workers (7,8? made a d e t s i l e d  s t u d y  of Ca and vrg a n  2o.Sex 

50  X - x 8 i n  DMSO - N20 - H c l  s y s t e m s .  Q u r e s h i  e t .  al. (3) 

detcr in ined  t h e  ':d v a l u e s  of a number of c a t i 3 n s  i n  DbiSO and 

DdSO - Formic acid s y s t e m s  and s e p a r a t e d ,  1J, Y, L a  and C e  C ~ % I  

Th. They s t u d i e d  (13) t h e  c h r ? r n 3 t , > 7 r a ~ h i c  b c h i v i m r  of 41 

met31 i o n s  i n  DIiSO - 1120 - liEJ03 s y s t e m s .  o u r  n7rlier s t u d i e s  

(11-13) h a v e  also p o i n t e d  o u t  t o  t h e  e x c e l l e n t  s o l v a t i n n  

p r o n c r t i e s  of DMSO. 

P a p e r  chr3matograDhic  s e p a r a t i 3 n s  3f CDT.\ c3mnlexes 

3f metal i o n s  h a v e  been r e p o r t e d  ear l ier  ( 1 4 ) .  Mowever, no 

e f f o r t  h a s  been made t o  s e p a r a t e  t h e  DflSO complexes  of metal 

ions .  The p r e s e n t  work was t h e r e f o r e  u n d e r t a k e n  and  t h e  

r e s u l t s  are s u m m ~ r i z e d  i n  t h e  fol lDWinq pages .  

E X  P E R 111 E N T A L 

A p p a r a t u s  - Chromatography w a s  t>erfornied s n  Whatman N o  - 1 
p a p e r s  of 1 5  x 3.5 c m  i n  22 x 5 Cm j a r s  u s i n g  

t h e  a s c e n d i n g  t e c h n i q u e .  

R e a g e n t s  - 
P r e p a r a t i o n  of Metal - DMSO Complexes - The DMSO complexes  o f  

Co2+, r7i2+, Zn2+, Cd2+, UO:', Hg2+, Mn2+, A13+, 

C h e m i c a l s  and s o l v e n t s  u s e d  w e r e  sf Analar g r a d e .  

Cr3+,  Cu2+ and Th4+ were p r e p a r e d  as r e p o r t e d  by C o t t o n  and  
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DMSO COMPLEXES OF METAL IONS 1733 

3+ 
F r a n c i s  (15). The Complexes sf ?e3+ and of La and Ce3' were 

prepared  by t h e  methods r e p o r t e d  e a r l i e r  (16, 1 7 ) .  These were 

d i s s o l v e d  i n  DMSo. 

Detectors - The complexes o f  Hg2+ and Cd2+ were d e t e c t e d  
3+ 

w i t h  yellow arnmonium s u l p h i d e  s o l u t i o n .  Fe , 
Cu2+ and UO:+ zones were d e t e c t e d  wi th  aqueous :<4Fe(Cfil)6 

s o l u t i o n .  1% a l c o h o l i c  diDhenyl c a r b a z i d e  was used t 3  cletect 

t h e  complexes o f  Zn2+, I,:n2+ and Cr3+ .  %13+ - complex was 

d e t e c t e d  wi th  aqueous ilurninon s o l u t i o n .  1% arnmonical d imethyl  

glyoxlme was used t o  d e t c c t  N12+ and Co2+ zones.  The complexcs 

o f  La3+, Ce3+ and Th4+ were d e t e c t e d  wi th  3.1% a l c o h o l i c  

a l i z a r i n e  Xed - S. 
Procedure  - 

one  s p o t  of n e a r l y  0.1 M s o l u t i s n s  3f DMSO complexes 

of metal i o n s  was a p p l i e d  on t h e  pa?er  w i th  a t h i n  g l a s s  c a p i l l a r y .  

The paper w a s  t hen  cond i t ioned  f o r  29 min. and t h e  deve lo?ed  

was a l lowed t o  ascend  11 c m .  i n  a l l  cases. 

R E S U L T S  

Twelve s o l v e n t  sys tems were t r i e d  t a  a c h i e v e  t h e  

s e p a r a t i o n  of me ta l  - DMSO complexes. The r e s u l t s  a r e  summarized 

I n  t a b l e  1. The R va lues  o f  o n l y  t h o s e  me ta l  - DMSO complexes 

which g i v e  compact spots are r e p o r t e d .  A c u r s o r y  i n s p e c t i o n  

of t h e  movements o f  metal - DMSO complexes r e v e a l s  t h a t  a number 

of i n t e r e s t i n g  s e p a r a t i o n s  are possible, e.g., Cd2+ and T J O F  

can  be s e p a r a t e d  from Cu , Fe , Zn and A13+  I n  E t h y l  a l c o h o l .  

Cd2+ from A13+,  La3+, Fe3+, Th4+, UO? and Cu2+ I n  n-propyl 

a l c o h o l  and Hg2+ from o t h e r  me ta l  complexes i n  n - Buty l  

a l c o h o l ,  a c e t o n e  and e t h y l  a c e t a t e  systems. Zn2+ can  be 

f 

2+ 3+ 2+ 
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1734 sHARMA AND MISRA 

s e p a r a t e d  from Cr3+, Cd2+, Cu2+, UO?, Fig2+, Ce  3+ , Fe3+, N i 2 + ,  

3+ Co2+ and La3+ u s i n g  water as deve lope r .  

Fe3+, Th4' and t h a t  of Cd2*, La3', Ca2+ and Ce3+ from o t h e r  

metal c m p l c x e s  a r e  p o s s i b l e  i n  water : Acetone (1:l) and i n  

w a t e r s  Acetone: Alcohol (2:l:l) s y s t e m s  r e s p e c t i v e l y .  Only 

t h o s e  s o l v e n t  systems where there was no f e a r  of  breaking  t h e  

complex were t r i e d .  

Separdtims of A 1  , 

D I S C U S S I O N  

The s e p a r a t i o n  of D14SO complexes of metal i o n s  is 

impor t an t  s i n c e  DMSO i s  e x t e n s i v e l y  used as a s o l v e n t  and 

possesses e x c e l l e n t  complex h r r f l i ng  a b i l i t y .  T h s  paper 

chrmmtography of meta l  - DMSO complexes pose  some problems 

owing t o  t h e  fo l lowing  r easons .  

( a )  Metal - DI.1SO complexes are n o t  very  s t a b l e ,  hence x l y  

those s o l v e n t s  a r e  chosen which h a s  less comnlex forming 

a b i l i t y  than  DMSO. The S o l v a t i o n  of s imple  c a t i o n s  i s  

e s s e n t i a l l y  the  p rocess  of forming complexes i n  which the  

l i g a n d s  a r e  s o l v e n t  molecules.  The o r d e r  of co-ord ina t ing  

a b i l i t y  (18) towards t y p i c a l  c a t i o n s  f o r  some comitim 

s o l v e n t s  i s  g iven  as - 
DMSO > DMF .= H 2 0  > a c e t o n e  

CH3CN > ( C H 2 ) 4  S 0 2 C Y 3 N 0 2 )  C6H5N02 > CH2C12 

(b) Metal - DMSO complexes a r e  s o l u b l e  on ly  i n  'water l i k e  

(CH3CHCH2) o2 . CO . 

systems, hence n m - p o l a r  s o l v e n t  can  n o t  be used o r  can  

be used i n  mix tu res  w i t h  wa te r .  T h i s  i s  evidenced  by 

t h e  Zero Rf v a l u e s  f o r  a l l  metal - DMSO complexes i n  

benzene (Table - 1). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
3
4
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



DMSO COMPLEXES OF METAL IONS 1735 

TABLE 1 

R v a l u e s  of Metal - DIlSO Complexes 

Complexes of 
So lven t  Systems Cr3+ Cd2+ c u  2+ u o y  Hg2+ Ce3+ Th4+ 

1. Methyl a l c o h o l  0.00 

2. E thy l  a l c o h o l  T 

3. n-Propyl a l c o h o l  0.17 

4. n-Butyl a l c o h o l  0.15 

5. Water 0.98 

6. Acetone 0.05 

7. E thy l  a c e t a g e  0.00 

8. Dimethyl formamide 0.48 

9. Water:Acetone (1:l) 0.56 

10. Water:Acetone:Al- 0.79 
coho1 ( 2 : l : l )  

11. Benzene 0.00 

12 .  N i t r o  benzene 3.30 

0.65 

3.47 

0.43 

0.10 

0.89 

0.09 

0.30 

0.62 

0.74 

0.71 

0.30 

0.00 

0.00 

0.04 

0.02 

0.30 

0.53 

0.00 

9.00 

0.30 

0.25 

0.00 

0.90 

0.00 

0.30 

3.53 

0.03 

0.00 

3.39 

0.00 

0.00 

0.75 

0.16 

0.00 

3.0 

0.00 

9.52 

0.60 

9.54 

3.52 

0.70 

0.05 

0.45 

0.70 

0.78 

0.62 

0.32 

0.30 

3.73 

0.20 

0.27 

3.08 

0.93 

0.25 

0.00 

0.73 

0.85 

0.71 

3.m 

0.30 

3.73 

0.19 

0.11 

0.33 

T 

0.26 

0.39 

0.23 

0.10 

0.00 

3.07 

9.30 

Cont inued . .  . . . 

The paper chromatography of Metal - DMSO complexes 

is very  i n t e r e s t i n g .  The rare e a r t h  metal - DMSO comyAexcs 

e.g. La and Ce, are s o l u b l e  i n  CH30H, a c e t o n e  and Dirnethyl 

formamide bu t  t h e  same are i n s o l u b l e  i n  benzene and v i t r o b e n -  

zene (19,201. T h i s  i s  t h e  r eason  why t h e  complex 3f La and Ce 

show a s i g n i f i c a n t  Rf v a l u e s  i n  these s o l v e n t s  and a Zero 'if 

v a l u e  i n  benzene and n i t robenzene .  The Zero Rf v a l u e  for a l l  
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1736 SHARMA AND MISRA 

Table 1 continued ...... 

Solvent  Systems 

1. bIethyl a lcohol  

2. Ethyl  a lcohol  

3. n-Propyl a l coho l  

4. n-Butyl a l coho l  

5. Water 

6. Acetone 

7. Ethyl  a c e t a t e  

8. Dimethyl formamide 

9. Water:Acetone(l: l)  

10. Water:Acetone:Al- 
coho1 (2:1:1) 

11. Benzene 

1 2 .  rqitro benzene 

0.00 

0.10 

0.00 

0.00 

0.32 

0.00 

0.00 

0.15 

0.30 

0.00 

3.73 

0.27 

T 

0.35 

T 

0.04 

0.00 

0.40 

T 

0.64 

0.03 

0.22 

T 

0.33 

0.47 

3.0d 

0.93 

0.55 

T 

0.40 

T 

0.12 

T 

3.00 

3.05 

0.30 

3.30 

0.35 

T 

T 

~~ 

0.00 

0.14 

0.00 

0.00 

0.18 

0.00 

0.00 

D.05 

0.00 

0.00 

0.60 

0.52 

0.35 

0.11 

0.66 

3.19 

0.12 

0.45 

3.80 

0.65 

0.68 

0.37 

0.13 

3.03 

3.73 

3.30  

0.70 

0.64 

0.77 

0.67 

0.00 

0.00 

0 .oo 

0.30 

0.03 

0.90 

0.00 

0.00 

0.00 

0.00 

0.30 

0.00 

0.30 

0.30 

~ ~~ 

T = T a i l i n g  

t h e  o t h e r  metal - DMSO complexes i n  benzene and ni t robenzene 

may be a t t r i b u t e d  t o  t h i s  property.  
3+ 

In c a s e  of Cu2+ and Fe complexes, t h e  Rf value of 

t h e  former i n  water is higher  than t h a t  of l a t e r .  Copoer forms 

Cu (DMSO)? whi le  i r o n  forms Fe (DMS0)36+complexes ( 2 1 ) .  The 

lower Rf value of Fe3+ complex is due t o  t h e  l a r g e r  s i z e  of 

t h e  complex compared t o  t h a t  of copper. 

The r e s u l t s  show t h a t  some important  and s e l e c t i v e  

sepa ra t ions  can be developed on the basis of t h e  Rf values.  
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DMSO COMPLEXES OF METAL IONS 1737 

A number of p o s s i b l e  s e p a r a t i o n s  have been d e s c r i b e d  i n  t h e  

p reced ing  pages.  Out  of a l l  t h e s e ,  t h e  s e p a r a t i o n s  of DMSO 

complexes o f  Hg2+ and Zn2+ from o t h e r s  are  impor t an t  ones  

and have  a c t u a l l y  been achieved  expe r imen ta l ly .  
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