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CHROMATOGRAPHIC SEPARATION OF SOME INORGANIC ISOMERS 

R.K. Upadhyay*, ( M i s s )  Vaaundhra K, Sharma and V.P. S i n g h  

Department of C h e m i s t r y ,  N,R.E.C. C o l l e g e ,  KHURJA - 203131,1~Sqp, 

ABSTRKT 

I s o m e r i c  s i m p l e .  complexes of T i ( I I 1 )  and Hg(I1) w i t h  

p-d ie thylarn inoani l  of a n t h r a c e n e q l y o x a l  (DEAAnG) and i s o m e r i c  

mixed l i g a n d  complexes of Zn(I1) w i t h  DEAAnG and T h i o u r e a  (TU) 

have been s y n t h e s i z e d ,  r e s o l v e d  i n  b u l k  on s i l i c a  g e l  column, 

and c h a r a c t e r i z e d  on t h e  b a s i s  of e l e m e n t a l  a n a l y s e s ,  molar  

c o n d u c t a n c e  and i n f r a r e d  s t u d i e s .  

Binary  mixtures of i s o m e r s  have been a n a l y r e d  by TLC, 

PC and EC t e c h n i q u e s .  TLC method showing h i g h e s t  r e s o l v i n g  

c a p a c i t y  was used i n  t h e  q u a n t i t a t i v e  a n a l y s i s  of isomeric 

m i x t u r e s ,  Resolved  isomers were i d e n t i f i e d  u s i n g  i.r. and 

m i g r a t i o n  r a t e  c o r r e l a t i o n s .  

I NTROWTI ON 

While  t e s t i n g  t h e  homogeneity of s i m p l e  complexes of T i ( I I 1 )  

and Hg(I1) w i t h  DEAAnG and mixed l i g a n d  complexes of Zn(I1) 

w i t h  DEAAnG and t h i o u r e a ,  t h e y  ware found t o  be b i n a r y  m i x t u r e s .  
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1142 WADHYAY, SHARMA, AND SINGH 

Binary  m i x t u r e s  were r e s o l v e d  i n  bulk  on s i l i c a - q e l  column and 

c h a r a c t e r i z e d  on t h e  b a s i s  of chemica l  a n a l y s e s ,  molar  conduc- 

t a n c e  and i n f r a r e d  s t u d i e s .  

Al though,  a number of a t t e m p t s  have been made f o r  t h e  

s e p a r a t i o n  and i d e n t i f i c a t i o n  of inorqanic.dsomers by chromato- 

g r a p h i c  t e ~ h n i q u c s l - ~  l i k e  TLC and PC, yet t h e y  a r e  q u i t e  a 

few a s  compared w i t h  t h o s e  on o r g a n i c  i somers .  T h i s  f a c t  

a r o u s e d  o u r  i n t e r e s t  t o  u n d e r t a k e  a n a l y t i c a l  s t u d i e s  on t h e  

T i ( I I I 1 ,  H 9 ( I I )  and Z n ( I 1 )  i s o m e r i c  complexes u s i n q  chromato- 

g r a p h i c  methods. I n  t h e  p r e s e n t  communication s e p a r a t i o n ,  

i d e n t i f i c a t i o n  and d e t e r m i n a t i o n  of a few new i n o r g a n i c  i s o m e r s  

by TLC, FC and EC have been r e o o r t e d ,  TLC method was found t o  

be s u p e r i o r  t o  FC and EC i n  i t s  s e p a r a t i o n  e f f i c i e n c y .  

EXPERIMENTAL 

I s o l a t i o n  of DEAAnG and i t s  C@omplexes 

p-Diethylaminodni l  of  a n t h r a c e n e g l y o x a l  was p r e c i p i t a t e d  

from t h e  cquimolar  m i x t u r e  s o l u t i o n  of a n t h r a c e n c g l y o x a l  and 

p - a m i n o d i e t h y l a n i l i n e  i n  e t h e r  a t  room t e m p e r a t u r e .  Compound 

was p u r i f i e d  by r e c r y s t a l l i  zsition from ace tone .  

Complexes of  DEAAnG w i t h  T i ( I I I ) ,  H g ( I 1 )  and Zn(I1) i o n s  

were p r e p a r e d  by mixing  t h e  r e a c t a n t  s o l u t i o n s  i n  a c e t o n e  o r  

a l c o h o l  i n  s t o i c h i o m e t r i c  r a t i o s .  S o l i d s  were i s o l a t e d  e i t h e r  

by e v a p o r a t i n g  t h e  r e a c t i o n  m i x t u r e  or by i n c r e a s i n g  i t s  pH 

w i t h  NaOH s o l u t i o n  ( i n  case of T i ( I I 1 )  complex). 

f i n a l l y  washed w i t h  e t h e r  t i l l  e x c e s s  l i g a n d  was washed out .  

Mixed l i g a n d  complex of Zn(I1) was p r e p a r e d  by mixing  Zn(I1)-DEAAnG 

complex and t h i o u r e a  i n  l : L  r a t i o  i n  a c e t o n e  s o l v e n t .  R e a c t i o n  

P r o d u c t s  were 
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SEPARATION OF INORGANIC ISOMERS 1143 

1 1 CI 

3 +  

3CI- 

R r II 

A"' !" '0 -z A n  

3+ 

3CI- 

m i x t u r e  was e v a p o r a t e d  on w a t e r  b a t h  and s o l i d  was washed w i t h  

w a t e r  and e t h e r  t ill  excess r e a c t a n t s  w r e  removed. Complex 

was d r i e d  i n  oven a t  80OC. 

Chemica ls  used  i n  t h e  s y n t h e t i c  work were 9.D.H. or 

S.M. Labora tory  r e a g e n t s .  

Analvs ir  and Phvricrl Measurements 

I n f r a r e d  s p e c t r a  of t h e  compounds were r e c o r d e d  i n  C s I  

medium on P e r k i n  Elmer g r a t i n g  i n f r a r e d  s p e c t r o p h o t o m e t e r  

model - 577 i n  t h e  range  200 - 4000 crn-'. Conductornetr ic  

measurements  were made w i t h  Toshniwal c o n d u c t i v i t y  b r i d g e  u s i n g  
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1144 UPADHYAY, SHARMA, AND SINGH 

d i p - t y p e  c e l l .  E l e m e n t a l  a n a l y s i s  was p e r f o r m e d  by r o u t i n e  

micro a n a l y t i c a l  me thods  a t  'C.D,R.T *, Lucknow (INDIA). 

P r e D a r a t i o n  of Column f o r  S e w r e t i o n  of Isomers 

C h r o m a t o q r a p h i c  column t u b e  of 50 cm l e n g t h  and  2 cm 

d i a m e t e r  p r o v i d e d  w i t h  a s t o p  c o c k  a t  t h e  l o w e r  e n d  was moun ted  

v e r t l c a l l y  and gel l a y e r  was p r e p a r e d  by p o u r i n q  s u s p e n s i o n  of 

s i l i c a  g e l  (50 -100 mesh RDH) i n  a c e t o n e  as usual. A c e t o n i c  

s o l u t i m  of e a c h  b i n i r y  isomeric m i x t u r e  w a s  p o u r e d  i n t o  t h e  

column and a l l o w e d  t o  r u n o  F a s t  movinq i s o m e r  was c o l l e c t e d  i n  

b e a k e r  and s l o w  movinq one w i t h  106 RF wh ich  r e t a i n e d  i n  t h e  

column was e l u t e d  by  EOOH. S o l u t i o n s  were  e v a p o r a t e d  t o  d r y n e s s  

and complexes  were  r e c r y s t a l l i z e d  f r o m  a c e t o n e .  

-&ration. Load inq  and Development  of TLC P l a t e s  and  K . a n d  

EC Paoe_r S t r i p s  

S i l i c a  gel G ( 3 D H )  mixed w i t h  s t a r c h  b i n d e r  ( 1 9 : 1 ,  w/w) 

was u s e d  t o  p r e p a r e  0.1 cm l a y p B s  on 3 x 1 0  cm g l a s s  p l a t e s .  A 

h o m e - b u i l t  a p p a r a t u s 4  was u s e d  t o  s p r e a d  a q u e o u s  s l u r r y  on t h e  

p l a t e s .  

w i t h  f i n e  c a p i l l a r i e s  on d r y  p l a t e s  and  d e v e l o p m e n t  was done  i n  

r e c t a n q u l a r  g l a s s  chambers  w i t h  q r o u n d - i n - l i d s  by t h e  a s c e n d i n g  

t e c h n i q u e .  The s o l v e n t  f r o n t  was a l l o w e d  t o  migrate f o r  a f i x e d  

d i s t a n c e  of 6-8 cms and d e v e l o p m e n t  t i m e  was n o t e d .  F o r  q u a n t i -  

t a t i v e  w o r k  10x15 cm p l a t e s  were  l o a d e d  w i t h  known vo lumes  of 

s t a n d a r d  sample  s o l u t i o n s  by m i c r o - p i p e t t e s .  Chromatogram 

f r a g m e n t s  were s c r a p e d  and e l u t e d  w i t h  EtOH/Me2C0. 

d e n s i t i e s  of t h e  e l u t e s  were d e t e r m i n e d  a t  t h e  

e l u t e s  and c o n c e n t r a t i o n s  of t h e  c o m p l e x e s  were t h e n  d e d u c e d  

Sample s o l u t i o n s  p r e p a r e d  i n  EtOH or  Me2C0 were a p p l i e d  

& t i c a l  

h n a x  of t h e i r  
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SEPARATION OF INORGANIC ISOMERS 1145 

f rom t h e i r  r e s p e c t i v e  c a l i b r a t i o n  curves p r e p a r e d  under  s i m i l a r  

c o n d i t i o n s  of s o l v e n t  and t e m p e r a t u r e .  

I n  p a p e r  chromatography Whatmann tiool 3x19 crn f i l t e r  

p a p e r  s t r i p s  *re  loaded  w i t h  f i n e  c a p i l l a r i e s  i n  2-3 ma s p o t s  

and developed  i n  c y c l i n d r i c a l  g l a s s  j a r s ,  a l r e a d y  s a t u r a t e d  

w i t h  s o l v e n t .  

t r a v e l l e d  by t h e  s o l v e n t  f r o n t .  

l i m o  of development  was n o t e d  f o r  6-8 cms d i s t a n c e  

Elec t rochromatography was c a r r i e d  o u t  i n  v e r t i c a l  type 

a p p a r a t u s ,  Whatman No.1 p a p e r  s t r i p s  (3x35 cm) were loaded  a t  

t h e  c e n t r e  by f i n e  c a p i l l a r i e s ,  

w i t h  b o t h  e n d s  i n  t h e  e l e c t r o d e  s o l v e n t s  and a p p a r a t u s  was 

c l o s e d .  A t  s a t u r a t i o n  s t a g e  c o n s t a n t  v o l t a g e  was a p p l i e d  and 

a f t e r  2 - 3.5 hours chromatograms were t a k e n  o u t  and d r i e d ,  

Loaded s t r i p $ ,  were hanged 

No l o c a t i n g  a g e n t  was needed a s  s p o t s  were v i s i b l e  i n  

day  l i g h t ,  

RESULTS AND DISCUSSION 

S t o i c h i o m e t r i c  S t u d i e s  

Homogeneini ty  t e s t  of complex by TLC u s i n g  a c e t o n e  a s  

d e v e l o p i n g  s o l v e n t  r e v e a l e d  t h a t  T i ( I I 1  )-DEAAnG, Hq( I1 )-DEAAnG 

and Zn(I1)-DEAAnG-TU a r e  t h e  b i n a r y  i s o m e r i c  m i x t u r e s  which c o u l d  

be s e p a r a t e d  i n  bulk  by column chromatograohy u s i n g  a c e t o n e  

s o l v e n t ,  S t o i c h i o r n e t r y  of t h e  i s o m e r i c  comolexes was deduced 

from a n a l y t i c a l  d a t a  ( T a b l e  - I). Molar  c o n d u c t a n c e  and 

s i l v e r  n i t r a t e  t e s t  r e v e a l e d  t h a t  a l l  compounds a r e  i o n i c .  

A comparison of i n f r a r e d  s p e c t r a  of l i g a n d s  w i t h  t h e i r  

c o r r e s p o n d i n g  complexes r e v c a l e d  n e g a t i v e  s h i f t  i n  t h e  f r e q u e n c i e s  

of C=O, C=N g r o u p s  o f  DEAAnG, C=S g r o u p  of t h i o u r e a  c l e a r l y  i n d i -  
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SEPARATION OF INORGANIC ISOMERS 1147 

f a t i n g  t h e i r  p a r t i c i p a t i o n  i n  c o o r d i n a t i o n .  Some new bands which 

c o u l d  be a s s i g n e d  t o  M - 0 ,  M-M, M-C1 and M-S bonds ,  a p p e a r e d  i n  t h e  

s p e c t r a  of  complexes ( i s o m e r s )  c o n f i r m  t h e  c o o r d i n a t i o n  t h r o u g h  

G O ,  C=N and C-S groups  of  t h e  l i g a n d s .  

O c t a h e d r a l  complexes of t h e  t y p e  M(AA)2X2 (AA = b i d e n t a t e  

l i g a n d  and X = h a l o g e n )  a r e  c a p a b l e  of  e x h i b i t i n g  cis-  and t r a n s -  

isomerism.  For c i s  i s o m e r s  ((& symmetry) having  a x i a l  p o s i t i o n s  

of h a l o g e n s  one would cxwect  two i.r. a c t i v e  M-X s t r e t c h i n g  modes 

w h i l e  f o r  t r a n s  i s o m e r  (D4,, symmetry) o n l y  one normal  mode i s  

e x p e c t e d .  

be proposed  f o r  b i n u c l e a r  Ti(II1)-DEAAnG(a) complex and t r a n s  

f o r  b i n u c l e a r  Ti(II1)-DEAAnG(b) complex. 

Based on t h e s e  c o n s i d e r a t i o n s  c i s -  c o n f i g u r a t i o n  may 

I n  H g ( I 1 )  - DEAAnG(dr0 complex showing 1:l e l e c t r o l y t i c  

n a t u r e  i n f r a r e d  band a t  285 cm’l which c o u l d  be a s s i g n e d  t o  

Hg-C1 s t r e t c h i n q  i n d i c a t e d  f r e e  c h l o r i n e  c o o r d i n a t e d  w i t h  t h e  

m e t a l  ion .  Al thouqh,  Hg-C1-Hq s t r e t c h i n g  f r e q u e n c y  c o u l d  n o t  

be i d e n t i f i e d ,  y e t  i n  t h e  l i q h t  of m o l a r  c o n d u c t a n c e  and a n a l y t i c a l  

Hg( l l1 -  DEAAnG (a) (Tetrahedral) Hg(l1)- DEAAnG (b) (Trigonall 

L 

+ 

c I- 

3 +  

3 Ci- 
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d a t a  p o s s i b i l i t y  of h a l o q e n  b r i d q e d  b i n u c l e a r  s t r u c t u r e  c a n n o t  be  

r u l e d  o u t .  

i .r.  band a t  265 cm-I c o r e e s p o n d i n q  t o  Hg-C1-Hg s t r e t c h i n g ,  

m o l a r  c o n d u c t a n c e  and  a n a l y t i c a l  d a t a  i n d i c a t e d  h a l o q e n  b r i d q e d  

b i n u c l e a r  s t r u c t u r e  i n v o l v i n g  H g ( I 1 )  i n  t h r e e  c o o r d i n a t i o n  

number * 

I n  Hq(II)-DEAAnG(b) comnlex  a m e a r a n c e  of o n l y  o n e  

Zn(ll)-DEAAnG (TUt (a )  (Square Planar) 

An 
I 

An 
I 

H,N NH, H,N NH, 

Zn (11)-DEAAnG (TU) (bt (Tetrahedral) 

R =  

H2N NH, 
\/ 
C 
II 
S 

H,N NH, 
\/ 
C 
II 
S 

3 +  

3 CI- 

3+ 

3 c i  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF INORGANIC ISOMERS 1149 

On t h e  b a s i s  of chemica l  a n a l y s i s  and molar  c o n d u c t a n c e  

d a t a  ha logen  b r i d q e d  b i n u c l e a r  s t r u c t u r e  c o u l d  be s u g g e s t e d  

t o  b o t h  Z n f I I )  complexes,  Higher  f r e q u e n c y  of Zn-C1-Zn 

s t r e t c h i n g  i n  Zn(I1)-DEAAnG-(TU) ( b )  t h a n  i n  Zn-DEAAnG-rU) ( a )  

i n d i c a t e d  t e t r a h e d r a l  s t e r e o c h e m i s t r y  of  f o r m e r  and square-  

- p l a n a r  geometry of t h e  l a t e r .  

Based on t h e  above s t u d i e s  t h e  f o l l o w i n g  s t r u c t u r e s  may 

be proposed  t o  t h e  complexes:  

C a o t o s r a p h i C  S t u d i e s  

Chromatographic  d a t a  o b t a i n e d  by m i g r a t i n g  i n d i v i d u a l  

complexes r e v e a l e d  t h e  s e p a r a t i o n  of a l l  t h e  b i n a r y  m i x t u r e s  

of  i s o m e r s  by TLC, FC and EC. Al though,  comalexes showed d i f f e r e n t  

m i g r a t i o n  r a t e s  i n  s e v e r a l  s o l v e n t s ,  o n l y  t h e  s o l v e n t s  which c o u l d  

g i v e  b e s t  r e s o l u t i o n  of t h e  m i x t u r e s  have been n o t e d  i n  Table  -2. 

M i g r a t i o n  r a t e s  have been found t o  be i n d e p e n d e n t  on t h e  a l a t e  and 

p a p e r  s i z e ,  however, a d s o r b e n t  l a y e r  t h i c k n e s s  h a s  a d v e r s e  e f f e c t  

on it. 

The s t r e t c h i n g  f r e q u e n c y  ( u  ) v a l u e s  ( T a b l e  - 1) of 

azomethine growp of DEAAnG which i s  h i g h l y  m e t a l  s e n s i t i v e  and 

max v a l u e s  have been c o r r e l a t e d  w i t h  m i g r a t i o n  r a t e s  of  t h e  

complexes  i n  r e s o l v i n g  s o l v e n t s ,  The new s p e c t r o s c o o i c  and 

chromatographic  c o r r e l a t i o n s  u s e f u l  i n  making c e r t a i n  i d e n t i f i -  

c a t i o n  of r e s o l v e d  components form an i n t e r e s t i n g  f e a t u r e  of t h e  

p r e s e n t  s tudy .  

Al though,  a l l  t h e  b i n a r y  m i x t u r e s  of complexes c o u l d  be  

r e s o l v e d  and i d e n t i f i e d  by a l l  t h e  t h r e e  chromatoqraohic  methods,  

t h e  q u a n t i t a t i v e  s e p a r a t i o n ,  howeverp could o n l y  be a c h i e v e d  by 

TLC, The c h o i c e  of TLC o v e r  FC and EC a l s o  l i e s  i n  i t s  q u i c k  

r e s o l u t i o n  and h i g h  e f f e c t i v e n e s s  of t h e  s o l v e n t  i n  it. 
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Q u a n t i t a t i v e  S e D a r a t i o n  

Far q u a n t i t a t i v e  a n a l v s e s  s o l u t i o n s  of b i n a r y  m i x t u r e s  

c o n t a i n i n g  d i f f e r e n t  q u a n t i t i e s  of i s o m e r i c  comDlexes were 

a p p l i e d  on t h e  TLC p l a t e s  and develoDed i n  t h e i r  r e s o l v i n q  

s o l v e n t s .  Chromatogram f r a g m e n t s  s c r a p e d  from t h e  p l a t e  were 

e l u t e d  w i t h  a c e t o n e  and o p t i c : a l  d e n s i t i e s  of m i x t u r e  components 

were measured a t  t h e i r  max. C o n c e n t r a t i o n s  of e l u t e s  were 

deduced from s t a n d a r d  c a l i b r d t i o n  curves (O.D* v/s conc.)  

o b t a i n e d  under  s i m i l a r  c o n d i t i o n s  of medium and t e m p e r a t u r e  

Errors and l i m i t s  of maximum s e p a r a t i o n  ( T b b l e  - 3 )  have a l s o  

been found o u t  i n  a l l  t h e  t h r e e  m i x t u r e s .  I s o m e r i c  c o n p o s i t i o n s ,  

t h a t  i s ,  p r o p o r t i o n s  of i s o m e r s  ( f o r m e d )  were d e t e r m i n e d  a s  

10:43, 14:lO and 33:lO i n  a m d  b i s o m e r s  of  T i ( I I I ) ,  Yg(I1) 

and Zn(I1)  complexes ,  r e s p e c t i v e l y ,  S e v e r a l  s o l v e n t s  showing 

wide d i f f e r e n c e  i n  m i g r a t i o n  r a t e s  of t h e  c o ~ p l e x e s  i n d i c a t e d  

good p o s s i b i l i t y  of t h e i r  s e p a r a t i o n  b u t  owing t o  l a r g e  d i f f u s i o n  

and t r a i l i n g  e f f e c t s  t h e y  co1Jl.d n o t  be used. 
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