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CHROMATOGRAPHIC ANALYSIS OF SOME 3d METAL COMPLEXES 

Vasundhra  Kumari ,  R.K. Upadhyay* and  V.P. S i n g h  
Depar tment  of C h e m i s t r y ,  N.R.E.C. C o l l e g e ,  KHURJA-203131, I N D I A  

ABSTRACT 

S e v e r a l  q u a t e r n a r y  m i x t u r e s  of 3d t r a n s i t i o n  m e t a l  i o n s  

( T i ( I V ) ,  H n ( I I ) ,  F e ( I I I ) ,  C o ( I I ) ,  C u ( I 1 )  and  Z n ( I 1 )  comnlexed  

w i t h  p - d i e t h y l a m i n o d n i l  of a n t h r a c e n e q l y o x a l  (DEAAn.3) a l o n e  

and  a l o n g w i t h  t h i o u r e a  (TU) h a v e  been r e s o l v e d  b y  TLC, FC and 

EC and  i d e n t i f i e d  u s i n g  m i q r a t i o n  r a t e  a n d  s p e c t r o s c o p i c  ( i . r . 1  

c o r r e l a t i o n s .  The TLC method showing t h e  best r e s o l b t i o n  h a s  

b e e n  u s e d  t o  s e p a r a t e  q u a t e r n a r y  m i x t u r e s  of e o m o l e x e s  q u a n t i -  

t a t i v e l y ;  c o l o u r e d  compounds have  been e s t i m a t e d  s p e c t r o p h o t o -  

m e t r i c  a 1  ly . 

INTRODKT ION 

D i v e r s e  c h r o m a t o g r a p h i c  m e t h o d s  h a v e  been  employed  i n  

t h e  m i c r o a n a l y s i s  of 3d m e t a l  i o n s  a s  s u c h  and  a s  t h e i r  s i m p l e  

c o m p l e x e s  w i t h  o r g a n i c  l i g a n d s  a n d  a f e w  on  

c h r o m a t o g r a p h y  of mixed l i g a n d  c o m p l e x e s  a r e  a l s o  a v a i l a b l e .  

* P o s t a l  a d d r e s s  - C/o Dr. V.P. S i n q h  
837, S a r a i  N a s r u l l a  
( 5 e h i n d  Thana D e h a t )  
KHURJA-203131 ( I N D I A )  
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156 KUMARI, UPADHYAY, AND SINGH 

Yowver, no chrovat .gqraOhlc  s t u d i e s  have y e t  been  made c n  s i m l p  

c m p l e x - s  of k o t o a n ;  1 5  oh?.a’ned f rom anthracOneqlv .sxa1  and  mixed 

l i q a n d  c \ q ? l e x e s ,  i n v c l v i n o  k e t a a n i l s  and t h i  o u r p a  a s  l i q a n d s .  

S t a q l r  d i s t i n q u i s h e d  c c l o u r s  o f  s e v e r a l  3d m e t a l  c c m n l e x e s  w i t h  

DEAAn?, a t y p i c a l  k e t o a n i l  of t h e  s e r i e s  a l o n e  and a l o n q w i t h  

t h i o u r n a  a r o u s e d  o u r  i n t n r p s t .  t o  iun-lertake t h i s  work. AlthDuqh 

a l l  t h e  t h r e e  c h r n v a t o q r a p h c c  mpthods  cou!d he used  t o  r .pso lve  

var i ’3us  i u a t e r n a r y  m i x t u r e s ,  t h e  TLC n o t h o d  showinq t h e  b e s t  

r e s o l u t i o n  h a s  Seen 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 mixt i : res  

of c o m Q l e x e s ;  c h r o v a t o q r a m  f r a q m e n t s  have b e e n  e s t i m a t e d  s p P c t r o -  

o h o t o m e t r i c a l l y .  

The r e n a t i o n s h i n  between c h a r a c t e r i s t i c  i n f  r a r p d  f r e q u e n c i e s  

of DF.AAn‘i ( D r i m a r y  l i q a n d )  i n  c o n n l n x e s  and t h e i r  m i q r a t i o n  r a t e  

h a s  a l s o  been s t u d i e d .  

EXPERIMENTAL 

S v n t h e s i s  of  o - d i e t h v l a m i n o a n i l  of  a n t r a _ c e n e s l v o x a l  and comolexes  

p - r H ~ t h y l a m i n ? a n i l  of  a n t h r a c e n e q l y o x a l  was s y n t h e s i z e d  
4 5y t h e  r e n o r t e d  method . SimTle  co’npl-xps werp p r e p a r e d  by 

m i x i n q  DPAAn; w i t h  w t a l  c h l o r i d e s  i n  s t o i c h i o m - t r i c  r a t i o s  i n  

a l c o h o l  o r  a c e t o n e  medlum. Tjol ids  w p r p  i s o l a t e d  e i t h p r  by 

e v d n o r a t j n g  t h c  r e a c t i o n  m i x t u r e  o r  by i n c r e a s i r l . )  i t s  pq w i t h  

NaCY s o l u t i o n  ( i n  c a s e  of T i ( I V )  comTlex o n l y ) .  P r o d u c t s  were 

f l n a l l y  washed w i t h  p t h e r .  Mixed l i 7 a n d  eompl-x w r p  p r e p a r e d  

by a l x i n g  s i n q l e  complpxes  and t h i o u r e a  i n  s t o i c h i o r n e t r i c  r a t i o s  

i n  a c e t o n e .  R e a c t i o n  mixtures  wero e v a n i r a t e d  on w a t e r  5 a t h  

and  s o l i d s  wera washed w i t h  *water  a n d  e t % r  s u c c e s s i v e l y .  

A l l  c o m l e x e s  w e r e  d r i e d  i n  h o t  a i r  oven.  P r o d u c t s  W P ~ P  

r e c r v s t a l l i z e d  f rom a c e t m p  and  f i n a l l y  d r i e d  o v e r  anhydr?irs  

c a l c i u m  c h l o r i d e  a t  reduced  n ~ e s s u r p .  C h e - n i c a l s  u s e d  i n  t h e  

s v n t h p t i c  work were 9.D.Y. o r  S.M. L a b o r a t o r y  r e a q e n t s .  
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A n a l y s i s  and P h y s i c a l  V e a s u r e m e n t s  
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I.R. s p e c t r a  of t h P  c o m n w n d s  were r e c o r d e d  i n  C s I  

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

model-577.  

c o n d u c t i v i t y  b r i d q r  u s i n q  a d i p - t y v  c e l l .  E l e m e n t a l  a n a l y s i s  

wes p c r f o n e d  by r o u t i n e  m i c r o  a n a l v t i c a l  meth-ds  a t  C.n.q.l. ,  

Lucknow ( I n d i a ) .  T o t a l  and i o n i c  c h l o r i n e  and mrta!  c o n t e n t s  

were  e s t l i n a t e d  a t  N.R.F.C. C o l l n i e ,  Yhur ja .  O n t i c a l  d e n s i t y  

o f  t h e  s o l l i t i o n s  were measured  w i t h  q a u s c h  and Lomb S p P c t r o n i c - 2 n  

s n e c t r o o h o t o m e t e  r ,  

C o n d u c t o m e t r i c  a P a s u r e v e n t s  were made w i t h  THoshniNal  

P r r o a r a t i p n .  L o a u  $ & a m e n t  of  TLC P l a t e s .  PC an d F c  
P a o e r  S t r i o p  

S i l i c a  g e l  G (qDt1) mixed w i t h  s t a r c h  b i n d e r  (lQ;L, w/w) 

was u s e d  t o  p r e o a r e  0.1 cm l a y e r s  7n 3x10 cm g l a s s  p l a t e s .  A 

home b u i l t  a p o a r a t u s 6  was u s e d  t o  s p r o a d  t h e  a q u e o u s  s l u r r y  

on t h e  p l a t e s .  Sample s o l u t i o n s  o r e o a r r d  i n  E t O "  o r  L8eecC) were 

a o n l i e d  w i t h  f i n e  c a o i l l a r i e s  on d r y  o l a t e s  and  dev-lonm-nt  was 

i n  r e c t a n g u l a r  qlass  c h a q b o r s  w i t h  7 r g u n d - i n - l i d s  by t h e  

a s c e n d i n 7  techn:que. The s o l v m t  f r o n t  was a l l o w ~ d  t c  m i i r a t e  

f o r  a f i x e d  d i s t a n c e  of  6-8 cms and develonment  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  work l Q x l 5  cm q l a t e s  were l ~ a d e d  w i t h  k n o w  

volumes  of s t a n d a r d  s a m l -  s 3 l u t i g n s  by m i c r o  pie-ttes. 

e h r o m a t o q r a n  f r a q m e n t s  wrp s c r a p p o d  and e l u t e d  WI t h  EtOY/He3C0. 

3 o t i c d l  d e n s i t i e s  3f t h e  e l u a t e s  were d e t e r v n e d  a t  t h e  Xmax 

of t h e i r  s n l l J t e s  and  c r n c e n t t a t i m s  of  t h o  comnlpxc-s were t h e n  

deduced  f r o q  t h e i r  r e s n e c t i v e  c a l i b r a t i o n  c u r v e s  ( o n t i c a l  

d e n s i t y  v / s  c n n c e n t r a t i  m )  DroDared u n d e r  s i n i l a r  c o i l i t i o n s  

of  s o l v o n t  a n d  t e r n o e r a t u r e .  

I n  p a p e r  c h r o q a t g q r a p h y  Whatman No.1 3x15 crn f i l t o r  

o a n e r  s + r i D s  were l o a d e d  w i t h  f i n e  c a o i l l a r i e s  i n  2-3n.n s o o t s  

and d e v e l o o e d  i n  c y l i n d r i c a l  q 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  
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158 KUMARI. UPADHYAY, AND SINCH 

s o l v e n t .  Time of dpvelonmont  was n o t e d  f o r  6-8 CTS t r a v e l l e d  

bv t h e  s o l v e n t  f r o n t .  

E lec t rochr . , rna tonra3hy was c a r r i n d  o u t  i n  v e r t i c a l  t y n e  

a n q a r a t u s .  'Nhatnan No.1 oaper s t r i n s  ( 3 x 7 5  cm) were l o a d e d  a t  

t h e  c e n t r e  by f i n e  c a n i l l a r i e s .  Loaded s t r i n s  were  hanVe4 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 4  and a m a r a t i i s  was c l o s c d .  

A t  s a t u r a t i o n  s t a q e  c o n s t a n t  v o l t a q e  was a q - l i e d  and a f t e r  

2-35 h r s  c h r o m a t o i r a v s  X - ~ O  t a k e n  o u t  an4  d- ipr i .  

No l o c a t i n a  a i e n t  was n e e d e d  a s  s o o t s  WPTP v i s i b l e  

i n  d a y  l i 7 h t .  

RESULTS AND DISCUSSION 

Formulae  of t h e  c o m p l e x e s  ( T a b l e - 1 )  were deduced  from t h e i 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 .  Compar ison  of i n f r a r e d  s p e c t r a  

of  l i q 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  c o m p l e x e s  r e v e a l e d  p e r t u r b a t i o n  

i n  C=O (1755 em-'), C=N (1695 em-') 

(1085 cm- 1 f r e q u e n c y  of t h i o u r e a  d u r i n q  c o m p l e x a t i o n  i n d i c a t i n g  

t h e i r  p a r t i c i p a t i o n  in c o o r d i n a t i o n .  Appearance  of some new b a n d s  

c o r r e s p o n d i n g  t o  M-0, M-N and '4-S s t r e t c h i n g  a l s o  s u p p o r t s  t h i s  

i n k e n c e .  M e t a l - c h l o r i d e  c o o r d i n a t e  b o n d i n g  i n  c o m p l e x e s  h a s  a l s o  

been i d e n t i f i e d .  C o n s i d e r a b l e  d i s t u r b a n c e  i n  t h e  f r e q u e n c i e s  of  

1:4 d i s u b s t i t u t i o n  (820 cm'l) a n d  a r o m a t i c  C S  (1605. 1515, 1 4 3 0 ~ m - ~ )  

of  DEAAnG i n  c o m p l e x e s  shows c o n j u g a t i o n  i n  t h e  p r i n c i p a l  l i q a n d ,  

l e a d i n g  t o  t h e  c h a n g e  of b e n z e n o i d  s t r u c t u r e  t o  q u i n o n o i d  w h i l e  

l i q a n d  i n t e r a c t e d  w i t h  m e t a l  i o n s .  A t y p i c a l  complex  s t r u c t u r e s  

a r e  shown i n  f i q u r e s .  

f r e q u e n c i e s  of DEAAnS and  C=S 
1 
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3d METAL COMPLEXES 159 

Chrorna toqraphic  d a t a  o b t a i n e d  b y  m i g r a t i n g  i n d i v i d u a l  c o m p l e x e s  

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

mixed  l i g a n d  c o m p l e x e s  by TLC and FC, however ,  EC c o u l d  r e s o l v e  

o n l y  t e r n a r y  m i x t u r e s .  A l t h o u g h ,  complex  s p o t s  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  o f  d i v e r s e  complex  m i x t u r e s  h a v e  b e e n  n o t e d  

i n  Table-2.  Each  complex m i g r a t i o n  h a s  b e e n  f o u n d  t o  be i n d e p e n d e n t  

on t h e  p r e s e n c e  o f  o t h e r s  a n d  on p l a t e  a n d  p a p e r  s i z e ,  however  

t h i c k n e s s  of p a p e r  or l a y e r  h a s  d i 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  ( v  ) v a l u e s  ( T a b l e - 1 )  of c r r b o n y l  

and  a z o m e t h i n e  g r o u p s  of  p r i m a r y  l i g a n d  DEAAn3 which  a r e  h i g h l y  m e t a l  

s e n s i t i v e  have  been  c o r c e l a t e d  w i t h  m i g r a t i o n  r a t e s  ( T a b l e - ? ) o f  t h e  com- 

p l e s e s  i n  s o l v e n t s  g i v i n q  b e s t  separa t ion .TLC & EC m i g r a t i o n  r a t e s  of 

s i m p l e  end mixed  c o m p l e x e s  i n  t h e i r  m i x t u r e s  a r e  o p p o s i t e  t o  

t h e  o r d e r s  i n  t h e  v a l u e r  of \3 (C=O). 

s i m p l e  complexes  i n  PC and EC and of mixed  l i g a n d  c o m p l e x e s  i n  

TLC and PC which form i d e n t i c a l  o r d e r s  a r e  o p n o s i t e  t o  t h e  

s e q u e n c e  i n  9 (C=N). N e w  c h r o m a t o g r a p h i c  and s p e c t r o s c o p i c  

(1.r.) c o r r e l a t i o n  u s e f u l  i n  m r k i n q  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 a n  i n t e r e s t i n q  f e a t u r e  of  t h e  p r e s e n t  s t u d y .  

Rut  m i g r a t i o n  r a t e s  of 

A l t h o u g h ,  v a r i o u s  q u a t e r n a r y  and  t e r n a r y  m i x t u r e s  of  

s i m p l e  and  mixed  l i g a n d  c o m p l e x e s  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  ( u s i n g  c h r o m a t o g r a o h i c  and s p e c t r o s c o p i c  c o r r e l a t i o n s )  
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160 KIJMARI, LPADHYAY, AND SINGH 

TA’3LE - 1 
M.P. MOLAQ CONnICTANCE, ANALVSIS  AND PRIFJCIPAL IS F R E ‘ N E M T E S  C!F COdPLEXES 

COMPLEX M . P .  A M  E l e m e n t a l  A n a l y s i s ( % )  C a l c d .  

SY69 ( S o l v e n t /  H N C 1  

e lec t ro ly t i c  ‘ ( i o n i c )  n a t u r e  1 
[Ti(DEAAn;),C12].X1 175 155.23 65.59 5.05 5.3Q 7P7 

(EtOV/l :  2 
e l e c t r o l y t e )  (65.48) (4.92) (5.68) (7.13) 

F6n(?F.AAn7),(‘47C)2j?Tl .V,C 110 171.44 61.66 6.17 5.37 7.91 
(Me C ? / l : 2  
c l e 2 t t o l y t e )  (51.82) (6.17) (5.65) ( 7 . 3 0 )  

( E tOM/L: 1 
e l e c t r o l y t e )  (67.55) (5.35) (6.15) (3.92) 

p e (  DFAAn^l)2C13].C1 140 70.37 67.65 5.20 6.07 3.84  

1.0 ( DE AAnG) 2]. X 1 110 162.R7 70.12 5.39 6.29 7.97 
(EtOH/l :  2 
e l e c t r o l v t e )  (70.75) (5.60) (6.53) (7.09) 

[Cu2( nEAAnG)C14( H20) ,,] 125 7.37 
(MeCN/non- 
e l e c t r o l y t e  

45.54 4.09 

(45.20) (4.35 

64.43 5.78 

(64.55) (5.75 

4.09 - 
(4.33) - 
5.78 7.33 

( 5 . 0 0 )  (7.50) 

[Fe(DF.AAnG)( .\.I ’ Cl3] 130 13.20 52.39 4.52 9.q5 - 
(Me CO/non- 
e l e z t r o l y t e )  (52.60) ( 4 . 5 2 )  (9.12) - 

[C~(DFAAnG)2(TL1)2].2C1.eH~0 180 235.11 54.64 6.07 9.A4 5.90 
(Me E0/1:2 
tNc?ec t r o l y t c  ( 54.42  ( 5.95) (9.22) (6.96 ) 

b v 2  ( DE AAnG ) ?( TL’ ) ?Cl 4]. 20H20 135 37.60 42.04 6.22 7.M - 
(Me CO/non- 
e l e z t r o l y t c )  (42.25) (6.12) (7.15) - 

(Me C0/1:2 
e l e 2 t r o l y t e )  (53.60) (5.35) (9.26) (6.02) 

rCd(oF.AAnr;),(TLI),].2C1.6H20 210 220.22 53.84 5.65 9.30 5.89 
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14.34 5.04 1630 1615 1515 
1469 

(15.Q8) (5.1?) 

7.31 5.42 1715 1610 1515 
1465 

(7.39) (5.28) 

11.54 6.95 1705 1615 1515 
1470 

(11.44) (6.10) 1450 

7.07 6.62 17On 1665 1500 
1470 

( 7 . 8 8 )  (6.50) 

20.72 13.54 1690 1615 1520 
1475 

(2q.66) (19.62) 1450 

7.33 6.75 1620 1610 1520 
1 4VO 

(7.59) (6.60) 

17.22 9.33 1725 1670 1610 
1515 

(17.00) ( 8.98) 1460 

5.98 4.96 1720 1660 1605 
( 6 . 0 6 )  (5.00) 1510 

1460 
1450 

9.21 9.24 1735 1620 1590 
1510 

(9.10) (8.40) 1460 
1445 

5.89 9.34 1725 1660 1610 

(6.02) (9.50) 
1515 
145fl 
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by a 1 1  t h e  t h r e e  s a i d  methods  ( T a b l e  - 21, 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 ,  however ,  c o u l d  o n l y  be a c h i e v e d  by TLC. The c h o i c e  

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

n e s s  of  s p o t s  and h i g h  e f f e c t i v e n e s s  o f  t h e  s o l v e n t s  i n  i t .  

Errors and l i m i t  of maximum r e p a r a t i o n  have a l s o  been f o u n d  o u t  

i n  s e v e r a l  t y p i c a l  m i x t u r e s  ( T a b l e - 3 ) .  S e v e r a l  s o l v e n t s  showinq 

v i d e  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 m p l e x e s  i n d i c a t e d  

good D 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 s  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  c o u l d  n o t  be u s e d .  
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