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SPECTROPHOTOMETR I C DETERM I NATION OF Z I NC I N  
PHARMACEUT I CAL SAMPLES W I TH SOME SAL I CYL I C  AZO COMPOUNDS 

Key Words : The salicylic azo compounds, determination 
of zinc in pharmaceutical preparations. 

Alaa S. Amin 

Chemistry Department, Faculty o f  Science, Benha University 

Benha, Egypt 

ABSTRACT 

A sensitive spectrophotometric method for zinc has been establi- 
shed by reacting zinc with three salicylic acid azo dyes 2-hyrlroxy 
(la), 2-carboxy (Ib) and 4-(2-arsonophenylazo) salicylic acid ( I c )  in 
universal buffer solution of pH 8.4, 7.1 and 6 .0  respectively. 
The molar absorptivities are 1 .16 ,  1.39 and 1.36 X 10 l/mo1.cm at 
515, 450 and 525 nm using reagents l a ,  lb and I c  respectively. ?'he 
formed complexes have the molar ratios of Zinc to ligandsl : 1 and 
2 : 1. Beer's law is obeyed upto 7-19 PPm of zinc whereas the optimum 
concentration range as evaluated by Ringbom's method is 0.5-7.00 ppm. 
Sandell sensitivities of the method are evaluated. The method has 
been used to determine zinc in various pharmaceutical products. 

INTRODUCTION 

Zinc in trace amounts is essential f o r  enzymatic reac- 

tions in animal nutrition, Its deficiency causes serious 

hazards, but overdosage results in poisonous effects. F r o m  

this physiological point o f  view, the determination o f  zinc 

in pharmaceutical compounds is important. Numerous reagents 

have been used for the spectrophotometric determination o f  

zinc 
1-7 

The proposed method is relatively simple, rapid, and 
does not require extraction or temperature control. The method 

95 
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f i n d s  a w i d e  r a n g e  o f  a p p l i c a t i o n s  i n  t h e  a n a l y s i s  o f  

c o m m e r c i a l  d r u g  s a m p l e s  c o n t a i n i n g  z i n c .  

EXPERIMENTAL 

R e a g e n t s  

A n a l y t i c a l  g r a d e  c h e m i c a l s  were u s e d  t h r o u g h o u t .  T h e  s t o c k  

s o l u t i o n  o f  z i n c  was p r e p a r e d  b y  d i s s o l v i n g  2 . 8 7 5  g o f  

Z n S 0 4 - 7 H 2 0  i n  1 0 0  m l  o f  b i d i s t i l l e d  w a t e r .  T h e  s o l u t i o n s  o f  

l o w e r  c o n c e n t r a t i o n s w e r e  p r e p a r e d  b y  s u i t a b l e  d i l u t i o n .  

S o l u t i o n s  o f  l i g a n d s  ( 1 0 - 3 m )  I a ,  I b  a n d  I c  were p r e p a r -  

e d  b y  d i s s o l v i n g  a c c u r a t e  w e i g h t  o f  t h e  s o l i d ,  p r e p a r e d  a n d  

p u r i f i e d  a c c o r d i n g  t o  t h e  p r e v i o u s  m e t h o d  8 ' 9  i n  e t h a n o l .  

X COOH 

X = OH ( I a )  COOH ( I b )  a n d  AS0 (OH)2 ( I c )  

U n i v e r s a l  b u f f e r  s o l u t i o n s  o f  pH v a l u e s  2 . 0 4 - 1 2 . 5 6  
10 were p r e p a r e d  a s  r e c o m m e n d e d  p r e v i o u s l y  . 

A p p a r a t u s  

An O r i o n  R e s e a r c h  M o d e l  601 A / D i g i t a l  I o n a l y z e r ,  pH- 

m e t e r  w i t h  a c o m b i n e d  s a t u r a t e d  c a l o m e l - g l a s s  e l e c t r o d e  w a s  

u s e d  f o r  pH m e a s u r e m e n t s .  A P e r k i n  E l m e r  3B r e c o r d i n g  

s p e c t r o p h o t o m e t e r ,  e q u i p e d  w i t h  10 m m  m a t c h e d  s i l i c a  c e l l s  

w a s  u s e d .  A 1 1  e x p e r i m e n t s  a n d  m e a s u r e m e n t s  ' . . e re  c a r r i e d  o u t  

a t  a m b i e n t  t e m p e r a t u r e .  

P r o c e d u r e  

T r a n s f e r  a s u i t a b l e  a l i q u o t  ( u p t o  5 m l )  o f  a s a m p l e  

s o l u t i o n  c o n t a i n i n g  6 . 5 - 1 8 0 f i g  o f  z i n c  i n t o  a 25-1111 m e a s u r -  

i n g  f l a s k .  Add  w i t h  m i x i n q  1 5  m l  o f  b u f f e r  s o l u t i o n  o f  

s u i t a b l e  pH v a l u e  f o r  d i f f e r e n t  l i g a n d s  a n d  5 r n l  o f  l i g a n d  

( I a ,  I b  o r  I c )  s o l u t i o n .  S h a k e  t h e  m i x t u r e  w e l l  f o r  2 m i n ,  

d i l u t e  t o  t h e  m a r k  w i t h  b i d i s t i l l e d  w a t e r  a n d  m e a s u r e  t h e  
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a b s o r b a n c e  a t  t h e  r e c o m m e n d e d  w a v e l e n g t h  a g a i n s t  a r e a g e n t  

b l a n k  s i m i l a r l y  p r e p a r e d .  

RESULTS AND DISCUSSION 

T h e  l i g a n d s  a r e  c h a r a c t e r i z e d  b y  a n  i n t e n s e  b r o a d  

b a n d  i n  t h e  w a v e l e n g t h  r a n g e  2 7 0 - 4 2 0  nm [ F i g .  ( l ) ] .  O n  t h e  

a d d i t i o n  o f  Zn i o n s  t h e s e  b a n d s  a r e  s h i f t e d  t o  l o n g e r  

w a v e l e n g t h s  a s  a r e s u l t  o f  c o m p l e x  f o r m a t i o n .  T h e  f o l l o w i n g  

i s  a s t u d y  o f  t h e  o p t i m u m  c o n d i t i o n  f o r  t h e  s p e c t r o p h o t o -  

m e t r i c  d e t e r m i n a t i o n  o f  z i n c  i o n s  u s i n g  t h e  r e a g e n t s  u n d e r  

i n v e s t i g a t i o n  I a - c .  

E f f e c t  of t i m e  and t e m p e r a t u r e  

I t  was f o u n d  t h a t  t h e  f u l l  c o l o u r  d e v e l o p m e n t  o f  

t h e  c o m p l e x  i s  o b t a i n e d  a f t e r  s h a k i n g  f o r  2 m i n  a n d  

r e m a i n s  c o n s t a n t  f o r  1 5  h r . ,  a f t e r  w h i c h  t h e  s o l u t i o n s  

s u f f e r  a d e c r e a s e  i n  a b s o r b a n c e .  I t  was  a l s o  f o u n d  t h a t  

r a i s i n g  t h e  t e m p e r a t u r e  u p  t o  6 0 ° C  h a s  n o  e f f e c t  o n  t h e  

a b s o r b a n c e  o f  Z n - c o m p l e x e s ,  w h e r e a s  b o i l i n g  d e s t r o y s  t h e  

co l o u r  o f  f o r m e d  c o m p l e x e s .  

E f f e c t  of pH 

T h e  B r i t t o n  u n i v e r s a l  b u f f e r s  l o  were t h e  mos t  

s u i t a b l e  m e d i a  f o r  d e v e l o p i n g  t h e  o r a n g e - r e d  c o m p l e x e s  o f  

Z n 2 + .  M e a s u r e m e n t s  h a v e  s h o w n  t h a t  t h e  pH a t  w h i c h  t h e  

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

[ F i g .  ( l ) ] .  T h e  a b s o r p t i o n  s p e c t r a  o f  t h e  l i g a n d s  a n d  t h e i r  

Z n - c o m p l e x e s  a t  t h e  r e c o m m e n d e d  pH v a l u e s  i n d i c a t -  t h a t  

t h e  v i s i b l e  a b s o r p t i o n  b a n d s  o f  t h e  f r e e  l i g a n d s  a r e  b a t h o -  

c h r o m i c a l l y  s h i f t e d  i n  t h e  p r e s e n c e  o f  Z n 2 ' i o n s  t o  5 1 5 ,  

4 5 0  a n d  5 2 5  nm u s i n g  r e a g e n t s  I a ,  I b  a n d  I c  r e s p e c t i v e l y  

[ F i g .  ( 2 1 1 .  

E f f e c t  o f  r e a g e n t s  c o n c e n t r a t i o n  

T h e  e f f e c t  o f  r e a g e n t s  c o n c e n t r a t i o n  h a s  b e e n  s t u d i e d  

b y  m e a s u r i n g  t h e  a b s o r b a n c e  a t  5 1 5 ,  4 5 0  a n d  5 2 5  nm u s i n g  

p H ' s  8 . 4 ,  7 . 0 9 a n d  6 . 0 1  f o r  I a ,  I b  a n d  I c  r e s p e c t i v e l y ,  o f  
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Fig. (1): Effect of p H  values on the absorbance of the complexes 

formed between 2 X (Ia, Ib and Ic) with 3.9 ppm 

of Zn3+ ions at pH = 7.0 and 6.01 atkitax = 515, 450 and 

525 nm respectively. 

s o l u t i o n s  c o n t a i n i n g  3 . 9  ppm o f  Z n Z +  i o n s .  A 2 x ~ o - ~ M  of 

r h e  r e a g e n t  is a d e q u a t e  f o r  t h e  f u l l  d e v e l o p m e n t  o f  o r a n g e -  

red c o l o u r .  A d d i t i o n  of e x c e s s  r e a g e n t  h a s  n o  a d v e r s e  

e f f e c t  on  t h e  a b s o r b a n c e .  

T h e  s t o i c h i o m e t r y  of t h e  c o m p l e x e s :  

I n v e s t i g a t i o n  o f  t h e  m o l e c u l a r  r a t i o  o f  Z n 2 +  c o m p l e -  

x e s  w i t h  l a ,  I b  a n d  I c  i n  t h e  l i g h t  o f  t h e  s p e c t r o p h o t o m e -  

t r i c  r e s u l t s  o b t a i n e d  f r o m  t h e  m o l a r  r a t i o  a n d  c o n t i n u o u s  

v a r i a t i o n  m e t h o d s  r e v e a l e d  t h e  f o r m a t i o n  o f  1 : 1 a n d  

2 : 1 ( M  : L )  c o m p l e x e s .  T h e  s t a b i l i t y  c o n s t a n t s  o f  t h e s e  

c o m p l e x e s  a r e  c a l c u l a t e d  f r o m  t h e  d a t a  o f  m o l a r  r a t i 3  

a n d  c o n t i n u o u s  v a r i a t i o n  m e t h o d s  a p p l y i n g  t h e  H a r v e y  a n d  
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Fig. (2): Ateorpticm spectra of l i g d  Ia, Ib ard Ic atld their anplexes with 

m2+ ions. 

Manning e u q a t i o n l ' .  The v a l u e s  o f  t h e  l o g  o f  K f  amount  t o  

8 . 2 ,  8 . 5  and 7 . 4  f o r  1 : 1 c o m p l z x e s ,  w h e r e a s  f o r  2 : 1 

c o m p l e x e s  t h e  l o g  o f  K f  a r e  5 . 9 ,  6 . 3  a n d  4 . 8  f o r  I a ,  I b  

and  I c  r e s p e c t i v e l y .  

S p e c t r o p h o t o m e t r i c  c h a r a c t e r i s t i c s :  

I n  p r e s e n c e  o f  e x c e s s  l i g a n d s  o n l y  1 : 1 complex  i s  

formed and t h u s  used  f o r  a n a l y t i c a l  p u r p o s e s .  B e e r ' s  l a w  

is obeyed f o r  t h e  r a n g e  0 . 2 6 - 6 . 5 4 ,  0 . 2 6 - 5 . 8 8  and 0 . 2 6 - 7 . 1 9  

ppm f o r  c o m p l e x e s  o f  I a ,  I b  and I c  r e s p e c t i v e l y .  The m o l a r  

a b s o r p t i v i t y  o f  t h e  1 : 1 Z n  c o m p l e x e s  w e r e  1 . 1 6 , 1 . 3 9  and  

1 . 3 6  X 10' l i t e r s / m o l .  cm, w h e r e a s  t h e  S a n d e l l  s e n s i t i v i t y  

were 8 . 6 ,  7 . 1  and 7 . 3  n g / c m 2  a t  5 1 5 ,  4 5 0  and 5 2 5  nm f o r  I a ,  

I b  and I c  - Z n 2 +  c o m p l e x e s  r e s p e c t i v e l y .  
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T a b l e ( 1 ) :  E f f e c t  o f  f o r e i g n  i o n s  o n  s p e c t r o p h o t o m e t r i c  d e t e r -  

m i n a t i o n  o f  3 . 9  ppm o f  z i n c .  

T o l e r a n c e  l i m i t  F o r e i g n  I o n s  

P Pm 

300 

120 

b e n z o a t e ,  c i t r a t e ,  t h i o u r e a .  

,\g+, I ~ ~ + ,  La 3+ , s c  3+ , y 3 + ,  Sm3+, Gd3+, Eu3+,  W6', 

Pr3+ ,  t h i o s u l p h a t e ,  c a r b o n a t e ,  b i c a r b o n a t e ,  u r e a .  

co2+, N i 2 + ,  Cu2+, Cd2+, Hg2+, A s c o r b i c  a c i d .  40 

E f f e c t  o f  f o r e i g n  I o n s  

I n t e r f e r e n c e  s t u d i e s  showed t h a t  a l a r g e  n u m b e r  o f  c a t -  

i o n s  a n d  a n i o n s  d o  n o t  i n t e r f e r e  ( y i e l d i n g  l e s s  t h a n  2% 
e r r o r  i n  a n a l y t i c a l  r e c o v e r ) ; ) .  T h e  e f f e c t  o f  f o r e i g n  i o n s  

a n d  t h e i r  t o l e r a n c e  l i m i t s  i n  t h e  d e t e r m i n a t i o n  o f  z i n c  

a p p l y i n g  t h e  d e s c r i b e d  m e t h o d  a r e  r e p o r t e d  i n  T a b l e  ( 1 ) .  

A n a l y s i s  of  P h a r m a c e u t i c a l  S a m p l e s  

S t r e s s t a b s  600 a n d  V i t a z i n c  ( c a p s u l e s ) :  
* 

A c a p s u l e  w a s  d i s s o l v e d  i n  a q u a  r e g i a  a n d  t h e  s o l u t -  

i o n  was e v a p o r a t e d  t o  d r y n e s s ,  t o  t h e  r e s i d u e  a d d  2 m l  o f  

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

t o  d r y n e s s ,  a g a i n  t h e  p r o c e s s  w a s  r e p e a t e d ,  t h e n  d i s s o l v e d  

i n  100 m l  o f  b i d i s t i l l e d  w a t e r .  An a l i q u o t  w a s  t a k e n  f o r  

c ' s t i : ~  I L ~ ~ I C  u f  z i n c  p e r  c a p s u l e  b y  t h e  r e c o m m e n d e d  p r o c e d u r e  

[ T a b l e  (Z)]. 
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Hamoderme ( t a l c  p o w d e r ) :  

The  s a m p l e  ( 2 5  m g )  was  t r e a t e d  w i t h  3 m l  o f  c o n c e n -  

t r a t e d  s u l p h u r i c  a c i d ,  t h e  s o l u t i o n  w a s  d i l u t e d ,  w a s h e d  

w i t h  wa te r  a n d  f i l t e r e d  t o  r e m o v e  t h e  w h i t e  r e s i d u e .  T h e  

f i l t r a t e  a n d  w a s h i n g s  w e r e  c o m p l e t e d  t o  50  m l  a n d  a n a l y s e d  

f o r  z i n c  a s  p r e v i o u s l y  d i s c r i b e d .  T h e  c a l c u l a t e d  a m o u n t  

o f  z i n c  per o n e  $ r a m  was r e c o r d e d  i n  [ T a b l e  ( 2 ) ] .  

P r o z o l i n e  z i n c  ( s o l u t i o n ) :  

A 1 0 - m l  p o r t i o n  o f  t h e  s o l u t i o n  w a s  e v a p o r a t e d  t o  

d r y n e s s  a n d  t h e  s o l u b l e  s a l t s  were d i s s o l v e d  i n  2 m l  o f  

c o n c e n t r a t e d  s u l p h u r i c  a c i d .  T h e  s o l u t i o n  w a s  f i l t e r e d  t o  

r e m o v e  t h e  i n s o l u b l e  r e s i d u e  a n d  w a s h e d  3 t i m e s  w i t h  

b i d i s t i l l e d  w a t e r .  T h e  f i l t r a t e  was m a d e  up t o  2 5  m l  i n  a 

m e a s u r i n g  f l a s k .  An a l i q u o t  was  a n a l y s e d  f o r  z i n c  p e r  10 m l  

a s  d e s c r i b e d  a n d  t h e  r e s u l t s  w e r e  r e c o r d e d  i n  T a b l e  ( 2 ) .  
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