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S I N C  SILICATE AS A N E W  ADSORBENT FOR PAPER 
CHROMATOGRAPHIC SEPARATION OF PHENOLS 

J.P.Rawat, M.Iqba1 and Masood Alam, 
Depertaen t of Cherni 8 t r y  , 

Aligarh M u s l i m  Un ive r s i ty ,  
ALIGAREI-202001 (INDIA) .  

ABSTRACT 

A new adsorbent  z i n c  s i l i c a t e  has  been ueed 
f o r  the  pape r  chroma tog raph ic  s e p a r a t i o n s  of d i f f e r e n t  
phenols .  
w i t h  those  obta ined  on p l a i n  papers.  A new term 
Ri h a s  been c a l c u l a t e d  f o r  va r ious  phenols .  The 
dependance of Ri and % on va r ious  f a c t o r s  have a l s o  
been s t u d i e d  and discussed.  

Rp velnes  have been determined and compared 

INTRODUCTION 

E f f o r t s  have been made t o  f i n d  a s u i t a b l e  
adsorbent  f o r  the sepa ra t ion  of d i f f e r e n t  phenols  by 
many workers r e c e n t l y  (1,2). 

s t u d i e d  t h e  chromatography of phenols  on p l a i n  papere 
(3 -6) .  
f o r  t h e  s e p a r a t i o n  of phenols  (7). Efost of the  
so rben t s  used e a r l i e r  e i ther  i n t e r f e r e d  w i t h  the 
d e t e c t i o n  of phenols  a p p l i e d  o r  lacked adequate  
r e s o l u t i o n  of d i f f e r e n t  components p re sen t  i n  a 
mixture .  S t a n n i c  molybdate ( 8 )  an ino rgan ic  ion 

Many au thor s  have 

Clark  suggested use of i on  exchange papers  

967 
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exchanger h a s  been employed a s  adsorbent  f o r  paper  
chromatography of some phenols.  Though they  a r e  good 
f o r  s epa ra t ion  purposes the  i n v a r i a b l e  e longa t ion  of 
spo t s  have been a negat ive  po in t .  I n  our p r e s e n t  
s t u d i e s  we have used z inc  s i l i c a t e  a s  a p o t e n t i a l  
adsorbent f o r  t h e  phenols. 

The s p o t s  obtained a r e  compact and d i s t i n c t .  

MATERIALS AND METHODS 

Apparatus. Chromatography was achieved on Whatmann 
No. 3 paper  strips of 14 x 3 ems. using g l a s s  J a r s  
measuring 20 x 5 cms. 

Reagents. Chemicals and s o l v e n t s  were of E.Merch 
(Dennstadt)  and B.D.H. a n a l a r  grade.  Zinc n i t r a t e  and 
sodium s i l i c a t e  (Riede l )  were used. 

Developer. Ammonium hydroxide of d i f f e r e n t  concentre-  
t i o n  was used. 

Detector.  One p a r t  of mercury was d i s so lved  i n  one 
p a r t  of fuming n i t r i c  a c i d  and d i l u t e d  w i t h  two p a r t s  
of water.  This reagent  was used a s  d e t e c t o r .  F e r r i c  
n i t r a t e  s o l u t i o n  was a l s o  used f o r  the d e t e c t i o n  of 
some phenols. 

Prepara t ion  of ion exchange papers .  Aqueous s o l u t i o n s  
of zinc n i t r a t e  (0.25M) and sodium s i l i c a t e  were 
prepared. Paper  s t r i p s  of r equ i r ed  s i z e  ( I1 czns x 3) 
were f i r s t  dipped in z i n c  n i t r a t e  Solu t ion  f o r  
7-5 seconds. The excess  of t he  reagent  was removed by 
p lac ing  t h e  s t r i p s  over  o rd ina ry  f i l t e r  sheet and 
allowing them t o  d r y  f o r  1 5  minutes  a t  room 
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temperature.  The s t r i p s  were then dipped i n  sodium 
s l l i c a t e  s o l u t i o n  f o r  about 5 seconds. The excess  of 
t h e  s o l u t l o n  was allowed t o  d r a i n  of f  and the  s t r i p s  
were placed ove r  a f i l t e r  shee t .  These s t r ips  were 
d r i e d  a t  room temperature and then washed twice  w i t h  
d l s t i l l e d  water  t o  remove the  excess  of the reagents .  
F i n a l l y  these were d r i e d  a t  room temperature and used 
a s  such for chromatography. 

Procedure. One o r  two s p o t s  of t e s t  s o l u t i o n s  were 
placed on t h e  paper  s t r i p s  w i t h  t h e  h e l p  of t h i n  g l a s s  
c a p i l l a r i e s .  The paper was condi t ioned f o r  about 
15 minutes and t h e  so lven t  was then allowed t o  ascend 
(11 cms. i n  eve ry  case) .  

RESULTS 

A sma l l  drop of phenol s o l u t i o n  was p laced  on 
a paper  impregnated with z i n c  s i l i c a t e .  The chroma- 
t o g r q h y  of 27 phenols was achieved i n  ammonia 
s o l u t i o n s  (1 x lo-%, i x I O - ~ M ,  5 x ~o-'M, IM) on 
z inc  s i l i c a t e  papers.  The resu l t s  a r e  summarized i n  
Table 1. 

For  comparison phenols  were chromatographed 
on unt rea ted  Wlatmann No. 3 papers  i n  t h e  a f o r e s a i d  
so lven t  systems (Table 2) .  

was c a l c u l a t e d  by s u b s t r a c t i n g  €+ Value f o r  un t r ea t ed  
Whatmann No. 3 from % value  f o r  t r e a t e d  pape r s  
(Table 3). 

Thus a new term Ri ( 9 )  

Separa t ion .  
having apprec iab le  d i f f e rence  i n  t h e i r  I$ values .  
Spots  of t he  mixtures  were p laced  on t he  chromato- 

Sepa ra t ions  were t r i e d  f o r  t he  phenols  
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g r a p h i c  papers  and developed w i t h  the desired developer .  
Those p r a c t i c a l l y  achieved a r e  r epor t ed  i n  Table 4. 

DISCUSS ION 

The results p resen ted  In  Table  1 show % 
va lues  of 27 phenols  on papers  impregnated w i t h  z i n c  
s i l i c a t e .  The s p o t s  ob ta ined  on t h e s e  papers  a r e  
compact and d i s c e r n i b l e  whi le  t hose  found on un t r ea t ed  
show cons iderable  t r a i k i n g .  Comparison of t h e  r e s u l t s  
shown i n  Tables  I and 2 revea led  t h a t  Rp values  on 
t r e a t e d  papers  i n  most of t h e  c a s e s  a r e  lower than  
t h a t  obtained on u n t r e a t e d  papers.  T h i s  shows t h a t  
z i n c  s i l i c a t e  s e rves  a s  a good adsorbent  f o r  phenols  
and i t s  immobilization on t h e  paper  r e t a r d s  t h e  
movement of var ious  phenols  t o  d i f f e r e n t  ex ten t .  On 
p l a i n  papers  , however, there is no s u c h  r e t a r d a t i o n  
f o r c e  and hence 8 high  % value is observed on t h e s e  
papers .  

Besides t h e  a d s o r p t i v f t y  RpI va lues  a l s o  
depend on t h e  kind of developer  used. I n  the  
p resen t  s t u d i e s  NH40H in d i f f e r e n t  c o n c e n t r a t i o n s  h a s  
been used a s  a developer .  The r e s u l t s  show t h a t  
i n c r e a s e  in concen t r a t ion  of NH40H causes  inc rease  in 
% valuee .  
ammonia a r e  s t r a i g h t  l i n e s  w i t h  p o s i t i v e  papers  
(Figs.1a-f) .  
h igh  s o l u b i l i t y  of phenols  in h i g h e r  concen t r a t ions  
of ammonium hydroxide.  For  t he  s i m i l a r  reasons  
% v a l u e s  remained extremely low when H20 was used 
8s a developer.  

P l o t s  of 5 values  VS. concen t r a t ion  of 

This behaviour  can be a t t r i b u t e d  t o  t h e  
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NUMBER OF OH GROUPS 

FIGURE 2 Plo t  of Ei a g a i n s t  number of -OH groups.  

Ri va lues  RFn-RFT have been determined f o r  
v a r i o u s  phenols  which is a measure of ion  exchange 
e f f e c t  (Table 3). The r e s u l t s  of t h i s  t a b l e  i n d i c a t e  
t h a t  f o r  a p a r t i c u l a r  phenol Ri remains cons tan t  f o r  
t h e  d i f f e r e n t  concen t r a t ions  of NH40€I, while Ri v a l u e s  
a r e  found t o  depend on t h e  number of -OH groups p r e s e n t  
i n  phenol (Fig. 2) .  Ri of t h e  phenol having three 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



986 

0.8 

0.6 

CL 
K 

0.4 

0.2 

0. c 

RAWAT, IQBAL, AND ALAM 

0 1 0 M AMMONIUM HYDROXIDE SOLUTION 
A 0.5  M AMMONIUM HYDROXIDE SOLUTION 
h 0.1 M AMMONIUM HYDROXIDE SOLUTION 

0.01M AMMONIUM HYDROXIDE SOLUTION 

9 - - 4;. 
0- . . . . - . . . . - . . . , 
A----- 

I 1 I 

P rn 0 

ORIENTATION O F  NOzGROUPS 

FIGURE 3 P l o t  of % a g a i n s t  o r i e n t a t i o n  of -OH groups.  

-OH groups i s  g r e a t e r  t han  t h e  phenol  w i t h  two -OH 
groups which i n  t u r n  is g r e a t e r  t h a n  t h e  one w i t h  one 
-OH group. Since z i n c  s i l i c a t e  a c t s  a s  an ex t remely  
weak c a t i o n  exchanger i t s  a f f i n i t y  should be g r e a t e r  
f o r  t h e  phenol which can f u r n i s h  g r e a t e r  number of 
H+ Ions. T h i s  p o s s i b i l i t y  e x p l a l n s  why p y r o g a l l o l  is 
more s t r o n g l y  adsorbed than c a t e c h o l  and phenol. 

The r e s u l t s  p l o t t e d  i n  F i g .  3 show t h e  
dependence of % values on t h e  o r i e n t a t i o n  of -NOZ 
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IONIZATION CONSTT ( K a  ) 

FIGUBB 4 P l o t  of I+.+ a g a i n s t  i o n i z a t i o n  cons t an t .  

groups.  The behaviour  of or thon i t ropheno l  i s  d i f f e ren t  
from t h a t  of pa ra  and metaphenols. The d i f f e r e n c e  i n  
behaviour  can be a t t r i b u t e d  t o  t h e  p o s s i b i l i t y  of 
i n t r amolecu la r  hydrogen bonding i n  o-Nitrophenol which 
i s  n o t  found I n  e i t h e r  para  or meta n i t ropheno l .  
v a l u e s  have a l s o  been found t o  depend upon t h e  i o n i -  
z a t i o n  cons t an t  of phenol.  
t i o n  cons tan t  (Fig.  4) shows t h a t  % values i n c r e a s e  
w i t h  i nc reas ing  i o n i z a t i o n  cons t an t .  

RF 
The p l o t  of % VS. i on iza -  

Table 4 shows var ious  s e p a r a t i o n  t h a t  have 
been achieved on pape r s  impregnated w i t h  z inc  s i l i c a t e .  
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988 RAWAT, IQBAL, AND ALAM 

Separation of o-Nitrophenol from meta and para substi- 
tuted nitrophenols can be neatly achieved. Some 
ternary separations have also been possible on these 
papers. 
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