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LIGAND EXCHANGE CHROMATOGRAPHY 
SEPARATIONS OF SOME PHENOLIC 
COMPOUNDS ON ZINC SILICATE IN 

Fe(lll) FORM 

D. K. Singh and Anjana Darbari 
Department of Chemistry 

Harcourt Butler Technological Institute 
Kanpur-208002, India 

The h iqh  s o r p t i o n  c 3 p a c i t y  o f  z i n c  s i l i c a t ?  Tor 

F e ( 1 I I )  h a s  ) e m  u t i l i z e d  f o r  the s e p a r a t i o n  o f  p h e n o l i c  compoun-ls 

on the b a s i s  o f  l i g a n d  e x c h a n l e .  The c o o r d i n a t i o n  o f  1 iga r .d s  with 

t h e  c e n t r a l  a e  t a l  i o n  o c c u r s  t h r o q h  oxygen. LiJancl s o r p t i o n  

c a p a c i t y ,  r a t e  o f  s o r p t i o n  and break-through c a p a c i t y  have been 

s t u d i e d .  The d i s t r i b u t i o n  c o e f f i c i e n t s  (Kd v a l u e s )  o f  21 p h e n o l s  

have  been d e t e r m i n e d  i n  f i v e  d i f f e r e n t  systems.  j e l e c t i v i t y  h a s  

been d e t e r m i n e d  on t h e  b a s i s  o f  h d  v a l u e s  o f  t h e s e  pheno l s .  On 

t h e  b a s i s  o f  d i f f e r e n c e s  i n  hd v a l u e s  v a r i o u s  a n a l y t i c a l l y  

i m p o r t a n t  q u a n t i t a t i v e  b i n a r y  and t e r n a r y  s e p a r a t i o n s  on columns 

o f  z i n c  s i l i c a t e  i n  F e ( I I 1 )  form have been achieved.  

INTFWWCTION 

Ligand exchange chromatography (LEC) i s  a t e c h n i q u e  

u s e d  to  s e p a r a t e  compounds which can form complexes wi th  metal 

i o n s .  The a n a l y t i c a l  i m p o r t a n c e  o f  l i g a n d  ion -exchanger s  i s  

i n c r e a s i n g  i n  s e p a r a t i o n  and p u r i f i c a t i o n  o f  o r g a n i c  compounds. 

A number o f  such i o n  e x c h a n g e r s  have been employed for t h e  
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3236 SlNCH AND DARBARI 

d e t e r m i n a t i o n  o f  amino-acids  i n  s e a  w a t e r  (1) and f o r  t h e  d e t e r -  

m i n a t i o n  o f  non-ionrc s u r f a c t a n t s  ( 2 ) .  C h e l a t i n g  r e s i n  i n  F e ( I I 1 )  

form h a s  been u t i l i z e d  f o r  q u a n t i t a t i v e  t r a p p i n g  of p h e n o l i c  

compounds by l i g a n d  exchange p r o c e s s  (3) and f o r  t h e  s e p a r a t i o n  

o f  pheno l ,  2-ni t m p h e n o l ,  2 ,4 -d ich lo ropheno l  and pen t a c h l o r o -  

pheno l  ( 4 ) .  

A d i f f i c u l t y  w i t h  l i g a n d  exchange chromatography i s  

t h a t  a f r a c t i o n  o f  m e t a l  i o n s  bound t o  t h e  r e s i n  i s  removed when 

an e l u e n t  w i t h  a f ree  c a t i o n  i s  used .  T h i s  f a c t  s e v e r e l y  r e s t r i c t e d  

t h e  c h o i c e  o f  metal i o n s .  Chelex r e s i n s  w i t h  c a r b o x y l i c  o r  imino- 

d i a c e t a t e  g roup ,  though s a f e  t o  use, showed l e a k a y e  o f  m e t a l  i o n s  

i n t o  ammonia s o l u t i o n ,  b u t  tlie amount vias so low t h a t  no correct- 

i o n  was r e q u i r e d  (5) .  

Some i n o r g a n i c  ion -exchange r s  w i t h  h i g h  a f f i n i t y  f o r  

m e t a l  i o n s  have been used f o r  s e r i o u s  LEC s t u d i e s .  . i e c e n t l y  z i n c  

s i l i c a t e  i n  m(I1) form h a s  been u t i l i z e d  f o r  t h e  s e p a r a t i o n  o f  

some amines (6) .  'here i s  r e v i v e d  i n t e r e s t  t owards  t h e  ion-exchange 

p r o p e r t i e s  o f  s i l i c a t e s  i n  r e c e n t  y e a r s  (7,8). i-iowever, no such 

s t u d i e s  for p h e n o l i c  compounds have been r e p o r t e d  w i t h  s i l i c a t e  

based c h e l a t i n g  ion -exchan2e r s t  a l t h o u g h ,  Hawat e t  a l .  have used 

z i n c  s i l i c a t e  f o r  p a p e r  ch romatograph ic  s e p a r a t i o n  o f  p h e n o l s  ( 9 ) .  

The i o n  exchange r  i n  t h e  m e t a l  form i s  s u p e r i o r  t o  t h e  s o l i d  

s o r b e n t s  g e n e r a l l y  employed, on a c c o u n t  o f  i t s  a f f i n i t y  f o r  

l i g a n d s .  S ince  t h e  c o o r d i n a t i n g  power d i f f e r s  f o r  t h e  v a r i o u s  

i ron -pheno l  complexes,  i t  i s  p o s s i b l e  t o  s e p a r a t e  t h e  p h e n o l s  

by u s i n g  a s o l u t i o n  c o n t a i n i n g  competing l i g a n d .  The h i g h  

a f f i n i t y  o f  z i n c  s i l i c a t e  f o r  i r o n ( I I 1 )  makes i t s  u s e  as  

l i g a n d  ion-exchanger .  The pu rpose  of t h e  p r e s e n t  work  i s  t o  

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

r e t a i n e d  on t h e  exchange r ,  by e x p l o i t i n g  d i f f e r e n c e s  i n  K d  v a l u e s .  

&jTEHIHLS kkil IU~GTHOL)S 

- d e a q e n t s .  Z inc  n i t r a t e  (BLYI), sodium s i l i c a t e  ( h e r c k )  and 

i r o n ( l 1 I )  n i t r a t e  (EM) were used. The p h e n o l i c  s o l u t i o n s  were 
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ZINC SILICATE SEPARATION OF PHENOLIC COMPOUNDS 3237 

p r e p a r e d  by d i s s o l v i n g  them e i t h e r  i n  water or i n  e t h a n o l  

depend ing  on t h e i r  s o l u b i l i t i e s .  The F o l l i n s  r e a g e n t  was p r e p a r e d  

f o l l o w i n g  t h e  s t a n d a r d  method [lo) 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  of pheno l s .  

ADDaratua. An e l e c t r i c  r o t a r y  shaking machine IEC-56 and Bausch 

and Lomb S p e c t r o n i c  20 were used  f o r  shak ing  and spec t ropho to -  

metric measurements  r e s p e c t i v e l y .  

P r e D a r a t i o n  o f  t he Adsorb e n t .  Zinc s i l i c a t e  (7) was p r e p a r e d  

by mix ing  0.1 NL s o l u t i o n s  o f  z i n c  n i t r a t e  and sodium s i l i c a t e  i n  

t h e  r a t i o  o f  1:l. The m i x t u r e  was a l lowed  t o  s t a n d  f o r  24 h o u r s  

a t  room t empera tu re .  The p r e c i p i t a t e  was f i l t e r e d ,  washed and 

d r i e d  i n  an oven a t  40'2. The p r o d u c t  broke i n t o  small p a r t i c l e s  

when immersed i n  d e m i n e r a l i s e d  water. Zinc s i l i c a t e  was f i n a l l y  

g r o u n d  and s i z e d  by s i e v i n g  to 100-150 mesh. Zinc s i l i c a t e  

(100-150 mesh) was shaken wi th  1 M i r o n ( I 1 I )  n i t r a t e  f o r  1 2  hour s .  

The dark brown m a t e r i a l  so o b t a i n e d  d u e  t o  a d s o r p t i o n  of F e ( I I 1 )  

was then  washed f r e e  o f  F e ( I I 1 )  w i t h  d e m i n e r a l i s e d  w a t e r  and 

d r i e d  i n  an oven a t  40°C. 

&and s o r p t i o n  c a u a c i u .  To de te rmine  l i g a n d  a d s o r p t i o n  

c a p a c i t y  1 g t r e a t e d  z i n c  s i l i c a t e  was suppor t ed  on a g l a s s  wool 

i n  a column. 10 m l  f r a c t i o n s  o f  p r e d e t e r m i n e d  amounts o f  p h e n o l s  

were then  p a s s e d  th rough  t h e  column and t h e  pheno l  c o l l e c t e d  i n  

t h e  e f f l u e n t  was de t e rmined .  The amount i n i t i a l l y  t aken  minus  

t h e  amount found a f t e r  t h e  p a s s a g e  th rough  the column gave  t h e  

amount o f  pheno l  r e t a i n e d  by t h e  exchange r .  The p r o c e s s  was 

c o n t i n u e d  u n t i l  t h e  amount o f  phenol  i n  t h e  f r a c t i o n  remained 

t h e  same b e f o r e  and a f t e r  p a s s i n g  th rough  t h e  exchanger .  The 

s o r p t i o n  c a p a c i t y  o f  u n t r e a t e d  z i n c  s i l i c a t e  was a l s o  de t e rmined  

f o r  some pheno l s .  The r e s u l t s  a r e  p r e s e n t e d  i n  Table  1. The 

r e s u l t s  show t h a t  o n l y  s m a l l  amounts o f  p h e n o l s  are r e t a i n e d  o n  
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3238 SlNGH AND DARBARI 

Ligand a d s o r p t i o n  c a p a c i t y  on t r e a t e d  and u n t r e a t e d  
z i n c  s i l i c a t e  

Sl. Subs tance  Ligand a d s o r p t i o n  c a p a c i t y ,  meq/g 
T r e a t e d  Un t r e a t e d  - No. 
i i n c  s i l i c a t e  Zinc s i l i c a t e  

- 

1 Pheno l  

2 a-Naphthol 

3 o-Cresol  

4 Ca t e c h o l  

5 P y r o g a l l o l  

0.38 

0 . 9  

0.56 

0.86 

1.06 

0.1% 

0.21 

0.20 

0.26 

0.34 

t h e  u n t r e a t e d  e x c h a n j e r  whereas  t h e  c a p a c i t y  o f  t r e a t e d  z i n c  

s i l i c a t e  f o r  v a r i o u s  p h e n o l s  v a r i e s  from U . 3 8  t o  1.06 meq/g. The 

r e t e n t i o n  o f  p h e n o l s  i n  the l a t t e r  c a s e  o c c u r s  by v i r t u e  o f  t h e  

a b i l i t y  to  form complexes o f  v a r y i n g  s t a b i l i t y  wi th  t h e  ie(IJ .1)  

bound t o  the e x c h a n j e r  m a t r i x .  I n  sme cases  of t h e  p h e n o l s  

complex f s rn i a t ion  c o u l d  be  c l e a r l y  seen i n  the form 3 f  c o l o r e d  

bands.  I n t e r a c t i o n  wi th  tho exchange r  m a t r i x  i s  possi:) ly respon-  

s i b l e  f o r  t h e  r e t e n t i o n  o f  p h e n o l s  on u n t r e a t e d  z i n c  s i l i c a t e .  

L. .e ta l  l e a k a u e .  Lint s i l i c a t c  h a s  h i g h  a f f i n i t y  f o r  F e ( I i 1 ) .  

r . e t a l  l e a k a 7 e  i n t o  t h e  e l u t i n ;  s o l u t i o n  bvas det3rrnined by shaking 

~ ' . 5  g o f  t r e a t e d  exchanqe r  i n  t h e  d e s i r e d  s o l u t i o n s  f o r  f o u r  

t i ou r s  a t  room tempera tu re .  The F e ( I I 1 )  i o n s  e l u t e d  i n t o  t h e  

e q u i l i b r a t i n d  s o l u t i o n  were a e t e n n i n e d  w i t h  l110-phenanthroline(1l). 

The r e s u l t s  p r e s e n t e d  i n  t a d e  2 show t h a t  e x c e p t  i n  a c i d i c  

s o l u t i o n s  the metal i o n  r e t e n t i o n  i s  s u f f i c i e n t l y  s t r o n g  t o  c a u s e  

no i n t e r f e r e n c e  i n  t h e  d e t e m i i n a t i o n  o f  e l u t n d  pheno l s .  e i d i c  

L o l u t i o n s ,  however, s t r i p  o f f  t he  m e t a l  i o n s .  H y d r o c h l o r i c  a c i d  

and o x a l i c  a c i d  h w i n g  c o n c e n t r a t i 7 n  more t han  1 n l u t e  i r o n ( I l 1 )  

i o n s  c o m p l e t e l y  l e a v i n i  t h e  ?xchan-.+r w h i t ? .  
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ZINC SILICATE SEPARATION OF PHENOLIC COMPOUNDS 3239 

TABLE 2 

S o l u b i l i t y  o f  immobil ized F e ( I I 1 )  i n  d i f f e r e n t  s o l v e n t s  
Amount o f  t r e a t e d  z i n c  s i l i c a t e  taken = 250 mg 

_ _  ~ ~ 

S1. S o l v e n t s  m o u n t  o f  F e ( I I 1 )  r e l e a s e d  i n  gg 
No. 

e Lemine ra l i zed  w a t e r  0 .o 
2 C i t r i c  a c i d ,  0.1 IWI 0.0 

3 BUTH , 0.1 IV. 0 .o 
4 Sodium hydrox ide ,  0.1 iu: 0 .o 

5 H y d r o c h l o r i c  a c i d ,  0.1 M 2.5 

-- - -I__-- 

6 N i t r i c  a c i d ,  0.1 Id 

7 O x a l i c  a c i d ,  0.1 ih 

2.3  

15.0 

8 E t h  ano 1 0.0 
9 Ammonium hydrox ide  1 M L'' . 0 -- -- -- - 

--- s a t e  - o f  so r - t i on .  The r a t e  o f  s o r p t i o n  was s t u d i e d  by shak ing  

(.:.'25 c~ t r e a t , ed  z i n c  s i l i c a t e  w i t h  ''5 r n l  o f  pheno l  s : ; lut ion.  A t  

';hi i n r ; : rva l s  o f  1, ?, 5, 10, l-:, 20, 33 and riiin the anusnus  

uhase  was f i l t e r e d  u s i n r  .,hatman no.4 f i l t e r  p a p e r  m i  t h e  

amount o f  phenol  was  de te rmined  s p e c t r o p h o t o m e t r i c a l l y  (10) i n  

tne f i l t e r a t e .  For  compar i son ,  s i m i l L r  s t u d i e s  .;;ere made on 

u n t r e a t e d  z i n c  s i l i c a t e .  i q u i l i b r i u m  was a t t a i n e d  w i t h i n  20 rnin 

i n  c a s e  o f  t r e a t e d  z i n c  s i l i c a t e  w h i l s t  2 h o u r s  were r e q u i r e d  

f o r  u n t r e a t e d  z i n c  s i l i c a t e .  I'"ormal1y f a s t  e q u i l i u r i u m  i s  n o t  

e x p e c t e d  w i t h  i n o r g a n i c  ion -exchan je r s .  P r e s e n c e  o f  F e ( I f 1 )  i n  

t r e a t e d  z i n c  s i l i c a t e  i s  r e s p o n s i b l e  f o r  such a f a s t  e q u i l i b r i u m  

r a t e  due t o  i r o n ( f l l ) - p h e n o l  complex fo rma t ion .  

Break-throuqh caDaci  ty. The l i g a n d  exchange column t e c h n i q u e  

p e r m i t s  c o n t i n u o u s  o p e r a t i o n  which i s  much s u p e r i o r  t o  b a t c h  

p s c e s s  i n  terms of  time and space.  T h e  break-through b e h a v i o u r  

o f  2 , 4 , 6 - t r i n i t r o p h e n o l  and c a t e c h a l  was s t u d i e d  by p a s s i n g  

1 mg m l - l  s o l u t i o n  of  each  pheno l  t h rough  a g l a s s  column, 
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3240 SlNGH AND DARBARI 

I 

0 10 20 30 40 50 
lime (min) 

FIG. I Rate  of Adsorption of Phenols a t  25'12. 

2 30 cm x 0.39 cm c r o s s - s e c t i o n a l  a rea  loaded w i t h  1 g t r e a t e d  
exchanjer .  The flow r a t e  was maintained 0.5 m l  rnin- 1 . For 

comparison s i m i l a r  s t u d i e s  were made on u n t r e a t e d  columns. The 

resu l t s  a r e  p l o t t e d  i n  f i g u r e  2. The r e s u l t s  revea led  t h a t  8 bed 

volumes of 2 , 4 , 6 - t r i n i  t rophenol  (corresponding t o  80 mg r e t e n t i o n )  

can be passed  through t h e  t r e a t e d  exchanger wi thout  any t r a c e  

being d e t e c t a d  i n  t h e  e f f l u e n t  a g a i n s t  o n l y  1 bed volume ( c o r r e s -  

ponuing t o  10 mg r e t e n t i o n )  on u n t r e a t e d  columns. . d s o r p t i o n  

being r e l a t i v e l y  a slow p m c e s s ,  the break-through i n  t h e  l a t t e r  

i n s t a n c e  occurred  i n  the  second bed volume only.  S i m i l a r l y  f o r  

t r e a t e d  z inc  s i l i c a t e ?  break-through for  c a t e c h o l  o c c u r s  a f t e r  

4 bed volumes (cor responding  t o  40 mg r e t e n t i o n ) .  On the  other 

hand i n  case  o f  u n t r e a t e d  exchanger even t h e  f i r s t ,  bed volume 
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I1 

- I 1 

20 40 60 80 100 120 
Volume of effluent (ml) 

FIG. 2.4 Break-Through Curve of Catechol. 

Volume of effluent (ml) 

FIG. 2B Break-Through Curve of 2,4,6-Trinitrophenol. 
I ( Break-Through of Phenol on Untreated 

II( ) Break-Through of Phenol on Treated 
Zinc Silicate 

Zinc Silicate 
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d i d  n o t  show i n s t a n t a n e o u s  u p t a k e  o f  phenol .  The resu l t s  o f  

break-through c a p a c i t y  r e v e a l  t h a t  complexa t ion  o f  p h e n o l s  w i t h  

t h e  immobi l i zed  Fe( I I1)  i n  t h e  z i n c  s i l i c a t e  m a t r i x  is, t h e r e f o r e ,  

f a i r l y  r a p i d  and can  be used wi th  advan taqe  compared t o  u n t r e a t e d  

z i n c  s i l i c a t e .  

$1 s t r i b  u t i o n  s t u  dl e s. 
o f  21  p h e n o l s  were de tu rmined  by b a t c h  p m c e s s  on t r e a t e d  z i n c  

s i l i c a t e  . 

d s tri bu t i o n  c o e f  f i c i e n t  s (hd v a l u e  s) 

-1 

m l - l  
u n t  o f  D h e n o l  i n  e x c h a n a e r  ohase  am nd  = ivnO 

m o u n t  o f  pheno l  i n  s o l u t i o n  phase  

u.25 g exchange r  was shaken w i t h  p h e n o l i c  s o l u t i o n s  f o r  f o u r  

hour s .  The t o t a l  volume i n  a l l  t h e  c a s e s  was 25 ml. The amount 

o f  pheno l  r e m d i n i n j  i n  tile s u p e r n a t a n t  l i q u i d  ,was de t e rmined  

by s p e c t r o p h o t o m e t r i c  method (10). The r e s u l t s  a r e  s h o ~ n  i n  

r a b l e  3 which i n d i c a t e  t h a t  i n  aqueous media 2 , 4 , 6 - t r i n i t r o p h e n o l ,  

p-ni t r o p h e n o l ,  c a t e c h o l ,  p y r o g a l l o l  and o - c r e s o l  a r e  s t r o n g l y  

r e t a i n e d  b y  t h e  exchange r ;  a -naph tho l ,  s a l i c y l i c  a c i d  and 

hydroxyquinone o n l y  p a r t i a l l y  w h i l s t  q u i n o l ,  0- and m-n i t ropheno l ,  

2,4-, 2,5- and 2 ,6 -d in t i t ropheno l ,  +-naphthol ,  p h l o r o g l u c i n o l ,  

g a l l i c  a c i d ,  r e s o r c i n o l ,  m- and p -c re so l  a nd phenol  a r e  s c a r c e l y  

adso rbed .  I n  non-aqueous media,  however,  t h e r e  a r e  some p h e n o l s  

which show h i g h e r  r e t e n t i o n  than  i n  aqueous media.  The g r e a t e r  

s o l u b i l i t y  o f  t h e s e  p h e n o l s  i n  a c e t o n e  and their  g r e a t e r  p r e f e r -  

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

e x p l a i n s  th is  behaviour .  The K d  v a l u e s  i n  ammonium hydrox ide  0.011, 

a r e  i n t e r e s t i n g .  b a r r i n g  a few, the p h e n o l s  show a d e c r e a s e  i n  

h d  v a l u e s .  I t  1 s  u n l i k e l y  t h a t  d e c r e a s e  i n  r e t e n t i o n  is due to  

t h e  p r e s e n c e  of competing amine l i g a n d .  nqueous ammonia o n l y  

b r i n g s  a b o u t  a change i n  pH of  t h e  e q u i l i b r a t i n g  s o l u t i o n  r e s u l t -  

i n g  i n  t h e  loss  o f  l i g a n d s  from c e n t r a l  m e t a l  ion.  lhis seems to 

be the r e a s o n  f o r  the y rea t e r  r e t e n t i o n  of t h e  p h e n o l s  which form 

complexes w i t h  Fe(II1). The r e s u l t s  o f  e q u i l i b r a t i o n  s t u d i e s  o f  
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- TABLE 3 

Kd va lues  of  phenols on t rea ted  zinc s i l i c a t e  

-- ----- 
Phenols Kd values. r n l  CI-' 

-xW Acetone NH40H EDTA Sodium 
0.01 hl 0 . 0 1 M  giga? - 

0 - N i  trophenol 

m-Ni tmphenol 

p-Ni trophenol 

2,4-Dini trophenol 

2,5-;31ni trophenol 

2,6-4&ni trophenol 

2,4,6-Trinitrophenol 

a-N aph thol  

p -N aph thol 

Wino1 

Pyrog a l l o l  

Phloroglucinol 

S a l i c y l i c  acid 

Ga l l i c  acid 

Catechol 

Hesorcinol 

H ydroxyquinone 

o-Cresol 

m-Cre so l  

p-Cresol 

Phenol 

6 .O 

18.8 

325.6 

34.1 

23.5 

26.7 

415.0 

180.6 

40.6 

65.8 

336.5 

58.3 

173.0 

43.6 

250 .o 
10 .o 
70.1 

218.0 

18.8 

50 .O 

10.5 

85.7 

140.1 

218.2 

19.0 

36.4 

10.3 

223 1 

133.3 

18.2 

34.7 

566.6 

60.2 

16.2 

6.3 

81.8 

40.6 

73.5 

252.6 

85.8 

112.5 

56.2 

0 .o 
1 .o 

138.4 

2.3 

3.0 

20.6 

286.2 

112.6 

6.5 

7.2 

405.6 

60.7 

1 a . 2  

2.0 

12.6 

0 .o 
280 .O 

230.6 

0 .O 

73.6 

8.0 

3.1 

8.5 

85.6 

32.5 

20.6 

18.5 

78.5 

28.6 

12.6 

36.7 

183.5 

6.0 

7.7 

(3.6 

186.5 

7.5 

5.6 

210.5 

9.4 

33.3 

5.6 

0 .o 
2.0 

13.6 

2.5 

2.3 

3.0 

16.8 

11.2 

5.6 

12.5 

18.6 

8.5 

10.9 

8.5 

67.6 

0 .o 
36.8 

12.6 

3 -0 

21.2 

0 .o 
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0.01 M citric acid Water * -d - -  c 

- - 1 

0 20 40 60 80 100 120 
Volume of effluent (ml) 

FIG. 3A Separation of o-Nitrophenol-p-Nitrophenol. 

Water 0.0 1 M NH40H 0.01 M citric ocid _L - 
1- c 

A 60 80 100 

Volume of effluent (ml) 

- 
120 140 160 

FIG. 3B Separation of o-Nitrophenol-2,L-Dinitrophenol 2,4,6-Trinitrophenol 
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p h e n o l s  i n  p r e s e n c e  o f  competin.2 l i g a n d s  such a s  i . i r T ~  and c i t r a t e  

show t h e  a p p r e c i a b l e  l o w e r  r e t e n t i o n  i n  a l l  t h e  c a s e s .  

-- Colu-eDarations. 

s e c t i o n a l  a r e a  was packed  w i t h  two grams of  t h e  e x c h a n a e r  so rbed  

w i t h  i r o n ( 1 I I ) .  The column was washed w i t h  50 bed volumes o f  

d e m i n e r a l i s e d  water. The sample s o l u t i o n s  c o n t a i n i n ;  the d e s i r e d  

p h e n o l s  hav ing  t h e  l a r g e s t  d i f f e r e n c e s  i n  Kd v a l u e s  were t r i e d  

and t h o s e  whose q u a n t i t a t i v e  s e p a r a t i o n  was ach ieved  a r e  li s t e d  

i n  Table  4. Ihe o r d e r  o f  e l u t i o n  and e l u e n t s  a r e  p r e s e n t e d  i n  

f i g u r e  3a-h. 

A g l a s s  column 30 cm x 0.3 cm2 c r o s s -  

The p o s i t i o n a l  i s o m e r s  such a s  0-  and p -n i t ropheno l ,  

0- and m-cresol -, a- and p-naphthol and c a t e c h o l - r e s o r c i n o l  

have  been e a s i l y  s e p a r a t e d  on the columns o f  t r e a t e d  z i n c  s i l i c a t e .  

Citner b i n a r y  s e p a r a t i o n s  a r e  g a l l i c  a c i d  from s a l i c y c l i c  a c i d  and 

q u i n o l  from p y r o g a l l o l .  %me t e r n a r y  s e p a r a t i o n s  a r e  : o- 

n i  t rophenol-2,4-dini  t r o p h e n o l  - 2 , 4 , 6 - t r i n i  t r o p h e n o l  and phenol-  

c a t e c h c b p y r o j a l l o l .  I t  i s  i n t e r 2 s t i n g  t h a t  no s i . p i f i c a n t  t a i l i n g  

i s  o b s e r v e d  w u n g  t h e  e l u t i o n  of  v a r i o u s  p h e n o l s  and o n l y  small 

volumes o f  e l u e n t s  were r e q u i r e d  to  g i v e  compact chromatograms. 

Fu r the rmore ,  t h e  m e t a l  adhe rence  to t h e  z i n c  s i l i c a t e  m a t e r i a l  i s  

so f i r m  t h a t  t h e  same column c o u l d  be u s e d  r e p e a t e d l y .  The method 

can  be u t i l i z e d  t o  t r a p  t r a c e  amounts o f  these compounds from 

water and t h e  r e t a i n e d  compounds can be s e p a r a t e d  u s i n g  an 

a p p r o p r i a t e  e l u e n t .  

P h e n o l s  a r e  among t h e  most  common w a t e r  p o l l u a n t s  and 

t h i s  c l a s s  i s  i n c l u d e d  i n  t h e  l i s t  o f  p r i o r i t y  p o l l u a n t s  (12). 

ii method i s ,  t h e r e f o r e ,  needed f o r  l ow l e v e l  d e t e r m i n a t i o n  o f  

p h e n o l s  and f o r  t h e i r  i d e n t i f i c a t i o n .  Zinc s i l i c a t e  i n  i r o n ( I I 1 )  

form can  be u t i l i z e d  f o r  t h e  r e c o v e r i e s  of p h e n o l s  from w a t e r  

by LEC, i t  i s  p o s s i b l e  t o  s e p a r a t e  t h e  p h e n o l s  u s i n g  a p p r o p r i a t e  

e l u e n t  ( compe t ing  l i g a n d )  . 
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