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THE BEHAVIOUR OF SOME PHENOLIC ACIDS 
AND ALDEHYDES ON THIN LAYERS OF 
SILICA GEL IMPREGNATED WITH Fe(lll) 

0. HadZija, M. Tonkovi6, and S. Isrki6 
The Ruder Boikovii. Institute 

P.O. Box I01 6 
41 001 Zagreb, Yugoshvia 

ABSTRACT 

The b e h a v i o u r  of p h e n o l i c  a l d e h y d e s  a n d  a c i d s  commonly f o u n d  
i n  l a c u s t r i n e  s e d i m e n t s  as d e g r a d a t i o n  p r o d u c t s  of l i g n i n e  was 
t e s t ed  by t h i n  l a y e r  c h r o m a t o g r a p h y  o n  s i l i c a  R e 1  p l a t e s  p l a i n  
a n d  i m p r e g n a t e d  w i t h  F e ( I I 1 )  i n  d i f f e r e n t  s o l v e n t  s y s t e m s .  The 
d i f f e r e n c e s  e x p r e s s e d  as  Ri v a l u e s  c a n  be  u s e d  a s  o n e  of  t h e  p a r a -  
m e t e r s  i n  t h e  i d e n t i f i c a t i o n  of some p h e n o l i c  a l d e h y d e s  o r  a c i d s .  

INTRODUCTION 

A number of p a p e r s  h a s  a p p e a r e d  c o n s i d e r i n g  t h e  c h r o m a t o g r a -  

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

s i l i c a  ge l  a n d  c e l l u l o s e  ( 1 - 5 ) .  Improvement  i n  r e s o l u t i o n  h a s  

b e e n  a c h i e v e d  by i m p r e g n a t i n g  t h e  a d s o r b e n t s  w i t h  i n o r g a n i c  o r  

o r g a n i c  s u b s t a n c e s  ( 5 - 8 ) .  F e r r i c  c h l o r i d e  a n d  f e r r i c  n i t r a t e  h a v e  

a l s o  b e e n  u s e d  as hregmnts i n  p a p e r  c h r o m a t o g r a p h y  of some p h e n o l i c  

compounds and d r u g s  (9,lO). Here we i n v e s t i g a t e  t h e  s e p a r a t i o n  of 

some p h e n o l i c  a c ids  a n d  a l d e h v d e s ,  commonly f o u n d  i n  s e d i m e n t s  

as  d e g r a d a t i o n  p r o d u c t s  of l i g n i n  ( 1 1 , 1 2 ) ,  on t h i n  layers o f  si- 
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3414 HADZIJA, TONKOVIC, AND ISKRIC 

lica gel impregnated with ferric nitrate (in different solvent 

systems) and compare their chromatographic properties with those 

on plain plates. 

MATERIALS AND METHODS 

Chemicals 

Phenolic acids and aldehydes were purchased from Fluka A.G. 

Switzerland, Merck Germany, and B.D.H. England. 

Commonly available analytical grade chemicals.were used in 

&ll other cases. 

Abbreviations 

p-HPhAcac - p-Hydroxy phenyl acetic acid 
m-HBac - m-Hydroxy benzoic acid 
p-HBac - p-Hydroxy benzoic acid 
Vac - Vanillic acid 
Sac - Salicylic acid 
Syrac - Syringic acid 
p-HBal - p-Hydroxy benzaldehyde 
Val - Vanilline 
Sal - Salicylaldehyde 

Sorbent layers 

Precoated plates of silica gel 60F (Merck), plain and 254 
impregnated with Fe(N03)3 ( l % ,  by spraying) were used. 

Solvent svstems 

I Ethyl acetate 
I1 Ethyl acetate - benzene (15 : 5 )  v/v 

111 Ethyl acetate - benzene ( 9  : 1 1 )  v / v  ( 1 3 )  

IV Ethyl acetate - benzene ( 5  : 15) v/v 
V Benzene 

VI Chloroform ( 1 4 )  
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V L l  C h l o r o f o r m  - a c e t i c  a c i d  ( 9  : 1 )  v / v  ( 1 3 )  

VIiI C h l o r o f o r m  - a c e t i c  a c i d  ( 6  : 4) v / v  

I X  C h l o r o f o r m  - a c e t i c  a c i d  - water ( 5  : 4 : 1 )  v / v  

X B e n z c n e  - d i o x a n e  - a c e t i c  a c i d  ( 9 0  : 25 : 4) v / v  ( 1 5 )  

XI 1 s o ~ ~ r ~ o p i r : ~ ~ i  - ammonia - w a t e r  ( 8  : 1 : 1 )  v / v  ( 1 6 )  

D e t e c t i o n  __- 

P h e n o l i c  ? ~ i d s  a n d  a l d e h y d e s  on v l a i n  p l a t e s  w e r e  d e t e c t e d  

tJy Z p r a y i n K  w i t h  m e t h a n o l i c  1% FeCl  o r  s a t u r a t e d  s o t u t i o n  of  

o - d i a n i s i d i n e  i n  a c e t i c  a c i d  o r  b y  UV a b s o r b a n c e .  
3 

P r o c e d u r e  

The c h r o m a t o g r a m s  were d e v e l o p e d  by t h e  a s c e n d i n g  t e c h n i q u e .  

The a s c e n t  ot' s o l v e n t  was 8-11 cm. R v a l u e s  w e r e  d e t e r m i n e d  

using t h e  a r i t h m e t i c  mean of 2-4 r u n s .  R v a l u e s  on i m p r e g n a t e d  

p l a t e s  w e r e  compared  w i t h  t h o s e  o b t a i n e d  o n  p l a i n  p l a t e s  and  t h e  

p a r a m e t e r  R , = ( R f  i m p r e g n a t e d -  R f 

f 

f 

p l a i n )  was c a l c u l a t e d .  

RESULTS AND D I S C U S S I O N  

P h e n o l i c  a c i d s  a n d  a l d e h y d e s  were c h r o m a t o g r a p h e d  o n  i m p r e g -  

n a t e d  s i l i c a  gel  p l a t e s  i n  d i f f e r e n t  s o l v e n t  s y s t e m s ,  c h o s e n  o n  

t h e  b a s i s  of t h e  p u b l i s h e d  d a t a .  Some of t h e  reeomended s o l v e n t  

m i x t u r e s  w e r e  m o d i f i e d  by v a r y i n g  t h e  component  r a t i o s .  The R 

v a l u e s  o b t a i n e d  are p r e s e n t e d  i n  T a b l e  1 .  From t h e s e  d a t a  i t  i s  

a p p a r e n t  t h a t  a l l  s u b s t a n c e s  c a n  b e  s e p a r a t e d  by using s u i t a b l e  

s o l v e n t s .  

f 

In n o n - p o l a r  a n d  medium-polar  s o l v e n t  s y s t e m s  p h e n o l i c  ac ids  

h a r d l y  move,  w h e r e a s  a l d e h y d e s  show a p p r e c i a b l e  m o b i l i t y ,  e s p e -  

c i a l l y  S a l ;  Sac is t h e  o n l y  a c i d  h a v i n g  r e l a t i v e l y  h i E h e r  R 

i n  r a t h e r  n o n - p o l a r  s o l v e n t s  (IV-VI). In s o l v e n t  s y s t e m s  c o n t a i n -  

ing a c e t i c  a c i d  a l l  t h e  compounds t e s t e d  show i n c r e a s e d  m o b i l i t y  

which  i s  p r o p o r t i o n a l  t o  t h e  amount  of  a c i d .  The w e a k l y  b a s i c  

s o l v e n t  s y s t e m  i s  t h e  o n l y  o n e  i n  w h i c h  Sa l  moves r a t h e r  s l o w l y  

i n  c o m p a r i s o n  w i t h  o t h e r  s o l v e n t s .  
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3416 HADZIJA, TONKOVIC, AND ISKRIC 

TABLE 1 

Rf Values o f  Phenol ic  Acids and Aldehydes on Fe-(111) 
Impregnated S i l i c a  Gel Thin Layers 

R /So lvent  System f Compound 
I I1 I11 IV v V I  VII VIII IX x XI 

9-H P ti Acac 

m-HBac 

p-HBac 

Sac 

Syrac 

\lac 

p - H B a l  

Sal 

Va 1 

O.Ag n.76 0.59 0.24 0.00 0.03 0.35 0.84 0.85 0.52 0.41 

0.89 0.81 0 .62  0 . 2 8  0.00 0.05 0.35 0.89 0.85 0.57 0.47 

0.86 0.81 0.62 0.31 0.00 0 .03  0.40 0.89 0.85 0.53 0.38 

0.79 0.80 0.72 0.42 0.00 0.20 0.72 0.58 0.95 0.74 0.60 

0.79 0.67 0.46 0.21 0.00 0.09 0.67 0.98 0.95 0.54 0.23 

0.85 0.76 0.59 0.26 0.00 0.06 0.73 0.95 0.95 0.57 0.30 

0.75 0.69 0.67 0.47 0.10 0.14 0.54 0.87 1.00 0.60 0.68 

0.95 1.00 0.81 1.00 0.72 0.94 0.87 1.00 1.00 0.89 0.51 

- 0.91 1.00 0.67 1.00 0.17 0.30 0.74 0.94 1.00 0.67 0.57 

TABLE 2 

Ri Values of  Phenol ic  A c i d s  and Aldehydes i n  D i f f e r e n t  
Solvent  Systems 

Solvent  Svstem 
Phenol ic  a c i d /  
a ldehyde I I1 I11 IV v VI-x XI 

p-HPh Acac +0.25 +0.30 +0.25 t0 .09  - - - 
rn-HBac +0.14 +0.22 +0.33 +0.12 - - +0.09 

p-HBac +0.07 +0.19 +0.19 +0.07 - - -  
Sac +O.37 +0.38 ~ 0 . 4 9  +0.17 - - -  
Syrac +O.19 +0.21 +0.27 +0.06 - - -  
Va c +0.18 +0.20 +0.2'1 +0.10 - - -  
p-H Ra 1 - -0.03 -0.02 -0.02 - - -  
Sa 1 +ti .OR - t0.70 - -0.15 - - 0 . 1 7  

Va 1 +0.07 -0.03 +0.14 - -0.12 - +0.07 

- no or  v e r y  small  d i f f e r e n c e s  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
5
:
3
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



PHENOLIC ACIDS AND ALDEHYDES 3411 

The R .  v a l u e s  of p h e n o l i c  a c i d s  a n d  a l d e h y d e s  a r e  p r e s e n t e d  

i n  'Table  2 .  t t  c a n  be s e e n  t h a t  a l l  p h e n o l i c  a c i d s  h a v e  p o s i t i v e  

R .  i n  n e u t r a l  s o l v e n t s  ( e x c e p t  when t h e y  do  n o t  move a t  a l l ) , t h e  

o r t h o - h y d r o x y p h e n o l i c  a c i d  (Sac) h a v i n g  t h e  la rges t  value i.e. it moves 

f a s t e r  on  i m p r e g n a t e d  l a y e r s .  T h i s  may p o s s i b l y  b e  e x p l a i n e d  a s  

a c o n s e q u e n c e  of masked s i l a n o l  g r o u p s  of s i l i c a  gel by t h e  F e ( I I 1 ) -  

i m p r e g n a t i o n  o r  by b e t t e r  s o l u b i l i t y  of  t h e  F e ( I 1 I ) - c o m p l e x e s  i n  

t h e  s o l v e n t  s y s t e m  a p p l i e d .  The largest  R .  v a l u e s  are  o b t a i n e d  i n  

s o l v e n t  s y s t e m s  1-111; i n c r e a s i n g  t h e  amount  of b e n z e n e  ( I V , V )  

c a u s e s  r e t a r d a t i o n  of  a l l  t h e  compounds a n d  R .  v a l u e s  become 

smaller. I n  s o l v e n t  s y s t e m s  V I - X  t h e r e  are  n o  s i g n i f i c a n t  d i f -  

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

p r e g n a t e d  p l a t e s .  

To e x p l a i n  t h e  o b s e r v e d  b e h a v i o u r  of t h e  h y d r o x y  a c i d s  o r  a l -  

d e h y d e s  on i m p r e g n a t e d  l a y e r s  i n  d i f f e r e n t  s o l v e n t  s y s t e m s ,  d i f -  

f e r e n t  i n t e r a c t i o n s  would  h a v e  t o  b e  t a k e n  i n t o  a c c o u n t  : t h o s e  

b e t w e e n  i m p r e g n a n t  a n d  s i l i c a  g e l ,  b e t w e e n  s i l i c a  g e l  a n d  t h e  

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

t h i s  d e p e n d i n g  on t h e  s o l v e n t .  C o n c e r n i n g  t h e  i n t e r a c t i o n  of t h e  

i m p r e g n a n t  a n d  t h e  s i l i c a  g e l ,  i t  i s  known t h a t  t h e  c o m p o s i t i o n  

a n d  s t r u c t u r e  of i r o n ( I I I ) h y d r / o x y d e  p r e c i p i t a t e s  d e p e n d  on many 

p a r a m e t e r s  (pH,  t e m p e r a t u r e ,  F e ( I I 1 )  c o n c e n t r a t i o n ,  time of  a g i n g  

e t c )  ( 1 7 ) .  
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