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THE BEHAVIOR OF SOME CARBOXY 
AND HYDROXY BENZENE DERIVATIVES 

ON THIN LAYERS OF PLAIN AND 
Fe(ll1)-IMPREGNATED SILICA-GEL 

0. H A D ~ I J A ,  M. T O N K O V I ~  
AND s. I S K R I ~  

The Ruder Boskovic Institute 
P.O.Box 1016 

41001 Zagreb, Yugoslavia 

ABSTRACT 

The behaviour  of sane carboxy and hydroxy benzene d e r i v a t i v e s  
r e l a t e d  to  l i g n i n  and humic materials was examined by t h i n  l a y e r  chromato- 
graphy on p l a i n  and Fe(II1)- impregnated silica-gel p l a t e s ,  i n  t h r e e  s o l v e n t  
systems.  The m o b i l i t y  d i f f e r e n c e s  on impregnated and p l a i n  p l a t e s ,  expres-  
sed  a s  Ri v a l u e s ,  were c a l c u l a t e d  and can be used as one of t h e  parameters  
for i d e n t i f i c a t i o n  of t h e  compounds t e s t e d .  

INTRODUCTION 

I t  a p p e a r s  t h a t  t h e  c o m p l e x a t i o n  of metals i n  s o i l s  a n d  

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

( F i g .  1 1 ,  m a i n l y  h y d r o x y l  a n d  c a r b o x y l  (1-4) a n d  i t  i s  c o n s i d e r e d  

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

of metals t h r o u g h  s o i l s .  E a r l i e r  we e x a m i n e d  t h e  c h r o m a t o g r a p h i c  

979 

Copyright @ 1989 by Marcel Dekker. Inc. 

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



980 HADZIJA, TONKOVIC, AND ISKRIC 

Fig. 1 Some of t h e  p re sumed  s t r u c t u r e s  of humic  
a c i d s .  
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CARBOXY AND HYDROXY BENZENE DERIVATIVES 98 I 

b e h a v i o u r  o f  some p h e n o l i c  a c i d s  arid a l d e h y d e s ,  c o m m o n l y  f o u n d  

a s  d e g r a d a t i o n  p r o d u c t s  o f  h u m i c  m a t e r i a l s  (5-7) o n  t h i n  l a y e r s  

o f  p l a i n  a n d  F e ( I I 1 ) - i m p r e g n a t e d  s i l i c a - g e l ,  i n  d i f f e r e n t  

o r g a n i c  s o l v e n t  s y s t e m s  ( 8 )  a n d  wa te r s  ( 9 ) .  

N o w  we e x t e n d  t h i s  i n v e s t i g a t i o n  t o  some h y d r o x y -  a n d  

c a r b o x y - b e n z e n e  d e r i v a t i v e s ,  i n  o r d e r  t o  ge t  more i n f o r m a t i o n  

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

h y d r o x y l  a n d  c a r b o x y l  f u n c t i o n a l  g r o u p s  a g a i n s t  F e ( I I 1 )  o f  

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

i n v e s t i g a t e d .  

MATERIALS AND METHODS 

C h e m i c a l s  

T h e  c o m p o u n d s  t e s t e d  a n d  a l l  t h e  o t h e r  c h e m i c a l s  u s e d  

were o f  a n a l y t i c a l  g r a d e ,  p u r c h a s e d  from F l u k a  A . G . ,  Swi tze r -  

l a n d ,  M e r c k ,  FR G e r m a n y  a n d  B . D . H . ,  E n g l a n d .  

S o r b e n t  l a y e r s  

P r e c o a t e d  p l a t e s  o f  s i l i c a - g e l  60 FZ5,, ( M e r c k ) ,  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 ( N O 3 I 3  ( l % ,  b y  s p r a y i n g )  were u s e d .  

S o l v e n t  s y s t e m s  

1 .  E t h y l  a c e t a t e  

2 .  E t h y l  a c e t a t e  - b e n z e n e  

3 .  E t h y l  a c e t a t e  - b e n z e n e  

9 : l l )  v / v  (10)  

5 : 1 5 )  v / v  

De tec t ion  

T h e  d e t e c t i o n  was p e r f o r m e d  b y  s p r y i n g  w i t h  b r o m o c r e s o l  

g r e e n  i n d i c a t o r  r eagen t ,  w i t h  m e t h a n o l i c  1 %  FeC13 a n d  by  i n -  

s p e c t i o n  u n d e r  U V  l i g h t .  

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



HADZIJA, TONKOVIC, AND ISKRIC 

I 

I1 

1 1 1  

IV 

V 

VI 

VII 

V I I I  

IX 

X 

XI 

X I 1  

XI11 

XIV 

1 

COOll 

COOll 

COOll 

COOll  

C00ll 

011 

011 

OH 

OH 

COOll 

C 0 0 l l  

COOll 

COOll 

COOll 

F i g .  2 

3 

cool1 

cat3 
- 
- 

01 I 

01 I 

- 

WI13 

OcH3 

r y p e s  o f  c o m p o u n d s  t e s t e d .  

P r o c e d u r e  

The  p r o c e d u r e  was t h e  same a s  d e s c r i b e d  e a r l i e r  ( 8 )  

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

a p p r o x i m a t e l y  8 cm. R i  v a l u e s  s t a n d  f o r  R f  impr. - R f  plain . 

RESULTS AND DISCUSSION 

T h e  t y p e s  o f  c o m p o u n d s  t e s t e d  a r e  s h o w n  i n  F i g .  2 .  T h e  

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

F e ( I I 1 ) - i m p r e g n a t e d  s i l i c a - g e l  p l a t e s  a r e  p r e s e n t e d  i n  T a b l e  1 .  

T h e  so lven t  s y s t e m s  were c h o s e n  on t h e  b a s i s  o f  p u b l i s h e d  

d a t a  ( 1 0 )  w i t h  some m o d i f i c a t i o n s  r e g a r d i n g  t h e  c o m p o n e n t  r a t i o  

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



Ta
bl
e 

1 

Pl
at
es
 

Rf
 a
nd
 R

i 
Va
lu
es
 o
f 
Ca
rb
xy
 a
nd
 H
yd
ro
xy
 S
ub
st
it
ut
ed
 B
en
ze
ne
s 
on
 F
e(
II
1)
-I
mp
re
gn
at
ed
 
an
d 
Pl
ai
n 
Si
li
ca
-C
el
 

No
 

Co
mp
ou
nd
 

Ri
 x
 l
oo
**
 

Rf
 x

 
10
0 

Pl
ai
n*
 

Im
pr
eg
na
te
d 

1
2

3
1

2
3

 
1

2
3

 

I I1
 

I1
1 

Iv
 

V VI
 

VI
I 

VI
II
 

IX
 

X XI
 

XI
1 

XI
11
 

XI
V 

Be
nz

oi
c 

ac
id
 

1,
2-
Be
nz
en
ed
ic
ar
bo
xy
li
c 
ac
id
 (
o-
Ph
th
al
ic
 a
ci
d)
 

1,
3-
Be
nz
en
ed
ic
ar
bo
xy
li
c 
ac
id
 (
m-
Ph
th
al
ic
 a
ci
d)
 

2M
et
ho
xy
be
nz
oi
c 
ac
id
 

3,
4,
5-
Tr
im
et
ho
xy
be
nz
oi
c 
ac
id
 

Hy
dr
ox
y 
be
nz
en
e 
(P
he
no
l)
 

1,
2-
Di
hy
dr
ox
y 
be
nz
en
e 
(C
at
eh
ol
) 

l,
3-
Di
hy
dr
ox
y 
be
nz
en
e 
(R
es
or
ci
no
l)
 

1 ,
4-
Di
hy
dr
ox
y 
be
nz
en
e 
(Q
ui
no
li
no
l )

 

2-
Hy
dr
ox
yb
en
zo
ic
 a
ci
d 

( 8
 1 

3-
Hy
dr
ox
yb
en
zo
ic
 a
ci
d 

( 8
 

4-
Hy
dr
ox
yb
en
zo
ic
 a
ci
d 
(8
) 

4-
Hy
dr
ox
y-
3-
me
th
ox
yb
en
zo
ic
 a
ci
d 
(V
an
il
li
c 
ac
id
) 
(8
) 

4-
Hy
dr
ox
y-
3,
5-
di
me
th
ox
yb
ne
zo
ic
 a
ci
d 
(S
yr
in
gL
c a

ci
d)
 (
8)
 

00
 

69
 

55
 

89
 

78
 

66
 

+ 
g 

+ 
g 

+1
1 

11
 

5 
0
2
9
 
9 

4 
+1
8 

+ 
4 

+ 
4 

49
 

5 
0
 

56
 

11
 

7 
+

7
 
+
6
 

+
7

 
58
 

45
 

30
 

79
 

63
 

46
 

+2
1 

+1
8 

+1
6 

56
 

37
 

17
 

84
 

65
 

39
 

+2
8 

+2
8 

i2
2 

89
 

82
 

78
 

92
 

85
 
76
 

- 
- 

- 
87

 
75
 

52
 

85
 

73
 

53
 

- 
- 

- 
87
 

74
 

45
 

88
 

74
 

46
 

- 
- 

- 
89
 

70
 

41
 

88
 

68
 

41
 

- 
- 

- 
42
 

23
 

25
 

79
 

72
 

42
 

+3
7 

+4
9 

+1
7 

65
 
29
 

16
 

89
 

62
 
28
 

+1
4 

+3
3 

+1
2 

79
 

43
 

24
 
86
 

62
 

31
 

+
 7
 

+1
9 

+
 7
 

60
 

40
 

39
 

79
 

67
 

46
 

+1
9 

+2
7 

+ 
7
 

67
 

35
 

16
 

85
 
59
 

26
 

+1
8 

+2
4 

+1
0 

So
lv
en
ts
: 

1 
Et
hy
l 
ac
et
at
e;
 P
’d
.3
0 

;
 
2
 E
th
yl
 a
ce
ta
te
-b
en
ze
ne
 (
9:
ll
) 
vl
v;
 P
’z
3.
58
; 
(1
0)
; 

3 
Et
hy
l 
ac
et
at
e-
be
nz
en
e 
(5
:1
5)
 v
lv
; 
P’
:3
.3
2 

**
 O
nl
y 
gr
ea
te
r 
th
an
 3
 w
er
e 
co
ns
id
er
ed
 

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



984 HADZIJA, TONKOVIC. AND ISKRIC 

( t h e i r  p o l a r i t y  i n d e x  P ’  ( 1 1 )  i s  m a r k e d  i n  t h e  f o o t - n o t e  o f  

t h e  T a b l e l ) .  A l l  t h e  c o m p o u n d s  t e s t e d  e x h i b i t  r e t a r d a t i o n  i n  

m o b i l i t y  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  when t h e  a m o u n t  o f  

b e n z e n e  i n  t h e  s o l v e n t  i n c r e a s e s ,  w h a t  i n d i c a t e s  t h a t  t h e  

s o l u b i l i t y  of  t h e  c o m p o u n d s  t h e m s e l v e s  a s  w e l l  a s  t h e i r  F e ( I I 1 ) -  

- c o m p l e x e s  i s  d i m i n i s h i n g .  By u s i n g  t h e  s u i t a b l e  s o l v e n t ,  a l l  

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

l a y e r s .  

W i t h  r e g a r d  t o  i m p r e g n a t i o n ,  o n e  c a n  see  t h a t  a l l  t h e  

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

g r o u p s  a n d  b e n z e n e  c a r b o x y l i c  a c i d s  move f a s t e r  o n  i m p r e g n a t e d  

t h a n  o n  p l a i n  s i l i c a - g e l  (Ri>O) ,  w h i l e  c o m p o u n d s  w i t h o u t  t h e  

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

R f  v a l u e s  o n  b o t h  l a y e r s  ( R i F O ) .  

I n  a d d i t i o n ,  t h e  d e p e n d e n c y  of  p h e n o l i c  a c i d s ,  i . e .  

c o m p o u n d s  w i t h  c a r b o x y l  a n d  h y d r o x y l  g r o u p s  i n  t h e  b e n z e n e  

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

s h o w i n g  t h e  g r e a t e s t  R i  v a l u e s  i n  t h e  s o l v e n t  s y s t e m  w i t h  t h e  

p o l a r i t y  i n d e x  3.58. 

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

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

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

s t a b i l i t y  i n  t h e  s o l v e n t s  a p p l i e d .  Also,  t h e  s u p p o r t  o f  i m -  

p r e g n a t e d  l a y e r s  i t s e l f ,  c o n s i s t i n g  of  a n  a g e d  F e ( I I 1 ) -  

- h y d r o x y d e  p r e c i p i t a t e  ( 1 2 )  h a s  t o  b e  t a k e n  i n t o  c o n s i d e r a t i o n .  
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