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TLC RESOLUTION STUDIES OF SOME 

COMPLEXES ON VARIOUS SURFACTANT 
METAL-PIPERIDINEDITHIOCARBAMATE 

IMPREGNATED SILICA GEL-G PLATES 

ARATI ASOLKAR1, ASHOK KUMAR1, 
PRATIBHA PANDEY1, AND R BHARDWAJZ 

1Department of Chemisty 
2Dejmrtment of Bwchemishy 

D. A. University of Indore 
lndore - 452 001, India 

The main interest focussed over the years on the 

dithiocarbamates and their complexes is significantly due to 

their diversified applications as fungicides, pesticides, 

antioxidants, inhibitors in research on enzymes [l], possible 

protection against the lethal effects of X-rays, and in the 

treatment of chronic alcoholism [ 2 ] ,  sarcoma cells [ 3 ]  and acute 

and chronic cadmium poisoning [ 4 ] .  The dithiocarbamate complexes 

were first experimented medicinally on the control of various 

dermatophytes. Some complexes of vanadium have been found to act 

as potential antimicrobial, insect-sterilising and ovicidal acjets 

[ 5 ] .  Certain dithiocarbamate complexes of copper have found use 

as fungicides, phytocides [ 6 1 r  and as accelerators [ 7 ]  in the 

vulcanisation of rubber. 
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16 >O ASOLKAR ET AL. 

A literature survey suggested that the TLC analysis of 

mc,tal-dithiocarbamates [8-151 has been reported, but, attempts to 

ac,hieve their resolution on various surfactants impregnated 

s lica gel-G plates and quantitative isolation are surprisingly 

sc:arce. Keeping in view the immense importance of the 062 

d thiocarbamates in the vast spectral area of medicinal and 

aiialytical chemistry, it was considered worthwhile to resolve yet 

aiother class of dithiocarbamate complexes. In the present 

cxnmunication, piperidinedithiocarbamate(Pipdtc) complexes of 

P>(II), Cd(II), Cu(I1) and Fe(II1) (under investigation for heir 

aitimicrobial activity) have been resolved using various pure 

s3lvents and binary solvent mixtures, on silica gel-G plates and 

s >  also on different surfactants impregnated silica gel-G plates. 

Exhaustive quantitative and qualitative analysis of synthetic 

rrixtures and alloys have been conducted, and the R values of 

netal complexes compared. 
f 

EXPERIMENTAL 

All the solvents used were freshly dried and distilled. 

I 1% solution of ligand (sodium salt of piperidinedithiocarba- 

plate: prepared by the method given by Macrotrigiano et al. [16]) 

bias prepared in doubly distilled water. Standard lead, copper, 

cadmium and iron solutions (1000 ppm) were also prepared in 

(loubly distilled water from their analytical reagent grade 

:;amples and standardized [17]. Alloy solution was prepared by 

ilissolving 0.2 gms of the standard alloy in 15 ml of HC1(1+1) by 

iieating on a water bath and then adding 1-2 ml of concentrated 

1INO . The excess of the acid was evaporated by gently heating on 

t boiling water bath and then the volume made upto 100 ml in a 

standard volumetric flask. 

3 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



METAL-PIPWDINEDITHIOCARBAMATE COMPLEXES 1691 

To 2.0 ml of each of the 1000 ppm solutions prepared, 

added 5.0 ml of 1% ligand solution. pH adjusted at 3.5 forPb(II), 

3.0 for Cd(II), 4 .5  for Cu(I1) and 5 .5  for Fe(II1) (using 11.1 

ammonia and 1M perchloric acid solutions). To 10 ml of alloy 

solution added 10 ml of 1% ligand solution and pH adjusted at 

4.5. Then 2.0 ml of 20% naphthalene solution in acetone added to 

the above solutions. The adsorbed complexes filtered, washed 

several times with distilled water, dried and dissolved in 10 ml 

of chloroform. 

An ascending irrigation technique was employed using 

commercially available silica gel-G and chromatoplates of size 

20x10 cm . The glass plates were prepared by coating them with 

silica gel4 (thickness 0.75 mm) with the help of stahl type 

applicator. The plates were air-dried, activated at 60 C for 24 

hours before use. In quest for better resolution, various 

surfactants were also tried. 

2 

0 

(i) Silica gel-G + 1% sodium lauryl sulphate. 

(ii) Silica gel-G + 1% tetrabutyl ammonium bromide. 

(iii) Silica gel-G + 1% triton X-100 

0.1 ml of the solutions prepared were spotted 

separately at 2.0 cm from the one edge of the plate. The spots 

were air dried at room temperature and then placed in a chamber 

that was saturated with either pure solvent vapours (Table 1) or 

binary solvent vapours (Table 2). The plates were developed until 

the solvent front had travelled a distance of 16.5 cm. About 45-  

70 minutes were usually required. The plates were dried and the 

spots in 

iodine chamber for 40  seconds. Cu(I1) and Fe(II1)-piperidinedi- 

thiocarbamates were detected by their characteristic colours 

of lead and cadmium made visible by placing the plates 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL
E 
1.
 T
LC
 D
AT
A 

So
lv
en
ts
: 
A=
 H
ex
an
e;
 B
= 
Cy
cl
oh
ex
an
e;
 C

=
 

1
,4

 D
io
xa
n;
 D
=
 C
ar
bo
n 
te
tr
ac
hl
or
id
e;
 F
= 

Be
nz
en
e;
 

F
=
 
To
lu
en
e;
 G

= 
Xy
le
ne
; 
H=
 P
et
ro
le
um
 e
th
er
; 
I=
 C
hl
or
of
or
m;
 J
=
 E
th
yl
ac
et
at
e 

;
 K
= 

Ac
et
on
e;
 

L=
 M
et
ha
no
l;
 M

=
 A
ce
to
ni
tr
il
e 

* 
Me
ta
l-
Pp
id
tc
 
D 

Id
en
ti
fi
ca
ti
on
 

R 
xl
00
 v
al
ue
s 
in
 p
ur
e 
so
lv
en
ts
 

I
 

(p
H 
ra
ng
e)
 

L
 

I
 

I 
A

B
 
C

D
E

F
G

H
I

J
K

L
M

 
1 

2 

Pb
 

1.
0 

co
lo
ur
- 

br
ig
ht
 

00
 
00
 

9
4

 
0

0
 
51
 

2
8

 
2

4
 
00
 

9
3

 
9

8
 

9
8

 
9

8
 

96
 

(3
.0

 
-5
.0
) 

le
ss
 

ye
ll
ow
 

(3
.0
 
- 
5.
5)
 

le
ss
 

ye
ll
ow
 

(1
.5
 
- 

4
.5

) 
is
h 
br
ow
n 
br
ow
n 

Cd
 

1.
5 

co
lo
ur
- 

li
gh
t 

00
 
00
 

8
4

 
0

0
 

3
7

 
2

0
 

1
8

 
0

0
 

8
8

 
T
 

T
 

9
6

 
9

3
 

CU
 

0.
8 

ye
ll
ow
- 

gr
ee
ni
sh
 0

0
 
00
 

9
8

 
0

0
 

7
4

 
5

7
 

4
7

 
0

0
 

9
4

 
9

8
 

9
8

 
9

9
 

9
8

 

Fe
 

1.
0 

li
gh
t 

ye
ll
ow
 

00
 
00
 

8
8

 
0

0
 

3
8

 
2

4
 

2
0

 
0

0
 

9
2

 
8

6
 

9
7

 
9

7
 

9
4

 
(3

.5
 

- 
8

.0
) 

gr
ey
 

D 
=

 
De
te
ct
io
n 
in
 p
g.
 

I 
=

 
Or
ig
in
al
 c
ol
ou
r 
of
 
sp
ot
s 
af
te
r 
de
ve
lo
pm
en
t 
of
 p
la
te
s.
 

I 
=

 
Co
lo
ur
 o
f 
sp
ot
s 
af
te
r 
de
ve
lo
pm
en
t 
in
 i
od
in
e 
ch
am
be
r.
 

1
 

2 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



M E T A L - P I P E R I D I N E D I T O C ~ ~ ~  COMPLEXES I693 

TABLE 2 

R xl00 VALUES OF METAL-Pipdtc COMPLEXES IN BINARY SOLVENTS 
f 

S.No. Binary solvents 

1. 
2. 
3. 
4. 
5 .  
6. 
7. 
8 .  
9 .  
1 0 .  
11. 
12. 
13. 
1 4 .  
1 5 .  
16. 

Chloroform : Benzene (20:80) 
Chloroform : Benzene (80:20) 
Xylene : Benzene ( 2 0 : 8 0 )  
Xylene : Benzene (80:20) 
Toluene : Benzene (20:80) 
Toluene : Benzene (80:20) 
Xylene : Chloroform (80:20) 
Xylene - Toluene (20~80) 
Xylene : Toluene (80:20) 
Chloroform : Toluene (20:80) 
Ethyl acetate : Toluene (20:80) 
Ethyl acetate : Benzene (20r80) 
Ethyl acetate 2 Xylene (20:80) 
1,4 Dioxan : Toluene ( 2 0 : 8 0 )  
Acetonitrile : Xylene (20:80) 
Methanol : Xylene (20:80) 

_ _ _ _ _ _ _ _ _  

62 32 7 4  46 
85 8 3  92 85 
46 29 66 34 
22 16 47 18 
43 24 62 28 
30 18 57 20 
23 13 44 18 
40 18 74 32 
30 22 61 24 
48 16 78 32 
9 5  T 96 9 1  
95  T 96 94 
9 4  T 9 5  8 9  
8 7  82 96 85 
9 1  88 95 9 0  
9 5  90  98 9 1  

(Table 1). For each system five runs were carried out and the 

R values obtained were found reproducible in different identical 

runs. For quantitative determination, the respective spots were 

scraped off carefully and the silica gel-G with the respective 

complex dissolved in 10 ml of chloroform, Since the solutions of 

lead and cadmium complexes in chloroform are colourless, the lead 

and cadmium ions are quantitatively replaced by cupric ions by 

the addition of 10 M solution of cupric nitrate to their 

respective solutions. The solutions are shaken vigorously in a 

separating funnel in order to get a stable yellow colour in the 

chloroform layer. The transmittance and absorbance of the clear 

chloroform solution then noted. With reference to the calibration 

graph plotted for the respective metal- 
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: 

0.
03
; 

Ni
: 

1.
82
; 
Al
: 

0.
02
6;
 

Ni
: 

0.
06
; 
Zn
: 
0
.
3
0
;
 

Ni
: 

0.
14
; 
Zn
: 
1.
76
; 

P:
 
0.
02
; 
Mo
: 

0.
22
; 

Ti
: 

0.
10
; 
Sn
: 

0
.0

5
; 

Ti
: 

0.
04
; 
Sn
: 

0.
10
; 

N:
 
0.
00
6.
 

Pb
: 

0.
04
; 

V:
 
0
.
0
2
;
 

Pb
: 
0
.
1
8
;
 
V:
 
0.
00
7;
 

Zr
: 
0.
05
; 
Bi
: 

0.
03
; 

Zr
: 

0
.0

1
; 

Bi
: 
0.
01
; 

Ca
: 
0.
03
; 
Co
: 

0.
03
; 

Sb
: 
0.
01
; 
Ca
: 

0.
00
4.
 

Sb
: 
o.
a8
&6
. 

0
 

c
:o

.o
3

; 
B:
 

* 
=

 
Le
ad
 

sp
o
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ma
sk
ed
 
by
 
ir
on
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po
t.
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14peridinedithiocarbamatesr the concentration in ug of the metal 

..om found out (Tables 4 and 6 ) .  

RESULTS AND DISCUSSION -- 

The Pb(II), Cu(II), Cd(I1) and Fe(II1) complexes are 

luantitatively formed in the pH ranges 3.0-5.0, 1.5-4.5, 3.0-5.5 

snd 3.5-8.0 respectively. The spectra measured for the reaction 

at various pH values show that only one type of complex is formed 

in each case. Their TLC resolution datas are exhibited in Tables 

1 - 6 .  All the pure and binary solvent systems used (Tables 1 & 

2 ,  respectively) gave satisfactory separation of the complexes 

except acetone and ethylacetate, in which tailing was observed in 

the case of Cd(I1) complex. Tailing persisted even when 

ethylacetate was taken in combination with benzene, xylene and 

toluene. Table 3 presents the R xl00 values of the metal- 

piperidinedithiocarbamates in the five best combinations of 

binary solvents, using different surfactants. Results depict that 

more satisfactory resolution was obtained in the case of 1% 

tetrabutyl ammonium bromide as an adsorbent. The results also 

show an interesting trend in the R values. It is observed that 

the R value is maximum for Cu(I1) complex followed by Pb(II), 

Fe(II1) and Cd(I1) complex in all the solvent systems. From this 

it can be concluded that the nature of the metal exerts the main 

influence on the difference in the chromatographic properties of 

the metal-piperidinedithiocarbamates. Pure solvents such as 

hexane, cyclohexane, carbon tetrachloride and petroleum ether did 

not help in the development of spots. Another noteworthy 

observation was that the metal-piperidinedithiocarhamates usually 

gave comparatively high R values with solvents of considerably 

higher dielectric constants. 

f 

f 

f 

f 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
2
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



TA
BL
E 

6 

QU
AN
TI
TA
TI
VE
 D
ET
ER
MI
NA
TI
ON
 O
F 
CO
PP
ER
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ND
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ON
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N 
AL
LO
Y 
NK
K 
No
. 

10
21
. 

Al
lo
y 

Ce
rt
if
ie
d 

Am
ou
nt
 t
ak
en
 

Am
ou
nt
 f
ou
nd
 

Re
la
ti
ve
 

R 
xl
00
 

Co
mp
os
it
io
n 

by
 p
re
se
nt
 

st
an
da
rd
 

va
lu
e 

f 

* 
(

%
)

 
(P
4 

me
th
od
 

(p
g)
 

de
vi
at
io
n(
 % 

S:
 
15
.5
6;
 F
e:
 
0.
99
; 

Cu
: 

2
.7

2
; 

Mn
: 
0.
20
; 

10
21
 

Ni
: 
0
.
1
4
;
 Z
n:
 1
.7
6;
 

(A
l-
Si
-C
u-
 

Ti
: 
0.
04
; 
Sn
: 

0.
10
; 

Zr
: 
0.
01
; 
Bi
: 
0.
01
; 

Sb
: 
0.
01
; 
Ca
: 
0.
00
4 

NK
K 
NO
. 

ff
g:
 
0.
29
; 

Cr
: 

0.
03
: 

Cu
: 

5.
44
 

5.
42
 

1.
20
 

7
4
 

Zn
 a
ll
oy
) 

Pb
: 

0.
18
; 

V.
 
0.
00
7;
 

Fe
. 
1.
98
 

1.
97
 

1.
98
 

45
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(
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Qualitative and quantitative analysis of alloys (Tables 

5 and 6, respectively) and synthetic mixture (Table 4) also 

 resent satisfactory results. Identification of lead, copper and 

iron in alloys is confirmed by comparing the R values of the 

~arious distinct spots obtained during the analysis of alloys, 

tith the R values obtained for the individual metal complexes, 

in that specific solvent mixture. In the quantitative analysis of 

clloys by TLC, an amount of 5.44 pg of copper and 1.98 pg of iron 

n 10 rnl of chloroform gave a mean absorbance of 0.15 and 0.09 

rrith a relative standard deviation of 1.20% and 1.98%, 

-espectively. After the qualitative analysis of the synthetic 

iiixture (containing 20.0 p g  each of copper, lead, iron and 

:admiurn), the quantitative estimation of the desired spots of 

iopper and iron in 10 ml of chloroform gave mean absorbance of 

1.40 and 0.37 with a relative standard deviation of 1.02% and 

L.27%, respectively. 
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