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SEQUENTIAL THIN LAYER 
CHROMATOGRAPHY OF CARBARYL 

AND RELATED COMPOUNDS 

H. S. RATHORE AND R SHARMA 
Departmmt of Applied Chemistty 

Z. H. Cobkg of Engineering & Techmbgy 
Aligarh Muslim Vniversiry 

A&&-202002, India 

Sequential t h i n  layer  chromatography is performed on 

s i l i c a  gel G pla tes  (0 .5  1 1 ~  thick layer )  f o r  the  separation of 

carbaryl and re la ted  compounds. Common solvents such a s  benzene, 

carbon te t rachlor ide,  chloroform, d i s t i l l e d  water, i,4-dioxane, 

and ethyl  acetate  are  used f o r  sequential development of the  plates .  

Some Important separations am: carbaryl from phenol, o-nitrophenol, 

o( -naphthol and carbofuran; i n  carbon te t rachlor ide followed bY 

d i s t i l l e d  water; carbofuran from phenol, o-nitrophenol, H-naphthol, 

carbaryl and p-naphthoxyacetic acid i n  d i s t i l l e d  water folluwed 

by chloroform etc .  

Tu: is used f o r  quant i ta t ive and qua l i ta t ive  analysts of 

wide var ie ty  of pesttcldes. 

containing carboxylic group because of t h e i r  non-volatile and 

It is par t icu lar ly  useful t o  herbicides 

1703 

Copyright D 1992 by Marcel Dekker, Inc. 

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



1704 RATHORE AND SHARMA 

1 
polar  nature. I n  our previous publ ica t ion  , t h e  behaviour of some 

herbicides  on admixtures of  s i l ica  ge l  0 and calcium sulphate  i s  

described. It is shown that admixture, s i l i c a  g e l  G; calcium 

sulphate  (1:4 w/w),is an excel lent  TI,€ mater ia l  f o r  t h e  separat ion 

of these compounds. 

for t h e  detect ion of carbaxyl a t  t r a c e  l e v e l  i n  b io logica l  f l u i d s .  

Pandi lkar  e t  a1.2 developed a TLC procedure 

Yrivastava e t  al.’ detected and separa ted  several carbamates on 

layers  of s i l i c a  g e l  containing 1% z inc  ace ta te .  

Sequent ia l  t h i s l a y e r  chromatography (S-TLC) has more 

advantages than normal-phase thin- layer  chromatography ( N P - T L C )  . 
When a mixture contains  compounds t h a t  d i f f e r  considerably i n  

polar i ty ,  a s ing le  development with one mobile phase may not provide 

t h e  des i red  separation. If t h e  p l a t e  i s  developed successively 

with d i f f e r e n t  mobile phases t h a t  have d i f f e r e n t  p o l a r i t y  o r  s t rength,  

separat ion w i l l  be possible .  Rathore and Saxena performed S-TLC 

of 2,4-D and r e l a t e d  compounds on calcium sulphate l a y e r s  i n  

d i f f e r e n t  solvents  and used bromophenol b lue  a s  a detector .  Abou-donin 

and Komeil have claimed that-S-!RC i s  a rap id  and f a s t  method f o r  

the a n a l y s i s  of complex mixtures. 

4 

5 

Therefore, i n  cont inuat ion t o  o u r  previous work, now t h e  

sequent ia l  chromatographic behaviour of carbaxyl and r e l a t e d  compounds 

is studied.  

common solvent  a r e  described i n  t h i s  paper. 

The separa t ions  achieved on s i l i c a  ge l  G p l a t e s  i n  

EXPERIMENTAL 

Apparatus 

A S tah l  apaarntus w i t h  universal  appl ica tor  ( thickness  of 

appl ied l a y e r s  ad jus tab le  from 0.25-2.00 mm) glass  p l a t e s  (20 x 4 cm), 

g l a s s  j a r s  (25 x 5 cm), hot a i r  d r i e r ,  temperature cont ro l led  e l e c t r i c  

oven (Tempo,India), spectrophotometer (Spectronic-ZO), cen t r i fuge  

machine (Instrument Manufacturing Company,India), e l e c t r i c  hot p l a t e  
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CARBARYL AND RELATED COMPOUNDS 1705 

wi th  magnetic s t i r r e r  (Sunvic,U.E.), va r i ab le  volume micropipet te  

(Gilson,France) were used. 

Chemicals 

S i l i c a  g e l  G (Elerck,India), ca rba ry l  50% WP (Paushnk Ltd., 

I n d i a ) ,  carbofuran 3% GR (Pes t i c ides , Ind ia ) ,  pmpoxur 1% w/w (Bayer 

I n d i a  L td . ) ,  b a v i s t i n  50% VP (BASF I n d i a  Ltd.), phenol LR, 

p-chlorophenol LR (BDH I n d i a ) ,  p-naphthoxyacetic ac id  PR (Sigma, 

U .S .A. ) , p-nit robenzenedi azoni mt e t  r a f  luoroborate  (Merck, I ndia)  , 
potassium hydroxide LR (8.d. Fine CHBM,hrt.Ltd.), su lphan i l i c  acid,  

sodium n i t r i t e  (CDH,India) and sodium hydroxide (Qualigens,India) 

were used. A 1 1  o t h e r  reagents  used were of ana ly t i ca l  grade.  

The following so lu t ions  were used; Solut ions (2%) of carbaryl ,  

carbofuran, phenol and 4 -naphthol i n  e t h y l  acetate;  propoxur, 

b a v i s t i n ,  p-naphthoxyacetic acid,  o-nitrophenol and p-chlorophenol 

in ethanol;  p-nitrobenzenediazonil l~et  ref  luoroborat e (0. 

100 m l  of acetone; aqueous sodium n i t r i t e  (0.3s) and sodium 

hydroxide (16$), s u l p h a n i t i c  ac id  (0.2$) i n  1:lO HC1 and methanolic 

potassium hydroxide ( i s ) .  

poss ib l e  t o  prepare,  t h e  s a t u r a t e d  so lu t ion  was used. 

g) in 

When 2% so lu t ion  o f  p e s t i c i d e  was not 

Preparat ion of p l a t e s  

A slurry containing s i l i c a  g e l  0 (25 g) and d i s t i l l e d  water 

(65 ml) was applied t o  t h e  g l a s s  p l a t e s  w i t h  t he  help of an app l i ca to r  

t o  give t h e  f i l m  t h i ckness  0.5 mm. 

dry a t  room temperature and then a t  i i 0  

The p l a t e s  were f i r s t  allowed t o  

f o r  1 h r  f o r  ac t iva t ion .  

Spo t t ing  of t e s t  so lu t ions  

Test  so lu t ions  were appl ied on TLC p l a t e s  w i th  t h e  help of  

a f i n e  c a p i l l a r y  o r  a v a r i a b l e  volume micropipette.  

removed by hot a i r  drying, t h e  p l a t e  was developed upto t h e  l eng th  

of  5 cm in first solvent ,  t h e  p l a t s  was taken out  from t h e  j a r ,  the  

solvent  was removed and then t h e  p l a t e  was again developed upto t h e  

l eng th  of 10 cm i n  second solvent using aSCehding mode of  development. 

The solvent was 
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1706 RATHORE AND SHARMA 

Detect ion  of pest i c i  des 

The carbamates, phenols and p-naphthoxyacetic a c i d  were 

detected on TU: p l a t e s  by t h e  following procedure; potassium 

lydroxide solut ion was sprayed on TLC p la tes ,  t h e  p l a t e s  were dr ied,  

c!ooled and then p-nitrobenzenediamoriumtetrafluoroborate so lu t ion  

k a s  sprayed. Orangish-brown spots  were appeared on white  background 

f o r  a l l  t h e  compounds while  carbofuran appeared as purple  spot. 

Calculat ion of Rf values  

For  t a i l i n g  spots ,  t h e  f r o n t  l i m i t  (FU) and r e a r  l i m i t  (RT) 

w c r e  measured w h i l e  f o r  compact spots  Rf values  were ca lcu la ted  by 

t t  e following r e l a t i o n  

d is tance  t r a v e l l e d  by t h e  so lu te  (cm 
Rf = dis tance  t r a v e l l e d  by the  solvent f rbnt  (cm) 

Qu.mti ta t ive separat ions 

For quant i ta t ive  separat ion of carberyl  t h e  follolving method 

was applied: A known volume of standard pes t ic ide  Solution was spot ted 

on t h e  p l a t e  w i t h  the help of a graduated micro-pipette, t h e  solvent  

was removed, p l a t e s  were developed and spots  were loca ted  as above. 

The demarcated s rea  of t h e  p l a t e  was scratched out, carbaryl  was 

ext  -acted w i t h  methanol (5 ml) and t h e  s o l i d  was removed by c e n t r i -  

fugt t ion.  Carbaryl I n  t h e  c e n t r i i u g a t e  was determined. 

I n  5 m l  of cent r i fuga te ,  10 m l  o f  d i s t i l l e d  water, 2 m l  of 

s o d i i m  n i t r i t e  and 2 m l  su lphani l ic  acid were added, then a f t e r  

10 minutes 5 m 1  of 16% sodium hydroxide and 50 a1 of  d i s t i l l e d  Water 

were added. Pink colour  appeared. F ina l ly  t h e  absorbance was 

measitred a t  520 nm agains t  a blank. The >lank contains  a l l  t h e  above 

compcnents except carbaryl .  

P l o t s  of Rf values  VS. d i e l e c t r i c  constants  of various solvents  

on s i . i c a  ge l  G p l a t e s  a r e  depicted in f i g u r e  1. Bf values by TLC 
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CARBARYLAND RELATED COMPOUNDS 1707 

I d-NAPHTHOL CARBOFURAN 

0 - NITROPHENOL 
0 r 

PHENOL 

PROFOXUR 

p -CHU)ROPHENOL 

Q 

p/; 
BAVIS 

SOLVENTS WITH DIELECTRIC CONSTANTS 
I .  l,C DIOXANE , 2.21 
1. BENZENE, 2.28 

5 .  ETHYL ACETATE, 6.02 

2. CARBON TETRACHU)RIOE , 2.24 
4. CHLOROFORM j 6.81 

0 Rf VALUES 
0 Rm VALUES 

FIG.l- PLOT OF Rf VS DIELECTRIC CONSTANTS OF VARIOUS 
SOLVENTS ON SILICA GEL G PLATES OF THICKNESS 
0.5mm. 
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1708 RATHORE AND SHARMA 

n nl  
"'-1 BAVISTIN 

c 0.6 

0.2 

0.0 

rL 

p- CHLOROPHENOL &NAPHTHOL 1 

I ,ir ( 6 -  NAWTHOXYACETIC 

- 
CARBOFVRAN PROPOXUR 

SOLVENTS WITH DIELECTRIC CONSTANTS sOLVENTS 
1. S1- I,& DIOXANE 0 R1 VALUES 

2. CARBON TETRACHLORIOE 0 RmVALUES 

3 .  SJ-BENZENE 

FIG.2- PLOT OF Rf VS SINGLE AND MIXED SOLVENTS ON SILICA 
GEL G PLATES OF THICKNESS 0.5mm. 

and S-TLC in different  solvent systems are given In figures 2, 3, 4,  

5 and 6. Separations achieved are recorded i n  Table I. Table 2 

sumarizes  S-TLC separations of  carbaryl from other pest ic ides .  I n  

S-TIC, the  first solvent that  was allowed t o  ascend from 0-5 c m  

is listec? first and the second solvent which was allowed t o  ascend 

from 0-10 cm i s  l i s t e d  second. 
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1.0 

0.8 

0.6 

0.6 

0.2 

0.0 

1 .o 
0-8 

0.6 

0. I 

0.2 

0.6 

0.4 

==- 0.2 

0 . o ' L  

0.6 

0.4 

0.2 

1 S p C A R B O N  TETRACHLORIDE 2 51-1.4 DIOXANE 

3 S~-CHLOROFORH 4 S~-ETHVL ACETATE 
c 0 Rf  VALUES c; R, VALUES 

I709 

' 52  

FIG.3- PLOT OF Rf VS VARIOUS SINGLE AND MIXED 
SOLVENT ON SILICA GEL G PLATES OF 
THICKNESS 0.5mm. 
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1710 RATHORE AND SHARMA 

0-NITROPHENOL 

0.6 

0 .  L 

0.2 t- 
0.0  

BAV 1st I N  PHENOL 

0.8 

0 .6  

0.2 

I I I I I  

6- NAPHTHOXVACETIC 7 
PROPOXUR I 

111111 

1. 53 -BENZENE 

1. S1 -1.4-OIOXANA 

3 SS-ETHVL ACETATE 

0 R f  VALUES 
0 Rm VALUES 

FIG.4- PLOT OF Rf Vs VARIOUS SINGLE AND MIXED SOLVENTS 
ON SILICA GEL G PLATES OF THICNESS 0.5mrn. 

DISCUSSION 

Figure I shows that t h e r e  is no d e f i n i t e  cor re la t ion  between 

€If values and d i e l e c t r i c  cons tan ts  of the developers. 

Rf values a r e  higher  in 1,4-dioxane than those  i n  carbon te t rachlor ide .  

The Rf values increase w i t h  d i e l e c t r i c  constant  i n  benzene, chloroform 

and e thyl  ace ta te .  It  shows t h a t  b a v i s t i n  can be separated from 

carbaryl ,  carbofuran, phenols e tc .  i n  chloroform and benzene. 

Hoitever 
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CARBARYL. AND RELATED COMPOUNDS 1711 

s L  % 5 5 S L % ~ S b % % % s ) S L  % s5 St%%S4#%% 5 4  52 55 5 l , ~ ~ s 4 s ~ + 3 5 4  
SOLVENTS 

1 .  S4-CHU)ROFORH 0 R f  VALUES 

2 %-CARBON TETRACHHIDROE 8 Rn.VALUES 

3 .  SS-ETHVL ACETATE 

FIG.5- PLOT OF Rf VS VARIOUS SINGLE AND MIXED SOLVENTS 
ON SILICA GEL G PLATES OF THICKNESS 0.5mm. 

Figures 2, 3, 4, 5 and 6 show t h a t  there  i s  a appreciable 

difference i n  R$ values on NP-TLC and S-TW. 

of p-naphthoxyacetic acid are  I and 0 in i,4-dioxane and carbon 

te t rachlor ide  respectively: 0.45 and I i n  1,4-dioxane followed by 

carbon te t rachlor ide and i n  carbon te t rachlor ide  followed by 

1,4-dioxane respectively. 

which a r e  not possible by NP-TLC. 

support the  above conclusion 1.e. various separations a re  possible 

For example, Ri values 

Thus S a c  can be used f o r  t h e  separation 

The r e s u l t s  given i n  Tables 1 and 2 

by s m .  
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