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SEQUENTIAL THIN-LAYER CHROMATOGRAPHY 
OF 2.4-D AND RELATED COMPOUNDS 

H. S.  Rathore and S .  K .  Saxena 
Chemistry Section 

Z .  H. College of Engineering and Technology 
Aligarh Muslim University 

A ligarh -202001, India 

S e p a r a t i o u s  and i d e n t i f i c a t i o n  of c a r b o x y l i c  h e r b i c i d a l  

s u b s t a n c e s  sucli a s  2,4-di c h l o r o  phenoxyace t i  c a c i d ,  t ri ci i loroace ti c 

a c i d ,  2,4,5-trichlorophenoxyacetic a c i d  and p l a n t  growth r e g u l a t o r s  

s u c h  a s  benzo ic  a c i d ,  c innamlc ac id ,  indo le -3 -ace t i c  a c i d ,  

p -napti t h a l e n e a c e t  i c acid,  

ac id  have been made by  s e q u e n t i a l  t h i n - l a y e r  chromatography 0.0 

ca lc ium s u l p h a t e  l a y e r  w i t h  a c e t o n e ,  benzene, carbon t e t r a c h l o r i d e ,  

chloroform,  e t h y l  a c e t a t e ,  dioxan,  propanol  as s o l v e n t s  and 

bromophenol b l u e  as d e t e c t o r .  

-na ph tho ryace  ti c a c i d  , phenoxyace t i c  

P lan t  growth r e g u l a t o r s '  s u c h  as benzo ic  a c i d ,  cinnaolic & c i d ,  

i ndo le -3 -ace t i c  a c i d  auu i t 2  d e r i v a t i v e s ,  g a l l i c  a c i d ,  TCA and 

2,4,5-T a r e  d i f f i c u l t  t o  ana lyse  by  l a r g e l y  used and h i g h l y  s e n s i t i v e  

t e c h n i q u e ,  'Gas chromatography" due t o  their  n o n - v o l a t i l e  n a t u r e .  

T h e r e f o r e  simple and commonly used methods2 such  as spec t ropho tomet ry  
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3624 RATHORE AND SAXENA 

and  t h i n - l a y e r  ctironiatograplry ( lave bee:; jlroved t o  h e  t h e  r c a J t l y  

a v a t  i a l ~ l e  t o o l  i 'nr t h e i r  a n a l y s i s .  AWonqsb tee o h v e  l i s t e d  cn!ap~un;ls  

500C rt~g m i d  500 ffiq/:i& r e s l t e c t i v e l y  ar:l ttrep a r e  be i i ig  used  its 

h e r b i c i  2 e s  f o i  J c s t r o y i n r .  i i i c o t s .  

4 
Our ; r r e v i ! i ~ ~ s  work sI iovS t i l o t  t h e s e  cninpoun.ls can ire s e p a r a t e d  

b y  p l a i u  t h i n - l a y e r  c:lron.atqgrap!sy (k3'A.C) on ca l c ium s u l p h a t e  c o a t i n g  

I n  coc~!on  so lve ! i t s ,  f lcetone, ht'nirue, carhon t e t r n c h l o r i d e ,  c i i ln rofnrm,  

dictxsn, e t l i y l  ace t . a t e ,  pro!rancl c l c .  

c l a i m e l  t h a t  t h e  newly develo!ie I ">r r :ue i i l i a l  t i l i u - l aye r  cliroiwtqgraphy" 

(STLC) i s  a rs$J e n d  f a s t  metl !n . i  n i  a n a l y s t s  oi cnaiiilcr n - ix tu re s .  

' I ' hereforc  R I I  a t te i i :p t  I I A S  hcerr nia.ir. t o  r x ; ~ l o r e  t h e  u t i l i t y  of 

ca lc ium S U ~ ) I I I H ~ O  Por t b e  s c i ~ i l r a t l o u ,  d e t e c t l o t ]  aud $ie te rn i i l i a t io r l  o f  

h e r b i c i J e s  by t:!is proce(1ure. 

Abcu-ll9nia arid ih tne i15  have  

A s  a r e s u l t  iiietiy Liew t e r n a r y  se;.orati?nu yh,iicti nere  riot ~ ~ s l b l e  

by p l , i t n  t l i i t i - loyer  cIIro:iIatlgraphy on ca l c ium s u l p i i a t e ,  have unw been 

ec l i ievcd .  P l i e  d e t a i l s  n i  t h -  id-ocedure and  the r e s u l t s  ob ta i t t ed  a r e  

r e p o r t e d  i n  tliis paper .  

LxPb:lI>LfiL< 11AL 

Appara tuu  

A s a t h a  a p p a r a t u s  w i t t i  

t l i i ckness  of t h e  a p p l i e d  l a y e r  

d r i e r ,  glass p l a t e s  (20 x 4 cm) 

c o n t r o l l e d  e l e c t r i c  oven, c e n t r  

were  used. 

Chemica ls  

a u r i i v e r v n l  a p p l i c a t o r  ( a d j u s t a b l e  

roni u.0-2.00 mm), h o t  a i r  e l e c t r i c  

g l a s s  j a r s  ( 2 5  x 5 ern), t e m p e r a t u r e  

i u g a t i o n  machine and spec t ropho tomete r  

Acetone (BDH,Indi a ) ,  benzeiie (S .M .memica Is, I n d i a ) ,  c a l c i  um 

s u l p h a t e  p r e c i  pi  t a t e J  powder, carbon t e t r a c h l o r i d e ,  ch lo ro io rm,  
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2.4-D AND RELATED COMPOUNDS 3625 

d i o x a n ,  e t h y l  a c e t a t e ,  propenol ( E . M e r c k , I n d a ) ,  b e n z o i c  a c i d ,  

p -ch lorophenoxyace t ic  a c i d ,  c innau# ic  a c i d ,  c i t r i c  a c i i ,  2,4-dichlo10- 

phenoxyace t i c  a c i d ,  g s l l i c  a c i d ,  i ndo le -3 -ace t i c  a c i d ,  ma le i c  a c i d ,  

ma 1 i c a c i  d , ma l o n i  c a c i  d , 8-11 a pii t ha 1 eiie a cc  t i c a c i d , /I -11 n ph t ho xyace t i  c 

ac i . l ,  o x a l i c  a c i t i ,  phenoxyace t ic  a c i d ,  s a l i c y l i c  a c i d ,  t a r t a r i c  a c i d ,  

t r i  c h l s r o a c e t i  c a c i d ,  2 , 4 , 5 - t r i  c t i lo ro  1:tieiioxydceti c a c i d  (sigma, U ~ A )  

were  used. 

P r e p a r a t i o n  of s o l u t i o n s  

S o l u t i o n s  ( 2 % )  of berizoi c ,  p-clilorophenoxyace t i c ,  cinuami c ,  

P ,4 -di ch 10 r o  Iherio vyace  t i c , g a l  1 i c , i n  do le -  ?-ace t i c , 
p-napht:ioxysceti  c, pherioxyacettc,  s a l i c y l i c  and '.,4,5-tricrilorophet~exy- 

a c e t i c  a c i d s  were  prepared  i , i  e t h a u o l .  S o l u t i o n s  (2%) 01 c i t r i c ,  

m a l e i c ,  ma l i c ,  inaloit ic,  o x a l l c ,  t a r t a r i c  and  t r i c l i l o r o a c e t i c  acids 

were prepare11 i n  d i s t i l l e d  c ra t e r .  

-na pJi t i:al en e a c e  ti c , 

Reagent t o r  t h e  s p e c t m i r l l o t ~ i ~ e t r i c  deternti i iat iqrl  o f  

i n d o l e - j - a c e t i c  a c i d  waa prepa red  by d x i i i g  1 rnl o f  0.Pi i e r i c  c t ' l o r i J e  

s o l u t i o n  i n  55s (v/v) perc l j l o r i c  a c i d .  m-epartd tresir reagell t  b e l o r e  

use .  

P r e p a r a t i o n  of p l a t e s  

A s l u r r y  o f  C e l C i U I I J  su lp i id t e  o b t a i n e d  by mixing  ca l c ium 

s u l p t l a t e  (30 g )  w i t h  d i s t i l l e d  w a t e r  (70 i , d )  wdb a p p l i e d  on t h e  p i a s s  

p l a t e s  w i t t i  t h e  h e l p  01 a p p l i c a t o r  SY t h a t  t h e  t h i c k n e s s  oi ca lc ium 

s u l p t l a t e  s l u r r y  would be 0.75 mm. The p l a t e s  b e r e  l irst  a l lowed  t o  

d r y  a t  room t e s p e r a t u r e  srid then  i n  a t empera tu re  c o n t r o l l e d  Plectr ic  

O V ~ I I  a t  110 C f o r  oiie hour.  
b 

D e t e c t i o n  of a c i d s  

The acids under  s t u d y  were  l o c a t e d  on t h e  p l a t e s  by 

1% e t h a n o l i c ,  a l k a l i n e  bromopheoole b l u e  s o l u t i o n .  
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3626 RATHORE AND SAXENA 

S p o t t i n g  of test s o l u t i o n s  

Test s o l u t i o n 3  were  s p o t t e d  311 t h e  p l a t e s  N i t h  t L e  help of  a 

t i n e  c a p i l l a r y .  r h e  s o l v e n t  b a s  re l rovc l  by ' lo t  a i r  Arying, trie p l a t e  

w d s  Jevelo!Jci  u p  t o  t h e  l eua t t i  01 5 c m  i t 1  s9 lve i i t  -, tie p l a t e  e a s  

t d k e n  o u t  trwi t h e  j a r  and A i e l i o v e d  d~ . l o n \ e ,  t he  p l d t e  wds 

agai r i  iieve1ope.l u p h  t i le  1 c ' : i ~ L h  o f  10 cm 1.1 m l v e r r t  H, U W J S  a l s o  

revroveA anu theii t h e  a p q t  was l o c e t e d  i r i t l i  brortloj, e i n l e  i l iue  by 

s p r a y  metliod. F o r  td i l i op , ,  the  f r o ~ r t l i m i t  (A11 anrl t h e  r e a l  li1,ait (!?I?) 

were inedbureu btiile f o r  compdct b p q t  d j  v s l u e s  were tdlken a5 u s u a l .  

D l s t m c e  t r a v e l l e d  b y  s u b s t a n c e  ( c m l  
D i s t c i r i c e  t r d * e l l e d  by s o l v e n t  front  (em) A f  = - 

GuaJ i t a t l v e  s e p a r a t i o n s  

T o  a c h i e v e  t h e  q u . i l i t a t i v e  s e p a r a t i o n  01 a c i l s ,  n ~ i e  01 t i l c  

a c i d s  was s [ J o t t e d  t i r s t l y  m i  t i i t '  s o lve r i t  w a 5  reuoved ,  s ecqud  a c i i  

s o l u t i m  was s p o t t e d  and tile s o l v e n t  vab iemoveu arid so on so f a r  

and  then  t h e  p l a t c s  was ueve lQped ,  d r i e l l  and a c i d s  w e r e  l o c a t e d  

a s  above. 

Q u a n t i t a t i v e  s e p a r a t i o n s  

A knew voluai.e 01 s t a n d a r d  a c i d  s o l u t i o r i  waa s p q t t e d  on t h e  

p l a t e  w i t h  t h e  h e l p  o f  8 g r a d u a t e d  micro p i p e t t e  w i t h  v a c c u p e t  c o i i t r o l ,  

t h e  s o l v e n t  was removed, p l a t e s  were d e v e l o p e i  and s p o t s  were  l o c a t e d  

as abqve. The demarca ted  a r e a  o f  t h e  p la te  w a s  s c r a t c h e d  o u t ,  t h e  

a c i d  was e x t r a c t e d  w i t h  methanol (3 ml)  and t h e  s o l i d  was removed by  

c e n t r i f u g a t i o n  method. T h e  a c i d  i n  t h e  c e n t r i f u g a t e  w a s  de t e rmined  

s p e c t r o p h o t o m e t r i c a l l y  b y  t h e  fo l lowing  procedure .  

In t h e  e x t r a c t  (3 m l )  c o n t a i n i n g  indo le -? -ace t i c  a c i d ,  

2 m l  o f  f r e s h l y  prepared  r e a g e n t  were added  dro iwive  b u t  r a p i d l y  

w i t h  c o n t i n u o u s  a g i t e t l o n ,  i t  was placed  i n  dark  f o r  one  hnur  f o r  

c o l o u r  deve lopment .  F i n a l l y  t h e  absorbance  was measured a t  510 nm 

a g a i n s t  a b l a n k  c o n t a i u i n g  methanol (3 m l )  and r e a g e n t  ( 2  m l ) .  
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2,4-D AND RELATED COMPOUNDS 3621 

Many s e p a r a t i o n s  have  i ietn ac t i ieveu  by  usina d i i f e r e r i t  s e t s  

of s o l v e n t s .  borne o f  t h e  iiiiportarit . s e p a r a t i o n s  a r e  shown i r k  

p h o t o p l a t e s l  t o  8 and o t h e r  s e p a r a t i o n s  a r e  g iven  below. The f i r s t ,  

so lve i i t  t l i a t  way a l lowed  t o  ascend  i o r  0-5 c w  is l i s t e d  f i r s t  arid 

t h e  second s o l v e n t  t h a t  was a l lowed t o  ascerrd f o r  0-10 cm l i s t e d  a t  

t i le second IJldCee 

B i n a r y  s e p a r a t i o t i a  by  YPLC: Heuzoic a c i d  (1.0) from c i t r i c  (O.o), 

~ ~ s i i c  (0 .0 )  slid t i i r t a r i c  n c i d  (9-2) i n  a c e t o n e ,  e t t i ) . l a c e t a t r ;  

I'-cfiioro!,iierloxq'acctic ~ c i ~  (1.0) froui c i t r i c  (o .o) ,  oxi l l i  c (o.n) atit1 

t a r t i i r i c  a c i d  (0-2) i l l  PceLoiie, eti.S.1 a c e t a t e ;  cii i t iwiic a c t d  (1.0) 

fmtn c i L r i c  ( 0 . 0 ) ~  m a l e i c  (0 -3 ) ,  lua i ic  (0-7) ,  mulonic (o .o) ,  o x a l i c  

( 0 . 0 ) ~  an t i  t a r t a r i c  ( 0 - 2 )  i i i  ace tq . ie ,  imizelie, etll) 1 a c e t b t c ;  

L' ,4-~1ic i : loro[ ,hcnnxyacet ic  a c i d  (1.0) tr%< c i t r i c  ( O . O ) ,  o x 8 l i c  (0.0) 

a1i.i t a r t a r i c  a c i d  ( 0 - 2 )  i i i  ucet!,iic, e t i ; y l r . c c t a t e ;  g ~ i l l i c  ac t , ]  (1.0) 

f r o x  c i t r i c  ( o . o ) ,  ~ x a l i c  ( 0 . 0 )  air1 t a r t a r i c  (0-?) i n  ;'icctorie, 

e t l !y l ; i ceLu te ;  in . !o~e- j - -bce t ic  ac i \ i  (1.0) i r n u  c i t r i c  (o.o),  mnle ic  

(0 -3 ,  trialoilic (o.o),  o x n i i  c (0 .0)  SOJ t a r t t l r i c  (0-2) i r ;  ace to t ie ,  

beneelie,  e t t i y l  a c e t a t e ;  t i l l o r i i c  acLd ( 1  .o) f ror :  c i t r i c  (0.0)~ 

o x a l i c  ( 0 . 0 )  a.ii1 t a r t a r i c  a c i d  (0-2) i i i  c t l i y l a c e t a t e ;  p -naphtha lene-  

a c e t i c  a c i d  (1.0) I'rcm c i t r i c  ( O . O ) ,  w a l e t c  ( O m s ) ,  ma lon ic  ( o . o ) ,  

o x a l i c  (o.oj  011.. t a r t a r i c  ac i t l  ( 0 - 2 )  i n  ch lo ro fo rm,  e t i i y i  i i c e t a t e ;  

p-irapi t irnxyoceri  c Ltciti (Y-10) frow c i t r i c  (o.o),  o x a l i c  (0 .0)  anti 

t a r t a r i c  acid (0-2) i : i  ace tor le ,  carbori t e t r a c i l l o r i J e ,  1 r o p a n o l ;  

p i ienoxyace t ic  a c i u  (1.0) troa; c i t r i c  ( o . o ) ,  male ic  ( 0 - 3 ) ,  m a l i c  (0-7 

maloiiic (8-lo), o x a l i c  (0.0) and t a r t a r i c  a c i d  (0 -2 )  i r i  a c e t o n e ,  

berisene,  ch loroform;  s a l i c y l i c  no id  (1.0) fi-olr c i t r i c  (0.01, malooic  

(O.O), o x a l i c  (0.0) and t a r t a r i c  a c i d  (0-2) In benzene ,  c a r b o u t e t r a -  

c h l o r i d e ,  e t i r y l a c c t a t e ;  t r i c t i l o r o a c e t i c  x c i d  (1.0) from c i t r i c  ( o . ~ ) ,  

o x a l i c  (0.0) and t a r t a r i c  a c i d  (0-2) i n  a c e t o n e ,  e t h y l a c e t h t e ;  

2,4,5-trFchlorophenoxyacetic a c i d  (1.0) frmi c i t r i c  (O.O), o s a l i c  (0.0) 

and t n r t a r i c  a c i d  (0-2) in a c e t o n e ,  berizeile, e t t i y l o c e t a t e .  
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3628 RATHORE AND SAXENA 

I 4 .  5 6 

Photoplate No. 1 

acetic acid from 2 )  2,4-dichlorophenoxyacetic acid from 3) benzoic acid 
from 4 )  trichloroacetic acid from 5 )  p-chlorophenoxyacetic acid and from 6 )  
gallic acid (Spot B) on calcium sulphate coating developed in dioxan (5 cm) 
followed by ethyl acetate (10 cm). 

Separation of tartaric acid (Spot A )  from 1) 2,4,5-trichlorophenoxy- 

9 10 11 - 

I 

0 

12 

- 

& 

Photoplate No. 2 
Separation of tartaric acid (Spot A )  from 7) cinnamic acid; from 8 )  in- 

dole-3-acetic acid; from 9)  B-naphthaleneacetic acid; from 10) B-naphthoxy- 
acetic acid; from 11) phenoxyacetic acid from 12) salicylic acid (Spot B) on 
calcium sulphate coating, developed in dioxan ( 5  cm) followed by ethyl ace- 
tate (10 cm). 
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2,4-D AND RELATED COMPOUNDS 
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1 2 3 6 
1 

Photoplate No. 3 
Separation of oxalic acid (Spot A )  from 1) 2,4,5-trichloroacetic acid, 

from 2 )  2,4-dichlorophenoxyacetic acid from 3) benzoic acid, from 4 )  trich- 
loroacetic acid, from 5 )  p-chlorophenoxyacetic acid and from 6) gallic acid 
(Spot B) on calcium sulphate coating, developed in dioxan ( 5  cm) followed by 
ethyl acetate (10 cm). 

8 9 10 11 12 

v 

A 

t 

Y 
- 

t 

1 
Photoplate No. 4 

Separation of oxalic acid (Spoat A )  from 7 )  cinnamic acid, from 8 )  in- 
dole-3-acetic acid, from 9)  B-naphthaleneacetic acid, from 10) B-naphthoxy- 
acetic acid, from 11) phenoxyacetic acid, and from 12) salicylic acid, (Spot 
B) on calium sulphate coating, developed in dioxan ( 5  cm) followed by ethyl- 
acetate (10 cm). 
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A 

Photoplate No. 5 

acid, from 2 )  2,4-dichlorophenoxyacetic acid, from 3 )  benzoic acid, from 4) 
trichloroacetic acid from 5 )  p-chlorophenoxyacetic and acid from 6 )  gallic acid 
(Spot B) on calcium sulphate coating, developed in dioxan ( 5  cm) followed by 
ethyl acetate (10 cm). 

Separation of citric acid (Spot A )  from 1) 2,4,5-trichLorophenoxyacetic 

B 

A 

Photoolate No. 6 

7 8 9 10 

T 
B 

A 

Separation of citric acid (Spot A )  from 7) cinnamic acid, from 8) B- 
naphthaleneacetic acid, from 9)  8-nephthoxyacetic acid, from 10) phenoxyace- 
tic and from 11) Balicyclic acid (Spot B) on calciumsulphate coating, devel- 
opedoped in chloroform ( 5  cm) followed by ethyl acetate (10 cm). 
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1 

C 

A B~ 

I 
Photovlate No. 7 

2 3 4 5 

C 

B 

A 

Ternary Separations: Oxalic acid (Spot A )  from 1) malic acid (Spot B )  
and cinnamic acid (Spot C) in chloroform ( 5  cm) and ethylacetate (10 cm); 
from 2 )  indole-3 acetic acid (Spot B )  and cinnamic acid (Spot C )  in ethyl 
acetate (5 cm) and carbon tetrachloride; from 3 )  indole-3-acetic acid (Spot 
B )  and phenoxyacetic acid (Spot C )  in ethyl acetate ( 5  cm) and carbon tetra- 
chloride (10 cm); maleic acid (Spot B )  and cinnamic acid (Spot C) in acetone 
( 5  cm) and benzene (10 cm); from maleic acid (Spot B )  and phenoxyacetic acid 
(Spot C) in acetone ( 5  cm) and benzene (10 cm) on calcium sulphate coated 
plates. 

Bina ry  s e p a r a t i o n s  by  aTLC: Cinriiriuic a c i d  (1.0) froic i n d o l e - + a c e t i c  

(0-5), i aa l e t c  (0-3) ,  nialonic a c i i  (0.0) i n  carboii t e t r a c h l o r i t i e -  

clbloroform, etLylacrtate-chloroform, chloroform-benzenc; indolc-3-  

a c e t i c  a c i d  (0-10) f r o n  c i t r i c  (0-2), i na l e i c  ( 0 - 3 )  a i d  maloriic a c t d  

(0.0) i n  chloroform-benzene, propdnol-beuzene; m a l e i c  a c i d  (8-10) 

from c t t r i c  ( 0 - z ) ,  o x a l i c  (0.0) and t a r t a r i c  a c i d  (0.0) i n  chloroform-  

e t h y l  a c e t a t e ,  d ioxan-e t t iy l  acetate;  m a l i c  a c i d  (7-10) from c i t r i c  (0-2),  

o x a l i c  (0.0) and t a r t a r i c  a c i d  (0.0) i n  ch lo ro fo rm-e thy l  a c e t a t e ,  

d ioxan-e thy l  a c e t a t e ;  ina lonic  a c i d  (7-10) from c i t r i c  (0-2),  o x a l i c  

(0.0) a n 3  t a r t a r i c  a c i d  (0-2) i n  ch lo ro fo rm-e tcy l  a c e t a t c ,  dioxan- 

e t i i y l  a c e t a t e ;  a -naph t t i a l e t i eace t i c  a c i d  (0-10) froui m a l e i c  (0-3), 

ma lon ic  acid (0.0) i n  chloroform-benzene;  p-naphtiioxy-acetic a c i d  

(5-8) from m a l i c  (0-3) and malonic  a c i d  (0-0) in chloroform-benzene; 

phenoxyace t t c  a c i d  (8-10) from i n d o l e - 3 - a c e t i c  (0-5), m a l e i c  (0-j), 
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and cinnamic acid (Spot C) in chloroform ( 5  cm) and ethyl acetate (10 cm); 
from 2)  indole-3-acetic acid (Spot B )  and cinnamic acid (Spot C) in ethyl- 
acetate ( 5  cm) and carbon tetrachloride (10 cm); from 3 )  indole-3-acetic acid 
(Spot B )  and phenoxy acetic acid (Spot C) in ethyl acetate ( 5  cm) and carbon 
tetrachloride (10 cm); from 4 )  maleic acid (Spot B) and cinnamic acid (Spot 
C) in acetone ( 5  cm) and benzene (10  cm); from 5 )  maleic acid (Spot B) and 
phenoxyacetic acid (Spot C) in acetone ( 5  cm) and benzene (10 cm) on calcium 
sulphate coated plates. 

Ternary Separations: Tartaric acid (Spot A )  from 1) maleic acid (Spot B )  

u i a l i c  (p-5) anu malonic a c i d  (0.0) iu ctiloro~ol-m-l)enzene, prqpano l -  

benzene, pro pan01 -carb?n te t rscl l  l o  ri Ile ; a a l  i c y l l  c nci d (1 .O) from 

maleic  ( 0 - 3 )  and malonic a c i d  (8-10) i i i  chlorofonn-bellaerie, propanol- 

benzene; ? ,4 ,5- t r ic l i loro phenoxyacetic a c i d  (3-10) from rcaleic a c i d  

(0-3) i n  propanol-beiizetie 

Ternary separa t ions8  Oxal ic  a c i d  (0.0) iroia maleic a c i d  ( 0 . 5 )  

and t)-nu~iIithaleneacetic a c i d  (1.0) i n  etiiylacetete-ciiloroform; o x a l i c  

a c i d  (0.0) from maleic  a c i d  (4-5)  and p-uaptlthoxyecetic a c i d  (9-10) 

in propanol-chloroform; t a r t a r i c  a c i d  (0.0) from a-naphthoxyacetic aci  ti 

(0.5) and ciiinamic a c i d  (8-10) i t 1  etllyl acetate-benzeiie; t a r t a r i c  a c i J  

(0.0) f r w  indole-3-acet ic  a c i d  ( 3 - 5 )  and s a l i c y l i c  a c i d  (9-10) in 

e t h y l  acetate-benzene; t a r t a r i c  a c i d  (0 .O) fro- mallc a c i d  ( 0 . 5 )  and 

s a l i c y l i c  acict (9-10) i d  e t l ~ y l  acetate-carbon t e t r a  ch lor ide .  
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The r e s u l t s  o f  q u a n t i t a t i v e  s e p a r a t i o n s  a r e  g iven  in t a b l e  I ,  

I1 and IN. The a n a l y t i c a l  pa rame te r s  a r e  c a l c u l a t e d  by  the  f o l l o w i n g  

e x p r e s s  i o n  

6 - a  /- 
c- x too 
F C.V. m . . .  

. . .  

. . .  
where  x i ?  x2, . . . . = measured v a l u e s  

,U E ave rage  v a l u e  and 

N = number o f  s e t s .  

T h i n - l a y e r  c h r o m t o ? r a p h y 6  i s  p a r t i c u l a r l y  u s e f u l  t o  h e r h i c i J e s  

c o n t a i n i n g  c a r b o x y l i c  g r o u p  b e c a u s e  01 their  polar  n d t u r e  dlld 

i n s u s c e p t i b i l i t y  t o  g a s  c l i roma to~rapny .  T h e r e h r e  i t  lias been used 718  

T a b l e  I. B i n a r y  q u a n t i t a t i v e  s e p a r a t i o n s  of i ndo le -3 -ace t i c  a c i d  (1.U) 

froiii o x a l i c  a c i d  (OA) and from t a r t a r i c  a c i d  @A) .  

I f ? I 

Acid N S e p a r a t e d  from Absorbance a t  C.V.  
510 nm 

P L b  

50 ug of IAA 6 200 ug of 'PA 0.215 2 0.005 2.32 

50 ug o f  IAA 6 400 ug o f  Od 0.212 2 0.0098 4.64 

Thickness  of ca lc ium s u l p h a t e  l a y e r  = 0 . 7 5  mm, e t h y l  a c e t a t e  0-5 cm 

fo l lowed  by carbon t e t r a c h l o r i d e  0-10 cm. 
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3634 RATHORE AND SAXENA 

Tab1 e 11. Ternary q u a n t i t a t i v e  s e p a r a t i o n s  of i i i 3o le -3 -oce t i c  

ac id  (1.U) frr)m o x a l i c  ac i t i  (0A) a r i j  c i ~ ~ u a v i c  a c i d  ( C T A ) .  

Acid N, aeparateJ  from Ahsorhr-rice C . V ,  
a t  5 l n  i i m  

I -- I__-- 

'Pl i ic;nesa 0 1  c ;r l c lu i i~  s i i l , ~ . ~ : i t e  = 0.75 nw, e t h y l  a c e t a t e  0-5 e m  
f o l l o w e d  by carbgil t e t r n  o i ) lor lde  0-10 c m .  

Tub1 e 111. Teriiary qu;ii it it;it ive s e p a r a t i o n s  o f  i n d n l e - 5 - a c e t i c  a c i d  (IAA) 

from t a r t a r i c  a c i d  (Pa) and cinnaratc crcii  (CIA). 

A C i  .I N Jeparatect froiii 

58 us o f  I A A  b 200 ug of  Ti :in1 400 ur: o i  C!A 0 . 2 1 ~  2 0.00F?1 5 . 7 5  

50 llz o t  I A A  D 400 n Y O 0  N 0 .207  2 0.0061 3.01 

50 ug o t  1.b 6 u00 1300 0 .205  2 0.0055 d,58 n n 

50 ug o t  I A A  6 804 (I lb0i.J It 0 .215  2 0.0104 4.87 

Ttiickriess o f  ca lc ium sulphfite = 0 . 7 5  ma:, e t L y l b c e t a t c  0-5  e m  
f o l l o w e d  by carhon t e t r a c h l o r i d e  0-10 c m .  
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2,4-D AND RELATED COMPOUNDS 3635 

f o r  t h e  d e t e c t i o n ,  s e p a r a t i o i i  and de te rmi i i a t iou  oi c e r b o x y l i c  her l J ic ideS.  

~ a v a d z k a  e t  a 1  ~ have detertiiir:ed 2,4-U, da lapnu ,  MCFA, d i c h l o r p r o p ,  

mecoprop, UXOC, d i n o s e b  a i ~ U  .FCA h e r b i c i d e s  i n  w a t e r  anu sek'age by 'PLC 

011 s i l i c a g e l  6 -k i s se lguhr  c; ( 2 : 3 )  o r  s i l i c a g e l  C-I13FU4 (5g o f  s i l i c a g e l  U 

i :1  17 ml 01 o.3$ H M s o l u t i o n )  l a y e r s  w i th  l i g h t  pr t ro leum-isopro i iy l  

e t ! le r  (1:2) a s  s o l v e o t .  d t h a n o l i c  J iphenyla lc ine  hove I?eelJ used  a s  a 

l o c n t i o i t  r e a g e n t .  

h e r l ) i c i J a l  s u h s t a u o e s  or1 uv 254 sheets w i t i r  !tetizerje-?cetqire (2:;) or 

( 4 : 2 )  a s  the  so lve r i t  sac: 0.02;; e thu r in l i c  Roiida::,itie I) ad rtir sitray 

r eaxen t  ~ 

b y  PL!: 011 s l l i c a z e i  G-:Cieselgulir ti (2:j) k i t t i  yor i r l f i i r  8s s g l v e n t  aiiil 

0.5,'' A ~ : S O ~  s o l u t i o n  a s  s p r a y  reoger l t .  . 4 ~ l m C d ~  e t  a l .  I~ i lve  clvinied th t l t  

cdiciiio: siilIdic!te i s  an e x c e l l ( - n t  TLC w s t e r i a l .  They have s e p i i r a t e d  

p l a n t  nrolitll  r e g u l a t o r s  such n s  ~ ~ I I E O ~ C ,  CiriIiwJiic, i n d o l e - ? - a c e t i c ,  

P -na r~ l i t t i a l eneace t i  c ,  p-nu p!i t i m x y a c e t i  c n n J  plieiinxyi.ce t i c  a c i d 3  f r q m  

many carbqxyli . :  a c i . i s  [JresI'lit i n  p l a n t s  f r a i t s  a n d  s o i l s .  The r e s u l t s  

ohti7tticd lrq!i. t!ie p re sen t  s t u J y  8 1 ~ ~ ~  t h a t  ti:e s e p a r a t i o r l s  o f  1 ' , 4 - ~ ,  

'T!X ai iJ  : ! ,4 ,5-T s!inwn i n  p l io tnp le t e*  1 , 3  and 5 v:hicl l  were n o t  s t u , t e . i  

by Allred e t  a 1  a can  a l s o  h e  acliieVe.1 o r 1  cnlci im s n l p i # a t e  by t i l e  

s e n u e n t i c s  1 Jeveloprneut o f  cbrowatograms b i t i i  corntcoL1 o r g a n i c  s o l v e t i t s .  

I t  i s  n l m  c l e a r  t i i t i t  seprlriut . inris o f  p l a n t  growill r e g u l a t n r s  sncii 8 s  

ci ntranii c , her1 7r)i c , i tido 1 e- j - a c e t  t c , givl  1 i c , p -na pti t r ;  a l e n  e e c e t  i c , 
B-n"iilitliOxyncetic, and IJiieii3xy a c e t i c  a c i d s  sinown i n  p h o t o p l a t e s  

2, 4 and 6 aoJ mcntinne.i  i n  t h e  r e s u l t  s e c t i o n  which a r e  n o t  p o s s i b l e  

b y  R'LC can be  ach ieved  by  b'PLC. T e r n a r y  s e p a r a t i o n s  o f  i n Jo lo -3 -  

a c e t i c ,  m a l e i c ,  m a l i c ,  o x a l i c ,  phedoxyace t ic ,  s a l i c y l i c  aild t a r t a r i c  

a c i d s  siiown ou p h o t o p l a t e s  7 and 8 and meritioned i n  r e s u l t  s e c t i o n  

can  b e  ach ieved  s u c c e s s f u l l y  by STLC w h i l e  t h e y  a r e  n o t  p o s s i b l e  

by  JTLC. Hence i t  is obv ious  STLC no ca lc ium s u l p h a t e  g i v e s  b e t t e r  

r e s u l t s  t han  PTLC f o r  s e p a r a t i n g  complex and mul t icomponents  sys tem.  

3 4  

TtLiclaann'O tias s e p a r a t e d  and i d w i t i f  iwi  c i i r i , o x y ~ i c  

Uogackw ant1 ' t a y l c r i l  have deterii:iIied t i i ese  pes tici.1t.s i u  x u t r r  
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