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SEPARATION OF SOME HERBICIDES BY 
TWO DIMENSIONAL THIN LAYER 

CHROMATOGRAPHY ON CALCIUM SULPHATE 

H. S Rathore and S .  Gupta 
Chemistry Section 

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

Aligarh 202 001, India 

h o  di;riensiond t h i n  l a y e r  chromatography i s  being 

used f o r  t n e  lasr; f o r t y  years‘ and now i t  has became an  important  

t o o l  f o r  t h e  sepdra t ions  of va ry in t  com2Lexity. Various coat ing 

materials such as alumina, cell . iLose,  Kieselgel  ti, s i l ica  g e l ,  

s iLufol  and polyaniide have been used and s tud ied  f o r  t h e  

sepa ra t ion  of organics  such as a l k a l o i d s ,  ainino ac ids ,  carbo- 

hydrates ,  f a t t y  a c i d s ,  glycopept ides ,  g l y c o l i p i d s ,  l i p i d s ,  

phospholipids,  pigments, p ro t i ens ,  papt ides ,  p e s t i c i d e s ,  

s t e r o i d s  dnd ino rgan ic s  sush as oxy a c i d s  o f  phosphorus, metal  

ions.  

coated paper  and g l a s s  p l a t e s  have a g r e a t  s epa ra t ion  p o t e n t i a l  

f o r  he rb ic ides  containing c x b o x y l  group. Therefore  now an 

at tempt  i s  made t o  t e s t  t h e  sepa ra t ion  p o t e n t i d  of calcium 

s u l p h a t e  a lone  and calcium su lpha te  con ta in ing  aluminium oxide 

a c t i v e  n e u t r a l ,  calcium carbonate  and p-dimethylaininobenzal- 

Our previous work 2*394,5*6 snows that calcim s d p h a t e  
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3660 RATHORE AND GUPTA 

dehyde f o r  some nerb ic ides  by two dimensional t h i n  l a y e r  

chromatography. The r e s u l t s  obtained a r e  discxissed i n  this 

paper. 

up para t 9s 

H S t a h l  apparatus  with a universal  a p p l i c a t o r  ( a d j u s t a b l e  

thickness  of t h e  appl ied l a y e r s  from U-2.00 mm) made i n  Ind ia ,  

hot  a i r  e l e c t r i c  d r ie r  (Japan) ,  g l a s s  places  ( 2 0  x 20 cni), glasE 

j a r s  (23 x 25 x 3 cm) and tempcrsture con t ro l l ed  e l e c t r i c  oven 

he re  used. 

C: heinicals 

kluninium oxide a c t i v e  n e u t r a l  and e thy l  a c e t a t e  (Glaxo 

Laborator ies ,  I n d i a ) ,  oenzene (S.iJ!. Zhel!licals, I n d i a ) ,  Calcium 

carbonate,  calcium slulphate dihydrate ,  carbon te t ra  ch lo r ide  

and chloroform (E. Nerck, I n d i a ) ,  p-dimethy1a:ninobenzaldehyde 

(BDA, I n d i a ) ,  bromophenol blue,  benzoic ac id ,  p-clilorophenoxy- 

a c e t i c  ac id ,  c i t r i c  ac id ,  cinnarnic ac id ,  2,4dichlorophenoxy- 

a c e t i c  ac id ,  g a l l i c  a c i d ,  indole-3-acetic acid, maleic a c i d ,  

$-naph thaleneac e t i c  ac id ,  p-napht hoxyac e t i  c ac id ,  oxal ic  a c i d ,  

phenoxyacetic ac id ,  sulpharnic ac id ,  tartaric ac id  and t r i c h l o -  

roace t i c  ac id  (Sigma, USA) werc used. 

Preparat ion of So lu t ions  

So lu t ions  (1 %) of benzoic, p-chlorophenoxyacetic, 

cinnamic, 2,4-dichlorophenoxyacetic, g a l l i c ,  indole-3-acetic, 

P-naphthaleneacetic, 8-naphthoxyacetic and phenoxyacetic ac ids  

were prepared i n  ethanol.  So lu t ions  (1 %) of c i t r i c ,  maleic, 
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TLC OF HERBICIDES ON CALCIUM SULPHATE 3661 

oxa l i c  , sulpharnic, t a r t a r i c  and t r i c h l o r o a c e t i c  a c i d s  were 

prepared  i n  d i z t i l l e d  water (IN). 

Prepa ra t ion  o f  p l a t e s  

A s l u r r y  o f  calcium su lpha te  was app l i ed  on t h e  glass 

p l a t e s  w i t h  t n e  nelp of an ap91 ica to r  s o  that t h e  th i cknees  

of  t k e  coa t ing  would b e  0.75 a m .  rhe p l a t e s  were f i rs t  

allowed t o  dry a t  room temperacxe  and tiien i n  a temperature 

c o n t r o l l e d  e l e c t r i c  oven a t  110' € o r  1 hr. 

The abovc procedure was used t o  prepare  t n z  p l a t e s  of 

t n e  following coa t ings .  

Coating A : Calciurr s u l p b t e  (50 g) t iY& (110 ml) 

Coating B : Calcium su lgha te  (50 g )  v al'xiiniurn oxide a c t i v e  

n e u t r a l  T Dh' (110 d.) 

Coazing C : Calcium sulpnaze (50 g)  t calcium carbonate  (0.5 g)  

Dw (110 ml) 

Coating D : Calcium sdilpha'ce ( 5 0  g )  r e thanol ic  s o l u t i o n  o f  

p-dimethylaminobenzaldehyde (?-DAB) ( 5  m l  of  > z) + 

Dvd (110 i d ) .  

Detec t ion  of acids 

The a c i d s  under study wers loca ted  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  bromophenole b l u e  so lu t ion .  

Spo t t ing  of test s o l u t i o n s  

Tes t  s o l u t i o n s  were s p o t t e d  on t h e  p l a t e s  w i th  t h e  

he lp  of a f i n e  c a p i l l a r y  and t n e  s o l v e n t  w a s  removed by ho t  

a i r  d r i e r .  'The p l a t e s  were developed f i r s t l y  i n  a so lven t  

( l i s t e d  f irst  i n  t h e  t a b l e s )  d r i e d  a t  room temperature (30') 
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3662 RATHORE AND GUPTA 

for 15 inin and then  they  were developed i n  one more so lven t  

( l i s t e d  a t  second p l a c e  i n  the t a b l e s ) .  The ascending d i r ec -  

t i o n  of t ne  second solvent  was arranged perpendicular  t o  t h a t  

of t h e  first so lven t ,  t n e  so lven t  was also removed as above 

and ac ids  were l c c a t e d  by t r e d t i n s  t h e  p l a t e s  w i t h  t h e  i n d i c a t o r .  

'Tne d i z t ance  ascended by t h e  developer was 1 0  cm i n  bo th  cases .  

Tne  R values  were recorded by assigning t h e  two dimensions 

coordinates  s x h  as ( O , O ) ,  (O,l), ( l , O ) ,  (1,1), ( 0 , 0 . 5 ) ,  

(1,0.5) and (0 .5 .  0.5). For a t a i l i n g  spo t  the  f r o n t  l i m i t  

(RI) and t h e  r e a r  limit (Rr) were ineaslired and recorded such 

a s  (0 -5 ,  1) and (0 .5 ,  8-10). 

f 

RfSULTS 

The sepa ra t ions  achieved are  recorded i n  t a b l e  I-Ifi 

DISCUSSION 

The r e s u l t s  ob ta ined  (Tables 1-10) show t h a t  calcium 

s u l p h a t e  l a y e r s  can be used f o r  t h e  s e p a r a t i o n  o f  p l a n t  growth 

r e g u l a t o r s  l i k e  cinnamic, p -naphtha leneace t ic ,  

benzoic ,  g a l l i c  and indole-3-ace t ic  ac ids ;  herbicides l i k e  

t r i c h l o r o a c e t i c ,  2,4-dichlorophenoxyacetic and p-chlorophenoxyc 

a c e t i c  ac ids ;  f u n g i c i d e  l i k e  phenoxyacetio a c i d  and organic  a c i d s  

such a s  c i t r ic ,  male ic ,  o x a l i c ,  sulphamic and t a r t a r i c  a c i d s  

which a r e  p re sen t  i n  f r u i t  ju ices  (7). 

the impor tan t  s e p a r a t i o n s  of the  aforementioned compounde can be 

achieved  i n  common so lven t s  such a s  chloroform and DU. Our 

previous work shows t h a t  calcium su lpha te  l a y e r s  can b e  used b y  

p l a i n  th in- layer  chromatography Sor t h e  b i n a r y  e e p a r a t l s a e .  

The p resen t  s tudy  shows t h a t  t h e  same m a t e r i a l s  and so lven t s  cad 

-naphthoxyacetic,  P 

I t  i s  a l s o  c l e a r  t h a t  
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TLC OF HERBICIDES ON CALCIUM SULPHATE 3663 

Tab12 1 : Separations Achieved on Calcium S,dphate  by TVJO 

Jimensional TLC i n  denzene and DW. 

Cinnaiiic acid (0,1) 

Cinna.nic acid ( 0 , l )  

+i\laphthaleneac 5 t i c  
acid (0,l) 

?-i\iapnthal encac e t i c  
acid (0,1) 

4-Naphtha1 eneac e t i  c 
acid (0,l) 

Trichloroacet ic  acid (1,l); and c i t r i c ,  
g a l l i c ,  maleic and t a r t a r i c  acids (1,O). 

2 ,  GMckiloropnenoxyace t i c  aci.3 (1,~) ; 
and c i t r i c ,  g a l l i s ,  malzic and sLil>namic 
acids (l,~). 

aenzoic acid (1,l); and c i t r i c ,  galli.c, 
inaleic, oxalic and sulgharnic acids  (1,O). 

r r ic idoroacet ic  dcizt (1,l); and c i t r i c ,  
g a l l i c ,  maleic, ox2:lic, sldphainic aild 
t a r ca r i c  acids  (l,~). 

2 ,  k-JicUorophsnoxyracetic aci.1 (1,~); 
and c i t r i c ,  g a l l i c ,  iiialeic, oxalic and 
s,*l>hasic acids  (1,o). 

h e  used f o r  many quaternary and t e r n a r y  sepa ra t ions  by  the  

app l i ca t ion  of two-dimensional thin- layer  chromatography. For 

example, quaternary separat ion of phenoxyacetic ac id  (Rf = l , i )  .- 
Indole-3-acetic ac id  (Bi = 0,O) - cinnamic a c i d  (Rf = 0,l)  - 
t r i c h l o r o a c e t i c  or c i t r i c  o r  maleic or oxal ic  o r  t a r t a r i c  a c i d b  

Rf (1,O) and t e r n a r y  separat ion of g-naphthaleneacetic a c i d  

(Rf = 0 , l )  - 2,4-dichlorophenoxyacetic acid (Rf - 1,l) or  

t r i c h l o r o a c e t l e  ac id  (Ili = 0.8,l) o r  phenoxyacetic ac id  

(Rf = 0.8, l )  which were not possible  on plain thin- layer  

chromatography end now have been achieved by two-dimensional 

thin- layer  chromatography. 
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3664 RATHORE AND GUPTA 

Tab12 2: Sepa r s t ions  =icA~eved on Calcium Sul2hat.e by Two 

ikxens ionnl  TLC i n  Chlorofortii zn3 DN 

Phenoxjdcetic a c i j  (1,l) indole-3-acetic acid ( 0 , l ) ;  and c i t r i c  
2 ,  Ldicnloro>henoxyace t ic ,  g a l l i c ,  maleic,  
o x a l i c ,  s u l h a m i c  and t a r t s r i c  a c i d s ( l , ~ ) .  

r r i c d o r o a c  e t i c  a c i d  1ndole-3-ac:tic a c i d  (0,1); and oenzoic,  
(1,l) c i t r i c ,  g a l l i c ,  ma le i c ,oxa l i c ,  sulpha:nic 

and t a r t a r i c  a c i d s  ,l,O). 

Phenoxyacetic a c i d  (1,l) +daphthalencace-cic a c i d  (0,l); and 
benzoic, c i t r i c ,  gallic, maleic,  o x a l i c  
and s d p h a n i c  acids  (1.0). 

1 r i c  ,ZL o r  oac 2 i i c  a c i d  
(191) benzoic,  c i t r i c ,  g a l l i c ,  rnaleic, OWC , 

$-Naphthdeni.acetic a c i d  (0 , l ) ;  and 

sull,iharnic and t a r t s r i c  aciAs (1,O). 

Pnenoxyacetic a c i d  (1,1) +Naphthoxyacetic (0 , l ) ;  and benzoic,  
c i t r i c ,  g a l l i c ,  rnaleic, o x a l i c ,  
sdpharn ic  and t a r t a r i c  acids (1,O). 

T r i c h l o r o a c e t i c  a c i d  2-Naphthoxyacetic a c i d  (0,l); and 
(1,1) benzoic,  c i t r i c ,  g n l l i c ,  maleic,  

o x d i c ,  sulphamic, and t a r t a r i c  a c i d s  
(1 ,O) .  
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TLC OF HERBICIDES ON CALCIUM SULPHATE 3665 

'TaDle 3 .  Separa t ions  Achieved on C d l c i u m  Sulpnatc  by Two 

Dinensional l'L2 i n  d tny l  Ace ta t e  and W ,  

SiAilpnainic acid (1,O) 

Sdpha 'a ic  a c i d  (1,0) 

Sd2hainic acid (l , ~ )  

Sulpnainic a c i d  (1,O) 

Cinnaiaic a c i d  ( 0 , l )  ; and benzoic,  
p-chlorophenoxfac e t  i c  , 2 , b d i c  id orophmoxy- 
aceti : ,  an5 g : i l l i c  a c i d s  (1.1) and rnaleic, 
ghenoxyacetic and t r i ch lo rooce t . i c  a c i d s  
(0.3,l). 

Indo l  --+ace t i c  a c i d  (0,1) ; a d  benzoic 
and rnaleic acids (1, L), and ?,b-dicd.oro- 
phenoxyacztic a c i d  (0.6,l) and p-chloro- 
phenox jace t i c ,  g a l l - i c ,  phe ioxyncct ic  and 
t r i c - d o r o a c  - t i c  a c i d s  (0.3,l). 

;3-Naphtihlen3acetic a c i d  ( 0 , l ) ;  and 
benzoic,  p-cldoropiix~oxyace t i c ,  
2 ,  LI-dicnLoropna:ioxyac?tic, g a l l i c ,  
$hzaoxyac e t i c  aid t r i c n l  oroac e t i c  s c i d s  
(1,l) and maleic acid (0.3,l). 

b-.qaphtnoxjra:etic a c i d  (0,l) ; and 
benzoic and p-chlorophenoxyacetic acirls  
(0.9,l) and 2,4-dichlorophenoxyacetic, 
g s l l i c ,  male ic  ptiznoxyacetic a d  
t r i c l d o r o a c e L i c  a c i d s  ( 1 , L ) .  

Foot Nota - S i a i l a r  r e s d t s  wera ob ta ined  on calciiun sul>lmte 
impregnated wi th  p-9AB coa t ing .  
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3666 RATHORE AND GUPTA 

2 , 4 - D i c ~ l o r o p h e n o x y n c e t i z  
a c i d  ( o . a , l j  
Phenoxyacet i c  ac id  
(0 .3 , l )  

T r i  c oroac e ti c dc i d  
(1,l) 

2,4-X.ckiiorophcnox;rac - t i c  
a c i d  (1.1) 

9a.xoxyac e t i c  dc i d  
(0.3.1) 

'Tri c hl oroac e t i c  a c i  d 
(0.3,1) 

E , 4 -  Dic izlorophenoxyacetic 
a c i d  (1,l) 

Ihenoxyace t i c  a c i d  
( 0 . 4 ~ 1 )  

Tricn loroace  t i c  a c i d  
(191) 

i c  a c i d  ( c , l j ;  and c t i r i c ,  g a l l i c ,  
malzic art1 s d ? n a . i i c  a c i d s  ( 1 , o ) .  
5 inn .mic  ac id  (0,1); and g a l l i c ,  maleic,  
oxa l i c ,  slil;>hamic afid t a r t a r i c :  a c i d s  
(1,U).  

Cinnanic aci .3 (~,1); and c i t r i c ,  y n l l i c ,  
:nali ic a.nd Lari;aric aciris (1,~). 

~ - N a ~ h t n a l e n ~ n c a t i c  a c i d  (0,i); and 
c i t r i c ,  g : d l L z ,  a s i e i c ,  ozili.:, s d p h a -  
:nic and t a r t a r i c  a c i d s  ( i , C ) .  

~-- l \ j~j3hthaicn,_.ac~-ic  a c i , i  (0,l); and 
gz lL ic ,  iiialeic, o x d i c ,  sul;naLnic and 

3-Napht naleneac e t i c  a c i d  ( 0,l) ; an3 
c i t r i c ,  g a l l i c ,  maleic,  o x a l i c ,  
sulpharnic and t a r t a r i c  a c i d s  (I, 0 ) .  

p-Maphtnoxyacetic a c i d  (0,l); and 
c i t r i c ,  g a l l i c ,  maleic,  oxa l i c  and 
t a r t a r i c  a c i d s  (1 ,o). 
2-Naphthoxyacetic a c i d  (0,l); and 
c i t r i c ,  g a l l i c ,  malaic,  oxa l i c ,  
sul2,hamic and t a r t a r i c  a c i d s  (1,O). 

p-Naphthoxyacstic a c i d  ( 0 , l ) ;  and 
c i t r i c  ga l l - i c ,  maleic and oxa l i c  
a c i d s  (1,0). 

t a r t a r i c  aci-is ( 1 , O i .  
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TLC OF HERBICIDES ON CALCIUM SULPHATE 3667 

Fable 5. Sepa r s t ions  iiclusvved on C a l c i m  $,alphat-. Contsining 

0.5 % p-13~9 by Two Jiinensional ‘PLC i n  Chloroforn  snd DW 

2, G D i c  hl orophenoxyac e t i c  
a c i d  (G.5,l) 

Pneiiox a c z t i c  a c i d  
(0.2,lY 

r r i cn lo roac - . t i c  ac id  
(G.2,l) 

2 ,4- O i  c Id. or 02 hen o xy’ac e t i  c 
a c i d  (u.l,l) 

Phenoxyacetic a c i d  ( 1 , l j  

r r i c h l o r o a c 2 t i c  a c i d  
b , l)  

2 ,  GJ icdoro : ,hmoxyac  e t i c  
a c i d  (0.3,l) 

Tnmoxyace t ic  a c i d  (1 ,i j 

F r i c  ;il oroac e t  i c aci:J 
(191) 

2,4-3ic nl orop iienoxyac e t i c  
a c i d  ( 0 . 5 , l )  

i?nenoxyacetic a c i d  (1,l) 

Tr ic  h ioroac  e t i c  a c i d  
( 1 9 1 )  

Cinnh.:iic a c i d  (0,lj; and c i t r i c ,  ga iL ic ,  
iiialeic, sLilpiminic and t a r t a r i c  Licids 
(1,o). 
Cinnainic acid ( 0 , i ) ;  and c i t r i c ,  g d l i c ,  
rnaleic, o x a l i c ,  sul,Inainic and t a r t a r i c  
a c i d s  (L,o). 

Ciniid::iic a c i d  (0,1) ; aLid c i t r i c ,  g a l l i c  , 
rnaleic, o x a l i c ,  sjlpharnii-, and t a r t a r i c  
a c i d s  (1,O). 

~riaols-3-aceti : :  cicid (0,L); a m  msie ic ,  
oxa l i c  a i d  t a r t a r i c  a c i d s  (1.0). 

~ s i o l u - 3 - a c e ~ i c  sci: i  (0,1); am: c i t r i c ,  
g a l l i c ,  lnaleic, o x a l i c ,  suL2haaic and 
t a r -car ic  a c i d s  (I, 3). 

i n io lo -3 - scz t i c  3c id  (0,1); and z i t r i c ,  
v,:allic, maib>i-, , o x a i i c ,  s?il$;iarnic and 
t a r t a r i c  a c i d s  (1 , c )  . 
~ - ~ ‘ ~ a p h t h a l e n i a c e t i c  a c i d  (G,l); and 
g a l l i c ,  inaleic and t a r t a r i c  a c i d s  (1 ,o) . 
$- i t apn th len_ . sc? t i c  a c i d  ( 0 , l )  : and 
c i t r i c  , gallic , malei- ,  oxalic , sdpharn ic  
and t a r t - i r i c  2cid- ( 1 , G ) .  

$ -Ns,dh t ha1 en sac  e tic: ac i d  ( 0,l) ; and 
c i t r i c ,  L a l l i c ,  d a l e i c ,  o x a l i c ,  s d p h a m i c  
and t a r t a r i c  a c i d s  (1,O). 

$-i\laphthoxjracs t i c  a c i d  ( C , l )  ; and 
g a l l i c ,  maleic and t a r t a r i c  a c i d s  ( l , ~ ) .  

+:.laphtnoxyacztic a c i 5  (0,l); and c i t r i c ,  
g a l l i c ,  maleic,  o x a l i c ,  sx lpnaa ic  and 
t a r t a r i c  a c i d s  (i,O). 

$-l\iaphtnoxyac n t i c  a c i d  (0,l); and c i t r i c ,  
g a l l i c ,  inaleic,  o x a l i c ,  sul2hamic and 
t a r t a r i c  a c i d s  (1 , G I .  
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h b l e  6. Sepa ra t ions  x c h e v e d  on Calcium S d p n a t e  2onta in ing  

1 % Alumina by iWo 3insns io i ia l  TL: in Aenzend and 3'd 

~ - d a p h t n j l e n z a c ~ c i c  a c i ?  P h a o x y a c e t i c  acLd (1,l); and 
( 0 8 1 )  sulphamic and t a r t a r i c  ac ids  (1,O). 

'Table '7. Segara t ions  acrueved on Caiciilm Sdlphate  Cont3ining 

1 % Alumina by Two 3inmisional TL: i n  Chloroforni  

and &. 

Pnenoxyac e tic ac i d  IridolJ-3-scztic a c i d  ( 0 , l ) ;  and c i t r i c ,  
( 0 .2 , l )  inaleic, sul,nn8nic and t a r t a r i c  a c i d s  

(190). 

Phenox a c e t i c  a c i d  J-dapntnalen2acetic ac id  (0,l); and 
g a l l i c ,  male ic ,  s d p h d m c ,  t a r t a r i c  
and t r i c h l o r o o c e t i c  a c i d s  ( 1 , D ) .  

( 0 . 7 , d  

Phenoxyacotic a c i d  
(191) c i t r i c ,  g a l l i c  , iualeic, sulphamic and 

~ ~ N a p h t h o x y a c c t i c  a c i d  (0,l) ; and 

t a r t a r i c  a c i d s  (1,O). 
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Table 5. Separac ions  Aciiieved on C s l c i u m  S d p n a t e  C m t a i n i n g  

1 % iilumina by Two 3 i i f lens iond  TLC i n  Carbon t e t r a  

c n l o r i d e  and Ds 

Phenoxyacetis a c i d  (1.1) Cinnainic a c i d  (0,l); and indole-J- 
a c e t i c  a c i d  (G,O); and c i t r i c ,  
maie ic ,  o x a l i c ,  su lphaa ic ,  t a r t s r i c  
and t r i ckdoroac  o t i c  a c i d s  ( I, 0) .  

SLllpharnic a c i d  ( i , O )  

Sulphainic a c i d  (1,O) 

Sulphainic a c i d  ( L , O )  

Oxalic a c i d  ( 1 , O )  

O x a l i c  a c i d  (1,O) 

O w l i c  a c i d  (1,O) 

T a r t a r i c  a c i d  (1.0) 

T a r t a r i c  a c i d  (1,O) 

T a r t a r i c  a c i d  ( 1 , O )  

Gallic acici (i,l); and cinnn.aic. 
i ndo l+ j - . l ce t i c ,  d-naphthalenaac ? t i c  
and ~ -naph t~ ioxyace . t i c  a c i d s  ( ~ , 1 ) .  

Phenoxyaceti-  (~.7,1); an,i cinns:nic,  
i n d o l  n-3-ac e t i ? ,  $-nap h t ha1 ?n zac e t i c  nnti 

3-napntnoxyazetic a c i d s  (0,1). 

I 'ricilioroclc2tic x i d  (0,8,1); and 
cinnamic , indole-3-aca t ic I  J-naphthal,?na- 
a c e t i c  and j -naphthoxysce t ic  a c i d s  ( 0 , l ) .  

G a l l i c  a c i d  (i,l); and c i n n a n i c ,  
i n d o l  e-3-ac e t i c  , ?-napht ha1 eneLac e t  i c  , 
2-naphthoxyacoiic a c i d s  ( 0 , l ) .  

Phenoxyacetic a c i d  (0.7,l); and c i n n a n i c ,  
i ndo le -+ace t i c ,  $ -naphtha leneace t ic ,  
$-naphtnoxyac.ztic a c i d s  ( 0 , l ) .  

'TricYLLoroac:!tic a c i d  (G.7,l); and 
c innad ic ,  indol+J-ac ' 2  t i c ,  $-naphtha- 
l e n c a c e t i c ,  $-naphthoxyacetic a c i d s  (0,l). 

G a l l i c  a c i d  (0.7,l); and cinnamic,  
indole-3-ace t ic ,  P-naphthaleneacetic and 
$-naphthoxyacetic a c i d s  (0,l). 

Phe:loxyacetic a c i d  (0.5,l); and 
ind  01 e- 3-ac e ti c , p - napht hoxyac e ti c ac  i d s  
(0,l). 

T r i c h l o r o a c e t i c  a c i d  (1,l); and cinnamic 
and indole-3-ace t ic  a c i d s  (0,l). 
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Table 10. Separa t ions  Acheved  on Calcium Sulphate  Containing 

1'4 Calcium Carbondte ~y Two hmens iona l  TLC i n  

Cdrbon Tetra CNor ide  and Du' 

Indole-3-acetic ac id  ( 0 , O )  

Indole-3-ace t i c  ac id  ( 0 , s )  

h.loLe-3-acetic a c i d  ( O , O )  

Indole-3-acetic ac id  ( 0 , O )  

dcnzoic a c i d  (0,l); and c i z r i c  
, a l l i c ,  rnaleic, t a r t a r i c  diid 
sulpnalnic a c i d s  ( 1 , O ) .  

1,4--DicrLLorophenoxyacetic ac id  
(0 .1) ;  and c i t r i c ,  g a l l i c ,  cnaleic, 
t a r t a r i c  an4 sulpharnic a c i d s  (1 ,C). 

,3-!Iaphthalen?acet Ic  a c i d  (0,l) ; 
and c i t r i c ,  g a l l i c ,  .naleic,  t a r t a r i c  
and sulphamic a c i d s  ( 1 , C ) .  

Plienoxyacetic a c i d  (G,l); and 
c i t r i c ,  b a l l i c ,  ifialeic, t a r t a r i c  
alid sdllphamic a c i d s  ( l , 0 ) .  
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