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ABSTRACT 

T h i n - l a y e r  ch romatograph lc  b e h a v i o u r  of t e n  a c i d s  on 

c o a t i n g  o f  ca l c ium a u l p b a t e  c o n t n i n i n g  amrontum molybdate ,  

a lua in lum o x i d e ,  ca l c ium c a r b o n a t e ,  coppe r  s u l p h a t e ,  f e r r i c  

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

z i n c  oxirle e t c .  h a s  been S t u d i e d .  Q u a n t i t a t i v e  s e p a r a t i o n  o f  

c l t r l c  a c i d  from t r i c h l o r o a c e t i c  a c i d s  h a s  been  achieved  on 

ca l c ium s u l p h a t e  c o n t a i n i n g  z i n c  oxide  i n  e t h y l  a c e t a t e .  

H e r b i c t d e ,  t r t c l i l o r o 8 c e t t c  a c i d  C:'n he  s e p a r a t e ?  from p l a n t  qrowth 

r e y u l a t o r s  such  a s  i n l o l e - 3 - a c e t  Ic ,  p - n a p h t h a l e n e o c e t i c  and 

p -naph thoxyzace t t c  Etcifls and from o t h e r  o r y a n i c  a c i d s .  

Our  p rev toua  ~ O r k " ~ ~ ~  shows t h o t  p a - e r s  t nn reenp ted  w i t h  

ca l c ium c a r b o n a t e ,  ca l c ium s u l p h a t e ,  aluminium hydrox ide  and cadmium 
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I300 RATHORE, KUMARI, AND ACRAWAL 

hvdroxide have a g r e a t  s e p a r a t i o n  p o t e n t i a l  o f  o r g a n i c  a c i d s .  F o r  

example, s e p a r a t i o n s  such a s  a d i p l c  ac id  from maleic and ma lon ic  

a c i d s ;  c l t r i c  (CT) o r  t a r t a r l c  a c i d s  from a s c o r b i c ,  g a l l i c ,  m a l i c  

a c i d s  e t c ;  b a r h i t u r i c  a c i a  from h l p p u r i c ,  d - k e t o g l u t a r i c  ac l r l s  

e t c  can be ach ieved  on pape r s  impregnated w i t h  c a r b o n a t e  a d  s u l n h a t e  

of calcium in aqueous e l e c t r o l y t e  s o l u t i o n s .  Benzoic o r  m-n i t rohcnzo lc  

a c i d s  from g a l l i c ,  P - n e p h t h a l e n e a c e t i c ,  p -nanh thoxyace t i c  a c i 4 s  e t c ;  

and s a l i c y l i c  ac id  front CT, m a l i c ,  t a r t a r i c  a c l d s  e t c  cAn be ach ieve8  

on pape r s  i np regna ted  w i t h  hy4rox ides  of aluminium and cadmium in 

aqueous e l e c t r o l y t e  s o l u t i o n s .  G las s  p l a t e s  coa ted  w i t h  c a l c i u m  

s u l n h a t e  cnn be used f o r  t h e  s e p a r a t i o n  o f  c innamic ,  8 -naph tha lene f l ce t l c  

and p-napht,hoxyacetiC a c i d @  from a d i F i c ,  a s c o r b i c ,  b a r h i t u r i c ,  

h i n n u r f c ,  t , r i c h l o r o a c e t  i c  (TCA) a c l d s  e t C  I n  benzene r l i s t i l l e d  w a t e r ,  

and, 1,4-11ioxane, P l a t e s  coa ted  w i t h  ca l c ium s u l p h a t e  c o n t n i n i n g  

c h a r c o a l ,  p-dimethylamino~l~enznldehyde (p-nAB), f l y  a s h  o r  s l 1 I c o   el 

c m  be  used t o  s e p a r a t e  c i n n a r i c ,  indole-3-RCet f c  and p-naphthalene-  

a c e t i c  a c l d s  from benzo ic ,  phenoxyacet lc  an4 TCA a c i d s  i n  d i s t i l l e d  

water .  However, none of t h e  above mentlone-l c o a t i n g s  c:in he used 

f o r  t h e  s e p a r a t i o n  of CT i r o n  TCA. n e t . P m i n a t i o n  o f  CT i n  mi lk  an? 

blood is an impor t an t  work i n  o r d e r  t o  t e s t  t h e  q u a l i t y  of  n i l k  RnA 

t o  d i e g o n i s e  c e r t s l n  disepses .  TCA 1 s  a w e l l  known r e a p e n t  f o r  

d e n r o t e f n i z i n g  milk and b lood .  MoFt of t h e  metho4s known f o r  t h e  

de t e rmina t ion  of CT Can no t  be used  i n  p re sence  of l a r g e  c o n c e n t r n t i o n  

of TCA. A s  d i s c u s s e d  ahove t h a t  TLC is a v e r s n t l l e  t e c h n i q u e  t o  

s e n a r a t e  Organic  f lc ids .  T h e r e f o r e ,  it w n s  t h o u z h t  t o  be wor th  w h i l e  

t o  sea rch  B new c o a t i n c  t h a t  can  be used t o  s e p a r a t e  CT f r o m  TCA. 

I n  p w s c n t  sturlv e i g h t e e n  d i f f e r e n t  c o a t i n g s  have been t e s t e d  t o  

s e p a r a t e  CT from TCA. And i t  h a s  been found t h a t  calcium suln,hate  

Con ta in inc  z i n c  oxide i n  e t h y l  a c e t a t e  Can be  used f o r  t h i s  purpose.  

The r e s u l t s  o b t a i n e d  a r e  dfSCliSSed i n  t h i s  pape r .  
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SEPARATION OF CITRIC ACID 1301 

E X I 5  R IMLNTAL 

A p?a r a t  u s 

S t a h l  a p p a r a t u s  w i t h  a p p l i c a t o r  (a4 j u s t a b l e  t h i c k n e s s  of t h e  

app l i ed  l a y e r  from 0.5-1.5 mm) (maple in I n d i a ) ,  g l a s s  p l a t e s  

(20 x 4 cm), g l a s s  j a r s  (25  x 5 c e ) ,  t e m p e r a t u r e  c o n t r o l l e r l  e l e c t r i c  

oven (Tempo, I n d i a ) ,  magne t i c  stirrer ciim h o t  p l a t e  (SunviC,U.K.) 

and .fiatman No.40 f i l t e r  pape r  (12 .5  cm d )  (Whatman Limi te f l ,  Englnnrl)  

were used .  

Reagents  and Chemica ls  

Bromophenol b l u e ,  c a l c i u m  RUlphAte and pOtaSSiUm pennagna te  

( S a r a b h a i  M Chemica ls ,  I n 4 i a ) ;  Aluminium ox ide  ( n e u t r a l ) ,  Calc ium 

c n rhona t e , coppe r s u l  phat e , d i nmmon ium hydrogen  phos rrhnte , e t h y l  

n c e t a t e ,  saqneeiuni s u l n h a t e ,  n r o p a n o l ,  t i t a n i u m  o x i d e  and  z i n c  ox iqe  

(Glaxo L a b o r a t o r i e s , I n * l a ) ;  f e r r i c  c h l o r i f l e ,  n i c k e l  s i i l nha te  and  

sod l u m  t u n r s t a t e  (Ranbaxy L i m i t e d , T n d i a ) ;  amionium molyhdate  (Koch 

L i g h t  L a b o r a t o r t e s , T n d i n )  an4 p h t h o l l c  anhyf l r led  (Rr)If,Tnrlia) were  

used .  O t h e r  chemlcP l s  used were of a n a l y t i c a l  g r a d e .  

Aqoeoiis (1lstille-3 w a t e r ,  W) o r  e t h a n o l i c  s o l u t i o n s  of t h e  

a c i d s  (0 .N)  were  used. 

Procedure  

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 b t a i n e d  ( c o a t i n g  1) by mixing 

ca lc ium s u l p h a t e  (30 g) w i t h  nW (60 ml)  wno a p p l i e d  on t h e  g l a s s  

p l a t e s  w i th  t h e  h e l p  of t h e  a p p l i c n t o r  so t h a t  t h e  t h i c k n e s s  o f  

c o a t i n e  woiilif be 0 . 7 5  mm. The p l a t e s  w e r e  f i r s t  a l lowed t o  d r y  st 

room tempera tu re  (30 2 2'C) f o r  1 5  min and t h e n  in e lec t r ic  oven 

a t  110 2 5 C f o r  1 h. S i m i l a r l y  p l a t e s  of v a r i a b l e  t h i c k n e s s  

(0.5-1.5'mm) were made. 
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1302 RATHORE, KUMARI, AND ACRAWAL 

The procedure descr ibed above W A S  a l s o  used t o  make n la tee  

o f  the  fol lowing coa t lngs .  

Coating i i .  

Coating i l l .  

CoatinE i v .  

Coating v. 

Coating v i .  

Coating v i i .  

Coating v i i i .  

Coating ix. 

Conting X. 

Coating xi. 

Coating xii. 

Coating x i i i .  

Coating x iv .  

Coating xv. 

Coatinc x v i .  

Coating xvii. 

CORting x v i i i .  

Spot t ing of tes t .  so lu t ion .  Test  molution w a s  spot ted on t h e  p l a t e  

w i t h  the h e l p  o f  a micro p i p e t t e .  The p l a t e s  were Icent a t  room 

temnerature (30 2 2 O C )  f o r  1 5  min f o r  t h e  removal of  solvent  and 

then developed i n  a so lvent  syetem. For t . a i l i n r  spot ,  Rf  v a l u e s  

were CAlculated by equfltton ( a )  

. . ( a )  

For oompact spot ,  9 values  were cRlculated by erluation (h )  

(h)  
n i s t a n o e  t r a v e l l e d  by substance (cm 
Dis tance  t r a v e l l e d  by solvent  f ront ' ( l0  cm) *.' Rf 
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SEPARATION OF CITRIC ACID 1303 

Detec t ion  of ac ids .  Ethanol tc  a l k a l i n e  bromophenol b lue  s o l u t i o n  

(1%) W R S  used a s  loca t ion  reagent  f o r  a c i d s  on p l a t e s .  

E f f e c t  of CT concent ra t ion  on i t s  Rf value. 

of CT s o l u t i o n s  of  d i f f e r e n t  concent ra t ion  (0.1-0.5M) were vpotted 

on c o a t j n g  x v i  of i mm th ickness .  Then p l a t e s  were developed i n  

e t h y l  a c e t a t e  and Rf va lues  were measured as mentioned above. 

A known volume (0.1 ml) - 

E f f e c t  of th ickness  of cos t ing  on R, value of CT. P l a t e s  of d i f f e r e n t  

t k i c k n e s s  (0.5-1.5 mm) of coa t ing  xvl  were made and 0.1 m l  s o l u t i o n  

o €  CT (0.W) W R S  spot ted  on i t .  Then p l a t e s  were developed i n  

e t h y l  a c e t a t e  and Rf values  were measured a s  mentioned above. 

E f f e c t  of concent ra t ion  of z inc  oxide on R, value of  CT. P l a t e s  of  

th ickness  i nun of c o a t i n g s  ( x i i i - x v i i i )  were made and 0.1 m l  of 

CT (0.5N) was spot ted on it. Then p l a t e s  were rleveloperl i n  e thy l  

a c e t a t e  and Rf  va lues  were measured 8~ mentioned above. 

Q u a n t i t a t i v e  separa t ion  of  CT from TCA. A known volume o f  s y n t h e t i c  

mixture o f  CT and TCA wau spot ted on TLC p l a t e s  (Coating x v i ,  

1 mm t h i c k n e s s ) ,  *eveloped i n  e t h y l  a c e t a t e  an? spots  were located 

w i t h  t h e  reagent  mentioner! above. CT spot was scratched from t h e  

n l a t e s ,  CT W R R  eluted w i t h  10 m l  nW and it  was determined' with 

standard potassium permaneanate (O.iN) i n  presence of 10 m l  o f  

4N su lphur ic  ac id .  

RESULTS 

Rf values  obtained on d i f f e r e n t  coa t ings  i n  d i f f e r e n t  so lvent  

system a r e  recorded in t a b l e s  I ,  TI and 111. Poss ib le  separa t ions  

a r e  l i s t e d  i n  t a b l e  TV. The s e p a r a t i o n s  achieved p r a c t i c a l l y  a r e  

recorded in t a b l e  V. The r e s u l t s  of q u a n t i t a t i v e  s e p a r a t i o n  of 

CT from TCA are  given i n  t a b l e  VI. E f f e c t  o f  concent ra t ion  of CT 

on i ts  Rf value i s  shown in Fig  1. A p lo t  of R value  versue f 
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F I G U R E  1. Effect of concentration 05 C C  on its R value. f 

th tcknees o f  t h e  c o a t i n g  is nhown In F ig  2. E f f e c t  of concent ra t ion  

of z inc  oxtde on Rf value of  CT I s  shown In F ig  3 .  

DISCUSSION 

Tahles  IA and IB show t h e  mobi l i ty  of t e n  organic  a c i d s  i n  

e thanol .  On calcium su lpha te ,  a c e t i c  and o x a l i c  eCidS remain a t  

the point o f  appl ica t ion  whi le  o t h e r  e i g h t  a c i d s  move. When calcium 

cnrbonate i s  mixed i n  calcium rulphate  CT a l s o  remains a t  the  point  

of a p p l i c s t i o n .  It is e l s o  c l e a r  t h a t  none of the a c i d s  have zero  

R~ value when n e u t r a l  o r  a c i d i c  inorganic  compounds such a s  ammonium 

molybrlate, aluminium oxide ( n e u t r a l ) ,  copper eulpl ia te ,  f e r r i c  c h l o r i d e ,  
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Thickness (rnrn) 

F I G U R E  2 .  E f f e c t  of t h i c k n e s s  of coa t ing  on Rf v a l u e  of CT. 

n i c k e l  sulphate ,  t i t an ium oxide and zinc oxifle a r e  mixed i n  calcium 

su lpha te .  These r e s u l t s  r e f l e c t  t h n t  calcium su lpha te  a lone and 

calcium sulphate  containing calcium carbonate i n  e t h a n o l  s r e  t h e  

s e l e c t i v e  c o a t i n g s  1.e. a c e t i c  and oxnl ic  a c i d s  can be separated 

from o t h e r  a c i d s  on these  c o a t i n g s .  Tables  IIA and I T B  show t h a t  

cfllciiim sulphate  anrl calcium su lpha te  containing Calcium carbonate  

a r e  no more s p e c i f i c  i n  nW. On calcium sulphate  f i v e  aclrls remain 

a t  t h e  point of appl ica t ion  and on calcium su lpha te  conta in ing  

calcium carbonate  none of  t h e  a c i d s  move. However, i n  DW o t h e r  

c o a t i n g s  which were Inac t ive  I n  e thanol  become s p e c i f i c .  For  examnle, 

calcium sulphate  containlng aluminium oxide ( n e u t r a l )  can be used 

t o  separate  CT, o x a l i c  and TCA from o t h e r  seven ac ids .  Table  TTT 
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Percent Zinc Oxide 

FIGURE 3 .  E f f e c t  of c o n c e n t r a t i o n  of  z i n c  oxide on Rf va lue  of CT. 

shows t h a t  calcium sulphate  i n  e t h y l  a c e t a t e  ccln he used f o r  t h e  

separat ion of a c e t i c  acid from many ac ids .  S i m i l a r l y ,  CT and oxal ic  

a c i d s  can he separated from o t h e r  a c i d s  on calcium sulphnte  c o n t a i n i n g  

z inc  oxtde i n  e t h y l  a c e t a t e .  Acet ic  and oxolic a c i d s  can he 

sepnrated from many a c i d s  on calcium sulphate  and calcium su lpha te  

containlng z inc  oxide i n  propanol respec t ive ly .  Table IV shows t h a t  

many important separa t ions  can be achieved on d i f f e r e n t  coa t ings .  

Table V Rhows t h e  p r a c t i c o l  u t i l i t y  of d i f f e r e n t  coa t inns  f o r  

separa t ing  organic  acids .  It Is obvious t h a t  CT and oxa l ic  a c i d s  

can be separated from many a c i d s  on calcium si i lphate  and calcium 

sulphate  conta in ing  zinc oxide i n  e t h y l  a c e t a t e  and propanol. 

Herbicide6, TCA can be separated from plan t  growth r e g u l a t o r s  such a s  
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TABU V I  

QUANTITATTVE SEPARATION UF CITRIC A C I D  (CT) 

FROM TRICHWHOACETIC (TCI) A C I D  

I 1 

!.fixt lire se qara  t e d  Amount o f  CT (mg) Pe rcen t  e r r o r  
CT (mg) + TCA (mg) found 

0.70 + 1.63 

1.40 + 1.63 

2.10 + 1.63 

2.80 + 1.63 

3.50 + 1.63 

0.49 

i .yo 

2 .oo 

2 -63  

3.10 

-30 

- 10 

-05 

-06 

-1 1 

indo le -3 -me t  i c ,  p-wnphth a lene-ce t ic  and p - n a p h t l i o x p c e t  Ic a c l d s  

on calciirm s i r l p ~ i a t e  c o n t a i n i n g  Aluminium ox iac  ( n e u t r a l )  i n  n!<. 

Sepnrf i t ion  o f  CT froin TCA. It i s  c l e a r  from t a b l e s  I V  and V t h a t  

CT can  be s e p a r a t e d  f ro -  TCA on ca l c ium s u l p h a t e  c o n t a i n i n g  z i n c  o x i d e  

i n  e t h y l  a c e t a t e .  Tahle  V I  shows t h a t  CT c?n  b e  s e n a r a t e d  fro-.  TCA 

q u n n t i t n t i v e l y .  R a t i o  of CT t o  TCA is e i t h e r  1:2 o r  2:l  s epa r f l t i on  

can  he achieved  s u c c e s s f u l l y .  

i n c r e a s e s  l i n e a r l y  wi th  i t s  i n c r e a s l n g  c o n c e n t r a t i o n .  R e s u l t s  

p l o t t e d  i n  Fir 2 proves  t h e  above c o n c l u s i o n  because  Rf va lue  of CT 

d c c r e a f i e s  l i n e a r l y  a s  t h e  thiCltnCSS of t h e  c o a t i n g  i n c r e a s e s .  

Fig 3 shows t h f l t  R v a l u e  o f  CT d e c r e a s e s  as t h e  C o n c e n t r a t l o n  o f  

o x i d e  i n c r e a s e s  i n  ca l c ium s u l r h a t e .  However, R v e l u e  of  TCA rema lns  

Fig 1 shows t h a t  t h c  Rf v a l u e  of  CT 
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unchanged by changing t h e  c o n c e n t r a t  ion o f  TCA, t h i c k n e s s  of c o a t i n g  

and c o n c e n t r a t i o n  of z i n c  oxide i n  ca l c ium s u l p h a t e  i.e. I n  a l l  

c o n d t t i m s  it h a s  Rf va lue  0.9 t o  1.0. Hence it seems t h a t  z i n c  

ox ide  p l a y s  a v e r y  impor t an t  r o l e  i n  s e p a r a t i n g  CT fro.> TCA. It  

may be due t o  t h e  f ac t  t h a t  CT and TCA r e a c t  w i t h  z i n c  ox ide  t o  elve 

z i n c  c i t r a t e  and z i n c  t r i c h l o r o a c e t a t e  r e s p e c t i v e l y .  It seems t h a t  

z i n c  c l t r a t e  i s  i n s o l u b l e  i n  e t h y l  a c e t a t e  a s  it remains a t  t h e  

p o i n t  of a p p l i c a t i o n  and z i n c  t r i c l l l o r o a c e t n t e  is h i g h l y  s o l u b l e .  
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