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NEW INEXPENSIVE AND SELECTIVE 
SORBENT PHASES FOR RAPID THIN LAYER 

CHROMATOGRAPHIC ANALYSIS OF 
METAL IONS 

M. Ajmal, A. Mohammad, and N. Fatima" 
Chemistry Section 

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

Aligarh, U. P., India 

ABSTSACT 

New sorbent  phases have been demloDed by impreg- 

nat€nq s i l i c a  qel C w i  tll d ip fe ren t  inoryanic s a l t s  f o r  

t he  analysis  o f  metal ions by t h i n  l aye r  chromatography 

i n  carboxylic acids media. T h i n  layors  prepared from 

s i l i c a  gel G impreqated w i t h  ammonium chlor ide o r  bar- 

i l i m  n i t r a t e  show t;le unusual s e l e c t i v i t y  towards metal 

i o n s  i n  comparison to  the t h i n  lagnrs  prepared from p la in  

s i l i c a  Eel C o r  s i l i c a  qe1 impregnated w i t h  s i l v e r  n i t -  

r a t e  o r  aluminium n i t r a t e .  Many q u a l i t a t i v e  separa t ions  

* To whom correspondence should be addressed. 
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1878 AJMAL, MOHAMMAD, AND FATIMA 

o f  important metal ions and semiquant i ta t ive determina- 

t i on  o f  Ag+, Pb2+, Cd2+, M 3 + ,  Se4+ and Th4' have been 

successfnl ly  achieved on impraqated s i l i c a  gel. A novel 

fea ture  of  this st t idy  is the quan t i t a t ive  SeDaration o f  

uranium from mmprous mstal ions on s i l i c a  qel impregna- 

ted wl t h  ammonium chloride. 

INT70 iX1 CTInW 

T h i n  l ave r  chromatoTraDhy ( T L C )  i s  one o f  tie 

more commonly used sepa-atinn techniques i n  ana ly t i ca l  

chemistry becau-e i t  perwi ts  f i n e r  and sha.rper seoara- 

ti-om, easiqr  manipulat im o f  the p la tes  and simpler 

dectsct inn.  I t  i s  s i i i t ab le  f o r  submicrogram analys is  

as  well as f o r  prenarat ive sepa-ations. 

A l a r g e r  number of sorbents a rg  ava€lab le  which 

can be used i n  TLC but  the need f o r  a pe r fec t  sorbent  

has been always f e l t .  I n  t h e  absence of an idea l  sorbent  

the predominent Droblem of  TLC involved the search o f  

inexpensive, repnoducible and r ead i ly  ava i lab le  s tab le  

sorbsnt  phases to achieve imroved chromatoFraphic oer- 

formance in terms o f  s e l e c t i v i t y ,  reso lu t - lm and remo-  

di ic ibi t i ty .  The recgnt l i t e r a t u r e  (1-6) on TLC mints  

o u t  t h a t  s i l i c a  gel C (SG) impregnated wlth orpanic sub- 

s tances  has bsen aensral ly  used fo r  the ana lys l s  o f  

orzanic  and inorpanic compounds while the SG impregnated 

d t h  inorganic mater ia ls  has been used for the ana lys i s  
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NEW SELECTIVE SORBENT PHASES 1879 

of  oryanic compounds. A few sk ld i e s  have a l so  been 

Peported (7-10) on the use  of  inorqanic ion-exchanqe 

materials.  However, the use of inorganic ion-exchanTe 

mater ia l s  as  t h in  layers  is  e m m s i v e ,  more time consu- 

minq and su f fe r s  from the lack  o f  rem-oducibi l i ty  and 

s t a b i l i t y  i n  solvent  sys t em.  SurDrisingly, no mrk has  

been renorted on the use  o f  3G irnnreTnated wlth inorna- 

n t c  communlls for  the analysis o f  metal ions. 

I n  order to simpl€fy the time consiminq e a r l i e r  

invss t iqa t lons ,  i t  was decided tq  dsvelon new inemen- 

s ive ,  s e l e c t i v e  and s t a b l e  sorbent  DhaSeS by imnretpa- 

t i n ?  SG w-th various inorqanic s a l t s  f o r  raDid qua l i t a -  

t i v e  as we?l as quan t i t a t ive  ana lys i s  of  m p t a l  ions. 

ADParatuS: A thin-1 ayer chromato yraphy apparatus 

(Toshniwal, Ind ia)  ?or the oreparat ion of t h i n  l aye r s  

on 20 x 3.5 cm Elass p l a t e s  was used. The chromato- 

yraphy was performed i n  24 x 6 cm qlass ja rs .  

?ea?ents: SG of T. Merck and a l l  o ther  reagents of  

RDT analar  made were used. 

Tes t  so lu t ions  a n 1  Detectors: T s s  t sotixtigns were gene- 

r a l l y  0.1 M i n  the metal c h i r i d e ,  n i t r a t e  OF SulDhate. 

Conventional spot  t e s t  reagents w v e  used f o r  de t ec t ion  

m r m s e s  (11). 
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1880 AJMAL, MOHAMMAD, AND FATIMA 

Preparation of  t h  in-lay-a.va&: 

( a >  Preparation o f  pLa2n-W t h i n  1ay-e-vjkSt-a: To prepare 

Dlain SG t h in  layPr p la tes ,  the s lu?ry  was f i r s t  obtained 

by mixing the SG i n  demineralized water (DMW) i n  the 

r a t i o  of lr3 w i t h  constant shakiny f o r  f i v e  minutes. The 

r e s u l t a n t  s l u r r y  was used immediately to coat t he  clean 

qlass  plstes w i t h  the help of  an aopl lca tor  to get a 

l ayor  of ?50 prn thic’mess. 

d r ied  i n  a protsctsd area and then ac t lva ted  i n  an elec-  

t r i c a l l v  cqntrolLed oven a t  100 2 S°C fo r  2 hours,before 

use. 

The p la tes  wnre f i r s t  a i r  

(b) Prermiation o f  imore9nate_d_~~~-~~~n-_laynr  plates:  Two 

methods were adopted fo r  the p remra t ion  o f  imoreqnated 

S C  nla tes  (I) In  the precoat-inq rn? tbd  an aquwus so lu-  

t i o n  o f  the impregnant was subst-l tuted f o r  DMW i n  t h e  

slurry emDloyed t o  coat the plates .  For examle ,  t h e  

slurry was made by mixin? aqueous s o l u t i o n  of 0.2 M 

AgN03, o r  0.5 M NH4C1 or  sa tura ted  so lu t ion  o f  Ba(NO3I2 

o r  1.5 M A l ( N O 3 I 3  wtth  SG i n  t h e  r a t i o  o f  3:l .  TLC 

pla tes  were prepared by using t h e  r e s u l t a n t  s l u r r y  

under the same exoerimental conditions as c i t ed  for 

p la in  SG pla tes  folloved by ac t iva t ion  a t  100°C for 2 

hours, (li) I n  post  coat ina o r  immersion method SG 

o la t e s  were a imed i n  an aqueous so lu t ion  of  impregnant 

fo r  a s p e c i f i c  time period. 
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NEW SELECTIVE SORBENT PHASES 1881 

--- S o l  vent svs terns 

The followin? so lvent  systems W ~ F P  used as mobile 

phases . 
1. DFlW 

2. 1.0 M HCOOH 

3. 1.0 M HCOONa 

4. 1.13 M X @ O F I  + 1.3 Y :IC@ONa 

5. 1.0 M CH3C@OH 

6. 1.0 M CH3COONa 

7. 1.0 M CH3COOH + 1.0 M CH3COONa 

---_ Procedure: 

(0 .1  ?O were a m l i e d  on each SC ( i r p r e m a t e d  o r  Dlain) 

Dlate w t t h  t h e  helrr o t  a v ic ro3ipe t te .  The u l s t e s  were 

dsvelomd bv the ascendinq technfque w i t h  a so lvent  

ascent  o f  10 cm i n  all cases. After the develoomsnt was 

ovor, the Dlates were dr ied i n  an a i r  oven and the 

cations were detected w i t h  the usual  reagents (11). 

Approximately 5 pl o f  t h e  t es t  so lu t ions  

SemianantJtatfve determination o f  metal ions: For semi- 

quan t i t a t ive  determination, various known volumes of  

0.1 M metal s a l t  so lu t ion  were spot ted w i t h  the help of  

a lambda p ipe t t e  a t  the  l i n e  of appl icat ion,  an3 the  de- 

velopment was performed i n  the chosen solvent  systems. 

After de t ec t fng  the spots  the rrlanetary spots  were 

t raced on a t r ac ing  paper d i r e c t l y  and the a r e s o f  spots  

were calculated.  
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1882 AJMAL, MOHAMMAD, AND FATIMA 

B r u a n t i t a t i v e  ------- -- s e i a r a t i o n  ----- - of  uranium on impremated SG Q.& 

pla tes :  A stock so lu t ion  of uranium (10 ppm) was pre- 

pared by d isso lv ing  uranyl n i t r a t e  i n  DMW, and the s tan-  

dard spactrophotometric method was s e t  up usine; potassium 

ferrocyanide as colouring reagent (12). Known amounts 

o f  uranium along w i t h  the other  metal- ions were sao t ted  

on ?JH4C1 imnregnated SCI t h i n  l aye r  a l a t e s  by using a 

lambda p ipe t t e  and the dewlonment was performed i n  the 

chosen solvent  systems. A D i L o t  n l a t e  was emulo?red SimL- 

tanoouslv €n order  to  1oclat.e t h e  exact Dosi%ion ot the 

soo t  on t h e  mrk€nq nlat?.  The a rea  coverinc uraniiim 

was scratched, and uranium was nlute? w t t h  0 . 1  Y lTzS04. 

The adsonbent m s  seoaraterl from the so lu t ion  and washed 

w i t h  0 .1  M H 9 0 4  to ensure covplete e lu t ion  of  uranium. 

The f i l t r a t e  was evaporated t o  dryness and the residue 

dissolved i n  W J .  The uranium was then determined 

s p e c t ro  TI ho toms t r  i c a l l  y , 

5 

RSSlJLTS AND DISCUSSION 

The maim i n t e r e s t i n q  fea tures  of  t h i s  study 

are: 

1) The prooosed th in  lay ir chromato q r a p h i  c m? thod 

nrovides h t q h l y  s e l e c t i v e  sorhent  phases f o r  quicker 

seua-ations of metal ions comDared to e a r l i e r  

renorted methods (7-10). 
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The time r e q i i i r d  f o r  the develonment o f  chromato- 

RraDhic Dlates i s  su rp r i s ine ly  l i t t l e ,  i . e .  12  to  

15 pin. 

The method i s  very inexpensive for  i t  i s  based on 

the use  o f  larKer quant i tv  o f  commercially ava i l -  

ab le  S G  imprepated w i t h  small quan t i t i s s  o f  

inorqanic s a l t s .  

T h l n  l ave r s  prepared by precoating method were 

found be t t e r  i n  proviain? reproducible Rf values. 

Impregnated SC- t h i n  layers were found to be more 

s e l e c t i v e  ( s t ronqlv  s o r h h ? )  for  metal ions than 

o l a in  S G  t h i n  layers  i n  a l l  so lvent  svstems. The 

annro Dria t e concentration o f  various imnr  0 man ts 

was fo i i r ld to he 0.5 V W 4 C 1 ,  0.2 V A@103, 1.5 Y 

A l ( ” 0 3 )  

Amonms t these impreGants,?!H4Cl and Ba(W3) 

nated t”ln layers  Kave excell en t  renroducible 

r e s u l t s  and comact  sDots. Tlze order of s e l e c t i -  

v i ty  o f  d i f f e r e n t  i rmeenated  sorbents was found 

as follows: SG immegnated w i t h  3a(Y03)2)SG i m D -  

regnated w i t h  N H 4 C l \  SG impreqated  w i t h  AgN03‘\ 

SG imDreqated with A l ( Y 0 3 ) 3 ’  
+ 2+ The sea iquan t i t a t ive  determination of Ag , Pb 

Cd2+, U3+, Th4’ and Se4’ on imDrep;nated S G  chro- 

matoplates. 

The quan t i t a t ive  s m a r a t i o n  of uranium on NH4C1 

and saturated amoous so lu t ion  of‘ Ra(7T03)2. 

irnnreq- 

NEW SELECTIVE SORBENT PHASES 1883 

imDremated SC chromatoplates. 
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1884 AJMAL, MOHAMMAD, AND FATIMA 

8 )  Si lve r  ion imnregnated TLC which has been exten- 

s i v e l y  used for  the ana lys i s  of  higher f a t t y  ac id  

e s t e r s  (1.31, t r i e l y c e r i d e  ( 14), s t e r o l s  (151, 

phosoholinids and carbonyl comoounds (16) was not  

found usefut f o r  the ana lys i s  o f  metat ions. 

I n  the l i r h t  of abow f a c t s  a t t e n t i o n  was 

focussed on to explorinc the ana ly t i ca l  Dotential  o f  SG 

impreenated w i t h  NI-IqCl and Ba(NO3I2 by T L C  us ing  t h i n  

l aye r  o la tes  prepared by precoating method. 

T h e  r e s u l t s  obtained have been recounted i n  

f i w r e s  1-5 and tables  1-4. p i m r e s  1-3 show the r e l a -  

t i v e  s e l e c t i v i t y  of irnnree;nated SC sorbellts while the  

f i m r e  4 shows the dependence of qf values on the  charge 

o f  the metal ions. Sssiilts for  semiquant i ta t ive de te r -  

mination have been recounted i n  f i g n e  5. Tables 1A and 

1E t abula te  the values o f  canacity f ac to r s  (k') of  some 

metal ions . The eapacity fac tor  i s  calculated by 

us ing  the equation: 

1 -  
KI 0 Lf 

R f 
Tables 2 and 3 r e f l e c t  the separat ions achieved on imp- 

regnated SG t h in  layers ,  The r e s u l t s  f o r  quan t i t a t ive  

senara t ion  of uranium have been tabulated i n  table 4. 

Tables 1A and 1B i l l u s t r a t e  c l ea r ly  how the na ture  o f  

s t a t iona ry  phase and mobile ohase influence capacity 

f ac to r  (IC' values) which is the mnasure of' the  deqree 
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0.a 

0 .6  

2 0 . 4 -  

Q 0.2 

0.0 
-0.6 

Z r  1.OM H C O O N a  

* 0.4 - a 

Mo ~p Pb Th 
-0.2 - 

- 
- 

- 
- 
- 

r x z r  1.OM HCOOH 

Pb 

-0.41 1 1 I I 1 I 

20 40 60 0 0  100 20 4 0  60  80 100 
AT. NO. AT. NO. 

FIGUS3 1 Plot of ARf(F( on u l a in  SG - Rf on SC, 
impregnated w i e h  Ta(UO3) vs. atomic 
number. 

o f  re ten t ion  o f  s o l u t e  comarsd to the so lvent  f ront .  

K' val.iies fo r  metal Ions Varied w i t h  the c'lanae in both 

s t a t iona ry  and mobile phase svs terns. The i n i t i a l  s e l ec -  

t i on  of  a Dhase system f o r  chromatographic separa t ion  of 

metal ions o f t e n  can be made on the basis of  K' values. 

I t  is  evident from tab les  1 A  and 1B t h a t  Co2+ and N i 2 +  

s h o w  alrnos t i den t i ca l  behaviour on a l l  sorbent  phases 

and move w i t h  the solvent  f ron t  as indicated by low K' 
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1886 AJMAL, MOHAMMAD, AND FATIMA 

2+ values. Cu i s  s t ronqly  sorbed ( K '  = 39) on SG impreg- 

nated with Ba(N03) 

from Co 

( K '  = 2.1) from ' J i  , Co 

irnprecnated w i t h  ?3a(N03)2 i n  1.0 Fr HCOOFT. 

of d i f fe rence  i n  K' values, conclusions reyardine: many 

In DMW l ead ing  to i t s  separa t ion  
2+ 3+ and N i ?  Similar ly ,  a qood separa t ion  o f  Fe 

and Cd2+ is poss ib le  on SC 2+ 2+ 

On the basis  

nossibla  separat ions can be drawn from tab le l lA anri 1B. 

The eqhancenent i n  s e l e c t i v i t y  of  9G on imoreg- 

na t ion  o w n s  a new door for achiev-inF many ana lv t i ca l ly  

inwortant r l i f f ic i i l t  ssDarations of motal ions. Thus a 

l a r s e  numbor of imnortant seoarat ions (binary,  ternary 

and one from nunProus metal ions) of motal ions were 

ac tua l ly  achieved on SG imDreonated with q C 1  o r  i3a( WO3) 2. 

These seDa-ations have bnen tabulated In  tables  2 - 3. 
2 The separetIons such as: Fe3+ - Zn2+ - C u  2+ , Fe 3+ - 731 

Fe3+ - N i  2+ , Pb2+ - h2+ - Cd2+, a3+ - Co2+, u3+ - 

- 
Cd2+, Th4' - Q4+, Ag+ - m2+ - Cd2+, m2+ - Ni2*, 

2+ - 
+ 

AP; 

advantave o f  impremated phases. 

and Zr4+ - Fe3+ - Cd2+ a r e  i n t e r e s t i n g  and show the 

The  maIn fac tors  *ich +nf'_uence the separa t ion  

on TLC a r e  considered to be the ion exchange of the 

adsorbent and the coordinative p r o w r t y  of  t h e  solvents.  

To understand the e f f e c t  of  these two fac tors  on the 

micration o f  the rnstal ions, r w u l t s  on impree;nated SG 

and p la in  SG have been corlparqd and the d i f fe rence  i n  Rf 
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NEW SELECTIVE SORBENT PHASES 1889 

values i.e., 

na t ed  SO) have been o l o t t e d  ( F i m r e s  1,2). It  i s  e v i d e n t  

f r r ) r r ,  tlio-, 3 f i m i ~ - ~ : ~  t h a t  imDreg;?at,inn q9nerally enhances 

t h e  s e l e c t i v i t y  of u la ln  S G  i n  all. s o l v e n t  systems. S G  

i-pre:natsd vi tCI 3a(703)2 shows an iinususl s e l ? c t i v i t y  

tovaTds most of t he  metal ions i n  a l l  s o l v e n t  systems, 

as i n d i s a t e d  by p o s i t i v e  4Qr values (Figs .  1,a-d). 

Xownvcr, t i e  s e l ? c t i v i . t ~ r  o f  tlie s o r b s n t  n h a s 9  i s  d r a s t i -  

Fif values ( R f  on p l a i n  QG - rif on irrpreg- 
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1890 AJMAL, MOHAMMAD, AND FATJMA 

1.3 M 'ICOO'Ja 

1.0 M CH3C@OFI 
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NEW SELECTIVE SORBENT PHASES 1891 

q u a n t i t a t i v e  s m a r a t i o n  o f  Uranium i n  b ina ry  mix tu res  OR 
NH4C1 imurpgnated Sc t h i n  l a y e r s  

-_- -. 
Solven t  
sys  terns 

cal1.y i n f l u s i c d  by t’l? n a t u r e  o f  s o l v e q t  system. I n  

DTT ( 9 i q .  la) Fg3&, VO” a?? Cud 

LL!?,~ values (s  tmn:  a d s ~ n n t i n n )  which a r e  s i w i f i c a n t l y  

r 4 u c d  r.hen D W  is reDlacnc1 bv 1 . 3 M  ‘3COnY (?is. lc!. 

S i T i l a r l y ,  TU02+ shorn mo-0 o o s i t i v s  /.? V : ~ L U P  i n  DB“’J 2 f 
co,moa-ed to  a l l  o th*r  s o l v w t  svstnrns. I t  i s  e v i d w t  

7+ show h i y h  p o s i t i v e  
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1892 AJMAL, MOHAMMAD, AND FATIMA 

1.0 r H20 
Q 8 -  vo 

n 

- 
1.OM CH3COONa 

1.OM HCOOH+l.OM 
VO 

HCOONa 

P b  

20 4 0  60  80 100 
AT. NO. 

FIW3R 2 P l o t  of f\Rf(Ftf on p l a i n  SC - 9f on SG 
i m r e g n a t e d  w i t h  !VII4Cl) vs. atomic number 
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NEW SELECTIVE SORBENT PHASES 1893 

I t  i s  p e r t i n e n t  t g  dnaw a comparison betwpen t h e  

s e l e c t i v i t i s s  o f  Sc irnpreqnnted with W 4 C l  and SG impreg- 

nated T,?i.th Sa(rJO$ t h i n  l a g ? r s .  This cornDar-ison l e a d s  

t o  t h e  p referab l9  choice o f  b e t t e r  s o r b e n t  phase when 

hiyhLg s d s c t i v e  se9aTations a r e  des i red .  ?or t h i s  mr- 
POSS,  A!if values c?f on SG impregnated wtth iTFI4C1 - Xf 
on S ~ I  irnprewnted id-th 3a(V\J03) 21 i n  d i f f e r e n t  s o l v e n t  

Sysf.ems have been nvaluated and g l o t t e d  i n  Ti?.  3. 

I t  is i n t e r e s t i - n y  t o  no te  i n  t h e  l i r r h t  o f  t h e  

F i F . 3  t h a t  SC imorematsd r d t h  Ba('.T03)2 I s  more selec- 

t i v e  a s  cornpared t o  the SrI impreenated wlth m4Cl i n  

alrcost a l l  s o l v e n t  sy3tems a s  i n d i c z t e d  by Dosi t ive  Crir 

value f o r  most o f  the cat lgns.  Housver, the s e l e c t i v i t y  

decr'eases w i t h  i n w s a s e  i n  UFI o f  the  s o l v i n t  system. 

0 i'or examnls, A?,, value for  Ag+, Cd2+, W 6* , T1+ and Th4' 

in 1.6 !.! ITCOn?Ta (pfl = 6.2) i s  neoa t ive  (Ti.?. 3a1, while 

i t  is e i % h n r  p o s i t i v e  o r  zero (Pic.. 3g )  In 1.0 bI HCOOI! 

(UP = 1.3). 

and 3d) S G  impregnated with 9 a ( W  ) is  tliqhly s e l e c t i v e  

f o r  CU'+ (maximum Dosit.iva value o f L R f )  while SCT 

i r n r J r e m a t 4  w i t h  '?E4C1 i s  more s e l e c t i v e  for Tl+(rnaximurn 

neyat fve  value o f  A T f ) .  

CH3C@Oyia (1: l! SC it?nre?natml v i t h  Ba(Wg) is  h ighly  

s e l o c t i v e  for  7y4+ while  S r i  frnorecnated with NH4C1 is  

very s e l e c t i v e  f o r  xi2+ and co2+ ( p i s .  3f). 

impregnated with T3a(W3J2 i s  more s e l e c t i v e  for a l l  

Furth:rno!.o, i n  HCOOTJa on CY3CODVa (Pi? .  3s 

3 2  

SirnUarly,  i n  CF,$OOF! + 

I n  EWJ, SG 
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PIGU9E 3 Plot O P  "Rf(FIf on SG impregnated w i t h  m4C1' 
R f  on SC lm~reenated  w i t h  Ba(V03)2)vs. 
atomic number. 
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NEW SELECTIVE SORBENT PHASES 1895 

cat ions stiidied than that ,  o f  SP- imprasnated w l t h  nTH4Cl 

(pi? .  3b). 

In  o-dw to b r i n ?  out  SOD? s i q i f i c a n t  fea tures  

o f  thpse s tud ie s ,  '3 values obtained i n  T-TCOOTa so lvent  

sys  ten1 have been p l o t t d  vs. stonAc numbers (Fig.  4). 

A comparison o f  these f iT i rqs  4a,  h, c ,d,e revealed some 

i n t e r e s  t i nq  points. 

i) 

f 

Figure 4a shows t h a t  Cu2+(Rf=0.15) is  s t ronqly  ad- 

sor%d on th in  l age r s  o f  SC- impregnated w i t h  

Ra(TJ@3)2. The unique f ea tu re  o t  t h i s  new sorbent  

phase leads one to achieve some d i f f i c u l t  separa- 

t i n n s  of Cu2+ frorr N i 2 + ,  Co2+, Se4+, Cd2+ and T1' 

within 15 minutes. 

i i )  I t  i s  m r t h w h i l c .  to compare the rpsults obtained on 

SC impregated w l t h  barium n i t r a t e  (pie.  4a )  t r t t h  

those obtalned on SS- imDreqnat,ed v i t h  sodium molyb- 

da t e  ( 1 7 1 ( p i ~ ,  4b). It  is  clear from these  f i w r e s  

t h a t  both the sorbents a r e  copper se l ec t ive .  Pow- 

evpr, Sf for  CuzA on the formor sorbent (3f = 0.15) 

is  lownr than t h a t  on the l a t t e r  sorbent  ( R f = O , 3 5 ) .  

T h i s  i s  because Cu2+ is  m r e  s t ronqly  adsorbed on 

Sa(N03) impregated SG t h i n  layers .  T h e  behaviour 

of b o t h  sorbents towards Zn2* is qu i t e  i n t e re s t ing .  

It  moves w i t h  solvent  showing Rf value 0.77 on SG 

impregnated w i t h  Na@oO4 imposine; a r e s t r i c t i o n  on 

i t s  seaaFation from Ni2+, Co2+ and Cd2+. However, 
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FIGWIT 4 Plot o f  Bf vs. atomic number in 1.0 M 9C00Ya. 
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NEW SELECTIVE SORBENT PHASES 1897 

t h i s  r e s t r i c t i o q  i s  removed i n  case of  Ra(?\J03)2 

imorernaterl SG th?.n lavers on wbich ?n2+ i s  s t r o n g l y  

aciso-hpd (?if = 0.07). 

t a h l y  used as imprewan t  f o r  t h e  quick s s D a r a t i o n  

Thus, 9a(V03)2 can be Drofi-  

o f  V i 2 + ,  Co2+ and Cd2+ from % 2+ . 
iii) On n l a i n  sc t h i n  l a y n r s  ("is. 4c) \ T i 2 + ,  $02+, k2+, 

TJa2+, :n2+, Cd2+ and T1+ show h izh  value of Rf 

( 0 . 9 - l . G )  w h i l e  t h e  o t h e r  metal ions show Iif value 

l e s s  than 0.: sxcent  f o r  Se 

On V4c1 ip?regna+.ed SI; t h i n  lay-rs Se4+(Rf=0.49), 

4+ (q f  = 0.55). 

i v )  
T L + ( ? ~  = 0.351, ?nd 7+ ( R ~  = 0 . ~ )  and vo 2+ (s~=Q.c)o) 

show e n t i r e l y  d i f f e r e n t  behavioiir (Fiy.  4 d ) ,  when 

coppared vCth T l a i n  SF. Thus, t h i s  new s o r b e n t  

phase l e a d s  to  achieve very ilrlportznt and u s e f u l  

s e p a r a t i o n  o f  7n2+ from Pi2+, Co3+, CUB+, T1' and 

Se4+ i.n general ,  and from Cd2+ i n  p a r t i c u l w .  The 

s e l e c t i v e  s e p a r a t i o n  o f  Cd2+ from Zn2* i s  a hapny 

consoquencs as Zn2* and Cd2+ both have a similzr 

c h r  o ms. t o  '3r a?) h i c h s  h a v iou r . 
2+ 2+ v)  On :ril(V@ ImDVspnated Sp? t h i n  l a y e r s  Co , V i  , 

h2+ and Cd2+ show no vaniht€on i n  R f  values 

(F i? .  4e). 

i nc rease  i n  ? va?ue w!iilc? Se (Sf = 0.,$3),  rn 
(Sf = O.F,S), VO" (Sf = 0.60) and T1+(Sf  = 0.65) 

show love r  value of  Pf than those obtained on 

p l a i n  SP.. 

3 3  

7 ,  ?+ -.owever, TTOZ ( R f  = 0.32) shows an 
4+ 2+ 

f 
3+ 
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1898 AJMAL, MOHAMMAD, AND FATIMA 

I n  addl t i o n  to  the q u a l i t a t i v e  a n a l y s i s ,  quant i -  

t a t i v e  evaluaf. ion o f  t h e  metal ions i s  o f t e n  required.  

There are tin u s u a l  methods f o r  q u a n t i t a t i o n .  One i s  t o  

e l u t e  o r  e x t r a c t  t h s  i s o l a t P d  m a t e r i a l  from t h e  s a o t  and 

a n d y  col.orimetry. Another approach i s  to mpasulre the  

a r e a  o f  t h e  soots  e i t h e r  o l a n i m e t r i c a l l y  o r  by drawlnq 

t h e  o u t l i n e  of  the s p o t  on a n iece  of  D a w r ,  c u t t i n q  i t  

o u t  and weirbine i t ,  T h e  r a l a f i o n s h i n  between the a r e a  

o f  t h o  s n o t  and the l o ~ a r t t h m  o f  the aroiint  of t h e  subs- 

tanre  i n  the s p o t  i s  u s u a l l v  l in -ar .  3ut some Q t h w  

qi1antI t a t i v e  r e l a t i o n s h i n s  h a w  a l s o  been rc?nonterl( 1 8 , l O ) .  

F lan imet r ic  methods a r e  s t m n l e r ,  thoiinh l e s s  

accura te ,  than ahvs lco-chwica l  mot'lods aqrl can he sucess-  

f i i l l v  annlied f o r  s e r i o u a n t i t a t i v e  eva lua t ions  w i t h  

reFsonahle accuracy. rwthod has been used f o r  s e n i -  

q u a q t i t a t i v e  determination o f  motal ions  on naner chro- 

matomram (2n-?. ' j ) ,  but  i t s  u s e  on t h i n  l ay - r s  i s  verv 

l imi ted .  I n  TLC a l i n e a r  r n l :  t i o n s h i a  b-tween the sqiiare 

r o o t  o f  t h e  s n o t  a r e a  a d  the  1 o ~ a r ' ~ t h r n  o f  t h e  comnoiind 

c o n c ~ n t r a t i o n  has been renorted by Purdv and Truter  (24).  

hn attemDt was wade to deterln'ne the p e t a l  i o m  semi- 

Q u a n t i t a t i v e l y  by measurine t h e  s p o t  a r e a  n l a n i m e t r i c a l l y  

on i m w e m a t e d  Sc. Sut  t h i s  method was foiind s u ~ c e s s f u l  

on ly  fo- Pb2+, !.E+ and Se on Sc irnn-eva+.ed w i t h  yTH4Cl 

and f o r  Cd2+, A13+ an4 Th4' on SF. i m r s q n a t e d  with 

4+ 
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NEW SELECTIVE SORBENT PHASES 1899 

9a(v03)2. 

system. A l i n e a r  re la t ionshin  was obtained when the 

S D O ~  area was ? ~ l o t + e d  a-a ins t  t h e  amount of  t h e  samnle 

s n o t t e d  ("is.5). Ths umsr l i m i t  of l i .near concentra- 

t i o n  was found to be 150 UE! for  Se , 200 fo r  Ag+, 

2.50 ps for Pb2+, 25Q p~ for  *413+, 600 pc for  Cd2+ and 

7.50 for  Th4', For hiTher concentration a pos i t i ve  

deviat ion from l inqa r  law i s  observed for  a l l  metal ions 

datsrr?lnsd except A13+ which shows negative deviation. 

Th9 accuracy and precis ion fa l l s  d t h i n  the ranye o f  

- + 74.q for  a l l  metal ions datermined. T a h l s  4 shows 

the  r e s u l t s  obta?ned f o r  the quan t i t a t ive  separa t ion  of  

uranium from Co2+, N i 2 + ,  Cu2+, Al*,  Cd2+, Se4+, Ag', 

Pb2+ and Fe3+ on hJH C1 impreqnated SC t h i n  layers .  4 
rr.ax'lmm e r ro r  was always belov 3. Ffl4. 

In  both the cases YCOOFI was used as so lvent  

4+ 

The 

The pronosed method D e r m i t s  t'le r a D i A ,  remodu- 

c i b l s ,  s e l e c t i v e  ssnara t ion  o f  mstal ions and i s  amen- 

a b l e  o f  b o t h  wicroanalytical  and DreDarative s tud ies .  

The a v a i l a b i l i t y  of  an imnrovod s e r i e s  of inemens ive  

chroaatoqraDhic S~IDDOF ts, and fu r the r  develonment of 

Dhase modifying reagents,  w i l l  considerably broaden the 

canab i l i t i e s  of  TLC. I t  i s  honed t h a t  i n  future the 

emphasis w i l l  be on automated systems for  oot imizat ion 

o f  the e lu t ion  system w i t h  these new emerginq sorbents 

i n  order to achieve greator s e l e c t i v i t y  and h i c h s r  reso- 

l u t ion .  Thus t h e  inherent  v e r s a t i l i t y  o f  TLC w i l l  
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NEW SELECTIVE SORBENT PHASES 1901 

become i n c r e a s i n q l y  i m o r t e n t  f o r  the chrowc toqranhic  

s e p a r a t i o n  of  the  c o n s t i t u e n t s  o f  b i o l o e i c a l  samples. 

T h e  authors  thank to Dv. K. rp, Vaseen;, ChaaLrman, 

Chemistry Sect ion f o r  Drovirilnc resparch f a c i l i t i e s .  
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