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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

ABRSTRACT

New sorhent phasas have been develoved by impreg-
nating silica gel ~ with different inoreanic salts for
the analysis of meatal ions by thin layer chromatography
in carboxvlic acids media., Thin layers prepared from
Silica gel ¢ impregnated with ammonium chloride or bar-
inm nitrate show the unusual selectlvity towards metal
ions in comparison to the thin layars prepared from plain
silica gel G or silica gel impregnated with silver nit-

rate or aluminium nitrate, Many qualitative separations
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of important metal 1lons and semiquantitative determina-

tion of Agt, Pb?*, ca?", m3* se*t

and Th4+ have been

successfully achieved on impreenated silica gel, A novel
feature of this study is the quantitative sevaration of
uranium from numerous metal ions on silica gel impregna-

ted with ammonium chloride.

INTRODUCTINN
Thin laver chromatozravhy (TLC) is nne of the
more commonly used sepa—atinn techniques in analytical
chemistry becauze it permits finer and sharper sevara-
tions, easier manipulatinn of the plates and simpler
dectaction. It is suitable for submlcrogram analysis

as well as for prenarative separations,

A larger number of sorbents are available which
can be used in TLC but the need for a perfect sorbent

has been always felt., In the absence of an ideal sorbent

D

the predominent oroblem of TLC involved the search of
inexpensive, reproducible and readily avallahle stable
sorbent phases to achleve imoroved chromatographic ver-
formance in terms of selactlivity, resolution and revro-
dueibility, The recent literature (1-6) on TLC pnints
out that silica gel G (SG) impregnated wlth oreanle sub-
stances has baasn gensrally used for the analysis of
orzanic and inorecanic compounds while the SG impregnated

with inorganic materials has been used for the analysis
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of organic compounds, A few studies have also been
reported (7-10) on the use of lnorganlc ion-exchange
materials, However, the use of inorganiec ion-exchange
materials as thin layers 1s expensive, more time consu-
ming and suffers from the lack of revroducibility and
stability in solvent systems, Surprisingly, no work has
been renorted on the use of 3% imoregnated with inorga-

nice comvounds for the analysis of metal ions.

In order to simplify the time consuming earlier
investigations, 1t was descided to davelon new inexpen-
sive, selactiva and stable sorbent phases by imoregna-
ting SG with various inorgsanic salts for rapid qualita-

tive as well as gquantltative analysis of metal ions,

BEAPERIMENTAL

Apparatus: A thin-laysr chromatography apparatus
(Toshniwal, India) for the oreparation of thin layers
on 20 x 3,5 em glass plates was used, The chromato-

graphy was performed in 24 x 6 cm glass jars.

Reazents: St of B, Merck and all other reagents of

BDHY analar grade were used,

Tast solutions and Detectors: Tast solutinons were gene-

rally 0,1 M in the metal chlovlde, nitrate or sulvhate,
Conventional spot test reagents were used for detection

purposes (1l1),
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Preparation of thin-layer plates:

(a) Preparation of plain SG thin layer plates: To prepare

plain SG thin layer plates, the slurry was first obtained
by mixing the SG in demineralized water (DMW) in the
ratio of 1:3 with constant shakineg for five mimmtes, The
resul tant slurry was used immediately to coat the clean
glass plates with the help of an avplicator to get a
laver of 250 pm thic'tness. The plates were first air
dried in a protected area and then activated in an elec-
trically controlled oven at 100 + 5°C for 2 hours,before

use,

(b) Preparation of impreesmated S thin lay~r plates: Two

methods were adopted for the prevaration of imoregnated
8t nlates (i) In the precoating mathod an aquesous solu-
tion of the impregnant was substituted for DMW in the
slurry emvloyed to coat the plates. TFor examole, the
slurry was made by mixing aqueous solution of 0.2 M
AgNOg, or 0.5 M NH,Cl or saturated solution of Ba(N0g)y

or 1.5 M AL(NO wlth S5 in the ratio of 3:1, TLC

3)3
plates were prepared by using the resultant slurry
under the same exverimental conditions as cited for
plain SG plates followed by activation at 100°C for 2
hours, (ii) In post coating or immersion method S8
plates were divped in an aqueous solution of impregnant

for a specific time period.
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Solvent systems

The followinsz solvent systems were used as mohile

phases,

. DMW
. 1.0 M HCOOH
. 1.0 M HCOONa

1

2

3

4, 1.0 M HCOOH + 1,0 M HCOONa
5, 1.0 M CHacOOH

6. 1.0 M CHSCOONa

7

. 1.0 M CH,COOH + 1,0 M CHBCOONa

3

Procedure: Approximately 5 pl of the test solutions
(0.1 M) were avpolied on each S& (impregnated or vlain)
nlate with the help of a micronipette. The plates were
develoned by the ascending technique with a solvent
ascent of 10 em in all cases., After the develoomant was
ovar, the plates were dried in an air oven and the

cations were detected with the usual reagents (11).

Semignantitative determination of metal ions: For semi-

quantitative determination, various known volumes of
0.1 M metal salt solution were spotted with the help of
a lambda pipette at the line of application, and the de-
velopment was performed in the chosen solvent systems.
After detecting the spots the plangtary spots were
traced on a tracing paper directly and the areasof spots

were caleculated,
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fuantitative separation of uranium on impregnated SG TLC

plates: A stock solution of uranium (105 ppm) was pre-
pared by dissolving uranyl nitrate in DMW, and the stan-
dard spectrophotometric method was set up using potassium
ferrocyanide as colouring reagent (12)., Known amounts

of uranium along with the other metal ions were snotted
on NH401 impregnated SG thin layer plates by using a
lambda pipette and the develonment was performed in the
chosen solvent systems, 4 pilot nlate was emploved simul-
tanenously in order to locate the exact vosition of the
svot on the workine nlate, The area coverine uranium

was scratched, and uranium was eluted with 0.1 W HgS0,.
The adsorbent was sevarated from the soluvtion and washed
with 0,1 W sto4 to ensure corplate elution of uranium,
The filtrate was evaporated to dryness and the residue
dissolved in DMW, The uranium was then determined

spectronhotometrically,

RESULTS AND DISCUSSION

The maln interesting features of this study
are:
1) The pronosed thin lay»r chromatozraphic method
provides highly selective sorbent phases for quilcker
Senarations of metal ions compared to earlier

revorted methods (7-10).
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2)

3)

4)

5)

6)

7)

The time reaquired for the develonment of chromato-
gravhic plates is surprisingly little, 1l.e, 12 to
15 min,

The method 1s very inexpensive for it is based on
the use of larger quantitv of commercially avail-
able SG impregnated with small quantities of
inorganic salts,

Thin layers prepared by precoating method were
found better in providing reproducibhle Rf values,
Impregnated SC thin layers were found to be more
selective (stronely sorbing) for metal inns than
nlain SG thin layers in all solvent systems, The
anorooriate conecentration of various imnregnants
was found to be 0,5 M NH4C1, N2 M AgWOB, 1.5 M
Al(‘\Toa)3 and saturated asueous solution of Ba(%0g5),.
Amonest these impregnants,¥H,Cl and Ba("!o_?,)2 imoreg-
nated thin layers gave excellent reproducible
results and corpact svots., The order of selecti-
vity of different irpregnated sorbents was found
as follows: S0 impregnated with Ba(N03)2>.SG imp-
regnated with NH,CL\ SG impregnated with AgNOg™
SG impreenated with Al(N03)3.

The seriquantitative determination of Ag+, Pb2+,
Cd2+, Al3+, Th* and se** on impregnated SG chro-
matoplates,

The quantitative separation of uranium on NH401

imoreecnated SG chromatoplates,
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8) Silver ion imvregnated TLC which has been exten-
sively used for the analysis of higher fatty acild
esters (13), triglyceride (14), sterols (15),
phosoholinids and carbonyl comvounds (16) was not

found useful for the analysis of metal ions,

In the light of abow facts attention was
focussed on to explorine the analytlcal potential of SG
impregnated with NH,Cl and Ba(N03)2 by TLC using thin

layer vplates prepared by precoating mesthod,

The results obtained have been recounted in
ficsures 1-5 and tables 1-4, Figures 1-3 show the rela-
tive selectivity of impresnated S sorbents while the
fiecure 4 shows the dependence of Re values on the charge
of the metal ions, Results for semiguantitative deter-
mination have bsen recounted in ficure 5, Tables 1A and
1B tabulate the values of cavaclity factors (k') of some
metal ions . The eapaclity factor is calculated by
using the equation:

1.R
T
]
K’Rf

Tables 2 and 3 reflect the separations achieved on imp-
rapgnated SG thin layers, The results for quantitative
sevaration of uranium have been tabulated in table 4,
Tables 1A and 1B illustrate clearly how the nature of
stationary phase and mobile vhase influence capacity

factor (X' wvalues) which is the measure of the degree
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FIGURE 1 Plot of ARf(R on plain SG - Rf on SG
impregnated wigh 3a(V03) o vs, atomic
number,

of retention of solute comvared to the solvent front,

K' values for metal ions varied with the change in both
stationary and mobile phase svstems, The initial selec-
tion of a vhase system for chromatographic separation of
metal ions often can be made on the basis of K' values,
It is evident from tables 14 and 1B that Co>' and N1Z'
show almost identical hehaviour on all sorbent phases

and move with the solvent front as indicated by low K'
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values, Cu2+ is strongly sorbed (K' = 99) on SG impreg-
nated with Ba(N03) in DMW leading to 1ts separation
2+ 2+ 3+
from Co and Ni,” Similarly, a rood separation of Fe
(k' = 2.1) from W12, CoZ" and €a%* is possible on SG
impregnated with Ba(N03)2 in 1.0 M HCOOH, On the basis

of difference in X’ values, conclusions recardineg many

nossSible separations can be drawn from table€lA and 1B,

The enhancement in selectivity of S on imoreg-
natlon onens a new door for achieving many analvtically
important dAiffienlt separations of metal ions. Thus a
large numbar of important separations (binary, ternary
and one from numarous metal ions) of meatal ions were
actually achieved on SG impregnated with NH5C1l or Ba(NOs)z.

These sepa~ations have bmen tabulated in tables 2 - 3,

The separations such as: R Cu2+, Fe3+ - Zn2 -
ca?t, m?* - 2%t agt - c® - ca?, cu®t - mi2t
Fo3t - N12+, Pb2* _ cult - Cd2+, a3 _ C02+, a3t - oult-

+ 4+ | @3t

Ag” and Zr - ca%* are interestine and show the

advantace of ilmpregnated phases,

The maln factors which *nfiluence the separation
on TLC are conslidered to be the ion exchange of the
adsorbent and the coordinative prooverty of the solvents,
To understand the effect of these two factors on the
migration of the matal ionsg, results on impregnated SGC

and plain SG have been compared and the difference in Re
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TABLT 2
Sevarations achisved on S impregnated with 0,5 M "'H4 1

Solvent systems Separations achinvad
1.0 M HEOOY Ag! *(n.0) A]3+(0 ), Ag7(n.9)-0u w(n08y,
Ag *(0.0) =7r2 (N, q\ agt(n.0)~Th (0 35) "o (0. Q)
1.0 M HCOONa 3+(o 12)-¥1(0.25), 2%(n,21)-a%"(n,95
(0 21) -cu®* (0. 22) PB2*(n,05)-362*(1.974),
. 'y B+ arg 2+ 4+ 4+ \
1.0 M CH4C004 4+ (n,05) 2100 (N, 1) -NL=T(0,35), v (0,05)=Th™"(0, 35,
*(o 4)-#%0.0).
1,0 M CH,CO0Wa znz*(o 0)-cd?"(n,35), M3"(1.0)-Cu"(n.9),
‘ n2+() 0)-a13%(n,95).
1.0 M CH,CO00H 3 (0 o1)-UoZ*(n, 74), (0 la\-Cu *(n. 75),
+ *(0.15)-n%%(0.9), Ag+(0 0)=Vo>*(n.3)
1.0 M CH,COONa ’
(1527 sz*(o.oe)-c 24(5.1) 0u2"(5.75), Fe3*(5.16)-tu?*(0.76) -
Pb2*(0.06).
1.0 M HCoOH FQWOﬂm-vFWnAm-szﬂam
1.0 ¥ BooOMa Re3*(n,25) - 1n?*(0,49) -ca*"(n.95),
(1:1) 13+(ﬁ 11)-42%(0.05) -M6 2F(1,34)

41350, 41) -ag™ (0. af\-ﬂu‘*(o 29),
we3*(n, 25) -u>*(n,29) 192" (N, 55),
e 3*(0, 25) N1Z (0, 3, %3* (", 25)="163 *(n 55)
Yo 2r (7. n) mh‘“(o ) 702 *(n.ay,
Ag (0 A5 0% (N, QS)-ID“(O.n%\
(0 15) =cu2*t(n,23) 'Yo~ (n. —1'%\
*(0.05) from micture n“ od 2%, Uog*, ’2n2+, \'ig‘*,
cO *, cu?t, Tttt and ca?*,
03*(0.0) from mixture of 5477, Uo2Y, M, 002",
cu®*, al3+ and ',

values i,e., A Ry values (Rp on plain SG - Re on irpreg-
nated S0) have been vlotted (Fisures 1,2), It is evident
from thesz fisures that impregnation generally enhances
the selectivity of volain 3% in all solvent systems, SG
impreratad with Ba(WOa)Z shows an unusual selactivity
towards most of the metal ions in all solvent systems,

as indicated by positive ZS.Rf values (Flgs. 1,a-d),

Howaver, the selsctivity of the sorbent nhase is drasti-
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Senarations achisved on SG imoregnated with Ba(e\loa)2

Solvent systems Senarations achieved
T e T e T e
1.0 ¥ HCO0H Ph2%(,0) -Fe3*(0. 32), Pb2T(0.0) -Co " ' (0.35)

Pb2*(0,9)-T02%(0.44), Pp2%(0.0) -1 (0, 44)
2a3%(n, 390 14 (0,25), m2*(0,45) 11 2¥(0,85)
240,25 -1 (0.41), 2t (0,05 -1 34 (0. 44)
Pu2*(n.0) =¥ (1,45 -2a**(0.95)
Zr:*(n.QS)-Fe3*(o.32>-Cd2*<o.95>

724 (n.05)-213%(n,44) 0o 2* (0. 85)
74*(n.05)-ra3* (0, 32) 11 2*(0,35)
22%(,05)-11%(0.36)-04%*(n.95)
Pb2*(n.0)_cu?"(n,45' -N17?7(0.85)

ag*(n.m -Fa3*(n, 82) -Co2*(0.85)

Ag*(0.0) -Cu?*(0,15)-ca**(0.95)

1.0 M 9C00%a Ca2*(0.73) from mixture of Pb2* Fe3* 102",
V02+, an*, Th‘“, A13+,Vﬁ+,:‘406+ and 73t 2
N12+(0,35) from mixture of Pb*, Fe3+,7.r12*,
Cuz*', Th4",A13+,MoG", 74+ and Vo2t

C02*(0,25) from mixture of F‘e‘a*',Uoz"'

2 3
2 Tht*, 113* ana wb*
1.0 M HCCOH Vo?*(0,35)-Pb2(0.0) -862*(0.7)
2
141 oo 7e3* (1, 2) Ma*(n,72), Fe3* (0. 2) -Ca**(n,72)
(1:1) cu2*(0,76) -4 * (0, 24) y (0. 35) -11%7(0,25)

1.0 M CH,COOH M3 (0, 91127 (0.92) -4¢"(0.0)
¥2%(0.15) -T1*(0,74), 562 *(0. 35) -cd2* (0, 25)
Uoﬁ*(n.asu-vea*(o.as)-sz*(o.OS)

1.0 ¥ CHgG004 m2*(n,35) M1 (0,75) -h**(0.05)
* 2+ 2+ +
1.3 ¥ €007 Cu (n,azx-cg (n.R5) -Ag"(0,0)
(1:1) Pe3*(0.1)-02(n,27) yPe>* (0. 1) -N1 2*(0,75)

Th**(0.05)-86**(0.8), Pb?"(0.05) -Cd2*(0.25).
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TABLE _4

Quantitative sevaration of Uranium in binary mixtures on
NH4Cl impregnated $¢ thin layers

Solvent Synthetie Amount Amount T Hrron
svstems rixtures of of
uranium uranium
annlied found
(pe) Lpm

1.0 M Cigto0va UeZ-m P asn 355 +1.4

102t .co™ 380 8 2,3

YA T T 332 -5,1

meZt-mu? 350 358 +2,3

veZt-se*t 3% w7 -0.%5
o

mes -caZ" 350 %9 -0.3

Lo M HcooH  UaZ -me3t 350 352 0.6
. >

1.9 ¥ HCOONa  Te2 -ag® 350 356 +1,7

(1:1) Vet 2+ o
o3 -Pb 350 397 .5

cally influenced by the nature of solvent system, 1In

DIy (Fle, 1la) Fe3t, vo2*

and Cu2+ show hich positive
[}Rf values (stronz adsorntion) which are sienificantly
raducad when DMW is replaced bv 1,OM HCONH (Fleg, le),
Similarly, Uo§+ shows mo»e nositive /R, value in DMy
compared tn all othar solvant systems, It 1s evident
from Tig, 2 that most of the metal 1nns in almost all
solvent svstems have either vnsitive or zero values for
Z+Rp showing that SG& imnreemated -vith WH4Cl 1s more
salestive than nlain S0, The impremnated S is hichly
salactive for “n>" in HCO0Y and for V02* {n all other
solvent systems as indicated by hiegh nositive L Re
valnes, lowever, in DMY 4177 and Se** are stronsly
adsovbed on plain SG. An identlcal behaviour is noticed

for Fe3' and Se*t in 1.0 M CONI,
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It is pertinent to draw a comparlson between the
selectivities of S impresnated with NH4Cl and SG impreg-
nated with Ba(W03)2 thin laysrs, This comparison leads
to the preferable choice of better sorbent phase when
highly seleactive senarations are desired, Tor this our-
voOS A, AﬁRf valueas tﬁf on S impregnated with WHyC1 - Rp
on 8% impresnated with Ba(Nog)é] in different solvent
systems have been »valuated and »nlotted in Tig, 3,

It is interesting to note in the light of the
Flg,3 that Sf imoregnated with Bal{0g3), is more selec-
tive as compared to the 84 impreenated with NH401 in
almost all solvent systems as indicated by vositive LRy
value for most of the cations, Howaver, the selectivity
dacreases with inecrease in pH of the solveant system,

For examnle, ARy value for ag*, Cd2+,‘J6+, 7" and ™t
in 1,0 ¥ 7CONYMa (pH = 6,2) is negative (File, 3a), while
it is either positive or zero (¥Fiw, 3g) in L,0 M HCOOW
(pH = 1,3). Furth=rmore, in HCOOWa or CHSCOONa (Pie, 3a
and 3d4) SG impresnated with Ba(T\Tos)2 is hiehly selective
for Cu®* (maximum vositive value of £LiRp) while SC
impragnated with WH,Cl is move selective for ™ *(maximm
negative value of ARp). Similarly, in CH,COOH +
CHSCOONa (1:1) 8A imprecnatad with Ba(Woa)z is highly
selective for "r?* while S° imoresnated with NWH,CL is
very selesctive for N1%" and co®* (Fig, 3f). In DMW, S6

impregnated with Ba(WOS)z is more selective for all
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cations studied than that of S¢ impregnated with NH4CI

(7ieg, 3b).

In order to bring out soms sionificant features
of these studies, Rf values obhtalned in HCOONa solvent
sys tem have beren plotted vs, atomic numbers (Fig. 4).

A comparison of these flgures 4a,b,c,d,e revealed some

interesting vpoints.

i} Fipgure 4a shows that Cuz*(Rf=O.15) is stronely ad-
sorhad on thin layers of SC impregnated with
Ba(NO3)2. The unique feature of this new sorbent
phase leads one to achleve some difficult separa-
tions of Cu®* from N12+, C02+, Se4+, ca®" and m*
within 15 minutes,

11} Tt is worthwhile to compare the results obtained on
SC impreegnated with barium nitrate (™ie, 4a) with
those obtained on SC impreenated with sodium molyb-
date (17)(7ig, 4b), It is clear from these figures
that both the sorbents are copper selective. Fow-

ever, R, for Cu2+ on the former sorbent (Re = 0.15)

f
is lower than that on the latter sorbent (Rf=0,35).
This 1is because Cu2+ is more strongly adsorbed on

Ba(N03)2 impregnated SG thin layers., The behaviour
of both sorbents towards Zn2+ is quite Interesting,
It moves with solvent showing Rf value 0,77 on SG

impregnated with Na2M004 imposing a restriction on

its separation from Ni2*, Co®* and ca?*. However,
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131)

iv)

v)

this restriction is removed in case of Ba(N03)2
imoreenated 3G thin lavers on which 7n2' is stronaly
adsovhed (Rp = 0,02). Thus, Ba(NDq) 5 can be profi-
tably used as impregnant for the quick sevaration

2
of N12+, 002+ and Ca=* from Zn“+.

2+
On olain S thin layers (Pia. 4¢) V12%, 02%* cu®",

162%, mZ*, ca® and T1" show hish value of R,

(1.9-1,0) while the other matal lons show Ry value
less than 0,1 excent for Se4+ (Rf = n,558),

On “H,Cl irmpregnated SG thin lay-rs Se4+(Rf=0.49),
Tl*(?f = 0,35), Zn2+(Rf = 0.71) and v02+(qf=o.oo)
show entirely different behaviour (%Fie, 4d), when
corpared with nlain SG, Thus, this new sorbent
phase 1eads to achieve very irportant and useful

124
separation of 7n2" from W12+, Co”+, Cu2+, ¥ and

4+

se*" in general, and from ca%*

in particulear, The
selective separation of Cd?‘+ from Zn2+ is a hapny
cons=quence as an+ and Cd2+ both have a similar
chromatozranhic bhehaviour,

On Al(HO3)3 impragnated 8% thin layers 002+, ”12+,
¥ and €d2* show no variztion in R, values

(Fie, 4e), “owaver, Uo§+(Rf = 0,32) shows an
increase in Rf value while Sei* (R¢ = 0.43), an+
(3 = 0.52), W>"(R, = 0.60) and T1*(Rp = 0.65)
show lowsr value of Rf than those obtained on

plain S©,
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In addition to the gualitative analysis, quanti-
tative evaluatlion of tha metal ilons 1is often required,
There are two usual methods for gquantitation, One is to
elute or extract the isolated material from the snot and
apvly colorimetry, Another anproach is to measure the
area of the spots either vlanimetrically or by drawing
the outline of the spot on a piece of vaper, cutting it
out and weishing it, The re=latinnshin betwsen the area
of the smot and the logarithm of the amount of the subs-
tance in the spot is usually linear, 3But some other

quantitative relationshins have also been remnomted(18,19),

Flanimetric mathods are simnler, thoneh less
accurate, than phvsico-chamical methods and can be sucess-
fully apnlied for semiguantitative evaluatinns with
rezsonahle accuracy, This method has heen used for semi-
quantitative determination of matal ions on mpaner chro-
matoeram (20-23), but its use on thin lay~rs is very
limited, In TLC a linear relitionshin bartween the sqguare
root of the spot area and the loearithm of the comnound
concentration has been revorted by Purdy and Truter (24),
An attempt was made to determine the metal ions semi-
guantitatively by measuring the spot aresa nlanimetriecally
on impregnated S”, But this method was found suncessful
only for Pb2+, Ag* and Se4+ on 3G imn~ecsnated with WH,C1

and for Cd2+, A13+ and Th4+ on S© impreenated with
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Ba( V0O In both the cases 4YCO00HY was used as solvent

2 o
system, A linear relationshin was obtained when the
spot area was »lotted acainst the amount of the samnle
snotted (7i2,5), Tha uovar limit of linear concentra-
tion was found to be 150 ue for Se4+, 200 pe for Ag*,
250 g for Pb2*, 350 pg for a13*, 600 pg for ca®* and
750 Pg for Th4+. For hicher concentration a positive
deviation from linear law is observed for all metal ions
determined excent A13+ which shows negative deviation,
The accuracy and precision falls within the range of

+ 7-8% for all metal ions datermined, Table 4 shows

the results obtained for the quantitative separation of
uranium from Co2* W12*, cu?*, m3*, ca?*, se**, ag,

3+

Pb2* and e " on NH,Cl impragnated SG thin layers, The

4
maximum error was always below '+6,50%,

The pronosed method vermits the ravid, revrodu-
cible, selective separation of metal ions and 1s amene
able of both microanalytical and orevarative studies.
The availability of an improved series of inexvensive
chromatogranhic supvorts, and further develooment of
phase modifying reagents, will considerably broaden the
canabilities of TLC, It 1s honed that in future the
emphasis will be on automated systems for ootimization
of the elution system with these new emerging sorbents
in order to achlieve greatar selectivity and higher reso-

lution, Thus the inherent versatility of TLC will
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become increasinely imvortsnt for the chromztographic

separation of the constituents of biological samples.
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