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CHROMATOGRAPHIC
SEPARATIONS OF
SOME PHENOLS ON
TIN (IV) OXIDE AND
ANTIMONIC(V) ACID
LAYERS
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ABSTRACT

Nine selected phenols have been chromatogra-
phed on tin (IV} ox ide and antimonic (V) acid thin-
layers and the R, valucs determined in five different
solvent systems. On, the basis of the differcnce in
selectivitics for the phenols on the layers a large
number of binary and lernary separations has becn
obtined, The results are compared with those ob-
wined on silica gel G layer,

Kevwords: [on-exchange, thin-layer
chromaiography, tin{IV) oxide,
antimenic(V) acid, phenols.

INTRODUCTION

Despite the development of new and more s0-
phisticated methods of chromatography, TLC still
remaing the simplest and most versatile method of
scparalion in COMMON UsC. The use of different
layers for improving TLC scparation of phenols has
reccntly been made.

Lapri ctal. [1] have separated nucleic acid con-
stitluents and phenols on layers of microcrystalline
cellulose, alone of imprognated with chitosan for-
matc and reported R, valucs for 36 phenols with

* ammonium acetate-NaHCO, (4:1) or H,0-methanol
(1:1yus solvent. Numcrous scparations were carried
oul on chitosan-containing Yayers, Srivastava el al,
{21 have studicd 18 phenols on plates coaied with
alumina-caleivm hydroxide (2:1) with CHCI, or
henyene-methanol (9:1) as developing solvent, oron
sine. carbonate-silica gel (3:2) with henzene-clhyl
methy! ketone (9:1) of benzene-clhyl acclate (9:1)as
solvent. The chromatographic behaviour of phenols
on hin-layers of cation (Dowex 50-X4} and anion
(Rexyn 102} exchangers have been cxamined by
elution with H.{1 H,0-ethanol mixtorcs and agucous
salt solution of differcnt pH valucs [3]. Srivastavact
al. 41 have swdied the chromatographic behaviour
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of 40 phenols on silica gel G plates impregnated with
ethylenediamine, dicthylenetriamine, triethylenc-
tetramine and hexamine.

The present paper describes the suitability of the
use of in(IV) oxide and antimonic(V) acid as TLC
adsorbents for the separation of phenols.

EXPERIMENTAL

Apparatus

Tin (TV) oxide, antimonic (V) acid, and silica
gel G layers were prepared on glass plates {20 x
10cm), which were subsequently developed in sol-
vent systems in glass jars.

Reagents
Chemicals and soivents used in this waork were
of analytical grade where possible.

Preparation of Materials on
Thin-Layer Plates

The tin {1V) oxitle and antimonic (V) acid, were
prepared according to the procedure described in the
literatura [5]. Silica gel G wasobuined fromB.D.H.
Poole, England. Each material - tin (I1V) oxide and
antimonic (V) acid - was then powdered-éeparatefy
and slurried with 2.5% gelatin in distilled water in &
mortar. Tt was then spread over the glass plate with
the help of an applicator. The plates were left (o dry
at room (emperature and ready for use. The silica gel
G plates were prepared vsing standard procedure.

Test Solutions and Detection Reagent

The phenols were dissolved in acetone (gener-
aily 0.2% W/V) and spoited on the plates by means
of thin glass capillarics. The spots were allowed wair
dry and then subjected to development. [n cachcase,
the plates were developed 1o a length of 10 ¢m.

The phenols were detected as brown spoLs by
spraying with 0.032 M ammonium ceric sulphate
solution.
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Solvent Systems
Nine phenols were chromatographed on tin (IV)
oxide, antimonic (V) acid, and silica gel G layers in

the following five solvent systems:

1. Water (distilled)

2. Benzene-acetic acid-water (125:72:3)
3. Benzene-methanol (95:5)

4. Cyclohexane-acetic acid (43:6)

6. n-Butanol saturated with water.

RESULTS AND DISCUSSION
Table 1 shows the R, values of the nine phenols

on tin(TV) oxide, antimonic (V) acid, and silica gel G
layers in five different systems. Silica gelis the most
common adsorbent used, and therefore it has been
included in the study for the sake of comparison.

Tin (1¥) oxide and silica gel belong 1o the famity
of the quadrivalent element oxides MO,xH,0. Thesg
hydrous oxides show acidic and ion-exchange prop-
ertiesdue to Bronsted acidic groups {6]. They behave
either as caton-exchangers or anion-exchangers,
depending upon the basicity of the central atom and
the swrength of the M - O bond relative to that of the
O - H bond in the hydroxy! group, if the hydroxy!
groups are the only Brinsted acidic Froup present.
The equilibria may be wrilten as follows:

-B +OH™
M-GH, =2 M-OH T2 MO" + HO
+H' -OH"

The acidic strength of silica gel is greater than that of
hydrous tin(TV) oxide [7}. Silica gel generally acts as
a weakly acidic cation-exchanger whilst hydrous
tin{lv} oxide behaves both as cation- and anion-

exchanger, Antimonic {V}acid belongs to the family
of the quinquevalent hydrous oxides and acts as a
cation-exchanger.  The chemically bonded water in
the crystalline antimonic(V) acid is lenaciously
combined as Sb-OH[8],

All the adsorbents used have -OH as the func-
tional group, and therefore it is reasonable to assume
that in the case of phenols hydrogen bond formaton
between the H of the phenolic group and the O of the
adsorbents predominanty influence the chromato-
graphic behaviour of phenols on these layers. The
extent of movement of spots (1.¢., R, value) depends
upon the relative valuesof the strength of H-bonding,
on solvation energy of eluting solvent and on steric
effect of substituent(s).

The results of the TLC studies reveal that most
of the phenois have appreciable R, values on the
three adsorbenis in solvent systems 1,2, 3 and 5. In
solvent system 4, most of the phenols arc retained at
the base line. This permitted quantitative separation
of some of the phenols from others. Itis further seen
from Table 1 that R, values for a number of phenols
arc sigftificanily different, thereby indicating the
possibility of many separations on these layers. The *
details of a number of binary and ternary separations
carried out on tin(I'V) oxide and antimonic(V) acid
layers are given in Table 2 and Table 3, respectively,
The noteworthy separations are nitrophenol/chloro-
phenol, nitrophenol/phenol, nitrophenol/bromophe-
nol, pyrogallol/resorcinol/2-nitrophenol, pyrogailol/
resorcinol/tertbutylphenol, pyrogallol/resorcinol/
phenal, 2-niaropl1enolf4~ni|:rophenol, 2-nitrophenal/
3-nitrophenol, 2-nitrophenol/bromophenol/phenol, 2-
nirophenol/bromophenot/resorcinot, tortbutylphe.
nal/3-nitrophenol/phenol. 2-ﬂi{r0phenolz‘4—ni[rophc.
nol/pyrogallol.

Table 1: R, Values of Phenols in various Solvent Systems on Plates with Tin(1V) oxide = A,
Antimonic {V) acid = B, and Silica gel G = C.

Phenal Solvent System | Solvent System 2 Solvent Sysem 3 Solvent Sysiem 4 Solvent System 5
Ld
A B C A 3 C A B (1 A 3 < A B C
2-nitrophenol (.54 .00 000 | 097 080 096 09? o9 095 0.00 0.00 [+314] 0.7 0.90 000
F-nitrophenot 060 | 040 000 030 0.58 0.58 033 0.56 0.55 0.00 0.00 0.00 050 0.97 090
i-rduuphewi 075 | 050 045 033 o 034 .78 045 0.50 0.00 0.00 0.00 0.90 090 0.90
4-tromophenal 0.65 | DaS 080 037 £ 51 088 083 (.86 0.33 043 0.20 090 095 050
4~chlorophenol 060 | 020 0.60 045 0.7 (.83 gl 083 0.8s 040 037 020 092 083 097
4-terbutylphenal 000 | 000 000 028 0.90 0.6l 0.80 044 033 097 40 625 097 080 090
Resorcingl 070 [ ons 0.70 AR 0t (.48 037 020 094 0.00 0,00 0.00 0.50 0.70 055
Pyrogallol 020 | 070 0.0 IR b Q0% 13.7% 000 1D 030 0.00 000 0.00 035 0.50 0.00
Phenol 035 | 0% 0,75 s on 0.87 0.9 053 0.95 D 000 G0 0.75 0.7 G50
Sotvent System: = Water (disulled;
2 = Benzene-aceuc acid-waer (115 ¢ 12 - 3y 4 = Cyclobexanc-gectic aosd (41 6 )
3 = Benzeng-methanol 95 - 5 q = -bUARO! sl wilh waler
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Table 2: Binary and Ternary Separations achieved on Tin(IV)

oxide Thin-layer .
Solvent System List of Separations achieved in different solvent sysiems
1 tertbutylphenol/nitrophenol, tertbutylphencl/bromophenol, tertbutylphenol/
resarcinol, pyrogallol/bromophenol, pyrogailol/nitrophenol.
2 resorcinol/phenol, resorcincl/chlorophenot, resorcinol/2-nirophenot,
pyrogallol/phenol. pyrogaliol/chlorophenol, pyrogallol/2-nigrophenol.
3 pyrogallol/3-nitrophenol, pyrogallol/4-nitrophenol, pyrogallol/

chiorophenot, pyrogallol/bromephenol, resorcinol/chlorophencl,
resorcinol/bromophenol, pyrogallol/resorcinol/2-nitrophenol,
pyrogallol/resorcinol/d-teributylphenol, pyrogallol/resorcinol/phenoi

4 nitrophenol/teributylpheno, nirophenol/chlorophenol. nitrophenol/
bromopheno!, nitrophesol/phenol, resorcinoliphenol, pyrogallol/phenok.
5 pyrogaﬂol?nitrq)henol. pyrogallol/phenol, pyrogallol/chiorophenol,

pyrogallol/bromophenol, resorcinol/tertbutyiphenel, resorcinol/chlorophenol.

Table 3: Binary and Ternary Separations achieved on Antimonic (V)

acid Thin-Layer
Solvent System List of Separations achieved in different solvent systems
1 ' 2-nitropheriol/3-nitrophenol, 2-nitrophenol/-nitrophenol, i

2-nitrophenol/4-bromophenol/phenol, 2-nitrophenol/4-bromophenol/
resorcinol, tertbutylphenal/3-nitrophenol/phenol, tertbutylphendl/ -
3-nitrophenol/resorcinol.

2 resorcinol/nitrophenol, resorcinol/phenol, resorcinol/bromophendal,
resorcinol/chlorophenol, pyrogallol/nitrophenol. pyrogallol/phenol,
pyrogallol/bromophenal, pyrogallol/3-nitraphenol/tertbutyiphenol

3 resorcinol/chlorophenol, resomi:}o};bromophsnol, resorcinal/phenol,
pyrogallol/nitrophenoel, pyrogallol/phenol, pyrogallolf2-nitrophencl/
4-nitrophenal.

4 ‘ nir.rophenol!chiumphmi.nitmphenelfbromophmol, nitrophenol
ftertbutylphenol, resorcinol/bromophencl, pyrogaliol/chlorophenol/
tertbutylphenol.

5 pyrogallol/nitrophenol, pyrogallol/chlorophenol, pyrogallol/phenol,
pyrogalloi/bromophenol.
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