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CHROMATOGRAPHY ON PAPLTNSIMPREGNATED WITH ZINC
SILICATES A NEW ADSORBINT FOR QUALITATIVL AND

QUANTITATIVE SEPARATION OF AMINES

J.P.Ravat, M.Igbal and Masood Akhtar Khan,

Department of Chemistry,.
Aligarb Muslim University,
ALIGARII-202001 (INDIA),

ABSTRACT

Papers iwpregnated with zinc silicate have been
used for the chrowmstographic studies of amines taken in

the form of their hydrochlorides, Rf values of verious

amines have been determined and compared with its
behsaviour on plain papers. Quentitative separations

of dimethylamine from methylamine, o -néephthylemine,
o-toluidine and o~-nitroe#niline; o-phenylenediamine from
m-phenylenediamine; diphenylamine from piperidine have
also heen achieved on columms loaded with zinc silicate
exchanger,

INTRODUCTION
Both papers and column chromatogrephic studies
of amines have been reported by various vorkers (1-%),
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It was noted in these methods that undissociated emines
2d little interaction with the adsorbents used. EHence
some preferred to use ligand exchange chrowmatography
for the separation of such amines by virtue of their
ability to form complexes of different stebility with
the loaded metal (5-7). However, if the saits of
amines were prepared, the ion exchange would have
played the primary role for such separations. Stannie
molvbhdate hes only been used to date for thie paper and
eolumn chrom2tographic separations of amines with this
method (8). 1In our present studies we have scparated
amine ions taken in the form of their hydrochlorides
on papers impresnated with zine silicate, an inorganic
ion exchenger, On the hasis of difference in Rf
velues, some of the amines have ~lso been separated

on columns of zinec silicete exchanger.

MATERTALS ANT METHODS

Agparatns: Gless jars 20 x 5 cms and Whatmonn No. 3
paper strins of 14 x 3 cms were used for ascending

chromatogrephic studies.

Recgentss Zine nitrate (BDU), sodium silieate (Riedel,
Germany) werc used for the prenaration of ion exchange
strins and zinc silicate. All other chemicals used

were of analytical grade.
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Preparetion of ion exchange peperss Impregnated

papers were prepared by dipping the strips (Whatmonn
No. 3, 14 x 3 cms} first in a 0.1M solution of zine
nitrate snd vere 2llowed to dry ot room tewperature
for 20 minutes, They were then dipped in a 0.1M
solution of sodium silicate for about 5 seconds. The
strips were placed over a filter sheet for the excess
of the reagent solution to drain off. These strips
were completely dried at room temperature and then
washed twice with distilled water to remove the excess
of the reagent. Finelly they were dried at room

temnerature and used for chromatogrephic studies.

Preparation of eminehvdrochlorides: The dry HCl gas

was first obtained by dronwise addition of concentrated
hydrochloric acid into concentrated sulfuric acid., The
evolved HCl gas was allowed to pass through the amine
solution in etber. Aminehydrochlorides so obtained

were either in solid or liquid form and were immiscible
with ether, One percent solution of aminehydrochlorides

were then prensred in water.

Detectors; p-Dimethylaminobenzaldehyde (p-DAB) and
ninbydrin were used for the gdetection of various
aminehvidrocl.lorides. The ninhydrin detector was
prepared by dissolving 0.2 gm of ninhiydrin in 100 ml

of n-butenol saturated with water., p-Dimethylamino-
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benzaldehyde detector was prenared in ethenol +
hydrochloric acid mixture taken in the ratio 1931,
Ninhydrin was used to detect methylemine, dimethylamine,
tripentylamine ana piperidine and p-DAB for of{- and
B-naphtbylemine, ortho- and paras~toluidine; ortho-,
para- and metanitroeniline; ortho- &nd meta-phenylene-
diemine; diphenylawine; pyridine, benzylamine and

p-anisidine,

Procedures The sample solutions were spottes with the
help of fine capillaries on the ion exchange papers.
The strips were conditioned in the chromatographic jars
containing the solvent for about 10 minutes. The
strips were then cdipped in the solvent to allow the

solvent to ascend to 2 distance of 11 ewms in each case.

Synthesis of zinc silicate: Zinc silicate (9) was

prepvared by mixing 0.1M solutions of zinc nitrate and
sodium silicate in the volume ratio 13¢1i. The white
gelatinous precipitate so formed was Xept standing at
room temperature for 24 hours. This was then filtered,
washed and dried in an oven at 4000. The dried produect
so obtained was washed again with demineralized water

anfl retained for use in column operations,

Separationss For separation studies & glass columm

having a height of 30 c¢m and diameter 0.59 cm was useqd
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in which 2 gm of zinc silicate was taken on its glass
wool support. The flow rate of the effluent was
adjusted at 5-6 drops/min. The eluate containing

amine was analysed spectrophotometrically (10).

RESULTS AND DISCUSSION

The adsorption of undissociated amines on ion
exchanger is not possible owing to their molecular
structures. Two alternative ways have been suggested
for their selective retention and their subsequent
resolution in 2 mixture:

( 1) The cation exchanger is teken in a metal form
to enable it to form complexes of different
stabilities with the amines.

(ii} The amines are taken in ionic form by their
conversion to hydrochlorides.

W¥hile the former method suffers from the dgisadvantage

of lack of materiels which firmly hold the metal ion,
the letter is simple and casy to accomplish, In our
prescent method we have ehromatographed 17 emine-
hydrochlorides on peners impregnezted with zinc
silicete, & feirly good #dsorbent,

The behaviour of different aminehydrochlorires on
papers impregneted with zine silicete has heen studied
in aqueous and non-aqueous media. The developers used

were DMW end solutions of different concentretions of
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hydrochlorie acid (0.005M, 0.01M and 0.1M HCl). For
studies in nonaqueous medium, 100% acetone and acetone +
hydrochlorie acid mixture in the ratio 1:1 were used.
The Rf values obtained are shown in Table 1. For the
sake of comparison, Rf values of the aminehydrochlorides

were also determined on untreated papers in the same

developers. The results are presented in Table 2,

The results of Tables 1 and 2 show that on zinc
silicate papers aminehydrochlorides are selectively
absorhed while an unretarted movement of most of the
amines is observed on the plain papers. This implies
that zinec silicate, being 2 good adsorbent, selectively
retains certain amines (amines with very low Rp values).,
Zinc silicate is an extremely weak cation exchanger and
preferably takes up B* from the solution. Hence the use
of hydrochloric acid solution resulted in the movement

of aminehydrochlorides when different concentrations of

HC1 were used as developers. Re values increacsed with

increase in concentration of HCl. Higher concentrations
of HC1 furnished greater number of HE* ions which in turn
displaced the amines in the zinc silicate layers. Zine
silicate being less stable in higher concentrations of
mineral acids, use of hydrochloric acid concentration

higher than 0.1M was avoided.
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DMw DMW Acetone + 0.1M HCI

4000 — S
3000 |-

g Methylamine

5 2000 |

£

< Dimethylamine
1000 |-

0 1 1 1 i 1 1

0 20 40 60 80 100

Volume of effluent (m!)

FIG. 1A Separation of Methylamine from Dimethylamine.

DMW +0.1M HC
4000 DMW il Acetone + 0 |
3000 F a - naphthylamine
e
2
E 2000 |-
E Dimethylamine
<
1000 |
o) U | O S -

0 20 40 60 80 100
Volume of effluent (mi)

FIG. 1B Separation of a-Naphthylamine from Dimethylamine.

Separations of aninehydrochlorides were tried
on zinc silicate papers on the basis of their behaviour
in different developers used. In some cases the
differences in Rf values were so large that many

ternary separations too were possible., The binary anda
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DMW DMW  Acetone + 0.1M HCi

4000
3000 |
=) O - Toluidine
2
£ 2000 |
<]
€
< Dimethylamine
1000 |
o) [ T S .
(o] 20 40 60 80 100

Volume of effluent {mi}

FIG. 1C Separation of O-Toluidine from Dimethylamine.

4000 DMW DM\iV Acetone + 0.1 M HCi

3000 1O - Nitroaniline

=
2
S 2000
g
< Dimethylamine
1000 |
o 1 1 L 1 1 i

o} 20 40 60 80 100
Volume of effluent (ml}

FIG. 1D Separation of O-Nitroaniline from Dimethylamine.

ternary separations practically achieved are reported

in Table 3.

The separations found to be possible on paper
chromatograms were also tried on columns loaded with

zine silicate exchanger. The behaviour of amine ions
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4000

3000

Amount {ug)

1000

2000

DMW DMW  Acetone +0.1M HCI
—

m - phenylene
diamine

QO - phenylene
diamine

I | W B

20 40 60 80 100

Volume of effluent (mi)

FIG, 1E Separation of m-Phenylenediamine from O-Phenylenediamine.

4000

3000

Amount {ug)
n
(o]
o]
(o]

1000

0

DMW DMW Acetone + 0.1M HCI
et e
L Diphenylamine
Piperdine
L L1 LN 1
¢] 20 40 60 80 100

Volume of effluent (ml)

FIG, 1F Separation of Piperidine from Diphenylamine,

on the impregnated papers reflects the exact pattern

of elution. O-phenylenediamine being extremely

adsorptive was retained on the colurmm while its

m-isomer came out unadsorbed. The adsorbed amine ion

was then eluted with acetone + 0.10M HC1l mixture. The

amine in the eluate was determined spectrophotometri-
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cally, The quantitative separations practically
achieved are summarized in Table 4 and the order of

elution and the eluents used are shown in Figure 1,
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