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NOTE

Paper Chromatographic Separation of
Arsenic Valences

M. SUBBAIYAN and P. B. JANARDHAN

ANALYTICAL AND INORGANIC CHEMISTRY DEPARTMENT
UNIVERSITY OF MADRAS

A. C. COLLEGE CAMPUS

MADRAS-25, SOUTH INDIA

Abstract

Separation of As(III) from As(V) by paper chromatography is described.
The choice of suitable eluent is indicated. An explanation is offered for the
observed separation on the basis of complexation and solvation of the arsenic
ions.

There are but a few publications (1-5) related to the chromatographic
separation of valency states of arsenic. Earlier works make use of treated
papers and confine themselves to observations without offering explana-
tions. The present work gives a method for separating and estimating
AsOs*~ and AsOg2~ on untreated paper, besides giving appropriate
explanations for the observations.

The method finds use in the field of insecticides, vegetation sprays, and
antifouling paints wherein the quantity of the highly toxic AsOs*~ (6)
has to be controlled with respect to AsOz2—.

EXPERIMENTAL
Preparation of Solutions

Arsenic(IIT) solution was prepared by dissolving a weighed amount
of AR As;O; in a minimum amount of N/5 NaOH solution. A part of

425

Copyright © 1972 by Marcel Dekker, Ine. NO PART of this work may be reproduced
or utilized in any form or by any means, electronic or mechanical, including xerography,
photocopying, microfilm, and recording, or by any information storage and retrieval
system, without the written permission of the publisher.



14: 28 25 January 2011

Downl oaded At:

426 SUBBAIYAN AND JANARDHAN

the above solution was oxidized with concentrated HNO; to give As(V)
solution. The pH’s of the made-up solutions were adjusted to 6 and 9
by neutralization. Mixtures for separation were prepared as and when
required by mixing suitable aliquotes of the above solutions.

Spraying Reagent

‘A 19, ammoniacal silver nitrate solution, when sprayed on the
chromatogram, gives a yellow color with arsenite and a chocolate brown
color with arsenate. Its sensitivity is 1 v of arsenic. The colors produced
are not stable for long.

Twelve centimeter circles of Whatman paper No. 1 were used. A
desiceator of 12-in. diameter was used as the chromatographic chamber.
A solution .of arsenic was spotted at the center of the filter paper circle
using an Agla micrometer syringe and the spot was dried under a hot-
air blower. The chromatogram was prepared by Rutter’s technique (7).
The choice of eluents was guided by their polarity, viscosity, and
solubilization (8). The following solvents and their mixtures were used
with and without the presence of acid or alkali: methanol, ethanol,
n-propanol, n-butanol, and ethyl acetate. The distance from the center
of the spot to the outer boundary of the chromatographic band was
measured and related to the solvent front to calculate the R, values.

OBSERVATION

The results obtained with different eluents and the spotting solution
at pH 6 and 9 are presented in Table 1. Separation becomes difficult
with acidulated eluents, because both the ions migrate together to the
solvent boundary due to rapid desorption. Water, with its high dielectric
constant of 78.54, pushes both the ions chromatographically to the
solvent boundary without effecting separation, whereas with methanol
(dielectric constant 32.63) the migration of AsOg#~ is considerably re-
tarded (R, 0.37 compared with 0.89 of AsOs*~). With solvents of lesser
polarity, such as ethanol, AsOg~ migrates very little whereas AsOz#~
continues to migrate appreciably. This is also the case when the pH
of the spotting solution is 9. In the case of propanol and butanol the
migration of AsO;* is not satisfactory because of diffusion. In ethyl
acetate (dielectric constant 6.02) both the ions refuse to move.

It is interesting to note that AsO;~ gives two bands in Nos. 2, 7a, 7b,
and 10c¢ of Table 1, indicating the presence of two migrating species.
The outer bands are less intense than the inner ones.
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pH 6

pH9

R; values ofe

Ry values ofe

No. Eluent AsOg8— AsO8~ AsOz~ AsO 8-
1 Water 1.00 1.00 0.97 1.00
2 Methanol 0.89 0.37 (IB) 0.89 0.38
0.69 (OB)
3 Ethanol 0.85 0.19 0.77 0.00
4 n-Propanol Diffused 0.00 0.00 0.00
5 n-Butanol Diffused 0.00 0.00 0.00
6 Ethyl acetate 0.00 0.00 0.00 0.00
7 MeOH :water
a) 90:10 — — 0.91 0.42 (IB)
0.67 (OB)
b) 80:20 0.80  0.57 (IB) 0.92  0.51 (IB)
0.74 (OB) 0.74 (OB)
¢) 50:50 0.90 0.88 — —
d) 20:80 0.92 1.00 — —
8 MeOH :ethyl acetate
a) 80:20 0.88 0.00 — —
b) 50:50 0.87 0.00 — —
¢) 20:80 0.62 0.00 — —
9 MeOH :ethyl acetate:water
a) 30:60:10 0.71  0.00 — —
b) 40:50:10 0.72 0.16 — —
¢) 50:40:10 0.87 0.20 — —
d) 70:20:10 0.90 0.23 - —
10 EtOH :water
a) 95:5 — — 0.83 0.00
b) 90:10 - — 0.85 0. 00
c) 80:20 — — 0.86 0.29 (IB)
0.54 (OB)
¢ Average of four readings. (IB) = Inner band. (OB) = Outer band.

DISCUSSION
Spotting Solution at pH 6

Separation of AsOz~ and AsOg# is not possible when water and
methanol are used either individually or as a mixture (see Nos. 1, 2,
and 7). This is an expected observation because at pH 6 the species are
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Fi1c. 1. Explanation for the double bands of AsOs~ in water—-alcohol
mixtures. W = water. S = solvent.

strongly hydrated as H;[ AsO;(H;0)s] and Na[H,AsO,(H.0)s] (10).
They move equally fast under the rapid desorption effect of hydrogen
ions (9) and strong solubilization by the solvent. In Nos. 8 and 9 of
Table 1 the B, values of AsO;* and AsO.— differ widely, indicating the
possibility of separation. The greater R, in No. 8 than in No. 9 may
indicate better separation in the former. But practically speaking, it is
the other way around; the separation in No. 9 is better than in No. 8
due to the sharpness of the boundaries in the former. The presence of
water in No. 9 is responsible for this marked difference. In the eluent
No. 8, control of polarity alone is brought about, while in No. 9, in
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addition to the control of polarity, there is also better solubilization due
to the presence of water.

Spotting Solution at pH 9

The slightly greater B, value of AsO2~ (see No. 1, pH 9 of Table 1)
can be explained on the basis of the coordination chemistry of arsenite
and arsenate. AsOg2~ gives a more ionic coordination shell than the
distorted tetrahedron of AsOy*—. Following the principle of “like solu-
bilizes the like,” the more ionic AsO;~ is more solubilized by the highly
polar water and hence it has a slightly greater E,.

Chromatographic migration under the influence of highly polar water
leads to partial or total hydrolysis:

Na[H.As(OH)4 + H,0 — H;3{As(OH)s + NaOH

In the case of AsO;* the hydrolysis is total, yielding the homogeneous
species H;[AsO;(H:0);]. In the less polar solvents it moves as
H,[AsO;(H,0).(Sol), ] and hence has the lower R;. However, in all
instances AsOz*~ moves only as a single species, as indicated by the
single band.

AsOg2~ exhibits two bands in some cases (Nos. 2, 7a, 7b, and 10c¢) . AsO3—
can exist as Na[H;As0,(H,0)s] at pH 6 and as Na,[HAsO,(H,0)s]
at pH 9. In water, both these species move as such to the boundary, and
therefore AsO,*~ shows only a single band in water. With other eluents
such as methanol there is a tendency for the water of solubilization to be
replaced to a greater or lesser extent by solvent molecules (Fig. 1).

DIRECTION
OF MIGRATION

Fig. 2. Diagrammatic representation of orientation of sodium arsenate
during chromatographic migration.
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This results in partial solvolysis and hydrolysis:

MeOH
Nay[HAsO(H:0)] — Na[HAsO.(H,0)-(Sol)y]

HiO 1

Hz[HASO 4(H20 )5]
2

Complex x, being more acidic, moves faster than Complex 1. This
explains the two bands observed for AsO#~ in some cases. That the
outer band consists of the hydrolyzed species 2, deprived of alkalinity,
is shown by the fact that it gives a negative test for alkali with phenol
red indicator, while the inner band is distinctly alkaline.

A peripheral alkalinity was also observed in the case of chro-
matographic bands produced with water as eluent. It is therefore pre-
sumed that the sodium arsenate species becomes oriented during
migration, the sodium ions facing the polar solvent front and the arsenic
moiety trailing behind (9) (Fig. 2).

As the percentage of water increases in relation to methanol in the
eluent, the tendency for replacement of water of solubilization by

TABLE 2
Estimation of AsO;*~ and AsOg~ after Chromatographic Separation

AsOz* (pg) AsO2~ (ug)
Esti- Esti-
Eluent Spotted mated* Error  Spotted mated® Error

Spotting solution pH 6
MeOH :ethyl acetate:water

a) 30:60:10 75.35 73.7 —1.65 83.58 80.4 —3.18
b) 40:50:10 75.35 72.0 -3.35 83.58 79.8 -3.78
c) 50:40:10 75.35 71.4 —3.95 83.58 81.3 —2.28
d) 70:20:10 75.35 72.6 —2.75 83.58 80.9 —-2.68

Spotting solution at pH 9
Ethanol:water
a) 95:5 75.35 72.1 —-3.25 83.58 80.6 —2.98
b) 90:10 75.35 72.4 —-2.95 83.58 81.5 —2.08

s Average of at least four estimations.
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methanol becomes less or nil. Therefore, AsOg2— yields only a single

" band in Nos. 7¢c and 7d.

From the data given in Table 1, it was found that the solvent systems
Nos. 9a, 9b, 9¢, 9d, 10a, and 10b are suitable for good separation of
AsOz*~ and AsOg2~. These solvent systems were adopted for subsequent
separations.

ESTIMATION

The AsOs*~ and AsO,* in the mixed solutions were separated by the
paper chromatographic technique described above. The respective
bands were carefully cut out and shredded. The arsenic content in them
was estimated by the Gutzeit technique (11) (see Table 2).
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