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Although Rabinovitsch and Fokin (1930) have used sodium amalgam for the
reduction of bisulphite yet the optimum conditions for the reduction have not been
investigated by these authors. Reference to literature indicated that several patents
were taken for processes employing sodium amalgam in the preparation of sodium
hydrosulphite. ‘Verein Fiir Chemische und Metallurgische Production’ (1939)
~ employed sodium or sodium amalgam for the reduction of sulphurous acid solution
in presence of various salts to maintain the pH of the solution from 6 to 7. I. G.
Farbenindustrie (1939) has taken some patents to reduce sulphur dioxide or bi-
sulphite with sodium or sodium amalgam. Ishikawa and Watanabe (1937) found that
dilute sodium amalgam reduced bisulphite to hydrosulphite. But a systematic
investigation of the reduction by sodium amalgam has not been carried out so far.
During the electrochemical preparation of the hydrosulphite, the primary reaction
consists of the reduction of sodium bisulphite by sodium amalgam. Hence optimum
conditions for this reaction had to be determined before standardising the procedure
for the electrochemical preparation of hydrosulphite. Preliminary work indicated
that the reduction of sodium bisulphite by sodium amalgam is dependent on the
following factors:—

(1) the concentration of the bisulphite in the solution,
(2) the concentration of sodium in the amalgam,

(3) the temperature of the reaction medium, and

(4) the hydrogen ion concentration (pH) of the solution.

The following investigation was taken up to determine the optimum conditions
for the reduction of sodium bisulphite by the sodium amalgam.

EXPERIMENTAL.
Reagents used.

1. Sodium amalgam.—The amalgam was prepared by dissolving sodium in
purified dry mercury. The strength of the sodium in the amalgam was estimated
by the amount of the alkali produced when a known quantity of the amalgam was
allowed to react with water. The sodium content of the amalgam was 2-0069%,.
The amalgam was preserved in a vacuum desiccator and periodic estimations
were made to check up its sodium content.

2. Sodium bisulphite—Solutions of sodium bisulphite were prepared fresh
for each experiment employing chemically pure sodium bisulphite.

Procedure.—The effect of concentration of sodium in the amalgam on the
reduction of bisulphite was determined in the following manner. The titration
vesgel G (Fig. 2, Part ITT) was cleaned and dried and a known amount of the amalgam
wags introduced into the vessel together with an additional quantity of dry mercury
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to dilute the amalgam. The vessel was placed in position and air was displaced by
purified hydrogen. The stirrer was put into motion and when the amalgam became
uniform by mixing mercury and the solid amalgam, a measured quantity of the
bisulphite solution (5%,) was added to the vessel by means of the opening provided
for the burette P. The vessel was surrounded by a water bath to maintain uniform
temperature. The stirring was continued till all the amalgam reacted with the
bisulphite and the hydrosulphite thus obtained was estimated by the cuprammonium
method described in Part I with the necessary correction for the presence of
bisulphite. The results of duplicate experiments agreed closely. The following
results were obtained.
TaprLe I.

Effect of concentration of sodium in the amalgam on the reduction of bisulphite.

Temperature = 25°C. Volume of 5%, bisulphite solution for each experiment = 50 c.c.

Wt. of 9, of sodium Wt. of Theoretical | % efficiency
. yield of of reduction
No. amalgam mlthe Na,8;04 Nay 8,04 on sodium in
taken in gms. amalgam. formed in gms. in gms. the amalgam.
1 415 1-997 0-02337 0-3135 7-458
2 70-25 0-1380 0-06597 0-3665 180
3 211-71 005386 0-1095 0-4313 254
4 278-20 0-0444 0-1448 0-4682 30-93
5 345-3 0-03075 0-1519 0-4016 37-85

The results of Table I indicate that the dilution of amalgam increases the
efficiency of reduction. But the dilution of the amalgam cannot be effected
indefinitely since highly diluted solutions take unduly long intervals (30 minutes) for
completion of reaction and may cause the decomposition of the hydrosulphite formed.

In determining the effect of temperature on the efficiency of reduction of bi-
sulphite by sodium amalgam, 140 gms. of 0-0719, sodium amalgam were allowed
to react with 50 c.c. of 5%, sodium bisulphite at different temperatures. The
rest of the procedure was the same as described above. The results obtained are
given in Table II.

Tasre IIL.

Effect of temperature on the reduction of bisulphite by sodium amalgam.

Sodium in the amalgam = 0-0719,.
Volume of 59 bisulphite in each experiment = 50 c.c.

Wt. of Theoretical 9 efficiency of
Experiment Temperature Na,S,0, yield of reduction on
No. °C. formed in Na S04 sodium in
gms. in gms. amalgam.
1 49 0-1157 0-4182 27-15
2 41 0-1305 04192 31-15
3 30 0-1377 0-4187 32-88
4 20 0-1174 0-4176 28-13
5 10 0-1000 0-4186 23-90
6 4 0-086176 0-4178 20-77

The results of Table IT show that there is an optimum temperature (30°) for the
maximum conversion of the hydrosulphite.
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The effect of concentration of the bisulphite was next investigated. These
experiments were conducted at 25°C. and the amalgam taken was 345 gms. having
0-03075%, of sodium in the amalgam. In each case 50 c.c. of bisulphite solution
was taken and allowed to react with the amalgam as described previously. The
results obtained are given in Table ITI.

TasLe III.

Effect of concentration of the bisulphite on the reduction by sodium amalgam.

Sodium in the amalgam = 0-030759,. Tempcrature = 25°C.
Volume of bisulphite golution = 50 c.c.

. o .
Concentration | Ne8,0, | Theortial | 7 gleeny of
Expt. No. of blS(l)l]ph]te. obtained in NapSs0, sodium in
o gms. in gms. amalgam.
1 20 0-1763 0-4179 42-18
2 10 0-1771 0-4194 42.24
3 8 0-1751 0-4182 41-87
4 5 0-1519 0-4016 37-84
5 2 (-06601 0-4092 16-14

The results of Table III indicate that the increase in the concentration of
bisulphite enhances the amount of hydrosulphite formed. But when the concentra-
tion is raised beyond 109, the increase in the strength of bisulphite has no effect on
the efficiency of reduction. The time of reduction increases with the diminution in
the strength of the bisulphite.

In determining the effect of pH on the reduction of bisulphite, the temperature
was maintained at 30°C. using about 345 gms. of amalgam having 0-03075%,
sodium in the amalgam and employing 50 c.c. of 109, sodium bisulphite solutions
of varying pH. Glass electrode was used to determine the pH of the solution. The
pH of the bisulphite solutions were altered by the addition of acetate buffers (at
low pH values) or sodium bicarbonate (at high pH values). The amalgam was
allowed to react with bisulphite solution as described previously. The results
obtained are given in Table IV.

TaBLE 1V,

Lffect of pH on the reduction of bisulphite by sodium amalgam.

Sodium in the amalgam = 0-030759,. Temperature = 30°C,
Volume of 109, bisulphite solution = 50 c.c.

Wt. of Theoretical % efﬁcifancy of
Expt. No. pH. Na,yS;,04 l%wlél c())f reduptxor; on

formed in gms. @252 e sodium in

in gms. amalgam.
1 4-36 0-2059 04552 45-23‘
2 531 0-2989 0-4499 66-73
3 597 0-3040 0-4561 66-65
4 7-05 0-1380 0-4156 33-21

It is clear from Table IV that when the pH of the solution is low (4-36), the
efficiency of reduction is also low. Similarly when the pH is increased (pH = 7
tl_le efficiency of reduction is low. The pH at which the efficiency of reduction of
bisulphite is the maximum happens to be between b and 6.
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DisoussioN.

The experimental evidence presented in this section indicates that the following
precautions must be taken to obtain a high efficiency in the reduction of bisulphite:

(1) The concentration of the bisulphite solution must be high.
(2) The pH of the solution must be between 5 and 6.

(3) The amalgam must be as dilute as possible.

(4) The temperature must be maintained at about 30°C.

When the sodium amalgam reacts with an aqueous solution of bisulphite the
following reactions can take place:— '

(1) 2NaHSOg+2Na — Na,S;0, +2NaOH.
(2) 2Na+2H,0 — 2NaOH +H,.
(3) N328204 +2Na+H20 = Na:28203 +2N30H.

When the concentration of the bisulphite is high it is obvious that reaction (1) shounld
take place to the maximum extent and hence the high efficiency of reduction as
indicated in Table ITI. When the concentration of sodium in the amalgam is high
the side-reactions (2) and (3) are favoured and the amount of the hydrosulphite
produced is diminished. The low efficiency indicated in Table IV at high pH values
is due to the formation of sodium sulphite which is not reduced by the amalgam.
When the pH is very low (below 4) the hydrosulphite formed is unstable; hence the
efficiency again diminished. Hence an optimum pH of 5-6 should be maintained to
get the maximum yield of the hydrosulphite.

The effect, of temperature on the production of hydrosulphite indicates that
30°C. is the optimum temperature for the production of hydrosulphite while in
Part III it has been shown that the electrolytic production of the hydrosulphite is
favoured at low temperatures, One point of difference, however, has to be noted
regarding the action of sodium amalgam at different temperatures. At 30°C. the
reaction is completed within 15 minutes while at 4°C. the time taken-happens to be
nearly one hour. During this long period of shaking it is probable that some of the
hydrosulphite formed at low temperatures may get decomposed thus giving a low
yield of the hydrosulphite. Yuferev and Maluigin (1930) have studied the action of
sodium amalgam on sulphur dioxide dissolved in a number of inert liquids. They
have also noticed that at Jow temperatures (0°C.) the percentage yield of hydrosulphite -
is less than the yield at higher temperatures (20°C.). But they have not determined
the optimum temperatures for the reduction.

SUMMARY.

Various conditions that influence the formation of hydrosulphite by the reduction of sodium
bisulphite in presence of sodium amalgam have been investigated ;—

1. The efficiency of production of hydrosulphite increases with the diminution of sodium
content in the amalgam.

2. The formation of hydrosulphite is maximum when the temperature is maintained
at 30°C.

3. High concentrations of bisulphite increase the quantity of hydrosulphite produced.

4. The pH range for maximum formation of hydrosulphite happens to be 5-6,
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