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Of the several attempts to prepare the hydrosulphite without employing zinc,
the electrochemical reduction of the bisulphite is perhaps the most important.
Schoenbein (1857-58) obtained a reddish brown liquid by subjecting sulphurous acid
to electrolytic reduction. Schiitzenberger (1869) used sodium bisulphite in place
of sulphurous acid in the electrolytic cell and stated that the product of reduction
had the composition NaHSQ,. Ekker (1895) was the first to make a quantitative
study of the electrolytic reduction of sodium sulphite using a current of 1-5 amps.
for the reduction. He noticed that in addition to hydrosulphite other products
like hydrosulphurous acid (H,8,0,) and sodium hydrogen hydrosulphite (NaHS,0,)
were also formed. The yield of the hydrosulphite in his work diminished with time
since Ekker did not use any diaphragm to prevent the anodic oxidation of the
hydrosulphite. Elbs and Becker (1904) employed a porous diaphragm to prevent
the anodic oxidation and they used cathodes of platinum, aluminium and zinc for
the reduction of sodium bisulphite. They noticed a high current efficiency to start
with, which was considerably reduced with time due to the side reactions during
electrolysis. Frank (1904) showed that in the preparation of sodium hydrosulphite
by electrolysis of sodium bisulphite it was necessary to keep the solution almost
neutral to prevent the side reactions. He obtained solutions containing 3-4 per cent
sodium hydrosulphite by the electrolytic process.

Jellinek (1911) showed that the formation of hydrosulphite by the electrolytic
reduction of bisulphite was favoured by (1) low temperature during reduction, (2)
high current concentration, and (3) efficient stirring of the solution to avoid side reac-
tions. Later on K. and E. Jellineks (1919) investigated the problem more system-
atically. They studied the effect of platinum, nickel, copper and lead cathodes and
noticed that in the case of lead cathode a maximum yield of 6-8 per cent hydrosulphite
was obtained while with other electrodes the yield varied between 3 and 4 per cent.

McGlynn and Brown (1929) employed the following cathodes for the reduction
of sodium bisulphite: (1) zinc, (2) amalgamated zinc, (3) tinned iron, (4) pure tin,
(5) mercury, and (6) platinum gauze. They noticed that cathodes of amalgamated
zince and mercury produced the highest yields (5-5-5%,) of hydrosulphite. The best
of conditions to get the maximum yield were (1) use of concentrated solution (25%,)
of sodium bisulphite, (2) maintenance of current density at 2 amps./sq. dm., (3)
maintaining the temperature at 18°C,, and (4) employing sulphuric acid as the anolyte
in preference to other substances like sodium hydroxide, sodium sulphate and
sodium chloride.

McGlynn and Brown (1929), however, did not exclude air from the preparation
cell.  Another important drawback in the method was the use of stationary mercury
cathode which increased the concentration of sodium in the amalgam. It has been
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shown in Part 1I that concentrated amalgams are not efficient in the reduction of
bisulphite solution. Tn the present investigation, the defects in the procedure of
MecGlynn and Brown have been either eliminated or minimised and attempts have been
made to improve the concentration of the hydrosulphite. The yield of hydrosulphite
depends upon (1) the temperature, (2) the pH of the solution, (3) concentration of
the bisulphite, (4) current density, and (5) the stabilising agents present. Although
some of these aspects have been investigated by earlier workers, yet all these factors
have not been studied for a mercury cathode which is found to yield high concen-
tration of hydrosulphite. Hence a detailed study of the electrolytic production of
hydrosulphite at the mercury cathode has been undertaken in the present work.

EXPERIMENTAL.

The electrolytic cell consists of a glass jar J (fig. 2) surrounded by a water bath
F to maintain constant temperature. The glass jar is fitted with a wide rubber
stopper Ry through which the cathode C and the gas inlet 7'y and the outlet 7’y pass.
The anode chamber D consists of an unglazed porcelain tube (2 cm. dia.) closed at
the bottom and passes through the rubber stopper. The rubber stopper is also
fitted with a motor (M) driven stirrer 8y passing through the mercury seal to make.
the apparatus gas-tight. The speed of the stirrer can be regulated by a screw arrange-
ment provided for the purpose. The temperature of the cell is determined by the
thermometer 7'. A capillary tube E dips in the catholyte and provides the means
to take out samples of catholyte into the measuring burette P. The anode consists
of a platinum foil sealed to the glass tube 4. The mercury cathode at the bottom
of the cell is given the electrical connection by the connecting tube C. The entire
cell is gas-tight and the air inside the apparatus is always replaced by hydrogen
through the inlet tube 77,. The exit gas is passed through the water seal ¢; and
helps one to test the air-tightness of the apparatus.

The apparatus for the analysis of the catholyte consists of a small measuring
burette P (10 c.c.) provided with a water seal Cg to maintain an inert atmosphere
in the burette. The analytical vessel consists of a gylindrical glass vessel G fitted
with a rubber stopper R, through which the measuring burette P, the stirrer Sy with
mercury seal and the burette B for the addition of cuprammonium sulphate pass.
The glass tubes 7's and 7', are the inlet and the outlet respectively for the hydrogen
gas to maintain an inert atmosphere in the analytical vessel. The water seal (5
provided for the outlet of the hydrogen gas indicates the air-tightness of the apparatus
as indicated previously. Known quantities of the hydrosulphite solution from the
electrolytic cell were titrated against cuprammonium sulphate to determine the
hydrosulphite content as indicated in Part 1.

Anolyte employed.—McGlynn and Brown (1929) have employed solutions of
various electrolytes as anolytes and found that sulphuric acid would give the highest
yield of hydrosulphite. But when sulphuric acid was employed in the present case,
the acid diffused into the catholyte and decomposed the hydrosulphite formed
giving the precipitate of sulphur. Same difficulty was met with when a concentrated
solution of bisulphite was employed as the anolyte. When sodium hydroxide was
used as the anolyte, the hydroxide diffused into the catholyte and increased the pH
of the solution which diminished the efficiency of reduction considerably. After a
number of preliminary experiments it was found that a saturated solution of sodium
bicarbonate was the best anolyte.

»

PROCEDURE.
Effect of temperature on the preparation of hydrosulphite by electrolytic reduction of
bisulphite.

The electrolytic cell was cleaned and filled with 60 c.c. of mercury, 120 c.c. of
10 per cent sodium bisulphite solution and placed in position as shown in fig, 2,
2B
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10 c.c. of a saturated solution of sodium bicarbonate was added to the anode compart-
ment D. Air was displaced by purified hydrogen and the temperature of the bath
outside the electrolytic cell was adjusted by frequent additions of ice or hot water
as the case may be. When the bisulphite solution attained the temperature of the
bath, the current (from 110 volt main) was switched on and the stirrer started
simultaneously. The current density was kept constant by adjusting a rheostat
connected in series. The current was measured by means of a calibrated ammeter.
In the earlier experiments it was noticed that after the current was passed for about
30 minutes, there was considerable decomposition of the hydrosulphite producing
sulphur which reacted with mercury giving rise to mercuric sulphide. This trouble
could, however, be overcome by addition of 1-2 gms. of sodium bicarbonate to the
catholyte. Samples of the catholyte were taken out at intervals and the hydro-
sulphite content determined by the cuprammonium sulphate method described
already. The volume of the catholyte used both for rinsing and for the estimation
of the hydrosulphite had to be noted for the calculation of the total amount of
hydrosulphite produced in a given interval.

The current efficiency was calculated by assuming the following reaction for the
reduction of the bisulphite

2NaHS0;3+2Na = NapS,0,+2NaOH .. .. (1)
The following table gives the results obtained.

- TaBLE I.

Effect of temperature on the preparation of hydrosulphite by electrolytic reduction
of bisulphite at mercury cathode.
Current density = 2-4 amp./sq.d.m. Catholyte: 120 c.c. of 109, bisulphite4-1-2 gms. NaHCOg.
Anolyte: 10 c.c. of saturated NaHCOj, solution.

Time of reduction.

Temp. 15 minutes. 30 minutes. 45 minutes. 60 minutes. 75 minutes.
°C.
NapS:04 % NagB:04) % NagS:04 % |NaB,04 % (NagSy04 %
ingms. | C.E. | ingms.| C.E. | ingms. | C.E. | in gms. | C.E. | ingms. | C.E.
45 0-4397 | 73-02 | 0-7426 | 61-66 | 1-0330 | 57-15 | 1-2756 | 5284 | 1.4524 | 48-21
36 0-4485 | 74-47 | 0-7451 | 61-73 | 1-0417 | 57-66 | 1-8320 | 55-30 | 1-5403 | 50-56
20 0-4593 | 76-26 | 0-7687 | 63-83 | 1-0066 | 5569 | 1-3242 | 54-96 | 1:7560 | 58-30
12 0-4757 } 79-0 0-8624 | 71-60 | 1-2737 | 70:50 | 1-6196 | 67:25 | 2-0327 | 67-48
1 0-4992 | 82-88 | 0-9533 | 79-14 | 1-4344 | 79:32 | 1-9428 | 80-65 | 2:3495 | 7803

The results of Table I indicate that
(a) when the temperature is low the current efficiency will be uniformly high
{80%,) for all intervals of reduction;
(b) if the temperature is high (20°C. and above) the current efficiency in the
initial stages is high but falls off rapidly with the progress of reduction
(c) the concentration of the hydrosulphite is high when the temperature of
reduction is low.
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It is thus obvious that the temperature should be as low as possible during the
production of hydrosulphite by the electrolytic reduction.

Effect of pH. on the preparation of hydrosulphite.

Although acidity of the solution plays a very important réle during the reduction
of bisulphite by sodium amalgam, yet a systematic investigation on the influence of
pH on the reduction has not been carried out so far.- Rabinovitsch and Fokin
(1930) have noticed that the production of hydrosulphite is considerably reduced
when the solution is less acidie, but they have not carried out their experiments
under controlled conditions of temperature and pH.

In determining the effect of pH on the electrolytic reduction of bisulphite, the
temperature of the catholyte was maintained constant at 25°C. The reduction was
studied employing sodium bisulphite solutions (10%,) of varying pH. Glass electrode
was employed for determining the pH of the solutions. Sodium bicarbonate or
acetate buffer was employed to change the pH of the bisulphite solution.

The procedure employed in determining the effect of pH was similar to the one
used in determining the effect of temperature. The results obtained are given in
Table II.

TasLe II.

Effect of pH on the preparation of hydrosulphite by electrolytic reduction of bisulphite at mercury
cathode.

Current density: 2-4 amp./sq.d.m. Catholyte: 120 c.c. of 109, bisulphite of known pH.
Anolyte: 10 c.c. of saturated NaHCO; solution. Temperature: 26°C.

Time of reduction,

pH 15 minutes. 30 minutes. 45 minutes. 60 minutes. 75 minutes.

NagB,040 % [Nag8,0,1 % [Nag804f % [Na58;04) % |Nag8,0, %
ingms. | CE. | ingms. { CE. { ingms. | C.E. | ingms, | C.E. | ingms.| C.E.

4-37 0-47;77 79-32 | 0-9059 | 73-48 | 1-252 | 69-29 | 1-592 | 66-10 | 2:0013 | 66-45
4-;35 0-4801 { 7973 | 0-9195 | 76-33 { 1-334 | 75-56 | 1-743 |72:35| 2-285 | 75-78
5-31 0-5314 | 88-22 ) 1-0418 | 8648 | 1444 | 79-93| 1-938 | 80-46 2-418 | 80-28
5-97 0-5048 | 83-81 | 0-8799 { 71-39 ] 1-2596 | 69-71 { 1-5949 | 66-22 | 1-9816 | 65-80
6-53 0:3770 | 62-59 | 0-5695 | 47-29 0-7936 | 43-92 | 1-0236 | 42-51 | 1-1179 | 8711
7-06 0:3230 | 53-64 | 0-3989 | 33-11 | 0-4856 | 26:87 | 0-5994 | 24-88{ (5940 |decom-

posi-
tion.

“The results of Table II indicate that when the pH of the solution is low (4-3) both
the current efficiency and the amount of hydrosulphite produced are small. But as
the pH is increased (5-5-5), the current efficiency and the amount of hydrosulphite
produced increase. But when the pH is increased further (pH = 6-7), the current
efficiency and the amount of hydrosulphite produced fall again. It is thus clear
that the pH of the catholyte must be maintained between 5 and 5-5 to get the
maximum yield of hydrosulphite.
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The effect of current density on the preparation of hydrosulphite by electrolytic reduction
of bisulphite.

In determining the effect of current density on the electrolytic reduction of
bisulphite the catholyte used had 10 per cent bisulphite at pH 5-3. The temperature
employed was 25°C. The rest of the procedure was the same as described above.
The results obtained are given in Table III.

Tasre III.

The effect of current density on the preparation of hydrosulphite by electrolytic reduction of bisulphite
at mercury cathode.

Catholyte: 120 c.c. of 10 per cent bisulphite sclution at pH = 5-3.
Anolyte : 10 c.c. of saturated solution of NaHCOj;. Temperature: 25°C.

Time of reduction.

Current density 30 minutes, 60 minutes. 90 minutes. 120 minutes.
in amp./sq.d.m.

Na,8,0, % Na,5,0, % NapB8:04 % NapB8;0, %
ingms, | CHE., |ingms.| CE. |ingms.| CE. |ingms.| C.E.

0-8 0-3335 | 83-04 0-6204 | 77-27 0-9387 | 77-78 1-2928 | 80-50
1-6 0-6167 | 76-81 1-18298 | 73-67 1-8076 | 75-04 2-4639 | 76-70
26 0-9328 | 72-70 1-7940 | 69-80 2-721 70-6 3618 70-40
48 1-542 64:0 3-1549 | 6549 4-3526 | 60-24 4:064 | decom-
posi-
tion.

It is shown that where the current density is low (0-8-2-6 amp./sq.d.m.) the
current efficiency remains more or less constant. But when the current density is
4-8 amp./sq.d.m., the current efficiency falls even at the beginning. Added to this,
the hydrosulphite starts decomposing when the current is passed for more than 1}
hours. Experiments at higher density could not be tried since the current was
reduced due to polarisation and a lot of heat was evolved. Hence it can be concluded
that for & mercury cathode a maximum current density of 48 amp./sq.d.m. could
be employed for getting a good yield of sodium hydrosulphite.

Effect of concentration of sodium bisulphite on the preparation of hydrosulphite by
electrolytic reduction of bisulphite.

Catholytes of varying concentrations of sodium bisulphite having a pH of 5-3
were employed to determine the concentration effect. The temperature of reduction
was 25°C. The results obtained are given in Table IV,

The values indicate that for short intervals the concentration of bisulphite has
not much influence; but when the time of reduction extends over 90 minutes, higher
concentrations of bisulphite would increase the amount of hydrosulphite produced.
The concentration, however, cannot be indefinitely increased. Thus the solution
having 409, bisulphite consistently gives lower yields of hydrosulphite than the
solution whose bisulphite concentration is only 20 per cent. Employing a zinc
cathode, McGlynn and Brown (1929) have also noticed that there is an optimum
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Tapir IV,

The effect of concentration of bisulphite on the preparation of hydrosulphite by electrolytic reduction
of bisulphile at mercury cathode.

Catholyte: 120 c.c. of bisulphite solution of different concentrations at pH = 5-3.

Anolyte: 10 c.c. of a saturated solution of NaHCOg. Temperature: 25°C. Current density:
4-8 amp./sq.d.m.

- Time of reduction.

Concen. of bisul-| 30 minutes, 60 minutes. 90 minutes. 120 minutes.
phite in the soln.

Na,S8,04 %  |NagS,04 %  Nay8,0, %  NaaS,04 %
ingms.| C.E. |in gms. C.E. |in gms, C.E. |in gms. C.E.

10% 1-542 64-0 3-1549 | 65-49 4:3526 | 60-24 4064 | decom-
posi-
tion.

159, 1-615 67-08 30132 | 6265 4-6037 | 63-72 5-5684 | 57-79

209, 1-643 6819 2:9079 | 60-37 4-4395 | 61-45 5-630 58-42

409, 1-166 58-13 2-077 48-85 3.0310 | 44-73 3-924 41-31

concentration of bisulphite to get the highest yield of hydrosulphite during the
electrolytic reduction.

Attempts to prepare concentrated solutions of hydrosulphile.

In industry sodium hydrosulphite is salted out in presence of sodium chloride
from solutions having about 18 per cent hydrosulphite. Rabinovitsch and Fokin
(1930) employed an indirect method of electrolytic reduction and claimed to have
obtained 11-8 per cent hydrosulphite. The experiments of Rabinovitsch and Fokin
(1930) were repeated in this laboratory with a view to preparing hydrosulphite
solutions of higher concentrations, but their results could not be reproduced. Several
attempts were made to increase the concentration of hydrosulphite obtained by the
direct electrolytic reduction of bisulphite. Experiments described in this section
indicated the following favourable conditions for the production of high concentration
of hydrosulphite: (1) The temperature of reduction must be as low as possible,
(2) The pH of the solution should be maintained between 5 and 5-5. (3) The current
density must be low. (4) The concentration of the bisulphite must be reasonably
high. (5) A stabilising agent should be used to increase the stability of the hydro-
sulphite formed.

The temperature of the catholyte was brought down by surrounding the electro-
Iytic cell with a mixture of ice and salt. Although the initial temperature of the
catholyte was lowered to 1°C., yet, when the current was passed, the temperature of
the catholyte rose to an equilibrium value of 9°C. and remained steady at this point
for the rest of the experiment. The pH of the bisulphite solution was brought up
to 5:3 by addition of suitable amount of sodium bicarbonate.

The results of Table III indicated that the current efficiency was quite high (75%,)
even when the current density was 1-6 amps./sq.d.m. Although higher current
efficiency was noticed for lower current densities, yet the time of reduction was
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considerably increased when too low a current density was employed. When the
period of reduction was increased, a good bit of the hydrosulphite formed underwent
spontaneous decomposition, hence an optimum current density of 2-6 amps./sq.d.m.
was employed to get the maximum yield of hydrosulphite.

The concentration of bisulphite was equally important. In the first place, it
supplied the material for the reduction and secondly, it stabilised the hydrosulphite
formed during reducticn (Jellineks, 1919) and lastly, it acted as a buffering material in
the maintenance of the pH of the catholyte. Results of Table IV indicated that the
addition of large quantities of bisulphite (20%,) favoured the production of hydro-
sulphite, although too large a quantity of the reagent (409,) slightly diminished the
yield. Hence the bisulphite solution used had 30 per cent of the salt.

The presence of foreign substances are stated t3 have a stabilising influence on
hydrosulphite solutions. Hydrophilic colloids like gelatin (Worsley, 1923), gum
arabic (Jableczynsky and Warszawska-Rytel, 1926), sodium silicate (Rabinovitsch
and Fokin, 1930) are stated to have stabilising action on sodium hydrosulphite.
Sodium hydroxide (Mellor, 1930) is a good stabilising agent but it cannot be employed
during the electrochemical reduction of sodium bisulphite since higher pH of the
sulphite solution inhibits the electrolytic reduction (Table II). K. and E. Jellineks
" (1919) have shown that sodium bisulphite is a good preservative for the hydrosulphite.
Ishikawa and Watanabe (1937) state that the formation of the molecular compound
NagS,0,, 3:56NayS0g, xHa0 is responsible for the stability of hydrosulphite.
Amongst organic compounds that stabilise sodium hydrosulphite, the more important
ones are (1) formaldehyde (Rabinovitsch and Fokin, 1930; Lumiére and Seyewetz,
1905), (2) acetaldehyde, and (3) acetone (Lumiére and Seyewetz, 1905). The
following were some of the stabilisers that were used to increase the concentration
of hydrosulphite in the present work.

Sodium bisulphite solution was mixed with sodium silicate (1%,) and used as a
catholyte with a view to increasing the stability of the hydrosulphite formed. But
after the reduction proceeded for about one hour, the catholyte became viscous
and the stirring was very ineffective. When the reduction was continued further,
the current efficiency fell considerably and indicated that the silicate was definitely
harmful (Table V). The same difficulty was experienced even when 0-5%, solution
of sodium silicate was employed as a stabilising agent. The increase in viscosity
of the solution was due to the reaction between sodium silicate and sodium bisulphite
resulting in the formation of silicic acid. Even Rabinovitsch and Fokin (1930)
employed sodium silicate in presence of sulphurous acid and it was strange to find
that they were not encountered with the trouble mentioned above. It was con-
cluded therefore that sodium silicate cannot be used as a stabilising agent in presence
of sodium bisulphite. When gelatin was used as a stabilising agent, a lot of froth
was developed during the course of the experiment and the method could not work.
Nekal BX was also tried as a stabilising agent.

The following procedure was adopted in all experiments tried to improve the
concentration of hydrosulphite. The catholyte consisting of sodium bisulphite
solution with the stabiliser was subjected to electro-reduction, as described earlier,
at a current density of 2-6 amp./sq.d.m. A saturated solution of sodium bicarbonate
was employed as the anolyte in the anode compartment. Samples of catholyte
were removed at intervals and the hydrosulphite formed was estimated. The
experiment was generally stopped when there was no increase in the concentration
of the hydrosulphite. The results obtained are given in Table V.

When a stabilising substance is not present in the solution, the hydrosulphite
attains a maximum concentration of 4:1%, within 2-25 hours. After this interval
there is a gradual fall in the concentration, This shows that after 2-25 hours the
rate of decomposition of hydrosulphite is higher than the rate of formation of the
substance. With sodium silicate as stabiliser, although there is no harmful effect
to start with, yet the hydrosulphite concentration falls off rapidly after 1-756 hours,
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With Nekal BX, on the other hand, there is a slight improvement in the yield of
hydrosulphite throughout.

The improved yield when the catholyte is mixed with Nekal BX, given in Table
V, was followed up with a detailed study on the production of hydrosulphite using
309, sodium bisulphite solution. The results are given in the last two rows (expts.
4 and 5) of Table V.

A number of interesting observations can be made from this table. (1) To
begin with, there is a high current efficiency which gradually diminishes with the
progress of the experiment. (2) When the concentration of the bisulphite is low,
the decomposition of the hydrosulphite sets in earlier, consequently the strength
of the hydrosulphite diminishes. But at higher concentrations of the bisulphite
the concentration of the hydrosulphite increases with time. (3) Nekal BX has a
beneficial action on the yield of the hydrosulphite.

A large number of experiments were tried at 9°C. with 309, bisulphite solution
together with 3%, sodium bicarbonate and 19, Nekal BX as catholyte using a current
density of 26 amp./sq.dm. The highest concentration of the hydrosulphite
(NayS;0,) obtained so far happened to be 10-4%,.

Effect of zinc on the reduction of the bisulphite was next investigated. McGlynn
and Brown (1929) have reported that zinc amalgam gives higher current efficiency
than mere mercury. Thus the percentage yield increases from 35 to 40 if the mercury
cathode is replaced with amalgamated zine. But when the passage of current is
prolonged the effect is reversed and mercury cathode is found to be better. Thus
with prolonged passage of the current, the mercury cathode yields 27 per cent, while
amalgamated zinc gives only 20 per cent of calculated quantity of the hydrosulphite.
In the present investigation the effect of zine amalgam on the efficiency of reduction
has been tried.

The experimental procedure was the same as the one described above for the
mercury electrode excepting that the mercury had dissolved zine. The following
are the details of the results obtained.

TaBLe VI.
Effect of zinc amalgam on the production of hydrosulphite with 30 per cent bisulphite as catholyte,

Temperature = 9°C. Current density = 2-6 amp./sq.d.m. Catholyte = 75 c.c. of 30 per cent
NasHSOj; together with 2-25 gms. NaHCOj;. Anolyte = 10 c.c. of NaHCOj; (saturated
solution). Anode = Platinum foil. Cathode = 760 gms. of mercury having 1 gm. of zinc.

s Total Theoretical Theoretical
Time Na S° 0 Na,8,0, yield by yicld by the
in hours. obtzi oy d4 obtained. Zn only. current only.
s ' gms. gms. gms.
1 6528 4-897 2-67 2-569
2 8-906 6380 » 5-139
23 1069 7-409 " 6-423
3 10-32 7-228 . 7-709

The last column is calculated by assuming that the current passed through the
system is completely utilised to produce hydrosulphite with a current efficiency of
100 per cent. The results indicate that although the presence of zinc enhances the
rate of production of the hydrosulphite, yet the concentration of the hydrosulphite
in the catholyte remains 10-69 per cent.

Effect of formaldehyde on the concentration of the hydrosulphite is also inves-
tigated. Formaldehyde forms a stable complex with hydrosulphite and it was
assumed that the presence of formaldebyde may arrest the decomposition of the
hydrosulphite produced, thus increasing the concentration of the hydrosulphite in
the catholyte. The hydrosulphite produced was estimated by the iodine method.
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Temperature = 9°C. Current density = 2-6 amp./sq.d.m. Catholyte = 75 c.c. of 30 per cent
NaHBO; together with 2-25 gms. of NaHCOg and 6-4 c.c. of 40 per cent formaldehyde.
Anolyte = Saturated solution of sodium bicarbonate.

TaABLE VII.

Effect of formaldehyde on the production of hydrosulphite.

Cathode = mercury.

Time % Total Theoretical Current
in hours Nay8,0, Na,yS,0, amount of efficiency
: obtained. formed. Na,8,0, %
2 4-236 3:178 5139 60-42
3 4-594 3-390 7709 43-97
33 3-882 2:993 8-994 decomposition.

The results in Table VII indicate that formaldehyde inhibits the reduction of
bisulphite to hydrosulphite. It appears therefore that the formaldehyde-bisulphite
compound formed when the formaldehyde is added to the bisulphite solution is
stable and prevents the reduction of the bisulphite. This is further confirmed by
the fact that the efficiency of reduction of the bisulphite is considerably lowered
by an enhancement of the concentration of the formaldehyde. An increase in the
temperature of the reaction did not yield better results. Hence the presence of
formaldehyde is positively harmful during the electrolytic reduction of the bisulphite.

Discussion.

It has been stated already that electro-chemical reduction of bisulphite has
enabled Frank (1904), McGlynn and Brown (1929), and K. and E. Jellineks (1919)
to get a maximum concentration of 4 per cent, 5-6 per cent and 6-8 per cent of
hydrosulphite respectively. Frank (1904) and Jellineks (1919) worked only with non-
mercury electrodes and never realised the importance of the mercury cathode during
the electrolytic reduction of bisulphite. The work of McGlynn and Brown (1929),
however, pointed out the importance of mercury, amalgamated zinc and zinc
cathodes. All these electrodes had almost the same current efficiency, provided the
quantity of current passed was small. But when excess of current was passed
(2009, of the theoretical amount), the decomposition occurred to a greater extent with
zine and amalgamated zinc electrodes than with mercury electrode (McGlynn and
Brown, 1929). On account of this defect mercury cathode had to be preferred in
the present investigation.

Employing & mercury cathode, McGlynn and Brown (1929) have obtained a
current efficiency of 30-56 per cent for a 5 per cent bisulphite solution when the
current density was 2-34 amp./sq.d.m. at a femperature of 3°C. In the present
investigation an average current efficiency of 77 per cent is obtained for a 10 per cent
bisulphite solution when the current density is maintained at 2:6 amp./sq.d.m. at a
temperature of 9°C. (Table V). Experiments with lower concentrations of bisulphite
were not tried since the latter would bring down the efficiency of reduction of bi-
sulphite by the amalgam. The poor yields and the low current efficiency reported
by McGlynn and Brown are due to the use of a stationary mercury electrode without
any stirring arrangement. This increases the surface concentration of the amalgam
during the electrolysis, which diminishes the efficiency of reduction of bisulphite
by the amalgam as shown in Part II. Another advantage of the stirring system
lies in the fact that the apparent current density is very much lowered thus enhancing
the current efficiency. The employment of a non-stationary mercury electrode in
the present investigation has, therefore, resulted in a marked improvement in the
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. current efficiency (70-809%) and also in the yield of the hydrosulphite (10-49
Na2S2O4). .

The temperature of reduction is of great importance as shown in Table I.
MeGlynn and Brown (1929) find that in the case of iron and platinum cathodes there
is a considerable fall in current efficiency with an increase in temperature, but with
mercury they have not noticed any temperature effect. The results of the present
investigation indicate definite temperature effect even with the mercury electrode.
The employment of low temperature during the reduction is of advantage from
another point of view. It is well known that at elevated temperatures, the hydro-
sulphite solution is far less stable than at low temperatures (Meyer, 1903). Hence
keeping the temperature low during reduction enhances the stability of the hydro-
sulphite that is produced.

A careful control of the acidity of the catholyte is also important for getting
good yields of the hydrosulphite. The results given in Table II indicate that the
optimum pH for the production of hydrosulphite lies between 5 and 5-5.

Increase in the concentration of the bisulphite favours the production of hydro-
sulphite. Employing a concentrated solution of bisulphite (25-35 per cent) McGlynn
and Brown (1929) have obtained a maximum concentration of 5-6 per cent for the
hydrosulphite during the electrolytic reduction with a zinc cathode at 18°C. But
in the present work it has been shown that the concentration of the hydrosulphite
can be nearly doubled by careful control of the experimental conditions.

It will be of interest to know why the concentration of the hydrosulphite is not
increased beyond 10-5 per cent although the catholyte contains unreacted bisulphite.
Elbs and Becker (1904) have stated that the hydrosulphite that is produced under-
goes decomposition at the cathode as shown by the equation

Na/28204 +2H = N&28203 +H20.

K. and E. Jellineks (1919), on the other hand, indicate that the hydrosulphite
suffers a spontaneous decomposition as per equation

2N&2S204 +H20 = N&zSzOs‘FQN&HS()a,

It is seen that considerable quantities of thiosulphate should be produced if the
hydrosulphite were to decompose in accordance with the reactions suggested above.
A guantitative analysis of the catholyte after reduction in the present investigation
indicated that the thiosulphate did not exceed 1 per cent in the solution. This
shows that the reactions cited above are not the major factors in the decomposition
of the hydrosulphite. The following scheme of decomposition of the hydrosulphite
seems to be more probable in presence of mercury cathode. When the current is

passed the sodium and the hydrosulphite ions get discharged at the cathode and the
anode respectively.

+ =
N&28204 = 2Na +8204.

At the cathode sodium forms the amalgam while at the anode 8,0, is converted
into sodium bisulphite, by reacting with sodium carbonate.

Thus the hydrosulphite produced is again decomposed by the passage of electric
current without the production of any thiosulphate. Inthe beginning the concentra-
tion of the hydrosulphite is small and hence the reduction of the bisulphite is almost
quantitative; but with the progress of the experiment the electrolytic decomposi-
tion of the hydrosulphite also starts and thus reduces the current efficiency. The
equilibrium value is attained when the electro-reduction of the bisulphite is equal
to the electro-decomposition of the hydrosulphite. Thus when the catholyte contains
10-4 per cent hydrosulphite, the rate of decomposition of the hydrosulphite is equal
to its rate of formation of the same. Further work is being done to confirm this
point.
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In the present work it has been assumed that sodium amalgam is responsible
for the reduction of the bisulphite while Jellineks have assumed that the nascent
hydrogen at the cathode reduces the bisulphite as

ZN&HSO;; +2H = N&2S204 +2H20.

Since Jellineks did not employ the mercury cathode, the sodium ion discharged at
the cathode immediately reacted with water producing nascent hydrogen. In fact,
Jellineks have even measured the volume of the unreacted hydrogen liberated at
the cathode. But in the present work it was noticed that very little hydrogen was
liberated at the cathode. Secondly, sodium amalgam was invariably found at the
cathode at the end of every experiment. Hence it is assumed that the sodium
amalgam produced during the electrolysis is mainly responsible for the reduction
of the bisulphite in the present investigation.

SUMMARY.

Various factors that influence the electrolytic production of sodium hydrosulphite from
aqueous bisulphite solution have been studied employing a mercury cathode and & platinum
anode.

(i) The yield of the hydrosulphite is enhanced by
(1) maintaining the temperature of reduction as low as possible (8-10°C.),
(2) maintaining the p¥ of the catholyte between 5 and 5-5,
(8) keeping the current density at 2-6 amp./sq.d.m. and below,
(4) having as high a concentration of the bisulphite solution as possible {309%,), and
(5) keeping the mercury well stirred.

(ii) Effects of various foreign substances have been studied:
(2) Sodium silicate has very little advantage in the electrochemical preparation
of the hydrosulphite. In some cases it is positively harmful.
« (b) The prescnce of Nekal BX promotes the reduction of the bisulphite.
(c) The presence of formaldehyde with sodium bisulphite is harmful in the production
of hydrosulphite.
(d) Presence of zine in the mercury aids the formation of the hydrosulphite.

The highest concentration of the hydrosulphite obtained during the present work is 10:5%,
with an average current efficiency of about 709.

Qur thanks are due to Sir J. C. Ghosh for his valuable guidance and instructive
criticisms during the progress of the work.
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