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It is well known that anhydrous hydrosulphite keeps well, while the hydrated
salt is quite unstable. The usual commercial practice, therefore, is to render the
hydrosulphite anhydrous. According to the patent literature on hydrosulphite,
the dehydration of the salt is carried out at about 60°C. by heating the crystals
alone (Badische Anilin- und Soda-Fabrik, 1906) or with reagents like aleohol (Héchst,
1906) or sodium chloride (Badische Anilin- und Soda-Fabrik, 1905) or by heating in
vacuum the solution of hydrosulphite in presence of a salting out agent above its
transition point (Nitzschke, 1941). K. Jellinek (1911) heats the crystals over the
range 50° C. to 70°C., either with alcohol or with a saturated solution of sodium
chloride. Pratt (1924) carries out the dehydration in presence of sodium chloride
at about 60°C. In connection with the dehydration of hydrosulphite, accurate
information about the transition from the dihydrate to the anhydrous form, is of
considerable value. In chemical literature, however, information about this
transition is very meagre, the only reference to any determination of the transition
point being the work of Bazlen (1905) who found that transition took place at about
52°C,, in presence of alcohol. In the present investigation, a systematic study
was made of the transition point of sodium hydrosulphite dihydrate since it was
available in pure form.

EXPERIMENTAL.

Preliminary experiments were carried out to determine, in the case of
hydrosulphite, the suitability of the usual methods of determining transition tem-
perature. It was found, however, that some of these methods were not at all
suitable. The dilatometric method, for example, was tried employing toluene,
kerosene or alcohol as the liquid medium surrounding the crystals. This, however,
did not succeed, as practical difficulties were encountered owing to the evolution
of sulphur dioxide in the dilatometer, due to the decomposition of the hydrosulphite.
In fact, when the salt (Na3S,0,.2H,0) is heated in an inert atmosphere, the solid
is decomposed at about 80° C. with an evolution of heat. The solubility method
and the electrical conductivity method of determining the transition temperature
were not practicable due to continuous decomposition of hydrosulphite at elevated
temperatures. Owing to this decomposition, the dehydration in industrial practice
is carried out by heating the crystals of hydrosulphite in presence of sodium chloride
(Riegel, 1942). Information about the transition temperature of hydrosulphite
.in presence of sodium chloride is, therefore, of particular importance. The methods
amentioned above could not be employed for the determination of transition
stemperature in presence of sodium chloride. The thermometric method, however,
iwas found to be fairly satisfactory.
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Transition Point of Sodium Hydrosulphite crystals in presence of Sodium
Chloride.

For the determination of the tFansition temperature, the apparatus used was
the same (Fig. 1, Part VI) as previously described. The modification introduced
was that the vessel P was surrounded by an air-jacket. The water bath was
well insulated and heated electrically so as to ensure uniform rise in temperature.
The water in the bath was stirred well. The crystals of sodium hydrosulphite
were prepared by electrochemical method and purified at 0°C., as described in
Part VI. The crystals were then washed twice at 0°C., with about 10 ml. of a
saturated aqueous solution of sodium chloride. The analysis of the wash liquor
showed that the hydrosulphite was free fromr thiosulphate, bisulphite and other
sulphur compounds.

For the determination of the transition temperature, the mercury in the
apparatus was brought to the sintered glass plate S and 8 ml. of the saturated
solution of sodium chloride was added to the crystals. In order to confirm the
attainment of equilibrium, the hydrated crystals were mixed with anhydrous
hydrosulphite. ~ The crystals were gently stirred by the thermometer and the
supply of nitrogen maintained in the vessel P. The water bath was heated
gradually. The temperatures were nmoted at one minute intervals. The results
obtained are given in Fig. 1.
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F16. 1. Transition temperature of sodium hydrosulphite in presence of sodium chloride.

It is seen that the break in the curve, Fig. 1, occurs at 52-8°C. This
temperature is, therefore, taken to be the transition point of sodium hydrosulphite
in presence of solution of sodium chloride, which is practically saturated.

The temperature of the bath was raised by 0-4°C., per minute. Slower rate
of heating was not desirable on account of the decomposition of the hydrosulphite.
During the transition, the crystals of the dihydrate changed over to a sand-like
granular powder, which settled down on the filter plate in the vessel P. In order
to determine roughly the extent of decomposition of hydrosulphite during tran-
sition, the liquid phase was analysed for hydrosulphite, bisulphite and thiosulphate
.at the end of the experiment. The solid was washed and dried as described later
and the composition determined. The results obtained are given in Table I.
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Employing the same technique, the transition temperatures of sodium
hydrosulphite were determined in presence of (a) a suspension of solid sodium
chloride in its saturated aqueous solution, and (b) an aqueous solution of sodium
chloride containing 5%, sodium hydroxide. The latter system was tried, in view
of general impression that alkali stabilises hydrosulphite. The corresponding
curves are given in Fig. 1; the transition points as read from these graphs and the

data pertaining to decomposition of hydrosulphite are presented in Table I.

Tasre I.

Transition Temperature of Sodium Hydrosulphite Crystals in presence of Sodium Chloride.

» Approx. Balts present in liquid phase at the end
Reagent used. Transition weight of of the dehydra.tlor.l process in 100 ml.
Expt. 8 ml. in each | teroperature | anhydrous solution, g.
No. case obtained. |hydrosulphite
: °C. obtained.
g Na,8,0, NaHS0; Na,8,0,
1 Saturated NaCl 52-8 12 59 1-3
soln.
2 Saturated NaCl 51-8 14 2-8 11
soln.+1-5 g. of
solid NaCl.
3 Alkaline NaCl 61-2 13 4-8 40 07
soln.

Tt is clear from the data represented above that the dehydration of crystals
of hydrosulphite is best effected in presence of a saturated solution of sodium
chloride containing purified common salt. While in presence of a saturated
solution of sodium chloride, the transition takes place at 52-8° C., the point is further
lowered to 51-8° C., by the presence of solid salt; the alkali, on the other hand, raises

the temperature to 61-2° C.

Transition Point of Sodium Hydrosulphite in presence of various Sodium salts.

The dehydration of sodium hydrosulphite crystals was also studied in presence
of various foreign substances such as sodium sulphate, sodium nitrate, tri-sodium

Tasre II.
Salts present in liquid phase at the end
Transition of the dehydration process in 100 ml.
Expt. Reagent surrounding the temperature solution, g.
No. | erystals. 8 ml. in each case. obta.éned.
NapS.0,4 NaHSO; NayS,0;
1 Saturated solution of Nay8O, 67-7 9-2 1-8
at 40° C.
2 | 100 g. NaNO, dissolved in 100 57-3 44 31
ml. water.
3 Saturated solution of NazPO, 62-1 12-6 0-1
at 50° C.
4 Saturated soln. of Na,HPO, 617 75 98 44
at 50° C. (lower layer)
0-2 0-6 .
(upper layer)
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phosphate and di-sodium hydrogen phosphate, employing about 15 g. of the crystals.
The transition temperatures obtained with various media are given in Table II.
Data relating to decomposition products of hydrosulphite in liquid phase are also
given in Table II. It was noted that two layers were formed in the liquid phase
during the dehydration of hydrosulphite in presence of disodium hydrogen
phosphate.

The results given in Table II indicate that the transition temperature varies
with the nature of the foreign substance surrounding the crystals. Hydrosulphite
decomposition was minimum in presence of tri-sodium phosphate.

Transition Point of Sodium Hydrosulphite in presence of different
concentrations of alcohol.

Employing the procedure already described, a study was made of the transition
temperature of sodium hydrosulphite in presence of the following concentrations
of alcohol (by volume): (a) 70%, (b) 85%, and (c) 99-8%,. The transition tem-
peratures are given in Table III, as read from data plotted in Fig. 2. Data relating
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F16. 2. Transition point of hydrosulphite in presence of various concentrations of alcohol.

Tasre III.
Transition Temperature of Sodi Hydrosulphite in presence of various concentrations of
alcohol.
T it Balts present in the liquid phase at the end of
Concentration ransition dehydration process in 100 ml. solution, g.
Pt | ‘of aleohol 9, | tempersture

o. obtained.

(by volume). 5. NagB;0, NaHSO, NapS;0,
1 70-0 63-9 2-78 3-08 0-78
2 85-0 60-4 0-92 2-02 0-34
3 99-8 571 0-14 150 .
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to decomposition products of hydrosulphite in liquid phase are also given in the
same table. Unlike the granular type of anhydrous hydrosulphite obtained in the
case of dehydration in presence of sodium chloride, the product obtained with
a.lcolhol was & fine powder, which was found to have comparatively poor keeping
quality.

The results of the above table indicate that hydrosulphite decomposition is
least in presence of absolute aleohol.

The transition temperature of the hydrosulphite in presence of 609, alcohol
was only 60°C. This abnormally low value was due to the appreciable decom-
position of hydrosulphite at the elevated temperature.

The transition temperature of sodinm hydrosulphite, in absence of stabilising
foreign substances, cannot be determined experimentally, owing to the marked
decomposition that takes place, during transition. An approximate idea of the
transition temperature can, however, be obtained by extrapolation to zero alcohol
concentration of the data presented in Table III. The value was found to be 79-4° C.

Stability of anhydrous Hydrosulphite on storage.

To obtain anhydrous hydrosulphite, the crystals were heated with various
reagents till the dehydration was complete. The mother liquor was drained off
and the anhydrous salt was washed twice with hot 959 alcohol and dried in vacuum
at 92°C. The sample was stored in glass stoppered bottles and kept over calcium
chloride in a desiccator and analysed after one month. The percentage decom-
position of hydrosulphite on storage is given in Table IV.

TaBLE IV,
Comparison of the stability of Hydrosulphite on storage.

Purity of hydrosulphite.
: Decomposition
Method of dehydration. Wh rod After one month’s A
en prepared. storage.
Saturated solution of NaCl containing 96-8 94-04 - 2-9
solid NaCl. 93-90 (after 10 30
months).
Saturated solution of NayPO, at 50° C. 95-0 92-85 2-3
Solution of NaCl+ 5% NaOH .. 92-4 90-96 1-6
Absolute alechol .. .. 92-4 86-12 (after 16 6-8
days).

It is seen from the above table that hydrosulghite dehydrated in presence of
sodium salts is more stable than that dehydrated in presence of alcohol.

Di1scUssioN.

Transition Temperature of Sodium Hydrosulphite.

When sodium hydrosulphite is heated near the transition temperature, there
is absorption of heat due to the dehydration of the salt. At the same time, there is
the evolution of heat due to the decomposition of the hydrosulphite (10,350 cal./
mol., Deines and Elstner, 1930). The temperature recorded experimentally will
be the resultant of these two opposing factors. Hence the transition point curves
are not typical.
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That the transition temperature of sodium hydrosulphite is influenced by the
nature of the surrounding media, is well established by the data presented in Tables
I, II and III. This important fact was overlooked by Jellinek (1911) who states
that the transition temperature of hydrosulphite should change very little with a
change in the medium. In fact, the transition point, as a general rule, is dependent
on the activity of water in the surrounding media. If the surrounding medium
containg other salts, the transition temperature will naturally be lowered. In the
present investigation, the transition point of sodium hydrosulphite was found to
range from 51-8° C., in presence of sodium chloride (Table I) to 67-7° C., in a saturated
solution of sodium sulphate (Table II). These results also indicate that the tran-
sition point of sodium hydrosulphite is not 52° C., as claimed by Bazlen (1905) and
accepted by subsequent authors (Pratt, 1924; Seidell, 1940). The extrapolated
value for the transition temperature of the hydrosulphite, in absence of foreign
substances, is 79-4° C.

The transition temperatures of the salt determined by the solubility method
{(Part VI) are compared with those obtained by the thermometric method in Table
V. It is clear from this table that there is close agreement between the values
obtained by the two methods.

TABLE V.

Comparative values of Transition Point of Sodium Hydrosulphite as obtained i’)y the
thermometric and solubility methods.

Transition temperature in °C.
Strength of
alcghol. By solubility | By thermometric

%o method. method.

60 64-3 ..

70 63-8 63-9

85 60-56 60-4

99-8 .. 57-1

Influence of the media on the nature of the anhydrous Sodium Hydrosulphite.

It has already been pointed out that when hydrosulphite was dehydrated by
heating in presence of alcohol, the anhydrous substance obtained was in the form
of very fine powder; while that dehydrated in presence of sodium chloride was in
the form of granules. The maximum purity of the alcohol treated hydrosulphite
was only 92-49,; while salt of 96-89, purity was obtained by treatment in presence
of sodium chloride. Jellinek (1911) could obtain hydrosulphite of only 829, purity
by treatment with alcohol. The physical condition of hydrosulphite is of consider-
able practical importance as this determines the keeping quality of the product
(Table IV). Finely divided hylrosulphite is more liable to decomposition than the
coarse powder. Christiansen and Norton (1922) also observed rapid decomposition
with finely ground hydrosulphite.

The best process of dehydration of hydrosulphite was to heat the crystals at
52°C., in presence of solid sodium chloride enough to form saturated solution with
the water of dehydration of the crystals. The anhydrous hydrosulphite obtained
in this way was found to have good keeping quality.

SUMMARY.

Dehydration of sodium hydrosulphite has been carried out in presence of aqueous ethanol,
sodium chloride, sodium nitrate, sodium sulphate, tri-sodium phosphate and di-sodium-hydrogen
phosphate., The transition temperature varies considerably (562° C. to 67-7° C.} with the nature of



PREPARATION OF SODIUM HYDROSULPHITE-—PART VII 2456

the medium employed for dehydration. The transition temperature in the absence of foreign
substances has been found to be 79-4°C., by extrapolation. Direct determination of this
temperature i not practicable owing to the decomposition that sets in during transition.
Dehydration of hydrosulphite is best effected by heating the erystals at 52°C., in presence of
a saturated solution of sodium chloride.

The author wishes to acknowledge his indebtedness to Dr. M. R. A. Rao and
Dr. B. Sanjiva Rao for their keen interest and instructive suggestions during the
progress of the work.
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