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A large number of methods have been described in the literature to estimate
sodium hydrosulphite. Ekker (1894) estimated hydrosulphite with potassium
ferricyanide using ferrous sulphate as the indicator. Bruhns (1920) has modified
this method by adding the hydrosulphite from the burette to the mixture of ferri-
cyanide and ferrous sulphate. Bruhn’s method is also used by Ciba Co. (1942) for
the commercial evaluation of hydrosulphite. Recently, Charlot (1939) has
employed the ferrous salts of dimethylglyoxime, thioglycolic acid, salicylic acid,
hydroxyquinoline, etc., as indicators and concludes that dimethylglyoxime works
best at a pH of 9. Ferricyanide has also been employed in the estimation of hydro-
sulphite by the potentiometric method. Charlot (1939) has found that potentio-
metric and colorimetric methods agree very well when dimethylglyoxime is used
as the indicator. Fresno and Valdés (1929) have made a detailed study of the
accuracy of the potentiometric method under varying conditions of temperature
and alkalinity.

Ammoniacal copper sulphate has been employed by Bernthsen (1880) in the
estimation of hydrosulphite. Helwig (1920) added the hydrosulphite solution to
a saturated solution of ammoniacal copper sulphate and claimed to have obtained
accurate results. Bosshard and Grob (1913) have obtained good results by adding
ammoniacal copper sulphate to a weighed quantity of solid hydrosulphite. Rabino-
vitsch and Fokin (1930), on the other band, favour Helwig’s method for the estima-
tion of hydrosulphite; but this method is said to be inapplicable in presence of
sulphurous acid although sulphites and bisulphites are said to have no effect
(Fradiss, 1899),

Seyewetz and Bloch (1906) add ammoniacal silver nitrate to a sodium hydro-
sulphite and estimate the silver produced gravimetrically. Smith (1921), on the
other hand, estimates the silver obtained during the reaction by volumetric methods.
McGlynn and Brown (1929) have confirmed the results of Seyewetz and Bloch (1906).
The method has the advantage of eliminating the arrangement of inert atmosphere
during estimation. But the disadvantage of the method consists in the filtration
and washing of the finely divided heavy precipitate of silver which is rather tediouns.
Recently, ammoniacal silver nitrate method is employed in the potentiometric
estimation of hydrosulphite by Toyosoku Murooka (1935). Reliable results are
said to have been obtained but details about this method are not available. :

Rabinovitsch and Fokin (1930} have employed sulphonated indigo to estimate
the hydrosulphite, while Orloff (1905) employed the sodium salt of indigo sulphonic
acid. Experiments conducted by the present authors employing the sodium salt
of indigo sulphonic acid have shown that the accuracy depended on the pH and also
on the sulphite content of the hydrosulphite solution.
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Todine is employed to estimate the hydrosulphite by Merriman (1923) using
formaldehyde to bind the sulphite. MecGlynn and Brown (1929) notice that the
values by the iodine method are a bit too high. Experiments conducted by the
present authors confirm the observations of MeGlynn and Brown.

Potassium chromate is employed to oxidise hydrosulphite in alkaline solutions
by Knecht (1915), but the solution has to be heated to 80°C. for completion of the
oxidation. Hence this method is not quite convenient for the estimation of hydro-
sulphite since the hydrosulphite decomposes at elevated temperatures. Methylene
blue is also employed in the estimation of hydrosulphite by Crowther and Heywood
(1920) in presence of formaldehyde but even in this case the solution has to be boiled
for the quantitative reaction. MeGlynn and Brown (1929) employ potassium
mercuric iodide to oxidise hydrosulphite but the method has no particular advantage
over the silver method described already.

All the methods that have been reviewed so far are mainly designed to estimate
the percentage purity of a sample of hydrosulphite without taking into consideration
the influence of foreign substance on the estimation. But during the preparation
of hydrosulphite by the electrolytic process, large quantities of sodium bisulphite
were present along with sodium hydrosulphite, Preliminary experiments indicated
that sodium bisulphite had a great influence on the analytical results. Hence a
systematic investigation of the influence of bisulphite on the estimation of hydro-
sulphite is undertaken,

EXPERIMENTAL.
Solutions used.

1. Hydrosulphite solution.—Chemically pure hydrosulphite (5 gms.) was
dissolved in 500 c.c. of air-free distilled water kept in a flask in an atmosphere of
hydrogen. The solution was then transferred to an automatic burette for the
estimation of its strength as described later on.

2.  Ammoniacal copper sulphate solution.—Copper sulphate crystals (32 gms.)
were dissolved in air-free distilled water and an excess of liquor ammonia added to
the solution to get the deep blue copper complex. The solution was then made up
to one litre with dilute ammonium hydroxide. The purity of the copper sulphate was
determined separately by the iodometric method for the calculation of the strength
of the copper sulphate in the solution.

3. Potassium ferricyanide solution.—A.R. potassium ferricyanide (15 gms.) was
dissolved in 1,000 c.c. of air-free distilled water and the solution was always preserved
in the dark to avoid the decomposition.

4. Indigo solution.—Indigo carmine (10 gms.) was dissolved in 1,000 c.c. of air-
free distilled water. The solution was standardised using potassium permanganate.
Sutton and Mitchell (1935); Scott (1944).

5. Ammoniacal silver nitrate—Chemically pure silver nitrate (8 gms.) was
dissolved in excess of dilute ammonium hydroxide and the solution was made up
to 500 c.c. with air-free distilled water. The strength of the silver nitrate was
determined by the chloride method.

6. Indicator solution.—Iron salt of dimethylglyoxime was employed as an
indicator in the titration of hydrosulphite with potassium ferricyanide. A saturated
solution of dimethylglyoxime in ethyl alecohol (0-25 c.c.) was mixed with an equal
volume of dilute ferric chloride solution (0-02 M.) and the mixture was added to the
buffer solution of ammonia and ammonium chloride to which the hydrosulphite was
added.

Preservation of hydrosulphite solution.—K. and E. Jellineks (1919) preserved
a neutral solution of hydrosulphite in an inert atmosphere and found that a 5%,
solution of the hydrosulphite was reduced to 0-5%, within the course of 80 minutes.
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Rabinovitsch and Fokin (1930), on the other hand, found varying rates of decomposi-
tion in different experiments. Thus, in one case the strength of the hydrosulphite
solution was reduced from 7-0 N to 5 N in 60 minutes while in the next case the
strength was reduced from 3-9 N to 0-18 N for the same interval. Thus literature
indicates highly divergent rates of decomposition for neutral solutionsof hydro-
sulphite. Experiments conducted on the rate of decomposition of neutral hydro-
sulphite solutions by the present authors indicated that a 2-5%, solution of hydro-
sulphite decomposed to the extent of 909, within 80 minutes when the solution was
preserved under an atmosphere of hydrogen. In order to avoid the decomposition
of the hydrosulphite solutions, Schénbein, Schittzenberger and Frank (1930) employed
alkalies which retarded the rate of decomposition considerably. But in the present
investigation the use of sodium hydroxide had to be avoided since the presence of
sodium hydroxide interfered with the analysis of the hydrosulphite by the indigo
method. After a number of preliminary experiments, it was found that finely
divided calcium carbonate (A.R.) would function as a very good preservative for
sodium hydrosulphite solutions. When the solution was kept for 48 hours in the
presence of calcium carbonate the decomposition was only to an extent of 8%.
When aqueous solutions of sodium hydrosulphite were preserved in an inert atmos-
phere, Jellineks (1919) found that the following intermolecular reaction took place:

2N32S204 +H20 = N&28203+2N8’HS_03.

The acid produced in this case further hastened the decomposition of the sodium
hydrosulphite. The addition of calcium carbonate helped to keep the solution
always neutral and thus promote the stability of the solution.

The following table indicates the stability of the hydrosulphite solution when

2 gms. of calcium carbonate (A.R.) were mixed with 500 c.c. of 1%, hydrosulphite
solution preserved in an inert atmosphere of hydrogen. :

TasLe 1.

Stability of hydrosulphite solution in presence of CaCOj,.

Period of Hydro- KgFe(CN)g Percentage
-storage sulphite Srggclz.tfgrrl debcigﬂ:\g?sx °
in hours. in c.c. in c.c. NaS,0,.
0 10 16:15 ..
24 10 152 5-26
48 10 14-8 8-36

Thus it is clear from the table that the stability of the hydrosulphite is greatly
enhanced by the presence of calcium carbonate in the solution,

Determination of hydrosulphite by ferricyanide method

(@) by dimethyl glyoxime method, and
(b) by the E.M.F. method.

A sketch of the apparatus employed for this purpose is given in Fig. 1. The
flask 4 contains the hydrosulphite solution preserved in an atmosphere of hydrogen.
The_ hy(_lrosulphite can enter the automatic burette B, by the gravity flow. To
begin with, the air in the burette is completely displaced by hydrogen and the hydro-
gen atmosphere is continued in the burette throughout the entire course of the
expeniment by the water seal C'; as shown in the figure. The analytical vessel
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consists of a stout walled glass jar J fitted with an airtight rubber stopper E through
which a glass stirrer S with a mercury seal passes. The stirrer is worked by means
of a small motor M with adjustable speed. The ferricyanide solution is added by
means of the burette . The air inside the titration vessel is expelled by passing
the purified hydrogen through the tube 7', while the tube 7'y serves for the gas
exit through the water seal Cy. The rubber stopper is provided with two more
holes for introducing the platinum electrode P and the agar-agar bridge @ to measure
the redox potential of the system. The other end of the agar bridge dips in the
saturated calomel electrode E. The potential difference between the calomel
electrode and the platinum electrode P is measured by using a Leeds and Northrup
potentiometer. This arrangement enables one to determine simultaneously the
hydrosulphite content both by the indicator method and also by the E.M.F. method.

The determination of the hydrosulphite by the glyoxime method was carried
out in the following manner. The titration vessel J was filled with 35 c.c. of the
buffer solution containing 5 gms. of ammonium chloride and 7 c.c. of liquor ammonia.,
This buffer gave a pH of 94 at which the dimethylglyoxime was most sensitive.
The alcoholic solution of dimethylglyoxime (0-25 c.c.) was next added to the buffer
followed by an equal volume of ferric chloride. The titration vessel was then kept
in position as in Fig. 1 and hydrogen purified by passing through acidified potassium
permanganate and alkaline pyrogallol was passed through the titration vessel for
15 minutes to replace all the air. A known volume of the hydrosulphite was then
added and the stirrer was started. The solution was titrated against potassium
ferricyanide from the burette till the red colour of the indicator changed to pale
yellow. For every addition of the ferricyanide, the corresponding redox potentials
were also noted. The titration points were recorded by both the methods. The
following values were obtained by the two methods.

TaBLE IT.

Comparison of B.M.F. and indicator methods for estimation of NagSy04 by K3Fe(CN)g.

~Vol. of Vol. of
Vol. of K Fe(CN)g KzFe(CN)g
NapS,04 in by E.M.F. indicator
in c.c. method. method.
e.c. e.c.
10-00 6-00 6-00
1830 11-00 11-05

It is seen that the E.M.F. method gives the same value as the indicator method.

Effect of bisulphite on the determination of hydrosulphite.

In determining the influence of sodium bisulphite on the estimation of hydro-
sulphite, known amounts of sodium bisulphite were added to the buffer solution
of ammonium chloride and ammonium hydroxide, care being taken to have an
excess of ammonium hydroxide to convert the bisulphite to normal sulphite. The
indicator was then added and the titration vessel placed in position. The
hydrosulphite solution was added after replacing all the air by hydrogen as
usual. Titration with potassium ferricyanide was next conducted by both the
methods. It was generally noticed that the shift in the E.M.F. and the colour
change of the indicator at the end point took place almost simultaneously. The
following table indicates the results obtained,
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Tasre IIT
Effect of sodium bisulphite on the estimation of hydrosulphite by K3Fe(CN)q method.

Vol. of Wt. of 'I;gfgl vol.of | K Fo(CN), K, Fo(CN),
NayS;0, NaHSO;. e by indicator by E.M.F.
in c.c gms end point in c.c in c.c.
e . in c.c. e
10 Nil 57-00 12-00 12-00
10 0-25 57-95 12-95 12-95
10 0-50 58-10 13-10 13-10
10 115 60-10 15-10 15-10
10 2:40 63-10 18-10 18-05
10 3-70 66-00 21-00 21:20
10 7-40 67-70 22:70 22-80

It is seen that as the concentration of bisulphite in the solution increases the
volume of potassium ferricyanide required for titration also increases. This indicates
that the cyanide values can never be relied upon in presence of sodium bisulphite.

Influence of bisulphite on the E. M .F. curve.

Although the colour change of the indicator was sharp at the end point the
change in the potential at this point varied with the concentration of the bisulphite
in the solution. At lower concentration of the bisulphite, the change in potential
towards the end point was about 300400 millivolts. But as the concentration of
the bisulphite increased the change of potential at the end point diminished consi-
derably. Thus when the solution had 7-4 gms. of sodium bisulphite the change in
potential was only about 77 millivolts.

Determination of hydrosulphite by cuprammonium sulphate method.

The procedure adopted in this case was in general similar to that of potassium
ferricyanide titration. Ammoniacal copper sulphate was added to the hydrosulphite
till a faint blue colour persisted. Preliminary experiments indicated that a faint
red precipitate was obtained when the cuprammonium sulphate was added to an
excess of hydrosulphite. Although Bosshard and Grob (1913) employed the same
method for the estimation of hydrosulphite, yet they never reported the formation
of the red precipitate. Added to this the several titration values for the same
quantity of hydrosulphite were never concordant. This was obviously due to the
formation of copper when the cuprammonium sulphate is added to an excess of
sodium hydrosulphite.

The following modification of the method gave concordant values for the
estimation of hydrosulphite. A known amount of cuprammonium sulphate was
first added to the titration vessel and the hydrosulphite wad added slowly till the
blue colour was just destroyed. The amount of the hydrosulphite was noted. The

- slight excess of the hydrosulphite was back titrated against cuprammonium sulphate
from the burette. When this procedure was adopted it was noticed that the red pre-
cipitate of copper was not produced and the analytical results agreed well with those
that were obtained with the potassium ferricyanide method. Hence this procedure
was adopted in determining the effect of bisulphite on the estimation. The results
obtained are given in Table IV.
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TasLeE 1V,

Effect of bisulphite on the estimation of hydrosulphite.

Vol. of NaHSO; Total vol. at Vol. of
hydrosulphite added. the end point ammoniacal
in c.c. gms. in c.c. Cu soln. in c.c.
10-00 Nil 53-70 18-70
10-00 1 53-85 18-85
10-00 2 54-15 19-15
10-00 4 55-60 20-60

The results of Table IV show that with an increase in the concentration of bi-
sulphite the volume of cuprammonium sulphate solution also increases. Literature
indicates conflicting views regarding the influence of bisulphite on the estimation.
N. Fradiss (1899) states that the presence of bisulphite does not interfere with the
analysis of hydrosulphite while K. and E. Jellineks (1919) state that the presence of
bisulphite increases the volume of cuprammonium sulphate. The results obtained
by the present authors confirma the observations of K. and E. Jellineks (1919). It
is also seen in the present work that an excess of ammonium hydroxide is present
during the titration to avoid the interference of the acidity of the bisulphite in
decolourising cuprammonium sulphate. The potential changes as measured by the
platinum electrode did not show any appreciable change at the end point during the
estimation of hydrosulphite by the cuprammonium sulphate.

Estimation of hydrosulphite by the indigo method.

In the estimation of hydrosulphite by the indigo method, the standard solution
of indigo carmine was placed in the burette and the hydrosulphite was added to the
buffer solution to maintain an alkaline pH. It was soon noticed that the addition
of the indigo produced a yellow colour in the hydrosulphite mixture and the end
point was never sharp. Hence it was concluded that indigo cannot be employed
when the pH of the hydrosulphite is 9:-4. Similar results were obtained when the
pH of the hydrosulphite was increased by the addition of sodium hydroxide. How-
ever, the method gave quite satisfactory results when neutral solutions of hydro-
sulphites were used for the estimation. Even when the solution of hydrosulphites
was a little acidic (pH = 5-5) normal values were obtained with the indigo method.
The influence of sodium bisulphite was next investigated and the following values
were obtained.

TasLE V.

Effect of sodium bisulphite on the estimation of hydrosulphite by the indigo method,

Vol, of Total volume S
Nubi0, | NeHSOs |aiiend poim| Vol ofindiso
in c.c. in c.c.
10-00 Nil 68-65 33-65
10-00 1 gm. 76:80 41-80
10-00 2 gmas. 81-70 46-70

The results of Table V indicate that bisulphite has a profound influence on the
analytical values obtained by the indigo method. The potential difference as
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measured by the bright platinum electrode did not indicate any sharp change in the
EM.F. at the end point. Hence the E.M.F. method cannot be employed in the
indigo method.

Estimation of hydrosulphite by the silver nitrate method.

It has been stated that the hydrosulphite reduces the ammoniacal silver nitrate
to metallic gilver and the silver formed can be estimated either gravimetrically or
volumetrically. But both these methods are tedious and involve filtration and
washing of the silver precipitate. In order to overcome this difficulty the hydro-
sulphite was estimated potentiometrically using the ammoniacal silver nitrate in
presence of the silver electrode. To maintain the alkalinity of the solution, 25 c.c.
of ammonia-ammonium chloride buffer together with 30 c.c. of water was employed
in the titration vessel. Rest of the process was similar to the potentiometric estima-
tion of hydrosulphite by the potassium ferricyanide which has been described already.
Accurate values were obtained for the estimation of hydrosulphite in alkaline
solutions. The change in potential was about 400~500 m.v. per 0-1 c.c. of the silver
nitrate solution at the end point. In presence of sodium bisulphite, however, the
attainment of equilibrium was a bit slow at the end point. The potential readings
were then taken at an interval of one minute after the addition of ammoniacal silver
nitrate. But the sharpness of the end point was never interfered with by the presence
of sodium sulphite in the reaction mixture. The following results were obtained.

TABLE VI.

Effect of sodium bisulphite on the estimation of hydrosulphite by the ammoniacal silver nitrate method.

Vol. of Wt. of Total volume Vol. of
Na,p8,04 in ; at the end AgNQ;
e NaHSO04 o . .
c.c. point in c.c. used in c.c.
10:00 Nit 71-55 6-55
10:00 1 gm. 71-70 6:70
10:00 2 gms. 71-75 6:75
10:00 4 gms. 72-05 7-02

The results of Table VT indicate that the influence of bisnlphite on the estimation
of hydrosulphite is comparatively small.

A comparative study of the different methods that have been employed in this
work gave the following results when no bisulphite was added to the hydrosulphite.

TABLE VII,

Comparative estimations of the hydrosulphite by different reagents in the absence of sodium bisulphite.

Strength of the

Reagent used. hydrosulphite
found.
1. Potassium ferricyanide .. 2-649,
2. Ammoniacsl silver nitrate .. 2-689
3. Aramoniacal copper sulphate 2-57%,
4. Indigo method .. . 2-569,
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Results of Table VIT indicate that the analytical values for the hydrosulphite
are more or less the same for the last two methods while higher values are obtained
in the case of ferricyanide and silver nitrate methods.

Disoussion.

From the experimental results described above, it is clear that bisulphite always
increases the titration value in all cases. The increase is very large in the case of
potassium ferricyanide and indigo while it is comparatively small in the case of
copper sulphate and silver nitrate solutions. The following table gives the per-
centage increase in the titration values when different reagents are employed for
the estimation.

TasLE VIII.

Influence of bisulphite on the estimation of hydrosulphite using different reagents.

Wt. of Per cent increage with
bisulphite in
about 65 c.c. . Cuprammonium |Ammoniacal
of the solution. | KsFeCNg. | Indigo. sulphate, AgNO;.
1 gm. 25-1 24-2 08 2-3
2 gms. 41-8 38-8 24 31
4 gms. 75-0 .. 101 7:2

Thus it is obvious that potassium ferricyanide and indigo cannot be employed
even when the concentration of the bisulphite is low. In spite of such large varia-
tions in the analytical values, it is strange to find Ekker (1894) stating that bisulphite
does not interfere with the estimation of hydrosulphite with potassium ferricyanide.
Rabinovitsch and Fokin (1930) have employed indigo for the estimation of hydro-
sulphite in presence of bisulphite and they have never mentioned anything about
the interference of the sulphite during the estimation. It has to be stated, however,
that when the percentage purity of a good sample of hydrosulphite (80-85%,) has
to be estimated the small percentage of the sulphite (10-15%,) does not materially
intexfere (Table III) in the analytical values. But in the present investigations the
ratio of bisulphite to hydrosulphite is very often as 3 : 1 and in all such cases the
ferricyanide and the indigo methods cannot be employed.

- In the case of copper and silver methods the influence of bisulphite seems to be
.comparatively small. Ordinarily, the cuprammonium sulphate can be employed
in presence of bisulphite since the potentiometric arrangement is not needed but
the danger in the copper method is that copper may get precipitated when the
cuprammonium salt is added to excess of hydrosulphite. As a general rule care
should be taken to add hydrosulphite to the cuprammonium sulphate till a slight
excess of hydrosulphite is present. Under these conditions copper does not get
precipitated. In the case of ammoniacal silver nitrate although potentiometric
method has to be resorted to, yet the precipitation of silver is quantitative and
the silver nitrate can be added directly to the hydrosulphite solution. Another
advantage of tne copper and silver methods lies in the fact that the hydrosulphite
solutions can be titrated in the alkaline media using ammonium hydroxide. Between
the potentiometric and other methods (whether gravimetric or volumetric) the
potentiometric method should be preferred since it eliminates the filtration and
washing of the precipitate,
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In the potentiometric estimation of hydrosulphite using potassium ferricyanide,
it has been stated that the rate of change in potential towards the end point gets
considerably reduced when sodium bisulphite is added. This can be explained by
taking into consideration the redox potentials. In presence of platinum el_ectrode
the redox potential at the beginning can be expressed by means of the equation

E=E, +%-,1-’ In, 2808
25504"

where E —observed potential, Eo=rnormal redox potential for the sulphite-hydro-
sulphite system. ago," and ag,o,” are the activities of the sulphite and hydro-

sulphite ions respectively and R, T', and F have the usual significance. Since for the
system described above at constant temperature the values of Eo, 7', and F are
constants, it can be stated that the value of E depends upon the rate of change

a ”
503 —. When potassium ferricyanide is added the amount of 503" is increased
23204

while that of S0,” diminishes. If SO3” is very small the rate of change in the ratio
is high since the numerator increases while the denominator gets reduced. Hence
the rate of change of E is also high with the continued addition of potassium
ferricyanide. In presence of a large quantity of sulphite, however, the numerator
can be considered to be almost constant and hence the value of the ratio can
change comparatively slowly with the conversion of S;0,” to SO3”. Thus the rate
of change in E will be comparatively small when the titration is carried out in
presence of large excess of bisulphite. In the case of potentiometric titrations with
ammoniacal silver nitrate, this difficulty does not arise since the activity of Ag
is measured at the silver electrode.

Results of Table VII indicate that even in the absence of bisulphite the results
obtained by silver and potassium ferricyanide methods are higher than those obtained
by cuprammonium and indigo methods. The results of the last two methods agree
closely. Rabinovitsch and Fokin (1930) also find that the analytical values obtained
by the indigo and cuprammonium sulphate, methods agree closely. But they have
not made a comparative study of the four methods. Christiansen and Norton
(1922) have compared the silver and cuprammonjum methods with potassium
ferricyanide method and they find that the silver method gives high results while
cuprammonium method gives low results and consequently potassium ferricyanide
method is taken as the standard one.

In the light of the work done by the authors it can be stated that there is not
much to choose between the silver method and ferricyanide method from the point
of accuracy. If bisulphite is not present in the system, the ferricyanide method may
be preferred since it is easier to set up. If bisulphite is present ammoniacal silver
nitrate method alone should be chosen. Although cuprammonium sulphate method
gives slightly lower results yet it is far simpler to carry out the estimation. Hence
in all cases of estimation of hydrosulphite in presence of bisulphite cuprammonium
sulphate method can conveniently be adopted with a suitable correction factor for
the presence of bisulphite.

of In.

SuMMARY.

Various methods for the estimation of sodium hydrosulphite have been tried with and
without sodium bisulphite. The comparative estimates by these processes have been given.
;[n absence of bisulphite, the potassium ferricyanide method (both volumetric and gravimetric)
is the most convenient and quite accurate, Cuprammonium sulphate and ammoniacal silver

" nitrate methods are to be preferred in presence of bisulphite.
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PREPARATION OF SODIUM HYDROSULPHITE, I.
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