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Introduction. The dissolution velocity of oxygen into sodium hydroxide, 

sodium carbonate and hydrochloric acid solutions of various concentrations 

when air is passed into the solution under certain conditions was obtained 

indirectly from the oxidation velocity of sodium sulphite, stannous chloride 

or ferrous hydroxide in the mentioned solutions.(1) 

The present research was undertaken with an expectation that the oxi-

dation velocity of stannous chloride in sulphuric acid solution will also give 

the dissolution velocity of oxygen into the solution under the same condi-

tions. 

Experimental. The experimental procedure was quite the same with 

that employed in the study of the oxidation of the same substance in 

hydrochloric acid solution by means of air.(2) 

Air, washed by passing through acidic solution of potassium bichromate 

and sodium hydroxide solution, was passed into the reacting solution, con-

tained in a large test tube (diameter•à3cm.) through a glass tube (inside 

diameter•à4mm., outside diameter•à6mm.), at the rate of 7.78 litres per 

hour, the total volume of the reacting,solution in the vessel being made to 

40c.c. in each measurement. After t-minutes the air current was stopped, 

and the total quantity of the substances contained in the vessel was poured 

into a known quantity of iodine solution, and the excess of iodine was 

titrated back by means of sodium thiosulphate solution. The value of v, 

given in the following tables, is the volume of sodium thiosulphate solution 

of 0.09962 normal, which is equivalent to the total quantity of stannous sul-

phate, remained after the t-minutes passage of air. 

As will be shown later, the oxidation velocity was independent of the 

concentration of stannous sulphate, when the concentration of sulphuric 

acid is greater than about 0.8 normal under the conditions of the present 

experiment. 

The observed results at 20•Ž. are given in Table 1, and illustrated in

(1) S. Miyamoto, this Bulletin, 3 (1928), 100 & 139; Scientific Papers of the Institute of 
Physical and Chemical Research, 8 (1928), 243; 9 (1928), 203. 

(2) S. Miyamoto, this Bulletin, 2 (1927), 269; Scientific Papers of the Institute of Physical 
and Chemical Research, 8 (1928), 93.
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the accompanying figure. The velocity constant k, given in the last column 

of the table, was calculated by an equation, k=1/t(v0-v), v0 being the value 
of v at t=0. The calculated value of v by an equation., vcalc.=v0-kt, using 

the mean value of k, is given in the fourth column of the table.

Table 1.

Temp.=20℃. Velocity of Air=7.78 litres per hour.
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Table 1. (Continued.)
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Table 1. (Continued.)
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Table 1. (Continued.)

When the concentration of sulphuric acid is less than about 0.8 normal, 
the oxidation velocity of stannous sulphate depends upon its initial concent-
ration and decreases as the concentration of sulphuric acid decreases. 

The experimental error was great, and no sufficient experimental 
results, a part of which being given in Table 2, for the quantitative discus-
sion was obtained, but it can only qualitatively be described that the oxida-
tion velocity increases slowly with the increase of the concentration of sul-
phuric acid until it reaches the dissolution velocity of oxygen when the 
concentration of the latter is about 0.8 normal. In the case of the oxidation 
of stannous chloride in hydrochloric acid solution, the oxidation velocity in-
creases more rapidly with the increase of the concentration of hydrochloric 
acid and attains the dissolution velocity of oxygen into the solution when 
the concentration of hydrochloric acid is about 0.2 normal.(1)

(1) Loc. cit.
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Table 2.

Temp.=20℃. Velocity of Air=7.78 litres per hour.

The effect of the concentration of sulphuric acid. The relation between 
the velocity constant k and the concentration of sulphuric acid can be ex-

pressed approximately as a linear function, when the concentration of sul-
phuric acid is greater than about 0.8 normal. The calculated values of k by 
an equation,

k=0.128-0.00718CH2SO4.

are given as kcalc. in the third column of Table 3. 

The effect of temperature. The values of the oxidation velocity, ob-

served at 30•Ž. and 40•Ž., are given in Table 4. By comparing Table 1 with 

Table 4 it will be seen that the change of temperature has negligible effect 

on the oxidation velocity when the concentration of sulphuric acid is greater 

than about 0.8 normal. The result means only that the effect of tempera-

ture on the dissolution velocity of oxygen, not on the true reaction velocity, 

is negligible. The effect of temperature on the oxidation velocity, when the 

concentration of sulphuric acid is less than about 0.8 normal, can be expect-

ed to be more complex, but it was not the purpose of the present study.
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Table 3. 

Temp.=20•Ž. Air=7.78 litres per hour.

Table 4. 

Velocity of Air=7.78 litres per hour.
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Table 4. (Continued.)

The dissolution velocity of oxygen into sulphuric acid solution. It is 

quite probable to consider that the observed oxidation velocity, given in 
Table 1, is not the true reaction velocity, but the dissolution velocity of 
oxygen into the solution. According to this consideration it is able to cal-
culate the approximate values of the dissolution velocity of oxygen into 
sulphuric acid solution of various concentrations under the conditions of this 
experiment from the observed values of the velocity constant k. 

The calculated values are given in the last column of Table 3. The dis-
solution velocity of oxygen into pure water, given in the Table, is the value 
obtained from the oxidation velocity of sodium sulphite in water.(1) 

From Table 3 it can be described that the dissolution velocity of oxygen 
into sulphuric acid solution decrease rapidly with the increase of the concen-
tration of sulphuric acid as far as it attains a certain value which is nearly 
unaltered by the further increase of the concentration of sulphuric acid, 

quite the same way as in the case of the dissolution velocity into hydro-
chloric acid solution, which was given in the previous paper.(2) 

We see also that the dissolution velocity has almost the same value for 
both of sulphuric acid and hydrochloric acid solutions, when their concentra-
tions are not small. It can be explained by the consideration that the ratio

(1) S. Miyamoto, this Bulletin, 3 (1928), 100; Scientific Papers of the Institute of Physical 
and Chemical Research, 8 (1928), 243. 

(2) Loc. cit.



56 S. Miyamoto.

of the number of molecules of oxygen which enters into the surface film, 
and the total number of molecules which hit the liquid surface, has almost 
the same value for both of the liquids, neglecting the small difference of the 
total surface area of the air bubbles for both of the solutions. 

Summary. 

(1) The oxidation velocity of stannous chloride in sulphuric acid solu-
tion was observed under quite the same conditions as in the case of the 
oxidation of the same substance in hydrochloric acid solution, which was re-
ported in the previous paper. The velocity increases slowly as the concent-
ration of sulphuric acid increases as far as it reaches the dissolution velocity 
of oxygen into the solution, when the concentration of sulphuric acid attains 
about 0.8 normal, and the further increase of the concentration of sulphuric 
acid has almost no effect on the oxidation velocity, which was found to be 
almost independent of the initial concentration of stannous sulphate. The 
velocity constants, calculated as a zero-order reaction, were approximately 
expressed as a linear function of the concentration of sulphuric acid. 

(2) The dissolution velocity of oxygen into sulphuric acid of various 
concentrations was calculated from the oxidation velocity observed. The 
dissolution velocity has nearly the same value as that into hydrochloric acid 
solution under the same conditions. 

(3) The effect of temperature on the oxidation velocity, when the con-
centration of sulphuric acid is greater than about 0.8 normal, was ascer-
tained to be negligible under the present conditions. 
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