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Introduction. One of the authors(1) had studied the oxidation velocities 

of sodium sulphite, stannous hydroxide and ferrous hydroxide in alkaline or 
in acidic solutions by means of air and found that the observed velocities

(1) S. Miyamoto, this Bulletin, 2 (1927), 74; 2 (1927), 155; 2 (1927) 259; 3 (1928),76; 3 (19
28), 137; 4 (1929), 48. Scientific Papers of the Institute of Physical and Chemical 

Research, 7 (1927), 40; 7 (1927), 189; 8 (1928), 93; 8 (1928), 230; 9 (1928), 203; 10 
(1929), 7.



124 S. Miyamoto and T. Kaya.

were independent of the concentrations of these oxidizable substances under 
the conditions of the author's experiments. The results were interpreted 
by the consideration that the dissolution velocity of oxygen is much slower 
than the true reaction velocity and the observed value will mean the 
dissolution velocity of oxygen into the liquid. 

The phenomenon is a special case of the heterogeneous reaction between 

gaseous and liquid phases and the mechanism can be explained by the 
following considerations. 

The difference between the number of molecules of a gas which enter 
into the liquid phase and the number of molecules of the gas which leave 
the liquid phase through definite boundary surface area per unit of time 
can be called the dissolution velocity of the gas into the liquid at the given 
temperature and pressure. It is evident that the dissolution velocity of a 

gas into a liquid depends upon the partial pressure of the gas and the nature 
of the boundary surface. We can then expect that the dissolution velocity 
of a gas into a given liquid at the given temperature and pressure will 
have a maximum value when the concentration of the gas in the boundary 
surface is kept zero. 

This state can be maintained if the sufficient quantity of a substance be 

present in the surface layer to react with all of the molecules of the gas 
which enter into the liquid phase per unit of time. Under this condition, 
the dissolution velocity of the gas will be independent of the concentration 
of the reacting substances, if the presence of the necessary quantity of the 
latter in the surface have not much effect upon the nature of the boundary 
surface. The reaction velocity of the substance with the gas will also 
be maximum under this condition, and it can not increase however its 
concentration is increased, as the reaction velocity with the gas can not be 

greater than the maximum dissolution velocity of the gas into the liquid. 

The phenomenon is in some degree analogous to that of the saturation 
current conducted by electrons emitted by a heated body in an electric 
field. The current can not be greater than a definite value however the 
strength of the field is increased, if the temperature of the heated body be 
kept constant. 

Under the conditions of the present research, the oxidation. velocity of 
sodium sulphite solution by means of air is independent of its concentra-
tions. According to the viewpoint, above described, the result should mean 
the maximum reaction velocity of the solution with air at the given tem-

perature, and the dissolution velocity of oxygen into water, obtained from 
the result, should mean the maximum dissolution velocity of oxygen into 
water at the given temperature and pressure.
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Mitsukurisl(1) has explained the dissolution velocity of carbon dioxide into 

sodium hydroxide solution by the consideration that the reaction takes place 

in the thin liquid surface layer. The result of this investigation will also be 

able to interprete by Mitsukuri's theory, if we only consider the thickness 

of the diffusion layer of oxygen is extremely small and the concentration of 

the reacting substance is sufficiently great. It will be impossible to decide 

whether it is necessary to assume the existence of the liquid film at the 

surface in order to interprete the present results.

Fig. 1

Experimental. The oxidation veloci-

ties of sodium sulphite solution were 

observed when air is passed at various 

velocities. The experimental procedure is 

quite the same as that described in the 

previous papers.(2) The reacting vessel 
employed is shown in Fig. 1. Air, washed 

by acidified potassium bichromate solution 

and alkali, was passed at uniform velocity 

into the solution of sodium sulphite of 

known concentration, the total volume of 

the solution being made to 40c.c. in each 

case. After t-minutes, the air current 

was stopped and the total quantity of the 

solution was poured into a known quantity 

of iodine solution, acidified with hydro-

chloric acid, and the excess of iodine was 

titrated back by means of sodium thio-

sulphate solution, v in the following tables, being the volume of

sodium thiosulphate solution of 0.1000normal, equivalent to the amount

of sodium sulphite.

The values of k are calculated by k=1/t-t0 (ƒÒ0-ƒÒ), ƒÒ0 being the value 

of ƒÒ at t=t0. The values of ƒÒcalc. given in the tables were obtained by the 

equation ƒÒcƒ¿lc.=ƒÒ0-k(t-t0), using the mean value of k.

(1) S. Mitsukuri, The Science Reports of the Tohoku Imperial University, Series 1, Vol. 
18, No. 2. (June 1929). 

(2) Loc. cit.
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Table 1.

Temp.=25℃.
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Table 1. -(Continued).
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Table 1. -(Continued).
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Table 1. -(Continued).
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Table 1. -(Continued).

Table 2.

Temp.=25℃.
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Fig. 2.

Fig. 3.

The oxidation velocity observed is thus independent of the concentra-
tion of sodium sulphite. According to the viewpoint above described, the 
observed value is the maximum oxidation velocity of sodium sulphite by 
means of air. 

From the results it can be seen that the velocity constant is a linear 
function of the velocity of air passed, as is shown graphically in Fig. 2.
The values of kcalc., given in the third column of Table 2, were calculated by
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kcalc.=0.001648V+0.0652……(1)

where V is the velocity of air passed. 
The observed velocity constant k means the volume of sodium thio-

sulphate solution of 0.1000normal equivalent to the amount of sodium 

sulphite oxidized per minute. Then the dissolution velocity of oxygen into 

water under this special condition can be expressed by

Dobsk=1/4Kobs.× １0-4mols per minute……(2)

The calculated values of D by this equation are given as Dobs, in the 
fourth column of Table 2. It is evident that Dobs. is a linear function of the 
velocity of air passed in this case. It is shown graphically in Fig. 3. The 
values of Dcalc. given in the last column of Table 2 are those calculated by

Dcalc .=4.121×10-8v+1.630×10-6……(3)

Theoretical. According to the kinetic theory of gases, total number of 
molecules which collide with unit boundary surface area per unit of time 

can be expressed by

•c•c(4)

where N=Avogadro's constant, 

P=partial pressure of the gas, 

M=molecular weight of the gas, 

R=the gas constant, 

T=absolute temperature.

Total number of molecules which enter into the liquid phase per unit of 
time through unit boundary surface area can be expressed by

•c•c(5)

where α is a quantity which depends upon the nature of the gas and the

liquid and the partial pressure of the gas. With regard to one liquid, in the

surface of which the concentration of the gas is kept zero, a may be repre-

sented by

α=f(P)……(6)

Under this condition ƒ¿ may be taken to be constant if the partial 

pressure of the gas be constant.
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The total boundary surface area which is in contact with the gas can 

be represented in the present experiment by

•c•c(7)

where r=radius of a bubble,

n=number of bubbles passed per second,
l=the depth of the center of a bubble when it just leaves the exit,

u=the ascending velocity of the bubble,
s0=the surface area of the liquid which is in contact with the gas

outside of the boundary surface of the bubbles.

From (5) and (7) we can represent the total number of molecules which 
enter into the liquid phase per second by

•c•c(8)

The dissolution velocity of the gas can then be represented by

moles per minute.•c•c(9)

when the concentration of the gas in the surface layer is'kept zero. 

Now,

(10)

where V denotes the volume of the gas passed per minute. 

Then,

moles per minute.•c•c(11)

Under the conditions of this research, the dissolution velocity of 
oxygen should be regarded as the maximum value, and the value of a can 
be considered to have a definite maximum value. As the values of P, T, r, 
and u are constant, from the equation (11) we have,

D=AV+B •c•c(12)

where A and B are constants. 
From (2) and (11) we have,

•c•c(13)
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Under the present conditions,

k=A'V+B'……(14)

where A' and B' are constants. 

The equations (12) and (14) are in good agreement with the experi-
mental facts, above described. 

The calculation of the values of a and so. The value of a in the above 
equations depends upon the condition of the boundary surface and the 

partial pressure of the gas. If the concentration of the gas in the surface 
layer be kept zero, a will have a definite specific value with regard to the 
liquid and gas. From the present experimental results we can calculate the 
maximum value of a concerning water and oxygen, whose partial pressure 
is 15.96cm. Hg. 

From the equations (3) and (11) we obtain,

•c•c(15)

If we know the values of l, r, and u we can calculate the value of a from 
the equation (15). 

The value of r was obtained by the following process. Air was passed 
into the reacting vessel from a gas burette at uniform velocity. From the 
volume of air passed, we can calculate the radius of one bubble by counting 
the number of bubbles. A slight difference of the radius of the bubble was 
observed, when we change the velocity of air passed. The mean value of 
the radius of a bubble was found to be 0.334cm. when the mean value of 
the velocity of air passed is about 19.64c.c. per minute. This value was 
employed for the calculation as an approximate value of the radius of a 
bubble. 

According to the study on the motion of an air bubble rising in water by 
O. Miyagi,(1) the ascending velocity of an air bubble attains an uniform 

value almost immediately when it leaves the exit, and the ascending velocity 
is 23.1cm. per second when the radius of- the bubble is 0.334cm. As the 
viscosity of sodium sulphite solution of such concentration as that employed 
in the present research is not much different from that of pure water, it can 
be expected that the ascending velocity of the air bubble in the solution will 
nearly be the same as that in pure water. The value 23.1cm. per second 
was employed as an approximate value of u in the following calculations. 

The value of l was observed directly to be 6.20cm.

(1) Phil. Mag., 50 (1925), 112.
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By introducing these values in the equation (15) we have,

This value means the ratio of the total number of the molecules of 

oxygen which enter into water and the total number of the molecules of 
oxygen which collide with the unit boundary surface per unit of time when 

the partial pressure of oxygen is about 0.21 atmosphere, the concentration 

of oxygen in the surface being maintained to be zero. The obtained value 

of a is the definite specific value with regard to water and oxygen at the 

given temperature and pressure. 

The present chemical method will be able to employ in order to calculate 

the value of a with regard to various liquids and gases. 
From the equations (3) and (11) we have,

By introducing the value of a above obtained,

s0=1.59cm.2

The calculated value of so from Fig. 1 is about 5cm.2 It is not curious 
that the calculated value of so is much smaller than this value, for the most 

part of the upper surface of the liquid is occupied by the surface of the 
bubbles passed incessantly.

Summary. 

(1) The oxidation velocity of sodium sulphite solution was observed 
when air is passed at various velocities. 

(2) It was found that the oxidation velocities are independent of the 
concentration of sodium sulphite and the velocity constant was expressed 
as a linear function of the velocity of air passed. 

(3) The dissolution velocity of oxygen into water when the concentra-
tion of oxygen in the surface layer is kept zero, was calculated from the 
obserbed reaction velocity, and it. was found to be expressed as a linear 
function of the velocity of air passed. 

(4) An interpretation of the mechanism of this reaction under the 
observed conditions was given.
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(5) The maximum value of.the ratio of the total number of molecules 

of oxygen which enter into water to the total number of molecules of oxygen 

which collide with the unit boundary surface per unit of time at 25•Ž. was 

calculated from the observed results. 
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