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Introduction. The oxidation velocity of sodium sulphite, when the 

mixture of oxygen and air is passed into the solution through a narrow 

glass-tube under various conditions, and the dissolution velocity of oxygen
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into water calculated from the observed value of the oxidation velocity, 
were reported in the previous papers.(1) In these measurements, the gas 
bubbles, which ascend in the solution, agitate the solution so violently that 
in the boundary surface layer a sufficient quantity of sodium sulphite is 
always present to react with the oxygen molecules which enter into the 
liquid phase, and the observed oxidation velocity of sodium sulphite gives 
the dissolution velocity of oxygen into water, when the concentration of 
sodium sulphite is not below a certain value. 

It will be expected that the reaction velocity of the oxidation of sodium 
sulphite which takes place on the free surface layer of the solution in the 
atmosphere of oxygen will be independent of the contentration of sodium 
sulphite and give the dissolution velocity of oxygen into water, when the 
condition is satisfied under which a sufficient quantity of sodium sulphite is 
always present in the boundary surface layer. 

As will be seen in the subsequent discussion, the dissolution velocity of 
oxygen, here described, is the value when the concentration of oxygen in 
the surface layer is maintained at zero. 

It is intended in the present paper to report the observed oxidation 
velocity of sodium sulphite in the atmosphere of oxygen, studied under the 
following conditions and to give a theoretical consideration on the result. 

The direct measurements of the rates of solution of oxygen into water 
were carried out by several writers. 

Adeney and Becker(2) measured the dissolution velocity of oxygen into 
water from bubbles of known magnitudes. Davis and Crandall(3) carried 
out the direct measurement of the rates of solution of oxygen into water 
from the water surface of known area, the main body of water being 
agitated with a stirrer of special construction. 

The initial rate of solution of oxygen into water, observed by these 
writers, should be equal to the dissolution velocity, calculated from the 
oxidation velocity of sodium sulphite, if the interpretation above described 
be acceptable. In Table 4 the values are compared. 

Davis and Crandall explained the process of the dissolution velocity 
of a gas into a liquid by the two film theory,(4) and they assumed the surface 
of the liquid film is instantaneously saturated with the gas. 

The existence of a thin film at the boundary surface may generally be 
accepted, but it will be difficult to explain the result of the present research

(1) Miyamoto and Kaya, this Bulletin, 5 (1930), 123 Miyamoto, Kaya and Nakata, ibid., 
5 (1930), 22.9; Miyamoto and Kaya, ibid., 5 (1930), 321. 

(2) Phil. Mag., 38 (1919), 317; 39 ( 920), 385; 42 (1921), 87. 
(3) J. Am. Chem. Soc., 52 (193 ), 3757, 3769. 
(4) Lewis and Whitman, Ind. Eng. Chem., 16 (1924), 1215.
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by the assumption that the surface of the liquid film is instantaneously 
saturated with the gas, for the oxidation velocity of sodium sulphite is 
independent of its concentrations. One of the present writers (Miyamoto) 
has a different opinion on the mechanism of the rate of solution of a gas 
into a liquid, a part of which is described in the later. The precise dis-
cussion on the dissolution theory of a gas will be given in another occasion. 

The direct measurement of the rate of solution of oxygen into water 
was also carried out by Morgan and Pyne,(1) but in their paper the nu-
merical value of the boundary surface area is not given. 

Experimental. The apparatus graphically shown in Fig. 1, was em-
ployed for the reacting vessel. Oxygen gas, washed by acidified potassium 
bichromate and sodium hydroxide solutions, is passed at a high velocity 
through A into the apparatus, which contains 30-50 c.c. of water, for about 
30 minutes. When the air in the apparatus has been completely replaced by 
oxygen, the stirrer S is put in motion at the rate of about 400 revolutions 
per minute, and a definite quantity of sodium sulphite solution is added in 
the water from B. The stop-watch is started when about the half volume 
of the sodium sulphite solution has been poured in the vessel. Oxygen gas 
is passed at the rate of about 10 liters per hour. The quantity of sodium
sulphite added is separately determined by the 
usual method of iodmetry. The stirrer is made 
of glass and it is so situated that its wing is 
vertical to the boundary surface to avoid the 
disturbance of the surface area. 

After the elapse of t- minutes, the oxygen 
current is stopped and nitrogen gas is passed 
from B at a high velocity to replace the oxygen 
in the apparatus quickly. The total. quantity of 
the solution is poured into a known quantity of 
iodine solution, acidified with hydrochloric acid, 
and the excess of iodine is titrated back by means 
of sodium thiosulphate solution. 

In Table 1, v is the volume of sodium thiosul-
phate solution of 0.1000 normal, equivalent to 
the amount of sodium sulphite remained in the 
vessel. The velocity constant k is calculated by

where vo is the value of v at t=0.
Fig. 1

(1) J. Phys. Chem., 34 (1930), 1818.
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Table 1.
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Table 1.-(Continued)
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Table 1.-(Continued)
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Table 1.-(Concluded)
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The values of vcalc. given in the Table, are obtained by

using the mean value of k. 

Under the present conditions, the oxidation velocity is independent of 
the concentration of sodium sulphite and is proportional to the boundary 
surface area, as will be seen in Table 1. 

The result is easily interpreted by the assumption that the oxidation 

velocity of sodium sulphite, when it is independent of its concentrations, is 
not the real reaction velocity but the dissolution velocity of oxygen into 

water. Then the relation between the observed velocity constant and the 

dissolution velocity of oxygen is given by

(1)

where D0 means the dissolution velocity of oxygen into water when its 
concetration in the surface layer is kept at zero. 

The values of kobs. and the dissolution velocity D0, calculated by the 
equation (1), are given in the 4th and the 6th column of Table 2. 

In the 5th and the 7th column, the values of kcalc. and Dcalc., calculated 
by the following linear equations with respect to the surface area S, are 

given.

(2)

(3)

at 15•Ž.,

( 2')

(3')

at 25•Ž. and

(211)

(3")

at 35•Ž. . 

The surface area S is obtained by the measurement of the rise of the 

level for the addition of a definite volume of water into the vessel.
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The partial pressure of oxygen, given in the 2nd column of Table 1 or 

2, were calculated from the composition of the gas passed and for the 

vapour pressure of the solution the vapour pressure of pure water was 
employed as a first approximation.

Table 2.

The observed result is graphically shown in Fig. 2 and Fig. 3.

Fig. 2.
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Theoretical. The dissolution velocity of a gas into a liquid can general-

ly be given by

(4)

where N"=the number of the molecules which enter into the liquid phase 
through the unit boundary surface area per unit of time, 

f (c)=the number of the molecules which leave the liquid phase 
through the unit boundary surface area per unit of time, and 
this value can be considered to be a function of the concentra-
tion of the gas in the surface layer, 

S=the area of the boundary surface. 
When the concentration of the gas in the surface layer is kept at zero, 

the dissolution velocity is represented by

(5)

This state is maintained so long as the- sufficient quantity of a substance 

which reacts readily with the gas, be always present in the surface layer as 

in the case of the present experiment.

(6)

where N'=the number of the molecules which collide with the unit area 
of the boundary surface per unit of time,

β= the ratio of the number of the molecules which penetrate into 

the liquid phase and the number of the molecules which collide 

with the liquid surface.
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By Maxwell's distribution law of velocities,

(7)

where dN=the number of the molecules whose component of velocity 

parallel to one axis lies between u and u + du among N mole-
cules.

(8)

where R=the gas constant, 

M=the molecular weight of the gas. 

Then,

(9)

where N=Avogadro's constant, 
V= the molar volume. 

From (8) and (9),

(10)

Now the following assumption, which has great probability, is adopted. 

Among the molecules, which collide with the liquid surface, only those 

molecules, whose components of velocity vertical to the surface are greater 

than a threshold value u0, are able to enter into the liquid phase. Then,

(11)

or,

(12)

From (6), (10) and (12) we have,

(13)
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From (5) and (12),

(14)

From (1) and (14),

(15)

When all the values except the surface area are kept at constant,

(16)

(17)

where A and B are constants. 

Thus the experimental equations, above obtained, are theoretically 
endorsed. 

The calculation of the threshold value uo. From the equations (13) 
and (15),

(18)

(19)

The value of ƒÀ, which stands for the ratio of the number of the 

molecules of oxygen which enter into water and the number of the molecules 

of oxygen which collide with the liquid surface, can be calculated by the 

equation (18), using the experimentally obtained values of k/S , given in the 

equations (2), (2') and (2"). 

Then the threshold value u0 can be calculated by the equation (19). 

The values of ƒÀ and u0, thus obtained, are given in the 4th and the 

5th column of Table 3. 

The present calculation is based upon the assumption, that among the 

molecules of oxygen which collide with the water surface, only the mole-

cule, whose component of velocity is greater than the threshold value u0, 

can enter into the liquid phase.
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Table 3.

It was first expected that the value uo would depend upon the tempera-

ture, but the calculated values of u0 at 15•Ž., 25•Ž. and 35•Ž. are almost 

identical. It was thus confirmed that the value uo is independent of the 

temperature within the observed region. 

The root-mean-square velocity of oxygen molecules, calculated by

is given in the last column of Table 3. 
It follows from the present research that only the molecule of oxygen, 

whose vertical component of velocity is greater than approximately 3.4 
times the root-mean-square velocity, can enter into water. 

The initial rates of solution of oxygen into water. The initial rates of 
solution of oxygen into water should be equal to the value Do, calculated 
from the maximum oxidation velocity of sodium sulphite, when the water 
employed is perfectly free from oxygen. 

From the equations (3), (3') and (3"), the dissolution velocity of oxygen 
from unit surface area per second can be calculated. 

Becker(1) measured the absorption velocity of oxygen from air into al-
kaline water containing suspensions of ferrous hydroxide. It was confirmed 
that the absorption rate tend to a maximum, independent of further 
increases in the stirring speed, but the effect of the amount of ferrous 
hydroxide was not studied. The maximum value should be equal to the 
initial rates of solution into the alkaline solution. The dissolution velocity 
of oxygen into alkaline solution is not the same as that into water.(2) 

In Table 4 the initial rates of solution of oxygen into water, directly 

observed, are given in comparison with the values, chemically obtained. 
Adeney and Becker observed the initial rates of solution is independent 

of temperature, while the value, calculated from the oxidation velocity of 
sodium sulphite by the present writer, depends upon temperature.

(1) Phil. Mag., 45 (1923), 581. 
(2) Miyamoto, this Bulletin, 2 (1927), 74; 3 (1928), 98.
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Table 4.

Summary. 

(1) The oxidation velocity of sodium sulphite was studied, when the 

condition is satisfied, under which the concentration of oxygen in the 

boundary surface layer is always zero. The oxidation velocity is indepen-

dent of. the concentration of sodium sulphite and is proportional to the 

boundary, surface area. 

(2). The theoretical considerations on the observed oxidation velocity 

was given. 

(3) The assumption that only the molecule of oxygen, whose com-

ponent of velocity vertical to the boundary surface is greater than a 

threshold value u0 is able to enter into the liquid phase, was given, and the 

values of u0 were calculated at 15•Ž., 25•Ž. and 35•Ž. from the experimen-

tally obtained result. 

The calculated value of u0 is 1.65 •~ 105 cm. per sec. and is independent 

of the temperature within the observed region. 
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