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Introduction.

It was confirmed in the previous research(1) that the velocity of oxi-
dation of sodium sulphite solution by oxygen, when the main body of the 

solution is well agitated with a stirrer of special construction, increases 

with the increase of the concentration of sodium sulphite as far as it attains 

a certain maximum value, which remains constant with the further increase 
of the concentration of sodium sulphite and that this maximum value is 

proportional to the area of the boundary surface. 
The fact that the maximum rate of oxidation of sodium sulphite 

solution is proportional to the partial pressure of oxygen was also con-

firmed(2). The interpretation on these experimental facts, given by the 

present writers, is based upon the assumption that the maximum rate of 
oxidation of sodium sulphite solution is equivalent to the rate of solution of 

oxygen into water, in the surface of which no free oxygen is present.

(1) S. Miyamoto and A. Nakata, this Bulletin, 6 (1931), 9. 
(2) S. Miyamoto, T. Kaya and A. Nakata, ibid., 5 (1930),229.
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The comparison(1) of the rate of solution of oxygen, calculated from the 

maximum rate of oxidation of sodium sulphite solution, with the initial 

rate of solution of oxygen into pure water, obtained directly by several 
writers (2), confirmed that this assumption has great probability. 

It is intended in the present paper to describe the results of the 

measurements of the rate of absorption of oxygen by sodium sulphite solu-

tion by the observation of the rate of the decrease of the volume of oxygen 
at constant temperature and pressure, which is in contact with sodium 

sulphite solution, the main body of which being well agitated with a stirrer 

of special constructions as in the previous research, and for discuss the 

phenomenon more precisely.

Experimental.

The apparatus employed is graphically shown in Fig. 1.
D is a gas burette (25 c.c.), E a 

glass tube of about the same magni-
tude as that of D, A and B stop-cocks, 
S a stirrer, whose wing is made to be 
at right angles to the boundary sur-
face. The lower end of the outer tube 
of the stirrer is dipped in the solution 
to avoid the disturbance of the surface 
area, when it is put in motion, and 
the upper end of the tube is so con-
structed that the gas present in the 
vessel is separated with mercury from 
air, as will be seen in the figure. 

The measurements were carried 
out in the following manner. 

All parts of the apparatus were 

placed in a water thermostat regulat-
ed at a constant temperature. The 
tubes D and E were filled with water 
saturated with oxygen by the eleva-
tion of the tube F, the stop-cock B 
being opened. A definite quantity of 
newly distilled water was poured into

Fig. 1.

(1) loc. cit. 
(2) Adeney and Becker, Phil. Mag., 38 (1919), 317; 39 (1920), 385; 42 (1921), 87, Davis 

and Crandall, J. Am. Chem. Soc., 52 (1930), 3757, 3769.
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the vessel through D, and oxygen gas, washed with acidified potassium 

bichromate solution and alkali, was passed through A into the vessel at a 

high velocity for about 30 minutes. 
Oxygen gas employed is that manufactured from liquid air and its 

oxygen content was determined by analysis to be 97 per cent by volume. 

When the air in the vessel has been completely replaced with oxygen, the 
tube D was also filled with oxygen by lowering the tube F, and a definite 

quantity of sodium sulphite solution of known concentration was added 
into the vessel through C, the total volume of the solution being made 

up to 40 c.c. 

The stop-cocks A and B were closed, the stirrer S was put in motion 

at about 400 revolutions per minute, and when the levels of water in D and 
E have been made to be at equal heights, the stop-watch was started. The 

levels of water in D and E were regulated to be always at equal heights by 
the elevation of the tube F and the height of water in the tube D was 

recorded from time to time. The rate of the decrease of the volume of 
oxygen at constant temperature and pressure was observed in this way. 

Representative results are given in Table 1. The area of the interface 

is 27.75 cm2. in each case.

Table 1.



On the Rate of Solution of Oxygen into Water. Part VI. 267

Table 1-(Continued).
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Table 1-(Concluded).

Initial concentrations of sodium sulphite solutions employed are given 

in the second column of the table. The values •¢ƒÒcor given in the fourth 

column of the table, are the quantity of oxygen absorbed during t- minutes
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expressed by the volume of oxygenn at 0•Ž. and 1 atmosphere, the vapour 

pressure of the solution and the barometric height being taken into calcula-

tion. The absorbed quantities of oxygen expressed in the unit of gram mole-

cules are given in the fifth column of the table, the rate of absorption being 

given in the last .column. 

As was expected, the rate of absorption of oxygen by the solution is 

independent of the concentration of sodium sulphite. The rate of absorp-

tion does not increase with the increase of the concentration of sodium 

sulphite in the range of its concentrations, given in the table. 

It was reported by Milbauer and Pazourek(1) that the rate of oxidation 

of sodium sulphite solution of high concentration is smaller than that of 

lower concentration. As was above described, the rate of absorption of

Table 2.

(1) Bull. Soc. Chim., 31 (1922), 676.
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oxygen by sodium sulphite solution is independent of its concentration, 

when the concentration lies in the range of about 0.35-0.75 normal. The 

measurements were carried out when the concentration of sodium sulphite 

is comparatively high, and the representative results are given in Table 2. 
The phenomenon observed by Milbauer and Pazourek was confirmed. The 

rate of absorption of oxygen by sodium sulphite solution of high concentra-

tion decreases with the increase of the concentration of sodium sulphite. 
It was ascertained by the preliminary experiments, that when the con-

centration of sodium sulphite solution is lower than about 0.35 normal, the 
rate of oxidation of sodium sulphite solution increases with the increase of 
the concentration of sodium sulphite as far as it attains the maximum 

value, given in Table 1.

Discussion.

From the results of the experiments above described, it will easily be 
seen that there are three different stages when the effect of the increase of 

the concentration of sodium sulphite solution on the rate of oxidation of 

sodium sulphite solution is observed. The behaviour is graphically shown in 
Fig. 2.

Fig. 2.

At low concentrations of sodium sulphite solutions, the rate of oxidation 

of sodium sulphite solution increases with the increase of the concentration 

of sodium sulphite as far as it attains a certain maximum value. 

At middle concentrations of sodium sulphite solutions, the rate of 
oxidation of sodium sulphite solution is maximum and independent of the 

concentration of sodium sulphite. 
At high concentrations of sodium sulphite solution the rate of absorp-

tion decreases with the increase of the concentration of sodium sulphite.
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Under the conditions of the present experiments it was confirmed(1) 
that there exists no stationary liquid film at the interface, and according to 
the theory of one of the present writers (Miyamoto) the phenomenon can 
be interpreted in the following manner. 

At low concentrations of sodium sulphite solution the number of the 
molecules of sodium sulphite at the upper surface layer is not sufficient to 
react with all of the molecules of oxygen, which enter into the liquid phase 

per unit time. Then in this case a part of the molecules of oxygen, which 
could not react with sodium sulphite, will go back into the gas phase, and 
a part of them diffuses into the main body of the solution. Under special 
condition, the upper surface of the liquid will be saturated with the mole-
cules of oxygen in a short time, and a part of the molecules which diffuse 
towards the deeper layer of the liquid, will react with the molecules of 
sodium sulphite, which diffuse towards the reacting zone from the main 
body of the solution. Under this condition, the rate of solution may be 
expressed by the following equation, proposed by Davis and Crandall.(2)

where C.m is the concentration of sodium sulphite solution, C•‡ the satura-

tion concentration of oxygen in water, S the area of the boundary surface, 

k a constant, n the number of moles of oxygen in the liquid phase. 

When the quantity C•‡ is negligible compared with C.m, the equation 

becomes

In the second stage, the number of molecules of sodium sulphite at 
the boundary surface is quite sufficient to react with all the molecules of 
oxygen, which enter into the liquid phase per unit of time, and therefore 
the concentration of oxygen at the interface is always kept at zero. Under 
these conditions, it will easily be accepted that the rate of oxidation of 
sodium sulphite solution, which is, in this case, equal to the rate of solution 
of oxygen into the solution, is equivalent to the rate of solution of oxygen 
into water, in the surface of which no free oxygen exists, and that the rate 
of absorption of oxygen by the solution is maximum, which is independent 
of the concentration. of sodium sulphite.

(1) S. Miyamoto, T. Kaya and A. Nakata, this Bulletin, 6 (1931), 133. 
(2) J. Am. Chem. Soc., 52 (1930), 3769.
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As was discussed in the previous paper,(1) the behaviour in this stage 
will be difficult to be interpreted by the ordinary diffusion layer theories, 
which are based on the assumption that the boundary, surface is instan-
taneously saturated with gas. 

The following equation(2) was proposed for the rate of solution of gas 
into liquid by one of the present writers (Miyamoto).

(1)

where N" is the number of moles of the gas which enters into the liquid 

phase per second, NI"' the number of moles of the gas which leaves the 
liquid phase per second, and n the number of moles of the gas in the liquid 

phase. 
When the concentration of the gas in the liquid phase is kept at zero, 

the equation (1) becomes

(2)

According to the theory of one of the present writers,(3)

(3)

where pot is the partial pressure of the gas, M the molecular weight of the 

gas, R the gas constant, S the area of the boundary surface, and u0 a 
constant. 

The derivation of this equation is based upon the assumption that 

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

whose components of velocity at right angles to the surface are greater 
than a threshold value u0, are able to enter into the liquid phase. 

When the concentration of the gas in the liquid phase is not kept at 
zero, the rate of the escape of molecules of the gas from the liquid phase 
should naturally be taken into consideration as was described in the pre-

vious paper.(4) 

At high concentrations of sodium sulphite solution, the concentration 
of oxygen at the liquid surface will also be kept at zero by the presence of

(1) S. Miyamoto, T. Kaya and A. Nakata, this Bulletin, 6 (1931), 133. 
(2) S. Miyamoto and A. Nakata, ibid., 6 (1931), 18. 
(3) S. Miyamoto and A. Nakata, this Bulletin, 6 (1931), 20. 
(4) Ibid.
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the sufficient quantity of sodium sulphite reacting with all the molecules of 

oxygen, which enter into the liquid phase per unit of time, so long as the 

main body of the liquid is well agitated with a stirrer, and the oxidation 

velocity of sodium sulphite solution will be equal to the rate of absorption 

of oxygen by the solution, which will be expressed by the above mentioned 

equation (3). 

As the threshold value u0 should be considered to depend upon the 

properties of the boundary surface, it may be expected with a high degree 

of probability that the value u0 of pure water and that of the solution will 

have different values. From the equation (3), it is quite clear that the rate 

of solution of gases will depend upon the threshold value u0. When the 

concentration of sodium sulphite is not very high, the minute difference of 

the nature of the boundary surface will have no appreciable effect on the 

value u0, but at high concentration the threshold value u0 will be influ-

enced by the change of the nature of the interface. Therefore the present 

results of experiments may be explained by the assumption that the thresh-

old value u0 increases with the increase of the concentration of sodium sul-

phite. At high concentration of sodium sulphite the rate of solution of 

oxygen decreases in consequence of the increase of the value u0. 

In Tables 3 and 4, the results of the present experiments are given in 

comparison with the results of the experiments, reported in the previous 

paper.(1) The agreement will be satisfactory. 

In the fifth column of Table 4, the threshold value u0 at several tem-

peratures, calculated by the equation (3), using the observed values of the 

rate of solution of oxygen into sodium sulphite solution, are given. The 

value uo was found to be independent of temperature within the region of 

the present experiments. 

The value ƒÀ given in the fourth column of the table, stands for the 

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

number of molecules of oxygen which collide with the liquid surface per 

unit of time, and was calculated by

In the last column of the table, the root-mean-square-velocity of oxygen 

at several temperatures, calculated by

(1) Loc. cit.
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Table 3.

Table 4.
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are given. It follows from the present research that only the molecules of 
oxygen, whose components of velocity at right angles to the boundary sur-
face are greater than approximately 3.4 times the root-mean-square-
velocity, are able to enter into the liquid phase.

Summary.

(1) The rate of solution of oxygen into sodium sulphite solution of 
various concentrations was observed by the measurements of the decrease 
of the volume of gas phase at constant temperature and pressure. 

(2) At low concentrations of sodium sulphite solution, the rate of solu-
tion of oxygen increases as the concentration of sodium sulphite increases. 
At middle concentrations, the rate of solution is maximum and independent 
of the concentration of sodium sulphite. 

At high concentrations the rate of solution decreases with the increase 
of the concentration of sodium sulphite. 

(3) A theoretical interpretation on the results of the present experi-
ments was given. 

The present writers are indebted to the Department of Education for 
a grant.
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