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Studies on the oxidation velocities by means of air of several substances, 
such as ferrous hydroxide,(1) sodium sulphite,(2) stannous hydroxide,(3) and the 
mixture of sodium sulphite and stannous hydroxide(4) in sodium hydroxide 
solution, stannous chloride in hydrochloric acid solution,(5) stannous hydro-
xide,(6) sodium sulphite,(7) and the mixture of sodium sulphite and stannous 
hydroxide(8) in sodium carbonate solution, were carried out. 

This kind of heterogeneous reactions can be considered to take place in 
three stages, firstly, a part of the molecules of oxygen, which strike the 
surface of air bubbles, enters into the liquid surface film, secondly, the 
oxidation occurs in the liquid phase (principally in the surface film), thirdly, 
the reacting substances in the inner liquid phase diffuse to the surface of 
the bubbles, and the oxygen dissolved in the surface film diffuses into the 
inner liquid phase. The slowest process will determine the velocities of these 
heterogeneous reactions. If the second or the third process be the slowest, the 
oxidation velocity should depend on the concentrations of the reacting subst-
ances. If sufficient reacting substances be always present to react with 
oxygen as soon as it enters in the surface film, that is, if the concentration 
of oxygen in the surface film be always kept zero, the apparent oxidation
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velocity is no other than the rate of the first process, the dissolution of oxy-
gen, and will be independent of the concentration of the reacting substances, 
if the partial pressure of oxygen be kept constant. 

Under these conditions, the meaning of the dissolution velocity of 
oxygen is quite different from that of the dissolution velocity of solid subst-
ances in the liquid phase, in which case the process of diffusion governs 
the velocity. The oxidation velocities of the substances above described 
with air were almost in every case independent of the concentrations of the 
reacting substances under the conditions of the author's measurements, if 
the initial concentrations of the reacting substances be not very small. In 
these cases, the observed apparent oxidation velocities do not mean the true 
oxidation velocities of the substances, but the dissolution velocity of oxygen, 
the meaning of which being above described, into the liquid phase. It is 
then possible to calculate the approximate values of the dissolution velocity 
of oxygen into sodium hydroxide, sodium carbonate and hydrochloric acid 
solution, when air was passed into 40c.c. of the solution in a test tube (diameter
≒3cm.) through a glass tube (inside diameter≒4mm., outside diameter

≒6mm.) at the rate of 7.78litres per hour, from the results of the author's

studies. The calculated values are given in Table 1. The concentrations are 

given in the first column and the dissolution velocities in the second, the 
third, and the fourth column, some of them being already given in the 

previous papers. 

The results are also shown graphically in Fig. 1.

Fig. 1.
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TABLE 1.

Temp.=20℃.

(1) The values calculated from the oxidation velocity of sodium sulphite.
(2) " " " " " stannous hydroxlde.
(3) " " " " " stannous chloride.

Ferrous hydroxide in sodium hydroxide solution and stannous hydroxide 

in sodium carbonate solution exist as solid phase in the system and the 

mechanism of the oxidation of them will be more complex, and the experi-

mental results are not sufficient to discuss it precisely, but from the experi-

mental results, the apparent oxidation velocity of the former seems to be 

the dissolution velocity of oxygen and that of the latter the reacting velocity. 

The author has an opinion to explain some catalysis and induced reac-

tion by the transference of active states.(1) It was ascertained that the 

increase of the velocity of the induced oxidation of some carbohydrates in 

the presence of ferrous hydroxide or sodium sulphite with the increase of

(1) Scientific Papers of the Institute of Physical and Chemical Research, 4 (1926), 257.
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the concentration of sodium hydroxide, studied by C.C. Palit and N. R. 

Dhar,(1) is not due to the increase of the velocity of the primary reaction; 

the oxidation velocity of ferrous hydroxide(2) or sodium sulphite(3) decreases 

with the increase of the concentration of sodium hydroxide. The pheno-

menon can easily be explained by the transference of the active states of the 

molecules of the products or the reacting substances of the primary reaction 

to the molecules of the reacting substances of the secondary reaction. 
As was discussed already in the previous papers, the oxidation of the 

mixture of stannous hydroxide and sodium sulphite can be regarded as a 

kind of negative induced reactions; the oxidation velocity of sodium sul-

phite is extremely small in the presence of stannous hydroxide. 
According to the author's opinion, some negative induced reactions are 

explained by the transference of the active states of the molecules of the 

reacting substances of the secondary reaction to the molecules of some 

reacting substances or reaction products of the primary reaction, and the 

oxidation velocity of the mixture studied can be explained by the transference 

of the active states of the molecules of sodium sulphite to the molecules of 

stannous hydroxide. The transference of the active states of the molecules 

of sodium sulphite to the molecules of other substances seems to occur 

easily, which will be the cause of the existence of many negative catalysers(4) 

on the oxidation of sodium sulphite. 

The catalytic effect of inert gases on some reactions under the influence 

of alpha-particles, studied by S. C. Lind and D. C. Bardwell,(5) is an experi-

mental result favourable to the author's theory. The phenomenon can be 

explained as the result of the transference of active states of the molecules 

of inert gases, excited by alpha-particles, to the molecules of the reacting 

substances.

Summary. 

1. The dissolution velocity of oxygen when air was passed into sodium 

hydroxide, sodium carbonate and hydrochloric acid solution under some 

conditions was calculated from the oxidation velocities of sodium sulphite, 

stannous hydroxide and stannous chloride. 

2. The mechanism of some negative induced reactions was discussed. 
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