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Introduction. The present research was undertaken with an expecta-
tion that the oxidation of the mixture of sodium sulphite and ferrous 
hydroxide in sodium hydroxide solution in a vessel will be an example of 
negative induced reaction favourable to the author's theory,(1) in connection 
with the former study on the oxidation. of the mixture of sodium sulphite 
and stannous hydroxide in sodium hydroxide(2) solution or in sodium carbo-
nate(3) solution by. air, which was found to be a kind of negative induced 
reaction. 

A Theory of Negative Induced Reaction. When two independent 
chemical reactions take place simultaneously in a same vessel, sometimes 
the primary reaction has an accelerating or an inhibiting action on the 
secondary reaction. In the former case, the phenomenon is usually called 
induced reaction, and in the latter case, it will be probable to be called 
negative induced reaction. 

According to the modern theory of the kinetics of chemical reaction, 
the velocity of a reaction is accelerated by the appropriate activation of the 
molecules of the reacting substances. It is then quite probable to consider

(1) S. Miyamoto, Sci. Papers Inst. Phys. Chem. Research, 4 (1926), 259. 
(2) S. Miyamoto, this Bulletin, 2 (1927), 191; Sci. Papers Inst. Phys. Chem. Research, 7 (1

927), 195. 
(3) S. Miyamoto, this Bulletin, 3 (1928), 95; Sci. Papers Inst. Phys. Chem. Research, 8 

(1928), 237.
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that the phenomenon, called induced reaction, is no other than the activating 
action of the primary reaction, which can proceed by itself, on the molecules 
of the reacting substances of the secondary reaction, whose own reaction 
velocity is extremely small. 

Various kinds of possible activating processes can be considered. It 
was proposed by the author,(1) that the direct transference of the appropriate 
active states of the reaction products of the primary reaction to the mole-
cules of the reacting substances of the secondary reaction can be regarded 
as one of the possible processes; of activation at least for some induced 
reactions. 

The phenomenon, called negative induced reaction, can be considered 
to be the reverse process. In this case, the active states of the molecules 
of the reacting substances of the secondary reaction, already activated, lose 
their activity, before they react each other, by some means in the presence 
of the primary reaction. 

The direct transference of active states will also be one of the possible 
mechanisms for this phenomenon. According to this consideration, the 
existence of three kinds of negative induced reactions can be considered. 
The active states of the molecules of the reacting substances of the 
secondary reaction can transfer firstly to the molecules of the reacting 
substances, secondly to the molecules of the reaction products and thirdly 
to the molecules of both of the reacting, substances and reaction products of 
the primary reaction. It should be considered that the direct transference 
of active states depends upon the-mutual specific nature of the colliding 
molecules. Then the negative induced reaction of the third kind will 
scarcely occur in the actual case. 

In the case of the negative induced reaction of the first kind, the 
velocity of the secondary reaction will be very small at the beginning, and 
increase with time as the concentration of the reacting substances of the 
primary reaction decreases. 

In the case of the negative induced reaction of the second kind, the 
velocity of the secondary reaction will not be small at the beginning, but 
decreases with time as the concentration of the reaction products of the 
primary reaction increases. Then in this case, the phenomenon can be re-
garded as the negative catalytic action of some of the reaction products of 
the.primary reaction, whose concentrations increase with time. 

The oxidation of the mixture of sodium sulphite and stannous hydroxide 
in sodium hydroxide(2) or in sodium carbonate(3) solution by means of air was

(1) S. Miyamoto, Sci. Papers Inst. Phys. Chem. Research, 4 (1926), 259. 
(2) Loc. cit. 
(3) Loc. cit.
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found to be an example of negative induced reaction of the first kind. The 
inhibiting action of the oxidation of stannous hydroxide on the oxidation of 
sodium sulphite, and the increase of the oxidation velocity of the mixture in 
sodium hydroxide solution with the suitable elapse of time, when the initial 
concentration of stannous hydroxide is small, are the principal evidences 
that it is the negative induced reaction of the second kind. 

With the expectation that the oxidation of the mixture of sodium sul-
phite and ferrous hydroxide in sodium hydroxide solution by means of air 
will also be the same kind of phenomenon, the present research was under-
taken. Favourable result to the author's theory, above described, was 
obtained. The oxidation velocity of the mixture was found to be an 
example of negative induced reaction of the second kind. 

The oxidation velocity of ferrous hydroxide(1) or sodium sulphite(2) in 
sodium hydroxide solution by means of air was already studied under certain 
conditions. They are considerably great and the observed oxidation velocity 
of each shows the dissolution velocity of oxygen into the solution. In the 
present research, the mixture was treated under the same conditions, and 
the rate of the oxidation of sodium sulphite alone was observed. The 
experimental results, which will be given in the later, show that it is a 
negative induced reaction of the second kind, the oxidation of ferrous 
hydroxide and that of sodium sulphite being considered as the primary and 
the secondary reactions respectively. It was unnecessary for the present 
purpose to observe the oxidation velocity of ferrous hydroxide in the 
mixture, which will be expressed by

(The oxidation velocity of Fe(OH)2 in the mixture)≦

(The dissolution velocity of oxygen)-(The oxidation velocity of Na2SO3 
in the mixture).

The experimental procedure was almost the same as that employed in

the previous studies.(3)

A large test tube (diameter≒3cm.) was used for the reacting vessel,

the total volume of the mixture being made to 40c.c. in each case. After 

t-minutes, the air current, which was passed into the mixture through a

glass tube (inside diameter≒4mm., outside diameter≒6mm.) after being

washed by acidic solution of potassium bichromate and sodium hydroxide

(1) S. Miyamoto, this Bulletin, 3 (1928), 137; Sci. Papers Inst. Phys. Chem. Research, 9 (1928)
, 203. 

(2) S. Miyamoto, this Bulletin, 2 (1927), 74; Sci. Papers Inst. Phys. Chem. Research, 7 (1
927), 40. 

(3) Loc. cit.
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solution, was stopped, and the total amount of the mixture was quickly 

filtered and washed under reduced pressure into a known amount of iodine 
solution, acidified with hydrochloric acid. The excess of iodine was titrated 

back by means of sodium thiosulphate solution. In the following tables, v 
is the volume of sodium thiosulphate solution of 0.0996normal, equivalent 

to the quantity of sodium sulphite, remained in the mixture after the 

t-minutes passage of air. The amount of ferrous hydroxide, initially 

present in the mixture, was determined separately by the titration by 
means of 0.1000normal solution of potassium permanganate, the values of
υ0Fe(OH)

2 in the following tables being the volume of potassium permanga-

nate solution, equivalent to the amount of ferrous hydroxide, present in 

the mixture at t=0. 

Thus the oxidation velocity of sodium sulphite in the mixture was only 

observed. The results were quite sufficient for the present purpose, above 
descrived.

Table 1.

Temp.=20℃. CNaOH=0.2000normal

Air=7.78 litres per hour.
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Table 1. (continued)

Table 2.

Temp.=20℃. CNaOH=0.4670normal.

Air=7.78 litres per hour.
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Table 2. (continued)

As is shown in Table 1 and 2, the oxidation velocity of sodium sulphite 

in the presence of ferrous hydroxide by means of air decreases rapidly with
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time; a few of the results being graphically shown in the accompanying
figure. The values of υ', given in the last column of the tables are calcu-

lated by an equation,

υ'=υ0-kt,

k being the velocity constant of the oxidation of sodium sulphite(1) in the 

absence of ferrous hydroxide, obtained in the previous study. When the
initial concentration of ferrous hydroxide is very small, the values of υ and

υ' are almost the same at the beginning; that is, sodium hydroxide oxidizes

in the first stage almost at the same velocity as it is oxidized alone, but the 

velocity decreases gradually with time. It is not diminished so rapidly as 
in the other cases, since ferric hydroxide is formed at a very slow rate, 

when the initial concentration of ferrous hydroxide is very small. 

The experimental results show that it is an example of negative induced 
reaction of the second kind, and the direct transference of the active states 

of the molecules of sodium sulphite to the molecules of ferric hydroxide, 

the reaction product of the primary reaction, will be one of the proper 
interpretations for this phenomenon. 

The Effect of Ferric Hydroxide. The observed results on the oxidation 

of the mixture, an example of negative induced reaction of the second kind, 
should be considered to be the negative catalytic action of ferric hydroxide, 

according to the theory, above described. To ascertain this consideration, 

the oxidation velocity of sodium sulphite in the presence of ferric hydroxide 
was studied under the same conditions, quite the same way as was above 

described. The amount of ferric hydroxide was determined by the usual
method of iodometry, the value of υ0Fe(OH)3 in Table 3 and 4 being the

volume of sodium thiosulphate solution of 0.0996normal, equivalent to the 
amount of ferric hydroxide, present in the reacting mixture. 

Table 3.

Temp.=20℃. CNSOH=0.2000normal.

Air=7.78 litres per hour.

(1) Loc. cit.
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Table 3. (continued)
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Table 4.

Temp.=20℃. CNaOH=0.4670normal.

Air.=7.78 litres per hour.

As was shown in the Tables a favourable result to the author's con-

siderations was obtained: the oxidation velocity of sodium sulphite in the 

presence of ferric hydroxide is very small. 

The Effect of Sodium Sulphate. Though it is almost certain that 

sodium sulphate formed by the oxidation of sodium sulphite has a negligible
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effect on the oxidation velocity of sodium sulphite under the conditions of 

the author's measurements by the previous studies, it was ascertained by 
measuring the oxidation velocity in the presence of a considerable amount 

of sodium sulphate.
υ0Na2SO4 in Table 5 is the volume of 0.1000normal solution of sodium

sulphate initially present in the mixture.

Table 5.

Temp.=20℃. CNaOH=0.2000normal.

Air=7.78 litres per hour.

By comparing Table 5 and Table 1-4, it will be seen that sodium sul-

phate has no appreciable effect on the oxidation velocity of sodium sulphite. 
The experimental error of the present measurements is considerably 

great owing to the slowness of the reaction velocity, and it will be of no use 
to try to obtain any quantitative relation from the values, given in the 
tables. 

Summary. 

1. A theory of negative induced reaction was proposed. Three kinds 
of negative induced reactions was considered according to the proposed 
theory. The oxidation of the mixture of stannous hydroxide and sodium 
sulphite in sodium hydroxide or in sodium carbonate solution by means of 
air, the results of which being already reported in the previous papers, can 
be regarded as an example of negative induced reaction of the first kind, 
and the oxidation of the mixture of ferrous hydroxide and sodium sulphite



142

in sodium hydroxide solution, here reported, as an example of negative 

induced reaction of the second kind. 
2. The oxidation of the mixture of sodium sulphite and ferrous hy-

droxide in sodium hydroxide solution by means of air was studied, with an 
expectation, that it will give an example of negative induced reaction. The 

oxidation velocity of sodium sulphite in the mixture was only measured, 

which was sufficient for the present purpose. The velocity decreases rapid-
ly with time, and the result was interpreted as a negative induced reaction 

of the second kind. 

3. To ascertain that the decrease of the observed oxidation velocity of 
sodium sulphite in the mixture is due to the formation of ferric hydroxide, 

the reaction product of the primary reaction, the oxidation velocity of 

sodium sulphite in the presence of ferric hydroxide was studied under the 
same conditions. The expectation was fulfilled. 
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