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Introduction

This new theoretical treatment was applied to liquid
phase, homogeneous fluid and heterogeneous fluid, on the
basic theory in gas phase like the previous papers.' 2%
Especially, the important characteristics(specific prop-
erty) of reaction was tried to express with someone
expression, for example, the order of reaction which was
one of characteristics number on this paper.?® However,
those following theoretical treatments are also the
objective problems that are tried moreover. Namely, such
a theoretical consideration is tried to apply on those
various points; the concentration of chemical species, the
number of molecule(particle) per unit volume, the rate of
reaction per unit time or the collision rate, the hidrance

or frequency of collision, and others.
Experimental and Results, Gedanken Experiment

Order of reaction:

Among the numbers that point the characteristics of
reaction, the order gives the most important information
about the mechanism. Each chemical species 6% that

constitutes the reactant in the homogeneous fluid is
contained in the concentration of ‘M %7 | but the homo-

geneous fluid is part of the remarked assembly. Also, it
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is assumed that the product is not contained completely.
And it is assumed that the reactant changes to the product
at the rate of per unit volume of the homogeneous fluid
in the homogeneous reaction, or per unit volume of the
heterogeneous fluid. In this case, the order is defined as

the following equation.

d log B
=3 256 Mo XH-1
" 7 dlog N O { )
Andilig—& in each term of the right side of equation
d log N 9F ’
_ dlog R, .
namely, mf = W (XI11-2)

Then, it is assumed that &, transmission coefficient, is
kept in constant during the progress of reaction. And the
orders of various reactions on the basis of many rate
equations are considered.

At the first step, in the case of homogeneous simple
reaction, according to the definition, the following

equations are showed.

ot = ¢!, ok = oF (X11-3)

P = pd, p& = ps° (XI-4-L), (XII-4*R)

In the case of simple reaction, it may be different
between (¥} and ¥} ), and (v} and f). To this difference,
the coefficient bf of chemical equation may be selected to

equal to the number of piece, U/, of the necessary &} for
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make one 6.

Here,v, is the rate of the elementary reaction per unit
volume of homogeneous fluid. If 24" and 2" are
expressed as the following equations, (WII-5-L) and
(X11-5-R) according to P° i (2 %)"s

= and
é‘"=§ il eR=3 PR %,

According to the equations, (X11-3), (XI1I-4-L), (X1I-

< v T Q3" )
. V, = — = -1
4-R) and V, % K= YR the following
equation, (X1I-6) is obtained.
- kT & PN
Ro = == —L— 1 (n# (x1-6)
nce )"

Then, during the progress of reaction, all Q¢ is
constant. In the other words, if all components that the

_ concentration change is ideal, R, is proportional to

’

¢ i 7 . .
1 ( & %Y. Consequently, the order is given from the

equations (X1I-1) and (XI1I1-2) as follows;

m = Z: vk (XI11-7)

(XI11-8)

Namely, the order, mf , related to & is equal to the
number, pF , of chemical species, 81 , that reacts, the order,
m, is equal to the total number of such a molecule.
Conversely, if the observation value of mf of the one
reaction is equal to stoichiometrical coefficient, pF , of
each chemical equation, the reaction may be simple
reaction. Of course, the conclusion that is a simple
reaction can be induced from this fact alone.

At the second step, in the case of the heterogeneous
simple reaction, the following equation, (XII-9), is
induced according to (X11-3), (XI1-4-L), (XII-5-L), and

- ')
- v kT g g
Vo= =k G, i: 6%,
[
- T g .~ O¢x,
R, = /ckT  —L (X11-9)
(o)

If Q ¢ and q‘;,; @m are kept to constant during the
s . 3 N
progress of reaction, J2, is proportional to [T ( M ¢7)”’

in the homogeneous fluid. Consequently, the similar
conclusion to the case of homogeneous simple reaction is
set up in connection with m and m} .

At the next step, the homogeneous reaction that all
components are composed with some elementary reactions
existed in an ideal state is considered. But, the
concentrations of the all components are changeable. At
first, B, is equal to Vv, of the rate-determining step
according to the conclusion. Namely, the rate of the
rate-determining step decides the rate of the over-all

reaction. Or 2, shows the constant ratio. Also,according

e x
ion, ¥, = L o g KT Q°
to the equation, V, v K h po
this v, is dependent upon only P93 of the

rate-determining step as the ideal state is assumed. And
according to the conclusion that the rates of the both

directions are balanced, all elementary reactions except the
rate-determining step are at equilibrium. So, P ' can be
expressed as the function only P % according to the usage
of the equation, /P 0a = P % =----++ . Moreover, P 7 is

depended upon only A %%, Therefore, the order, mf , is

given as follows;

Lo_ dlog R,
7 9log N OF
s of
=¢9logv, _ d log P _ d log P _(X1I-10)
d log P % 3 log P %" 3 log N %

However, the first term and the third term of the right
side of the equation, (XII1-10), are respectively equal to

-1 according to the equations,

kT Q"

V_i_ X and J_Qi
l—l/—lc h pa.anP =N

Then, the following equation is obtained as follows;

L _ Ologpd

- XII-11
i 3 log P 8" ¢ )

The value is related to the mechanism.
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Discussion and Conclusion

There are the respective important characteristics in the
formless part (theory, consideration, etc.,), and the form
part (experiment, reaction, etc.). So, the important
information of those characteristics must be shown with
anyone was considered reasonably from a point of new
theoretical treatment. Then, the one part is shown as
follows.

As one of the expression, the order of reaction is tried
to pick up. Namely, the order, m, is defined and is shown.
And the order related to df is also shown as the general
expression, m| .

Moreover, in the case of homogeneous simple reaction,
some types are shown in the information of characteristics.
Especialy, the order, m} , is equal to the number of
chemical species, pf .

This consideration induced on this report was applied
to the practical problem. Namely, the case of homo-
geneous para-ortho conversion reaction, p-H> > O-H.,
of hydrogen isconsidered. If the elementary reaction, H +
pP-H — O-H: + H , is the rate-determining step, the
equilibrium relation,

(PPt )% = pH pr-t
p-H> and ¢

which is the rate-determining step. Then,

is given between o H+p-H,

the relation,
= ml=3 :
m=m; ==, is obtained.

This value is same to the value (order) of reaction that
is obtained with the experiment. Thus, the point for the
mechanism can be given according to the decision of the
order,m, or m} obtained experimentally.

If the component that the concentration is changeable
is at ideal state, and if qf.f,.' ©¢x is kept at constant

completely, the similar conclusion in the case of the
heterogeneous reaction is step up in the case of the
homogeneous reaction resulting from the understand of

the equation,

.

- v kT
Vi =T Sk G, —péJ B¢,

In the case of the homogeneous reaction, as the

concentration that the component is changeable is small,

the estamate that those components are ideal can-be made
often. Consequently, the important and benefical infor-
mation is given from the order about the mechanism of
the reaction. Against this estimate, if a certain measure
of information about the mechanism in the case of the

heterogeneous reaction can not be obtained, the confirms
1
that q‘;‘ O gz is kept at constant completely during the

reaction or not is almost impossible. Then, the order can
not be available to clarify the mechanism. The results of
experiments induce and decide the conclusion practically.

The concentrations of all components are changeable
is assumed. And some elementary reactions are at the ideal
state. 2, is equal to v, that is the rate-determining step.
Or [, points a constant ratio. Under this condition, the
system of reaction of the rate-determining step in the
reaction passes almost into the all reactant and does not
pass almost into the product. Then, the system of
formation passes almost into the product and does not
pass almost into the system of formation. Consequently,
all of the system of reaction at the rate-determining step
is formed really with the reactant, most of the system of
formation passes almost into the product. Therefore, the
system of reaction element reacts completely. Namely, to
the condition that the state of reactant changes to the state
of product, the get over the rate-determining step is
necessary and sufficient.

On the other hand, the reaction is stationary(steady)
state. Namely, to the intermediate products are not
accumulated and are progressed, the rate difference
between one direction and its reverse direction in all
elementary reactions must be equal to the rate difference
at the rate-determining step or must be less that it. And,
as the forward and backward rates at the rate-determining
step are negligible small in comparison with the rate of
elementary reaction, the rate difference at the
rate-determining step is negligible small in comparison
with the rate of the other elementary reaction. Therefore,
the rate difference at the elementary reaction except the
rate-determining step is negligible small in comparison
with the rates of the both directions.

Thus, the above-described two cases must be considered
at least. The order of chemical reaction must be decided
with the experimental results. Sometimes, the decision by

estimate based on the chemical equation from the
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numerical mathematical point only produces often a large
mistake. This point must be called a person’s attention

so much to decide it.
Summary

Each reaction possesses the characteristics (specific
property). The characteristics can be expressed with the
characteristics number. Then, this important character-
istics of reaction was tried to express with the order as one
of expression form. This theoretical consideration was on
the base of gas phase and its consideration was applied
to liquid phase. And the first try was done to the
homogeneous fluid, and the second try was done to the
heterogeneous fluid.

The order, m, is expressed as follows;

9 log R,

"= Z’: d log N o

So, if chemical species, 6‘," , is related, the order, m/, is

expressed as follows;

ad log B
L — o
T T log N OF

Moreover, the equation is developped as follows;

mt = dlog P o
d log P oF

Then, the value is related to the expression of

mechanism of reaction.
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Foot note - As a pagination for one report was limited
by budget, sections of summary, introduction, discussion
and conclusion, and experimental and results(Gedanken
Experiment) should be shortened in that order. The
rigorous restriction was one person one contribution one

year.
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