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Introduction

The correlation between the quantity HY intro-
duced by statistical mechanics and other quantities
related to it against any quantity in thermodynamics
is tried to consider at first.

The approximate and probable behavior of the
assembly that is composed with a number of chemical
species becomes one problem. Then, also the problem
is treated naturally with the method of statistical
mechanics in general case. The conditions are assumed
és follows; the macro assembly is canonical ensemble
and the assembly exists at thermodynamical equilib-
rium,

The probability against taking the Eigenvalue of
energy of the assembly in the ensemble is discussed
with the external parameter and the internal para-
meter. The quantity H in the canonical ensemble is
affected by the distribution coefficient and the both
parameters in the range of slight change. This discus-
sion is performed on the way how the quantity H in
the canonical ensemble changes. While the assembly is
kept existing at thermodynamical equilibrium, the
entropy change is considered with regard to the
external parameter and the internal parameter in the
case that it is made to change slightly.

In correspondence of the quantity of thermo-
dynamics to the quantity of statistical mechanics, the
relation in the both quantities can be researched.
Next, the classical approximation of Zustandsumme
is considered. The number of the state must be
known for calculating the Zustandsumme. In the

phase space of the assembly that the degree of
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freedom is decided, the regional element of a certain
magnitude corresponds to one of quantum state. So,
a certain region corresponds to a certain number of
quantum state. The Zustandsumme is expressed in
those relations.

Now, the Zustandsumme of one particle in a
rectangula paralleopiped is considered. The energy of
system is expressed by mass and momentum in X, Y,
and z directions. So, the Zustandsumme is expressed
in relation to the quantum state. On the other hand,
if there is no degeneracy by spin, the Zustandsumme is
obtained in relation to the number of the characterist-
ic state after the Eigenvalue of the particle is decided.

Here, the two methods of calculation are applied to
obtain the Zustandsumme. Those results calculated
with such different two kinds of method are equal to
each one. Namely, the conclusion that the procedure
of calculation is appropriate according to general con-
sideration is possible to be recognized.

Also, the sum of Zustandsumme that is independent
mechanically is expressed by the product of two parts
of Zustandsumme.

And, the relation between the Zustandsumme of the
macro assembly and the probability of existence at the
state is discussed. And it is studied that the free
energy is related to the Zustandsumme like the conju-
gate mean force against the Zustandsumme. The tem-
perature change of Zustandsumme is given by the
stitistical mean value of energy.

One application of Zustandsumme is considered to
develop this theoretical treatment.

Definition of functions; the function that is given as
ratio of Zustandsumme is defined in the four types,

P, 4'60 , @g(.s), , and ®a(o)respectively.
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Expansion of definition; these above described func-
tions give a coefficient of increment of Zustandsumme

by various procedures respectively. On this funda-

mental consideration, the four functions are expressed

as one formula. Namely, log A = A log ZC. Then, the
increment of the first order is defined at the first step.
And the increment of the second order is defined at
the next step. So, similarly, the increments of tertiary
and more over order are possible to be defined.
Approximation; the fundamental state is decided by
the appropriate procedure. The direct interaction in
molecule does not affect and the increment of
secondary and more over oder are neglected against
the increment of first order. When one procedure or
another one does not decide the fundamental state,
the increment that is over seconary is neglected.

According to such as assumption, these following
relations are obtained. i) P31+8s _ 8y 4ng P -

yAS
Igl(/p&g)vg_ Similarly, i) @ g(s) = -%Q . Moreover,
0

Apy jlog ZCis expressed to power series of AP and

if the term that is over secondary is neglected, iii)

3logZC
o

(AplogZC )P+E A}\P]‘.
]

The correlation,qas = @Gﬁ)./pa, of four functions,

®q(0)

P8, 4&5,@0(5), and @ g(g)are obtained from the above

described relation. Moreover, the following relation,

ag
Po = @a(o)—ﬂ is obtained. Here, 8 is composed
®o(5) /o]

with only one molecule, lol is volume of vacant space

g. And the other following relations are obtained re-

® o(s _
o ) Here, NS is

spectively as follows;/N'S = lim
logl-p lol

concentration of § at astrigent point. Here, Q5 i% ex-

tremal value of qés/ lal. So, the relation,/p8 = N is
obtained.

The related and refered publicationsl‘zé) are very
useful for analysis of chemical reaction to develop this
new theoretical treatment.

Experimental and Results, Gedanken Experiment

Statistical mechanics and thermodyamics: in this
section, at the first step, try to consider the following
problem; the quantity H introduced by statistical
mechanics and some other quantities related to it are
corresponding to any quantity in thermodynamics or
not.

The object that becomes the problem in thermo-
dynamics is the approximate and probable behavior of
the macro assembly composed with a number of
chemical species as its subject described by Gibbs.D
Therefore, it is natural that the method of statistical
mechanics may be possible to treat with this problem.

Now, if the macro assembly is represented with
canonical ensemble, it may be assumed that the
assembly exists enough at thermodynamical equilib-
rium. This subject is natural from the point that the
canonical ensemble represents the following equilib-
rium system as the previous description.26) The
equilibrium system satisfies the condition that E is
constaﬁt.

In canonical ensemble, the probability Pk that the
assembly selected at random from the ensemble shows
the Eigenvalue Ef of the energy of kth is given by
the following equation, eq. (V — 3), from the follow-
ing two equations,zé) eq. (V — 1), and eq. (V — 2):

¥ -Ef
- 0 5 therefore
P =€ k,l s
kI~ gy
6
V-1
Prk™¢€ ¢ )
v &
e V=3¢ 6 V-2
k
E,
v-Ep _k
7]
9 e
P :sze =
K Bk
se 0 (V-13)
i .

Here, the Eigenvalue £ of the energy is decided with
several independent parameters. Also, the two kinds of
classification are considered in parameter as this general

fundamental consideration, die These und die Antithese,
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at the first step. Like the volume occupied by the
assembly, also like the electrostatic field or magnetic
field that the whole assembly is existed, such subjects
that macro determination is possible to perform directly
are called as external parameter. Against these para-
meters, such a subject that macro determination is
impossible to perform directly like the following de-
scription is called as internal parameteter.

While the assembly is always kept existing at the
statistical equilibrium, and when the distribution coef-
ficient ¢, 6, and internal and external parameters, o, --. |
ag, ---,are changed slightly, consider whether the quan-
tity H of the canonical ensemble is subject to any
change by means of the slight change.

In this case, these relations are expressed by the fol-
lowing equation, eq. (V — 4):

Tk _
o YEx_ FE g
9 6

H=3 Py log Py =Ze
k k

Therefore, the relation shown in the following equation,
eq. (V — 5), is obtained.

_ 8¢ 8E ¥-FE
] 0 6?

50 V-5

On the other hand, as the following equation, eq. (V —
6), is valid, the following relation shown in the follow-

ing equation, eq. (V — 7), is valid.

P-Ey
zlng=‘]V}ce 0 =1 (V-6)
$-E
Zie ek 2f 1y ok, P—Ekse
k (G "9 2%, 2% 57 %9
=0 V-7

Namely, this relation is shown as the following equa-
tion, eq. (V — 8):

) 1 - $-E
-z )

+?§n%5%-6T 80=0

Here, the relation shown in the following equation, eq.
(V —9), is obtained.

Eg
¢~ Ey e 9 (- a,Ek)
_— ) oEy k dag
Haa—%e (= day )= Ex
e ¢
k
V-9

oF,
The partial differential coefficient —a—ﬁ corre-
Qg

sponds to the force of doing for increasing Eigenvalue
E} of energy of the kth in the assembly with parameter
ay. However, in this case, there is a condition that the
assembly is not shifted to other characteristic state.
Moy, is statistical mean of parameter . From the
equations, eq. (V — 5) and eq. (V — 8), the following
equation, eq. (V — 10), is obtained.

_sH = (V - 10)

I
=| &

) -
+ — Yoz ba,
0 a

Whereas, the quantity corresponding to the irrevers-
ibility of natural phenomenon in thermodynamics is
entropy S. And when the assembly is changed slightly
at the same time that the assembly is kept existive at
thermodynamical equilibrium, the following equation,
eq. (V — 11), is obtained.

sU

88 =— - T%}Ha‘ﬁaa

V-11
T ( )

Here, U is internal energy, T is thermodynamic tempera-
ture, and Tloy is the conjugate force to external para-
meter ag. Generally, in thermodynamics the subjects
that give rise to discussion are volume and pressure. The
pressure is the conjugate force of it. Consequently, in
the equation of statistical mechanics, eq. (V — 10), if
the following case is considered, these two equations,
eq. (V — 10) and eq. (V — 11), become the correspond-
ing form. The following case includes the two condi-
tions. Namely, the internal parameter is not changed,
but the external parameter only is changed.

As the quantity of thermodynamics can correspond to
the quantity of statistical machanics according to eq.
(V — 12), if the relation between the quantity S that
represents the irreversibility and A is assumed as the
following equation, eq. (V — 13), the theoretical treat-
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ment that the relation between T and 6 is induced as the

following equation, eq. (V — 14), is more reasonable.

U=E, Mo, =Nay, az=aq (V-12)
S=~kH V-13)
0
=— V- 14
T X ( )

Here, the proportional constant k is called as Boltman’s
constant.

It is known as follows; it is equal to the quantity that
gas constant R is divided by Avogadro’s number Ng4.

If the free energy F of Helmholtz is represented by the
quantity of statistical mechanics according to the above
described formula, the relation is shown as the following

equation, eq. (V — 15):

F=U-TS=E +6H (V-15)

If eq. (V — 4) is substituted to eq. (V — 15), the relation
shown as the following equation, eq. (V — 16), is ob-

tained.

F=y9
And frqm eq. (V — 2), the following relation is obtained
as shown in the following equation, eq. (V — 17):

Ex Ex

F=p=-6logxe 9 =-kTlog Je
k k

Zustandsumme, Partition function: one classical
approximation about Zustandsumme is considered at
the first step. At first, the number of the state must be
known to calculate the Zustandsumme.

Like the fundamental partial consideration was
described ready on the section of statistical equilib-
rium?2%) and Liouville theorem, in the phase space of
the assembly C that the degree of freedom is f, the
regional element corresponds to one quantum state.
But there is one limitation that the magnitude of the
regional element is hf. Consequently, if the exchange ¥
of the equivalent atom and the equivalent atomic group
in the assembly is not determined independently, the
region Aq. ... Aqf Ap, ... Apf corresponds to

(V -16)

zc

Aq, - Aqy AP, - Apgs
+f

Therefore, Zustandsumme ZC is given as the following

pieces of the quantum state,

equation, eq. (V — 18):

_£
kT,.
g - dgrdp, —~d
zc- I3 :}; YR vy
v

Here, the integration is carried out in regard to the total
phase space that is suited to the objective condition.

Consider the Zustandsumme of one piece of molecule
that is not affected by the external force in the rectan-
gular paralleopiped. But the length of each side of the
rectangular paralleopiped is @, b, and crespectively. At
first, the energy E of this system is given by the follow-
ix{g equation, eq. (V — 19):

1
2m

E= % +P}2, +P3) (V-19)
Here, px, py, and p; are the momenta of the direction
X, ¥, and z respectively. In this case, as7 isequal tol,r
=1, and f is equal to 3, f = 3, the Zustandsumme is
expressed by the following equation, eq. (V — 21),
according to eq. (V — 19) and the following equation,
eq. (V — 20):
o  _ 2
T2 e ax= [ = (V - 20)
(P + 2+ D7)

f: J.f, f; fi-’: re 2mkT

dx dy dz dpx dpy dpz

h3

(P +P} + P}
X Tyl

abce +oo
== V[ Je  2mkT  dpydpydp,
3
v 2
i (2emkT) (V=121

On ‘the other hand, the Eigenvalue En,, n,, ”37) of
energy of the particle is expressed by the following
equation, eq. (V — 23), according to the following equa-
tion, eq. (V — 22).

(122)
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hz n]2 n22 n32
E-= +—+ V22
8m a? b? c? ) ( )
h2 nll n: n32
En  n,,n,= + + vV -23
n,, N, N, - o B2 . ) )

Then, if E is large enough and if there is no degeneracy
affected by spin, the number of the characteristic state
existing between the range £ and the range E + dF is
expressed by the following relation, (V — 24):

A S 2mE dE

hS

(V-24)
Therefore, the Zustandsumme is expressed by the
following equation, eq. (V — 26) according to the

following equation, eq. (V — 25):
(V-25)
3

©0 1 ™
/ -ax - —
j; x e dx = 2 at

w 4mv T v
ZCZ=I‘° 7m 2mE e deE=—h—3—(2wka)2

(V —26)

Namely, in this case, the two Zustandsumme that are
calculated by the two methods lead an equal result.
Then, the appropriateness of eq. (V. — 18) can be
recognized.

Moreover, the Zustandsumme Z(4 + B) of A + B that
is composed with the independent assembly 4 and B is
expressed by the following, eq. (V — 27). But the
assembly A is independent of the assembly B dynamical-
ly.

Ey _M
Z(A+B)=Ee_k—T= Te kT
k Im
EaL_Epn
kr se kT -z4.25 (V-27)

:Ee
/

m

Namely, the Z(4+B) is given as the product of two parts
of Zustandsumme. Here, Eg, E 47, or Egyy, is the Eigen-

value of energy of the assembly A + B, A, or B respec-
tively.

In regard to rate of elementary reaction23), the
chance that the representative point passes through the
critical surface s is given by the N§/Ns. Now, the
number 4 and the number B are defined respectively as
follows: the number 4 is the number of the representa-
tive point that completes the elementary reaction. The
number B is the number of the representative point that
passes through the surface s from the side of initial
region. Consequently, if the ratio of the number 4 to
the number B is expressed with «, the chance of the ele-
mentary reaction, N,/N,, is given by the following

equation eq. (V — 28):

E*
fe kT
N‘; ,NS' F dqz... dqf'dpz dpf
—— =K. =kkT
N, Ny E

{e’TT‘ dq, - dqgdp, - dpf

vV -28)

Then, eq. (V — 28) is also expressed*by the usage of the
Zustandsumme of the assembly C‘:S gnd the assembly
CO'SI . However, it is the assembly C‘,{s that the critical
complex 8™ is added to the macro assembly C, com-
posed with a constant chemical composition. And it is
the assembly COBI that the initial complex 8 is added to
the macro assembly C,. The critical complex is one
reacting complex that is confined to the surface s. And
it is regarded that the chemical composition of C(,6 is
the same as that of C, essentially. These Zustand-
summe of these assemblies are expressed by the follow-
ing equations, eq. (V — 29) and eq. (V — 30), respective-
ly according to eq. (V — 18):

E*

Je kT dq,...dqfdp,...dpf

ZC, = (V-29)
ynf
and E
T kT
Je dq, - dqgdp, - dpf
ze,fr- 4 ' (V - 30)
LT = _
7hf
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Therefore, the following relation expressed by the
following equation, eq. (V — 31), is led as the result:

5*

kT ~* ZC

K— — ——— (V-31)
N, oy zch
However, y* is the number of exchange of the equiva-
lent atom and the equivalent atomic group, in the in-
ternal part of the reacting complex and the internal part
of the residual part of the assembly. But the reacting
complex is confined to the surface s. And + is the
similar number with regard to the whole assembly in the
case that the reacting complex exists in the initial
region.

As it is assumed that the individual elementary reac-
tion occurs independently, if the chance of the indivi-
dual element reaction that is given by eq. (V — 31) is
added to all possible combinations of the elementary
reaction, the rate of elementary reaction of the kind in
the assembly can be obtained. However, in one kind of
elementary reaction, the number of all possible com-
binations of reacting complex is the number ' of ex-
change of the equivalent atom and the equivalent
atomic group between the reacting complex and the
residual part of the assembly.

In consequence, the rate % of forward direction is
given by the following equation, eq. (V — 32):

A *
s N, kT 'y_‘y*_ ZCOS

=y — =Kk—
Y ZC:I

vV -32
N, h ( )

However, as it is apparent that y'y* is equal toy, y'y* =
v, from the definition, the following relation is obtained
as shown in the following equation, eq. (V — 33):

*
kT zc®
h

—
v

vV - 33)
zcdr

According to the entire similar reasoning, the rate v of
the backward direction is given by the following equa-
tion, eq. (V — 34):

]
L kT Z(, (V - 34)
v= K —
h zcbF

Here, ZCOSF is the Zustandsumme that is obtained with
the addition of the final complex & to the assembly C,
of constant chemical composition.

Moreow;er, the transmission coefficient « in the for-
ward and backward reactions is equal with each one.
Because, as it is assumed that the assembly exists at
statictical equilibrium, the number of the representative
point passed through the critical surface is equal to the
number of the representative point moved from one
region to other region in the forward and backward
reactions respectively, according to the principle of de-
tailed balance.

On the other hand, as the above described equations,
eq. (V — 33) and eq. (V — 34), are led complete in-
dependently from the relation of the entire equilibrium
between the initial complex and the critical complex,
generally it can be suitable to apply to the assembly
existed at thermal equilibrium. And the range that can
apply is not limited in the special case. The special case
is the one that the reacting complex behaves independ-
ently to the other part of the assembly mechanically.

As shown later, these equations include the equations
of Erying4), Evans and Polanyis) as the special case.

Next, the consideration of Zustandsumme is tried to

develop this theoreticgl treatment step by step.

shown in the above described
Ex

The quantity e

section, namely Ze is called as Zustandsumme.

Ey

And e 6 is called as Boltzmsnn’s factor. Then, this
summation is calculated for all characteristic state £ of

B

energy that the assembly is possible to exist. If the
Zustandsumme of the macro assembly C is represented
with ZC, the probability Pg that the assembly exists at
the state k is possible to obtain from eq. (V — 3) as the
following equation, eq. (V — 35):
Eg
, e kT
l— : VvV -35
k zc ( )
Also, the free energy F is expressed as the following

equation, eq. (V — 36), from eq. (V — 17):

F=~kTlogZC (V-36)

(1245
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And the conjugate mean force ﬁ"a to oy is expressed as

the following equation, eq. (V — 37), from eq. (V — 9):

alog ZC.
dag

Moy = (V -37)

Moreover, when the external parameter is unchanged,
the thermal change of ZC is given by statistical mean
value E of energy as known well enough. Namely, these
relations are expressed by the following equation, eq.
(V - 38):

Eg
kT

sogzc 2Tk

2%tk “E=U (V_-38

o _Ex
kT

Ye
k Ve

The objective assembly that is treated with this
theoretical treatment exists mainly at constant tempera-
ture. Such an assembly is expressed by canonical
ensemble. Consequently, the various properties of such
an assembly are given with as usage of these Zustand-
summe. In other words, the statistical mechanical pro-
perties of the assembly that the temperature is constant
can be calculated if the Zustandsumme can be known.
So, using the Zustandsumme of the assembly that exists
at various micro conditions, the four statistical
mechanical quantities are possible to be defined. These
four quantities that may be explained are related to
each other. Then, according to the results that the four
quantities were studied, the equilibrium and the
chemical reaction are possible to be studied using the in
functions.

Functions; /PB, q;S, ®o(s)> and®@o(p): (1) Defini-
tions of /P'S, qg,@o(a), and@)g(p) - at first, the four
functions that are obtained as the ratio of Zustand-
summe are defined as following; the function /1’8 is

defined by the following equation, eq. (V — 39):

8
ZC
] 0
P = —
ZC, V-39

Here, ZC, is the Zustandsumme of the assembly C, that
is not permitted by micro limitation. And ZC(,"5 is the

Zustandsumme that is obtained by addition of one piece
of molecule & or a set of molecule & into the C, without
a change of external parameter.

Second, the function q(f is defined by the fol]ovs:ing
equation, eq. (V — 40):

5 208 (6)
U =—7F— (V — 40)

an(o)
Here, ZC'SU(g)is the Zustandsumme permitted by micro
limitation that one piece of molecule 6 or each one of a
set of molecule 8§ must individually exist in one state.
The one state is permitted in one fundamental state o
‘or a set of fundamental state o. And ZCy(p) is the
Zustandsumme of the assembly Ca(o) ‘permitted by
micro limitation that § does not have to exist in the
fundamental state . Then, the fundamental state o is
similar to the quantum state against the small volume,
the energy of molecule, or the momentum that decides
the position of center of mass of the molecule. The
small volume is the same extent as magnitude to the

molecule.

The following two quantities expressed by the follow-
ing equations, eq. (V — 41) and eq. (V — 42), are
defined with usage of the Zustandsumme appeared in
both eq. (V — 39) and eq. (V — 40):

&
ZC “5(5)
o) = (V - 41)
a(8) ZC,,S
ZCo00) (V - 42)

®o(0) = —Zc,

So, the following two explanations are evident from eq.
(V- 35). )
(a) @0(5) is the probability that & exists at the state
o in the assembly C 6.
(b) @ (o) is the probability that 5 does not exist at
the state ¢ in the assembly C.
(2) Expantion of definition: the defined four functions
give the coefficient of increment of Zustandsumme
caused by individual procedure. Namely,li’"S is the coef-
ficient of ~inc'rement of Zustandsumme, when the Co{S
that the component is more § pieces than the assembly
C, is made by addition of §. However, the assembly

Coa is not permitted by micro limitation like the assem-
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bly C,. Also, q,f is the coefficient of increment of
Zustandsumme when § is added to the vacant space ¢ of
Cg(o) from the outside of the assembly. @g(s) T Do (0)
is the probability in the case that certainly respectively
at the decided state o & exists or does not exist in the
assembly Cf or C,. However, the assembly Cf orC, is
not permitted by micro limitation. The existence or

nonexistence of § at ¢ is an important limitation.
If the contents are understood similarly, also the four

functions, #°, al ®o(5), and (o), Which are defined
as the above description can be changed as the fol]dwing
equations, from eq. (V — 43) to eq. (V — 46):

logiP® = Apg log ZC, (V-43)
logal = Aqo(s) log ZCy(0) (V-44)
10g @ (5) = 20 4(5) log ZC? (V - 45)
log @y (0 = A8 4(0) log ZC, (V - 46)

Namely, if these relations are reviewed, the following

equation, eq. (V — 47), is obtained:

log A= by log ZC V-47)

Here, A is IP‘S, ‘I(;S,@a(g) ,0r@g(0). And A\logZC is
the increment of logZC depending upon the suitable
procedure that is connected with A. Of course, for the
quantity AplogZC has the physical meaning, the pro-
cedure that is connected with A must be accessible to
the objective assembly C. For example, the assembly
C, is not permitted by any micro limitation. Moreover,
if the procedure is possible to operate like § does not
exist certainly at the state o of this assembly C,, it is
possible that the @ g (o) can have the physical meaning.

The increment of one property p produced by the
operation of the procedure that is connected with A is
expressed with AjP. Also, without such above de-
scribed imaginary procedure A, the increment of logZC
produced by increasing of the quantity Ap P against only
P is expressed with Aphlog ZC.

The two kinds of increment A defined here is the
primary increment. As the two arbitrary quantities of

these quantities A are expressed with A, and A, respec-

tively, the secondary increments are defined as the fol-

lowing equations, eq. (V — 48) and eq. (V — 49), respec-

tively:

A, A,l0gZC = A logZC(A,) - 4, logZC (V -48)
and

AAP=APA)-AP (V —49)

Here, C(4,) is the assembly that is produced with the
procedure related to A, against C. And P(4,) is the
value obtained by the operation of procedure A, against
P

The higher order increment that is over tertiary is de-
fined similarly.
(3) Approximation to definjtion: the objective two
procedures are similar to A, = Ag ¢ (5) and A, =
49,0,(8): And the fundamental states, o, and o,, are
decided by these procedures. Also, the increment that

is over secondary is assumed to be neglected against the
primary increment in another case, except the case that
the intermolecular direct interaction existing in each
one becomes objective, When this consideration is de-
veloped, one thermodynamical result obtained from this
proposal can be expressed by the following equation,
eq. (V — 50):

W’ = .ZQVgu; (V-50)
Here, “8 is chemical potential, v expresses a number of
piece. & is composed with &, - &g, - kinds and v, ,
..., Vg, ... pieces of molecule respectively. This detailed
relation may be published on the next publication.

Also, the one procedure or the both procedures are
similar to Apgs. And, when the fundamental state is not
decided by the procedure, of course, the increment that
is over secondary is assumed to be neglected.

If such an assumption is recognized, the following rela-
tion as shown in the following equation, eq. (V — 51), is

obtained:
(i) Ap, (logZC, + ApallogZCO) = ApzlogZC0 (V-51

And, according to eq. (V — 39) and eq. (V — 43), the
following relation is led as shown in the following equa-
tion, eq. (V — 52):

IogZC, + Aps, log ZC, = log ZCy1 (V = 52)
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Consequently, the following relation as shown in the

following equation, eq. (V — 53), is led:

ZCD‘51 +8, ZC06
5 = (V-153)

zch ZC,
The P21 %82 against one set of molecule 5, + 6, is ex-

pressed as shown in the following equation, eq. (V —
54), according to eq. (V — 39):
2c8i*% 708
g zck zc,
(V - 54)

§,+8
Z2C 71 2
/[751"'52: ° -

zC -

Therefore, the following relation is obtained as shown in
the following equation, eq. (V — 55):

(V-355
P51t 8a_ pbipd,

When 6 is composed with the molecule that are v, -,
vg, - pieces and &, .-, 8g, kinds respectively, name-
ly, when the relation can be expressed as shown in the

following equation, eq. (V — 56):

8§=3vgbg (V - 56)
4
The following relation as shown in the following equa-

tion, eq. (V — 57), can be proved similarly:

P8 = f %)’2 vV —57)

(ii) Like the above described case, the following relation
is obtained as shown in the following equation, eq. (V —
58):

Ago(5) (log ZC, +Aps log ZCy) = Ag(s) log ZC,
(V-58)

In consequence, according to eq. (V — 43), the follow-

ing equation, eq. (V — 59), is obtained:

Aoo(s) 108 ZC2 = Bgo(s) log ZC, (V - 59

Therefore, according to eq. (V — 41) and eq. (V — 45),
the following relation as shown in the following equa-
tion, eq. (V — 60), is obtained: '
3
® ZCq(5)
zch

]

zc,

V-60)

(127)

(i) The arbitrary increment of log ZC can be expressed

as shown in the following equation, eq. (V — 61):
Alog ZC = (A log ZC)P +ZApAj logZC (V-61)
J

Here, (A}\logZC)P is the increment in the case that the
whole one of the objective property P] is not change-
able. Also, if Apjjlog ZC is expanded to the power
series of ARP]' and if the term that is over secondary is
neglected, the following relation is obtained as shown in
the following equation, eq. (V — 62):

dlog ZC

APM' log ZC:_W A}\P]‘

V-62)

Consequently, the following relation as shown in the
following equation, eq. (V — 63), is obtained:
dlogZC
AN0gZC = (AN0gZC) p + Z———— A\Pj
] oP; v _ 63)

The correlation with Pﬁ, q(f, @4(5), and Og(p): the
following relation as shown in the following equation,
eq. (V — 64), is led immediately from the equations, eq.
(V - 39), eq. (V —40),eq. (V —41), and eq. (V — 42):

5 _ 200)
dg = P (V - 64)
Bs(0)

The one case is considered as follows: § is composed
with only one molecule, and ¢ is almost the same magni-
tude of vacant space against the molecule that decides
the position of the center of mass of 6. In the above
described case, eq. (V — 64) can be rewritten as the fol-
lowing equation, eq. (V — 65):

ab/iol

P = Bo(0) =—r

a(5)/lol (V=69

Here, lol is volume of vacant space 6. When lol ap-
proaches to 0, ZCgy(p) becomes equal to ZC,,. In con-
sequence, @g(o) becomes 1. And, as@g(s)/10| is the
ratio of the probability that the center of mass of the
molecule & is in the vacant space § to the volume of the
vacant space, if the concentration of & at the astringent
point is expressed by N8 when |g| approaches to 0, the
following relation as shown in the following equation,
eq. (V — 66), is obtained:
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5_ Iim @_aﬂ

lal—=0 lol

N (V - 66)

So that, as it is defined that ' is independent on the
volume lo| of the vacant space, when lo|approaches to
0, 4!',,6 /lol approaches to one constant value with
®.0(5) /1o|- If the extremal value oqu/lol is expressed
by Q5 as shown in the following equation, eq. (V — 67),
the following relation as shown in the following equa-
tion, eq. (V — 68), is obtained from eq. (V — 65):

8
Q= im (V=67
lol—0 lol
]
Q
Pl = o (V - 68)

Discussion and Conclusion

New theoretical treatment is tried to apply to statis-
tical mechanics and thermodynamics.

Statistical mechanics and thermodynamics: one
quantity H is considered to be introduced from statis-
tical mechanics. Also, the other several quantities
related to this quantity are considered on the base of
statistical mechanical consideration. Then, consider
whether any quantity in thermodynamics corresponds
to the above described quantities or not. The object of
this consideration plays an important role in researching
the relation between statistical mechanics and thermo-
dynamics.

Then, as Gibbs reported previously, the subject that
comes into question in thermodynamics is the approxi-
mate and probable behavior of the macro assembly.
However, one condition is set to develop this theoretical
treatment to gerneral case. Namely, the macro assembly
is composed with a number of chemical species. In con-
sequence, it is considered easy that such a problem may
be possible to be treated by the method of statistical
meéchanics. Now, if the macro assembly is represented
by canonical ensemble, the following condition that the
assembly exists well at thermodynamical equilibrium

may be assumed. As the previous description showed

(128)

the relation to quantum statistical mechanics, canonical
ensemble represents the equilibrium system that E is
constant. Then, from the consideration about the
canonical ensemble, the condition of existence of the
assembly may be possible tobe led easily and naturally as

one theoretical treatment. In such a canonical en-
b4 'Ek
o ek

semble, density matrix Py is equal to e

y = Ey
0

So, P'k,k is equal to e . Here, the diagonal ele-

ment p % of the matrix p k.l is the probability that the
one assembly selected at random from the ensemble
exists at state k. In consequence, in regard to the

quantity Pr & against the ensemble the following
relation, %Pk k= W= %a; =1 is valid. There-
’ k

)0 _Ek

fore, Epkk =3e 6 = 1 is set up. So that, the
kK

k

relation of the parameter of distribution ¢ and 6 is ex-
4 Ek

pressed by the following relation, e = %e o

According to this process of development, when the
assembly is selected at random from the ensemble, the
probability that the assembly shows the Eigenvalue Ej
of energy of kth is expressed by eq. (V — 3). Eg is
decided by several independent parameters. Gernerally,
the two kinds of parameter are decided according to a
large classification.

And, consider whether any change in the quantity H
of canonical ensemble produced by the slight change of
distribution coefficient, external parameter, and internal
parameter or not. The quantity H is related to distribu-
tion coefficient and statistical mean value of energy of
representative ensemble. And the coarse-grained density
Py is arithmetic mean value of the probability that the
assembly in the ensemble exists at one of the contigous
g pieces, and is equal to 1.

According to the above described process in Experi-

mental and Results, - §H =

+ —1—21-10,4 Sag is
6 a
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derived. Here, Iay is statistical mean of this force that
the partial differential coefficient makes Eigenvalue of
the assembly increase with parameter, z-md is the force
of conjugate mean of parameter a.

Next, in themodynamics, the irreversibility of natural
phenomena can correspond to entropy S when the
assembly is changed slightly keeping the assembly exist-
ing at thermodynamical equilibrium, the following rela-
tion, sU
T

1 .
- —— 3, 8a, is obtained. Here, U,
T ¢ "¢

T, and Ma, are internal energy, thermodynamic tem-
perature, and the conjugate force of external parameter
agy. Then, the quantities in equation derived from
statistical mechanics can correspond to the quantities in

equation derived from thermodynamics. § = - kH and

T ——]g— are derived reasonably. Here, k is proportional

constant that gas constant is divided by Avogadro’s
number. Then, free energy of Helmholtz F is expressed

by the quantity in statistical mechanics. At last, the

relation, F =-kTlogTe

K, ... .
the relevancy between statistical mechanics and thermo-

is obtained. Namely,

dynamics is possible to be derived, though the range is
limited. The connection between them is succeeded by
this method.

Zustandsumme: try to consider the classical approxi-
mation of the Zustandsumme at the first step, because,
this basic understanding of the physical meaning of
Zustandsumme affects to make this theoretical treat-
ment develop. Then, as the previous description about
statistical equilibrium, when the property of the assem-
bly comes into question at least, the degree of freedom
of the assembly must be considered at first. And, the
phase space of the assembly is considered. Moreover,
one regional element corresponds to the one quantum
state. So, if the following conditions, “a) the degree
of freedom of the assembly C is f, b) the magnitude of
regional element is hf », are set, the regional element of
magnitude of hf corresponds to the one quantum state.
When. the Zustandsumme is tried to be calculated, the
number of state must be known before the calculation is
begun. Therefore, the property of the assembly can be
generalized as the follows; namely, the Zustandsumme is

(129)

given as E
kT
f J'e d‘l; dqfdp, dpf
ZC= N : (a)
vh!
However, the region, Ag; AqfADy Apy corre-
Ag, -~ AQeAPy - Apy

sponds to pieces of the quan-

7hf
tum state without determination of the change vy of the
equivalent atom and the equivalent atomic group. The
total phase space is integrated. Then, for example to
generalize this theory, the Zustandsumme of one parti-
cle in rectangular paralleopiped of each side a, b, and ¢,

is given under unaffected external force as follows:
3

v 2
ZC= — (2mmkT)
X

(b) Here,y=1,f = 3, and py, Py, pz, is momentum of
direction x, y, z, respectively. On the other hand,
energy Eigenvalue of this particle is given as
h’l
(

m

2 2 2
n, n, n;
+ +
a? b? c?

) (c)

Ennnz’na—

And the number of characteristic state existed at energy

range E to energy range E + dE without degeneracy of

4nv
spin, and in large E is given as ; my/ 2m E dE. Con-
v
sequently3 the Zustandsumme is given as ZC = "
h

(2mrmkT) 2. Then, (b) is equal to (c). Thus, the two
processes of consideration can lead the same result. So,
(a) is appropriate is recognized.
Next, the Zustandsumme of A + B compared with the
assembly A4 and B is given as the product form: ’
Eai Epm
"k s, Tk
m

Z(A4+B) = Ze e =ZA-ZC

Here, E4] or Ep;y, is Eigenvalue of A or B. Then, the
¢ By

"0 ze 0
K

quantity e is called as Zustandsumme.

The assembly exists at the state k is given as Py =

——— free energy F is givenas F = - kT log ZC, the
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conjugate méan force to a, is given as oy =

3 log ZC

7 a The relation between thermal change of
a

ZC and statistical mean value of energy E with un-
changeable external parameter is given as k7 2 —a l;)gTZC
=E=U.

Here, ZC is Zustandsumme of macro assembly C.

The simplification of condition is an useful thinking
method to generalize the theory. Because natural
change, biological reaction, biochemical reaction, or
chemical reaction occurs very complicately, to treat as it
is extremely difficult to solve the complicated reaction.
So, to find the necessary minimum condition is one
useful treatment, Such.treatment may be possible to
approach the ideal state. Then, the assembly that tem-
perature is constant becomes the object of study. Also,
it is canonical ensemble. So, various properties of such
an assembly can be expressed by Zustandsumme. That
is to say, the statistical property of the assembly exist-

ing at constant temperature can be calculated by in-
formation of Zustandsumme. Then, as the order in

progress of this theory, statistical mechanical quantities
must be defined by Zustandsumme of assembly existing
at micro condition. Moreover, these properties of these
quantities and functions must be studied to develop this
theory. And using such quantities, some kinds of
equilibrium and various kinds of chemical reaction must
be studied. However, the discovery and the definitions
of such quantities are not so easy. At the present time,
this consideration is successful in progressing. Next, the
four that are satisfied with such quantities or functions
relating to Zustandsumme are selected and defined at

this step.
Functions, P°, q 05 ,®@o(5),and@g(o): (1) Definitions

8
s ZC ZCy(s)
of four functions: P~ = —— , @4 = ®gs
. zC o(8)
[}
ZC 8) 2Co(0)
=—— @)= ———
ZCoa ZC,

The four functions are defined by Zustandsumme. Here,

ZC, is Zustandsumme of assembly C, without micro

(130)

limitation, and ZCO6 is Zustandsumme of assembly 008
added one & or one set of § without change of external
parameter against C,. ch(g) is Zustandsumme of
Co(s) permitted with micro limitation that funda-
mental state ¢ is a certain quantum state against the
small volume as almost the equal extension as molecule,
the molecular energy, or the momentum for deciding
the position of the center of mass of molecule. ZCy(p)
is Zustandsumme of assembly Cg(p) With micro limita-
tion that & does not exist at o certainly. One of mole-
cule & or each one of one set of & exists at one funda-
mental state ¢ or at the decided one of a set of funda-
mental state o. @o(g) is probability that & exists at
state ¢ in assembly C 8. @a(o) is probability that & does
not exist at state o. (2) Expansion of definition: the de-
fined functions show the coefficient of Zustandsumme
increment by individual procedure. P® is the coefficient
of Zustandsumme increment of assembly C°6 that & of
component exists more than assembly C, without micro
limitation. q(f is the coefficient of Zustandsumme in-
crement that & is added to the vacant space o of Cy(p)
from the outside. @g(s5)0r @g(o) is the probability that
without micro limitation & exists certainly at the de-
cided state ¢ in the assembly Coa , or does not exist at
the decided state ¢ in C, respectively. Those relations

can be expressed as formulas:

log P®= Aps log ZC,, log 228 = 28q0(s) logZCy (o),
8
log @5y = Bog(s) 08 ZCy , 10g@o(0) = Bga(o) ZC,

So, A expresses IP5, q;s,@o(a) ,@o(o),and AplogZC'is
increment of log ZC dependend upon suitable procedure
related to A. Its procedure must be accessible to the
assembly C. This limitation is important to have the
physical meaning. As the procedure that & does not
exist certainly at state ¢ of assembly C, without micro
limitation can be operated, @o(o) can have the physical
meaning. Next, the two kinds of increment are tried to
be considered. A expresses the primary increment. The
two arbitrary quantities of these A are expressed by A,
and A,. And, secondary increments are expressed re-
spectively as A, A, logZC = A, log ZC (4A,) - A, log ZC
and A, A,P = A, P(A,) - A P. AP expresses incre-
ment of property P produced by the behavior that the
procedure related to A is operated to assembly.
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Ap) log ZC expresses increment of log ZC produced by
increasing of quantity A)P against P without A. C(4,)
is assembly produced by operating procedure related to
A, against C. P(4,) is the value obtained by operating
procedure A, against P. Thus, as these definitions are
decided, higher order increment over tertiary can be de-
fined similarly. This decision method defined first in-
crement at the first step. So, at the second step, the sec-
ondary increment can be defined. Moreover, at the
third step, the tertiary increment can be defined. Thus,
this new theoretical treatment performs the establish-
ment of consideration according to the process of step
by step. Namely, the related condition that is added
from the ideal state to the practical, complicated state
step by step develops this theory for the generalized
theory. (3) Approximation of definition: the funda-
mental state o, and ¢, are decided by the two proce-
dures like A, = Ag g (5)and &, = Ag, g, (5)-
And intermolecular direct interaction exists in each one.
Then, neglect the secondary increment against the first
increment except the two cases described above. Of
course, increment over secondary can be neglected when
the fundamental state cannot be decided like one or
both of procedure is Aps,
ap, (log ZCy+ Aps . log ZC,) = ap,logZC,

log ZC,+ ApS  log ZC, = log ZC21
Then,

zedit 8 ze?

zc s zc,
and
8
5,45, _ zchtPe ze)
PP T8z 5
zc zc,

Therefore, P81t oa_pb 182 Also, 8 =Zvgsg.
Here, 6 is composed with v, v, , - :
*+, 8g, - kinds of molecule. Similarly, Pd= H(/Psg)v'g.
ii) Similarly to the above description,

Agg(s)log ZCy+ Apslog ZC\) = Ag(sy log ZC
consequently,

» Vg, - pieces of &, ,

Agg(sylog ZCO'S = Agg(s)log ZC,
Therefore,

ch(a)
®o(s) = .

zc,

iii) Arbitrary increment of log ZC is given as
Azlog ZC = (A\log ZC)p + TApajlog ZC.
]
(Aplog ZC)p is increment in the case that all objective
property P]' is unchangeable. And, Ap;\"ZC is expanded
to the power series of A)P; and the term over secondary
is neglected.

d'logZC
AP)\iIogZC = T AAP]'
]

Consequently,

3log ZC
Alog ZC = (AN 10g 2O, + S ——— MPj

i oF
Such approximation of function is valuable to develop
this new theoretical treatment.

The correlation to /Ps, qas,@a(a), ®q(0):

o (6
q 5 =%IP5 is directly from the above described

o
a(0)
relations. s
Po=-® (o)—LM“ The relati b
=®g e relatio -
®0(5)/|0| ation can be re

written. However, § is composed with only one mole-
cule, o is almost the same magnitude of vacant space
against molecule that decides the position of the center
of mass of . lolis volume of vacant space o.

And, when lo| spproaches to 0, ZCg(0) becomes equal
to ZC,. Consequently,@o(o) becomes 1. @a(g 1ol s
the ratio of the probability that the center of mass of
the molecule is in the vacant space o to the volume of
the vacant space. When lol approaches to 0, if/N‘S ex-
presses the concentration of § at astrigent point, V 6

lim % is obtained.
lol=0 lol
Therefore, if it is defined that P8 is independent on the

volume lo| of vacant space as lo| approaches to 0,

g3/|o| approaches to one constant value with

®o(5)/101. If Q’S expresses the extremal value of
& .
q 4/lel, namely, if

6 8

, o . . . .
= Ilim ——isgiven, P = —5 is obtained.
lol—=0 lol N

&

The relation among four functions is studied and is de-

fined in this way. So, the relation is valuable to develop

(131)
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this theoretical treatment for chemical reaction. Such
fundamental consideration is successful to analyze the

chemical reaction on the basic point.

Summary

The relation to quantum mechanics and thermo-
dynamics is considered by this new fundamental
theoretical treatment. The quantity H led by statistical
mechanics and the other quantities related to it are con-
sidered with any quantity in thermodynamics. The
approximate and probable behavior of the assembly
composed with a number of chemical species are taken
up as one object. It is natural that the method of
statistical mechanics are applied. The following condi-
tions are assumed as a fundamental limitation: (1) the
macro assembly is canonical ensemble, (2) the assembly
exists at thermodynamical equilibrium. So, the prob-
ability against taking Eigenvalue of energy of the
assembly in the ensemble is considered with the external
and internal parameters. The quantity H in the
canonical ensemble is affected by the distribution coef-
ficient and the both parameters under the condition of
slight change. So, the change of the quantity is con-
sidered. While the assembly existing at thermodynamic-
al equilibrium is made to change slightly, the entropy
change is considered with the both parameters. The
quantity of thermodynamics is considered with the
quantity of statistical mechanics.

Now, the classical approximation of Zustandsumme is
considered in the case that the number of state is
known. In the phase space of the assembly had the
decided degree of freedom, a certain magnitude of
regional element corresponds to one of quantum state.
Also, the Zustandsumme of one particle in a rectangula
paralleopiped, the energy of the system expressed by
mass and momentum in Xx, y, and z directions, the
Zustandsumme expressed in relation of quantum state,
the Zustandsumme obtained in relation to the number
of characteristic state without degeneracy by spin and
the undecidedness of the Eingenvalue of the particle are
considered respectively and correlatively. The equal
value of the Zustandsumme can be calculated by two

different methods to prove the appropriation of the

procedure. The sum of the independent mechanical

. Zustandsumme is expressed by the product of the two

parts of Zustandsumme. The Zustandsumme of the
macro assembly is considered with the probability of
existence at the state. The relation of the free energy
against the Zustandsumme is considered like in the case
of the conjugate mean force against the Zustandsumme.
And the temperature change of the Zustandsumme can
be related to statistical mean value of energy. The
Zustandsumme is expressed in those relaticns.

Next, four functions, IP"S, ‘lf,@ﬂg), and @o(o), given
by the representative ratio of Zustandsumme are de-
fined at first on the base of this new theoretical treat-
ment. And, the expansion of definition is tried succes-
sively. These functions give a coefficient of increment
of Zustandsumme respectively and are expressed by one
formula, log A = A) log ZC. So, the increment of the
secondary is defined similarly to the definition of in-
crement of the first. This procedure can be applied to
tertiary and over it. Of course, the approximation had
to be considered. The assumptions: a) there is no direct
interaction in molecule, b) the increment of secondary
and over are neglected to first. So, the following rela-
81+ 8, _ plipda b =

tions are obtained: i) P!

ZCs¢s

) , i) AplogZC =
VA

ficwseye, i ®o(s) =

0

9 lo,
(AplogZCp+ T ApPj. Next, the correlation

;o ok
(3
of functions, q(f = %Pa is obtained. Moreover,
@a'(o)
a5llel ®@os) 5
P° =@ NG = lim ———, =
a(o)®(5)/lal fol->0 lol R

o
—, and P6 = 5 are obtained. Here, & is
N

Z 3
lol— 0 lo!

composed with only one molecule, lolis the volume of
5. . .
vacant space, /V is concentration of & at the astringent

point, and Q:S is the extremal value of fl&s /lal.
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BT ¥ LBNFORGE COFERNIR TER L. HETIFE0RH LGRS 5 thoB% 27
FOREZEL, (WFEOEMAOALUNHERNTEHZENE L, FFETALL. BXHREL
TOERMERT EERAQERREEIHicH 2. FOTOEHAO = 3 V¥ -EFEE L 2HERE
PIEREAER 5 4 — 5 — L EEL, EREAOHI/NEMRBT TAHRRMET Y7 2 — 5 —icf
Eh, BNFENFEHE TOREZELENSE, 2V to e Y7 A -5 —E2FKL, BNF

DELMETHZEOBEEE L /-,
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X THREEFIO H AT A REBIEMOB A EE L, REBHEOEHAROMBZERTHREDOH
kx| BFREICHET 5. TAEAERDO | KFOREN, x, y, z AAICERLEHRT
EbINEFEOL I VF—, BTIRESBGROREM, 2 €Yk 387 LOBHERERKICBIRD
HREER, K FOBEEEORRESBINMEICZE L1, BEORSM AN T 5. DREMDOF
% 2 HEETHELSTE /-, WG HFHRENE 2 BoREMOE cRObS 1, ERNEED
REEFL RIS 2R TER L, BHI F ¥ — & IRENO BRI IRIER & T & [k
CEEL, REMOREZIZ T 2+ — Ot a8 LBGRMAT o,

RICHEBBEIROER & L 4 BEEARENMORBL LTERL, EREOLRERESBILI. &
NOOMEBIZIREMD EINAZhEh 54, R logh =Ay108 ZC THR L, ZREME—REMD E
FICREOEHL, COBEEZREZRULICRA . DREQIERETH S, Rt a) HFTHO
BEHEAEERARDD b) “REZADEORIME—RICH LEHRLE, LT

ZCo(s) 5_ @) 5

g
P®1*8: p® =11 (1 B8Ys i) @os) = i) ANlogZC + HHEBIR %0 = g o
g

]
8 )

8 q
P ®o® 5w o el s

—_— = am s =
®o(s)/ 0! lgl=>0 lol Q lol=0 lol ’ w8

q(f/h'!l

”)8: Oa(o)

(134D



