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Introduction

One part of basic consideration of this new theoretical
treatment to chemical reaction is described relating to
connection with quantum statistical mechanics and
thermodynamics. Moreover, the definition and the
theory that are important to expand this new theoretic-
al-treatment can be recognized after various considera-
tions were tried for them.

Several functions in thermodynamics are considered.
At first, the relation between free energy of Helmholtz,
internal energy in thermodynamics and Zustandsumme
is considered as one example. Also, as the relation
between statistical mechanics and thermodynamics was

24)

discussed in the previous pangr; s these considera-
tions could be applied very effectively. And chemical
potential in thermodynamics is equal to reversible work
per mole is led. According to Lewis,z) partial molar
free energy, partial molar internal energy, and partial
molar entropy are obtained. And chemical potential of
material added later is not changed by any material
added before, when extreme slight material, §,, - ,6g5
.-, are added into a large system.

Force, work, and energy are considered in regard to
Zustandsumme. The work that the assembly shifts from
state I to state II holding to exist at statistical equilib-
brium is reversible work. So, the definition and the
theory of A of the assembly that is unchanged are con-
sidered. And the relation between four functions, /Pa,
‘l(;s,@o(ﬁ), and @g (o), defined by ratio of Zustand-
summe and reversible work is considered. —RT log A =
A\(-kTlog ZC). By =Dp*N4.

The relative equation of /P‘S at equilibrium is con-
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sidered. 1(_11(”)5&4),,‘;4 =lbl(lP§bB)”bB=

A for the assembly holding the variable external para-
meter is considered. A defined in the above described
section is related to the assembly that external para-
meter holds constant. Now, the definition and the
theory of A are expanded to the assembly that external
parameter does not be held always constant. However,
procedure A is added in the assembly A that is related to
other assembly K according to the following three con-
ditions. (i) External parameter held extensive property,
volume or surface area etc., changes in regard to each
one of 4 and K. But the sum of it, ﬁb’ belonging to A
or K is unchangeable. Also, external parameter except
such kind is unchangeable to each one of 4 and X. (i)
There is not the conjugate force against g, that acts on
A+K from the outside. (iii) After the value of By, is
decided, energy state of each assembly is decided inde-
pendently, mechanically, mutually. Now, the energy
state of each gaseous part is decided by the volume of A
that is only one external parameter of part A. The
assembly A+K is one special case of the assembly
treated in the above described sections, “several func-
tions in thermedynamics”, *‘force, work, and energy”.
Of course, the definition and the theory are valid to
A+K.

Equivalence of A between assebmly A+K and Ap is
considered. log A = Ay log Z(A+K) = (Aplog Z(A+K)) +

dlogZ (A+B)

> 9B ,
() log Z (A+K))g = Ay log ZAg + (A log ZK)g

BBy

therefore, log A = Ay iog Z(A+K) = Ay log Z_A_ﬁ

The values of two As defined in the above description
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are equal to each one.

Development formula of A concerning 4 and the
quantity led from it are considered.

—kTlogZ (A+K) is developed to the form related to
assembly A.
Also, ﬁ‘gb + ﬁ{§b = 0 is valid. And log Z(A+K) can be
expressed with only variable of A. Next, thermal
change of Z(A+K) is considered and two expressions of
this relation can be obtained. Also, thermal change of A
is considered and is obtained as (a). Moreover, thermal
change of A defined in regard to assembly AB is con-
sidered and is obtained as (b). In comparison between

alog A

dlog A
(a) : kT? and (b) : kT? (_?g_ )B,each value

of A defined in regard to the two assemblys is equal.
However, thermal change is unequal generally.

As this part is belonged to Introduction, moreover,
though expressions by these equations are usefull
practical and understandable especially, many related
equations are omitted to avoid duplication. Refer to
the section, Gedanken experiment.

This new theoretical treatment is studied for generali-
zation of the theory and definition in chemical reaction
as one obiect.

The refered publicatioln:“) are very effective to de-
velop this new theoretical treatment of chemical reac-

tion.

Experimental and Results, Gedanken Experiment

Several functions in thermodynamics: the free energy
of Helmholtz F and the internal energy U in thermo-
dynamics are given by the following equations, eq. (VI
— 1) and eq. (VI — 2), respectively as shown in the pre-

vious paper24).
F=-kTlog ZC (VI -1)
U= kT? 2 log Z& VI-2
= oT (ViI-2)

Here, T is thermodynamic temperature. And ZC is the
Zustandsumme of the macro assembly..
The following relations are obtained from the both

equations, eq. (VI - 1) and eq. (VI — 2), directly as

shown in the following equation, eq. (VI — 3).

U=F-Tﬂ
o T

VI —3)

And, from the following equations, eq. (VI — 4), shown
in the previous papers) and eq. (VI — 1), the following
relation shown in the following equation, eq. (VI - 5),

is obtained.

s 1 _ _ ¢v-E
— + — Xy 64, - 56=10 (VI-4)
0 0 a a a 92
— K
-Mg,= o (V1-5)

Also, the following relation shown in the following
equation, eq. (VI — 7), is obtained from the following
relation shown in the following equation, eq. (VI —

24
6) °, which may be explained in the next section.

—~RTlog A=) (-kT log ZC) V1 -6)

Here, A is IPé, qg,@o(g), OI @g(o) as shown in the
previous paper24).
Ay, is a product’ of Avogadro’s number N4 and the in-

crement Ap.

Ay F=-RTlog (VI-T)

Next, the following relation shown in the following
equation, eq. (VI — 9), is obtained from the following
relation shown in the following equation, eq. (VI — 8),

that may be explained in the next section.

alog A _
RT? =AE N
-t VI - 8)
alog A
AU=RT? 2 2%° (VI —9)

Or the relation shown in the following equation, eq. (VI
_ 10), is obtained from eq. (VI — 3).

oM F
oT

MU= A\F-T (VI - 10)
Moreover, from the relation in the both following equa-
tions, eq. (VI — 11) and eq. (VI — 12), shown in the
previous paper24), the following equations, eq. (VI —
13), eq. (VI — 14), and eq. (VI — 15), are obtained.

(136)



Theo. Treat. Chem. Reac. 6 Quan. Sta. Me. Ther.

¢-FE
H-= (VI-11)
7]
S=-kH (VI-12)
y-F F-U
-S=kH= — = (VI - 13)
T T
or F=U-TS (VI - 14)
Consequently,
A\F=MU-TA\S (VI - 15)

Then, from eq. (VI — 3) and eq. (VI — 14), the both
following relations are obtained as shown in the follow-

ing equations, eq. (VI — 16) and eq. (VI — 17).

(VI - 16)

VI-17)

Especially, in the case that A is equal toPd JA =/P'S, it is

regarded as follows; the reversible work per mole of §,
—RT log /Pa, which requires to work from C, + & to Cf
is the same as the chemical potential ”8' Namely, this
relation is expressed as the following equation, eq. (VI
- 18).

u® = -RTlogip® (VI - 18)

Therefore, in this case, the following equations, eq.
(VI - 7),eq. (VI —9), eq. (VI — 10), eq. (VI — 14), and
eq. (VI — 17), are expressed as shown in the following
equations, eq. (V — 19). eq. (VI — 20), eq. (VI — 21),
eq. (VI — 22), and eq. (VI — 23), respectively.

ub=F? (VI-19)
8
Ry 2108 _ s (VI - 20)
aT
5 _76 aua
L L _
p +T (VI =21)
Lovéo1s8 (VI - 22)
55—_8—“6 VI
2T (VI-23)

(137)

Here, F®, 7%, and 5° show BpsF, BpsU, and ApsS
respectively. And they are called as partial molar free
energy, partial molar internal energy, and partial molar
entropy respectively according to G. N. Lewis2).

In consequence, the relation by the following equa-
tion, eq. (VI — 24), that was explained in the previous
pape124) can be written as the following equation, eq.

(VI - 25).

P8 = fpoe)s (V1 — 24)

u® =T vgudg av - 25)
3

The meaning of this equation, eq. (VI — 25), shows the
point that the chemical potential of the material added
later is not changed by the any material added before, in
the case that the extreme slight material, &, , -+, 8¢, -,
are added into a large material system. It is regarded as
a self-evident truth in thermodynamics.

Force, work, and energy: while the assembly is kept
to exist at statistical equilibrium commonty, and when a
set of internal and external parameters can be changed
independently and continuously with each other, the
following relation éhown in the following equation, eq.
(VI — 27), is obtained by the following equation, eq.

(VI — 26), shown in the previous paper24).

— Z

fi, -y to8ZC ¢ (VI — 26)

a
9 [27,]
Here, 11 ag is conjugate mean force of ag.
dlog ZC —
kT ——— =-11, VI-27)
dog a .

Therefore, the following relation is obtained as shown in

the following equation, eq. (VI — 28):

ZCyy (D)
—kT log =2 (~Tlagdag)
ZCy a og(0)

(VI - 28)

Here, ZCy and ZCyj are the Zustandsumme of the
assembly C when a set of parameter shows oy (1) and
ag(1) respectively. The right side of eq. (VI — 28) is
the work that requires to shift from state I to state II,
while the assembly is kept to exist at statistical equilib-

rium. And the work is called as reversible work.
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The external parameter of the assembly C, + & that is

composed with the independent molecule & is not:

changed. However, the assembly Cos is made mutually
by the independent change of the internal parameter at
the distance that is enough far from the macro assem-
bly C,. Now, in C, + 8, Z(C, + §) is equal to ZC,Zs,
Z(C, + 8) = ZC,Zs, as C, is independent from & mu-
tually. Therefore, the relation, ZCQI/ZC] = ZC,,6 1ZC,, is
obtained when the standard state is selected as Z§ be-
comes 1, Z8 = 1. Namely, when CT is equal to C, + 5,
C1=C, + 8, and Cfy is equal to CO‘S, Co= Co's, the left
side of eq. (VI — 28) becomes —kT log/PS. That is, it is
equal to the corresponding reversible work to the right
side of the equation. Similarly, -kT log (lf, is the work
that requires to shift 6 from the standard state to the

state o without the change of external parameter of
C, (0) - But, the state o is one that the assembly C, o) is

vacant beforehand. And -kTlog @) g(s) or -kT log
®@a(o) is the reversible work that is necessary to add the
limitation to the assembly C, without the change of ex-
ternal parameter. The limitation includes the import-
ance that § exists certainly at the state o or not. As the
other three reversible works except ~kT log/P % have the

micro property, of course, it does not correspond to any
thermodynamical function that was defined already.

These reversible works, —kT log 7P§, —kT log qg,
~kT log@® a(5)» and —kT log @o(o)are possible to be
rewritten summarily as shown in the following equa-
tions, eq. (VI — 30) and eq. (VI — 31) according to the
following equation, eq. (VI — 29), in the previous

paper24),

log A= A) log ZC (VI -29)

Here, A islPa, qﬁ,@a(s), or@g(o). And Ay log ZCis
the increment of log ZC by the appropriate procedure
related to A.

- kT log A = A\(- kT log ZC) (VI - 30)

Or

~RTlog A= A\(-kT log ZC) (VI -31)

Here, 4 is the quantity that the increment Ay is multi-

plied by Avogadro’s number Ng4.

When the external parameter is unchangeable, the
thermal change of ZC is expressed as shown in the fol-
lowing equation, eq. (VI — 33), according to the follow-

ing equation, eq. (VI — 32), shown in the previous

paper24).
Ey
SEge AT
epr 2182€ kK _F.y (vi-32)
aT Ek
T kT
Ee
k
zc
kT? 3 ZOg_:E (VI —33)
8T

Therefore, the thermal change of A is expressed as the

following equation, eq. (VI — 34) from eq. (VI — 31).

dlog N

RT? = AE (VI - 34)

aT
Relative equation of LPY: equilibrium: when the

component & of the assembly C6 can shift during

various states, 5A s 8B , -, enough rapidly within the ob-

jective time, Zc‘SA’ ZCSB

, =~ became the same value.
Because, if the assembly exists at any state, this subject
does not come into question against the Zustandsumme,
The Zustandsumme is sum of Boltzmann’s factor related
to all possible state of the assembly. Consequently,
from the following equation, eq. (VI — 35) related to
the definition of /P'S, the following relation is obtained

as shown in the following equation, eq. (VI — 36):

zc?

P = (VI - 35)

zC,

Here, ZC, is the Zustandsumme of the assembly C, that
is not permitted by the micro limitation. And ZCOB is
the Zustandsumme of the assembly C06 that is obtained
by the addition of one piece of molecule & or a set of
molecule § into the assembly C, without the change of
external parameter.

(VI- 36)
A, cSB, -, that satisfies eq. (VI — 36)

exist at equilibrium mutually.

The states of 5, &

(138)



Theo. Treat. Chem. Reac. 6 Quan. Sta. Me. Ther.

ir 64

, 6 B, --- are composed with vaA, vg , -+, pieces of
molecule, 634, sf , -+ respectively, according to eq. (VI
— 36) and eq. (VI — 37) shown in the previous paperz4),
the following relation as shown in the following equa-
tion, eq. (VI — 39), is obtained from the following equa-

tion, eq. (VI — 38).

pd = F(p®)% (VI - 37)
1=y, 58 P s, (VI - 38)
a b
A A b B B
fplaya = m(pdh )% (VI — 39)
A B .
Here, 8" and 67 must be composed with the same ele-

ment, but the molecule that composes them is possible
to be different.

A for the assembly held the variable external para-
meter: the all A defined in the above description is re-
lated to the assembly that the external parameter is kept
constant in the procedure connected with it. In this sec-
tion, consider to expand the definition and the theory
of A to the case that the external parameter of the
objective assembly is not always kept constant. At first,
consider the case that the procedure A is added into the
assembly A alone. However, the assembly 4 is related
to the other assembly K according to the following con-
ditions. Namely, (i) the external parameter holding
the extensive property as such volume, surface area etc,
is changeable to 4 and K respectively. However, the
sum of the external parameter ﬁb of 4 and the external
parameter of K is unchangeable. Also, the other kind of
external parameter is unchangeable to each one of the’
assembly A and K. (i) There is no conjugate force to
[ that acts on A+K from the outside. (iii) After the
value of ﬁb is decided, the state of energy of each
assembly is decided independently, mechanically,
mutually, and respectively.

As a simple example that satisfies such a condition,
the asscf.mbly that is-composed with two separated
gaseous parts of A and K is possible to be considered.,
The two gaseous parts are separated by the piston that
can move freely in a cylinder without leakage. Namely,
it is regarded that the state of energy of each gaseous
part is decided by the volume of A in this case. And the

volume of A is only one external parameter of part A.

However, the conjugate force to parameter does not act
from the outside.

In this case, the assembly A+K is the special case of
the assembly treated in the above described section, as
the external parameter is unchangeable. Of course, the
definition and the theory described in the above section
are valid to the 4+K. Also, in the case that ﬁb is
unchangeable, the definition and the theory are valid to
only the assembly A similarly. Then, such an assembly
A is expressed as Aﬁ. In this way, as the assembly C of
eq. (VI — 29), A is possible to be defined by the selec-
tion of either of the two, A+K or Apg in regard to the
assembly 4A+K or AB' The former is called as A of the
assembly 4 holding a variable external parameter or is
called as A of 4+K simply. On the other hand, the later
is called as A of Ag.

While the several equations that may be obtained in
the following sections are compared with A of 4g, try to
express them using the function of thermodynamics.

Equivalence between A of the assembly 4+K and A of
the assembly Ag: the property of the assembly is con-
sidered slightly partially at first. But, the detailed
description is shown in the previous papers20~23)_ As
one part of the description, the chance that the specific
elementary reaction occurs at a certain time, and the
property of the elementary reaction are given by cal-
culating the statistical mean of the region, after the
region, which corresponds to the same chemical com-
position as the chemical composition of the objective
assembly at the time, is cut off from the canonical en-
semble. However, it is assumed that the canonical distri-
bution is held in this region only, as shown in the
contents of the section of thermal equilibrium. Espe-
cially, the part that the Zustandsumme corresponds is
called as the Zustandsumme of the assembly. So, A is
defined by usage of Zustandsumme like the case of com-
plete equlibrium. And, if the point that the assembly is
composed with constant chemical composition is re-
garded as micro limitation, all various theories in regard .
to A expanded in the above described sections are pos-
sible to be applied to the assembly that exists at thermal
equilibrium.

Next, it is considered as follows; the value of A that is
defined by the two methods is equal to each other. Ac-

(139)
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cording to the following equation, eq. (VI — 40), shown
in the previous paperz4) the following relation as shown

in the following equation, eq. (VI — 41), is obtained.

dlogZC AP (VI
2 P AP (VI — 40)

Aplog ZC= (Aplog ZCYp+ X
7

Here, (A log ZC) p is the increment of the case that the

whole one of the objective property Pj is unchangeable.

log A=Ay log Z (A+K) = (A log Z (A+K))

s dlog Z(A+K) A

VI — 41
YS A8 ( )

Here, the suffix g expresses the condition that all ﬁb are
constant. A8y is the increment of 8, under the condi-
tion that A+K is decided.

Like the following relation as shown in the following

equation, eq. (VI — 42), the conjugate force
3log Z (A+K)
d 6b

tion described in the above described section (ii); there

to B, is zero according to the condi-
b

is no conjugate force to By that acts on 4+K from the

outside. Namely,
d log Z (A+K)
__a_ﬁb_ =

On the other hand, according to the condition de-

(VI-42)

scribed in the above described section (iii); after the
value of ﬁb is decided, the state of energy of each
assembly is decided independently, mechanically,
mutually, and respectively. The following relation can
be led as shown in the following equation, eq. (VI —
43).

Z(A+K)=ZA-ZA (VI - 43)

Therefore, the following relation is obtained as shown in
the following equation, eq. (VI — 44).

(A\log Z (A +K))g=aplog ZAg+ (A log ZK)g
‘ (VI - 44)
Then, the following relation shown in the following

equation, eq. (VI — 45), is obtained.

(8plog ZK)g=0 (VI — 45)

Because, the procedure A is performed only against 4.

So, the following relation is obtained as shown in the
following equation, eq. (VI — 46), according to the
equations, eq. (VI — 41), eq. (VI — 42), eq. (VI — 44),
and eq. (VI — 45).

log A= Ay log Z (A+K) = Ay log ZAg (VI - 4'6)

In the result, the two defined As in the above desribed
section are equal to each other. )

Development formula of A concerning 4 and the quan-
tity led from it: the A of 4+K is developed especially to
the objective assembly. At first, - kT log Z(A+K) is tried
to develop to the form that is related to the assembly A
only. From eq. (VI — 43) the following relation shown
in the following equation, eq. (VI — 47), is obtained.

log Z (A+K) =log ZA + log ZK (VI - 47)

Next, log ZK can be rewritten as shown in the follow-

ing equation, eq. (VI — 48), according to eq. (VI — 28).

1
log ZK= — %fﬁb ﬁé‘ dpy, +log ZK g(o)
fb(0) b (VI — 48)

Here, ﬁlﬁ(b expresses the mean force of the conjugate
assembly K to Bb .And X (o) EXPpresses the assembly K
decided by the condition that a set of ﬁb holds a
constant value Bb ©)"

On the other hand, according to equations, eq. (VI —
27), eq. (VI — 42), and eq. (VI — 47), the following

relation shown in the following equation, eq. (VI — 49),

is valid.
ﬁ’A n K 0 VI - 49
+ = —
ﬁb ﬁb ( )
~A

Here, IT Bb is mean force of the conjugate assembly 4 to
Bp-

If eq. (VI — 49) is substituted in eq. (VI — 48), the
following relation is obtained as shown in the following

equation, eq. (VI — 50).

1 _A
log ZK= ~— 213) fﬁb I g, dsy, +log ZKB(O
%b(0) VI — 50)

Moreover, when eq. (VI — 50) is substituted in eq. (VI

(1405
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— 47), the following relation is given as shown in the

following equation. eq. (Vl - 51).

—A
logZ (A+K) = logZA-—E I
pre bfﬁb( ” Mg, dg,
+ logZKﬁ(o) (VI-51)
Aslog ZKpg _ is constant, this equation is the one that

log Z (A+KS is expressed by.usage of the variable of 4
only.

Moreover, the following relation shown in the follow-
ing equation, eq. (VI — 52) is obtained against log A
from eq. (VI — 29) and eq. (VI — 51).

log A = Ay log Z (A+K)

-A;\logZA-—1 Ay f . ﬁA ﬁA dg
b "Bpo) %@

1 _ 8 _4
=anlogZA- — [P a\Ti,dp,
KT 578y

1 _4
-——2XIIg A8
kr 5 oM

(VI - 52)

Here, A}Jib and A}ﬁ? are the increments obtained by
the pro{c‘fdure related to A against parameter ﬁb and
force g, .

Next, consider the thermal changes of Z(A4+K) and A.
At first, from eq. (VI — 42) and eq. (VI — 47), the fol-
lowing relation against the thermal change of Z(4 +K)
is obtained as shown in the following equation, eq. (VI
—53).

dlog Z(A+K) ( 9logZ (A+K) )
aT N 2T

5? log Z (A+K) 26,

b 38y, aT
alog ZA o log ZK
= VI - 53
(— 7 % (5% ( )
] log ZK
if (———)g is expressed by usage of eq. (VI —

50), the following relation shown in the following equa-
tion, eq. (VI - 54), is obtained.

dlogZ(A+K) ., 0logZA
kT? T =kT? ( T )/3
3b _A _A
+Zf 7 Mmg Tgdg
b~ "b
A
Mg 3 log ZK
_Tzfﬁb 'al'Iﬁ dﬁb+kT2 __ﬂ)
Byoy T o7
(VI — 54)

Here, the differentiation coefficient under the condition
that A+K is decided is expressed without addition of
suffix. But, the differentiation coefficient under the

condition that all 8 is constant is expressed with addi-

Jtion of suffix.

Then, the thermal change of A can be expressed as the
following equation, eq. (VI — 55), according to equa-
tions, eq. (_VI — 29) and eq. (VI — 54).

. dlogx dlog ZA
kT? ——— =kT? Ay (——M—
o T r( e

_A -4
+Ef A\TTg, dBy +%Hﬁb Ap By

Bb(o)
B8 7| 4
2 oTIB
-T3f? A, g, -T3—L axdp
b b b
ﬁb(o)

(VI - 55)

Of course, it is obtained directly when the partial dif-
ferentiation of eq. (VI — 52) is carried out in regard to
T.

On the other hand, the thermal change of A that is
defined in regard to the assembly A g is given as shown
in the following equation, eq. (VI — 56), according to
equations, eq. (VI — 29), eq. (VI — 45), and eq. (VI —
47).

dlogZA
Pan (7

(V] — 56)

If eq. (VI — 56) is compared with eq. (VI — 55), the
value of A that is defined in regard to the two different

(141)
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assemblies is equal as shown in the above described sec-
tion. However, it is understood that the thermal change
is different generally.

Discussion and Conclusion

The duplicated description of contents that are men-
tioned in the section of Experimental and Results is cut
off except the important parts.

Several functions in thermodynamics: Helmholtz free
energy F and internal energy U are fundamental quanti-
ty in thermodynamics. So, the relation between the
two quantities and the Zustandsumme is considered.
The physical meaning and the applying of Zustand-
summe can be succeeded to connect with Helmholtz
free energy or internal energy.

And the conjugate mean force to the parameter o, is
related to the free energy, and the parameter is found as
an important point.

Also, it is led as other important point that the re-
versible work per mole of § is equal to the chemical
potential in thermodynamics.

According to Lewis, partial molar free energy, partial
molar internal energy, and partial molar entropy are ex-

pressed as &Y, 6F, Aps U, and Apss against F8 8 and

S & respectively.

g
Next, IP5 = II(# sg)vg:becomes another form as u5=
2 vgu’s
g

This physical meaning can be understood in comparison
with the both relations. It is proved at the first step
that this new theoretical treatment can expand into the
fundamental theory of general chemical reaction.
Namely, this theory is successful in an expansion as this
example. Then, for example, the case that the extreme
slight material §,, ... 6g, ... are added into a large mate-
rial system is considered. The chemical potential of the
material that may be added later is not changed by the
addition of any one in former time. Here, § is com-
posed with v;, -, vg, ... pieces of &,, -, 8g, - Kinds of
molecules, namely, it is expressed as § = ZVgﬁg. In that
case, the relation is set up similarly. Namely,

P® = fi(poeys.

The physical meaning is expressed by the above de-
scribed relation. It can be understood that this relation
is a truism in thermodynamics by an expansion of this
theoretical treatment for chemical reaction.

Force, work, and energy: this theoretical treatment
includes extreme large extent. However, only small part
of this theoretical treatment is discussed in this section.
Then, these quantities, force, work, and energy, are
fundamental quantities in thermodynamics and mechan-
ics. Then, these quantities must be tried to be defined
by this new theoretical treatment. This theoretical
treatment has one consideration that chemical reaction
is occurred by collision of particle or molecule. Chemic-
al species is one kind of particle at molecular level. So,
the motion, movement, or behavior of particle is funda-
mental subject that is related to the probability of colli-
sion or passing through a surface in regard to time.
Especially, in gaseous, chemical reaction, temperature
factor must be added. Generally, temperature factor or
pressure factor is most important. But in this case that
the reaction system exists at thermal equilibrium, this
new theoretical treatment is operated at the first step.
Moreover, the assembly exists at statistical equilibrium.
Such simplification can be tried to apply and to expand
this theoretical treatment as the result. If the system is
not existed at thermal equilibrium, the theoretical treat-
ment becomes extremely complicate and difficult. How-
ever, the consideration that the time existing at thermal
equilibrium is extremely short may be applied to one
solution of the problem. So, it is assumed as follows;
the assembly is kept to exist at statistical equilibrium.
And the internal parameter and the external parameter
can be changeable independently, continuously, and

mutually. The following relations can be expressed.

and moreover,

Zn g a0
(-Mazda,)

ZC1 47,

are defined. Especially, the reversible work that the
assembly shifts from state I to state II keeping to
exist at statistical equilibrium is expressed by the right
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side of the later formula. Then, the left side of the later
formula is equal to the reversible work corresponding
to the right side and becomes - KT log/PS. The physical
quantity, work, can be expressed by the two kinds of
treatment. Similarly, — kT log @ 2 can express the work
required to shift & from standard state to state o.
- kT log@o(s)or -kT Iog@b(o)is the reversible work
that requires to make exist § at o certainly or not.
Especially, according to the point that the three re-
versible works except - kT Iog/P8 include the micro
property, they can not correspond to any function that
has been defined in thermodynamics. This point is im-
portant as the consideration that this theoretical treat-
ment is new. Namely, the new treatment was tried to
apply to chemical reaction.

Then, the four reversible works can be summarized as

-kTlog = A) (-kTlog ZC)

or

- RTlog A= Ay (kT log ZC)
Here, A\ = Ap+Ng4. This simplification is very con-
venient. The thermal change of ZC can be expressed as

alogZC _

kT? 7 - E. So, the thermal change of X can be

log A

expressed as RT? = &) E . These relations are

very interest in thermodynamics to develop this new
theoretical treatment. The following conditions are
very important. However, the above described explana-
tion omitted to describe the detailed conditions for
avoidance of the duplication.

Relative equation of /PS at equilibrium: this expression
and this definition of /P& are basic and important in this
new theoretical treatment. For example, the behavior
of & that is component of the assembly C'S came into
question. When & can shift very rapidly to various
states, :SA, SB - the ZC‘SA, ZC5B, --- become the same
value. As the Zustandsumme is the sum of Boltzmann’s
factor in regard to all possible states of the assembly,
although the assembly exists at any state, it does not

come into question.

64 5B -
/4 =P = Namely, when the state satisfies
the relation described above, the state of 5, 6‘4, aB, -,

A B

exists at equilibrium with each other. 87, 67, -, is
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composed with V;l, Vs ... » pieces of molecule, 6;14, Blb;

A
-« . Namely, these relations, lq[(iPsa )‘vd - Il?l(q,sll,g)vf

= -, are obtained from those relations, g4 2024 5:24
)
a

sB=5usf. . ana#® -’88

These expressions are placed on the consideration of
this theoretical treatment. The chemical species is com-
posed with molecule. This consideration is placed on
moleculear level and is not placed on the atomic level.
At the next step, the author wants to consider atomic
level including elementary particule. Of course, electro-
static force, magnetic force, orbital of electron, many
physical properties or quantities, these physical
moments and interactions, and others can develop this
theoretical treatment to chemical reaction.

A for the assembly held the -variable external para-
meter: to be satisfied in the case that the external para-
meter is changeable to the assembly requires to make
the theory and the definition the expansile and gerneral
form. As such an expansion or generalization produces
rarely the extreme complication, the procedure is not so
easy. Fortunately this case is successful. The A de-
scribed in the above section is related to the assembly in
the limitation that the external parameter is kept at con-
stant. Then, the case that the limitation is loosened
slightly is considered in this section. Namely, when the
external parameter of the objective assembly is not
always kept at constant, try to expand to definition and
the theory of \.

Then,

(i) the external parameter had extensive property
changes about each one of 4 and K, but the sum of ﬁb
of 4 and that of K is unchangeable. And the external
parameter except this kind is unchangeable about each
one of 4 and K.

(ii) the conjugate force to Bb that acts on4+K from
the outside does not exist.

(iii) the energy state of each assembly is decided by
decision of value of 8, mechanically and independently.

The movement of piston in cylinder that is an ideal
model is taken for one explanation. Thus, this theory
can apply to one understandable model. This model of

piston and cylinder is nice and useful one for explana-
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tion of behavior of gas. Sometimes PV = n RT, work
and force, friction and heat, adiabatic expansion, partial
differentiation by physical quantity, and so on. The
example that the three conditions are satisfied is the
assembly A+K separated by piston in cylinder. The

gaseous part 4 and K are separated by piston in cylin-

der. So the assembly is composed with 4 and K. Then, )

the next conditions are very importaht. The energy
state of each gaseous part is decided by the external
parameter of 4. Moreover, the conjugate force to the
external parameter does not act on it from the outside.
The A+K is special assembly of the assemblys treated in
the above described sections. The definition and the
theory are valid to the A +K. Thus, this theory was pos-
sible to expand. Also, when By, does not change, this is
valid to the assembly 4 alone. Such an assembly is ex-
pressed asAB. As the assembly that log A = Ay log ZC is
valid, the selection of either A+K or 4 8 decides the im-
portant point that A is defined against either the assem-
blyA+KorA 8- Later, the various formulas obtained in
this discussed process may be tried to be expressed using
the various functions in thermodynamics in comparison
with A of Ag. This trial that is interesting in considera-
tion among quantum statistical mechanics, thermo-
dynamics, quantum mechanics and stastistical mechan-
ics is one basic and thoughtfull procedure for expanding
this theoretical treatment to gereralization.

Equivalence between A of the assembly A+K and A of
the assembly A 8 it is discussed in this section that the
value of A defined by two kinds of definition is equal
with each other. As the result of discussion, the both
values obtained in regard to the assembly A+K and the
assembly 4 g are equal mutually from the development
of the relative equations according to these definitions.

The log A of the assembly A+K can be expressed as the
relationship shown in the following equation according

to the relationship described in the previous paper24).

dlogZ (A+K)

logh=(Aplog Z (A+K)) + Z A
og A= (A\log Z (A+ ))+b 28 A8p

b

Here, A)\Bb is the increment of bb under the condition
that A+K is decided. . And, suffix g means the condition
that all Bp, are constant. Thus, the relation among A,
A+K, ﬁb’ and A)\Bb is obtained. Moreover, the conjugate
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force to 8, is zero. So, Z(A+K) =ZA - ZK Then,
(Aplog Z (A+K))g is equal to Ay logZAﬁ + (A log
ZK)g. And (A log ZK)ﬁ is equal to zero, because, the
procedure A is operated only against A. Then, log A is
equal to A) log Z(A+K) or Ay log ZA g respectively.
Namely, it is recognized that the value between the two
As is equal.

Development formula of A concerning A and the
quantity led from it: the A of the assembly A+K is tried
to develop in regard to the objective assembly A. A can
be defined by Zustandsumme. Its procedure is the same
to the case of complete equilibrium. Also, the theory
related to A can be applied to the assembly existed at
thermal equilibrium. However, such an assembly is not
always free from any limitation. Here is one micro
limitation in assumption of having a constant composi-
tion. The complete free ensemble or assembly is the
establishment of formation. It is natural that formation
is different from unformation exactly. So, the differ-
ence on the making difference is nothing but the limita-
tion. Then, such a consideration is developed as fol-
lows: to avoid the complication, -kT log Z(A+K) is
developed in regard to the assembly A alone.

log Z(A+K) =log Z + log ZK

s

i
kT b

log ZK )
Bb(0)

=K
ng d

B 48y, +logZKﬁ(0)
Here, ﬁlgb is mean force of the assembly K conjugated

to 8. Kﬁ(o) is the assembly K that a set of By has one

value of g, (). Also, ﬁ’%b + I—Ilgb = 0. Here, ﬁ/‘l; , is mean
force of the assembly 4 conjugated to ﬁb. Therefore,
from the relations described above and in the previous
paper,

ﬁA

1
log Z(A+K) =log ZA ~—— 3, [ g,
v )

6b
kT b Iﬁb(
+ log ZKB(O)

log Z(A+K)can be expressed by only variable of 4, as
log ZK ﬁ( 0) is constant. Moreover,

1 8
Iogh=0)l0gZA - — S b A, 04
A bf A5, dg,

KT 5780
1
=4
- — 2g, A
i 3 M @
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Here, A) 8, and Ay Hﬁ are the increments of para-
meter Bb and force n ﬁ by the procedure related to A.
Next, consider the thermal change of Z(4+K) and A in
order. What thermal change does occur in the assem-

bly?

7 3 logai(A+K): F) l(a)gTZA )3*( 0 l;)gTZK)ﬁ ®)
or
, 8logZ (A+K)= kT ( 3 IOgZA)ﬁ+2fﬁb
oT a7 b Ppo)
g, ?® ﬁgz 3 log ZK g(0) .
-T%f%«nT;;ﬁwb+sz——;;——~ ©

The differentiation coefficient in the condition that
A+K is decided does not add suffix. And it in the con-
dition that all By, is constant adds suffix. The former
equation, (b), can be expressed as the sum of thermal
change of each assembly using partial differentiation in
a simple form. Such a development of theoretical treat-
ment is successful to application and generalization.
Next, what thermal change does occur in A?

dlog ZA
=kT? AK(
aT aT /B

o log A
kT?

6
+ Zf‘ A)\l’[ﬁbdﬁb+ z nﬂbAM?b
fb(0)

BI'IA

—Tzf

dﬁb Tz

Bb(o) aT AxdBy, (@)

This partial differentiation of temperature against T be-
comes the form of sum according to eq. (c). This rela-
tion is obtained directly by partial differentiation
related to T against eq. (a) described above. On the
other hand, in the case that A is defined in regard to the
assembly Ag, the thermal change of the defined A is
given as follows;

alog)\

ologZA

KT? ( e ©

)B = kT? A;\(

Here, in comparison between (d) and (e), the value of A
defined in the two different assemblies is equal with
each other, but generally the thermal change of A is not

equal with each other. This subject is important to

_A
l'lgbdﬁb

understand the effect of temperature factor against the
assembly. In such an analysis of physical meaning, this
theoretical treatment can achieve one purpose. It is
successful to analyze one part of property of assembly
or ensemble. Of course, the assembly or the ensemble
has other properties that may be tried to analyze. In-

deed, the generalization is very difficult.

Summary

Some fundamental considerations of this new theoret-
ical treatment are tried to expand into the connection
with quantum statistical mechanics and thermo-
dynamics. Of course, the definition and the theory
related to them are decided and considered.

Several functions in thermodynamics: the relation
among Helmholtz’s free energy, internal energy, and
Zustandsumme is considered and defined connecting
with statistical mechanics and thermodynamics. Also,
chemical potential, reversible work, partial molar free
energy, partial molar internal energy, and partial molar
entropy can be led by this new theoretical treatment.

Force, work, and energy: the work that the assembly
shifts from state I to state II holding to exist at statist-
ical equilibrium is expressed as reversible work. And the
relation between A and ZC is studied in general case that
the external parameter of the assembly is constant. The
relation between four functions, IPS, qOS,@g(a), and
®o(0), defined by ratio of Zustandsumme and reversible
work is considered.

Relative equation of IP5 at equilibrium: if SA, SB,

a
is composed with vf, ”1179’ - pieces of molecule, IT

A » .B B
(pa )”2:4=n(/,4>5b Wh =...

A for the assembly held the variable external para-

are set up.

meter: the definition and the theory of A expand into
the assembly that the external parameter is not always
constant. The procedure A is added to the assembly A
related to other assembly K. (i) External parameter had
extensive property changes in regard to each one of A
and K, but the sum of Bb of A and that of K is un-
changeable. (ii) The conjugate force to ﬁb that acts on
A+K from the outside does not exist. (iii) As the value

of ﬁb is decided, energy state of each assembly is

- decided independently, respectively, and mechanically
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with each other. All the definition and the theory are
set up for A+K. Also, if ﬁb is unchangeable, it is set up
for the assembly alone.

Equivalence between A of the assembly 4+K and A of
the assembly Ag: it is considered that A of the assembly
A+Kis equivalent to A of the assembly A g.

log A= A log Z(A+K) = (A) log Z(A+K))

dlog Z(A+K)

+ A
b 08, APy
dlog Z(A+B) 3 log Z(A+K)
Here, kKT —— =0 Then, —— — "=
38 8y

Also, Z(A+K)=ZA+ZK Therefore, (A log Z(A+K))ﬁ
=4, log ZAﬁ + (A log ZK)B Here, (A log ZK)B =0
Also, log A = A log Z(A+K) = Ay, logZAB

So, the values of two As defined as the above description
are equal mutually.

Development formula of A concerning A and the

quantity led from it:

1
logZK = — %

H dg, + log ZK
kT bjﬁb(o) b "0 6oy
1 8,
logh=2plogZ4 - — 3 dg,!
A kT bj b

%b(0)
1 _4

- —— X 0Og Axp

wr 5 5 M

Next, thermal change of Z(4+K) and A is considered.

, 3 log Z(A+K) _ T2(alogZA
aT aT

)

3 H,B
+2 0, % Uﬁb(o)dﬁb— 720, % —aT— dg,
) Pb0)
0 log ZKﬁ(O)

+kT?
aT

And, thermal change of A is studied.

9 log A

dlogZA
kT? =kT28\ (——
aT .

aT

)

5 A —A4
b .
+2f Bo0) ANy dBy + T T4, A0S,
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3 r—rfgl NTrs

b b
ag, -TY -ApdB
b s T b

_ b
Tzfﬁb(o) N

Thermal change of A defined in regard to the assembly

Agis studied.

alog ZA
aT

) log

kT2 ( Jp=kT?ax( )g
As the result, the value of A defined in regard to two dif-
ferent assemblies is equal, but thermal change is general-

ly different.
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