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　　　　　　　　　　　　　　　　　　Introduction

　It　is　considered　that　general　material　is　produced

with　conision　and　chemical　bondtng　of　molecule　setting

up　fol　moleculaτ1evel．　This　consideration，　Gedanken

・experiment，　is　carried　on　as　one　of　various　theoretical

considerations．　And，　if　such　a　theoretical　consideration

were　setted　up　for　atomic　leve1，0ther　theoretical

consideration　may　be　proposed．

　Then，　if　one　investigative　o切ect　in　chemical　Ieaction

were　to　set　on　change　of　component，　naturally　factoエs

of　equilibrium　and　time　must　be　induced　into　the

．considelation　and　the　analysis　of　mechanism　of　chemi－

．cal　reaction．　Also，　chemical　equilibrium　and　rate　of

chemical　Ieaction　Iise　on　the　investigative　object　at

the　f廿st　step．

　Foエchemical　equ聾ibrium，　thermodynamics　was　very

usefUl　tool　for　analysis　of　chemical　reaction。　Then，

a　modeln　investigative　method，　chemical　thelmo・

dynamics，　was　published　as　one　means　of　precise　treat・

ment．　The　defined　physicochemical　quantity　of　each

。。mp・n・nt，　P・・ti・l　q・・ntity，　w・・p・・P・・ed　by　Gibb・1）

at　f辻st．　And　it　was　developed　by　Lewis2）into　a　modern

theoretical　system　of　chemical　thermodynamics．　The

induction　of　partial　quantity　fac皿itated　an　apPlica－

tion　of　chemical　thermodynamics．　Also，　the　induction

was　reached　the　certainty　that　the　modern　system

would　be　successful．　So，　the　modem　system　is　cor卜

stituted　with　these　paltial　quantities．　Some　publica。

tions3～19）areエefered　to　consider　the　concept　of　this

theoretical　treatment．
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　Thus，　statistical　mechanics　is　applied　to　chemlcal

reaction．　Moreover，　the　following　two　applications

are　expected；chemical　statistical　mechanics　not　only

is　applied　to　chemical　equilibrium，　but　also　is　applied

to　rate　of　chemical　reaction．　However，　these　new

apPlications　are　not　so　easy　in　comparison　with　the

case　of　thermodynamics．　Many　kinds　of　definition　are

decided　at　the　first　step．　So，　the　development　of　theory

is　performed　by　combining　these　definitions．

　　　Experimental　an（l　Results，　Gedanken　Experiment

　Chemical　reaction二When　one　equilibrium　system

that　the　combination　of　the　element　among　the　chemi－

cal　species　is　changed　with　one　kind　of　tエeatment

shifts　to　the　new　equilibrium　system，　it　is　said　that

the　chemical　reaction　is　occurred　with　the　treatment．

However，　the　new　equilibrium　system　must　include

the　different　chemical　species　from　the　origin．　The

material　system　existed　at　the　state　that　the　property

changes　quickly　with　time　is　said　the　reacting　system．

At　a　micr（〉－scopic　physical　meaning，　the　reacting　system

may　l）e　taken　as　a　function　of　time．

　And，　according　to　the　present　chemical　reaction

theoly，　the　chemical正eaction　is　considered　as　the　result

of　the　whole　sum　of　severa1　elementary　reactlons

that　each　reaction　occurs　independently．　At　a　certain

time，　the　number　of　elementary　reaction　becomes

considerable　large　number．　So，　the　over　all　reaction

is　considered　as　the　sum　of　many　elementary　reactions．

So，　the　aggregation　of　several　combined　elementary

reactions　under　the　condition　that　the　chemical　equa－

tion　is　satisfied　is　caUed　as　mechanism　of　chemical

reaction．　The　satisfaction　of　chemical　equation　means
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a　perfect　description　of　the　experimental　results　ade－

quately　and　exactly．　Also，　the　satisfaction　means

aperfect　expression　of　the　stoichiometrical　relation．

The　over　a11　chemical　reaction　constituted　with　ele．

mentary　reaction　is　written　generally　as

δL　・　6R @　　　　　　（1－1）
wh・・eδム，・・δR　i・caU・d・・th・，ea・t、。t，。，　th，　p，。d。、t

respectively．　GeneraUy，　the　reactant　is　constituted　with

オpiece・・f・h・mi・al・peci・・δ量、nd　th，　p，。d。、t　i、　c。n．

・ti・・t・d　withザpiece・・f・h・mi・a1・peci，、δ罫、。、，e、．

pondingly．　The　reactant　and　the　product　are　defj皿ed　by

R
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＝
Lδ （1－2），　（1－3）

Wh・n・6・nd　・5　i・　・elect・d・・mi。im。m　i。t，g，，　i。　th，、e

equatlons，　eq．（1・1）is　called　as　chemical　equation．

　Also，　a　set　of　element　that　is　related　to　elementary　re．

action　is　called　as　the　leacting　complex　generally．　Es－

pecially，　the　reacting　complex　existed　at　the　initial　state

or　the　final　state　is　classified　from　the　reactant　or　the

product　of　the　over　all　reaction．　So，　the　former　or　the

亘atter　is　called　as　the　initial　complex　or　the　final　com。

plex　respectively．

Th・i・iti・1・・mpl・x　i・c・n・tit・t・d　with・∫piece・。f

δ卸A・dth・fi。、1、。mpl，x　i、　lik，wi，e　c。n、tit。t，d　with
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δ （1－4），（1－5）

　　Equilibrium；Thermal　equilibrium：The　concept　is

assumed　as　follows；in　reacting　systeni，　the　elementary

reaction　does　not　occur　with　the　other　elementary　re－

action　that　occurs　simultaneously　according　to　the

defined　and　decided　Ielation．　Moreover，　the　elementary

reactlon　occurs　each　other　independently　as　mentioned

above．　This　concept　is　one　of　very　important　assump－

tion　in　modern　chemical　reaction　theory．　Moreover，

another　important　assumption　is　pqstulated．　At　first，

the　rate　of　elementary　reaction　is　only　decided　with　the

chemical　composition　of　the　assembly　at　that　time

under　the　conditions　of　the　g重ven　temperature　and　the

given　external　parameter，　it　is　independent　of　the　origin

of　the　assembly．　Namely，　speaking　from　macro　scale

point　of　view，　it　becomes　that　it　does　not　include　a

factor　of　time　extemally．　And　there　is　the　basic　premise

that　two　assumptions　are　approved　like　the　above

　description．

　　On　the　plemise，　the　rate　of　over　all　chemical　leaction

that　the　rate　of　each　independent　elementary　reaction

is　summed　can　be　calculated　with　the　method　of　statis－

tical　mechanics．　Also，　this　operation　of　the　calculatillg

is　the　object　with　the　planning　of　mechanical　analysis　in

this　Gedanken　exper㎞ent．

　　If　the　observed　assembly　is　allowed　to　stand　under

the　defined　and　decided　external　condition，　the　che－

mical　composition　changes　depending　upon　various

elementary　Ieactions．　And，　its　assembly　reaches　the

equilibrium　at　last．　Moreover，　it　is　considered　that　the

chemical　composition　fluctuates　more　alld　less　with　the

occurlences　of　reactions　in　forward　and　backward　direc－

tions　of　various　elementary　reactions　in　the　assembly

existed　at　such　an　equ皿ibrium．　On　the　other　halld，　it

must　be　considered　that　the　over　all　chemical　reaction

progresses　forward　or　backward　direction　like　the　case

of　elementary　reaction．　Thus，　its　consideratioll　is　the

filst　characteristic　point．　Namely，　the　d孟fference　be－

tween　the　forward　reaction　and　the　backward　reaction

is　observed　extelnally　or　as　the　summarized　fo㎜．

Moreover，　it　is　the　second　characteristic　point　that　the

considerations　relating　to　the　forward　reaction　and　the

backward　reaction　are　deduced　to　various　independent

constituted　elementary　reactions．

　　This　consideration　that　there　are　two　directions　in　the

remarked　reaction　is　one　of　important，　typical，　specific，

and　basic　consideration　of　this　Gedanken　exper血ment

about　the　over　all　reaction　like　the　elementary　reaction．

　Now，　consider　such　a　constitution　of　the　canonical

ensemble　as　follows：the　canonical　ensemble　is　con。

stituted　with　the　same　element　as　the　assembly　that　is

existed　at　equilib血m　state　containing　the　remarked

reacting　complex．　And　its　ensemble　is　existed　under

the　same　extcrnal　condition．　So，　it　is　tried　to　consider

that　the　physicochemical　properties　of　the　assembly

is　compared　with　the　properties　of　the　canonical　en－

semble・Of　course，　the　great　majority　of　component

of　such　an　ensemble　is　constituted　with　the　compo。

sition　that　is　very　near　to　the　mean　chemical　compo－

sition．　However，　the　fbllowing　assemblys　may　be

exceptionally．　Namely，　seveτal　assemblies　show　the
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same　checmical　composition　as　the　observed　assembly

that　the　so－ca皿ed　irreversible　reaction　is　progressing．

So，　the　number　of　such　an　asseml）ly　is　possible　to

increase　completely　in　a　very　large　number　by　increas－

ing　of　the　number　of　component　of　an　ensemble．　And

the　following　considered　concepts　are　belonged　to　one

kind　of　physicochem宜cal　assamption　that　is　proposed

in　the　field　of　physics．　And　the　foHowing　concept　is

considered　as　one　assumption．

　The　chance　that　the　specific　elementary　Ieaction

occurs　at　a　certain　time　and　the　property　of　the　ele－

mentary　react童on　are　given　l）y　calculating　the　statisti－

cal　mean　of　the　region，　after　the　region　that　corresponds

to　the　same　chemical　composition　as　the　chemical　com・

position　of　the　remarked　assembly　at　the　time　is　cut　off

from　the　canonical　ensemble。　However，　it　is　assumed

that　the　canonical　distribution　is　held　in　this　region

only．　The　concepts　re童ated　to　canonical　ensemble　and

other　ensembles　are　published　on　Part　2．

　Wheh　the　asseml）ly　is　possible　to　be　defined　as　the

above　described　assumed　condition，　it　is　said　that　the

assembly　exists　at　the　thermal　equilibrium．　The　part

that　corresponds　to　Zustandsumme　in　the　above　de－

scribed　meaning　is　said　the　Zustandsumme　of　the　as－

sembly．　Besides，　the　interpretat五〇ns　of　Zustandsumme

and　its　related　concept　may　be　published　on　other

papeL

　Rate　of　elementary　reaction：The　occurrence　of　the

elementary　reaction　is　necessaエy　to　the　occulrence　of

which　one　structural　change　or　one　energy　change，　or

the　both　changes　in　reacting　complex．　So，　the　following

three　cases，　the　case　that　the　change　of　energy　occurs

often　completely，　the　case　that　the　assembly　exists　at

thermal　equilibrium，　and　the　case　that　the　change　of

occurrence　of　e！ementary　reaction　is　decided　by　the

strUctUral　change，　are　the　objects　of　the　consideration

in　this　section．　The　chance　is　defined　as　the　reciplocal　of

mean　time　that　Ieacting　complex　exists　at　the　initial

complex．

　By　quantum　mechanics，　when　the　difference　of　energy

between　the　two　electronic　states　in　the　structure　that

the　atomic　system　is　decided　is　more　larger　than　the

energy　distributed　by　one　degree　of　freedom　of　struc－

tural　change，　the　energy　of　the　lowest　elect正onic　state

is　possible　to　be　dealt　with　the　structural　change　as　a

potential　of　atomic　system．　The　present　considered

problem　is　limited　only　in　such　a　case．　Also，　it　is　as。

sumed　that　classical　mechanics　is　possible　to　be　applied

to　the　motion　of　the　center　of　gravity　ofatom．

　One　pertinent　solution　of　the　problem　is　obtained　by

the　determination　of　chance　of　structural　change　on　the

assumption　that　one　objective　elementaly　reaction

occurs　only　in　the　assembly，　because　the　chance　of

occurrence　of　elementaly　reaction　is　independent　on

other　elementary　reaction　that　occurs　at　the　same　time

as　the　above　descriptions．　And，　as　it　is　assumed　that　the

remarked　assembly　exists　at　thelmal　equilibrium，　the

remarked　assembly　is　constituted　with　the　same　element

as　the　objective　assembly　as　mentioned　above，　and　it

constitutes　the　canonical　ensemble　with　a　complete

large　number　of　assembly　that　is　existed　undel　the　same

external　condition　as　the　objective　assembly．　So，　one

pertillent　solution　is　obtained　by　the　determination　of

chance　of　stluctural　change　of　componellt　that　shows

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノsame　chemical　composition　as　one　objective　assembly　in

this　ensemble．

　So，　the　structural　space　for　the　remarked　assembly　is

fractionated　to　the　two　regions　that　are　corresponding

to　the　initial　complex　and　the　final　complex　of　the　re－

marked　reacting　complex．　Namely，　the　initial　and　filal

complexes　are　said　as　the　initial　Iegion　and　the　final

region　correspondingly．　And　the　chance　of　occulrence

of　structural　change　is　given　by　the　determination　of

number　of　the　representative　poilt　that　shifts　from　the

initial　region　to　the　fina豆region　over　unit　time，　So，　the

concept　is　an　assumption　that　one　surface　is　considered

on　the　boundary　ofthe　two　regions．

　Then，　the　representative　point　must　pass　through　the

surface　to　change　the　structure．　Howeve正，　the　structural

change　may　or　may　not　occur　if　the　representative　point

passes　through　the　surface．　Because，　the　representative

point　may　be　sent　back　to　the　initial　region　before　it

arrives　at　the　final　region．　Consequently，　the　number

that　passes　through　the　surface　gives　the　upper　limit　of

number　of　occurrence　of　structural　change．　Therefore，

if　the　surface　wele　set　as　the　number　of　the　passed

representative　point　decreases　to　minimum　number，

the　nice　upper　limit　of　number　is　obtained．　Such　a　set

surface　is　said　as　clitical　surface．

　Now，　the　following　two　expressions　are　assumed　at
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first．　The　degree　of　freedom　of　the　assembly　that　the

objective　elementary　reaction　is　occurτing　is　expressed

as！：And　the　equation　of　the　critical　surface　is　explessed

as　ql＝Oin　the　phase　space　of　2∫dimension　that　is

corresponding　to　this　assembly．

　The　following　concepts　are　assumed　at　second．　The

region　that　q　l　is　positive　quantity　is　initial　region，　the

region　that｛71　is　negative　quantity　is　final　region，

　Now，　accepting　that　the　following　concepts　are　as－

sumed，　a：ql　exists　between　O　and　positive　quantity

妬・ゴ：q2，…，qf　exist　betwee岡2　and　q2＋dq2，

．．．，between　qf　and　qア＋dqアrespectively．わ：ρ1　exists

between　negative　quantityρ1　andρ1＋dp　l．ゲ：ρ2，

・…　pf　exist　betweenρ2　andρ2＋の2，…　，between

ρアandρア＋dpf　respectively．　Thus，　the　regiolls　of　the

existences　of　the　rep正esentative　points　are　restricted

as　mentioned　above，　a，〆，∂，　andわ”．　And，　the　numbers

of　such　representative　points　as　defined　above　ale

given　by　eq．（1－8）according　to

　　　　　　　　　　　　　　　　　　　　　　ψ一E

　　　δN・ρδ・，P・N・θ　　　（1－5），（1－6）

N・ 轣c∫吻1…のア
　　　　　　　　　　　　　　　9－E

　　　・N∫…∫・θ吻1…吻 （1－7）

　These　relations　that　are　induced　from　eq．（1－5）to　eq．

（1－7）ale　simply　interpreted　for　an　understanding　on　this

paper，　So，　the　detailed　interpretation　may　be　published

on　the　following　paper．

　About　eq．（1－5），　whereδりis　region　element　of　phase

space．　Ifδv　is　small　enough，　it　can　be　regarded　as　that

the　densityρis　homogeneous　in　that　space．　So，　the

number　of　the　representative　pointδ1V　inδりis　ex－

pressed　by　eq．（1－5），　About　eq．（1－6）and　eq．（1－7），　the

ensemble　that　Gibbs　proposed　as　another　important

ensemble　in　conservative　system　is　canonical　ensemble．

It　is　expressed　by　eq．（1－6），　whereハr　is　the　total　number

of　the　replesentative　point．1ρandθare　the　parameters

of　distribution　that　have　the　dimension　of　energy．　And

g　is　not　independent　upon　θ．　So，　the　relation　is　ex－

plessed　by　eq．（1－7）．　And　this　ensemble　is　suitable　to

represent　the　assembly　at　constant　temperature．

　However，　as　the　condition，　the　numbers　of　such

representatlve　polnts　are　at　canonical　distribution　hl

the　case　that　such　objective　region　adapts　to　the　defined

conditions，　is　assumed，　the　derivation　of　equation　is

available．　The　defiled　conditions　indicate　constant

temperature，　external　parameter　and　chemical　composi－

tion　at　the　first　step．

ψ一E
　　　　　　　　kT

Ns＝e

　　　　　e

＝Ns

　　dq　i　dq　2・・吻アdP　l…dPf

＿　E
　　kT
　　　　　d伽吻2…吻＠1・・吻∫

θ～
1

　　E

－kT　　　　dq　1…dqf　dp　1…dPf

（1－8）

where　l　points　the　demain　of　integration　over　total

region　that　suits　to　the　given　condition　of　the　initial

region．　However，　ql　is　positive　quantity　at　this　time，

And　Ns　points　the　total　number　of　the　representative

point　that　exists　in　the　demain　of　integration．

　GeneraUy，　energy　E　is　possible　to　be　expressed　by　eq．

（1－9）．

E　＝　E＊　＋P12／2〃11 （1－9）

（18）

where　E＊is．　the　energy　of　the　assembly　in　the　case　that

is　Iestricted　by　the　surface　q　1＝0。　This　assembly　is　re－

garded　as　a　hypothetical　assembly，　The　case　is　as　fol－

lows；ql　is　equal　to　O　usually，　namely　ql＝0，　conse－

quently　pi　becomes　to　O，　namely　p　i＝0．　And　mi　is　the

reduced　mass　of　degree　of　freedom　of　the　first，ρ1伽1

is　general　velocity　in　the　direction　of　q　1．Therefore，　eq．

（1。8）points　the　number　of　the　representative　point　that

passes　through　the　surface　ql＝Ofrom　the　side　of

initial　region　to　the　oPPosite　side　over　the　time　of

（dqi／Pi）・M1．

　Therefore，　the　number　per　unit　time　of　the　representa－

tive　point　that　passes　through　the　surface　ql＝Ofrom

the　side　of　the　initial　region　is　given　by　dividing　the　eq．

（1－8）by（dq1／pi）・M1．　Namely，　the　number　is　ex－

pressed　by　eq．（1－10）．

　　　　　　　　　E

　　　　　　ゼたア藷吻・…姻・・…のア
　　ノV∫

　　　　　　　　　　　　　E　　　　　　　　　　　　　　　（1－10）
　　　　　　　　　　－kT
　　　　　　イe　　　　　　　　　　　　　　dq　1・・吻アdp・…dpア
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　The　total　number／Vξ　of　the　representative　point　that

passes　through　the　surface　per　unit　time　f辻om　the　side

of　the　initial　region　is　given　by　integrating　eq．（1。10）for

the　total　region　of　negative　value　of　P　l，by　integrating

P2・…・pf　f・・the　each　t・ta1・egl・n・fp・sitive曲e・・

negative　value　respectively，　and　by　integrating　q　1，．．．，

qf　for　the　total　region　decided　with　the　remarked　con－

dition．　Now，　if　this　demain　of　integration　is　expressed

by　S’，ノV善　is　9iven　from　eq．（1・9），namelシ

E＊十P1212Ml
7ε

r
J
，
～

互
＝’

～

馳・…卿1…dPf

∫ekT　dq・…姻ρ1…dpア

∫・♂轟誇dρ1∫。一

『oo@　　　　　　　　　　　　　　　　s

E＊

＝Ns

kTdq、…dqfdp、・・のdPf

　　　＿　E

∫・kT　dq1・・吻の1・吻ア
1

＝珊ん7

　　　＿E＊

∫・kT　dq、…吻ア吻、・吻ア
∫

　　　＿　E

∫・kT　dqゴ・吻アdρ、…吻
1

（1－11）

wh・・e　f。・・e－ax2　・d・・21　i・emp1・y・df・…d・・st・・d・

　The　chance　that　the　representative　point　passes

through　the　cエitical　surface　S　is　given　l）y　the／VS／Ns．

Now，　if　the　ratio　of　the　number　of　the　representative

point　that　completes　the　elementary　react重on　to　the

number　of　the　representative　point　that　passes　through

the　surface　S丘om　the　side　of　initial　region　is　expressed

withκ，　the　chance　of　the　elementary　reaction／Vi／ノVl　is

given　l）y　eq．（1。12）．

　　　　　　　　　　　　　　　　　　　　　＿E＊

　　　　　　　　　　　　　　　　　　　　　　kT

　　　　　　　　　　　　　　　　　　∫・　dq2…吻吻2”・dPf

　　！Vi。。NS。。kT－E

　　／v1　　　　　　　　＿互
　　　　　　　　　　　　　　　　　　∫・kT　dql…dqf・dPi…dPf

　　　　　　　　　　　　　　　　　　I

（1－12）

whereκis　more　than工or　is　equal　to　1，namely，κ≦1．κ

is　caUed　as　transmission　coefficient．　The　reaction　thatκ

is　equal　to　1，namely，κ＝1，is　called　as　effusion　type　re－

action，　and　the　reaction　thatκis　more　and　more　less

than　1，　namely，κ＜＜1，　is　called　as　diffusion　type　reac。

tion．

　Then，　the　chance　of　occurrence　of　the　elementary

reaction　is　possible　to　be　expressed　by　using　of

Zustandsumme　of　the　assembly　that　adds　the　critica夏

complex　and　the　initial　complex．　So，　these　problems

may　be　published　on　other　paper．

　Steady（stationary）reaction　and　rate　determining　step

reaction：The　reaction　that　is　most　simple　in　reaction

mechanism　is　constituted　with　only　one　elementary　re－

action．　Such　a　reaction　is　called　simple　reaction．　How－

ever，　the　description　of　reaction　mechanism　necessitates

sevelal　continual　elementaryエeactions，　but　also　many

branched　elementary　reactions　generally．　When　a　re－

actant　shifts　a　product，　it　is　possible　that　the　reaction

passes　through　several　different　reaction　processes，

reaction　pathways，　in　order　to　the　existence　of　the

above　described　various　elementary　reactions．　Then，

steady　reaction，　stationary　reaction，　that　has　the　pro－

gressional　rate　determining　step　at　thermal　equilibrium

is　alone　considered　as　the　present　ploblem．　Here，　the

concept　is　proposed　fbr　develop　this　theory．　Steady

reaction　is　defined　by　the　condition　that　the　reaction

progresses　without　accumulation　of　all　intermediate

product．　Naturally，　there　is　no　feedback　reaction．　On

the　view　point　of　biochemical　reaction，　normal　growing

living　matter　has　various　continual　elementary　reactions

and　many　branched　elementary　reactions，　and　has　an

irreversible　over　all　forward　reaction　in　conclusion．

In　such　biological　elementary　reaction　ensemble，　the

condition　of　harmonization　is　very　important　factor．

If　the　condition　of　harmonization　does　not　hold　fbr　a

sholt　time，　the　living　mattel　falls　to　the　abnormal

biological　reaction　pathways．　Moreover，　if　the　living

matter　can　Ilot　get　back　the　normal　biological　reaction

pathway，　it　becomes　that　the　living　matter　loses　the　life

in　the　result．

　And　the　concept　is　proposed　as　above　described．　Rate

determining　step　is　defined　as　the　reaction　that　is　neces。

sary　absolutely　to　progressing　of　Ieaction．　And　more－

over，　rate　determining　step　is　one　special　reaction　that

the　rates　of　forward　and　backward　reactions　ale　as
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negligibly　small　as　possible　in　comparison　with　the　rate

of　othel　any　constituted　elementary　reaction．

　When　the　concepts　of　definitions　about　the　steady

reaction　and　the　rate　determining　step　are　assumed　as

mentioned　above，　the　following　concepts　are　concluded．

（1）　The　initial　complex　of　rate　determining　step　ofre－

　　　　action　shifts　upon　substantially　a賎the　reactant　and

　　　　shifts　scarcely　upon　the　product，　So，　the　final

　　　　complex　shifts　upon　substantially　all　the　product

　　　　and　shifts　scarcely　upon　the　initial　complex、　Con。

　　　　sequently，　it　becomes　that　the　initial　complex　of

　　　　rate　determining　step　is　all　really　constituted　with

　　　　the　reactant．　Also，　it　becomes　that　the　final　com－

　　　　plex　shifts　upon　almost　substantially　the　product．

　　　　Therefore，　the　phenomenon　that　the　reacting　com－

　　　　plex　completes　the　reaction　is　equal　to　the　pheno－

　　　　menon　shifted　from　the　state　of　the　reactant　to　the

　　　　state　of　the　ploduct．　For　the　completion　of　the

　　　　phenomenon，　the　passing　over　the　rate　determining

　　　　step　is　necessary　and　sufficient　condition・In　other

　　　　words，　the　rate　of　over　all　reaction　is　decided　by

　　　　the　rate　of　rate　determining　step．

（2）　The　phenomenon　that　the　reaction　is　steady　is

　　　　replaced　as　fbllowing；namely，　the　intermediate

　　　　product　shifts　without　accumu董ation．　In　any　ele－

　　　　mentary　reaction，　the　difference　between　the　rate

　　　　of　Ieaction　in　the　one　dilection　ofreaction　and　the

　　　　rate　of　reaction　in　the　oPPosite　direction　of　Ieac葡

　　　　tion　has　to　be　equal　to　or　be　less　than　it　for　the

　　　　completion　of　the　phenomenon．

　For　comprehensive　understanding　of　the　concept　as

mentioned　above，　the　following　simple　reaction　me・

chanism　is　considered　as　one　example．

A≠B≠　C　　Va’　Vb’

（1－13）

where　V　is　the　rate　of　reaction　in　each　direction　of　the

reaction　respectively，　SymboP　is　expressed　the　oPPoslte

direction　against　nonsymbol．

　And　it　is　assumed　that　this　reaction　is　steady．　Namely，

in　the　case　that　the　intermediate　pτoduct　does　not

accumulate，

dB／dt＝Va－Va’一（Vb－Vb’）・o

eq．（1－14）is　valid．　Consequently，

（1－14）

Va－Va’ニVb－Vb’ （1－15）

eq，（1・15）is　vahd，　Flom　the　similal　reasoning　to　that

described　above，　if　the　reaction　process　is　not　branched，

it　is　concluded　that　the　difference　of　the　rate　of　each

elementary　reaction　is　equal　to　each　other．　However，　if

the　reaction　process，　the　reaction　pathway，　is　branched，

it　may　become　that　the　difference　of　the　rate　of　the　one

elementary　reaction　is　less　than　the　difference　of　the

rate　of　theτate　determining　step．　And，　because　the　both

rates　themselves　of　forward　and　backward　directions　of

rate　determining　step　are　negligibly　small　in　comparison

with　the　rate　of　other　any　elementary　reaction，　the　dif－

ference　of　the　rate　of　the　determining　step　is　naturally

negligibly　small　in　comparison　with　the　rate　of　other

elementary　reaction．　Consequently，　the　difference　of

the　rate　is　negligibly　small　in　comparison　with　the　rates

of　the　both　directions　in　any　elementary　reaction　except

the　rate　determining　step．　In　other　words，　it　is　con－

cluded　that　the　rates　of　the　both　directions’of　the　re－

action　are　at　a　balanced　state．

Discussion　an（l　Conclusion

　The　duplication　of　contents　shown　in　the　section　of

Experimental　and　Result，　Gedanken　experiment，　is

avoided　except　important　parts　from　the　space　of　this

pape「・

　One　new　theoretical　tleatment　that　the　fundamental

concept　was　on　the　basis　of　statistical　mechanics，

quantum　mechanics，　and　thermodynamics　was　applied

to　many　basic　parts　of　chemical　reaction　in　general　case，

This　try　of　new　theoretical　treatment　is　one　kind　of

experiement，　Gedanken　experiment，　thought　experi－

ment，　as　such　a　so－called　usual　experiment　that　is　not　a

thought　experiment．

　There　are　many　objective　problems　to　investigate

chemical　reaction　that　occurs　in　the　fields　of　living

matter　and　of　non－1iving　matter．

　The　basic　analysis　of　these　chemical　reactions　that

includes　the　biological　reaction　is　very　㎞portant　to

solute　the　phenomena　of　life　cycles　of正iving　matters．

Of　course，1ife　cycles　are　depended　upon　the　cilcum－

stances　that　includes　various　chemical　Ieactions，　More－

over，1iving　matter　can　not　separate　from　non－living

matter．
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One　Theoretical　Treatment　ofChemical　Reaction

　The　attempt　of　application　of　such　a　statistical　me－

．chanical　treatment　to　one　part　of　biological　Ieaction　is

testing　by　the　authol　as　a　new　consideration　for　living

matter，　However，　this　region　related　it　is　very　wide

and　this　contents　related　it　is　very　complicate．　But，

the　range　that　is　possible　to　investigate　depends　upon

progressing　of　scientific　background，　but　the　range　is

becoming　small　year　after　year　by　the　progressing．

　This　scientific　considerations　that　many　kinds　of

chemical　reaction　in　non・living　world　are　observed　in

universal，　global，　regional，10ca1，　polymolecular，　mole－

cular，　atomic，　and　elementaly　particular　fields　may　be

applied　to　the　complicate，　holy，　prior－experiential　re－

action　in　living　world　on　a　common　boundary。　At　least，

as　this　common　boundary　can　be　found　at　moelcular

level，　the　chemical　reaction　at　molecular　level　is　value　to

investigate　more　and　mole．　Consequently，　some　funda－

mental　parts　of　chemical　reaction　that　occurred　at　state

of　molecule　became　one　target　of　this　consideration．

Thelefore，　this　theoretical　treatment　was　tlied　for

molecular　reaction　as　shown　on　this　paper．　On　the

other　hand，　this　fundamental　investigation　is　necessaly

to　solute　many　problems　of　biological　complicate

reaction，

　Chemical　reaction：Chemical　Ieaction　is　constituted

with　elementary　reaction．　Chemical　reaction　that　is　so

called　usually　is　to　be　called　as　over　aU　Ieaction．　From

the　concept　that　over　all　reaction　has　forward　and　back－

ward　directions，　the　property　of　elementary　reaction　is

deduced　like　ovel　alheaction．　Namely，　elem’entary・re－

action　also　has　fblward　and　backward　directions．　There－

fore，　over　all　reaction　is　an　aggregation　of　elementary

reaction，　Such　a　reaction　is　constituted　with　chemical

species．　And，　the　combination　of　reaction，　the　direction

of　reaction，　and　the　chemical　species　are　considered

With　reaCtiOn　VelOCity．

　Equilibrium；Thermal　equ丑ibrium：豆t　is　assumed　that

usually　the　reaction　reaches　equilibrium　at　last．　From

this　concept，　it　is　deduced　that　various　kinds　of　para－

meter，　ensemble，　assembly　are　related　to　equilibrium

closely．

　　It　is　pointed　that　there　are　four　kinds，　temperature，

volume，　plessule，　and　time，　in　equilibrium　at　least．　In

this　clause　of　equilibrium，　thermal　equilibrium　is　only

shown　as　a　main　target．　And　the　theoretical　treatment　is

deduced　from　statistical　mechanics．

　Rate　of　elementary　reaction：When　over　all　reaction　or

elementary　reaction　occurs，　it　is　necessary　that　energy

goes　in　or　goes　out．　Namely，　energy　change　apPears　in

various　types　with　various　external　or　internal　c廿cum－

stances．　This　problem　is　related　to　statistical　mechanics，

quantum　mechanics，　and　thelmodynamics．　Also，　here，

the　degree　of　freedom　is　attended　to　elementary　reac－

tion．　Moreover，　the　number　of　molecule　related　to

reaction　and　the　behavior，　passing　through　a　surface，　of

molecule　per　unit　tlme　are　taken　up　as　a　basic　factor

that　is　correlated　with　reaction　velocity．

　Steady　reaction，　stationary　reaction：When　all　inter－

mediate　product　can　not　be　observed　in　progress　of

reaction，　it　is　said　that　the　reaction　is　steady　reaction．

Also，　it　is　said　that　this　steady　reaction　is　reaction

existed　at　steady　state．　On　the　other　expression，　a　glass

tube　that　includes　Iunning　water　fully　is　a　goodexample

of　it，

　Rate　determining　step　reaction：One　interpretation　is

tried　to　understand　this　term．　Over　alheaction　is　con－

stituted　with　elementary　Ieaction．　These　reactions　have

forward　direction　and　backward　direction，　one　direction

and　oPPosite　direction，　of　each　reaction．　It　is　possible

to　consider　that　the　Iate　determining　step　reaction　is．

included　in　over　all　reaction　as　one　elementary　reaction

among　other　elementary　Ieactions．　Moreover，　it　can　be

considered　that　the　elementary　reaction　effects　on　suffi－

ciently　and　regulates　in　detail　the　rate　of　over　all　re－

action．　Therefore，　the　rate　of　reaction　is　shown　by　sum

of　forward　reaction　and　backward　reaction．　So，　the　rate

of　over　all　Ieaction　is　shown　by　sum　of　all　elementary

reactions，

　Also，　it　is　said　by　other　expression　that　rate　determin－

ing　step　fills　the　role　ofregulation　ofreaction．　Therefore。

it　is　understood　that　there　is　certainly　rate　determining

step　in　whole　reaction　from　one　constitutional　view・・

point．　For　example，　it　is　an　exculsion　of　one　group　of

d正ferent　walking　speed　walker。

　This　consideration　that　the　reaction　孟n　the　field　of

non－living　matter　is　set　up　the　reaction　in　the　field　of

living　matter　may　be　reasonable　or　natural　when　the

proglessive　clarification　of　the　biological　replication　of

DNA　ol　the　structural　and　functional　change　of　the

gene　by　valious　kinds　of　biotechnology　is　thought・
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The　investigation　of　the　behavior　of　molecule　may　be

applied　effectively　in　such　a　form．
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　　　　　　　　　　　　　　　　Summary

　One　new　theoretical　treatment　that　was　on　the　basis　of

statistical　mechanics，　quantum　mechanics，　and　thermo－

dynamics　was　tried　to　apply　to　various　parts　of　chemical

reaction　as　Gedanken　experiment．

　The　other　basic　theoretical　considered　results　may　be
　　，

reported　gradually　on　other　papers．

　The　basic　point　of　this　consideration　is　a　collision　of

molecule，　a　binding　of　molecule，　and　a　combination　of

molecule　with　a　factor　of　time　or　without　a　factor　of

time．

　The　above　mentioned　consideration　was　applied　to　the

following　objective　problems；（1）Chemical　reaction－

General　case，（2）Equilibrium－Thermal　equilib血m，

（3）Rate　ofelementary　reaction，（4）Steady　reaction　and

rate　determining　step．

　This　consideration　or　investigation　about　the　behavior

of　molecule　may　be　applied　effectively　in　biotechnolo－

gical　and　molecular　biological　fields．

　　　　　　　　　　　　　　　　　　　　　　　　　　　化学反応の理論的取扱

　　　　　　　　　　　　　　　　　　　　　　　　　　　第1報　化学反応一般

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　堀　津　圭　佑

　　　　　　　　　　　　　　　　　　　　　　　　　　（昭和57年9月27日受理）

　統計力学，量子力学，熱力学を基にした一っの新しい理論的取扱を思考実験として種々の化学反応

に試みた。他の理論的考察結果は漸次他報で報告する。

　　この考察の基本点は時間要素を含むか含まぬ分子の衝突，結合、組合せである。

　上記の考察は次の目的問題へ応用された。（1）化学反応一般，（2）平衝一熱平衝，（3｝素反応の速度，（4）定

常反応と律速段階。

　分子の行動にっいてのこの考察や研究は生物工学や分子生物学の分野に有効に応用されるであろう。
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