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A Method of Stastistical _Mechanical Treatment /
Cof - "
Equilibrium and Chemical Reaction.
o (Abstract)

By Juro Horiuti

'A method is proposed for treating equilibriim and ehemic%l,reaction by means of a set o*
four conjugate fuhctions in. extention of an earlier method applied to the hydrogen electrode -
process.(1} - The basic aésumption for the method is t?mt the behavior of -a certain fnacros-
copic assembly is described in terms of an appropriate quanturﬁ _canoﬁical' ensemble. Such
‘ és_semb&is called at statistical e};uilibrium. Thesé functions are,

N - = %%T ) %%%%i—;‘;’, . @a(s)=%(§%" &(&F%&O—), (L

where QC’S are the partition .flmctions of interested macroééopic assembly, whose‘ sets of
eigen values and hence,théir pargition funetions ai'e deﬁned ‘by respective sets of parameters..
The parameters expressed m terms of /maéroscopic quantities, ~sudh as volume of extérnal
ﬁeld st1:ength are called here external parameters and those of microscopic ones defining -a
0(;1-£ain microscdpic state of C the internai parameters. ( is now the assembly With011t any
constraints 611 internal parameters. C,% is that derived fljor;l Oo by admitting a microscopic
system & with external parameters fixed but inte;-nai ones unconstrained Cjy that by im-
posiﬁg uponm C, the, microsycopic constraint that o, a certain quzmtum state of a_mi‘crOSco-liic
cavit}y to hold -4, is' vacant with cei-ta,inty and C%;(s that by imposing upon Cy the éon’ét—
" raint that o is occupied by 6; BOsis) or Ogs0) 'has thus - _the ph&sical meahing of probablity

that o-is occupied by & or vacant.

Theorems are derived vfrom‘the definitions as follows.

(D Q% = g";s; ps and consequently pE= J?T: - @2-2)(2-b)
o

where Q5 Lim-2£_ No=Lim @"(5) and |g| the size of a microscopic cavity. For ho-
. {ol>0 |0'| o1 |al o ' '

mogeneous a_ssembly Qa is ;cbnsbanb all over its extention and VS is thereby the concentration

of §. For a perfect gas.assembl'y’QS is the ordinary partition function of a single molecule

; s e . . oo
moving i’ a unit volume and a function only of temperature.

(1) Okamoto, Horiuti & Hirota; Sc. Pap.Inst. Phys. Chem. Res. Tokio, 39 .(1935), 223.

S, - 92 —



dn It a group of sysbems b“"‘:V‘u“ 01, in the assembly is a110wed under the p1osc11b-
: ed constmlnts on the p‘uametels to ‘assume other smte of aggeregatxon 63 Eu 0755 €bC., o

we have, - pH=pFE=. ) o (8-a)

where. T ‘ pﬁAﬁﬁCpﬁA“ )VA“’, 7 p% = IbI(pﬁBb W eeel (8-b)
and p4, or %, denotes respective number of members BA or §%, of 34 or 83 5“1 and 6% in
‘such a 1elat10n are called in equlhbr]um w1th each othe1 ‘ »
(11D —lcflogl is- the work required to carry out the operatlon assoelat,ed with 4, which
represents the four functions, keepmg the whole assembly at statistical equlhbnum thmughout
—kT log p3 is thus the work required ‘to bring up & from its standald state into Cy, —kT
log Q%5 that into prehmmaly evachated o of Csin) and —-leog @6(0) or ~kTlog O that to
~ clear up el_ fill up.¢ with 5'1espect1vely. —RTlog p5 1n particular is denoted as that,

o mw=—RTlogps SRR (4.
_gnd is called the chemiecal p‘otential‘of 8.
avy S —ATlogi=F - (5)
»Whele A;\F is the 1nclement of B called the free enelgy and deﬁned by, » “
o F=—kTloglC o (6) ‘
due 0 the dpei?a,fioxl associaﬁed with- 4. The C - in Eq..(6) rep1esents C, Cs0) and Co<5)

Increment of F-is in genem,l equals the w01k 1equned o prédice the co11espond1ng change -

Cin parametexs keeping the Whole assembly ab statlztlcal equlhbnum

@ L am®Eouy gy

- where’ the partial diﬁ'erergtiation and the incleme'nﬁ are referred to the ﬁxed extelnéi parametQ e

- ers and U. the statlstlcal avelage of elgenvwlues ealled the internal energy he1eafber By Eq.

(5) and. (7) we have,

SF—T 04 =40 R ()

(VI) —kTlogd is alte1nat1voly explessea in the form,

| —kTlog A= (42) L )
where - = ‘ . L a
Z= F+ZIT - N (10)
-——(%——i@— which proved to be the statistionl

a,’s are the external pammeters and II

rd
average force exerted-by C to inerease a,. The pmtml dLﬁelentlatlon with suflx IT is 1efe1- i
red to constant IT;“’S. jII,,,,, is called hereafter the foree conjugated with «,.



@

CVID) m(a“’g*) D X)-= (1 -H D ) an
where X= U+Y‘1L,aaa

Deﬁnmg entropy by S—;——gl;—, we have

Y L T
- 6T 01’7 ) ’ - o -
A F=0,2=4U~T4,8= (D X)n— TS, . (12
(VIII) 1In the special case when A=ps. and the volume is only external parameter, we
_have, » R i .
X=U+PV - : ‘ (18
'#G:Fs,‘,:__z—(sp:ﬁ%—TAgv: }f*p—ngp ‘ " (14:)
- X a s . a s ! - ] .
and ~ .Sa,,=( L ) Ssp:( e ) , @5V, (15)
ops '\ o ' ' » S ’
| ( > ), =V , - @18

where P ig the pressure or the force con]ug%ted with volume N4 Avogadro’s numbel and

Q=N LQy o Q" =N(4HD -

is the paltlal mo}al quzmtlby

Application to Equilibrium
(1) Mean pOpL‘lId.thIl or the distribution funetion fs of the quantum state o, of the 1nd1v1-

-dual constituent system of the assembly is expressed as that

’ f = OXOG:(“) +1x 00;(6) +2 X@og(za) e +V@aa(v5) ™
s @ogo) + Oos()+ Bos20)r ++ FOoyve) + - :

whele y i8 the number of b"s mmulttmeously occupymg o, and @63(1,5) the conespondlng pro-
- bability.

€s

It 18 further derived that . @;(6 /(0.0 = {@68(6)]@53(0)}:", and that ¢s,=e & where g, is the
~ eigenvalue of o, stzite Allowing for any nlimber of ¢ to occiipy‘ b‘ in accordzmce With the )
sy mmei‘%nc Jvave function of the assembly we have by Eq. (24), (4) and a,bove three ones,
fe=(e 7 : (;;L —i) 1 or the fs for the Bose-Einstein. statistics.. Puttlng on blzg oﬁmr hand. »
0

@Gs(w) 0 for y>2 in accordance with antvsymmetrlc wave functlon we have f=(e  # —l—l) 1

or that of Ferml-Dlmc statlstlcs

(2) The.ethbrlum constant KN for the homogeneous assembly is obtained from Eqs..

(8) and ‘(gb') ag that; KN;]'.'I:NaBb e [T (Ve )vAazfj(Qs,{’ Y| (@stayyia
' . —oa L



N

(8) Simple addorption isotherm for a pufe' gas i8 obbained from Egs. (2a) 1dent1ﬁ1ng PR

t() the clte of adso1pt10n hence @G(g) to deg1ee 0 of ads01pt10n Osi0) to 1 g and ps to ‘

i

'52\;6 of the gas according to Egs. (2b) -and (8b), as that

0

QQ: o Ns. In the case of -
no interaction between adsorbed systems ¢, is constant according to (III) indep\endent'of 6. =
Langnmir’s adsorption isotherm thus-beihg obbeﬁned

(4.) ‘The result of 8) is 1rnmedlately extended to the case- of . gas mlxtule wn:h due re-~

gard to bhe relation, 2@0(57)+@c(0)—1 where g signifies” individual component gas.

(5)1 Allowing for the interaetion' between systems adsorbed .on a net plane of cibes the
adsorption. isoﬁherm for a pure gas is deiived as follows W’e denote by DCx( the partit'ion’
fum:t]on of the assembly, consxstmg of the a.dsmbent and the gas -which has such a group of

cities unoeeut ied, as consistin of a artlculcu cﬂ:e o, - and S0 man sunoundm cltes ag;’s
y9 y A

~as the force between § there and that on 6 is sugmﬁczmt The 6ys may be devided into 1

several - symmetry groups, 1eevoees, 1'elevant respectlvel_y to different symmetry operaticns

for cites around the center of the 3. It we transfer an absorbed system $ from outside E

' s - s . . ' - 3
to a cite inside the latter, the partltlon fun‘ctlou of the assembly bscomes QC’E(O) vhi ‘where

p’

g% —g%,o?ys, q 5,0 the paltlculzu value of q% in the absente of the mtelactlon and 773 the

Boltzmann factor e ."T of bhe addltxonal w01k w, due to the mtelactlon w1th 30 s situat-

ed outside 2 (Cf. III). The ¢%; of 6 brought fu1bhe1 into 3] has another Boltzmann factor
& of the addltlonal wmk due fo the interaction between the 0 and the preoccupmnt Const-
ructing thus the parbltlon funection of the assembly for every poss1ble mode of occupation of

37 and summing thend up together we have 0C, and picking up those terms cons,iétent»with

the constraint . gy, 00(8) or 6,(0)’s, we have 1~esbectively 0Ca,(0), Qan(a.)a or 0Co(0)’s

in terms of p&*, ¢& 5, 9’8 and §’s with the common factor QOE(O)

We have now 0=&5?0(& and D.OJOCO)=QC'O'1(O) e = QCaa(O) according to Be-

the and ‘Peierls’@ idea that gy and 68 are by no means physically dlfferent Expressing -

ps f01 adsmbed 3 accordmg to qu (2b) and (Ba) as th"ut po=

5
?VG' and properly estimat-

ing g% aud_E’s{ we have 0 as a funcbmn of Ns eliminating Rty 7, from above sf1

equations.

.(2) Bethe; Proc. Roy. Soc. London, A150 (1635), 552.
Peierls; Proc. Cambridge Phil. Soc. 32 (1936), 471.
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Apphcatlon to Chemlcal Reactlon

In this application we are 1nte1ested in the assembly not nesseceuly in complebe ethbuum
We consider an assembly res'ulting from the interested one by leaving the Iatter with fixed
external pararﬁeters for infinite timé. 'J.‘he’canornieztvl onsémble of the lhtter will partly have
i;he momentary chemiénl cmﬂposition of 'bhé originalﬂassembly.’ ,The.ba,sic :-Lssurhption of the
present application; is now that the behavibr of the interested a,ssefnbbly is described by that
appropriate part of thekense'mble. Suc;h assembly is called in t}iermztl equilibrimn. A’s are
defined in bei-ms of that part of the ensemble. On this basis the rate of the elementary re-
action 7é_nd fv_m forward and backward direction are derived as a cl‘ass"i'c&l approximation

in the form,®® . ; - »
> BT Q0% < RT DOK
TR TR0 VTR a0

or according to the definition of ps. " .

> BT psk . = BT pok
v:IC'/L }7)’1 s, V=K }L pél"

172y (17b)

"8 or Cy8F econsists of an assembly C, of a definite cheémical composition augumented with

* the initial § 7or the final 6% complex, Uy consists of Cp and an additional set of clementary

reaction or the reaction complex § with its representative point constrained on a eritical sur-

- face -which separates thé region of the conﬁgumtioh space of CF corresponding to the state of

\

initial complex of 8 from that of the final complex and traversed by the minimwun number -

of 1eplesenmt1ve points -in the space. - The K€, is the fraction of the iepresentative points
which eomplete the elementfuy reaction in- one divection over those tmvelbmg the eritical

surface in either direction. 'The ¢ at the parbicular configuration or §%* is called the critical

complex.  The  derivation is not based on the assumption of equilibrium between §7.and. §*,

dynamical independencyr of 8, the existence of the saddle poing of the potential Q]lérgy nor
of its bsing determinant of the rate asliﬁ the case 'Aof ti‘ansitibn state mothod.®)(6) The
" latter is included as the gpecial case of pfesent“xﬁethéd.

~ Several applicai;ions of the expressions .are developed as‘beilow.k

( i) Let one event of the over-all reaction involves r thoss of the rabe-determining step

S : :
or the ratio of the resultant rate v—wv of the rate-determining step to the over-all rate b of

a steady reaction be n.l.e. . ~

(38) Horiuti; Bul. Chem. Soc. Japan 15 (1¢38), 210.

(4) “Hirota & Horiuti; Sc, Pap. LP.C.R. Tokio 94 (1¢88), 1174.

(5) Eyring; J. Chem. Phys. 3 (1935), 107. :

(6) Evans & Polanyi; Trars. Faraday Soc. BT (1983), 875 . e
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F01 'ohe reaction 2H+—>‘?H—>Hz nis 2 01-> '1 :mccordiﬁg as the first -or the second step -is

mte-det(nmmmg Since any elementmy reaction but the rate-determining step. is in equili- o
ubnumv and hence does not aﬁect. the partition .functlon of the Who_le assembly, by its. oceur~ .

" rence acecording to Bq. 8, we have paR/pSLz(pﬁf'/pcil)”‘ or a'c\cordi,ngk to Eqs. (4, (A7)

8B b

and (18) b/?:l—einTI'u_,v wﬁere S% or o is the reacﬂion or resulmnt of 'the over-all re-
actich and b—iz—;Tn the numbei of 5}3 as%mg over 1nto OF. umduectlonally pOl umb tnne
'l‘he U b and /483—;46’ bemg measulable@b pelh‘tpS by means of 1sot0pes, n may be ewpeu-
mentally determined.® - The present author proposes 7, which might be called stoxchxometj
rical humber, as“ a: more fundzimenfzﬂ eriterion for the reaction mechanism than - the order
of redotion .whiéh frlaluter giVéS\SomOtviIneS‘, especizﬂly in" the case of het»ei-ogoneous reactibn,
-only '11ﬁsatisfactory knowledge.l /

(i)’ Por a homogeéeous assembl'y' Eqs. (17a) is convenieﬁﬂy transformed as that,

- . ' S Y -
e MMy g
o A T e
or that = oy 7 s — ‘ (20)
ove" vt R o

- Eq. (20) is of identicél fo’rhl -with that of transition state method and even inlcontents'pro-.
vided, the critical éurface happéns to p_ass' through the sz;ddle boint ﬁerpendicular to the
““ reaction path.’’ ‘ ‘ ' | ) ) .

It follows that the equlhbrmm assumptlon of the transition state method is not necessary
“for the final expression and hence all ('11tlclsm agamsb the method because of - the assumppion
are mvahdated This Q'loes not of course mearn that bhe ethbnum 1elat1on is justified. ‘It
,isr shown that the numbser of the reaction complex passing through the critical surface from
: ’ﬁhe initial to the final region remains ‘thé same whether the elementary reaction is in equili-"
' Abr‘iurh‘ or not if =1, but the number is more or less reducéd by pécssing from the eleument'-\_
“ary reaction iil.edtlilibrium to thaf,’ prooeéding irreversiblj if x<1®@, In this sense
vethblmm relation is ]ustlﬁed only in the fonnel case. - . 7 g )

In geneml #=1 when the 1ep1esentat1ve p(nnt geb stunght f01wa1d through. the 11e1ghbom-‘, }

hood of the eritical sturface without changmg the momentum nolmal to the surface whereas

#< <1 when the momentum changes sign very hequently there The fmmex type is called -

~ (7) Horiuti & Tkusima: Proc. Imp. A-ad. Tokio 15 (183); 3.
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by the present auther the eﬁ'usion type'and the latter the diﬂ'ilsxion type,® @ Arrhenius(s)’

and recently Eyring, Evans and Pola,ny1 seem to follow the former plctme on one hand and

Nelnst@) and 1ecently Rabmomtsh 10 Chustmnsen(ll) and N 011sh(12) the latter on the other’

h"lnd All ex1sb1ng data are however ﬁbtud sufﬁmenﬂy by the f01me1

For thcoming of ex-

perimental data is desired which- are e\cluslvolv htbod by the latter thus leadmg us to the

correct synthesis of these antithesis:

(iii) Basic assumption for the present application and the thérmodynamical terminology:

. developed in’ (III) to (VIL) in terms of canonieal ensenmble enables us the following ther-

modynamical presentation of the rate expression.

~Assuming the volume only external para-

" meter and defining the critical increment. of a quantity M as that,

A*?J_MV = Mvé* — Z—Pil MV5 A*MI’

MPG* EU o MP

@

i.6. as the increment of M due to bringing the reaction .complex flfom‘ the state of initial to

. ] , N
that of the critical complex keeping V or P of the assembly constant, the rate v is expres-

sed according to that Eqgs. (17), (4) and (14) in the form, *

B # ¥
AP, 2Foy-ar¥s,

By K
ATX p—TATSp

- :
V= kthg_ BT = k}LT e~ ET T=kK kkT 6_—*—3—1—'—_—.— o (22)
The mte constant k> is on the' other hand explessed as that
x IS I’V, a A*“Qz ~ra¥s, g S xP,-TA Sy
.I{X =/C L/L17 e~ R :‘K'kﬁ—?_ RT :K k}L ,B‘ (23)
where Foy, ?Egp,j =—RT Io‘g Q5= pus— RTlog N& (24F)
s . : / 6 log Q@ ) s
Ser = Rlog @+ RT(W =8ys+ RT log Ns (24 8v)
Uv‘1 *FV1+TS5V1—UV R (245UV)
Eapﬂ = R log @5+ RT( 0 logQ )P RTa= SP6+RTlog Ns 2485
) . -X'SP,L: Z5p,1 + T S51=,1 =Xps (24 Xp) -~
where a:(%) is the expansion:coefficient., A. solution is cra,lled here jdea.l when
o P
F‘ﬁm ebc. remain constant at constfmt tempemtme and p1essu1e mdependent of variable

concentrations.

-(8) - Fowler; Trans. Faraday'Soc., 34 (1938), 75, 124.

Guggenheim & Weiss; Trans. Faraday Soc., 34 (1938), 57,

R

The F‘sy’l ete. are however defined here as the properties -of any solution

Nernst; “ Theoretische Chemie”” Thermochemie IV, 4 Kapital‘
(10) Rabinowitch; Trans. Faraday Soc. 34 (1988), 118. '
(11) Christiansen; Z. physik.- Chem. B 33 (1935), 145; J. Chem. Phys. 7 (1939), 653. -
(12} Norish; Trans, "Faraday Soc. 34 (1938), 73.
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vather than as tﬁqse of an ideal solution of unit § concentration. In ghe ocase of a pérfect
}gﬁs}assembly Qﬁ.sﬁld in consequence Fﬁl” , Eﬁm ,'—(_75;;,1 ,_I:"’p,}, s8 p1 and v—jﬁé,, remains con="
stant at constant -temperature independeﬁt even of pressure.. ; )

The temperature variation of o and %* are expressed according to Egs. (21), (22)) (23);

. «(24), (14) and (15) as that,

o/ 0logv \ 7 T L e - o v

| B e )V_BT+A Uy, | (25?)
dlogv - ) 7' . .
RTZ(———aT_ >; R+ s Xp . . (@D

dloghkx \ : ‘ o .

R(28F ) — RT4 45X, — RTPasry
) | =BT+ fUpt PAV p— RTa iy (26 P)
~where A*v:léﬂui’ “or the eritical increment of the pumber of systems in the qssefnkily. :
We have from Eqs. (26), (21D, (14), (15) and (16), that,
) 0 log «* ) ,< 0 log kx > a L A
2 — 3 — _ = .
Rr <—‘ag )~ BT(ORE) 2 g £V RTasty @D

-where B:-(ag)“g?); is the compressibility. Assuming T.=300°K, A*Vp‘:\ 100 ce, a=

10-3 deg=1, B=10-% atm~! and f¥y= -1 (bimolecular) we have 7 keal for the difference.

#¢ activation energy’’ at constant pressure RTz(il%—gTL) and that at constant volume..
.' ) . ’ . P ~

In the case of perfeét gas assembly when d:»zl,—,, BA=v—11—,~. aﬁd Vpo= kT or A*Vp=

RT

—p—4*v the above differénce exactly vanishes."

(iv) - On the basis of the above thermodynamical p’i-esentation the controversis among
"Moelwyn-Hughes, (13) Evans and- Polanyi(l‘*)v and Guggenheim (15 (16) are commented as follows.

Assuming that

AT _ _a¥ mipatyra¥s
T - o
‘=const e e

KX =const e

Moelwyn-Hughes derives that,

(13). Moelwyn-Hughes; Trans. Farady Soc. 32 (1936), 1723,
"{14) Evans & Polanyi; 'Trans‘. Faraday Soe, 33 (1937), 448,
_(15) Guggenheim; Trans. Faraday Soc. 33 (1937), 607.
{16) Guggenheim; Trans. - Faraday Soc. 32-(1536); 1333.
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E.=RrpY lzlgT LAy I Pav{t —T( %)P — T<6—15§[—P—4>V}

“where g*@, A*E zmd AFV are, as he stateé, respective criticﬂ inerements of £, U ahd V.
Evass and Polanyl(M) states thqt ‘the d1ﬁelentmt10n is erronous and correctly pe1f01mmg it
the third t;elm in the pm(\ntwms vamshes m agreement with their expression gwmg the de-
pondence_ of the clctlvamon energy E ; on hydrostatical: pressure.
“Exact content of Moelwyﬁ-Hughes’ At@ and otler q\ﬁuﬁiﬁes with proper associated con-
ditions which fits his statement is deduced to be that, '
o= M5Fy s, P Em= 45U 1, V=5V, A4S =258

This gives on differentiation of log %%, similarly as in case of Ens. (26), that,

( al};ngx )vid*UV’ <M> ;A*E+PA*V—RT1Q4*V

or
. g - ' (28 V), (28 P)
j.e. even the second téerm in the parenthesis vanisfies. The latber term crceps into the re-
o [0 ( Upy—T88p \] o U,
sulv\‘: if ['ﬁ( . RT - ) ‘ is erronously 1denb1ﬁec.l mth —BTe in “analogy .

_ .to> [%(-%#—)JV Mlich givés exaétly Rl;
’ Guggenhelm arrives corréctly at the special form of Eq (28 P) valid when A*y— -1 (15),

without exphc:tly regard in the dle]llChOh between constant voltime and pressure. ¥is -claim:
that ch ought to be. differentiated a(;k COnsmnt pressure and his objection against Emns audz
: Fohny1 § reason way they . do so are however without g1onnd

We may if preferred dxffelentmte logk< abt constant volume as -exactly as at constant
pressure anmng at even snnple r formula (28 . K )

(v) Xq. (17 a) may be tmnsfmmed into a smmble form for dlSGllSSng’ the hete1ogqneom§

’ elementzuy reaction as that,

- e
— . kT qa" ET 5 s
7)1:-‘~ ‘2 ::ICT 17 BI @dﬂ 0y =K—5— h Zl chn 2;6'1

i A C(28)

- where A4 is the area of tbe boundary surface, vl the rate per unit area, Z; number of &*;

which holds &% per unit area and & the systﬂm which oceupies o* or the cabalyhie

" poison, It is deduced flom'tne OXplCSSlOn that (a) if @a*(o)—l or tho boundary surface-

VIS ne'uly clear and §f ~2»131 is the system in a perfect gas or in an ideal solution,.

the rate is proportional to ]](Nél)v faccorchng to Eq (8b), (b) 1f , @cs*CGM) =1 and.v k
- both 6’ and M= vaMB M are systems in a perfect gns or in an ideal solution ‘ohe rate

is p10p01t10na1 to H(N5 ™ /]I(N5m)” “(e) if in the latter .case 31-'51” the rate.

=100 —

o B g



-independent of the coneentrations and (d) if §;7’s amd 8,,’s aro partinlly identical in the
. similar ¢ase, (b)‘holds‘ true with theeremaining paltt of them. These conclusions are cor-
rectly arrived at by Laidler, qusstone and. Eylmg‘m extendmg thier -theory to the hetro-

g(\a‘neom reaction ble:mnu‘ the matter analogously to a homogeneous elementary reaction bet-
: LS
ween cites and system
.(v) . The tempelatme variation. of f,he hetelogeneous ‘rate is deuved from Eq (28) 'S
.

P o

that,

R 018 1;%;‘ =BT+ Ut o0 = T4 U e Ut docst, U

. 8 log.¢5% LOWg 8 s 0108 G 610%1””
where A*Uc"—RT ‘—61-,—‘—RT aT y Vi Uu‘f’ RTT—'RW 6T

, , 0log O+ 0 log O
| Ae,‘c*<o>U=RT~6—"§£pi“;’, - U:RTzﬁ&afep___M

X0 % “or AMUG* is aécording to (V) the indrement of U due to wibhdrawing,ﬁrst &1 or
: ‘5"’ hom the. assembly -and then bringing it into o* to form 5* or 8™ there and s, gx(o)U or
o, siecaa U the increment due to evacuating or filling up o*~ with &% It is dcdueed from

the erlersmn thftt (a) if @k =1 or @0 QGM) =1, 4, ,,*(O)U or. Ag testty, U 1espect1vely

¢

0 Og 1 equals A*Uc* or A*UG* AMUG* 1e5pect1v1y aside flom the

o7

minor term RT and that (b)) provided th"tt both A*UG* 'md AU are neally constant the

vanishes so that "RI——5—"

' '(’ase @0 sy =1 'is realized only when AMU * <€) and at the lower extlemxty of tempor-
ature where log-'v> increases liniearly with 1/T with the 1nolmat1on A*Uck AMUG* the
inclination gradublly decreases as temperature rises until logj increases hma,rly again with
the inclination A*U‘G*,at the highél‘ "extremii;y of temperature where @g¢)=1.

- .
v

Adwmitting that £X =—e——
S R

“as defined for the heterogeneous ¢lem ntary reaction

is pfbportional to v, (a) is identical with the conclusion. a;'rived at by I—Iinshelwood(ls) apa;'t A
’ frorn the adsorbed state of §7 assumed. by h1m, which may even be ﬁcmblous

(vi) The 1ate expression allowed for thc mutual mtemctlon lretweon "dSOlbed systems -is
-éxemplified with the catalytic atormzatﬂon of hyd1ogcn on a metalhc camlyst assuming that
| each metal atom allayed on a planﬁ square pattern aﬁ‘.‘mds a cite for an adsmb“d hych ‘gCn

: a.tom, H(a.) whe1eas each adjacent pair of the cites forms a of and the int emctmn is sign’fi-

(17) Laidler, Glasstone & Eyrmg, J. Chem.- Phys: 8 (1940), 659, 667.
18) Hmshelwood ‘“ Kinetics of Chemml Change, in Gaseous Syatem ’? OXford (1‘333), 354
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cant only between direetly nelbounng atoms
95*@0*(0) in Eq (28) is expms»ed accmdlng to Eq. (1) as that

' . ROk sx T ' v
qgi’iz@o’*f(o) 90(6 > : B C X (29>

The above fraction is developed with reférence to a group of cites, S),consisting of two cites
for a particular o* dnd of six directly neighbouring ones which being numbered as shown in

the figure. Denotlng the partition function of the assembly with 3} clear by £Cr) we have

S1m11‘uly a8 in the case.-of (8) that,

: .‘6 ’ . ’ q}lm) ES ?‘57_8 03+06.. 04+0 07, 0708+ 04"
7 -1 5 . ‘D:OG%(@*) *QO):(O)qa* 02 ( E ngv st 6/}4 4r06% 64 70 50475
8 -2 4 _ _ _

-8 - . ) (30

z—S
o %
‘J-C’o—QCz<o>E< o, )e 1ty 8 67) 4+95+97+9569793+9495+ "1(03+04-+ 02+ 83) + 62(05 + 86+ 07

) ’ (81)
where g, 0 oi‘ 1 according as the. cite is vacant or occupied, £%¥ the Boltzmann facter of
the additional work for H(a) due to & situated Ainmthe o* and 15 thzii; due to an adjacent
/H(aj. ?ubbing in the above exp'l-esSi,on of 20, alternatively 8;=0. 03? 0 or 0,::0 we have
. 1-espéctively D510, DCsa0) -or QO(U;‘(O),-Whioh are to be eqﬁateé \jzvith each other as in the
case of (5), i.e-. ' L / /
| 006100 =0Cost) =000 - (82)
on the other imnd we have. 7 S

80w | " e
1—-0= 20, - (33

Dstlmatmg 95k 9%, &% and & pl-opérly and eliminating p7, 7s, 75, 2C0%w%,, £C, and
- : - .
Q3. Bk from Egs. (28) to (8 3), we obtain an expression for v as a function of ¢ and

tomper atme.
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