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CN A LAW OF MOBDERATICN OF IRREVERSIBLE CHEMICAL TRANSFOIMATIC.S
By P. Glz; sdor'

Bull, de la Classe des Sciences, Acad. Roy. de Belgique, 42, 628-620(1356)

~.
T,

- SuPmeEys A#i:ple demonstration, when chemical irreversivility is tie sole
vt

cause,p0f 2 general theorem of moderaticn previously estzbiished.by
N
Prigozine and the author (1).
1, In z previous publicatica (1), Prigogine and the author have estzblishzd
: the foll.winz quite general property, relative to modercticn of irreversible ;
i cvolutions: For all systems in mechanical equilibrium and subject to time-

1 . irdependent boundary conditions, the entropy production:

; P ;-Eiiai 20 (1

varies in the course of all real transformations, conforming to the condition

of mcderation:

P 1- zx'.xi <0 ‘ (2) :

whee P'_ desiznates the derivative with respect to time of P, takem at constant 5,“

Jluxes J.. The sign of equal'ity corresponds in (1) to the state of equilibrium,

-

wad iz (2) 0 the stationary state. The domain of validity of (2) is that for “ : 1
waich the physicochemical constants of the system satisfy the conditions usually
czduced in studies of equ:.librimi stability. |

This theorem, independent of 21l kinetic hypotheses, is demonstrated

in a zemarkably simple fashion in this specianzed but important case, where




“rae

chemical irveversibility is the only causc., This is why we have boeeuz

iaterested in describing separately this proof,

2. The aeneralized foxce Xi are here the affinities AS, and the

Hy

iuncs J,
-

Aven

ave the reaction velocities vohof the r chemical reacticns of the systen.
The lzttor is open and in communicatica with extcrior phases maintained in
a2 timc-independent state, characterized by fixed values ‘of temperature,
prossure and external chemical potentials, We assume uniform pressure and
temnerature so that these are :then constant. On the other hand, the values

, izposed on the chexical potentials prevent the system from attzining a state :

l of equilibrium, but permit it to attain perhaps a stationcry state. If the |

system includes several phases we assimilate phase changes into the chenical

. reactions attaching distinct indices to the constituents using the same index .
: ~ . ' il
? for a constituent in the different phases., il
L Writing the mass balance of a comstitute vy: W
i : t 1‘
i . Vo
] . ; F
» dn . !
i — = d%n, + 3y vp (3) B
oS e SN
“ dt . Cft
‘ L . 5 o ) t
§ where d’n,-vafers to the molar interchange, with the exterior and where v.b S I
. H [
t it
\! H

is the stoichicmetric coefficient of constituent v in the reaction with index
p. Multiplying the two members of (3) by the derivative u§ , with respect to

tize, of the corresponding chemical potential, gives
e
ut ény a9 n, T .
AT RarT .+D Vvoiy'p “

¢ e e

Cbserve that the first temm on the right hand side vanishes since, under

the imposed censtraints, its first factor vanishes each tice its second factor
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Is ¢ifdexent from zero. Sum overall ceastituents yv. o chtaln, sinee T and
D arc zssumed constant:
. éa, €n_,
; $! Jyy' Y Y = v yu'y (5)
. dt Yp Y YP

introducing the affinity of reactica.p:

= - [4
A $vypu y (8)

rclation {S5) becomes:

dn ) » 1
A i QPN m
dt dt p PP

New, the left-hand side of the equation is positive by virtue of the

ecuilibrium stzbility which we assumed satisfied [1]. One has then
EA"’VD < 0 : 3

i confizming (2), in the particular case of chemical systexs and taking into
i account in cue course the affinities of phase changes. The qquality sign

scfors to the stationary state (dxxY = 0),
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