
Is d2S/dt2≤0 for simple reactions?

This article has been downloaded from IOPscience. Please scroll down to see the full text article.

1978 J. Phys. A: Math. Gen. 11 L227

(http://iopscience.iop.org/0305-4470/11/9/003)

Download details:

IP Address: 129.252.86.83

The article was downloaded on 30/05/2010 at 18:59

Please note that terms and conditions apply.

View the table of contents for this issue, or go to the journal homepage for more

Home Search Collections Journals About Contact us My IOPscience

http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0305-4470/11/9
http://iopscience.iop.org/0305-4470
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


J. Phys. A: Math. Gen., Vol. 11, No. 9, 1978. Printed in Great Britain. 

LETTER TO THE EDITOR 

IS S s o for simple reactions? 

G West 
Department of Physics, Philipps-University, Mainzer Gasse 33, D-3550 Marburg, West 
Germany 

Received 1 June 1978 

Abstract. For a special class of spatially homogeneous simple reaction systems we prove 
that the second time derivatives of the most essential thermodynamic potentials are 
indefinite. 

For many kinetic models the inequality 

S S O  

is valid (see Simons 1976 and the literature cited there), but not generally as shown by 
Maass (1970) for the spatially inhomogeneous Boltzmann equation. In the following 
we shall prove (1) for a special class of simple reactions in spatially homogeneous 
systems. 

The following representation of simple reactions is closely related to Ark  (1965, 
1967/8). Let the system be spatially homogeneous and consist of J species {Ai}: with 
molar densities {nj}:. Let the chemical reactions arise from the collision processes 

J J 

1 1 
E PfAjHE yfAj, k = l , .  . . , K ,  

with entire non-negative coefficients {pf, yf} giving the numbers of molecules of 
species Aj entering the kth collision and inverse collision, respectively. With the 
stoichiometric coefficients 

(3 1 k k  rf =-p i  + y j ,  j = 1, . . . , J, k =  1 , .  . . , K ,  

one gets the substance balances 

and 

N. = 1 rFsk, 
k 

respectively. The reaction rates for isochoric processes are 
I J 

& = K k  n (nm)"-K; n (nm)" 
m-1 m = l  

: = Q k - Q ;  
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with non-negative reaction velocities {Kk, K i } .  (It is not assumed that the columns of 
the stoichiometric matrix ( r ; )  are linearly independent.) Generally, for non-isochoric 
processes too, the reaction equations are 

& = v ( Q k  - 0;) (7 1 
where the time-dependence of volume V has to be considered for integration of the 
equations. 

For the following processes 

Process Constant Potential 
thermodynamic 
parameters 

Isothermal-isochoric T, V Free energy F(T,  V,  NI,.  . . , N J )  
Isothermal-isobaric T, p Free enthalpy G(T, p ,  NI, . . . , N J )  

(8) Adiabatic-isochoric U, V Entropy S(U, v, NI,. . * "1 
Adiabatic-isobaric H, p Entropy S(H, p ,  N1, - * * f NJ) 

one gets the well known time derivatives 

pisothermal-isochoric 1 
= E  p ~ i : = - ~ ~ ~ x .  I Gisothermal-isobaric 

- TSadiabatic-isochoric 

- TSadiabat ic-isobaric J 
Considering the relations between the reaction velocities and the chemical potentials 
(mass-action law) we have 

x = 2 (In Qk -ln Q i ) ( Q k  - Qi) .  (9b) 
Because of the strict monotony of the logarithm function the form x is non-negative 
term by term and zero exactly in equilibrium states, i.e. if 

AQk=Q; 
k 

is valid ('detailed' balance). The equilibrium state is always located in the inner part of 
the region of the non-negative concentrations {ni}, the boundary of which is defined by 
the vanishing of at least one concentration. 

If one species, e.g. A I ,  appears in every collision process and every inverse 
collision process, 

all rates Qk and Q; are zero on that part of the boundary of the region of {ni} where 
n l  disappears, and x vanishes there, too. As already stated, x is zero in the equili- 
brium states that lie in the inner part of the region of concentrations too, and is 
positive in all other states. Because the first time derivatives (-p, -G, S )  listed in (8) 
also have these properties, the second time derivatives of these potentials must be 
indefinite under the stated conditions. 
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