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A thermodynamics of open systems has been developed which provides an entirely new theoretical framework 
based on novel concepts without any recourse to statistical mechanics, The standard chemical potential is replaced 
by a convective potential itself derived from a new concept referred to as the “thermobaric potential”. Entropy 
convected by addition of masses into an open system is obtained using only classical concepts without leading to 
Gibbs’ paradox. A generalized Gibbs-Duhem theorem is derived. Application to chemical systems leads to new 
expressions for the affinity and an “intrinsic” heat of reaction which excludes the heat of mixing and is more re- 
presentative of the true chemical energy. These expressions involve only mechanical and calorimetric concepts. 
They are much more general than the standard formulas which are restricted to temperature variations. The van? 
Hoff-le Chatelier principle is extended to open systems in terms of the new convective potential. 

1. Introduction 

The thermodynamics of open systems following 

Gibbs’ transitional approach has always been the source 
of difficulties. Basically this is due to the fact that 
masses are added to the system while the classical 
definition of energy and entropy are defined as in- 
creases of these quantities for given masses. Gibbs’ 
paradox provides a typical example of inherent in- 
consistencies. The difficulties are generally resolved 
by the use of statistical concepts. 

However it is possible to develop a new approach 

to the thermodynamics of open systems which is 
completely self-consistent and avoids the aforemen- 
tioned difficulties. This can be accomplished entirely 
within the framework of classical thermodynamics 

without introducing any statistical concepts. 
The principle of the method is to use a closed 

physical system of given masses constituted by primary 
cells and a series of supply cells each containing a pure 
substance. We also adjoin a large isothermal reservoir 
at constant temperature called a thermal well. The 
two types of cells and the thermal well constitute a 
hypersystem. Each primary cells is at its own tempera- 
ture and together they constitute a nonisothermal 
system. 

In any transformation by a reversible process the 

work accomplished on the hypersystem defines the 
collective potential. No external matter or heat is added 

to the hypersystem and as a consequence it is shown 
that the collective potential is a function of the state 
variables of the primary cells only. 

Matter is transferred internally from the supply 

cells to the primary cells by a reversible process which 
we have called a thermobaric transfer. This leads to two 

new concepts, the thermobaric potential and the 
convective potential, derived earlier [l] in a less de- 
tailed presentation. The key to the procedure of thermo- 
baric transfer is the use of reversible mechanical pumps 
and heat pumps on the material within the hypersystem. 

awhile the primary cells are open, the hypersystem is 
both closed and adiabatic. 

The new concept of convective potential replaces 
Gibbs’ chemical potential and is defined far a given 
hypersystem without any undetermined constant. The 
basic difference with Gibbs’ approach and standard 
potentials is discussed in detail in section 8. 

One of the important features of the new approach 

is an expression for the entropy convected by masses 
added to the system which avoids Gibbs’ paradox. 
The Gibbs-Duhem theorem is also generalized in 
terms of the new convective potential. Very general 


















