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Preface

It is the first book on this title. It consists of two sections: some lin-
ear characters in chemical reaction system and its thermodynamic
analysis. The key point is the first part. The purpose of this book is to in-

troduce a creative method of chemical research for readers.

The linear character of chemical reaction system is both a qualitative
and quantitative mathematical descriptions on a reaction system. As long
as all components in a chemical reaction system are given or known, we
can sel up its atomic matrix Eimmediately. Here the terminology “com-
ponents” means all compounds including raw materials, intermediates,
produets and by —products involved in chemical reactions. By a simple
matrix transformation . the stoichiometric coefficient matrix, A , could be
obtained from matrix B . Matrix A contains all possible stoichiometric co-
efficient equations of given reaction system. From a view of point of
chemistry , matrix Ais a collection of all possible chemical reaction equa-
tions. So, matrix A provides a base for establishing a reactive scheme for
given system. By similar matrix transformation, a stoichiometric

restrictive matrix, L , could be derived from matrix A . Here matrix Lis a
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new concept. Matrix Lis not only useful in description of the quantitative
variation of components during chemical reaction, but also is a powerful
tool to distinguish the difference between stoichiometric restriction and
additional restriction. Based on above concepts and methods, we are able
to withdrew some unclear concepts such as independent reaction, key re-
action, and independent reaction degree etc. which has been traditionally

used for more than one hundred years in chemistry.

Additional restriction is a main problem for establishing correct re-
action scheme and also the main arguments among many scholars. In this
book , for the first time a method was set up to distinguish the stoichio-
metric restriction and additional restriction, and again by matrix transfor-

mations we derive both modified stoichiometric coefficient matrix, 4 _

and modified stoichiometric restrictive matrix, L . MatrixA_and L | to-

gether with atomic matrix B , form the basic linear characters of a

reaction system with additional restriction.

Based on the knowledge of above matrix transformations, the
Gibbs’ s stoichiometric rule which was established one hundred

years ago;
Ism-R,
could be modified as-

I=m-R,-k,
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here k, is the number of independent linear additional restriction of reac-

tion system.

However, above linear characters is only a mathematical description
of a chemical reaction system. Stoichiometric coefficient equations can
not predict the direction of possible chemical reactions. Therefore, we
need the thermodynamic knowledge to predict the possibility of every
chemical reaction in matrix A or A »- Under given reactive conditions such
as temperature, pressure, feeding raw materials etc., thermodynamic
calculation will tell us about the possibility, direction, and equilibrium
yield ete., of every chemical reaction. For our purpose, we are mainly
concerned about Gibbs free energy, A G and standard Gibbs free energy,
A G’ for every related chemical reaction in matrix A . There are many
methods on such calculations in books and literature. In this book we
only introduce a few methods to deal with the reaction system under ideal

gas state.

Based on the knowledge of matrix transformation and thermodynamic
analysis, we’ll be able to research chemical synthesis independently ; ac-
cording to given raw materials and purposed products, and proposed in-
termediates and byproducts, an atomic matrix B may be set up immedi-
ately. Then the stoichiometric coefficient matrix A and stoichiometric re-
strictive matrix L can be derived. Under given reactive conditions we may
calculate the Gibbs free energy A G for every stoichiometric coefficient e-

quation in matrix A , then we may interpret which chemical reactions
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have thermodynamic possibility. Changing supposed reactive conditions
will get other possibilities. All these theoretical analysis make us a better
understand on supposed reaction system and are useful for guiding kinetic
research. In this way, we do not need to looking for literature or patent
firstly and to working following. Instead, we can start to investigate a

chemical reaction system independently.

Author got knowledge of this kind of matrix transformation thirty
years ago when I was in Columbia University, New York, USA, as a visi-
ting scholar. I spent almost three years working with Dr. John Happel and
established excellent relationship with him. After I came back to China I
continued the research on this subject and got breakthrough in 1986. In
1992 the problem on additional restriction was solved and a few papers

were published.

The purpose of this publication is to provide an independent creative
method for chemistry research. Readers of this book should have funda-
mental knowledge on linear algebra and thermodynamics. For easy under-
stand and application, a couple of examples were included in text. The
interesting thing is the mathematical analysis of reaction system is all
based on the same elemental matrix transformation indicating the great
advantage of the method. Today computer technology has had great pro-
gress. If the matrix operation could be programmed, it will be very
helpful to simplify matrix calculations so that more readers could apply

this method with easy. Unfortunately, to my age such work is beyond my
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scope.
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