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of matroid theory that
abstract structure of a
is made up of molecular
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variables in chemically reacting systems; thus algebraic
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means of the theory.

I. Introduction

The concept of independence often

in the field of chemistry. Several

in the systems. The

example is analyzed by

plays an important role

words concerning it can
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ecasily be found in a textbookl of chemical thermodynamics; for
example, independent (thermodynamic) state variables, independent
(chemical) reactions, independent constituents, and the degree
of freedom in the phase. Horiuti and Nakamura2 have pointed
out that in steady states the number of independent reaction-
pathways is equal to the subtraction of the number of independent
reaction-intermediates from the number of elementary reactions.
It has been shown3 that chemically reacting systems in which
every coupled reaction reaches equilibrium can be expressed as
algebraic groups with finite rank (= the maximum number of
independent reactions). The examples above-mentioned suggest
that the algebraic properties of chemical systems, as distinct
from the physico-chemical characters of individual substances,
should be widely investigated. The present note is devoted to
an introductory study of the properties of independence/
dependence that can be found in chemical reaction theory.

The abstract properties of linear dependence for a given
finite mathematical set have been studied by Whitneyq, who first
named such a structure a matroid ("matrix" and "oid").

Following his definition of matroidal structure, we will develop
the theory of chemical matroids. This mathematical theory will
enable us to essentially understand the nature of independence/

dependence in chemical fields.

II. Definition of Matroids

Let E be a finite set of distict elements, and let 2E be the
family of all subsets of E; ZE = { X | XEE) : This set ZE

contains the empty set @ . The number of elements in a subset
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2 by ZIEI ¥ Assume

X is denoted by |X| , and that of 2
that any X of ZE can be determined whether it is dependent or
independent; methods suitable for the determination are
characterized by the nature of the elements of FE.

E

If a nonempty subset F_ {( € 2~ ) fulfills the following

I
postulates, called the independence axioms, then we can say that
E has matroidal structure (or exactly saying, the pair of E and

FI is a matroid on E)

(i-1) The empty set is independent: that is to say, @ ¢ FI.

(i-2) Any subset of an independent set is independent; that
is, if X & Y and ¥ € F; , then X & F,.

(i-3) If there are two independent sets X and Y such that
iyl = IX{ + 1, then X U {y)} for y o ¥ - X is
independent: namely, if X, ¥ g F‘1 and Yl > IX]

then there is an element y in Y - X for X Y { v} € Fo.

By use of the definition that a base is a maximum independent
set, it can be dermved4 from the axioms (i-1,2, 3) that the set

of bases, Fy, satisfies the following base axioms:

(b-1) The empty set @ is not a base; @ ¢ FB.

(b-2) No proper subset of a base is a base; X CY, Y & FB
=y X & F,.

(b-3) If X and Y are bases and if x is an element of X, then
there exists an element y in Y such that (X - { x} }U

{y) is a base; X, ¥ €F,, x € X =2 3y eXe X =
txyy U ty) € Fg-

Inversely on the basis of the definition that a subset of F



A minimum dependent set C € FD is called a circuit, where
FD is used to designate the family of dependent sets or all

subsets of E not included in E‘I. It becomes clear that

cireuits: EFC ) fulfill the following axioms because no

. : : : 6
independent set contains circuits:

(c-1) ¢ ¢ F..
(c=2) XCV¥, Y €F, == X ¢_Fc.
(c=3) X, ¥ GFC,XEXDY, yEY - X==5 2 E&F,:y €1

S xUv-{x3}.

ITIT. Chemical Matroids

(molecular matroids) We consider a set of Ny molecular

species in a chemically reacting system: By = { My ME2) e

M(nM)} % Let us assume that a subset K of EM is independent




































