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(Abstract)

A generating function method is developed for forming
from a given set of molecules all types of chemical reaction
equations that satisfy the law of conservation of chemical
elements. Algorithms for computer calculation of the
equations are presented.

Introduction. Here are simple examples of chemical
reaction:
—_— —
H2 + O2 = HE + 02, 2H2 + 02 = 2H20,

3, + 0, = Hy + 2H,0, ...

Chemists derive such reaction equations from a set of
molecules {HQ, 02, HZO) by intuition and/or by trial and
error, s0 as to balance the number of atoms {(or chemical
elements) in both sides of the equations. In the second

equation the number of hydrogen (oxygen) atoms is egqual to



42 ) However, when the number of molecules in a
given set increases, it would become more difficult to
construct all of reaction equations by intuition. The
present note will describe a general method that can form
reaction equations in full by means of the so-called
generating function.

S
Illustration. An infinite series A(t) = 3;; antn is
called generating function associated with a sequence {an;
n=0,1,2,... } , t being any parameter{hereafter abbreviated
as g.f.). We write a g.f. for choosing hydrogen

molecules from the set {H,, 0y, H,0}) as

A(t) = 1 + at? 4 a2t 4 348 4 ... = (1 - at?)”!

where the indices (or exponents) on a refer to the number of
hydrogen molecules, and those on t to that of hydrogen atoms.
For oxygen and water molecules g.f.'s are expressed in a
similar manner above as

B(u) = (1 - bu?)™! ama C(t,u) = (1 - ctZw)”!
where the index on u represents the number of oxygen atoms.

The product of A(t), B(u) and C(t,u)

[*5] oo
R(t,u) = A(t)B(u)C(t,un) = Z Z r(n,m)t™u™

n=0 m=0

becomes a new g.f., which obviously yields summands of



molecules with the numbers (n and m) of the atoms. These
subsets r{n,m) suggest all possible expressions for separate
parts of chemical reaction equations (the left or right

sides of equations). In r(4,2) = a’b + ¢® the first and

second terms can be considered to be the meaning of 2H2 + 02

and 2H20, respectively.

Definition. tet M= {u', ®2,..., ¥} and a - {a,, a,
=R ag} be the sets of g different molecular species and
g corresponding parameters, respectively. Let E = {E1,
B ewns B F B0d % = L %ya Sgswes Yp) Do the sots of £
different elemental species and f corresponding parameters,
respectively. Assume that the i-th molecule Mi consists
of f elemental species whose numbers are Siqr Bjor +res
S;p+ Sy Peing natural numbers (positive integers or zeroes).
Each row (and each column) of the matrix (aik) has at least

one nonzero entry. We define a g.f. associated with

r(n1,n2,...,nf) by

R(t1,t2,...,tf) = A1(t1,t2,...,tr)A2(t1,tz,...,tf)...

...Ag(t1,t2,...,tf)
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Note that ait1 l1t2 iz...tf = is used to mean one of the
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S, 8.
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i-th molecules, (ait1

28,
te T 45 two of those molecules, and so on.

Solution.(Step I) In order to determine r(n1,n2,...,nf)
explicitly, we consider a g.f. below

oo

Ry(ty) = Ag(t)Rp(t5) e ohy(ty) = ; ry(ng )t *
=

S, .
kiy-1 R .
where Ak(ti) = (1 - a.t; ., Ak(ti) is a g.f., which

chooses fragments of the molecule MK with respect to the

element EL. Indicating ry(n;) for a, = a, = ... = 1 by *

pi(ni) we get the g.f.

[}

8, . 5 8 .
11 4y=1 21i,-1 giy=1
Pi(ti) O %y )71 - ty e =ty )

©0

n.
pi(n )t *
ni=0 Lt i

This suggests that pi(ni) is the number of ways of choosing
different sets of solutions (namely, the number of
partitions) for an algebraic equation (Diophantine equation
in number theory, Reference 1)

Dy = ByyXy + BpyXp + een + BpyXy
whose solutions [11, Xpyeees xg} are sought in the set of

natural numbers. (Note: pi(O) = 1) We can then


















