freiieh no. 3 pp. 149 - 223

STRUCTURAL GRAPHS OF REGULAR POLYMERS AND
THEIR PROPERTIES

Oskar E. Polansky  and Nicolai N. Tyutyulkov

Institut fiir Strahlenchemie im
Max-Planck-Institut fiir Kohlenforschung,
D-4330 Milheim a.d. Ruhr

(received: October 1976)

= In part reported at the Micro Symposium "Graph

Theory in Chemistry" 1975, Milheim a.d. Ruhr [1]

e To whom the reprint requests should be addressed.

permanent adress: Bulgarian Academy of Science,

Institute of Organic Chemistry, 1113 Sofia, Bulgaria

1977



- 150 -

ABSTRACT

For polymers with regular structure ...-G-G-...
two graphs are defined: the ratograph, R, and the fascia
graph, F. Using the rough structure of the automorphism
group, A(R), of the rotagraph a procedure is developed
to determine the eigenvalues and eigenfunctions of R.
Using these sets the eigenvalues and eigenfunctions of

F are obtained by means of perturbaticn theory.

The band structure of the eigenvalues of the infinite
graphs is investigated. The mathematical conditions for
the existence of forbidden zones and gaps within the
band strucuture are given. A way to determine the over-

lapping and self overlapping of bands is outlined.

The use of the procedure presented is discusssed

briefly.



= 151 =

(1) Introduction

From a number of molecules, G or XGY, undergoing

a polymerisation reaction the polymer, G is formed

M’

where M is a number of the order 10 to 104. For our

purposes it makes no difference if the polymerisation
considered has to be classified either as a polyaddition,

(a), or as a polycondensation (b), in which »# molecules

(a) MG Hxaﬁgﬁi

(b) MXGY e
-MXY

XY have to be eliminated. In both cases we call G the

monomeric unit of the polymer. The structure of G is

represented by the simple connected graph G
G = [U,K], (2)

where U represents the set of vertices, K the set of
edges. The cardinalities of these sets are n and m
respectively. The automorphism groups of the G are
denoted by A(G). - Polymers are of great interest not
least because important natural products as well as

synthetics belong to this eclass of compounds [2].
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We shall restrict our considerations to those poly-
mers only which have a regular structure as indicated

in (1). There are two types of polymers to be considered:

(1) The polymeric chain is closed or itself: Each monomeric
unit is connected to two neighbouring units by the
bonds formed during the peclymerisation. The polymer
has a wheel-like structure; its structural graph we

call a rotagraph, R.

(2) The polymeric chain is open: There are two terminal
monomeric units, which are connected to only one
neigbouring unit each, but the others to two
as above. The polymer has a band-like structure;

its structural graph we call a fasciagraph, F.

Certainly the band-like polymers corresponding with F
are favoured statistically in the chemical reaction but
mathematically R can be handled more extensively than F.
Further, in the limit of infinite polymers, the eigen-
values of both graphs, R and F, coincide as shown in

section 6 and appendix 1.

In this paper we will define both graphs, R and F.
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Using the rough structure of A(R) we will outline a
certain way to detect the exact eigenvalues of R and
the approximate eigenvalues of F. The main purpose of
this paper, however, will be a discussion of the band
structure of polymers if M»«; the origins of the over-
lapping and the self-overlapping of bands as well as

their separation by forbidden zones will also be treated.

(2) Rotagraph R and Fasciagraph F

We start with the union (#G) of M equal components
GJ|JGM = {1,2,...,M} as investigated by Harary and Palmer
[3]. Its automorphism groups are given by A(wG) = SM[A(G)].
The vertices of each component GJ are labelled by an index

vén = {1,2,...,n} in such a way that the bijection

Ug — Uﬁ ¥vEn and ¥J,KeM
J K
ULeG; UJEG,

represents an automorphism of (MG). It is obvious
that (#G) represents the starting material of the

polymerisation on the left side of (1).

To construct R from (MG) one has to add an edge

set, KE, which represents all the bonds formed during





















































































































































































































