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Abstract

Two graphical approaches have been presented to obtain marks of a group,
where one approach is based on a set of homomers and the other is based on a
set of equivalent ligands. These procedures have been illustrated by using the point
group D3 as a common example. Comparison of these approaches has revealed that
their foundation comes from the one-to-one correspondence among a homomer set
H[G(/G:)], a ligand set £[G(/G,)], and a set of coscts G /G, which are all assigned
to the coset representations G(/G;), where G is a group and G; is a subgroup of
G.

1 Historical Background and Definitions

Character tables have long been used in the study of infrared and Raman spectroscopy
1, 2] and in the modeling of molecular movements [3, 4, 5], as found in many textbooks.
Mark tables are not, however, so common or popular as character tables. Historically,
Burnside (1911) published some mark tables for a few groups in the 2nd edition of his
famous book [6] but attracted only little attention. Redfield thought he had (re)discovered
these tables in 1937, as found in his article published far after his death [7]. Lloyd [8]
pointed out to one of the authors (S.E.) that the copy of Burnside’s book used by Redfield
was the first edition of Burnside’s book which did not contain marks. It seems, then the
copy of Burnside’s book which was found in Redfield’s personal library (after he died) was
the first eddition which did not contain marks! It seems, then, that both mathematicians,
Burnside and Redfield, did independently use these functions, viz.. marks of a group.
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Fujita recently revived interest in these tables and developed a versatile theory of the
combinatorial enumeration of (stereo)isomers [9]. Fujita's approach requires people who
think mathematically and, consequently, is likely to rule out organic chemists who will
certainly benefit from the theory of marks (if they are willing to think in an abstract
way).!

The objective of this work is to present two graphical (almost nonmathematical) ap-
proaches to calculating marks of chemically important groups. These approaches work
for all groups that are important to discuss stereoisomerism and stereochemistry. Instead
of using abstract algebraic methods we use simple geometric methods such as rotation
and/or reflection of (colored or substituted) graphs especially designed according to the
symmetry operations of the group. In order to be able to understand the method we need
to define cosets and coset representations of a group.

1.1 Cosets and Coset Representations of a Group

Normally a group is expressed as a set of symmetry operations. For example, for the
chiral dihedral point group Dy we write:

Dy = {I,C,,C},C5,Cy, C3}, 6]

where the elements (three two-fold axes and one three-fold axis) of symmetry are pictor-
ically illustrated on trans-transoid-trans-transoid-trans-perhydrotriphenylene (1) and on
a fixed cyclohexane derivative with six subsitutents (Q) of the same chirality (2). The
substituent Q may be selected from chiral ligands such as R-CXYZ, S-CXYZ etc. Note
that the three two-fold axes which respectively correspond to the rotations C», Cj3, and
C% are perpenticular to the three-fold axis for the rotations Cj and C2.
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Figure 1: A perhydrotriphenylene and a fixed cyclohexane both of Dy-symmetry. Each
of the terminal cyclohexane rings (1, 2, and 3) in the former molecule belongs to Ca-
symmetry. The symbol Q in the latter molecule represents a chiral substituent. Each of
the segments (Q,C—CQ,, 7 = 1,2,3) belongs to Cy-symmetry.

A more general way of depicting (envisaging) the symmetry operations of a group G is to
construct a geometric object (graph) which remains invariant (stabilized) only under the

'One of the authors (S.F.) has recently reported a nonmathematical article to discuss stereochemistry
in terms of this approach [10], since he is a synthetic-organic ¢hemist of part-time mathematical thinking.










































