SYMMETRY

The notation for the symmetry operations is as follows:

E = Theidentity transformation coming from the Germalginheit meaning unity).

C» = Rotation (anticlockwise)through an angle of @radians, whera is an integer.
The axis for whichn is greatest is termed tipeinciple axis.

C»“ = Rotation (clockwise)through an angle ofh radians. Botm andk are
integers.

S, = An improperrotation (clockwise) through an angle ofri2fadians. Improper
rotations are regular rotations followed by a reflection inplaae perpendicular to
the axis of rotation. Also known a#ternating axis of symmetandrotation-
reflection axis

i = Theinversion operator (the same a$,). In Cartesian coordinate, {, 2) (-X, -y,

-2). Irreducible representations that are even under this symnoperation are

usually denoted with the subscripfor gerade(german=even), and those that are odd
are denoted with the subscriptor ungerade(german=odd).

s = A mirror plane (from the German word for mirrorSpiegel.

sy = Horizontal reflection plane - passing through the origin and perpendicular to
the axis with the “highest' symmetry.

s, = Vertical reflection plane - passing through the origin and the axis with the
“highest' symmetry.

sq = Diagonal or dihedral reflection in a plane through the origin and the axis with
the “highest' symmetry, but also bisecting the angle bettireetwofold axes
perpendicular to the symmetry axis.
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Fig. 3.2 The 3-fold (C3) and three 2-fold (C>) axes of symmetry possessed by the trigonal planar BF3 molecule.
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Fig. 3.4c The square planar molecule XeFy. (¢) Each of the two o4 planes contains the Cy4 axis and one Cy" axis.
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Fig. 3.3 The HaO molecube possesses one Cs axis and twa mirror planes. (a) The Cs axis and the plane of symmetry that
contains the Hy0 molecule. (h) The C5 axis and the plane of symmetry that is perpendicular to the plane of the

Ha molecube. (¢) Planes of symmetry in a molecule are ofien shown together on one diagram; this represemation
for HaOr combines diagrams (a) and (b)
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Fig. 3.5 An improper rotation (or rotation-reflection), S,,, involves rotation about 360° followed by reflection through a

plane that is perpendicular to the rotation axis. The diagram illustrates the operation about one of the S4 axes in
CHy; three Sy operations are possible for the CH4 molecule. [Exercise: where are the three rotation axes for the
three S operations in CH4?]
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Example to improper rotation: Sn
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Figures with Centre of Inversion

Figures with naCentre of Inversion



