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12.5: Molecules can be Represented by Reducible Representations

In addition to operators, we can define properties of molecules using a matrix representation. Before making the matrix, we need to
carefully choose a basis set that defines the information we want to extract For example, let's say we want to know the symmetry of
the valence s orbitals in ammonia, NH3, which is in the C,, point group. We will select a basis ( sy, s1, S2, 83 ) that consists of the
valence s orbitals on the nitrogen and the three hydrogen atoms. We need to consider what happens to this basis when it is acted on
by each of the symmetry operations in the Cj,, point group, and determine the matrices that would be required to produce the same
effect. The basis set and the symmetry operations in the Cj, point group are summarized in the figure below.
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The effects of the symmetry operations on our chosen basis are as follows:

E  (sn,51,52,83) — (8N, 51,52,53)
C:;r (SN,31,52,S3) (sNa32)83a 1)
C;; (3N751732a33)_>(5 » 83,81, 8 2) (1251)
Oy (3N7sl7527 3)_)(3 ;81,83,8 2)
Uz/) (3N7517s2a33)_>(5Nas2a81;33)
O-Tl)’ (SN,Sl,SQ,Sg)_>(SN,83,82,31)
By inspection, the matrices that carry out the same transformations are:
1 0
I'(E)  (sn,51,52,53) = (s, 51, 82,53)
I‘(C,?j_) (SN,Sl,SQ,S?,) :(sN;32a33asl)
I(Cy)  (sn,s1,52,53) = (sn, s3,51,52)
(12.5.2)

F(UU) (SN,51,82,S3) :(sNa31;33a32)

:(SN,SQ,Sl,Sg)

I‘(OV'J (3N731732733)

I‘(O';{,I) (3N781’52733) :(sNa33,32a31)
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These six matrices therefore form a reducible representation for the C3, point group in the (sy, s1, 59, s3) basis as we will see
in the next chapter that these matrices reduce down to the irreducible representations found in the character tables. These reducible
representations multiply together according to the group multiplication table and satisfy all the requirements for a mathematical
group.

We choose different basis sets to extract different properties of molecules. For example, we could include representations of the
valence p orbitals in N in our basis set to obtain the structure and symmetry of the molecular orbitals for ammonia. To understand
understand the molecular motions of ammonia (translates, rotates, and vibrates), we could place a z, y, and z unit vectors on each
atom to represent the their motion, and then construct our matrices.
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