PHY 745 Group Theory
11-11:50 AM  MWF Olin 102

Plan for Lecture 15:

Symmetry properties of molecular orbitals
Reading: Chapter 7 in DDJ
1. Linear combinations of atomic orbitals
2. Molecular bonds

3. Examples
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23 Mon: 03/20/2017
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Electronic structure of an atom
For simplicity we will first consider a single electron
system; a H-like ion with atomic charge Ze
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Example — 1s state of hydrogen-like atom

73
W00 (7,0,0) = ﬂ__eizr/ao
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Electronic structure of H-like molecular ion

(within Born-Oppenheimer approximation)
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Approximate wavefunction:
YRRy =X W, (r—R )+ X, W, (r—Ry)
X, and X, can be determined variationally by optimizing
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Electronic structure of H-like molecular ion — continued
Ref. Pauling and Wilson, Introduction to Quantum
Mechanics (1935) (now published by Dover)

Necessary integrals:

A= [d'r¥,(r =R )W, (r-R,)

H = [d'r¥, (r =R )HY (=R )= H,,
H = [dr¥,(r =R JHY,,,(r -R,)

Generalized eigenvalue problem for energy E in the
variational approximation:
G 2
Hy, Hy )\ X, A 1)\,
Eigenstates:

[)@J 1 (1] g o HutHy

x,), parall 144

()ﬁ) ;El] g HuHu
X)) J20-a){-1 1-A
J

1512017 PHY 745 Spring 2017 -- Lecture 15

2/15/2017

Electronic structure of H-like molecular ion — continued
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LCAO methods -- continued — angular variation
http://winter.group.shef.ac.uk/orbitron/
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LCAO methods -- continued — angular variation

While, for atoms the “Z” axis is an arbitrary direction,
for diatomic molecules and for describing bonds, it is
convenient to take the “Z” axis as the bond direction.

Atom Bond
symbol symbol
=0 m=0 s 1=0 =0 o
=1 m=0 p =1 =0 o
m=+1 p A=1 7
=2 m=0 d =2 21=0 o
m=+1 d =1 T
m=+2 d 1=2 S5
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LCAO methods -- continued — bond types
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Extension of ideas to polyatomic molecules
“atomic site” representation

1 ifi—ts;

Dy (R) = {

0 otherwise

Example: C,,

1 00 001 1 00
D*"(E)=/0 1 0| D“*(C))=|1 0 0 D*(c,)=|0 0 1
001 010 010
Za.sv(E) =3 Zavs.(cz) -0 Za.s.(o_v)zl
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Relationship of atomic site representation to irreducible
representations for C,

o (3] E 20, 3o,
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atomic site character

Decomposition of the atomic site representation into
irreducible representations

7R =Y az (R In this case:
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R
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Atomic site symmetry together with internal degrees
of freedom such as LCAO

Diagram (and following) from DDJ textbook (earlier version)

Figure 8.17: Schematic diagram of
a carbon atom forming bonds te 3

other carbon atoms at the corners

of an equilateral triangle,
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Character table
Dultml) = Dy @ oy E [ ou | 203 | 255 | 303 [ 3oy,
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[rz.yz) | (Ao dy) | EY | 2] -2 | <1]| 1 U 1]
;f’S'S 30 0 11 ->A4+E
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Atomic site symmetry together with internal degrees
of freedom such as LCAO

Diagram from DDJ textbook (earlier version)

+-boading +bomding

Figure 8.18: Schematic dia-

n-plane 7-lwaids for carbon

atoms at the corners of a tri-

- centor of the triangle,
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gram tor the a-bonds and the

angle to a carbon atom at the

Analysis of LCAO symmetries for this case

Xa.‘tom sites ®){s — (Ai i En‘) ® AI — ‘411 4 Ev.r

atom sites

X ®Xp. = (A1 +E )@ A5 = A3+ E".

atom sites

X ® Xpey = (A1 + E) @ B' = A} + Ay + 2F.
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