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quiz will appear
on your device



Resources




Resources

http://www.huntresearchgroup.org.uk/

your website is a god send when you
miss out one little part or need
something clarified

| really like that model answers to the
tutorial problems are online. This was
very helpful because | could look
through them myself




Lecture 1 Outline




Why Study MO Theory?
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The Course




Why Study MO Theory?

“orbital symmetry interpretation of
chemical reactions”

for the development of modern
computational methods




Why Study MO Theory?

specialises in the use of quantum

theoretical methods for the study of
catalytic mechanisms

“development of multiscale models for
complex chemical systems”




Symmetry




Point Group




Symmetry Operations

(a) ACZ symmetry
NP operator
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you should be able to draw

neat diagrams showing -
symmetry operations C: operation




Symmetry Elements

see Figure 8 in your notes

for revision of different
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Symmetry Operators

operator C; acts
on wavefunction

operator C; acts
on molecule

Quantum mechanics




Same Notation!

C: operation T

C

rotate by 180°

O —
H1/ \Hz Hz/ \H1
A G
()
H1/ \H2

C: operator

C, I:l//Hzo] = l//1,720




Example: H,O
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point group: Cay,




In-Class Activity
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In-Class Activity




In-Class Activity

Do not

TArgin




In-Class Activity
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Character Tables

Cay character table

Advanced
Spectroscopy C, | E G oyx2) 6,(yz2) 14

A4 1 1 1 1 z
A, 1 1 -1 -1

B, 1 -1 1 -1 X
B 1 -1 -1 1 y




Character Table Components

symmetry operations number of

symmetry

N N O\ / operations
—4

G, | E G o,x2) 0/(yz)
1 1 1 Z

1
o N
apnels cartesian axes
CAREENONS
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’ _1
irreducible 1’s and -1's

are characters

representation



Using Character Tables

symmetry operations
as in character table
x x
representation e
r |

|o™o]




Using Character Tables

symbol representing
a character

No change under E




Using Character Tables

o (xz

)

C, () No change under C;
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Using Character Tables

o (xz

)

0, (xz

)

CJ/O\O Nt CJ/O\O No change under o,

C2v

E C o0,(x2)6,(y2)
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Using Character Tables

o (xz
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Using Character Tables

C2v

E G oy(xz) 0,'(yz)

same set of characters
as the irreducible r{ o} 111
representation as
Use lower case when C, | E © 0/x2) 6,/(y2) 4
for the symmetry ‘ A, 1 1 1 1 7
label of MOs
A1 -> a1 A, 1 1 -1 -1
B, 1 -1 1 -1 X
upper case letters are
reserved for vibrations B, 1 -1 -1 1 y

and states




In-Class Activity

your turn:

C2v

E G 6,x2) 6,(y2)
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In-Class Activity

C.| E C 0,2 6,(y2)

_'C?% r{gejl 1 -1 1 -

o(yz)

this orbital has by symmetry




D3 Character Table

C3T c”
\ \
/ i H / /H% A, 1 1 -1 1 1 -1
Op / \C,
C

E|2 -1 0o 2 -1 0Ty
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D3, Character Table

Hs* is interesting!

Links on the web-site




Multiple Operations

D, (|[E 2c, 3C, o, 25, 30|
Al 11111
Al1 1 -1 1 1 -
E|l2 -1 0 2 -1 0
A"l 11 a1 a1 -1
Al 11 a1 a1 -1 1
E'"| 2 -1 0 -2 1 0

(T Ty)




2C3 Rotations

Vo /&) o 7 Q=2

/A@/@@ S /e /

C; C; G




Rotations in General

C ! C 8
each set of

1 2 3 .
C 3 C 3 C 7 -« rotations forms a

group
C, C, C Cj«




3C, Rotations
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Multiple Operations

one element
3 operations

three elements
3 operations




Symmetry Labels

2 -1 0 2 -1 0|(TxTy
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Symmetry Labels

@@-1 0 2 -1 0fdTTy

Al11 1 -1 -1 -

A1 1 -1 1 -1 1|T




Symmetry Labels

—— ¢, doubly
degenerate
X
dAOs °., t triply

£ degenerate

D, | E 2C, 3C, o, 25, 3o,
Al 11 1 11
Al1T 1 -1 1 1 -
@ @ 1 0 2 -1 0
A1T1 1 a1 -1 -]

1 -1 1

2 1 0

You have already
seen e and t
symmetry labels!

(T, T)




Degenerate Representations




Degenerate Representations

point on tip
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Degenerate Representations

operation
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Degenerate Representations




Degenerate Representations

§ a
o <S5 o (1 0) [1
0 O, Ay Gv %

OPTIONAL: More details about A1 1 a1 a1 a1 1T,

degenerate representations on
my web-site




In-Class Activity
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In-Class Activity
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-1 D, | E 2C, 3C, o, 2S, 30,
Al 11111
Al 1 a1 1 1 -1
IE' 20 1 @ 2 -1 0 (TX,Ty)I
A1 1 A1 1 -1
A1 1 -1 -1 -1 1T,
E'|[ 2 -1 0 -2 1 0




Improper Rotations
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Important!

Si#E S:=E




Equivalent Operations




Improper Rotations

OPTIONAL: Supporting
information about improper
rotations on my web-site




Key Points




| Finally I

http://www.huntresearchgroup.org.uk/




