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\ Feedback from Lecture 1 I

most people are:
confident

or
can with notes

.
point groups
finding improper rotations
visualising symmetry operations

: Dominant by far! labelling MOs “dotted” lines pure metals
4 *3 or more atoms relative E of AOs numbering MOs solids
4 *heteronuclear MO diagrams orbital overlaps W semi-conductors

M not covered

*MO mixing MOs for metals bonding/antibonding




\ Lecture 2 Outline I

L2 build a MO diagram to show you the process

L3 come back and look closely at the details

3 or more atoms
hetero-nuclear 3
AO We will spend the next
i i two lectures focussi
feedback: MO mixing wo lectures ocus§|ng'on
labelling MOs exactly these things!




Foundation from

last year

Revision

Included because of I

a question from a
student
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\ Setting Up I
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Fragments

// place holder sllos foldler
l—> X ‘é (o) (0)
NG P o #T u é/ \@
use place holders! H, fragment  whole molecule O fragment




‘ Fragments I

// /place holder lass hlden
X 0] \ o)
H/'/ly \’H H/‘\H N ./ Ne

use place holders! H, fragment  whole molecule O fragment

reproduce the whole of the
molecular structure in the MO




Set Up MO
Diagram
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Set Up MO
Diagram
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Set Up MO
Diagram

more on this next
lecture!




\ Fragment Orbital Symmetry I

o,(yz)
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Mo change under . B
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‘ Short Cuts! l

E G oyx2) 6,'(y2)| h= |
Ay 1 1 1 1 T,
Aj 1 1 1 1 l
B, 1 -1 1 -1 .
B, | 1 1 a4 1 |1,/
Fio.7 |



‘ Fragment Orbitals l

E G o,x2) 6,(yz)

1 -1 -1 1 Ty, T=b

look for

similarity in
phase patterns!




‘ Fragment Orbitals l
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‘ Form the MOs l

work out MOs first
then the splitting




Stage One
MO Diagram

: : a
. L
more on this next L
lecture!
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Stage One
MO Diagram

more on this next
lecture!

1—>x (o) (o)
H/Y\H H/.\H H/ \H 0/\0

H,0

Fig 11/12




Stage One
MO Diagram

RN




Stage One

MO Diagram

Annotate your
diagrams!

do not repeat

information

a; FO left non-
bonding in the first
stage diagram

antibonding MO is always
destabilised more than the
bonding MO is stabilised

5o

A\,

la, is the O 1sAO which is

not shown because this is a
z valence MO diagram
X
N

o)
H/ \H

/v |__ FOs are closer in energy
|:-> S , and so the interaction
¥ \ . between the orbitals is
v 1by ' . larger for the by MO
' 2a;

Fig 11/12




Stage One

)
o

antibonding MO is always T <:|
destabilised more than the 7 \
MO Di

bonding MO is stabilised

S LR b, b,
a; FO left non- v \
bonding in the first ------ > -
stage diagram VY 3a,

[, FOs are closer in energy
|:> \ { ) + and so the interaction
g% b \ ./ between the orbitals is
1 /

1

larger for the b; MO

la; is the O 1sAO which
is not shown because this
is a valence MO diagram

W% H H/\H

o o
H/\H./\.

6 valence e

2 valence e




Stage One
MO Diagram

a; FO left non-
bonding in the first
stage diagram

antibonding MO is always
destabilised more than the
bonding MO is stabilised

o

la, is the O 1sAO which is
not shown because this is a
valence MO diagram

AZ

H

2 valence e

4

- oe

~_  FOs are closer in energy

add the

missing e to
your Fig 12!

and so the interaction
between the orbitals is
larger for the b; MO

(o)
W ON

v e

6 valence e

Fig 11/12




\ Stage 2: MO Mixing l

=



a1 MO Mixing

occupied

v (3a,)

unoccupied

e

antibonding due to
increased out-of-
phase interaction

4

=¥ (3a,)+y(4a,) antibonding MO




\ In-Class Activity I




‘ In-Class Activity I

bonding due to
increased in-
.~ phase interaction

-
i
|

v, =—(w(3a))+¥(4a)  "non-bonding"
= w(4a,)-w(3a) or slightly antibonding MO
= 1 1




Mixing

extra lines drawn -

to show the main
mixing interaction

P A

H H H H
2 valence e

-
-

(0]
H/ \H
H,0

A .

i by b,
significant mixing
drives 3a; MO
down in energy

and chanes the
shape of the MO

: 4
Lo M

o« e

6 valence e




Final MO
Diagram of
H.O

antibonding MO is always

destabilised more than the i 2b;
bonding MO is stabilised 0

v directional overlap in the 2b; MO

N --="
—

interact with

C{\O by —;
IO =4
b, FO left non- "“\‘ 1b,
bonding as there is --------------- e —A
no other FO of this VN ]
symmetry for it to ‘ .

FOs are closer in energy and
so the interaction between the
orbitals is larger for the 1b;

than the 2a; MO

la; is the O 1sAO which is
not shown because this is a
valence MO diagram

(0}
e N

2 valence e

WO

H

H,0

ibz b,

significant mixing
: drives 3a; MO
' down in energy and
' chanes the shape of

the MO

o« e

6 valence e

the 4a, lies above the 2b; MO because
. there is strong directional antibonding
v\ overlap in the 4a; MO and weaker less

a;




\ “Real” MOs I

computed
molecular Da, 1b,
orbitals

we have

“solved” the 22 by

Schrodinger g dz
equation!!!




\ Experimental Evidence I

e 8%@9@

H,O energy levels

O O
@) O @)
@) O. Fig 5.13
o from
H H “Structure
and

Bonding" by
J. Barrett




Delocalisation

Where h ave the
bOnd

S 80nezy;

SR




6 valence e

« e

H,0

(0]
H/ \H

Analysis

0]
H/ \H
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\ Correlation Diagram I

start with high
symmetry

. H-O-H angle
end with lower 2

symmetry




' Walsh Diagram |




' Walsh Diagram I




| Energy of MOs I




'Energy of MOs l




' Energy of MOs I




'Energy of MOs l

socrative quiz!

HZoKEN T
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'Energy of MOs l




' Energy of MOs I




\ Change of Axes I




' Walsh Diagram l

self-study

questions




\ Symmetry Breaking l




\ Symmetry Breaking l

Noether’s
Theorem

sup

Serious
Stuff!

standard model of
particle physics




\ MO checklist l

steps we have
used today to form
a MO diagram




\ Key Points l



| Finally I

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




