Lecture 4

» Revision of hybridisation
- Mixing atomic orbitals on the same atom

* Molecular Orbital Theory
- How atomic orbitals on different atoms interact
- The labelling of the new molecular orbitals

Homonuclear Diatomic Molecules
- The energies of the resulting molecular orbitals




sp hybridisation

e sp hybridisation

— Mix and one s and one p orbital — two combinations s +p_ ands—p,
— Two AOs = two hybrid AOs

— Sign of the wavefunction is important when mixing atomic orbitals

— sp therefore means that the hybrid orbital is 50% s and 50% p




Hybridisation — sp? hybridisation

e Lewis structure = 3 directions

y
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e Molecular is planar

e Three directions each
at 120°

—> mix one s with two p

orbitals

—> sp? hybridisation




Hybridisation — T bonds

- — What about the other two electrons shared by the C atoms in ethene that
are not in hybridised orbitals?

e These create a T bond above and below the plane of the molecule
— Could think of the C as going from 2s? 2p?> = three (sp?) and one p, !




Hybridisation — sp?

* For tetrahedral molecules we have to mix the s with all the p orbitals (sp?)

— e.g. methane

H+. .+H

C —>

HY H

4 electron pairs sp3 hybridisation tetrahedral

— H,0 can also be thought of like this with two of the
sp> orbitals occupied by lone pairs.

XX
Hex O X H—>
XX

4 electron pairs sp3 hybridisation tetrahedral




Hybridisation — d orbitals

Trigonal Bipyramidal
spd = 5 electron pairs
(s + px + py + pz+ dz?)

Lone pairs always go
equatorial

Octahedral

sp>d? > 6 electron pairs
(s+ px+ py+ pz+ dz?+ dx?-y?)

Two Lone pairs are always
frans

PF;, Trigonal bipyramidal

Five electron pairs

No lone pairs

One lone pair Two lone pairs Three lone pairs

5F,, Seesaw

CIF;, T-shaped

Xel,, Linear

Six electron pairs

No lone pairs One lone pairv
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Two lone pairs
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SF,, Octahedral

BrF., Square-pyramidal

XeF,, Square-planar



Hybridisation — Table Summary

Hybrid | Atomic orbitals Geometry General | Examples
1sation | that are mixed formula
sp S+p linear AB, BeH,
, . AB; BF,, CO,>
sp S+p.+p, trigonal planar CH,
SO,*, CH,,
sp? s+p.+p, +p, tetrahedral AB, NH43, HZO?
sp’d  |s+p + py, +p.+ dz2 Trigonal Bipyramidal | AB PCl,, SF,
S+p.+p, +p.+ dx’-y? square pyramidal
SF,
sprd2 N SEE pIEE DS D S 2 =y 2N focte edrl ABg [Ni(CN),

[PtCI,]>




Molecular orbital theory

e MO theory (Robert Mullikan) assumes
— Electrons are delocalised

— MO’s formed by addition and subtraction of AO’s = Linear Combination
of Atomic Orbitals (LCAO) (like hybrid AO’s but entire molecule)

* H, molecule — interaction of two hydrogen Is orbitas ( ¢ and ¢, )

In phase interaction

vy =0, +9,) In Phase

1s + 1s
—> Constructive interference

Out of phase interaction

) :(% _%)

Out of Phase
- Destructive interference 1s - 1s

N

Node between the atoms

Interaction of 2 AO =2 2 MQO’s




Charge density associate with MO’s in H,

e Charge density given by y?

— In phase interaction = enhance density between the atoms

2

vi =(e.+0,) > vi=lo.] +ln] +20p.0,]

referred to a positive overlap (o bonding) ¥ =¥,

— Out of phase interaction = reduced density between the atoms

vi=(p,-0, >  vi=[o,f+p)-2p.0,

referred to a negative overlap (6" anti-bonding) ¥, =y _.

New wave functions must be normalised to ensure probability in 1 !




Energy level diagram for H,
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o Interference between AO wave functions = bonding
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— Constructively = bonding interaction

— Destructively = anti-bonding interaction ™.
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e Energy level diagram represents this interaction

— Two s orbitals interaction to create a low energy bonding and high energy
anti-bonding molecular orbital

— Electrons fill the lowest energy orbital (same rules as for filling AO’s)

— Bonding energy = 2 AE R




What happens when the AO’s have different energies?

e Hypothetical molecule where the two s orbitals have different energies

E(¢a) < E(¢b)

 What would the MO’s be like ?
— Bonding MO will be much more like the low energy orbital @,

— Anti-bonding MO will be much more like high energy orbital ¢,

* We can say that the bonding MO'is | Epergy c— ... Vianti-bonding)
= (C ‘p +C; ) 0. !
Yo a Pa b Po i

e  Where the coefficients C, indicate the
contribution of the AO to the MO
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So for Vs Cg > Cbo- + W(bonding)




Linear Combination of Atomic Orbitals - LCAO







What interactions are possible




What interactions are NOT possible




Labelling molecular orbitals

1 Symmetry Label (internuclear axis is always the z axis)
G = spherical symmetry along the bond axis (same symmetry as s orbital)
no nodes pass through the bond axis

T = one nodal plane which
passes through the bond axis

0 = two nodal plane which
pass through the bond axis

d
(endond  or 4,




Labelling molecular orbitals

2 Bonding and Anti-bonding Labels

O pzts

— Additional * if the interaction 1s destructive

@




Labelling molecular orbitals

3 Label indicating the presence of a Centre of Inversion

Py t Dy Px =~ Py
As you go from one side of |/
wave function through the
| centre of the bond the sign of
the wavefunction reverses

—> not centrosymmetric

Wave function does
not change sign
—> centrosymmetric

—> ¢ = gerade or

even
—> U = ungerade or odd

Px+px Px_Px. 7Z'
7T, - /g

* MO’s sometimes labelled with the type of AO forming them e.g. 6,0r G,

%k




