Atomic Orbitals Molecules



 MOLECULAR
ORBITAL THEORY —
Robert Mullikan (1896-
1986)

e valence electrons are
delocalized

e valence electrons are
In orbitals (called
molecular orbitals)
spread over entire
molecule.




 valence electrons are localized
between atoms (or are lone pairs).

» half-filled atomic orbitals overlap
to form bonds.

e See Screen 10.3 and Figures 10.1
and 10.2.
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* HOW to account
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[or 3 bonas 120° apart using
a spherical s orbital and p orbitals that ar

2 O(C

e Pauling said to modify VB approach with
I " #% 1%W& !
« — mix available orbitals to form a new
set of orbitals —#% % P

— that will give the maximum overlap
INn the correct geometry. (see Screen 10.6)



hydridize orbs. I rearrange electrons

i

three sp 2 unused p
hybrid orbitals orbital

See Figure 10.9 and Screen 10.6




/orJrJ orpitals are made
from 1 |l and 2 p orbitals ® 3 sp-

hybnds.

Three electron pairs
Trigonal-planar BF,

spl

o Now we have 3, half-filled HYBRID orbitals
that can be used to form B-F sigma bonds.



An orbital from each F overlaps one of the
sp2 hybrids to form a B-F s bond.




How do we account for 4
C—H sigma bonds
109° apart?

Need to use 4 atomic
orbitals —s, p,, py,
and p, — to form 4 new
hybrid orbitals
pointing in the correct
direction.
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4 C atom orbitals
hybridize to form
four equivalent sp?
hybrid atomic
orbitals.




Four electron pairs
sp?

4 C atom orbitals
hybridize to form
four equivalent sp?
hybrid atomic
orbitals.
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“Four sp? hybrid orbitals
Orbital
The 2s and the three 2p orbitals on a hybridization Hybridization produces 4 new arbitals, the sp® hybrid
e orkitals that have an energy that is the average of the s

and p atomic orbitals
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Each T—H bond

uses one C atom

sp? hybrid orbital
and a H atom 1s

arbital

Molecular model, CH, Orbital representation

Figure 10.6
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10.9)
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Figure 10.11




Figure 10.12




Figure 10.13




d rotation arounad C=C bond.

Figure 10.14




See Butene.Map in ENER_MAP in CAChe models.



See Screen 10.13, Molecular Orbitals and Vision
See also Chapter Focus 10, page 380
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» Bonding and antibonding sigma MO'’s are formed from 1s
orpitals on adjacent orpitals.




Figure 10.17

1. No.or MO's =n

atomic orpitals used.

lower in energy than

atomic orbitals.
Antibonding MO is
higher.

3. Electrons assigned
to MO's of higher and
higher energy.




Bona oraer = 1/2 [# e- In bonding IMOSs

- # e- In antibonding MOs|







Sideways overlap of atomic 2p orbitalsthat liein the same
direction in spacegive bonding and antibonding M Os.










 All explanations come down to electron mobility



|ECtrical conductivity

— conductivity aecreases with temperature

— Insulator — very low conductivity






sorbitals 3Be —
of 2 Be atoms H
atoms —




— |

sorbitals 3 Na
of 2 Na atoms
atoms



500MOs | S*

500 MOs | s

1000 Be atoms -->
1000 M Osfrom s
and

3000 MOsfrom p
1000 e- pairs

- filled

—>

o oo 2000 MOs
g?titéonding M Os 1/2 filled
enda.

Tals glves L gagie

ger me elto]



Thisfillsthe bottom levels 3/4 2000 M Os
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orbital participation.






Band gap >

In metals
antibonding
and bonding
levels
merge and
band gap
vanishes

Fermi




Valence band



Metal conductivity. with Increase in T.
Contrary to expectation. Woula ex

A'o]J]"r/ of e- to travel smoothly thru

uniformity of atom arrangement.

An atom vibrating vigorously at a Sit

the orbitals.

 Thus, higher T means lower conductivity.




to the conduction band.
6eV in diamondI

Valence
band isfull




* Group 4A elements

- (dlamond) Is an Insulator

— SI, Ge, and gray Sniare semiconductors

— White Sn and Pb are metals



e INSb ="Sn”

e Have ZnS or zinc blende
structure.
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s Semiconductors nhave a pand structure similar to

nsulators but band gap IS small
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to be promoted to an empty band.



Conduction band

+— e e thermally.
« The higher the temperature the

Small band gap more electrons are promoted.




Conduction

Gray Sn (>13 C) 0.1

Small band gap White Sn (<13 C) 0
Lead 0







« Si+ Ga (or Al) is a positive hole or D=
type semiconductor.



Conduction band

promoted into acceptor

1.1 eV level.
Acceptor level




Conduction band

e- e- :
i’ donor level to conduction
l1le band.

Donor level

* Negative electrons are
charge carriers and so
called n-type.




» Conductivity of extrinsic >> Intrinsic
miconductors.

onaduc rJvJ r/ Ol A/rrJr SIC Semiconductors can

e |ntrinsic semiconductors are very dependent
on T and on stray impurities.



