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Hybridization and sp? Hybrid Orbitals

How can the bonding in CH, be explained?

4 valence electrons
2 unpaired electrons

w4 —
\25% Y
15%

Carbon:

ground-state electron
configuration

nnumbered 7 p251a Chemistry, 5/e
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Hybridization and sp3 Hybrid Orbitals

How can the bonding in CH, be explained?

4 valence electrons
PROMOTION 4 unpaired electrons

pd 4+ — (w4 4 4
25% \2$+
15% 15%

Carbon: Carbon:

ground-state electron  excited-state electron
configuration configuration

ed 7 p251a Chemistry, 5/e
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Hybridization and sp? Hybrid Orbitals

How can the bonding in CH, be explained?

4 nonequivalent orbitals

Carbon:
excited-state electron
configuration

Unnumbered 7 p251b Chemistry, 5/e
© 2008 Pearson Prentice Hall, Inc.



Hybridization and sp? Hybrid Orbitals

How can the bonding in CH, be explained?

4 equivalent orbitals

204 4 4 } HybridizatiorL[zsp -+ 4+ +J
15 4 A

Carbon: Carbon:
excited-state electron sp>-hybridized
configuration configuration

Unnumbered 7 p251b Chemistry, 5/e
© 2008 Pearson Prentice Hall, Inc.



Hybridization and sp? Hybrid Orbitals

| Each sp? hybrid orbital has two
lobes, one of which is larger than ’

the other.

An sp? orbital

2p, Hybridizatim:

¢

2py Four tetrahedral

sp? orbitals
2py The four large lobes are oriented toward the corners

of a tetrahedron at angles of 109.5°. (The large lobes
_1 areshown in green and the small lobes are not
shown.)

Figure 7-6 Chemistry, 5/e
© 2008 Pearson Prentice Hall, Inc.
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sp? Hybridization

|

T o—
| 2p |
| | [ Unhybridized p orbital J
l : Hybridization
| |
| — | { Three sp” hybrid orbitals }
| 2s |
Standard atomic
orbitals
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Formation of sp? Hybrid Orbitals

[ One s orbital and two p orbitals combine to form three sp? orbltals

y y
VA z
s orbital Py orbital
Unhybridized atomic
orbitals

© 2011 Pearson Education, Inc.

Hybridization

z

py orbital

E

sp” hybrid orbitals

(shown together)

|

sp hybrid orbitals
(shown separately)

|




Carbon unhybridized Carbon sp?
p orbital hybrid orbitals

Oxygen 2p
orbitals

Hydrogen s
orbitals

{ One 7 bond J [ One o bond J

L A
Y

[ Double bond J
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Half-filled Half-filled .
py or p orbital py or p; orbital -77' on

e Ul — &PID
Half-filled Half-filled
P, orbital P, orbital

© 2011 Pearson Education, Inc.




I—C”?—E
O

[ Lewis structure J [ Valence bond model J
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Other Kinds of Hybrid Orbitals

A o bond forms by head-on

sp orbital p orbital overlap of sp orbitals.

/sp orbital

p orbital  sp orbitals

Carbon-carbon triple bond

Two mutually perpendicular
7 bonds form by sideways
overlap of p orbitals.

Figure 7-11 Chemistry, 5/e
© 2008 Pearson Prentice Hall, Inc.
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FIGURE 13.8

Schematic MO energy diagram for the
valence electrons in F,, The degenerate p
and 7 orbitals are shown slightly offset in
energy. The dominant atomic orbital
contributions to the MOs are shown as
solid lines. Minor contributions due to s-p
mixing have been neglected. The MOs are
schematically depicted to the right of the
figure. The ler, and lor, MOs are not
shown.
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FIGURE 13.9

Schematic MO energy diagram for the
valence electrons in N, The degenerate p
and 77 orbitals are shown slightly offset in
energy. The dominant AO contributions to
the MOs are shown as solid lines. Lesser
contributions arising from s—p mixing are
shown as dashed lines. The MOs are
schematically depicted to the right of the
figure. The I, and e, MOs are not
shown,







FIGURE 13.2

Molecular orbital energy diagram for a
qualitative description of bonding in H,
and HF. The atomic orbitals are shown to
the left and right, and the molecular
orbitals are shown in the middle, Dashed
lines connect the MO with the AOs from
which it was constructed. Shaded circles
have a diameter proportional to the
coefficients ¢ Red and blue shading
signifies positive and negative signs of the
AQ coefficients, respectively,
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FIGURE 13.12

Schematic energy diagram showing the
relationship between the atomic and
molecular orbital energy levels for the
valence electrons in HF. The degenerate p
and 7 orbitals are shown slightly offset in
energy. The dominant atomic orbital
contributions to the MOs are shown as
solid lines, Lesser contributions are shown
as dashed lines. The MOs are depicted to
the right of the figure.
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