Orbitais Atomicas Moléculas
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 TEORIA DAS
ORBITAIS
MOLECULARES —
Robert Mulliken)

 Electroes de valencia
estao deslocalizados

« electroes de valencia
ocupam orbitais
moleculares que se
estendem a toda a
molécula




Teorias da Ligacao (TLV)

 TEORIA DA LIGAGAO de
VALENCIA — Linus Pauling

» Electroes de valencia estao
localizados entre os atomos (ou
sao pares isolados).

 Orbitais atomicas semi-
preenchidas sobrepoem-se para
formar ligacoes.




Teoria da Ligacao de Valencia

*O modelo da RPECV baseado nas estruturas de
Lewis nao permite explicar a formacao de
ligacoes quimicas!

*Nao explica porque a ligacao F-F e mais fraca
que a ligacao H-H, apesar da partilha de um par
de electroes.

»Segundo a TLV a formacao da ligacao covalente

H-H resulta da sobreposicao espacial (ou
coalescéncia) de duas orbitais 1s dos atomos.



Teoria da Ligacao de Valenc

nergia de dissociacao Comprimento Sobreposicao

das ligacoes da ligacéo
H,  436,4 kJ/mole 74 pm e 1s
F,  150,6 kd/mole 142 pm c2p

Teoria da Ligacao de Valéncia — os electroes

numa molécula ocupam orbitais atdmicas dos
atomos individuais.
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15 orbital 15 orbital Overlap creates
of hydrogen of hydrogen H—H & bond
H F HF
15 orbital 2p orbital Overlap creates
of hydrogen of fluorine H—F sigma () bond

F F
2o orbital 2p orbital Overlap creates
of fluorine of fluorine F—F sigma (o) bond
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Geometria triangular plana
angulo = 120°




de 120° usando uma orbltal se orbltals p que
formam angulos de 90° ?

« Pauling introduziu o conceito de

Hibridacdo de orbitais atomicas

A hibridacao consiste na mistura de
orbitais atomicas de modo a gerar um
novo conjunto de orbitais —ORBITAIS
HIBRIDAS



diferente das orbitais atomicas originais.

Numero de orbitais hibridas € igual ao numero de orbitais atomicas
puras que participam no processo de hibridacao.

As ligacoes covalentes sao formadas por:
a. Sobreposicao de orbitais hibridas com orbitais atbmicas;
b. Sobreposicao de orbitais hibridas com outras orbitais hibridas.
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Treés orbitais
hibridas sp?

Orbital p nao ocupada
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Three electron pairs
spe

o

Trigonal-planar BF,

Temos assim 3, orbitais hibridas semi-
preenchidas que sao utilizadas para formar as
ligacoes B-F sigma..



Uma orbital de cada F sobrepoe uma das
orbitais hibridas sp? para formar uma
ligacao sigma B-F




Ligogﬁo no C H4

Como justificar 4
ligacoes C—H sigma
com um angulo de
109°0?

Temos de usar 4 orbitais
atomicas — s, p,, p, ©
p, — para formar 4
orbitais hibridas.

15




¥t

Z 2
A n
Hvybridization

A KK




i il

=N

Four sp? Hyhrid orbitals
Orbital
The 25 and the three 2p orbitals on a hybridization Hybridization produces 4 new orbitals, the sp? hybrid
Cator orbitals that have an energy that is the average of the s

and p atomic orbitals
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Four averlapped

sp° orbitals

ENERGY
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Each C—H bond

uses one C atom

sp® hybrid orbital
and a H atom 1s

orbital

Molecular model, CH, Orbital representation

Figure 10.6
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TABELA | 10.4

Orbitais Hibridas Importantes e Respectivas Geometrias

Orbitais Atdmicas
Puras do Atomo
Central

Lp

LP.PP P 4 o i CH4, NH{

5P PP d spid 5 PCl,

LPPpdd sp’d® 6
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Ligacao Pi () — densidade electrénica acima e abaixo dos nucleos dos atomos ligantes.

Ligacao Sigma (o) — densidade electronica entre os 2 atomos.



A orbital p nao utilizada em
cada atomo de C contem
In T - e d

p sobrepoe com a orbital

Three sp? remaining 2p,

p do atomo vizinho para orbitals orbital

formar a ligacao .
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{a) Lewis structure and bonding of
ethylene, CoH;.

Top wiew

J

C sp?
hybnd orbitals

L—C e bond

(b) The C—H @ bonds are formed by overlap of C
atom sp® hybrid orbitals with H atom 1s

orbitals. The & bond between C atoms anses
from overlap of sp? orbitals.

Almost
Side view

-

Overlapping unhybridized
2p orbitals

L—C @ bond

(c) The carbon-carbon & bond is formed by
cverlap of an unhybridized 2p orbital on each
atom. Note the lack of electron density along
the C—C band axis.




(a) Lewis structure and bonding of
formaldehyde, CH,0.

Almost
Side view

Top view P

Overlapping unhybndized
sp® hybridized  sp® hybridized 2p orbitals
C atom 0 atom

Lone pairs
on the
0 atom

C—H
7 baonds

C—0 m bond

L—0 @ bond

(b) The C—H @ bonds are formed by overlap of C {c) The C—0 m bond comes from the side-
atom sp® hybrid orbitals with H atom 1s orbitals. by-side overlap of p orbitals on the two

The o bond between C and O atoms arses from atoms.
overlap of sp° orbitals.




H—t=C—H

sp hybridized C
atom

H1ls
orbital
One C—C o bond _ Two C—C m bonds

C—Cmbond 1

C—Crmbond 2




@ c ligacoes = 6+ 1 =
= O@H

©t ligacoes = 1
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ngida em torno de uma ligacao C=C

(a) Free rotation can occur around the axis of a (b) In contrast, rotation is severely restricted
single (@) bond. around double bonds because doing so would
break the m bond, a process generally requiring
a great deal of energy.



