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Orbitais Híbridos e a Geometria
Molecular

•Estado fundamental do C: 1s2 2s2 2px
1 2py

1

•Duas ou quatro ligações químicas?

•Hibridização
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Orbitais Híbridos e a Geometria 
Molecular
•Molécula BeH2

•Linear, rBeH = 1,33 Å, estável

•Configuração eletrônica Be: 1s22s2

•Como construir os orbitais moleculares adequados?

•Contribuição de mais de um orbital atômico

•𝜓!"–$ = 𝑐%𝜓!"('() + 𝑐'𝜓!"('*)+𝑐+𝜓$(%()

•Coeficientes determinam se é ligante ou antiligante
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Orbital híbrido



Orbitais híbridos sp
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Orbitais híbridos sp
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Orbitais híbridos sp – BeH2
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Orbitais Híbridos e a Geometria 
Molecular

•Molécula BH3

•Planar, rBH = 1,19 Å, estável

•Configuração eletrônica B: 1s22s22p

•Três ligações equivalentes: três orbitais atômicos (s + 
px + py) 

•Orbitais híbridos sp2
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Orbitais híbridos sp2
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Orbitais híbridos sp2
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Orbitais híbridos sp2 – BH3
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Orbitais Híbridos e a Geometria 
Molecular

•Molécula CH4

•Tetraédrico, rCH = 1,09 Å, estável

•Configuração eletrônica C: 1s22s22p2

•Quatro ligações equivalentes: quatro orbitais
atômicos (s + px + py + pz) 

•Orbitais híbridos sp3
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Orbitais híbridos sp3
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Orbitais híbridos sp3
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376 
Vacant 

p orbital 

FIGURE 10.5 

+ 3 

A schematic illustration of the bonding in BH3. Each of the three boron-hydrogen bond orbitals 
is formed from the overlap of a boron s p 2 orbital and a hydrogen 1s orbital. The six valence 
electrons in BH3 occupy the three bond orbitals to form the three boron-hydrogen bonds. 

three 2p orbitals thereby generating sp3 hybrid orbitals. The normalized sp3 hybrids 
orbitals are given by 

1 
1{r1 = l(2s + 2px + 2py + 2pz) (10.6) 

1 
1{r2 = 2(2s- 2px - 2py + 2p) (10.7) 

1 
1{r3 = l(2s + 2px - 2py- 2pz) (10.8) 

and 

(10.9) 

Figure 10.6 illustrates the geometry associated with the sp3 hybrid orbitals. 

109.5° 

J FIGURE 10.6 
The geometry associated with sp3 hybrid orbitals. The 
four sp3 hybrid orbitals point toward the vertices of a 
tetrahedron. The angle between the center lines of any 
pair of sp3 hybrid orbitals in this structure is 109S 
(Problems 10-7 and 10-9). 



Orbitais híbridos sp3 – CH3CH3
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FIGURE 10.7 
A schematic representation of the bonding in ethane, CH3 CH3 • Six of the seven bond orbitals 
in ethane result from the overlap of sp3 orbitals on the carbon atoms and 1s orbitals on the 
hydrogen atoms. The seventh bond orbital involves the overlap of an sp3 orbital on each carbon. 
There are 14 valence electrons in ethane. Each of these seven bonding orbitals is occupied by 
two valence electrons of opposite spins. The electrons are depicted by arrows in the above figure. 

The sp3 hybrid orbitals on the carbon atom are used to describe the bonding in 
saturated hydrocarbons. Figure 10.7 illustrates this by presenting an illustration of the 
bonding in ethane, C2H6 • 

In this section, we have shown that molecular shapes can be accounted for by 
using hybrid atomic orbitals. We have not illustrated the mathematical details by 
which equivalent hybrid orbitals are generated from linear combinations of atomic 
orbitals. Problem 10-6 asks you to provide these details for the sp hybrid orbitals, and 
Problem 10-10 addresses the s p3 hybrid orbitals. The choice of linear combinations is 
greatly simplified by consideration of the molecular symmetry, a topic we will explore 
in Chapter 12. 

EXAMPLE 10-2 
Which atomic orbitals on the sulfur atom are involved in the hybrid orbitals that 
account for the bonding in SF6 • 

SOLUTION: SF6 is an octahedral molecule, in which the six S-F bonds are equiv-
alent. The bond angles are all 90°. We assume that the S-F bonds lie along the x-, 
y-, and z-axes, with the origin of the coordinate system centered on the sulfur atom. 
To account for this bonding, we require six equivalent hybrid orbitals that point in 
directions consistent with the known molecular structure. The ground-state electron 
configuration of a sulfur atom is [Ne]3s23p4

• Using the 3s and three 3p orbitals would 
limit us to a total of four hybrid orbitals, and hence only four S-F bonds. The 3d or-
bitals, however, are also similar in energy to the 3s and 3p. In constructing six hybrid 
orbitals for the sulfur atom, we consider linear combinations of two 3d orbitals, the 
3s orbital and the three 3 p orbitals. These six atomic orbitals give rise to six hybrid 
orbitals, which are called d 2sp3 hybrid orbitals. If we consider that the six fluorine 
atoms lie along the x-, y-, and z-axes, the two d orbitals used to construct the hybrid 
orbitals are the d22 and dx2-l orbitals (Figure 10.8). 

377 



Ligações 𝜎, π, 𝛿 e φ
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Ligações 𝜎: nenhum plano nodal contendo o eixo internuclear

Ligações π: um plano nodal contendo o eixo internuclear



Ligações 𝜎, π, 𝛿 e φ
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Ligações 𝛿: dois planos nodais contendo o eixo internuclear

[Re2Cl8]2– : Ligação
quádrupla ReRe
• 1 ligação 𝜎
• 2 ligações π
• 1 ligação 𝛿



Ligações 𝜎, π, 𝛿 e φ
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Ligações φ : três planos nodais contendo o eixo internuclear

U2 : Ligação quíntupla UU
• 1 ligação 𝜎
• 2 ligações π
• 1 ligação 𝛿
• 1 ligação φ



Por que BeH2 é linear e H2O é angular?
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Por que BeH2 é linear e H2O é angular?
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10-3. Why is BeH2 Linear and H20 Bent? 

two bonding orbitals 2a
8 

and 1au concentrate electron density between the cen-
tral A atom and the hydrogen atoms. The two orbitals 3a

8 
and 2au, however, have 

nodes between the central A atom and the hydrogen atoms and so are antibond-
ing orbitals. The doubly degenerate 1nu orbitals are the Px and Py orbitals on the 
central atom and so are nonbonding orbitals. The 2a

8 
and 3a

8 
orbitals result from 

linear combinations of the 2s orbital on the central atom with the 1s orbitals on 
the two hydrogen atoms, and the 1au and 2au orbitals result from linear combina-
tions of the 2p orbital on the central atom (the z-axis is defined as the intemu-z 
clear axis) with the 1s orbitals on the two hydrogen atoms. The molecular-orbital 
energy-level diagram of BeH2 is shown in Figure 10.10. The energy ordering of these 
six molecular orbitals is 2a < 1a < 1n = 1n < 3a < 2a . This ordering is in-g u u u g u 
dependent of the number of valence electrons on the central A atom in the linear 
AH2 molecule. 

Now let's consider what happens to these molecular orbitals as the molecule bends. 
Surely the energies and the molecular orbitals depend upon the shape of the molecule. 
For example, for a linear AH2 molecule there is no net overlap between the 1s orbitals 
on the hydrogen atoms and the 2px and 2pY orbitals on the central atom (Figure 10.11). 
For a bent molecule, however, this is no longer the case. If the molecule bends in the 
y-z plane, a net overlap (of bonding character) results with the 2p orbital, as shown in y 

Figure 1 0.11. The net overlap between the 1s orbitals on the hydrogen atoms and the 
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A molecular orbital energy level diagram for the valence electrons in the linear BeH2 molecule. 
Note that the doubly degenerate lJru orbitals are nonbonding orbitals. 
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Por que BeH2 é linear e H2O é angular?
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The Walsh correlation diagram for the 
valence electrons of an AH2 molecule. The 
right side of the diagram gives the energy 

2aiL I ordering of the molecular orbitals for an 

1 au 
H-A-H bond angle of 180°. The left side 
gives the energy ordering of the molecular 

2a
8 orbitals for an H-A-H bond angle of 90°. 

90° 180° 
The solid lines tell us how the energies of 
the molecular orbitals depend upon H-A-H 

Bond angle bond angles between 90° and 180°. 

valence electrons. For a linear structure, this would correspond to the electron con-
figuration of (2ag) 2(1aJ2 • A bent structure would have an electron configuration of 
(2aY(lb2 )

2 or (2a1)
2 (3a1)

2
, depending on the bond angle. Because bending desta-

bilizes the energy of the lowest two molecular orbitals, the electron configuration 
(2ag) 2(laJ2 is lower in energy than either (2aY(lb2 )

2 or (2a)2 (3a1)
2

• The Walsh 
correlation diagram correctly predicts that BeH2 is linear. 

EXAMPLE 10-5 
Predict the geometry of the ground state of BH2 • 

S 0 L UTI 0 N : The species BH2 has five valence electrons. A linear structure would 
have an electron configuration of (2a )2(la )2(ln )1

• A bent structure could have g u u 

the electron configuration (2a1) 2 (3aY(Ib2 ) 1 or (2a1)
2 (lb2 ) 2 (3a/, depending on the 

H-B-H angle. Figure 10.12 shows that the decrease in the energy of the 3a1 orbitals 
outweighs the increase in energy ofthe sum of the 2a1 and lb2 orbitals as the molecule 
is bent from 180°. We therefore expect the molecule to be bent. However, the desta-
bilization of the energy of the four total electrons in the 2a1 and lb2 orbitals that 
accompanies bending quickly outweighs the stabilization in energy derived from the 
one electron in the 3a1 orbital. Thus, the bond angle should lie somewhere near the 
middle of the diagram between 180° and 90°, and we would predict a ground-state 
electron configuration of (2a1) 2(1b2) 2(3a/. This configuration is in agreement with 
the experimentally determined bond angle for BH2 of 131 o. 
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Por que BeH2 é linear e H2O é angular?
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A molecular orbital energy level diagram for the valence electrons in the linear BeH2 molecule. 
Note that the doubly degenerate lJru orbitals are nonbonding orbitals. 
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386 Chapter 10 I Bonding In Polyatomic Molecules 

Now let's consider a water molecule, which has eight valence electrons. Each of 
the four lowest energy molecular orbitals given in the Walsh diagram will be popu-
lated by two electrons. A linear structure would correspond to an electron configu-
ration of (2u )2 (1u )2(br )4 • A bent structure could have the electron configuration g u u 

(2aY(3a1)
2 (1h2)

2 (lbY or (2aY(lb2)
2 (3a1)

2 (lb1)
2 depending on the H-0-H bond 

angle. The energy of the lb1 orbital in the bent geometry is the same as the lnu in 
the linear geometry, hence the contribution of these electrons to the total energy is 
independent of the molecular geometry. The important issue to consider is how the 
stabilization in energy of one of the lnu orbitals with bending (corresponding to the 
3a1 orbital in the bent molecule) compares with the destabilization in energy that ac-
companies generation of the (2aY(lb2)

2 electron configuration from the (2ug)2 (1uJ2 

electron configuration of the linear molecule. As we found for BH2 in Example 10-5, 
the stabilization of the 3a1 orbital is greater than the destabilization associated with for-
mation of the (2aY(lb2) 2 electronic configuration for small bending angles. Thus, the 
Walsh correlation diagram predicts that water is a bent molecule, which is in agreement 
with experimental measurements. The exact value of the H-0-H bond angle (104S) 
can be calculated using the computational techniques discussed in the next chapter. 
The molecular-orbital energy-level diagram for H20 is shown in Figure 10.13. Water 
has eight valence electrons, and so Figure 10.13 shows that the ground-state electron 
configuration ofHP is (2aY(lb2)

2 (3aY(lb1)
2

• 
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A molecular-orbital energy-level diagram for the valence electrons in H20. (The bond angle is 
104S, the equilibrium value.) Note that the lb1 orbital is a nonbonding orbital. 


