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CHEM 8A, Lecture 1 – Structure & Bonding 
- Orbitals & Electron Configuration 
- Lewis Structures 
- Valence Bond Theory & Hybrid Orbitals 
- Condensed & Skeletal Structures 
 
Review of Atomic Structure: Chloroform, CHCl3 

 

Hydrogen, H Carbon, C Chlorine, Cl 
   

   

   

 
 
** Where are the electrons and what are they doing? 
 
Bond à 
 
Orbitals à 
 
 

 
 
 
Use periodic table to assign electron configuration (e- config) 
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Electron Configuration (e-config) 
 

Column 
Rep* 

H B C N O F 

Total #e-       

Full e-
config 

      

# of 
Valence e- 

      

Valence  e-
config 

      

Orbital 
Diagram 

      

Lewis dot 
(atom) 

      

Lewis dot 
(molecules) 

 

* Representative atom for a column on the periodic table. 
 

Lecture 1 
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Valence Bond Theory 
- Covalent bonds formed by sharing of e- through interactions of (hybrid) orbitals 
 
Ex. Hydrogen, H2 

Sigma (σ) bond 
Direct orbital overlap 
Localized e- sharing 

AKA Single bond 
 

Ex. Chloroform 
 
 
 
 
Hybridization = combining s & p orbitals to allow an atom to make the desired numbers 
and type of bonds 
 

 
 
 
 
 

 
 

Pi (π) Bond 
Delocalized e- sharing between p orbitals 
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Valence Bond Theory 
 

Hybridization sp3 sp2 sp 
Example 

  

   

# charge 
clouds* 

4 3 2 

Orbitals  

 

 

 

 

 

e-config    

Orbital 
Diagram 

 
  

Shape Tetrahedral Trigonal Planar Linear 
Bond Angles 109.5 120 180 

More 
examples! 

   

* Charge cloud = atom or lone pair around central atom; NOT the number of bonds! 
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Ethane

C C C C

C C

H H

H

H H

H

154 pm

sp3 carbon sp3 carbon sp3–sp3  ! bond

111.2°

Problem 1.8
Draw a line-bond structure for propane, CH3CH2CH3. Predict the value of each bond angle, 
and indicate the overall shape of the molecule.

Problem 1.9
Convert the following molecular model of hexane, a component of gasoline, into a line-
bond structure (gray ! C, ivory ! H).

Hexane

1.8  sp2 Hybrid Orbitals and the Structure 
of Ethylene

The bonds we’ve seen in methane and ethane are called single bonds because 
they result from the sharing of one electron pair between bonded atoms. It was 
recognized nearly 150 years ago, however, that carbon atoms can also form 
double bonds by sharing two electron pairs between atoms or triple bonds by shar-
ing three electron pairs. Ethylene, for instance, has the structure H2C P CH2 and 
contains a carbon–carbon double bond, while acetylene has the structure 
HC q CH and contains a carbon–carbon triple bond.

How are multiple bonds described by valence bond theory? When we dis-
cussed sp3 hybrid orbitals in Section 1.6, we said that the four valence-shell 
atomic orbitals of carbon combine to form four equivalent sp3 hybrids. Imagine 
instead that the 2s orbital combines with only two of the three available 

Figure 1.12 The structure of ethane. 
The carbon–carbon bond is formed by 
! overlap of sp3 hybrid orbitals. For 
clarity, the smaller lobes of the  
sp3 hybrid orbitals are not shown.
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2p orbitals. Three sp2 hybrid orbitals result, and one 2p orbital remains 
unchanged. Like sp3 hybrids, sp2 hybrid orbitals are unsymmetrical about the 
nucleus and are strongly oriented in a specific direction so they can form strong 
bonds. The three sp2 orbitals lie in a plane at angles of 120° to one another, with 
the remaining p orbital perpendicular to the sp2 plane, as shown in Figure 1.13.
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When two carbons with sp2 hybridization approach each other, they form a 
strong ! bond by sp2–sp2 head-on overlap. At the same time, the unhybridized 
p orbitals interact by sideways overlap to form what is called a pi (!) bond. The 
combination of an sp2–sp2 ! bond and a 2p–2p " bond results in the sharing of 
four electrons and the formation of a carbon–carbon double bond (Figure 
1.14). Note that the electrons in the ! bond occupy the region centered between 
nuclei, while the electrons in the " bond occupy regions above and below a line 
drawn between nuclei.

To complete the structure of ethylene, four hydrogen atoms form ! bonds 
with the remaining four sp2 orbitals. Ethylene thus has a planar structure, with 
H ! C ! H and H ! C ! C bond angles of approximately 120°. (The actual values are 
117.4° for the H ! C ! H bond angle and 121.3° for the H ! C ! C bond angle.) Each 
C ! H bond has a length of 108.7 pm and a strength of 464 kJ/mol (111 kcal/mol).
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Figure 1.13 sp2 Hybridization. The 
three equivalent sp2 hybrid orbitals 
lie in a plane at angles of 120° to one 
another, and a single unhybridized  
p orbital (red/blue) is perpendicular to 
the sp2 plane.

Figure 1.14 The structure of 
ethylene. One part of the double 
bond in ethylene results from  
! (head-on) overlap of sp2 orbitals, 
and the other part results from  
" (sideways) overlap of unhybrid-
ized p orbitals (red/blue). The 
" bond has regions of electron 
density above and below a line 
drawn between nuclei.
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Figure 1.13 sp2 Hybridization. The 
three equivalent sp2 hybrid orbitals 
lie in a plane at angles of 120° to one 
another, and a single unhybridized  
p orbital (red/blue) is perpendicular to 
the sp2 plane.

Figure 1.14 The structure of 
ethylene. One part of the double 
bond in ethylene results from  
! (head-on) overlap of sp2 orbitals, 
and the other part results from  
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1.9  sp Hybrid Orbitals and the Structure 
of Acetylene

In addition to forming single and double bonds by sharing two and four elec-
trons, respectively, carbon also can form a triple bond by sharing six electrons. 
To account for the triple bond in a molecule such as acetylene, H O C q C O H, 
we need a third kind of hybrid orbital, an sp hybrid. Imagine that, instead of 
combining with two or three p orbitals, a carbon 2s orbital hybridizes with only 
a single p orbital. Two sp hybrid orbitals result, and two p orbitals remain 
unchanged. The two sp orbitals are oriented 180° apart on the x-axis, while the 
remaining two p orbitals are perpendicular on the y-axis and the z-axis, as 
shown in Figure 1.15.

180°

One sp hybrid Another sp hybrid

sp

sp
p

p

When two sp carbon atoms approach each other, sp hybrid orbitals on each 
carbon overlap head-on to form a strong sp–sp ! bond. At the same time, the 
pz orbitals from each carbon form a pz–pz " bond by sideways overlap, and the 
py orbitals overlap similarly to form a py–py " bond. The net effect is the sharing 
of six electrons and formation of a carbon–carbon triple bond. The two remain-
ing sp hybrid orbitals each form a ! bond with hydrogen to complete the acety-
lene molecule (Figure 1.16).
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Carbon–carbon triple bond
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Figure 1.15 sp Hybridization. The two 
sp hybrid orbitals are oriented 
180° away from each other, perpen-
dicular to the two remaining p orbitals 
(red/blue).

Figure 1.16 The structure of 
acetylene. The two carbon atoms 
are joined by one sp–sp ! bond 
and two p–p " bonds.
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When two sp carbon atoms approach each other, sp hybrid orbitals on each 
carbon overlap head-on to form a strong sp–sp ! bond. At the same time, the 
pz orbitals from each carbon form a pz–pz " bond by sideways overlap, and the 
py orbitals overlap similarly to form a py–py " bond. The net effect is the sharing 
of six electrons and formation of a carbon–carbon triple bond. The two remain-
ing sp hybrid orbitals each form a ! bond with hydrogen to complete the acety-
lene molecule (Figure 1.16).
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Figure 1.15 sp Hybridization. The two 
sp hybrid orbitals are oriented 
180° away from each other, perpen-
dicular to the two remaining p orbitals 
(red/blue).

Figure 1.16 The structure of 
acetylene. The two carbon atoms 
are joined by one sp–sp ! bond 
and two p–p " bonds.
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Problem 1.8
Draw a line-bond structure for propane, CH3CH2CH3. Predict the value of each bond angle, 
and indicate the overall shape of the molecule.
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When two carbons with sp2 hybridization approach each other, they form a 
strong ! bond by sp2–sp2 head-on overlap. At the same time, the unhybridized 
p orbitals interact by sideways overlap to form what is called a pi (!) bond. The 
combination of an sp2–sp2 ! bond and a 2p–2p " bond results in the sharing of 
four electrons and the formation of a carbon–carbon double bond (Figure 
1.14). Note that the electrons in the ! bond occupy the region centered between 
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H ! C ! H and H ! C ! C bond angles of approximately 120°. (The actual values are 
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Figure 1.13 sp2 Hybridization. The 
three equivalent sp2 hybrid orbitals 
lie in a plane at angles of 120° to one 
another, and a single unhybridized  
p orbital (red/blue) is perpendicular to 
the sp2 plane.

Figure 1.14 The structure of 
ethylene. One part of the double 
bond in ethylene results from  
! (head-on) overlap of sp2 orbitals, 
and the other part results from  
" (sideways) overlap of unhybrid-
ized p orbitals (red/blue). The 
" bond has regions of electron 
density above and below a line 
drawn between nuclei.
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1.9  sp Hybrid Orbitals and the Structure 
of Acetylene

In addition to forming single and double bonds by sharing two and four elec-
trons, respectively, carbon also can form a triple bond by sharing six electrons. 
To account for the triple bond in a molecule such as acetylene, H O C q C O H, 
we need a third kind of hybrid orbital, an sp hybrid. Imagine that, instead of 
combining with two or three p orbitals, a carbon 2s orbital hybridizes with only 
a single p orbital. Two sp hybrid orbitals result, and two p orbitals remain 
unchanged. The two sp orbitals are oriented 180° apart on the x-axis, while the 
remaining two p orbitals are perpendicular on the y-axis and the z-axis, as 
shown in Figure 1.15.
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When two sp carbon atoms approach each other, sp hybrid orbitals on each 
carbon overlap head-on to form a strong sp–sp ! bond. At the same time, the 
pz orbitals from each carbon form a pz–pz " bond by sideways overlap, and the 
py orbitals overlap similarly to form a py–py " bond. The net effect is the sharing 
of six electrons and formation of a carbon–carbon triple bond. The two remain-
ing sp hybrid orbitals each form a ! bond with hydrogen to complete the acety-
lene molecule (Figure 1.16).
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Figure 1.15 sp Hybridization. The two 
sp hybrid orbitals are oriented 
180° away from each other, perpen-
dicular to the two remaining p orbitals 
(red/blue).

Figure 1.16 The structure of 
acetylene. The two carbon atoms 
are joined by one sp–sp ! bond 
and two p–p " bonds.
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Representations of Organic Molecules 
Line-Bond (Lewis) Condensed Skeletal (zig-zag) 

 

CH3CH2CH2CH3  

 

  

 CH2CHC(CH3)3  

  

 

 
Indicate the hybridization (sp3, sp2, or sp) of every C, O, and N atom… 
 

    
 

Next time…Polarity, Formal Charge, Resonance 
** Take ~30 min to skim Chapter 2.1-2.6 before lecture, use Reading Questions! 
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H2N OH

"Fictitious molecule"
(for training purposes only!)

N


