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CHEM 109A 
Organic Chemistry 

Chapter 1 
Electronic Structure and Bonding 

© 2017 Pearson Education, Inc. 

Ch. 1: Important topics/concepts 

Structures: Lewis structures (Kekule, condensed, skeletal) 
  properly placing lone pairs of e, formal charges 

Bonds: σ and π bonds (single bonds, double bonds, triple bonds) 
 σ formed by orbital overlap, s+s, s+p, p+s, or hybridized 
 π  formed by overlap between p orbitals 
 double bond  =   1 σ bond + 1 π bond 
 triple bond     =   1 σ bond + 2 π bonds 
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?= Lone pairs? 
Formal charges? 

Covalent Bonds: polar, or nonpolar (electronegativity) 
  compare polarity of bonds, such as H-C vs H-N vs H-O vs H-F 
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Ch. 1: Important topics/concepts 

Hybrid orbitals: s and p orbitals mix to form new hybrid orbitals 
 (comes from valence-shell electron-pair repulsion (VSEPR) theory 
 explains geometry of CH4 and many other molecules 

 
 
 
Geometry (shape of molecules):  

 CH4: tetrahedral, four sp3 orbitals, bond angle 109o,  
 H2C=CH2, ethylene,  three sp2 orbitals, one p orbital, bond angle ~120o 

 HC    CH, acetylene, two sp bonds, 2 p orbitals, bond angle 180o 

 Bond length and strength: shorter bonds are stronger. 

ETHYLENE ACETYLENE 
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The Distribution of Electrons in an Atom 

•  The	first	shell	is	closest	to	the	nucleus.	
•  The	closer	the	atomic	orbital	is	to	the	nucleus,	the	lower	its	energy.	
•  Within	a	shell,	s	lower	in	energy	than	p.	
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Side-to-Side Overlap of In-Phase p Orbitals 
Forms a π Bond 
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Methane (CH4) 

•  the 4 C-H bonds have the same length (~1.1 A). 
•  all the bond angles are the same (109.5°) 

C C H
2s, 2px, 2py, 2pz 

1s 

4 
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Methane (CH4) 

•  the 4 C-H bonds have the same length (~1.1 A). 
•  all the bond angles are the same (109.5°) 

C C H
2s, 2px, 2py, 2pz 

1s 

4 

valence shell electron pair repulsion (VSEPR) theory: 
σ bonds and lone pairs (!!) as far apart as possible 

hybridization 1) 

2) 

?
why tetrahedral? 
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In Order to Form Four Bonds, Carbon Must Promote an Electron 
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In Order to Form Four Bonds, Carbon Must Promote an Electron 

Four Orbitals are Mixed to Form Four Hybrid Orbitals 

1s + 3p = 4 sp3 orbitals 
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The Carbon in Methane is sp3 

          sp3 carbon is tetrahedral. 
The tetrahedral bond angle is 109.5°. 

+    4 

note, it is 1 s orbital 
mixing with 3 p orbitals (3:1 ratio) 
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The Bonding in Ethane 

another type of σ bond: by overlap of two sp3 orbitals 

ethane 

sp3 – sp3 σ bond 
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End-on Overlap of Orbitals  
Forms a σ Bond 
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Ammonia (NH3)  

Nitrogen	does	not	have	to	promote	an	electron.	

Nitrogen	has	3	unpaired	valence	electrons	and	forms	3	bonds.		
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The Bonds in Ammonia (NH3) 

If	N	used	p	orbitals	to	form	bonds,	the	bond	angles	would	be	90°.	

														The	observed	bond	angles	are	107.3°,		
												so	nitrogen	must	used	hybridized	orbitals.	
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Ammonia 
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The Ammonium Ion (+NH4) 
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Water (H2O) 

Oxygen	does	not	have	to	promote	an	electron.	

Oxygen	has	2	unpaired	valence	electrons	and	forms	2	bonds.		
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The Bonds in Water (H2O) 

																The	observed	bond	angles	are	104.5°,		
														so	oxygen	must	used	hybridized	orbitals.	
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Water 
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The Bond in a Hydrogen Halide 

•  The	3	lone	pairs	are	energetically	identical.	

•  Lone	pairs	position	themselves	to	minimize	electron	repulsion.	

A	halogen	has	1	unpaired	valence	electron	and	forms	1	bond.		

A	halogen	uses	hybrid	orbitals.	
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Hydrogen Fluoride 
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Overlap of an s Orbital 
with an sp3 Orbital 
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The Length and Strength of a  
Hydrogen Halide Bond 
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Ethene (Ethylene): double bond 

Carbon	bonds	to	3	atoms,	so	it	needs	to	hybridize	3	atomic	orbitals.	

double bond =  σ bond + π bond 

need a p orbital! 

1s + 2p = 3 sp2 orbitals 
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An sp2 Carbon Has Three sp2 Orbitals  
and One p Orbital 

C C
H

H H

H
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The Bonding in Ethene 
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Ethene 
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Ethyne (Acetylene) 
triple bond =  σ bond + 2π bond 

need 2 p orbitals! 

Carbon	bonds	to	2	atoms,	so	it	needs	to	hybridize	2	atomic	orbitals.	

1s + 1p = 2 sp orbitals 
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The Two sp Orbitals Point in Opposite Directions; 
The Two p Orbitals are Perpendicular 
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The Bonding in Ethyne 



1/22/18 

16 

© 2017 Pearson Education, Inc. 

Ethyne 
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The Carbon in the Methyl Cation and 
in the Methyl Radical are sp2 
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The Carbon in the Methyl Anion is sp3 
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Quick generalizations: 

1)  lone pairs (!!) and σ bonds will be on hybridized orbitals 
2)   !!   +   σ bonds  =   number of hybridized orbitals (made of 1 s and p orbitals) 
3)  everything else (a radical e, π bond, positive charge) – non-hybridized 

       (usually on a p orbital)   
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Quick generalizations: 

1)  lone pairs (!!) and σ bonds will be on hybridized orbitals 
2)   !!   +   σ bonds  =   number of hybridized orbitals (made of 1 s and p orbitals) 
3)  everything else (a radical e, π bond, positive charge) – non-hybridized 

       (usually on a p orbital)   

N

N

what is the hybridization of each C and N atom in nicotine?: 
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Quick generalizations: 

1)  lone pairs (!!) and σ bonds will be on hybridized orbitals 
2)   !!   +   σ bonds  =   number of hybridized orbitals (made of 1 s and p orbitals) 
3)  everything else (a radical e, π bond, positive charge) – non-hybridized 

       (usually on a p orbital)   

N

N

what is the hybridization of each C and N atom in nicotine?: 
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Hybridization of C, N, and O 
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Hybridization of C, N, and O 
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Hybridization and Molecular Geometry 

The	orbitals	used	in	bond	formation	determine	the	bond	angle	
for	each	atom	in	a	molecule.	
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Do	the	sp2	and	the	indicated	sp3	carbons	lie	in	the	same	plane?	

CH3
CH3 CH3
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Bond Strength and Bond Length 
The	more	bonds	holding	2	atoms	together,		

the	stronger	and	shorter	it	is.	

The greater the electron density in the region of overlap,  
the stronger and shorter the bond. 
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 Hybridization Affects  
Bond Length and Bond Strength 

The	more	s	character	in	the	orbital,		
the	stronger	and	shorter	is	the	bond.	
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Hybridization Affects the Bond Angle  

The	more	s	character,	the	greater	the	bond	angle.	

© 2017 Pearson Education, Inc. 

 Hybridization, Bond Angle,  
Bond Length, Bond Strength 
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Summary 

•  The	shorter	the	bond,	the	stronger	it	is.	
•  The	greater	the	electron	density	in	the	region	of	
•  						orbital	overlap,	the	stronger	the	bond.	
•  The	more	s	character,	the	shorter	and	stronger	the	bond.	

•  The	more	s	character,	the	larger	the	bond	angle.	
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A π Bond is Weaker Than a σ Bond 
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Dipole Moments of Molecules 
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Dipole Moments of Molecules 
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ELECTRONEGATIVITY OF ELEMENTS 

Differences in electronegativity between atoms lead to polar bonds 
The bigger the difference, the more polar the bond 


