
Carbon Compounds and polymers 
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 Shapes of Alkanes
 “Straight-chain” alkanes have a zig-zag orientation when they are 

in their most straight orientation
 Straight chain alkanes are also called unbranched alkanes
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 Branched alkanes have at least one carbon which is attached to 
more than two other carbons



 Chapter 4 4

 Constitutional isomers have different physical properties (melting 
point, boiling point, densities etc.)

 Constitutional isomers have the same molecular formula but different connectivity 
of atoms
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 The number of constitutional isomers possible for a given 
molecular formula increases rapidly with the number of carbons
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 Classification of Hydrogen Atoms
 Hydrogens take their classification from the carbon they are 

attached to
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 If two identical groups occur on the same side of the double bond 
the compound is cis

 If they are on opposite sides the compound is trans

 Several alkenes have common names which are recognized by 
IUPAC
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 Physical Properties of Alkanes and Cycloalkanes
 Boiling points of unbranched alkanes increase smoothly with 

number of carbons

 Melting points increase in an alternating pattern according to 
whether the number of carbon atoms in the chain is even or odd
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 Sigma Bonds and Bond Rotation
 Ethane has relatively free rotation around the carbon-carbon bond
 The staggered conformation has C-H bonds on adjacent carbons 

as far apart from each other as possible
 The drawing to the right is called a Newman projection

 The eclipsed conformation has all C-H bonds on adjacent carbons 
directly on top of each other
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 The potential energy diagram of the conformations of ethane 
shows that the staggered conformation is more stable than 
eclipsed by 12 kJ mol-1
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 Conformational Analysis of Butane
 Rotation around C2-C3 of butane gives six important conformations

 The gauche conformation is less stable than the anti conformation by 3.8 kJ mol -1 
because of repulsive van der Waals forces between the two methyls
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 Conformations of Cyclohexane
 The chair conformation has no ring strain

 All bond angles are 109.5o and all C-H bonds are perfectly staggered
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 The boat conformation is less stable because of flagpole 
interactions and tortional strain along the bottom of the boat

 The twist conformation is intermediate in stability between the 
boat and the chair conformation
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 Isomerism: Constitutional Isomers and 
Stereoisomers
 Stereoisomers are isomers with the same molecular 

formula and same connectivity of atoms but different 
arrangement of atoms in space
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 Enantiomers: stereoisomers whose molecules are 
nonsuperposable mirror images

 Diastereomers: stereoisomers whose molecules are not 
mirror images of each other
 Example: cis and trans double bond isomers

 Example: cis and trans cycloalkane isomers
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 Introduction
 Homolytic bond cleavage leads to the formation of radicals (also 

called free radicals)
 Radicals are highly reactive, short-lived species

 Single-barbed arrows are used to show the movement of single electrons

 Production of Radicals
 Homolysis of relatively weak bonds such as O-O or X-X bonds can 

occur with addition of energy in the form of heat or light
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 Reactions of Radicals
 Radicals tend to react in ways that lead to pairing of their unpaired 

electron
 Hydrogen abstraction is one way a halogen radical can react to pair its unshared 

electron
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 Homolytic Bond Dissociation Energies
 Atoms have higher energy (are less stable) than the molecules 

they can form
 The formation of covalent bonds is exothermic

 Breaking covalent bonds requires energy (i.e. is endothermic)

 The homolytic bond dissociation energy is abbreviated 
DHo
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 Homolytic Bond Dissociation Energies and Heats of 
Reaction
 Homolytic Bond Dissociation energies can be used to calculate 

the enthalpy change (Ho) for a reaction
 DHo is positive for bond breaking and negative for bond forming
 Example 

 This reaction below is highly exothermic since Ho is a large and negative
 Ho is not dependant on the mechanism; only the initial and final states of the 

molecules are considered in determining Ho
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 Homolytic Bond Dissociation Energies and the Relative 
Stabilities of Radicals
 The formation of different radicals from the same starting 

compound offers a way to estimate relative radical stabilities
 Examples

 The propyl radical is less stable than the isopropyl radical

 Likewise the tert-butyl radical is more stable than the isobutyl radical
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 The energy diagrams for these reactions are shown below
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 Stabilities of radicals:
 The most substituted radical is most stable 
 Radicals are electron deficient, as are carbocations, and are therefore also 

stabilized by hyperconjugation
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 Chlorination of Methane: Mechanism of Reaction
 The reaction mechanism has three distinct aspects: 

Chain initiation, chain propagation and chain termination
 Chain initiation

 Chlorine radicals form when the reaction is subjected to heat or light
 Chlorine radicals are used in the chain propagation steps below

 Chain propagation
 A chlorine radical reacts with a molecule of methane to generate a methyl radical
 A methyl radical reacts with a molecule of chlorine to yield chloromethane and 

regenerate chlorine radical
 A chlorine radical reacts with another methane molecule, continuing the chain 

reaction
 A single chlorine radical can lead to thousands of chain propagation cycles
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 The entire mechanism is shown below
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 Chain reaction: a stepwise mechanism in which each step 
generates the reactive intermediate that causes the next cycle of 
the reaction to occur

 Chain termination
 Occasionally the reactive radical intermediates are quenched by reaction 

pathways that do not generate new radicals
 The reaction of chlorine with methane requires constant irradiation to replace 

radicals quenched in chain-terminating steps
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 Chlorination of Methane: Energy Changes

 The chain propagation steps have overall Ho= -101 kJ mol-1 and 
are highly exothermic
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 The Overall Free-Energy Change: Go = Ho - T (So) 
 In radical reactions such as the chlorination of methane the overall 

entropy change (So) in the reaction is small and thus it is 
appropriate to use Ho values to approximate Go values

 Go = -102 kJ mol-1 and Ho = -101 kJ mol-1 for this reaction

 Activation Energies
 When using enthalpy values (Ho) the term for the difference in 

energy between starting material and the transition state is the 
energy of activation (Eact)

 Recall when free energy of activation (Go) values are used this difference is G‡

 For the chlorination of methane the Eact values have been 
calculated
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 Energy of activation values can be predicted
 A reaction in which bonds are broken will have Eact > 0 even if a 

stronger bond is formed and the reaction is highly exothermic
 Bond forming always lags behind bond breaking

 An endothermic reaction which involves bond breaking and bond 
forming will always have Eact > Ho
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 A gas phase reaction in which only bond homolysis occurs has 
Ho = Eact

 A gas phase reaction in which small radicals combine to form a 
new bond usually has Eact = 0
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 Radical Polymerization of Alkenes: 
Chain-Growth Polymers
 Polymers are macromolecules made up of repeating subunits

 The subunits used to synthesize polymers are called monomers

 Polyethylene is made of repeating subunits derived from ethylene
 Polyethylene is called a chain-growth polymer or addition polymer

 Polystyrene is made in an analogous reaction using styrene as the 
monomer
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 A very small amount of diacyl peroxide is added in initiating the 
reaction so that few  but very long  polymer chains are obtained

 The propagation step simply adds more ethylene molecules to a 
growing chain
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 Chain branching occurs by abstraction of a hydrogen atom on the 
same chain and continuation of growth from the main chain
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