
Halogenoalkanes (haloalkanes or alkyl halides)

Draw structural formulae (full and skeletal) for the following haloalkanes:

1) Bromoethane

2) 1-Iodopropane

3) 1,2-dichloropropane

4) 3-bromo-1-chlorobutane

5) 4-chloro-2,2-dichlorohexane

6) 1,2-dichloropentane

7) 1,1-dibromo-3-iodoheptane

Note: the halogen groups are listed alphabetically (bromo-, chloro-, dibromo-, dichloro-, 
diiodo-, tribromo-, etc.).

The numbers (locants) chosen are the smallest possible, e.g. 1,3-dibromohexane, not 5,6-
dibromohexane!

Physical Properties

•Carbon-halogen bond (C-X, where X = Br, Cl or I) is slightly polar.

•Polarity is insufficient to make the haloalkanes soluble in water (haloalkanes and water 
are immiscible) and haloalkanes are soluble in non-polar organic solvents like hexane. 
(Chloromethane, chloroethane and 1-chloropropane are slightly soluble in water, but larger 
members of the series are insoluble).

•Boiling points depend on: 1) size of molecule; 2) size of halogen atoms; 3) number of 
halogen atoms:

1. C6H13Cl(l) > C5H11Cl(l) > C4H9Cl(l) > C3H7Cl(l) > C2H5Cl(g) > CH3Cl(g)

2. CH3I(l) > CH3Br(g) > CH3Cl(g) > CH3F(g)

3. CCl4(l) > CHCl3(g) > CH2Cl2(g) > CH3Cl

Formation / Preparation:

1. Reaction of halogen with alkane in UV light.

2. Addition of halogen, e.g. bromine water (or bromine in an organic solvent) or conc
HBr(aq), to the double bond of an alkene.

3. Reaction of alcohols with HCl(aq) or HBr(aq) (a nucleophilic substitution).



CH3CH2-OH   + HBr → CH3CH2 + H2O

CH3CH2-OH   + H+ + Br– → CH3CH2 + H2O
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Nucleophilic substitution reaction of alcohol with hydrohalic acid, e.g. hydrobromic
acid, HBr(aq)
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Can you spot the errors in the above diagram!?



Chemical Reactions of halogenoalkanes

•Reactions of haloalkanes involve breaking the C-X bond(s).

•The C-X bond increases in strength in the order: C-I < C-Br < C-Cl < C-F.

Q. How will this effect the reactivity of haloalkanes?

Free radical reactions

CH3-Cl + hv → CH3· + Cl·

chloromethane + hv → methyl radical + chlorine radical

Light of the right frequency (UV) can split the C-X bond by homolytic fission, creating very 
reactive radicals.

Substitution reactions

1. Alkali hydrolysis to alcohol:

CH3-CH2-Br + OH– → CH3-CH2-OH + Br–

heat under reflux with NaOH(aq)

Due to the low solubility of haloalkanes in water, ethanol is often added as a solvent. The 
hydroxide ion, OH–, is a nucleophile and is attracted to the slight positive charge on the C of 
the polar C-Br bond. Draw the mechanism of this nucleophilic substitution reaction below:

N.B.

When haloalkanes react in solution in a polar solvent (such as a mixture of ethanol and water) 
the C–X bond breaks heterolytically to form ions: a carbonium ion (R-C+) and a halide ion (X-
). When haloalkanes react in non-polar solvents, such as hexane, or as gases (UV light or 
high temperature) the C-X bond breaks homolytically to form free radicals.



CH3CH2-Br   + H2O → CH3CH2-OH + HBr

CH3CH2-Br   + H2O → CH3CH2-OH + H+ + Br–
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2. Nucleophilic substitution reaction with water to produce an alcohol (R-OH)
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Heat with concentrated ammonia in a sealed tube:

CH3CH2-Br   + NH3 → CH3CH2NH2 + HBr

CH3CH2-Br   + NH3 → CH3CH2NH2 + H+ + Br–

3. Nucleophilic substitution reaction with ammonia to produce an amine (R-NH2)


