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Alternative energy forms are forms of energy that can be

used for combustion instead of the use of fossil fuels. These

alternative include:

i. The use of solar energy does not produce any of the

greenhouse gases.

ii. The increased use of hybrid cars that combine

electricity and gasoline powered engines reduce CO2.

iii. The use of hydrogen-fuel cells for powering engines

produce water as a by-product.

iv. Use of hydroelectric power for cooking would reduce

the use of carbon-based fuels (wood, charcoal, methane

and LPG) that burn to release carbon dioxide.

v. Harness wind energy for production of electricity is

also green energy

vi. Harness electricity from geothermal wells.



Renewable Energy
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Renewable energy is energy that is generated from natural

processes that are continuously replenished (renewable

resources) on a human timescale. This includes:

i. The use of sunlight {solar energy).

ii. The use of geothermal energy from geothermal wells.

iii. The use of wind energy.

iv. The use of hydroelectric energy.

v. Various forms of biomass that are renewable.



Halogenation of Alkanes
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•Alkanes react with halogens (Cl2 or Br2) at elevated

temperature or in the presence of light to provide alkyl

halides.

•Considering that alkanes and molecular halogens are both

relatively nonpolar, how can we rationalize the outcome of

this reaction?

•The high temperature (or light) supplies the energy

required to break the Cl-Cl or Br-Br bond homolytically

into Cl or Br atoms.



Halogenation of Alkanes
(Background Information)
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•The homolytic bond cleavage is the initiation step because

it creates the radical that is used in the propagation step.

•A radical (often called a free radical) is a species

containing an atom with an unpaired electron.

•A radical is highly reactive because it would have a

tendency to acquire an electron to complete its octet.

•The chlorine radical formed in the initiation step abstracts

a hydrogen atom from methane to form HCl and a reactive

methyl radical.



Mechanism of Halogenation of Alkanes
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•A detailed illustration of the chlorination of alkane

(methane) is shown below:

•This is what is referred in organic chemistry as the

reaction mechanism: A reasonable explanation of how a

reaction proceeds. It uses curved arrows to illustrate the

movement of electrons during the reaction.



Mechanism of Halogenation of Alkanes
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•The reaction mechanism of halogenation of alkanes can be

divided into three steps (i) Initiation step (ii) Propagation

step and (iii) Termination step.

• In the initiation step, the reactive radical species necessary

to kick off the reaction with the unreactive alkanes are

formed in the presence of light or under heating.

• In the propagation steps, the radical formed in the

initiation step reacts with alkanes to generate new radicals

that will advance the forward reaction.

•Although there can be several propagation steps, the first

propagation step is the slowest step in the reaction and

therefore the rate determination step.

• Since the propagation steps are repetitive in generating

new reactive radicals, it is called a radical chain reaction.



Mechanism of Halogenation of Alkanes
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• In the termination step, any two radicals in the reaction

combine to form a molecule with all electrons paired (an

octate of electrons in achieved).

•The reaction is a radical substitution reaction because

radicals are involved as intermediates resulting in the

substitution of a halogen atom for one of the hydrogen

atoms of the alkane.

• Since the radical reaction is repetitive, polyhalogenation

of the alkane may occur.

•To promote the monohalogenation product, the reaction

should be carried out in the presence of excess alkane.



Halogenation of Alkanes
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•Bromination of alkanes follows a similar mechanism as

the chorination reaction we have just covered.

•The mechanism of monobromination of ethane with

bromine is illustrated below:



Halogenation of Alkanes
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•The monohalogenation of long chain alkanes provides a

mixture of products. For example, two monochlorinated

butanes are obtained from the reaction of butane with

chlorine.

• Substitution of a hydrogen bonded to one of the terminal

carbons produces 1-chlorobutane, whereas substitution of

a hydrogen bonded to one of the internal carbons forms 2-

chlorobutane.

•The expected (statistical) distribution of products is 60%

1-chlorobutane and 40% 2-chlorobutane because any one

of the 6H of butane can provide 1-chlorobutane, while

any one of the 4H can provide 2-chlorobutane.



Halogenation of Alkanes
Distribution of Halogenation Products

10

•The expected product ratio assumes all the C-H bonds are

equally easy to break. In actual practice, only 29% 1-

chlorobutane and 71% 2-chlorobutane is obtained.

• It appears that probability alone does not explain the

regioselectivity of the reaction.

• Since the rate determining step is the abstraction of

hydrogen atom from the alkane, it must be easier to

abstract a hydrogen atom from a secondary carbon than

from a primary carbon.



Halogenation of Alkanes
Rationale for the Distribution of Products
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•Generally speaking, alkyl radicals have different stabilities

and the more stable the radical, the more easily it is

formed.

•Tertiary radicals are the most stable and are formed faster

than secondary radicals, which are more stable than

primary radicals.

•Methyl radicals are the least stable and the slowest to

form. As a result the halogenation of ethane is faster than

that of methane.



Halogenation of Alkanes
Perspectives on Health and the Environment
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•Liquid alkanes have diverse uses as fuels, solvents and

lubricants. Proper disposal of such waste is important.

•Considering that municipal water is treated with chlorine

as a disinfectant, such alkane waste should not be disposed

in water from the water treatment facilities.

•The chlorinated hydrocarbons accumulate in adipose

tissues and due to the strength of the C-Cl bond, are very

stable and persistent in the environment.

•They exert heavily on the liver for detoxification and

excretion.



Practice Questions
Reactions of Alkanes
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i. Chloroform (trichloromethane) (CHCl3) is naturally

produced by many kinds of sea weeds and fungi. Its

use as an anaesthesia was discontinued in the 1850s,

but is still used as an industrial solvent.

Industrially, it is produced by heating a mixture of

chlorine with methane at 400oC. Propose a reasonable

and stepwise reaction mechanism for this industrial

production of chloroform:

ii. Explain why liquid alkanes should not be disposed in

muniscipal waste water.


