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Structure and properties of silicones

Silicones are synthetic polymers with a silicon-oxygen backbone
similar to that in silicon dioxide (silica), but with organic groups
attached to the silicon atoms by C-Si bonds. The silicone chain exposes
organic groups to the outside.
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The presence of the oxygen atoms in the silicone chain is indicated by
using the systematic name, siloxane, so termed as it contains a silicon
atom, an oxygen atom and it is saturated as in an alkane. When the
groups attached to the siloxane chain are phenyl groups, the resulting

silicone is called poly(diphenylsiloxane) and has these repeating units
along the chain.
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Preparation of silicones
Silicones are manufactured from pure silicon which has been
obtained by the reduction of silicon dioxide (silica) in the form of
sand with carbon at high temperatures:
SiOy(s) + 2C(s) —> Si(s) + 2C0O(9)
The production of silicones from silicon takes place in three stages

1. Synthesis of chlorosilanes | |

Silic;on is first converted nto chlorosilanes, €.8. RSICI?, R,SiCl; and
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Careful d¥stlllation of the liquid mixture of chlorosilanes produces
pure fractions of each chlorosilane.

Dlmethyldichlorosilane is the main product (ca 70-90%, the amount
depending on the conditions used).

2. Hydrolysis of chlorosilanes
A dichlorosilane is hydrolyzed to a molecule with two hydroxyl
groups:
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CI—?i—CI + 2H,0 —> HO——?i—OH + 2HCI
R R

The product is a disilanol. The suffix -of in a silanol is to show that

the molecule contains at least one hydroxyl group attached to a

silicon atom and the simplest example 1S dimethyldisilanol:
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dimethyldisilanol

The hydroxyl groups of silanols react spontaneously to form a

siloxane: ~ _
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p, the ;ol)'mer is a poly(dimethylsilo.\'ane).
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Cyclic polymers, for example ((CHj3),Si0)s are also produced and
then separated out.
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The oligomers are washed and dried.
The hydrochloric acid produced when the chlorosilanes are
hydrolvzed is recycled and reacts with methanol to regenerate

chloromethane:
CH,OH + HCI —> CH;Cl + H;0

3. Condensation polymerization

The olicomers condense rapidly in the presence of an acid catalyst to
form long chain polymers:
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The value of (m+n) is usually between 2000 and <000. The

production of longer chains is favoured if the water 1s removed. Ior
example by working under vacuum.
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polymer chains. As with this polymerization, the addition reactions
are initiated by radicals supplied on decomposition of an organic

peroxide (for example, dicumyl peroxide):
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