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Condensation Polymerization
Step-growth Polymerization,

Condensation polymers are any kind of polymers formed through a condensation reaction—where
molecules join together--losing small molecules as by-products such as water or HCI, as opposed to addition
polymers which involve the reaction of unsaturated monomers. Types of condensation polymers include
polyamides, polyacetyals and polyesters.

The functional group likes
The alcohol group is R— OH, carboxylic acid group RCOOH or amino group is R— NH;

When a carboxylic acid and an alcohol react, a water molecule is removed, and an ester molecule is formed.

() ()
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R-C+0H + H-OR"——= R-(-0R" + Hat}

Carboxylic
acid Alcohol Ester Water

When a carboxylic acid and an amine react, a water molecule is removed, and an amide molecule is formed.
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BR-C+=0H + H—I;I—R' %R—E‘—I}I—R% H,(

Carhoxylic H H
acid Amine Amide Water

The monomers that are involved in condensation polymerization are not the same as those in addition
polymerization. The monomers for condensation polymerization have two main characteristics:.

» Instead of double bonds, these monomers have functional groups (like alcohol, amine, or carboxylic acid

groups).
» Each monomer has at least two reactive sites, which usually means two functional groups.


http://en.wikipedia.org/wiki/Step-growth_polymerization
http://en.wikipedia.org/wiki/Polymer
http://en.wikipedia.org/wiki/Condensation_reaction
http://en.wikipedia.org/wiki/Methanol
http://en.wikipedia.org/wiki/Addition_polymer
http://en.wikipedia.org/wiki/Addition_polymer
http://en.wikipedia.org/wiki/Unsaturated_monomer
http://en.wikipedia.org/wiki/Polyester
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Example of the condenzation polymerization of di-functional groups monomers.

0 0 0 0
[ [ [ [
HO-C{CH);C-OH + H-IVCH3gN-H —> HO-CHCHyp C-N¢CHypN-Ho+ H
H H H H
Adipic acid 1,6-Diaminohexane Polyamide (Nylon 6,6) Water

The type of end product resulting from a condensation polymerization is dependent on the number of
functional end groups of the monomer which can react.

Monomers with only one reactive group terminate a growing chain, and thus give end products with a lower
molecular weight. Linear polymers are created using monomers with two reactive end groups and
monomers with more than two end groups give three-dimensional polymers which are crosslinked.
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Diol + Dicarboxylic acid - water + Dimer
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HO - R — OH + HOOC - R = COOH ——> HO-R -O- CO - R — COOH + H,0
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Trimer + Dicarboxilicacid ———— > Tetramer + Water
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HO-R-O—-CO-R-CO—-O-R—OH + HOOC-R-COOH
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HOER—O—CO—R—CO}O—R—OCO—R—CO—OH + H,0
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(x R = Aryl or Alkyl
X= OH, OR, -NH,, -NHR, -OCOR or ClI
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e Examples of some condensation polymers and their functional groups
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HO-R-HO + HOOC-R-COOH — HO {R-O-C-R-C-0J+ H +Hs0
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2- Polyacetyl +0-CH-O +
HO-R-HO + RO — CH,—OR ——» HO - R-OCH»-0O 47 R +ROH

3- Polyamide %E-NH
79 N Py
CI-C-R-C-Cl +n HsN-R-NH; ——» —[C-R-C-NH-R-NH {7 + nHCI
I
4- Polyurthane 4‘ O-C-EIH iﬁi
HO-R-OH + O=C=N-R-N=C=0 —» | OR-0O-C-NH-R-NH-C};
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6- Polycarbonate I
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HO-R-HO + CI-C-Cl —» f0O-R-0-C-O }+ + nHCI
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7- Polysiloxane .
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XHO-Si(CH3)2-OH —» OH{-HO-Si-O}-H + H,0
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Molecular weight control in condensation polymerization
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