
Polymerization by nucleophilic attack on isocyanates
Isocyanates react with alcohol nucleophiles to give urethanes—hybrids between carbonates and
ureas—half-esters and half-amides of carbonic acid. Nucleophilic attack occurs at the very reactive
linear (sp) carbon in the centre of the isocyanate.

To make a polymer it is necessary to react aryl diisocyanates with diols. Some important polymers
of the type, called elastanes, are made by using long-chain aliphatic diols from partly polymerized
epoxides, rather like those discussed in the last section, and reacting them with diaryl diisocyanates
to give a ‘pre-polymer’.

The next stage is to initiate an exothermic linking of the residual terminal isocyanates with simple
diamines. The reaction is again nucleophilic attack on the isocyanate, but the new functional group
is now a urea rather than a urethane. Showing just one end of the growing polymer:

These polymers have short rigid portions (the aromatic rings and the ureas) joined by short flex-
ible ‘hinges’ (the diamine linker and the CH2 group between the aromatic ring) and long very flex-
ible portions (the polyether) whose length can be adjusted. The polymer is easily stretched and
regains its shape on relaxation—it is an elastomer.

Why should it matter that the second polymerization is exothermic? If the diamine linker is added
as a solution in a volatile hydrocarbon such as heptane, the heat of the polymerization causes the
heptane to boil and the polymer becomes a foam. What is more, the length of the polyether chain
determines what kind of foam results. Shorter (~500 –OCH2CH2O– units) chains give rigid foams
but longer chains (>1000 –OCH2CH2O– units) give soft foams. This is only a bare outline of one
of the many skills polymer chemists now have in the design of materials. The results are all around
us.

So far we have discussed polymerization that has been essentially of one kind—bifunctional mol-
ecules have combined in normal ionic reactions familiar from the rest of organic chemistry where a
nucleophilic functional group attacks an electrophilic functional group. The new bonds have gener-
ally been C–O or C–N. We need now to look at the polymerization of alkenes. In these reactions,
C–C bonds will be formed and many of the reactions may be new to you.
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