
How do synthetic polymers make it easier to prepare food?
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Polymer products are invaluable in the kitchen, helping 
us cook food and reduce waste. Their uses range from 
non-stick pans and stretchy film, to smart packaging and 

freshness indicators.

Non-stick pans
Food can stick to metal pans because protein-rich foods will 
bond to the base of the pan through metal complexes. Non-
stick pans have a coating of poly(tetrafluoroethene) (PTFE), 
sometimes referred to by the tradename Teflon (Figure 1). PTFE 
is prepared from tetrafluoroethene by addition polymerisation 
using radical initiators (see Chemistry review, Vol. 9, No. 3, p. 34 
and Vol. 30, No. 2, pp. 22–25).

PTFE has a high thermal stability and is resistant to chemical 
attack, which makes it useful in non-stick frying pans. This 
is because the C–C and C–F bonds are strong and not easily 
broken. The surface is non-stick, because the fluorine atoms do 
not interact with the atoms in other compounds.

So how does the PTFE stick to the pan? Teflon can be applied 
to frying pans in one of two ways:
■■ Pans can be sandblasted, leaving cracks that PTFE can be 

poured into before being set in place.
■■ Alternatively, the non-stick coating can be made from 

copolymers (i.e. polymers comprised of more than one type of 
monomer), to introduce some groups onto the polymer chain 
that will stick to the pan.

Cling film
Food can be preserved by covering it in a stretchy film made 
from one of the following polymers:
■■ poly(chloroethene) (also called polyvinyl chloride or PVC, 

see Figure 2 and Chemistry review, Vol. 30, No. 1, pp. 24–28)

■■ low-density poly(ethene) (LDPE)
■■ poly(1,1-dichloroethene) (polyvinylidene chloride, PVDC)

LDPE is a branched polymer, which makes it difficult for 
the chains to stack together, resulting in its lower density and 
lower softening point. Branching occurs during polymerisation 
if a hydrogen atom is removed from the middle of the polymer 
chain, leaving a radical that can undergo propagation into a 
branch (see Chemistry review, Vol. 30, No. 2, pp. 22–25).

Plasticisers are molecules that separate polymer chains and 
weaken the interactions between them, so making the material 
more flexible. Plasticisers added to PVC include dioctyl benzene-
1,2-dicarboxylate and dinonyl benzene-1,2-dicarboxylate (also 
called dioctyl and dinonyl phthalate respectively, Figure 3). 
However, there is controversy surrounding plasticisers because 
some are carcinogenic and so cannot be used in food wrap. 
Furthermore, the plasticisers used in food wrap need to be non-
volatile, so that they will not leach out into the food if put into 
the microwave.
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Figure 1 The structure of PTFE
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Figure 2 Manufacturers tend to favour the syndiotactic form of 
PVC for cling film, as it is both strong and flexible

Polymers in the kitchen
The use of plasticisers is also important because they lower the glass transition 

temperature of the plastic. At low temperatures plastics are rigid (i.e. in a glassy 
state), whereas at higher temperatures they are flexible (i.e. in a rubbery 
state). The temperature at which the change between these two states occurs 
is the glass transition temperature (see Chemistry review, Vol. 9, No. 4, p. 18). 
The polymers in food wrap need to be in their rubbery state, so need to 
have a glass transition temperature less than room temperature. PVC 
has a glass transition temperature over 70°C, but plasticisers decrease 
this to 10°C because they weaken the interactions between polymer 
chains, so less energy is needed to supply partial motion.

Smart packaging
Many companies in the food industry are experimenting with 
the use of smart packaging, which changes colour when food 
goes off. For example, American company Temptime has 
developed the Fresh-Check indicator to show when food goes 
off, based on changes in temperature. If the central circle on 
the sticker is darker than the outer ring, the food is not safe to 
consume (Figure 4).

The indicator works using the polymerisation of diacetylenic 
monomers. As the temperature increases, the monomers 
polymerise at a faster rate, causing the material to darken. Fresh-
Check is used on some food items in American supermarkets 
and is also used in many households. The use of smart packaging 
will hopefully reduce the amount of food that is thrown away 
unnecessarily, when it is in fact safe to eat.
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Figure 4 The Fresh-Check indicator changes colour if the pack 
of food warms up and becomes unsafe to eat
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Figure 3 Examples of plasticisers added to PVC
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