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When you think of chemistry saving lives, you may 
just think of drug discovery and pharmaceuticals. 
But think again. Materials chemistry can also save 

lives. Polymers are an important type of material and are found 
in thousands of everyday products, from bags and bottles to 
the casings for our high-tech gadgets. These macromolecules 
are made up of long chains of repeating units. Depending 
on their chemical composition, a whole variety of desirable 
properties can be obtained, such as flexibility, heat resistance 
and strength. But there is one polymer in particular — Kevlar 
— that is perhaps the greatest of all, as its unique combination 
of properties makes it capable of stopping a speeding bullet.

Kevlar was patented in 1966 after being developed at DuPont 
by Stephanie Kwolek (see CHEMISTRY REVIEW, Vol. 20, No. 2, 
pp. 19–22). Although Kevlar’s best-known application is in 
bullet-resistant clothing, its extremely high strength (five times 
stronger than steel), high thermal stability and resistance to 
corrosion (see CHEMISTRY REVIEW, Vol. 20, No. 2, pp. 24–28) lend 
this material to a variety of other uses. These include:

 ■ tyres
 ■ motorcycle clothing
 ■ boats
 ■ racquet strings
 ■ pan coatings
 ■ fighter jets
 ■ racing cars

What makes this polymer even more incredible is that it 
boasts all these traits while still being flexible and lightweight 
— not something you would expect from your average material. 
So what exactly is Kevlar, and why is it such a strong material?

Strong and long
Kevlar is a simple polyamide, made from a condensation 
reaction between a diamine and a diacylchloride or diacid 
(Figure 1). Peptide bonds form between the monomers, and 
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Discovering the chemistry behind bullet-resistant clothing requires 
knowledge of polymers and hydrogen bonding.
Discovering the chemistry behind bullet-resistant clothing requires 

Exam links 
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Heather Powell is a chemistry undergraduate at the University 
of York.

www.ideafinder.com/history/inventors/kwolek.htm
www.theseacpages.co.uk/Kevlar.aspx
www.topbits.com/how-do-bullet-proof-vests-work.html

www.ideafinder.com/history/inventors/kwolek.htm

Useful sites 

These kayaks have hulls made from woven carbon fibre and Kevlar embedded in resin. 
This makes them stiff, lightweight and extremely tough. They are flexible enough to 
withstand an accidental impact with a rock that could put a hole in a fibreglass boat
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Figure 1 Formation of Kevlar
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Figure 2 Hydrogen bonding
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since both ends of the reagents are reactive, a polymerisation 
reaction occurs, producing long chains.

But how does this structure survive the impact from a bullet? 
You won’t find the answer from looking at one isolated polymer 
chain: you need to consider the structure as a whole in order to 
understand how this material really works. 

The key to Kevlar’s incredible strength comes from its ability 
to form hydrogen bonds between its polymer chains. These 
occur along the entire length of the polymer, forming between 
the polar N–H and C=O groups, giving a strong, long-range 
ordered crystalline structure. The interaction between the 
benzene rings of parallel chains, called aromatic stacking, is 
another key contributor to Kevlar’s strength (Figure 2).

It is this cross-linked network that prevents the material 
from being easily stretched or torn, so Kevlar will resist bullets 
or sharp objects. Nothing is perfect however: a bullet can still 
injure you even if you are wearing a Kevlar vest. The energy 
contained in such a high-velocity object cannot all be absorbed, 
so some will inevitably be transferred to you and the force can 
be enough to knock you off your feet. But thanks to Kevlar, you 
should hopefully escape with your life.

A reel of Kevlar thread, containing continuous polymer fibres 
hundreds of metres long. Beneath the reel is a sample of fabric 
woven from Kevlar
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