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COMPUTATIONAL chemistry is a 
powerful interdisciplinary field where tra-
ditional chemistry experiments are replaced 
by computer simulations. They make use of 
the underlying physics to calculate chemical 
or material properties. The field is evolv-
ing as fast as the increase in computational 
power. The great shift towards computa-
tional experiments in the field is not surpris-
ing since they may reduce research costs by 
up to 90% — a welcome statistic during this 
financial crisis.

Keith M. Azzopardi (supervised by  
Dr Daphne Attard) used two distinct 
computational techniques to uncover the 
structure of a carcinogenic chemical called 
solid state benzene. He also looked into its 
mechanical properties, especially its auxet-
ic capability, materials that become thicker 
when stretched. By studying benzene, Az-
zopardi is testing the approach to see if it 
can work. Many natural products incorpo-
rate the benzene ring, even though they are 
not toxic.

The crystalline structures of solid state 
benzene were reproduced using computer 
modelling. The first technique used the ab 
initio method, that uses the actual physical 
equations of each atom involved. This ap-
proach is intense for both the computer and 

the researcher. It showed that four of the sev-
en phases of benzene could be auxetic.

The second less intensive technique is 
known as molecular mechanics. To simpli-
fy matters it assumes that atoms are made 
of balls and the bonds in between sticks. It 
makes the process much faster but may be 
unreliable on its own due to some major as-
sumptions. For modelling benzene, molecu-
lar mechanics was insufficient.

Taken together, the results show that mo-
lecular mechanics could be a useful, quick 
starting point, which needs further improve-
ment through the ab intio method. •
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Illustration of a 2x2x2 unit cell of Benzene I 
as calculated through ab initio simulations


