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IMAGINE the smallest thing you possi-
bly can. The eye of a needle? A human hair? 
A particle of dust? Think smaller, some-
thing you cannot even see, something on a 
molecular scale. Now imagine that molecule 
has the potential of a whole laboratory. This 
dream is now becoming a reality.

In recent years, the field of molecular sen-
sors has grown into one of the most ground-
breaking areas in Chemistry. Molecular 
sensors are compounds that can detect a sub-
stance, or unique mixture of substances, and 
provide an easily detectable output. Usually 
this is a change in the absorption of ultravio-
let or visible light, or in the emission of Fluo-
rescence. In other words: colours!

John Gabarretta (supervised by Dr David 
Magri) created a simple example of these 
fluorescent molecular sensors. The mol-
ecule was based on the Fluorophore-Spacer-

Receptor model, where the ‘output’ part of 
the molecule (the fluorophore — a structure 
which shines light) is separated from the ‘in-
put’ part (the receptor — a structure which 
is sensitive to a particular substance, such 
as acidity or a metal ion) by an intermedi-
ate spacer, whose main function is to link 
these two components together. The model 
means that a molecule can detect a chemi-
cal and respond by shining light or not. The 
process gives information about the chemi-
cals in a solution.

The molecule was made by a two-step syn-
thetic route (which took several attempts and 
resulted in several different colours), and its 
behaviour was tested by dipping into an acid. 
In water the molecule was switched ‘off ’, but 
quickly turned ‘on’ in an acidic solution by giv-
ing a bright blue light when exposed to ultra-
violet light (UV) — a pretty satisfying sight!

Molecular sensors have some very ad-
vanced applications — the pioneer A. P. 
de Silva said that there is room for a “small 
space odyssey with luminescent molecules”. 
This odyssey includes some that detect sub-
stances such as sugars. 

While very advanced systems are ap-
proaching chemical computers, since they 
have multiple inputs and use Boolean 
Logic, the so-called ‘Moleculator’ or ‘gam-
ing tic-tac-toe’ systems. The future is bright 
(if you pardon the pun) and with more 
complex structures more possibilities will 
appear; the molecular laboratory may be-
come a reality detecting diseases or toxins 
in no time at all. •
This research was performed as part of a Bach-
elor of Science (Honours) at the Faculty of Sci-
ence.
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solution The molecule’s structure, based on the Fluorophore-Spacer-Receptor model (shown as 

a scheme), allowed for a bright blue fluorescence when exposed to Ultraviolet light
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