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The past 20 years have seen widening appli-

cations of hand-held instruments which

facilitate operation outside the confines of
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measurements in applications such as
quality control, material identication,
authentication and surface contamina-
tion. Other applications include non-
destructive testing of polymers, coat-
ings, food, art objects, explosives, indus-
trial chemicals and minerals.

These devices are generally battery
powered, with size and weight (typically
around 3 kg) being reduced using ultra-
compact interferometers and lithium-
ion batteries. The latest instruments
incorporate touch screen controls
enabling use by operators with lower
levels of experience than traditional
instruments. For example, production
workers or members of the emergency
services. Some instruments can be
coupled to ‘plug in’ test material inter-
faces which mimic the accessories used
on bench-top instruments. However, they
have less versatility or data manipulation
capability than laboratory devices. They
also have limited access to facilities such
as spectral libraries for identication of
unknown materials.
FTIR gas analysers

FTIR gas analysers are typically battery
powered, weigh around 10 kg and are
intended for analysis of airborne gases
and vapours. The main limitation is that
the gas being measured must absorb in
the IR. This precludes diatomic gases
such as oxygen, nitrogen and chlorine or
inert monatomic gases such as helium
and argon.

The latest generation of gas analysers
can detect up to 25 gases simultaneously
providing results in as little as 25
seconds. The library of measured gases
can be changed by the user to enable
measurement of other gases. Operating
times are typically around 2–3 hours.
Applications include:

� Occupational health measurement
in areas such as hospitals (anesthetics),
painting (volatile organic compounds),
dry cleaning (halocarbons), shipping
containers (various) and fumigation
(various);

� Leak detection;
� Emergency rst responders (re and

other emergency services);
� Chemical warfare agent detection.
A recent development of IR gas analy-

sers is the IR gas imaging camera. These
have lower sensitivity than FTIR gas
analysers but can, for example, provide
visual assessment of gas leaks from
pipework, tanks and other sources at
a safe distance (see Fig. 2). Such devices
typically weigh below 2 kg and are suffi-
ciently small to mount on drones or other
unmanned aerial vehicles (UAVs). These
facilitate remote aerial investigation of
otherwise inaccessible and potentially
hazardous sites.
NIR analysers

NIR instrumentation is simpler than
FTIR and more amenable to construction
of hand-held instruments. Nevertheless,
development has lagged behind FTIR
with the rst commercial equipment only
appearing around 2005, reecting the
inherent analytical limitations of NIR
compared with FTIR spectroscopy.

The absorption bands observed in the
NIR (mostly from O–H, C–H, and N–H
bonds) are very broad compared with
those in the mid-IR. These bands are
common to many organic molecules so
NIR spectra of different compounds oen
show only minor differences, leading to
poor molecular selectivity. NIR is also less
sensitive than FTIR, precluding analysis
of components in mixtures below a few
percent. The physical nature of the test
material also has a signicant effect on
NIR spectra. This is due to the diffuse
reectance technique used in most
instruments which allows radiation from
the NIR source to pass through gaps
between particles. The amount escaping
varies with characteristics such as
particle size, packing density, porosity or
the presence of air bubbles, shiing the
baseline of the NIR absorption spectra by
differing amounts. These factors have
both advantages and disadvantages for
developing simple hand-held
instruments.
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according to specic characteristics.
Unknown test materials with character-
istics in the range of the training set can
then be identied by the instrument
soware. The same principles allow cali-
bration of instruments for quantitative
analysis using a set of test materials for
which the concentration of one or more
constituents is known. Acquiring and
validating such data is laborious so
manufacturers usually undertake this
work themselves, marketing instruments
for specic applications. These include
quality control of foodstuffs, pharma-
ceuticals and raw materials, bulk assess-
ment of minerals and agricultural
materials, identication of polymers and
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