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Abstract

Abstract

Fourier transform infrared (FTIR) spectral imaging is emerging as an exciting new
tool in forensic analysis. This technique is capable of simultaneously collecting
thousands of infrared spectra using an array detector, thus yielding both spectral and
spatial information with extremely fast collection times. The aims of this research
were to examine potential forensic applications of FTIR spectral imaging, in

particular in the physical evidence area.

Infrared spectral images of multilayered paint chips have been successfully obtained,
with the chief advantage over conventional infrared analysis being that thousands of
infrared spectra are collected in a few minutes across the whole paint sample. As
with conventional infrared spectroscopy, chemical species can be identified from
their spectra, but there are also a number of different ways to make multi-component
spectral (and hence chemical) comparisons between two samples easy to visualise
and understand. Infrared spectral images of two paint chips being compared side-by-
side can be viewed as a “movie”, in which each frame is an intensity map of the two
samples at a given wavenumber (frequency) value. In another approach, the spectra
in the image files are classified into chemically similar groups, resulting in a
“cluster” image that makes it possible to simultaneously compare all of the layers in

two paint chips.

Bicomponent fibres are a special class of fibres that comprise two polymers of

different chemical and/or physical properties. In over 50% of the bicomponent fibre

X1X



Abstract

samples analysed, infrared spectral imaging was able to spatially resolve two
spectroscopically distinct regions when the fibres were examined side-on. The
technique provided characteristic infrared spectra of each component and images
which clearly illustrated the side-by-side and sheath-core configuration of these
components in the fibre. It was possible to prepare and image a cross-section of one
of the fibres, but in general the preparation and analysis of fibre cross-sections
proved very difficult. A number of infrared sampling techniques were investigated
and spectral imaging results were compared with those obtained using conventional

fibre microscopy techniques.

Attenuated total reflectance (ATR) FTIR spectral imaging was shown to be
successful for determining the sequence of heterogeneous line intersections produced
using ballpoint pens and laser printers. By imaging at the particular frequencies
corresponding to the functional groups specific to the ballpoint pen ink and toner
materials, it was possible to form spectral images showing their spatial distribution.
It was possible to determine whether the ink was above or below the toner, by
examining whether there was a gap present in the ink spectral image at the point of
intersection with the toner. Blind tests were performed and the results obtained using
ATR-FTIR spectral imaging were directly compared to those obtained by
experienced forensic document examiners using methods regularly employed in
casework. ATR-FTIR spectral imaging was shown to achieve a 100% success rate in
the blind tests, whereas some incorrect sequence determinations were made by the

forensic document examiners when using traditional techniques. The technique was
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unable to image ink-jet printing, gel pens, roller ball pens and felt-tip pens, and was

also unable to determine the sequence of intersecting ballpoint pen lines.

Overall, infrared spectral imaging was shown to be a successful technique for
analysing multi-layered paint chips, bicomponent fibres and determining the
sequence of intersecting ballpoint pen and toner lines. In the past five years, there
has been a significant increase in the number of reported forensic applications of
infrared spectral imaging. It is anticipated that this technique will continue to grow
in importance as a tool for forensic scientists over the next decade, and that infrared

spectral imaging will find a regular place in forensic laboratories.
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