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INTRODUCTION
 Automotive carpet fibers are made from recycled polyester
derived from plastic bottles and/or blends of fibers including
polyamides, polypropylene (PP), polyester (PET), and
polyolefins. The analysis of these fibers is challenging due
to their peculiar and blended compositions.
 Most fiber examinations start with light microscopy followed
by visible microspectrophotometry (MSP) and/or thin layer
chromatography (TLC). Additionally, studies have shown
that the inclusion of the ultraviolet spectral range and the
inclusion of dichroism, which is the use of plane polarized
light (PPL-MSP), may provide further discriminatory
capabilities.
 In this project, forty (40) macroscopically similar black
automotive carpet fibers were analyzed using microscopical
examinations followed by different applications of UV-visible
microspectrophotometry.
 Spectra from these samples were obtained in 4 different
variances and included visible-MSP (400-770nm), UV-vis
MSP (240-770nm), vis-MSP using plane polarized light
(PPL) (400-770nm) and UV-vis MSP-PPL (240-400nm).
 The microspectrophotometer used in this study was not
only equipped with full polarizing capabilities (i.e., polarizing
. filters and a rotating stage), but the analyzer and the
polarizer are capable of transmitting UV radiation down to
240nm, making pairing of the ultraviolet with plane
polarized light a reality.

 The microscopical examination to determine optical properties,
including color, birefringence and fluorescence resulted in
similarities and differences.

 The ultraviolet region of the MSP spectra showed discernible
differences which allowed differentiation of several samples.
 After UV-visible MSP, 10 pairs of samples were not able to be
further differentiated (24%).
 The inclusion of the ultraviolet region to visible MSP allowed a
76% improvement in differentiation.

Differentiation in the ultraviolet spectra

Figure 2: Photomicrographs of Fiber Samples
 After a pairwise comparison consisting of 780 comparisons, there
were 82 indistinguishable pairs of samples (~10.5%) = 41
microscopically indistinguishable samples (see figure 3).
Spectra 2: Sample 006 and Sample 103
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MATERIALS AND METHODS
 Automotive carpet fiber samples were collected from
various makes and models of vehicles from the years 2008
– 2015 (see figure 1 below).

Figure 3: Pairwise comparison
 17/40 samples (~42%) of the samples exhibited varying levels of
fluorescence
(see figure 4 below); however, the observed
fluorescence did not contribute to any further differentiation.

Spectra 3: Sample 034 and Sample 177
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Figure 4: Fluorescence (40x)
Figure 1: Images of automotive fibers (640 x 480)
Microscopical Analyses:
 A microscopical examination was performed to determine
optical properties, including color, birefringence and
fluorescence using a polarizing light microscope.
 A pairwise comparison involving 780 pairs of samples was
performed using a Leica DM4000B comparison
microscope.
UV-Visible Microspectrophotometry
 Three fibers from each sample were examined within the
UV-visible spectral range of ~240-770nm using a CRAIC
FLEX microspectrophotometer.
 Six locations per fiber were analyzed in the horizontal and
vertical positions both with and without a polarizer.

Additionally, the following limitations were identified:
 The samples used in this study were dark and therefore
the collected spectral information resulted relatively
shapeless in different areas of the spectral region in the
visible range.
 A portion of the sample set consisted of polyester, which
generated a large absorption band in the UV region.
While this observation may render the use of FTIR
spectroscopy redundant, the UV range in MSP offers its
highest discriminating potential if spectral information
about chromophores absorbing in the UV range and if
additives in the fiber are detected instead.
 UV-Vis MSP requires mounting fibers using quartz slides
and quartz coverslips. If this method is used after
microscopical examinations, when fibers are typically
mounted using glass slides and coverslips, there is no
other option other than transferring the fiber samples
which consists of a time consuming and tedious step.

 Of the 41 indistinguishable samples, the visible region of the MSP
spectra did not provide further differentiation.

Polyester peaks
Similar UV-vis spectra

.

Spectra 1: Sample 005 and Sample 065

Spectra 4: Sample 106 and Sample 111
This research intends to address historical opposing views about the
configuration of MSP instrumentation that should be adopted to
ensure the most efficient use of this method. While some proponents
maintain that visible MSP (possibly supplemented with thin layer
chromatography) fits the purpose of an analytical plan, others claim
that the addition of the UV range increases the discriminating power
of the method and hence considerably reduces the risks of false
inclusions. Considering the abundant literature on the use of
dichroism in conjunction with MSP and advances in instrumental
capabilities that allow extension of the use of dichroism in the UV
range, it was found important to re-evaluate the current state of the
use of MSP to the forensic examination of fibers and to determine its
best use for this purpose.

 The results indicate that microscopical examinations are
a required, fundamental component in the analytical
scheme in the examination of textile fibers.
 Out of 780 pairwise comparisons, only ~10.5% were not
able to be differentiated based on microscopical
properties.
 Although varying levels of fluorescence were observed
in almost half of the fiber samples, it was not a factor
that provided further differentiation in this project.
 Additionally, the use of plane polarized light (MSP-PPL)
to observe and measure dichroism did not appear to be
a contributing factor in the differentiation of these fibers.
 Of the ~10.5% of indistinguishable samples, (41 total
samples), UV-visible MSP was able to further
differentiate 31 of those samples. Of those 31 samples,
differentiation was made possible solely using ultraviolet
radiation (240-400nm). The visible region (400-770nm)
was not impactful in the differentiation of these samples.
 This project illustrates the continued importance of the
use of microscopical examinations as a prelude to other
analytical techniques and the significant impact
ultraviolet radiation has on the differentiation of textile
fibers.
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