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ABSTRACT: Infrared spectra were obtained from single microfibers using a specifically
designed anvil and template to preflatten the fiber perpendicular to the infrared (IR) path.
A series of IR spectra of fibers from the Collaborative Testing Service (CTS) reference
Collection of Synthetic Fibers has been produced to demonstrate the technique and provide
a basis for others in possession of CTS fibers to compare techniques.
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Forensic fiber comparison usually requires that a series of tests be carried out on one
fiber, that is, that the same individual fiber be compared microscopically. chemically,
and spectroscopically. Therefore, there is a need to be able to recover the fiber for further
tests, notably for dye comparison, by microspectrophotometry and thin-layer chroma-
tography, after having obtained an infrared match.

A number of systems have been developed to produce infrared spectra from small
single fibers. Systems such as solvent films [/-3]. anvil cells [4-7]. potassium bromide
(KBr) micropellets [8,9]. and microslits, which are commonly used in conjunction with
beam condensers. Each has its merits; however, with the exception of the microdiamond
cell, all are labor-intensive and require considerable dexterity in the manipulation of the
fibers. Diamond cells have a large infrared (IR) opaque region that can present problems
with acrylic fibers. Solvent films have the problem of being a destructive technique that
inhibits further testing.

Producing a consistent infrared spectrum of a single fiber can present a number of
problems to the forensic scientist. The circular profile of a fiber can induce diffraction
and stray light effects [7,70—12], and the diameter of a highly colored fiber can affect
the optical density of the fiber. The anvil and template described have been designed to
allow up to ten fiber mounts, which are flattened perpendicular to the IR beam. The
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FIG. 2—IR spectrum of a polyester single fiber.

FIG. 1—The anvil and template. The dimensions in millimetres.
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combination of the flattened profile and consistent orientation of the fiber to the IR
beam minimizes diffraction and crystal alignment effects. The device also facilitates easy
recovery of the fibers for further comparison.

Materials and Equipment

The template was designed to fit the stage of a Spectra-Tech Model 0036-033 micro-
scope, attached to a Perkin-Elmer Series 1750 Fourier transform infrared spectrometer
equipped with a Judson MCT detector.

Reference fibers were obtained from the Collaborative Testing Service (CTS) Refer-
ence Collection of Synthetic Fibers.

Description

The device consists of a plate 76 mm long, 16 mm wide, and 3 mm thick. A slot 3 mm
wide and 25 mm long was cut into the center of the plate from one end. A mating anvil
was machined into a base plate to match the slot in the plate (Fig. 1). A small chamfer
was machined into the leading edge of the slot to guide a scalpel tip when incising the
tape placed across the plate and anvil.

Procedure and Discussion

The plate is placed onto the anvil and base plate. A strip of double-sided tape is laid
along the plate so that it covers both sides of the slot in the plate and the anvil. A scalpel
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FIG. 3—IR spectrum of a Nylon 6 single fiber.
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point is used to cut around the anvil, and that portion of the tape covering the anvil is
removed.

Using a stereomicroscope, 5- to 8-mm-long sections of fiber are mounted across the
slot. If the length of fiber is too short, a small piece of double-sided tape is placed from
one side of the slot to the other as a bridge. The fiber is attached to the underside of
the bridge so that it protrudes into the center of the slot.

After the fibers have been allowed to relax in the adhesive, they are then rolled, using
a small ball-bearing race mounted in a yolk formed into one end of a pencil-sized handle.
Only a light touch with an oscillating motion is required to flatten fibers up to 20 pm in
diameter. Larger filaments are rolled vigorously on the anvil backing plate prior to
mounting. The roller was first observed by the author in use at the South Australian
Forensic Science Centre. There, acrylic fibers were rolled prior to mounting in a low-
pressure diamond cell.

The plate is removed from the anvil and mounted on the microscope stage. The first
fiber is located in the optical path, and the aperture is set to about 70% of the width of
the flattened section being examined. With this microscope, the aperture is remote from
the fiber and it is important to focus on the center of the fiber to minimize stray light
effects [10].

The plate is then simply racked through, picking up each fiber in turn. To ensure that
fibers are not missed or mixed, an odd-colored fiber is placed between selected fibers
and recorded accordingly. Only fibers from one source are mounted at the same time.
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FIG. 4—IR spectrum of a Nylon 6/Nylon 11 single fiber.
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Using this technique, infrared spectra were prepared from a selection of CTS reference
fibers (Figs. 2 through 11).

Conclusions

Case work with the template and anvil has demonstrated its usefulness in routine single-
fiber IR analysis. It has proven to be a rapid, reliable, and cost-effective technique,
providing the following benefits for IR analysis of single fibers.

(1) rapid preparation of up to ten fiber mounts,

(2) maintenance of the security of the fiber,

(3) ease of recovery for further tests,

(4) presentation of a flattened fiber in a consistent orientation to the IR beam, and
(5) a reduction in diffraction effects and improved optical transparency.
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FIG. 5—IR spectrum of a Nylon 66 single fiber.
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FIG. 6—IR spectrum of an acetate single fiber.
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FIG. 7—IR spectrum of a rayon single fiber.
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FIG. 8—IR spectrum of a polyethylene polypropylene copolymer single fiber.
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FIG. 9—IR spectrum of a polyethylene single fiber.
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FIG. 10— IR spectrum of an acrylic single fiber.
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FIG. 11—IR spectrum of a modacrylic single fiber.
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