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1. Introduction

Forensic science laboratories are frequently asked to characterize tapes having pressure-
sensitive adhesive backings, since thay are often associated with criminal activity. Tape can
be used to assemble improvised explosive devices, to bind and gag victims in kidnappings,
robberies, homicides, and sex crimes, to package large quantities of marijuana, hashish, and
other contraband, and to prevent doors from latching in burglaries. The amount of sample
available for analysis may vary from an almost complete roll to minute fragments recovered
after the detonation of an explosive device.

2. Preliminary Examinations

O
A pésitive association with the suspect can only be established through the development of § (\ S
1

fingerprints, or from 2 “jigsaw” fit of one end of the tape found at the crime scene with the

end of a roll of tape found in the possession of the suspect, or from a physical match of the

pattern of adhesive residues left on a surface with the missing adhesive backing on a piece Q_)

of tape (Fig.-F-1). Therefore, these examinations are attempted first. RN
!
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Fig-F-1. (a) Pattern of adhesive residues remaining

possession);

on an automobile speaker (found in suspect’s

(b) Pattern (negative reversed) from the back of a strip of “Velcro™ (found in victim's automobile).

If the above examinations are unsuccessful,
useful information. If tape fragments found at t
same characteristics, then this could sugg

additional examinations may still provide
he scenes of several similar crimes have the
est that the same individuals may be involved.

Along with other evidence, a jury may consider a laboratory finding, such as: “the tape frag-

ments found at the crime scene were mi
pared with the roll of tape found in the p

croscopically and chemically examined and com-
ossession of the suspect, and they were found to be

similar as far as type and brand. The tape fragments found at the crime scene could have

originated from the roll of tape found i
source of the same type and brand of

n the possession of the suspect, or from some other
tape.” And, of course, a positive nonassociation is

possible; that is, that the tapes are different.

Some common types of tapes encountered include: black polyvinylchloride (PVC) elec-
trical tape, beige masking tape, white adhesive type, silver-colored duct tape, black friction
tape, and transparent tape. Although the type of tape involved will influence the analysis

methods chosen,
class.

it is more convenient and useful to consider their analysis as a general
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)
ickness, and surface texture.

de by 0718 mm (7 mils) thick
ences in the textures of their

First, examine the tape fragments visually. A low power stereobinocular microscope (7 t
30X) is stifficient for this, Note features such as color, width, th

Keto (1984) (1) found that six brands of 19 mm (0.75 inch) wi
black PVC electrical tape could all be distinguished by differ
nonadhesive surfaces.

Kee(1984) (2) examined C electrical tapes after first rethoving”
the adhesive by soaking the tapes | i
he attributed

pes having cloth backings should in-
clude a comparison of the warp and w inati
tion of cloth backing fibers. Check the

short wave (254 nm) and long wavelength (366 nm) uv light. Differences in fluorescence at
other wavelengths including infrared can be distinguished by those laboratories equipped
with instrumentation such as the “Video Spectral Comparator” made by Foster & Freeman,

3. Instrumental Methods

a. Elemental Analysis

Black PVC electrical tapes have been examined by both Kero (1) and Kee (2) using energy
dispersive X-ray Spectrometry (EDX). Kero i

manufacturers, analyzing for ten different e]
differences e

b. Infrared spectroscopy

Infrared (IR) methods are conveniently divided into those that are nondestructive and those
that are destructive of the sample. Nondestructive methods include those involving attenu-
ated total reflectance spectroscopy (ATR), the diamond anvil cell, and microspectropho-
tometry. Keto (1) used a KRS-5 ATR crystal and a Fourjer transform infrared spectropho-
tometer (FTIR) to examine the adhesive side of six different brands of black PVC electrical
tape and the resulting spectra were a] easily distinguishable (Fig.-F-4). Kee(2) used ATR to

i ble to identify different types

C electrical tapes and was a
pplication, Pattacini and A
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Fig.-F-3. Elemental profiles from EDX of six brands of black PVC
Relative Abundances of Ten Elements in Tape Backings

electrical tape ( Ref. 1).

and computer difference Spectroscopy to study both sides of two samples of insulation
adhesive tape, one exhibiting good

and the other poor adhesive properties. Although the
ATR spectra of the adhesive sides of the samples were quite simi

da *“NanoSpec"/20-IR micro-
Xamine a wide range of adhesive materials. For forensic science ap-
plications the diamond cell and microspectrophotometry have an advantage over ATR in
that they require only nanogram quantities of sample.

IR methods which are destructive of the sample include those involving pyrolysis and 3

those in which the polymeric material is dissolved in a suitable solvent and then deposited
as a cast film on a KBr plate. The pyrolysis procedure was developed by Harms (1953) (8)
and applied to a variety of polymeric materials that were intractible by normal IR methods. Tl -
The sample is placed in a borosilicate glass test tube and the tube is held nearly horizontal i . T
over the inner blue cone of a Bunsen burner flame. The sample is heated rapidly and the '
vaporous pyrolyzate condenses as a liquid on the cool portion of the tube. The condensed

IR vnv:r,-.--x;u_:;w»,-.mm,.»..,..,,;m.m.‘.‘_,_\ TR At e
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Fig.-F-4. ATR infrared spectra of adhesive side of six brands of black PV'C electrical tape (Ref. I).
Tape Adhesives by Internal Reflectance F.T.I.R.

material is then scraped off and examined as a smear on a KBr or NaCl plate. Smalldon
(1969) (9) applied this method to a variety of forensically related polymeric materials. The
pyrolyzate spectra were compared to spectra of known materials that were obtained under
the same conditions. Truett (1977) (10, 11) described a pyrolysis chamber complete with
power supply and the Wilks Model 40 “Pyro-Chem” pyrolysis unit. The chamber mounts in
the sample compartment of the IR and requires around 10 to 20 mg of sample. Its advan-
tage is that the volatile fraction is not lost. The pyrolysis chamber can either be mounted as a
gas cell to record the vapor spectra, or as an ATR attachment to record the spectra of the
condensed pyrolyzate. Pattacini (1974) (12) examined three adhesive formulations cast on
KBr windows. Spectra of the entire adhesive formulations were first obtained by dissolving
the adhesive in tetrahydrofuran and casting a film on a KBr window. Next, each adhesive
was dissolved in toluene, the solutions filtered, and then methanol was added to the toluene
solution to precipitate the polymer. The precipitated polymer was filtered, washed with
methanol, dried, dissolved in tetrahydrofuran and then deposited as a cast film on a KBr
window. The remaining solutions were extracted several more times with methanol to re-

T
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move any remaining traces of polymer. Column chromatography was performed on the to]-
uene solutions, the various fractions were €vaporated, and the residyes were exar%ined,.re-

vealing additional major components such as resins in the adhesjve formulations, Noble
and coworkers (1974) (13) examined a collection of 179 different commercia] adhesives us-
ing either cast films of the entire adhesive formulation or grinding the dried adhesive with
KBr and making a pressed disc. Blackledge (1984) (14) examined three brands of beige

masking tapes. Pieces of the tapes were soaked in dichloromethane, the solutj

and then portions of the solutions evaporated onto KBr windows,

¢. Pyrolysis-gas chromatography

In an early paper, Groton (1964) (15) described an apparatus for pyrolysis gas chromatogra-
phy (PyGC) of the flash pyrolysis type which employed a platinum heating coil. He deter-

mined qualitative ﬁngerprintmg conditions so th

case samples.
Another method which would seem to offer great forensi

capillary column-GC/FTIR, Herres and Foelster(1984)
polymeric products with such a system,

d. Pyrolysis-mass spectrometry

the pyrolyzate enters the mass spectrometer without separation, Hughes and coworkers
(1977) (24) applied this method to a variety of paints, adhesives, putties and fibers using a
urie point pyrolyzer and a magnetic sector mass spectrometer in the electron impact
mode. They found PyMS to be rapid, sensitive, usually reproducible and amenable to data
Storage and retrieval, Saferstein and Manura 1977) (25) examined various paints and fibers
by PyMSs. They used a flash pyrolysis apparatus employing a platinum heating coi] (Chemi-
cal Data System Model 100) coupled to a magnetic sector m
cal ionization mode, employing isobutune as a reagent gas.

ed in order to reduce the complexity of the mass pyrographs. Curry (1980, 1981) has

o

reported on the PyMS of adhesives (26) and polymers (27).
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e. Other rgethods
4

Blackledge (1984) (14) examined three brands of beige masking tapes by fluorescence spec-
troscopy using the technique of synchronous excitation. The nonadhesive sides were ex-
amined using the front surface accessory. Although the fluorescence intensity varied, the
fluorescence patterns were reproducible within a tape roll and betweén rolls from'thre sam
sample lot. The different brands gave different patterns and two rolls that were different lots
of the same brand also gave different patterns. Dusting the nonadhesive surface with black
fingerprint powder merely reduced the fluorescence intensity. Pieces of tape were also
soaked in dichloromethane, the solutions filtered through glass wool, and a few drops
added to more dichloromethane in a cuvette and the solution examined. This also produced
fluorescence spectra which showed differences between brands and between sample lots.
Subsequently, the same solutions could be evaporated onto KBr windows for IR, or on to
ribbon probes for PyGC.

Other methods may have promise, in fact they may be able to demonstrate differences
where traditional IR and PyGC methods fail, but they are not yet in routine use in forensic
science laboratories. Brennan and coworkers (1981) (28) have described a system for ther-
mal analysis of polymers using a differential scanning calorimeter and a thermal analysis
data station, and Reffner (1984) (29) has presented a paper on the thermal microscopy of
polymers. Aldenand Dark (1984) (30) have described the analysis of “such diverse commer-
ical products as chewing gum, coatings, paints, adhesives, plastic components, smokeless
gun powders, and many rubber and petroleum products” by gel permeation chromatogra-
phy. Improvements in sample size requirements as well other improvements now make
practical the use of nuclear magnetic resonance spectroscopy (NMR) in forensic laborato-
ries, and its applications are being investigated by Vordermaier(1985) (31) at the Bundeskri-
minalamt in Wiesbaden, Federal Republic of Germany.

4. Summary

Forensic science laboratories characterize tapes with pressure-sensitive adhesive backings
through a combination of visual and instrumental examinations. Nondestructive methods
are preferred (due to evidence preservation requirements), as well as those methods requir-
ing a minimum amount of sample and minimum preparation. The analysis methods chosen
will depend on factors such as the type of tape, amount of sample, and available instrumen-
tation. Most analyses involve at least two of the following: EDX, IR, and PyGC or PyMS.
Normally the objective is not to perform a detailed chemical analysis of the tape samples;
forensic chemists are addressing the question of possible commonality of origin. It may be
tempting to rely on pattern matching without identifying the various chemical components
or understanding the processes involved, but this should be avoided. For example, two sam-
ples of polystyrene might give very similar patterns with IR and PyGC and yet gel perme-
ation chromatography might show that they have different molecular weight ranges and

are, therefore, different.

Increasingly, methods will be coupled with data stations capable of reducing the patterns
to normalized, digitized form for storage, retrieval, and library searches. The display termi-
nal will show the closest matches in the library, provide a number whose magnitude is an
index of how closely two samples match, and indicate the previous frequency of occurrence
of such samples. Each laboratory would not have to create its own data base; a large central

laboratory can create and maintain a data base available to all, as already done in the
United Kingdom.
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