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Abstract

Infrared spectroscopy and pyrolysis GC/MS were applied in comparative analysis of adhesive tapes. It was found that samples
of the same type and similar infrared spectra can in most cases be effectively differentiated using Py-GC/MS, sometimes based
only on the presence of peaks of very low intensity originating from minor components. The results obtained enabled us to draw
the conclusion that Py-GC/MS appears to be a valuable analytical technique of tapes examination that is complementary to in-
frared spectroscopy. By identification of pyrolysis products, it enables discrimination of samples. Both methods provide crucial

information that is useful for identification of adhesive tapes found at the crime scene.
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1. Introduction

Adhesive tape is currently one of the most com-
monly used office and industrial articles, facilitating
daily life. It can also be found at crime scenes. Adhe-
sive tapes are often used by offenders to bind hands
and feet or to gag a victim as well as to construct explo-
sive devices or seal parcels or threatening letters. The
aim of criminalistic examinations of adhesive tapes is
to identify the kind of tape and to establish its prob-
able producer as well as to compare tape fragments
originating from the crime scene with those originat-
ing from the suspect in order to establish whether they
originate from the same roll (have a common origin).

Physicochemical examination of adhesive tapes in-
cludes optical methods, which enable one to observe
their structure, colour (UV/VIS method), thickness,

width, birefringence or fluorescence [5, 6, 8]. On this
basis it is sometimes possible to differentiate between
the tapes. However, in most cases it is also necessary
to perform chemical analysis of both glue (adhesive)
and backing by the use of analytical methods such as
infrared spectroscopy (IR) and pyrolysis gas chroma-
tography-mass spectrometry (Py-GC/MS).

As a non-destructive method, infrared spectros-
copy is routinely applied in forensic examination of
different polymer samples. It is sensitive to molecular
structure and, therefore, provides valuable informa-
tion about the chemical composition of such materi-
als as paints, plastics and glues [12, 15]. Information
obtained is in many cases sufficient for classification
of these materials. Application of the ATR (attenuated
total reflection) technique is especially useful in ex-
amination and discrimination of tape samples [7, 9].
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Chemical functional group analysis of backing and ad-
hesive, i.e. polymer components of tapes, carried out
by infrared spectroscopy may help in distinguishing
between different tape manufacturers [8, 9]. However,
differentiation between samples belonging to the same
chemical class is not possible by infrared spectroscopy
method.

Inductively coupled plasma mass spectrometry
detection of trace inorganic components of adhesive
tapes has also been used to help distinguish both be-
tween different brands and between different rolls of
a brand, although the generally low metal concentra-
tion of adhesive tapes can limit the sensitivity of this
approach [4].

Another technique that could extend the characteri-
sation of tapes is bulk stable isotopic analysis [1]. It
contributes a detailed chemical fingerprint, on the ba-
sis of which different manufacturers can sometimes be
distinguished. However, expensive equipment, which
is rarely present in forensic laboratories, is required.

Recently, Py-GC/MS has also been used to clas-
sify, characterise and compare coating materials and
polymers by determination of such components as
binders, additives, solvents, plasticizers and residual
monomers [2, 3, 13]. During pyrolysis, macromole-
cules of synthetic polymers are broken down by ther-
mal energy into smaller fragments, which can be more
easily identified. Additionally, minor components of
polymer sample may be visible as separate peaks in
the pyrograms obtained [10]. Although Py-GC/MS is
classed as a destructive method, the size of the exam-
ined sample is very small, about 10—-100 micrograms.
It also enables one to find subtle structural or compo-
sitional variations in similar matrices. It was reported
that this method provides greater discrimination of ad-
hesive tapes than IR [8, 11, 14]. However, statistical
methods of evaluation of the results obtained should
be applied [1, 11]. GC/MS analysis has also turned out
to be extremely important for the characterization of
hydrocarbon composition of pressure-sensitive adhe-
sive tapes for forensic correlation purposes.

The aim of this paper was to evaluate the useful-
ness of the IR and Py-GC/MS methods in the charac-
terisation of 48 adhesive tapes sourced from several
manufacturers and hence their differentiation for fo-
rensic purposes. Both methods are simple and used
routinely in forensic laboratories in examination of
different polymer materials enabling their rapid iden-
tification.

2. Experimental

Both the glue and the backing of 48 adhesive tapes
of different kinds and producers (Table 1) were exam-
ined by the use of infrared spectrometry and pyrolysis
gas chromatography. All tapes were purchased from
supermarkets and stores. There were packing, electri-
cal and office tapes.

Infrared measurements were performed using an
FTS 40Pro Fourier-transform infrared spectrometer
(BioRad/Digilab), which was equipped with a wa-
ter cooled high temperature ceramic source (MIR)
and coupled with a UMA 500 microscope equipped
with an MCT detector. IR spectra in the mid-infrared
range were recorded at a resolution of 4 cm™. Each
spectrum represented a collection of 512 scans. The
samples were placed on the microscope stage of the
spectrometer and measured by the transmission tech-
nique in the infrared beam. Glues were scraped from
the backing and put directly on the KBr plate. Back-
ings, after removing the glue, were cut into thin flakes
using a microtome. Each sample was examined three
times in the same conditions.

For the Py-GC/MS analysis, a TurboMass Gold
System (Perkin Elmer Instruments) was applied. For
analysis, a small amount of glue was scraped off using
a scalpel, then the rest of the glue was removed using
an organic solvent and a small piece of clean backing
was cut off. Samples were pyrolysed with the use of
a CDS 2000 pyrolyser (Analytix, USA). The GC pro-
gram was: 40°C held for 2 min; ramped 10°C - min™*
to 300°C, 300°C maintained for 2 min; increased
30°C - min™! to 320°C; 320°C maintained for 3 min.
An RTx-35MS capillary column (30 m % 0.25 mm X
0.25 pm) was used. The stationary phase consisted of
35% diphenyl-polysiloxane and 65% dimethyl-polysi-
loxane. The carrier gas was helium. The electron ioni-
sation temperature of the transferline was 240°C and
temperature of ion source in MS 180°C were used. The
scan range was 35-500 m/z. Pyrolysis was performed
at 400°C and 750°C without derivatisation. The py-
rograms of samples were compared and the presence
or absence of peaks, their retention times and relative
intensities were taken into account. Assessment of the
repeatability of the measurements was performed for
3 different fragments of each of the three chosen tapes.
It was found that the repeatability was satisfactory —
very good for retention time and fair for peak heights.

Problems of Forensic Sciences 2011, vol. LXXXVI, 103-113



Effective differentiation of adhesive tapes by the use of infrared spectroscopy and pyrolytic-gas chromatography... 105

TABLE I. EXAMINED ADHESIVE TAPES

Nr of tape Producer Colour Nr of tape Producer Colour
1 INTER A&G Colourless 25 Tesa White
2 Unknown White 26 Tesa White
3 Unknown Brown 27 Tesa White
4 Unknown White 28 Mako White
5 Unknown Colourless 29 Tesa Yellow
6 Unknown Colourless 30 Tesa Yellow
7 Unknown White 31 Pattex Grey
8 LUX Brown 32 Sellotape Colourless
9 LUX Grey 33 Anticor Yellow
10 LUX White 34 Electix 160P Black
11 LUX Yellow 35 Electrix 201-S Black
12 LUX White 36 Electrix 231-P Black
13 LUX Brown 37 Electrix 202-SuperFlex Black
14 LUX White 38 Electrix 211-P Black
15 LUX Grey 39 Electrix 222-S Black
16 Tesa White 40 Electrix 241-P Black
17 Tesa Brown 41 Electrix Bishop 111 Black
18 Tesa Colourless 42 Electrix Bishop L969 Black
19 Tesa Colourless 43 Electrix Bishop 17 Black
20 Tesa Colourless 44 Polytex 101-E Silver
21 Tesa Colourless 45 Anticor 421 Grey
22 Tesa Brown 46 Anticor 301 P Silver
23 Tesa Brown 47 Anticor 311 LT Silver
24 Tesa Silver 48 Anticor 340 HT Grey

3. Results and discussion

On the basis of the obtained IR spectra, adhesive
tapes were divided into several groups of different
composition of backing and glue (Figure 1). Each
group was named after the main polymer present in
the samples.

The backings were divided into 3 main groups,
i.e. containing polyhydrocarbon resin, cellulose or
polyester resin. The biggest group of backings was
the polyhydrocarbon group. Within this group, most
samples contained polypropylene or polyethylene
backing. In the case of three samples, it was difficult
to identify the kind of polymer binder because of the
high contents of fillers (carbonates, silicates), whose
absorption bands obscured the polymer bands. How-
ever, their spectra differed significantly from the re-
mainder. In the group of polyester backings (Figure 2)

three types were distinguished, i.e. the first containing
only polyester binder (i.e. no. 41), the second — poly-
ester with addition of talcum (i.e. no. 25) and the third
— polyester with a small amount of calcium carbonate
as filler (i.e. no. 38).

The glues were divided into 4 groups (Figure 1).
The majority of glues were in the polyhydrocarbon
or the polyester group. In the polyhydrocarbon group
there were three samples with polypropylene glue and
16 samples containing different modified polyhydro-
carbon glues (Figure 4). Some of them contained sty-
rene, but the polymer varied. Some of the polyester
glues contained styrene and a small amount of iso-
prene. The majority of samples in this group, i.e. 14,
contained acrylic glue and 8 samples contained two
different types of polyesters, either I or II (Figure 3).
In the group of isoprene glues, small differences in
chemical composition were observed. One sample
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Fig. 1. Classification of examined tapes on the basis of their IR spectra.
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Fig. 2. Infrared spectra of backings of tapes no. 25, 38, 41
(the polyester group); C — carbonates, T — talcum.

contained styrene and the remainder, silicates as fill-
ers. The IR spectra of five glue samples differed sig-
nificantly from the remainder and so they could be
easily distinguished. However, their spectra did not
contain specific bands and so identification of the

Wiamrimar

Fig. 3. Infrared spectra of glues of tapes no. 33, 34 (the poly-
ester group); S — styrene, E — ester, | — isoprene.
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backing, it was observed that there were tapes with the 3 s

same type of backing and different type of glue, e.g.

within the group of 18 tapes with polypropylene back- g i il S R PO 5

ing there were 8 tapes which contained polyhydrocar-
bon glues, 8 tapes with acrylic glues, one tape with
polyester glue and one was unidentified. Similarly,

Fig. 4. Infrared spectra of glues of tapes 20, 25, 28 (polyhy-
drocarbons group); W — hydrocarbons.
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TABLE II. CLASSIFICATION OF EXAMINED TAPES ON
THE BASIS OF THEIR IR SPECTRA

TABLE III. COMPOUNDS IDENTIFIED IN PYROGRAMS
OF POLYPROPYLENE BACKINGS OF
TAPES NO. §, 14, 22

Backing
Glue Poly- Poly- Poly- Poly- Uni- Compound name Retention Tape examined
ethyl- pro- %;Llu- Glue ester ester denti- time
ene  pylene 1 I fied [min] 8 14 22
Modified Benzene 2.2 A A
lyh - 2
g:rl))loryl/dro 0 8 6 0 0 0 4-heptafluorobutyroxyoctane 2.5 A A
Polypropyl- 3 0 0 0 0 0 0 2,5-dimethyl-1,4-hexadiene 3.0 A A
ene 3-methyl-1,3,5-hexatriene 3.7 B
Isoprene 2 0 0 0 0 0 0 Toluene 38 A A
Acrylic 3 8 0 0 0 0 3 5-methylhexanol 3.9 A A
Polyester 1 2 ! ! 0 ! 0 0 8-methylundecane 4.9 B B B
Polyesterit 00 0 3 0 0 0 1,3-dimethylbenzene 5.9 B B
Unidentified 1 ! 2 0 0 L 0 7-methylundecane 6.9 B B B
. . 3-hexadecane 7.7 A A A
there were tapes with cellulose backing and polyes- . 8
ter glue (1 tape) or polyhydrocarbon glue (6 tapes), or 17-pentatriacontene 11 A A A
unidentified glues (2 tapes). Thus, their differentiation Cyclotetracosane 121 A B B
was easy. There were also tapes consisting of the same 5,9-dimethyl-8-decen-1-ol 13.0 B
type of backing and t.he same type of glue: § tapes with 2-hexyldecane-1-ol 147 B B
polypropylene backing and styrene polyhydrocarbon )
glue or 8 tapes with polypropylene backing and acryl- Trimethyl-cyclohexyl-metha-  15.7 B
: . . nol isomer
ic glue as well as 6 tapes with cellulose backing and
polyhydrocarbon glue. Results obtained for the exam- Tetramethylhexadecanol 171 B
ined tapes on the basis of their IR spectra are shown ISomer
in Table II. Within each group, the spectra were very Mono(2-ethylhexyl) ester of ~ 18.0 B
similar and so, neither identification of all polymer 1,2-benzene-dicarboxylic acid
components in glue and backing, nor differentiation Ethylpropylcyclohexane 20.2 B
between the tapes was possible. Isomer
The application of Py-GC/MS facilitated further
differentiation between the samples. To differentiate
samples characterised by the same set of major compo- u: \
nents and very similar pyrolysis patterns, a previously
developed procedure was used [10]. In the first step of w
the procedure, the baseline of the pyrogram was shift- ote
ed to the level of 10% of the largest peak height. In § o
this situation, only peaks with a relative height larger sl i M | s
than 10% were visible, and were analysed and marked oo M .
“A”. Similarly, all new peaks which appeared on the <) M A ] 14
pyrogram when the baseline was downshifted to the ou An) Sl VA 8

level of 5% of the largest peak height were marked
with the letter “B”. Peaks smaller than 5% in most
cases were skipped because their repeatability was un-
satisfactory.

The results of chromatographic analysis obtained
for example tapes with backings belonging to the same
polypropylene group (Figure 6) which were not distin-
guishable on the basis of their infrared spectra (Fig-
ure 5) are shown in Table III.

Fig. 5 Infrared spectra of polypropylene backings of tapes
no. 8, 14, 22.

The main compounds identified in the pyrograms
of samples were as follows: the major peaks (A and
B), present in all three pyrograms corresponded to
5-methylhexanol, 8-methylundecane, 7-methylun-
decane, 3-hexadecane, 17-pentatriacontene, and cy-
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Fig. 6. Chromatograms of polypropylene backings of tapes
no. 8, 14, 22.
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Fig. 7. Infrared spectra of polyhydrocarbon glues of tapes
no. 10, 20, 32.

clotetracosan. Other compounds appeared only in one
or two out of three pyrograms. The pyrograms of sam-
ples differed clearly from each other.

It was found that within the whole set of exam-
ined backings, only 3 pairs of samples were not dis-
tinguishable by the use of both methods, i.e. IR and
Py-GC/MS. These were two pairs of tapes with poly-
ethylene backing and one pair with cellulose backing.
Significant differences were not observed either be-
tween their infrared spectra or their pyrograms.

Comparing the pyrograms of glues belonging to
the polyhydrocarbon group (Figure §), and thus hav-
ing similar infrared spectra (Figure 7), there are ob-
served significant differences between them. The ma-
jor peaks (A and B) present in all three pyrograms (Ta-
ble IV) correspond to 1,2-dimethylbenzene, styrene
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Fig. 8. Chromatograms of polyhydrocarbon glues of tapes
no. 10, 20, 32.

TABLE IV. COMPOUNDS IDENTIFIED IN PYROGRAMS
OF POLYHYDROCARBON GLUES OF
TAPES NO. 10, 20, 32

Compound name Retention Tape examined

time

[min] 10 20 32
Toluene 3.8 A A
Ethylbenzene 5.8 A
1,3-dimethylbenzene 5.9 A A
1,2-dimethylbenzene 6.5 A A A
Styrene 6.7 B A A
1-ethyltoluene 7.6 A A
Trimethylbenzene 8.3 A B
isomer
Limonene 8.4 A A A
Vinyltoluene isomer 8.5 A B
Vinyltoluene isomer 8.6 A
Indene 9.9 A B
Methylindene isomer 11.5 A B
1,2-dihydronaphthalene 11.9 B
Naphthalene 125 A A
1-methylnaphthalene 14.0 A A
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and limonene. Other compounds appeared only in one
or two out of the three pyrograms. So, discrimination
between the samples was possible.

Within the whole group of glues, all samples were
distinguishable by the use of Py-GC/MS, because for
each glue sample a pyrogram containing a different
peak set was obtained. However, in some cases the dif-
ferences concerned the main peaks and in others only
small peaks.

Taking into account both backings and glues, it
was possible to differentiate all examined tapes by the
use of both applied methods. The tapes with undistin-
guishable backings, i.e. two pairs of tapes with poly-
ethylene backing and one pair with cellulose backing,
contained different glues, so their differentiation was
easy.

4. Conclusions

The results demonstrated that Py-GC/MS is a valu-
able analytical technique, being complementary to the
FT-IR technique in the field of discrimination of sam-
ples of adhesive tapes for forensic purposes. IR spec-
troscopy enables classification of samples into several
chemical classes. In cases where tape samples belong
to the same group characterised by the same polymers
(i.e. when they are undistinguishable on the basis of
their IR spectra), the application of Py-GC/MS can
lead to their complete differentiation. Both methods,
which are routinely applied in examination of different
criminalistic traces, provide crucial information about
the examined samples.

On the basis of the obtained IR spectra it was pos-
sible to identify the main polymers and fillers and to
classify tapes into particular groups. On the basis of
pyrograms, analysis of the pyrolysis products of the
examined samples enabled differentiation between
samples within each group. However, treating the py-
rograms as “fingerprints” of the sample and identify-
ing the initial composition of samples (glue or back-
ing) was mostly impossible. Further examinations
should be performed in order to find chromatographic
profiles of different glues and backings and so enable
information about the composition of the examined
initial samples to be obtained on the basis of pyrog-
rams.

Application of both methods, i.e. IR and Py-GC/
MS, provides much more information about the chem-
ical composition of glue and backing of examined
tapes and facilitates their better discrimination.

It should be emphasized that in normal casework,
optical microscopy is used at the beginning of the

tapes comparison process, which enables their colour
and morphology to be taken into account first. If no
differences between samples are observed, then com-
parison of the chemical composition of both backings
and glues using both methods should be performed.
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EFEKTYWNE ROZROZNIANIE TASM KLEJACYCH METODA
SPEKTROMETRII W PODCZERWIENI I PIROLITYCZNEJ
CHROMATOGRAFII GAZOWEJ DO CELOW KRYMINALISTYCZNYCH

1. Wstep

W dzisiejszych czasach tasma samoprzylepna jest
jednym z powszechnie uzywanych artykutow przemysto-
wych i biurowych, ulatwiajacym codzienne zycie. Moze
by¢ ona takze waznym $ladem znajdowanym na miejscu
zdarzenia. Tasmy samoprzylepne wykorzystywane sa
czesto przez przestgpee do krgpowania rak i nog ofiary
lub kneblowania jej ust, do zaklejania paczek lub listow
z pogrozkami, a takze jako czg¢$¢ konstrukeji tadunkow
wybuchowych. Celem kryminalistycznych badan tasm
samoprzylepnych jest ustalenie rodzaju tasmy i jej pro-
ducenta, a takze pordwnanie skladu fragmentéw tasm
samoprzylepnych znalezionych na miejscu przestgpstwa
z materialem poréwnawczym ujawnionym u podejrzane-
g0, celem stwierdzenia, czy przed zdarzeniem stanowily
jedng catos¢ (czy pochodza z tej samej rolki).

Badania fizykochemiczne tasm obejmuja metody
optyczne, ktére umozliwiajg obserwacj¢ ich budowy
ibarwy (tak w zakresie widzialnym promieniowania,
jak 1w ultrafioletowym), ustalenie grubosci, szerokosci
i fluorescenc;ji [5, 6, 8]. Czasem juz na tej podstawie jest
mozliwe ich rozrdznienie. W wigkszosci przypadkow jest
jednak konieczne przeprowadzenie badan chemicznych
zarowno kleju, jak i1 nos$nika, metodami analitycznymi,
takimi jak spektrometria w podczerwieni (IR) i chroma-
tografia gazowa (Py-GC/MS) z piroliza.

Spektrometria w podczerwieni jako metoda nienisz-
czaca jest czesto stosowana w badaniach sagdowych réz-
nych probek polimerowych. Czuta na strukture czastecz-
kowa, dostarcza cennych informacji o sktadzie chemicz-
nym takich materiatéw jak farby, tworzywa sztuczne
i kleje [12, 15]. Uzyskane informacje sg wystarczajace
do klasyfikacji tych materiatow. Szczegdlnie uzyteczne
w badaniu i dyskryminacji probek tasm jest zastosowa-
nie techniki odbiciowej ATR [7, 9]. Analiza chemicznych
grup funkcyjnych sktadnikéw polimerowych tasmy, tzn.
no$nika i kleju, metodg spektrometrii w podczerwieni,
moze pomoéc w ustaleniu producenta tasmy [8, 9]. Jed-
nakze rozréznienie tg metoda probek tasm nalezacych do
tej samej klasy chemicznej jest niemozliwe.

Detekcja sktadnikow nieorganicznych w tasmie kle-
jacej metoda spektrometrii mas z plazmg wzbudzong in-
dukcyjnie moze by¢ rowniez pomocna zar6wno w usta-
leniu gatunku tasmy, jak i w rozréznianiu rolki, z ktdrej
badany fragment pochodzi. Stezenia oznaczanych metali
sg jednak bardzo niskie [4].

Inng metoda, ktéra moze by¢ pomocna w charakte-
ryzowaniu tasm, jest metoda oznaczania st¢zenia trwa-
lych izotopéw (ang. bulk stable isotopic analysis) [1].
Uzyskane wyniki tworza chemiczny fingerprint, dzigki
czemu tasmy roznych producentéw moga by¢ czasem
odrdznione. Konieczne jest jednak posiadanie drogiego
sprzetu, rzadko spotykanego w laboratoriach sadowych.

Ostatnio metoda Py-GC/MS jest takze stosowana
do klasyfikowania, charakteryzowania i poréwnywania
materiatow kryjacych i polimerow, gdyz pozwala na
oznaczenie takich ich sktadnikéw, jak spoiwo, dodatki,
rozpuszczalniki, plastyfikatory i pozostato$ci monome-
row [2, 3, 13]. W wyniku pirolizy makromolekuty synte-
tycznego polimeru rozpadaja si¢ na mniejsze fragmenty,
ktére mozna tatwiej zidentyfikowaé. Ponadto sktadniki
wystepujace w mniejszej ilosci w probce polimerowe;j
moga by¢ widoczne w postaci oddzielnych pikéw na
otrzymanym chromatogramie [10].

Metoda Py-GC/MS jest w prawdzie metodg niszcza-
cg, lecz ilos¢ probki poddawanej badaniom (i zuzywa-
nej) jest bardzo mata i wynosi ok. 10—-100 mikrogramow.
Metoda pozwala ujawni¢ drobne réznice w strukturze
i sktadzie podobnych matryc. Stwierdzono, Zze meto-
da ta zapewnia lepsza dyskryminacj¢ tasm klejacych
w poréwnaniu z metoda IR [8, 11, 14], chociaz do oceny
uzyskanych wynikow musza by¢ stosowane metody sta-
tystyczne [1, 11]. GC/MS okazala si¢ rowniez niezwykle
wazna w charakteryzowaniu sktadu weglowodorowego
tasm samoprzylepnych.

Celem pracy byta ocena uzyteczno$ci metod spektro-
metrii IR i Py-GC/MS w badaniu 48 probek tasm pocho-
dzacych od réznych producentdw i w ich rozréznianiu
dla celow sadowych. Obie metody sa proste i rutynowo
stosowane w laboratoriach sadowych w badaniach ma-
terialdbw polimerowych, umozliwiajac ich szybka iden-
tyfikacje.

2. Czes$¢ doswiadczalna

Metoda spektrometrii IR oraz pirolitycznej chroma-
tografii gazowej badano zarowno kleje, jak i nosniki
48 probek tasm samoprzylepnych réznych typoéw, pocho-
dzacych od roéznych producentéw (tabela I). Wszystkie
taSmy zostaly zakupione w supermarketach i sklepach.
Byly to tasmy pakowe, biurowe i elektroizolacyjne.

Badania spektrometryczne w podczerwieni przepro-
wadzono przy uzyciu spektrometru FTS 40Pro (Bio-
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dra/Digilab) wyposazonego w chlodzone woda zrodto
ceramiczne (MIR) i zestawionego z mikroskopem UMA
500 wyposazonym w detektor MCT. Widma rejestrowa-
no w zakresie $redniej podczerwieni z rozdzielczos$cia
4 cm™, Kazde widmo bylo $rednig z 512 skanéw. Probki
umieszczano na stoliku mikroskopowym spektrometru
w wigzce promieni podczerwonych i badano techni-
ka transmisyjng. Kleje zeskrobywano z no$nika tasmy
i umieszczano wprost na plytce KBr. Nosniki po usu-
nieciu kleju byly ciete na cienkie skrawki przy uzyciu
mikrotomu. Kazda probka byla analizowana trzykrotnie
w tych samych warunkach pomiarowych.

W  badaniach chromatograficznych zastosowano
chromatograf TurboMass Gold System (Perkin Elmer In-
truments). Do badan niewielka ilo$¢ kleju zeskrobywano
skalpelem z taSmy, a reszt¢ kleju usuwano rozpuszczalni-
kiem organicznym i mala probke czystego nosnika odci-
nano skalpelem. Probki pirolizowano przy uzyciu piroli-
zera CDS 2000 (Analytix, Stany Zjednoczone), stosujac
nastepujacy program temperaturowy: 40°C przez 2 min;
ogrzanie do 300°C (10°C - min™) i utrzymanie tej tem-
peratury przez 2 min; ogrzanie do 320°C (30°C - min™)
i utrzymanie przez 3 min. Stosowano kolumne kapilarng
RTx-35MS (30 m x 0.25 mm % 0.25 um). Faza stacjo-
narna ztozona byla z 35% difenylopolisiloksanu i 65%
dimetylopolisiloksanu. Gazem no$nym byt hel. Tempe-
ratura linii transferowej byta rowna 240°C, a temperatura
zrddta jondw w spektrometrze mas 180°C. Zakres skano-
wania mas jonow wynosit 35-500 m/z. Piroliz¢ prowa-
dzono w temperaturze 400°C i 750°C, nie stosowano de-
rywatyzacji. Por6wnujac chromatogramy, uwzgledniano
obecno$¢ lub brak pikow, ich czas retencji oraz wzgledne
intensywnos$ci. Ocene powtarzalno$ci pomiardw prze-
prowadzono dla trzech réznych fragmentéw kazdej
z 3 taSm. Stwierdzono, ze powtarzalnos¢ jest zadawala-
jaca, tzn. bardo dobra dla czasu retencji i dostateczna dla
wysokosci pikow.

3. Dyskusja wynikow

Na podstawie otrzymanych widm IR wyodrebniono
kilka grup tasm o r6znym sktadzie no$nika i kleju (rycina
1). Nazwa grupy pochodzi od gléwnego polimeru obec-
nego w probkach.

Nosniki zostaty podzielone na 3 rodzaje, tj. zawie-
rajgce zywice poliweglowodorowe, celuloze oraz zy-
wice poliestrowe. Najliczniejsza byla grupa nosnikow
poliweglowodorowych. Wigkszo$¢ probek nalezacych
do niej zawierala no$nik polipropylenowy lub poliety-
lenowy. W trzech probkach trudno bylo zidentyfikowac
rodzaj polimeru z uwagi na duzg zawartos¢ wypekiaczy
(weglanow, krzemianow), ktorych pasma absorpcyjne
przystanialy pasma polimeru. Widma tych tasm réznity
si¢ jednak istotnie od pozostatych. W grupie nosnikow

poliestrowych (rycina 2) wyrdzniono 3 podgrupy, tj. jed-
ng zawierajacg tylko poliester (nr 41), druga zawierajaca
poliester z dodatkiem talku (nr 25) i trzecig zawierajaca
poliester z niewielkim dodatkiem weglanow jako wypel-
niacza (nr 38).

Kleje podzielono na 4 grupy (rycina 1). Wigkszos¢
klejow nalezata do grupy poliweglowodoréw lub polie-
strow. W grupie poliweglowodorowej 3 probki zawieraty
polipropylen, a 16 réznie modyfikowane poliweglowo-
dory (rycina 4). W sktad niektorych probek wchodzit
styren oraz roézne polimery. Niektore z klejow polies-
trowych posiadaly w swoim sktadzie styren i niewiel-
ka ilos¢ izoprenu. Wickszo$¢ probek nalezacych do tej
grupy, tj. 14, zawierata klej akrylowy, a 8 probek — dwa
rézne typy poliestru — I lub II (rycina 3). W grupie kle-
jow izoprenowych zaobserwowano niewielkie réznice
w sktadzie chemicznym. Jedna z probek zawierala sty-
ren, a pozostate krzemiany jako wypetniacze. Widma IR
pigciu klejow byty odmienne i kleje mogty zosta¢ tatwo
rozréznione, mimo ze ich widma nie zawieraly pasm
charakterystycznych; dlatego tez identyfikacja typu kleju
byta utrudniona.

Biorgc pod uwage widma IR zaréwno kleju, jak
i no$nika, zaobserwowano, ze wérod badanych tasm byty
taSmy o tym samym typie no$nika, a réznym typie kle-
ju, np. w grupie 18 taSm o nosniku polipropylenowym
8 zawieralo klej poliwgglowodorowy, 8 klej akrylowy,
jedna klej poliestrowy, a jednego z nich nie udato si¢
zidentyfikowaé. Podobnie przebadano tasmy o no$ni-
ku celulozowym i r6znym kleju, a mianowicie: polies-
trowym (1 szt.), poliwgglowodorowym (6 szt.) lub tez
nieznanym typie kleju (2 szt.). Identyfikacja takich tasm
byla wigc mozliwa. Niektére tasmy sktadaty si¢ z tego
samego rodzaju no$nika i tego samego typu kleju, np.
8 tasm o polipropylenowym nosniku i kleju zawieraja-
cym styrenowane poliweglowodory lub tez 8 tasm o po-
lipropylenowym nos$niku i akrylowym kleju oraz 6 tasm
o celulozowym nosniku i kleju poliweglowodorowym.
Uzyskane wyniki dla wszystkich tasm badanych metoda
spektrometrii IR pokazano w tabeli II. W obrebie kazdej
wyodrgbnionej grupy uzyskane widma IR byly bardzo
podobne i nie bylo mozliwe rozréznienie ani tasm, ani
tez identyfikacja wszystkich sktadnikow polimerowych
nosnika lub kleju.

Zastosowanie metody Py-GC/MS umozliwito dalsze
réznicowanie pomig¢dzy probkami. W celu rozroznie-
nia probek scharakteryzowanych tym samym zestawem
gtéwnych sktadnikow i bardzo podobnym zestawem pi-
kéw chromotograficznych zastosowano wezesniej opra-
cowang procedure [10]. W pierwszym kroku procedury
przesuwano lini¢ bazowa chromatogramu na poziom
10% wysokosci najwyzszego piku. Wowczas byly wi-
doczne i analizowane tylko piki o wysoko$ci wzglednej
wigkszej niz 10%; oznaczano je litera A. Wszystkie piki,
ktére pojawiaty si¢ na chromatogramie, gdy obnizono li-
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ni¢ bazowa na poziom 5% wysokosci najwyzszego piku,
zostaty oznaczone literg B. Piki mniejsze niz 5% w wigk-
szosci przypadkow byly pomijane, poniewaz ich powta-
rzalno$¢ byta niezadowalajaca.

Wyniki analizy chromatograficznej otrzymane dla
przyktadowych tasm o no$nikach nalezacych do tej sa-
mej grupy — polipropylenowych (rycina 6), ktore nie
byty rozréznialne na podstawie ich widm IR (rycina 5),
pokazano w tabeli III.

Gtowne zwigzki zidentyfikowane w chromatogra-
mach probek to: gtowne piki (A i B) — obecne we wszyst-
kich 3 chromatogramach — pochodzily od 5-metylheksa-
nolu, 8-metylundecanu, 7-metylundecanu, 3-heksadeca-
nu, 17-pentatriakontenu i cyklotetrakozanu. Inne zwiazki
pojawialy si¢ tylko w jednym lub dwdch z trzech chro-
matogramow. Uzyskane chromatogramy probek roznity
si¢ wyraznie migdzy soba.

Stwierdzono, ze wsrod wszystkich badanych nos$ni-
kow tylko 3 pary probek byly nierozréznialne obiema
zastosowanymi metodami, tj. metoda spektrometrii IR
oraz Py-GC/MS. Byly to dwie pary taSm o noéniku poli-
etylenowym i jedna para probek o nosniku celulozowym.
Nie obserwowano réznic ani pomi¢dzy ich widmami IR,
ani pomi¢dzy chromatogramami.

Poroéwnujac chromatogramy klejow nalezacych do
grupy poliweglowodorowej (rycina 8) i majacych podob-
ne widma IR (rycina 7), zaobserwowano istotne rdznice
miedzy nimi. Gtowne piki (A i B) obecne we wszystkich
chromatogramach (tabela IV) odpowiadaty 1,2-dimetyl-
benzenowi, styrenowi i limonenowi. Inne zwiazki poja-
wiaty si¢ tylko w jednym lub dwoch z trzech chromato-
gramow. Tak wigc rozroznienie probek byto mozliwe.

W calej grupie klejow wszystkie probki udato sie
rozrozni¢ metoda Py-GC/MS, poniewaz dla kazdego
typu kleju otrzymano chromatogram zawierajacy roézny
zestaw pikow. W niektorych przypadkach réznice doty-
czyly gtownych pikow, a w innych tylko stabych pikow
(o matej intensywnosci). Biorac pod uwage nosniki i kle-
je, byto mozliwe rozréznienie wszystkich badanych tasm
przy zastosowaniu obu metod analitycznych. Tasmy
o tym samym typie no$nika, tj. 2 pary tasm o no$niku po-
lietylenowym i 1 para o no$niku celulozowym, zawieraty
rozne kleje, a wige ich rozréznienie byto tatwe.

4. Whnioski

Wyniki badan wykazaty, ze metoda Py-GC/MS jest
cenna w dyskryminacji probek tasm klejacych dla ce-
16w sadowych technikg badawcza, komplementarng do
spektrometrii IR. Spektrometria IR umozliwia podziat
probek na kilka grup chemicznych (ich klasyfikacje).
W przypadku, gdy tasmy naleza do tej samej grupy i cha-
rakteryzuja si¢ tym samym typem polimeru (tj. gdy sa
nierozréznialne na podstawie ich widm IR), zastosowa-

nie metody Py-GC/MS moze doprowadzi¢ do calkowite-
go ich rozréznienia. Obie metody analityczne, rutynowo
stosowane w badaniach $ladow kryminalistycznych, do-
starczaja waznych informacji o badanych prébkach.

Na bazie otrzymanych widm IR mozliwa byta identy-
fikacja polimerow oraz wypetniaczy i zaklasyfikowanie
taSmy do okreslonej grupy chemicznej. Analiza produk-
tow pirolizy badanych probek umozliwita rozroéznienia
probek w obrebie kazdej z grup. Jednakze chromatogra-
my traktowano jako fingerprint probki i identyfikacja
sktadu poczatkowego probki (kleju lub nosnika) byta naj-
czesciej niemozliwa. Dalsze badania powinny by¢ pro-
wadzone w celu okreslenia profili chromatograficznych
roéznych klejow i no$nikow tak, by okreslenie sktadu ba-
danych prébek na podstawie chromatogramoéw okazato
si¢ mozliwe.

Zastosowanie obu metod, tj. spektrometrii IR
i Py-GC/MS, dostarcza o wiele wigcej informacji o skta-
dzie chemicznym kleju oraz nosnika badanych tasm i do-
prowadzi do ich lepszej dyskryminacji.

Nalezy podkresli¢, ze w codziennej pracy eksperta
mikroskopia optyczna jest stosowana juz na wstepie po-
réwnania probek, co pozwala réwniez uwzgledni¢ barwe
i morfologi¢ tasm. Jesli nie wystepuja zadne rdéznice po-
miedzy probkami w tym zakresie, to wowczas konieczne
jest porownanie sktadu chemicznego zaréwno kleju, jak
i no$nika przy uzyciu obu metod.
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