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Table 1 Operation conditions of each analysis

SEM/EDX

SEM 5800 LV scanning microscope (Jeol, Tokyo, Japan)/sample coating; pure carbon (supplied by Jeol); EDX:
minicup (Jeol, Tokyo Japan); Acceleration voltage : 25 kV

Pry-GC/MS

Pyrolysis JHP-3 type, curie pint pyrolyzer (JAI, Tokyo Japan) Pyrolysis temperature: 500C /5 s; GC: Varian 3500
(CA. USA); Column: DB-5/0.25 mm X 30 m, film thickness 0.25 m; Oven temperature program ; 50C (1 min)

—100C (15C/min) —280°C (10°C/min)

MS: Finnigan MAT ITD-800 (CA. USA); Ionization method: electron impact; Ionization energy: 70 eV

Micro FT-IR

Fourier nicolet (WI. USA) transfer -~ IR, Magna 750 type with microscope (KBr plate, supplied by Nicolet); Detector:

MCT; Resolution: 4 cm™'; Accumulation: 64 times

HPLCG

Waters (CA. USA) M600 HPLGC system ; Column: Radial Pak Cis, 8 mm i.d. X 10 cm; Mobile phase: acetonitorile -
H:O (4:1,v/v) 1 mL/min; Detector: photodiodearray 990] detector ; Detected wavelength: 254 nm

HPLC Pyr-GC/MS

5mm SEM/EDX

Microscopic FT —IR

Fig. 1 - Example of character divisions to each analysis

Photocopied Sample

Selection of one or two Characters

Morphological observation and elemental analysis
by
SEM/EDX

Resin analysis
by
FT-IR with Microscope and Pyr-GC / MS

Extraction of organic
additives

+ 100pL of acetonitrile

2 h sonication in sealed reaction-vial

- Solvent

L

Extract
+ 20 pL of Mobile phase solution

HPLC

Comparison of HPLC Chromatogram

Fig. 2 Protocol of forensic discrimination analysis of
photocopied characters
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Sample 1

Fig. 3 Morphological observation of the part of photocopied character by scanning electron microscope
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Fig. 5 Pyrogram of the part of each character
obtained after 500C, 5s pryrolysis by curie point
pyrolyzer

1: benzene, 2: Toluene, 3: not assigned, 4: styrene
monomer, 5 and 6: not assigned, 7: a-methylstyrene,
8: not assigned, 9: styrene dimmer, 10: styrene trim-
mer
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Fig. 6 Mass spectra of peak No. 4, 9 and 10 on the
pryrograms which were assigned a) styrene monomer,
b) styrene dimmer, c) styrene trimmer
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Fig. 7 Transmittance infra-red spectra obtained by
microscopic FT-R, methylmetacrilate/styrene copoly-
mer was used in sample 1 and 2, persian blue was also
contained in sample 2

In contrast with this result, styrene/maleinic acid anhy-
dride copolymer resin was used in sample 3 and 4.
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Fig. 8 HPLC Chromatograms of the extracts of each
character by acetonitrile

Fig. 9 Actual crime case, a) blackmail sent to victim’s
family, b) soil retrieved from suspect’s house contain-
ing photocopied material, c) photocopied material
fragments found in the soil, circle means dark red col-
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The forensic discrimination of photocopied characters was examined by the combination of
data, such as morphological observations and elemental analyses by SEM/EDX, resin ingredient
analyses by Pyr-GC/MS and microscopic FT-IR, and organic additives analyses by HPLC. As an
obtained result, a significant morphological difference was observed between each sample, and
also characteristic elements, for instance Si, Fe, Cu and Cr, were detected by EDX analyses. The
result obtained from Pyr-GC/MS showed that the utilized resin consisted of a styrene-type resin,
and spectra obtained by micro FT-IR analysis; these resins were divided to three groups: a
styrene/methylmetacrilate copolymer was used in samples 1 and 2. In contrast with this result,
a styrene/acryle/epoxy copolymer resin was used in samples 3 and 4. In order to analyze
organic additives, part of character was subjected to an extractor by acetonitrile, and HPLC was
conducted. Comparisons of HPLC chromatograms of extractives from a part of the character
on the examined four different kinds of photocopies, significant difference were observed
between them. The protocol established by this examination could completely discriminate the
4 photocopied materials. This procedure was applied to an actual blackmail case. The charac-
ter on the blackmail and burned dust of the paper existed in deposited soils in front of the sus-
pect’s house; their similar character was clarified by this analytical protocol. This result rein-
forced an investigation by information provided from a scientific evidence examination.

Keywords : morphological observation and elemental analysis by SEM/EDX; HPLC; Pyr-
GC/MS; photocopied toner ; ash, forensic science.
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