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ABSTRACT: A simple method has been developed for the adaptation of a Docuspec TM/1 mi- 
crospectrophotometer in obtaining emission spectra of minute quantities of luminescent materi- 
als. One of the forensic science applications of this method was demonstrated: its use for the 
characterization of luminescent invisible detection materials. 
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Luminescence techniques have many uses in forensic science examinations of various ma- 
terials such as glass, fibers, gunshot residues, luminescent invisible detection materials, and 
so forth [1-3]. 

A microspectrophotometer has been found to be a valuable instrument in certain types of 
forensic science examinations such as the comparison and identification of small quantities 
of paints, inks, and fibers [4-6]. 

In our laboratory in the Criminal Identification Division of the Israel Police, a simple 
method was developed for adapting a Docuspec TM/1  microspectrophotometer for record- 
ing luminescence spectra. This method was applied for the characterization of minute quan- 
tities of invisible detection materials used by the Israel Police. 

Experimental Procedure 

The system used was the Docuspec TM/1  microspectrophotometer which includes an 
Olympus BHT microscope with quartz-halogen lamps (50 W) for reflectance and transmis- 
sion work. The system is equipped with a variable measuring aperture and its wavelength 
range is from 380 to 764 nm. 

Through the coupling of the quartz-halogen illumination (originally provided for reflec- 
tance spectrophotometry) with a Kodak 18A glass filter, enough ultraviolet (UV) intensity 
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was obtained to make possible the recording of emission luminescence spectra in the visible 
range. This is possible because the filter transmits near UV and some infrared (IR) radia- 
tion, while cutting off the visible range (Fig. 1 [7]). 

With this small modification of the insertion of an 18A filter and an increase of the "gain" 
of the photomultiplier, the system is changed from a microspectrophotometric mode to a 
microspectrofluorometric mode. It should be emphasized that when this method is used, the 
emission is due to a broad excitation which is not the regular operational mode of a spectro- 
fluorometer [8]. 

The software accompanying the Docuspec TM/1 dictates that either transmission or re- 
flectance spectra of the samples can be recorded only relative to a reference in an optical 
density mode. The reference is recorded as an intensity of light versus wavelength. The obvi- 
ous method used to obtain emission spectra of luminescent materials is the same used for 
recording a reference spectrum in the spectrophotometric mode of the Docuspec TM/1. The 
spectra obtained in this way are a convolution of luminescence intensity, diffraction effi- 
ciency of the grating, and the spectral response of the photomultiplier. 

The luminescent invisible detection powders used for this study were Fargo Corporation's 
BB-20, BB-25, and BB-29. Several particles of the various powders were mounted on 1-in. 
(2.54-cm) stubs used in scanning electron microscopic (SEM) work that had been coated 
with double-sided adhesive (3M's #465). 

Ordinarily, in real casework, the amount of luminescent invisible detection particles 
found is limited; it is therefore convenient that the same sample-mounted stub used for lumi- 
nescence analysis can later be examined in the scanning electron microscope/energy disper- 
sive spectroscope (SEM/EDS) for elemental composition. 

A • objective was used for observing the particles and recording their spectra. The 
variable aperture was adjusted for a measurement area of approximately 15 by 15 ~m, which 
was the size of the single particles or clusters chosen for obtaining spectra. This size was 
sufficient to obtain satisfactory spectra without too much electronic noise. 

Results and Discussion 

Figure 2 depicts the spectrum of the white standard used (supplied with the Doeuspec 
TM/1) which does not exhibit luminescence in the visible range. This spectrum confirms 
that an 18A filter is indeed a good barrier for visible radiation. Although there is some trans- 

Glass filter. Only transmits ultraviolet radiation between about 300 and 
400nm (e.8., 365nm line of mercury spectrum) and infrared radiation. 
Used for ultraviolet reflection photography, 

FIG. 1--Transmittance characteristics of  a Kodak 18A glass filter [7]. 
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FIG. 2--Reflectance spectrum of the white standard illuminated by filtered (Kodak 18Afilter) quartz 
halogen lamp and recorded in the reference mode. 
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FIG. 3--Emission spectra of three different luminescent particles from BB-20 powder. 
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FIG. 4--Emission spectra of three different luminescent particles from BB-25. 
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FIG. 5 - -A  typical emission spectrum of a particle from BB-29 powder. 
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FIG. 6--Comparison of  spectra of  a particle f rom clothes of  a suspect and a particle f rom BB-20 
powder used to prepare the "trap, " 

mission in the region of 660 nm, it barely interferes with the comparison of luminescence 
spectra in the visible range. 

While the colors of the luminescent invisible powders appear homogeneous to the unaided 
eye (BB-20 yellowish-green, BB-25 orange-yellow, and BB-29 red), examination with the 
microscope shows that they are really quite heterogeneous. 

Figures 3 and 4 show spectra of three arbitrarily chosen particles which exhibit different 
colors that are found frequently in BB-20 and in BB-25 powders, respectively. 

Figure 5 exhibits the typical spectrum of a BB-29 particle. In the B-29 powder, particles 
exhibiting blue luminescence were rarely found. 

Figure 6 is taken from a real case in which a "trap" was prepared using BB-20 powder. 
When examining the clothes of the suspect, very few particles were found. As seen in the 
figure, a match was found between the spectrum of a luminescent particle found on the 
clothes and the spectrum of one of the BB-20 particles. 

Summary 

Through a small modification, a Docuspec TM/1 was changed from a microspectrophoto- 
metric mode to a microspectrofluorometric mode. This method, having been proved effi- 
cient, was employed as a routine technique used in our laboratory for the characterization of 
invisible detection materials in addition to SEM/EDS analysis. 

References 

[1] Jones, P. F., "New Applications of Photoluminescence Techniques for Forensic Sciences," ACS  
Symposium Series, No. 13, 1975, pp. 185-195. 

[2] Lloyd, J. B. F., "Fluorescence Spectrometry in the Identification and Discrimination of Float and 



SPRINGER AND ZEICHNER �9 LUMINESCENT MATERIALS 253 

Other Surfaces on Window Glasses," Journal of Forensic Sciences, Vol. 26, No. 2, April 1981, pp. 
325-342. 

[3] Kubic, T. A., King, J. E., and Dubey, I. S., "Forensic Analysis of Colorless Textile Fibers by Fluo- 
rescence Microscopy," The Microscope. Vol. 31, No. 3, 1983, pp. 213-232. 

[4] Macrae, R., Dudley, R. J., and Smalldon, K. W., "The Characterization of Dyestuffs on Wool 
Fibers with Special Reference to Microspectrophotometry," Journal of Forensic Sciences. Vol. 24, 
No. 1, Jan. 1979, pp. 117-129. 

[5] Laing, D. K., Dudley, R. J., and Isaacs, M. D. J., "Colorimetric Measurements on Small Paint 
Fragments Using Microspectrophotometry," Forensic Sc&nce International, Vol. 16, 1980, pp. 
159-171. 

[6] Laing, D. K. and Isaacs, M. D. J., "The Comparison of Nanogram Quantities of Ink Using Visible 
Microspectrophotometry," Journal of the Forensic Sc&nce Society, Vol. 23, No. 2, April 1983, pp. 
147-1S4. 

[7] "Kodak Filters for Scientific and Technical Uses," Kodak Publication No. B3, first edition, Kodak, 
Rochester, NY 74650, 1970. 

[8] Johnson, T. J., "New Developments in Spectrofluorometry," International Laboratory, Vol. 14, No. 
3, April 1984, pp. 20-25. 

Address requests for reprints or additional information to 
Arie Zeichner, Ph.D. 
Toolmarks and Materials Laboratory 
Criminal Identification Division 
Israel National Police 
Jerusalem, Israel 


