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DIFFERENTIAL REFLECTION SPECTROSCOPY SYSTEM AND METHOD FOR
DETECTING EXPLOSIVES AND OTHER TARGET MATERIALS

FIELD OF THE INVENTION

[0001] The invention relates to a spectroscopy system and method for the detection of
target materials. More particularly, the invention relates to reflection and/or a differential
reflection spectroscopy system and method for the detection of target materials including

explosives and drugs.

BACKGROUND

[0002] The detection of traces of explosive materials is of utmost importance at the
present time due to the ongoing risk of terrorism. Detection devices should identify
explosives before detonation of the explosive and thus save lives. The technique for
detecting such materials should be fast, portable, contact-less, inexpensive, foolproof, and
reliable for maximum effectiveness.

[0003] A number of methods for detection of explosives have been proposed or are
already in service. Non-portable instruments for explosives detection include gas
chromatography (involving an electron capture detector), ion mobility spectrometers, mass
spectrometers (detecting different masses of ions, separated in a magnetic field after heating
the specimen), neutron analysis (based on neutron excitation of atoms in explosives), nuclear
quadrupole resonance, and x-ray detection. Optical techniques include transmission
measurements of explosives contained in solutions, or in the gaseous state in the ultraviolet,
visible, or infrared range, fluorescence spectroscopy (coupled with immunoassay reactions
whereby the explosive fluoresces when in contact with a sensor), quenching of
photoluminescence (of an appropriate inert material by an explosive vapor), and
photofragmentation (by separating NO, into O and NO by a laser followed by detection of

NO using laser-induced fluorescence). Among the portable detectors are colorimetric
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detection devices (involving for example alkali-based chemicals which change color when
they are exposed to certain types of explosives). A dog trained to detect explosive vapors can
also be effective.

[0004] Although several methods are available for detecting explosives, a new,
relatively simple, real-time, portable, high sensitivity and particularly, a stand-off technique

that requires little or no sample preparation is needed.

SUMMARY
[0005] A method for identifying explosive or other target materials includes the steps
of irradiating a first location and a second location spaced apart from the first location from a
sample suspected of including explosives with at least one of ultraviolet, visible, and infrared
light, measuring reflected light emanated from the first sample location (R ;) and reflected

light emanated from the second sample location (R5), and calculating a normalized difference

in reflectivity (ANE ), whereinR = (R1+R>)/2 is an average reflectivity. A differential
reflection spectrum (DRS) is then generated for the sample where AR=R,-R is the difference
of the reflectivities of the first and the second sample location. One or more explosives or
other materials of interest, if present, are identified in the sample based on comparing the
DRS for this sample to at least one reference DRS. The identification process can be
performed remotely. The target material on the sample can be a solid material. There is no
need for any processing of the sample material to implement the present method.

[0006] The method can comprise the step of collecting the sample from a region of
interest suspected of containing explosives or other materials of interest. In some
embodiments the collecting step can include air filtration by applying a vacuum.

[0007] Explosives identifiable by the present invention includes at least

nitroaromatics, nitroamines, nitroanilines and nitrates. The nitroaromatic can be selected
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from the group consisting of 1,4-dinitrobenzene, 2,4-dinitrotoluene, 2,6-dinitroluene, 1,3-
dinitrobenzene, 4-nitrotoluene, and 2,4,6-trinitrotoluene, while the nitroamine can be selected
from the group consisting of 1, 3, 5-trinitro-1, 3, 5-triazacyclohexane (RDX) and 1, 3, 5,-
tetranitro-1, 3, 5, 7-tetrazacyclooctane (HMX),said nitroaniline is 2, 4, 6,N-tetranitro-N-
methylaniline (Tetryl),and the nitrate from the group consisting of nitroglycerin, ammonium
nitrate and fuel oil (ANFO), and pentaerythritol tetranitrate (PETN).

[0008] The incident light can be provided by a plurality of monochromatic sources
having different emission wavelengths, or a broadband radiation source. In one embodiment,
incident light is provided by a white light source and a charge coupled device (CCD) is used
for the detection. The identifying step can comprise automated curve recognition.

[0009] A system for identifying explosives and other target materials comprises an
ultraviolet, visible, infrared, or broadband light source for irradiating a first location and a
second location spaced apart from the first location from a sample suspected of including
explosives or other material of interest. A photodetector is provided for measuring reflected
light emanated from first sample location (R;) and reflected light emanated from the second
sample location (R;). A computer or processor having an associated memory is coupled to

the photodetector, the computer or processor running software for calculating a normalized

difference in reflectivity (ANﬁ ), whereinR = (R1+R2)/2 is an average reflectivity,
generating a differential reflection spectrum (DRS) for said sample where AR=R;-R; is the
difference of the reflectivities of the first and second sample location, and identifying one or
more explosives if present in the sample based on comparing the DRS for the sample to at
least one reference DRS stored in the memory.

[0010] The system can include an oscillating mirror for directing the radiation from
the light source between the first location and the second location. In one embodiment, the

system includes a monochromator in optical alignment with light from the light source,
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wherein the computer or processor is communicably connected to the monochromator. In
this embodiment, the detector preferably comprises a photomultiplier tube. In another
embodiment which does not require a monochromator, the light source is a white light source

and the detector is a CCD.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A fuller understanding of the present invention and the features and benefits
thereof will be accomplished upon review of the following detailed description together with
the accompanying drawings, in which:

[0012] Figure 1 is a schematic representation showing the advantage in sensitivity
obtained by using a differential reflection spectrum (DRS) for a sample (Awﬁ ), wherein R
= (R;1R)/2 is an average reflectivity of sample location (R;) and second sample location
(R,), and AR=R,-R is the difference of the reflectivities of the first and second sample
location, as compared to the straight spectral reflectivity from the first sample location (R;)

and second sample location (R5).

[0013] Figure 2 is a schematic of an exemplary differential reflection spectrometer.
[0014] Figure 3 is a schematic of an exemplary straight reflectivity spectrometer.
[0015] Figure 4 is a schematic of another exemplary straight reflectivity spectrometer.
[0016] Figure 5 is a differential reflectogram obtained from TNT crystals deposited

on carbon tape.

[0017] Figure 6 shows differential reflectograms obtained from various substances in
comparison to TNT. The individual curves have been staggered for clarity.

[0018] Figure 7 depicts absorbance spectra taken in transmission mode involving

various concentrations of TNT dissolved in acetonitrile.
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DETAILED DESCRIPTION

[0019] A method for identifying target materials including explosives or other
materials of interest comprises using either straight reflectivity or differential reflectivity.
According to various embodiments, differential reflectivity (DR) can be used to provide a
higher sensitivity and pronounced spectral features from a target material when compared to
straight reflectivity because DR yields the first derivative of the straight spectral reflectivity.
According to the invention, DR comprises the steps of irradiating a first location of a sample
suspected of including explosives with UV, visible, or infrared incident light, and measuring
the difference of the spectrum of the reflected light emanated from a first sample location

(R1) and reflected light emanated from a second sample location (R,). A normalized

difference in reflectivity (ANE ) is then calculated and a differential reflection spectrum

(DRS) is generated therefrom, where AR=R,-R; is the difference of the reflectivities of the

first and second sample location, and R = (R1*tR»)/2 is an average reflectivity. One or more
explosives or other target materials are then identified if present in the sample. In some
embodiments, this can be performed automatically, based on comparing the DRS for the
sample to at least one reference DRS.

[0020] Although generally described for the detection and identification of the
explosive TNT, the invention can be used to detect and identify a variety of other explosives,
as well as drugs, chemical poisons, or other controlled or illegal materials. The target
material can be a nitroaromatic, such as 1,4-dinitrobenzene, 2,4-dinitrotoluene, 2,6-
dinitroluene, 1,3-dinitrobenzene, 4-nitrotoluene, and 2,4,6-trinitrotoluene (TNT), or a
nitroamine such as 1, 3, 5-trinitro-1, 3, 5-triazacyclohexane (RDX) and 1, 3, 5,-tetranitro-1, 3,
5, 7-tetrazacyclooctane (HMX). Also included are 2, 4, 6,N-tetranitro-N-methylaniline

(Tetryl), nitroglycerin, ammonium nitrate and fuel oil (ANFO), and pentaerythritol
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tetranitrate (PETN). The target material is generally not chemically bound to the substrate
nor any other material.

[0021] The DRS method of detection described herein is fast, inexpensive, reliable,
portable, and does not require contact with the surveyed substance. Moreover, an automated
curve recognition program can be provided for field applications of the invention.

[0022] Differential reflection spectroscopy, also called differential reflectometry
(DR), is a surface analytical technique. DR uses light (UV, visible or infrared) as a probing
medium and reveals details about the electron structure around the Fermi surface.
Specifically, DR measures the energies that electrons absorb from photons as they are raised
into higher, quantized energy states. Since each material has a specific electron structure, due
to electron bands or electron levels stemming from molecular orbitals, the measurement of
the characteristic energies for “electron transitions” allows positive identification of these
materials. Essentially, the differential reflectometer yields the imaginary part of the complex
dielectric constant g;= 2nk (often called the absorption) as a function of the excitation
wavelength (or equivalently, frequency or energy).

[0023] Differential reflectometry is a known technique to gain information about the
absorption behavior of ultra-thin films on opaque substrates. (see Hummel, R.E. “Differential
Reflectometry and its application to the study of alloys, ordering, corrosion, and surface
properties.” Phys. Stat. Sol. (a) Vol. 76, (1983), 11-44, Hummel, R.E. “Differential

Reflectance Spectroscopy in analysis of surfaces.” Encyclopedia of Analytical Chemistry Ed.

R.A. Meyers Chichester: John Wiley & Sons Ltd., (2000) 9047-9071. , Hummel, R.E, Dove,
D.B., and Holbrook, J.A. “Optical reflectivity measurements on alloys by compositional
modulation.” Phys. Rev. Lett., 25 (1970) 290, and Holbrook, J.A. and Hummel, R.E. “A
‘Differential Reflectometer’ for measurements of small differences in reflectivity.” Rev. Sci.

Inst., 44 (1973) 463). Since many substrates are optically too thick to perform transmission
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measurements, the reflection signal is used instead, which indirectly contains the absorption
properties of the target material.

[0024] The two sampled parts used for DR can comprise two different locations
suspected of having the target material on the substrate. In another embodiment, where the
sample is very thin, the bare substrate without the sample film is compared to the sample film
on the substrate. The differential reflectometer thus measures the normalized difference
between the reflectivities of two adjacent parts of the same or different specimen.

[0025] Figure 1 clearly demonstrates the higher sensitivity and pronounced spectral

features provided by the DR technique when compared to straight reflectivity. The reflected
signal from the first sample location is R;, and from the second sample location is Ro. AR/R

is the normalized difference in reflectivity, where AR=R,-R;, and R = (R1+Ry)/2.

[0026] Figure 2 is a schematic of an exemplary differential reflection spectrometer
100 which can be used with the invention. A broadband light source, such as a high pressure
xenon source 105 or white light source, illuminates a monochromator 110 to provide
monochromatic light having a continuously varying wavelength. The light is alternately
deflected to one or the other part of the sample or samples 115 using an oscillating mirror
120. The total area scanned is generally about 2 x 4 mm?. A stationary mirror 125, which is
placed after the specimen, focuses the reflected light on the face of a photomultiplier (PMT)
130. In certain embodiments, PMT 130 is replaced by another detector, such as a charge
coupled device (CCD). The output voltage from photomultiplier 130 is electronically

processed, for example, by a computer 140, to yield the normalized difference in reflectivity,
that is, AR/R where AR=R,-R| is the difference of the reflectivities of the two sample parts,

and R = (R1+R»)/2 is the average reflectivity. Computer 140 also controls the operation of
monochromator 110. In another embodiment a lock-in amplifier in conjunction with a

differencing and dividing circuit can be utilized for a similar purpose.
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[0027] Computer 140 can also be configured to generate an output signal for an
indicator 150 to notify a user of the results of the electronic processing. The processing
results can be displayed on a display device (e.g., a CRT or LCD monitor) operating as the
indicator 150. For example, the output signal can be configured by the computer 140 to
generate a textual or graphical representation of the measured reflectivity spectrum on the
indicator 150. However, computer 140 can also be configured to generate simple output
signals, such as a logic voltage levels, when the average reflectivity at one or more points in
the measured spectrum exceeds a threshold value. For example, upon detection of TNT, the
computer 140 can provide an output voltage level that can be detected or used to activate a
signaling device comprising the indicator 150, such as a light emitting diode (LED) or

speaker, to signal the user that TNT has been detected.

[0028] Measuring R; and R, at essentially the same time and forming the ratio AR/R
eliminates possible influences from fluctuations of the line voltage. It also essentially
eliminates intensity variations of the spectral output of the light source, the spectral
sensitivity of the detector, and the spectral reflectivities of the mirrors or reflectivities from

the substrate which generally underlies the sample 115. Thus, the sensitivity of the

spectrometer 100 is quite high, in that the minimal measurable AR/R is, as a rule, about
0.01%. In some embodiments, a white light source is used without a monochromator and
PMT 130 is replaced by a CCD, thus accelerating the data acquisition.

[0029] Regarding an exemplary method, a DR system scans an area that may contain
a small amount of target material, such as molecules, a particle, gases, vapors, and/or liquids
of the explosive material. In various embodiments, an area is surveyed with a broadband
light source and the differential reflection or straight reflection of the sample is recorded by a

total spectral analysis detector, such as a CCD camera. If the reflection spectrum includes the
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spectral line shape within predetermined limits of the characteristic explosive material, then it
is concluded that the area contains explosive materials or was exposed to explosive material.
[0030] Alternatively, the sample can be collected. Besides a direct measurement, as
described above, various other embodiments can be used to collect a sample. In one
example, a filter can be placed near a vacuum nozzle. For example, the nozzle can be
inserted into the area under investigation and a quantity of air is forced through the filter.
Particles and/or molecules in the air are trapped by the filter. The filter can then be placed in
a differential reflectometer and the spectrum can be taken. Alternatively, a swab, can be
brushed over the area. Particles and/or molecules will be picked up by the swab. The swab
can then be placed in a DR arrangement and a spectrum can be taken.

[0031] According to various embodiments, any method that uses the absorption
characteristics of an explosive material in the ultraviolet and/or the visible portion of the light
spectrum can be used for their detection. For example, this method can examine an area
possibly containing an explosive material with one or multiple light sources. According to
certain embodiments, the light source can emit light in the range of about 200 nm to about
500 nm. Absorption characteristics for the sample area are obtained and the presence of an
explosive material is determined using the absorption characteristic of explosive materials.
For example, it has been found that explosive materials irradiated with a light source as
described herein yield a characteristic absorption spectrum in the range of about 200 nm to
500 nm. This characteristic absorption spectrum can be used as a fingerprint to identify
explosives or other target materials. The absorption characteristics of the explosive materials
are based on detected spectra, such as those acquired by DR. This method can use all
exemplary methods for sample collection.

[0032] According to certain embodiments, straight reflectivity can be used to detect

explosive materials without the need for a vibrating mirror 120. In such embodiments, rather
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than collecting light reflected from a sample point and a reference point, only light reflected
from a sample point is collected. Such a configuration allows a spectrometer to be
configured without any moving parts, which can be advantageous in portable applications,
where high sensitivity can be tolerated. In this case, the ratio between the reflected intensity
and the emitted intensity is formed and displayed as a function of the incoming wavelengths.
For example, a light source emitting light in the range of about 200 nm to about 500 nm is
directed at a sample suspected of having the target material. The light is reflected from the
sample and the intensity of the reflected light is measured with a photosensitive device and is
set in relation to the pre-defined intensity on the incident light.

[0033] Figures 3 and 4 are schematics for exemplary spectrometers 300 and 400
configured for straight reflectivity methods. As in spectrometer 100 in Figure 2, a broadband
light source 305, 405, such as a high pressure xenon source or white light source, can be
provided to illuminate the sample 315, 415. In some systems, the light source 305, 405 can
be used to illuminate a monochromator (not shown) to provide monochromatic light having a
continuously varying wavelength. As shown in Figures 3 and 4, the light can be directed
from the light source 305 to the sample 315, 415 via a first optical waveguide 306, 406, such
as a glass fiber or other type of optic fiber. The reflected light from the sample 315, 415 can
be directed onto the face of a detector 330, 430 using a second optical waveguide 307, 407,
such as a glass fiber or other type of optic fiber. However, other methods can be used to
direct light between the light source 305, the sample 315, 415, and the detector 330, 430,
such as lenses, mirrors, or any combination thereof.

[0034] The first waveguide 306, 406 and the second waveguide 307, 407 can be
arranged in various ways in order to properly illuminate the sample 315, 415 and collect
reflected light from the sample 315, 415. For example, as shown in Figure 3, the first and

second waveguides 306, 307 can be arranged for using one or more lenses 301, 302. In

10
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another example, as shown in Figure 4, the first and second waveguides can be joined in a
single optical ferrule 402. Using the ferrule 402, spectrometer 400 can utilize a single
waveguide for light from the light source and the reflected light directed towards the sample
415.

[0035] The detector 330, 430 can be a photomultiplier (not shown) or another type of
detector, such as a charge coupled device (CCD) 330, 430, as illustrated in Figures 3 and 4.
Additionally, the reflected light can be directed through a filter 308, 408, such as a daylight
filter, to eliminate background light noise. Any output voltage from detector 330, 430 can be

electronically processed, as in system 100, by a computer 340, 440, to yield the normalized
difference in straight reflectivity, that is, AR/R , where AR=R,-R; is the difference between
the spectrum of the light reflected from the sample (R;) and the pre-defined spectrum from

the light source (R»). R = (Ri1R2)/2 can be used as the average straight reflectivity.
Computer 340, 440 can also control the operation of any monochromator being used. In
another embodiment a lock-in amplifier (not shown) in conjunction with a differencing and
dividing circuit (not shown) can be utilized for a similar purpose. Additionally, computer
340, 440, as previously discussed for system 100, can be configured to generate an output
signal for display on an indicator 350, 450.

[0036] The invention is expected to have a wide variety of applications and be
particularly useful when high throughput and non-contact methods are required. For
example, the invention can be used in a non-invasive manner in a variety of field
environments for fast and reliable detection and identification of explosives and controlled
substances. For example, the invention can enhance homeland security through sensitive
detection of the presence of TNT or other explosives on an object, such as a suitcase, a
vehicle, or a building from a distance without touching the suspected area. Products based on

the invention can include explosive detection systems for use by police and other security

11
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authorities for protecting infrastructure, such as from possible terrorism. Systems according
to the invention can also be used in airports, buildings, and in other areas where a bomb could
be placed.

[0037] An important feature of the invention is that each explosive is distinguished by
its characteristics DRS so that a positive identification of the specific explosive present can
be made rather than just signaling the presence of nitrogen-containing compounds as

provided by many prevailing technologies commonly in use.

EXAMPLES
[0038] It should be understood that the Examples described below are provided for
illustrative purposes only and do not in any way define the scope of the invention.
[0039] Small quantities of 2,4,6-Trinitrotoluene (TNT), (containing a minimum of
30% water, purity 98%, rest Dinitrotoluene (DNT), no taggants, from Chem Service Inc),
were dissolved in acetonitrile and then deposited on a carefully cleaned glass substrate. After
evaporation of the volatile acetonitrile, the TNT monoclinic and/or orthorhombic crystals
(dendritic needles) were scraped off and deposited on a black substrate (commercial SEM
carbon pad). In a few cases TNT from the same source as mentioned above was investigated,
but was dissolved instead in ethanol or acetone with subsequent crystallization. Undissolved,
that is, as received, solid TNT ( from Chem Service Inc and from the Alachua County
Sheriff’s Office) was also investigated. All cases yielded the same results shown in Fig. 5.

[0040] Figure 5 depicts a characteristic differential reflectogram (which displays
AR/R , versus the excitation wavelength, see above) for solid, crystalline, pure TNT. It is

observed that with decreasing wavelength (increasing excitation energies) AR/R begins to
gradually rise at about 435 nm and reaches a plateau near 400 nm. This structure is hereafter

referred to as the “420 nm absorption”. A second structure is detected in the form of a peak

12



WO 2008/021586 PCT/US2007/063789

near 250 nm. In many cases (but not in all) this structure manifests itself as a double peak
near 245 nm and 255 nm. Finally, a weak peak near 303 nm which overlaps the plateau is
discernible. The 420 nm and the 250 nm structure have also been observed in transmission
measurements for solutions of TNT in acctonitrile, as will be shown below.

[0041] The spectral onset of absorption, as seen at 435 nm in Fig. 5, is a well-known
feature in insulators and particularly in semiconductors, that is, in solids that exhibit a band
gap. While not intending to be limited with regard to theory, theory not being necessary to
practice the invention, it is believed that this indicates that the threshold energy at which
interband transitions set in. For single molecules (e.g. gases) and very diluted solutions of
molecules the just-mentioned electron bands transform into energy levels thought to be
associated with molecular orbitals and are referred to as HOMO-LUMO (Highest Occupied
Molecular Orbital to Lowest Unoccupied Molecular Orbital) transitions. The appearance of
several absorption peaks or shoulders for such “chromophores” is common for highly
conjugated systems, that is, for molecules having alternating single, double, or triple bonds.
Increasing multiple bonds brings the HOMO and LUMO orbitals closer together which
causes a red-shift of the threshold energy (wavelength).

[0042] Figure 6 depicts differential reflection spectra of a large number of mostly
organic substances which could be expected to be found in or on the luggage of an average
traveler. It is noted that none of these spectra have all the same features as TNT. In
particular, the 420 nm structure is generally missing. In addition, the peak or peaks near 250
nm, observed for TNT is absent. Instead, absorption peaks are seen which are situated at
higher or lower wavelengths. As an example, the spectrum for aspartame has a threshold
wavelength near 260 nm and an absorption peak near 230 nm.

[0043] To complement and confirm the differential reflectometry data, transmission

measurements of TNT dissolved in acetonitrile were collected utilizing four different UV-Vis

13
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spectrophotometers (Hitachi, Varian, Perkin-Elmer, Cary) which are double beam
transmission instruments in which both the solvent and the solution to be investigated are
inserted in two separate, but identical, quartz cuvettes of 1 cm width. These instruments yield
the spectral absorbance of a substance, rather than ¢, that is, absorption.

[0044] In order to compare differential reflection according to the invention with
transmission measurements (which are commonly found in the literature), TNT was dissolved
in acetonitrile and the concentrations varied over six orders of magnitude. Figure 7 shows the
results when using a Hitachi spectrophotometer. As can be seen, the threshold energy for
interband transitions for the highest concentration is situated at about the same wavelength
(near 420 nm), as in Fig. 5. With increasing dilution this spectral threshold absorbance
becomes flatter in shape until eventually a peak maximum is discernible and the overall
absorbance decreases. The curve indicating a 0.3 ppm concentration of TNT in acetonitrile
can be considered to essentially represent the absorbance from isolated molecules of TNT.
This shift of the threshold energies seen in Fig. 6 shows the transition from essentially the
solid state of TNT to an isolated TNT molecule.

[0045] Structures similar to those seen in Figs. 5 and 7 were observed in transmission
data by Felt et al. (Felt, D., Larson, S., and Valente, E. “UV-VIS spectroscopy of 2,4,6-
trinitrotoluene-hydroxide reaction”, Chemosphere 49 (2002): 287-295) when using a mixture
of TNT, water, and KOH. Specifically, weak shoulders near 254 nm and 280 nm were
reported. Similarly, for TNT in various solutions (such as water, ethanol, benzene, or
acetone) Abe (Abe, T, “Ultraviolet Absorption Spectra of Nitro-Dinitro- and Trinitro-
substituted Benzenes”, Bulletin Chem Soc. Japan. 31 (1958): 904-907) observed a weak
absorbance shoulder near 300 nm and a peak near 225 nm using a Hitachi transmission
spectrophotometer. However, Felt et al. and Abe have dissolved TNT in a solution. Further,

neither Felt et al. nor Abe resolved a pronounced characteristic spectrum for TNT as seen in

14
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Fig. 5. Most of all, however, Felt et al. and Abe performed their experiments in transmission
utilizing a dilute solution. As such, their techniques are impractical for routine screening.
[0046] Although taggants added by the manufacturer to the TNT could provide the
described structures for TNT, no taggants were present in the substances used based on
information provided by the supplier. It could be further argued that the structure could stem
from the black carbon pad which is used as substrate. However, transmission measurements,
which do not involve carbon tape, showed the same peaks or structure, as mentioned above.
Further, differential reflectograms of the carbon tape only, does not show any structure.
[0047] In order to discriminate between TNT and other organic substances, a curve

discrimination program was developed based on the LabVIEW software (National

Instruments). An average spectral distribution was derived from the AR/R of several
different TNT samples. The spectrum from an “unknown” sample was normalized to the
average TNT spectrum and an envelope region having an upper 5% and a lower 5% deviation
was utilized as the comparative standard. This normalization procedure was done in order to
not exclude weaker reflectors. The program has been shown to reliably detect TNT and
discriminate other substances. Moreover, differential reflectograms of TNT on materials
such as leather or fabric, show the same structure as described above.

[0048] It is to be understood that while the invention has been described in
conjunction with the preferred specific embodiments thereof, that the foregoing description as
well as the examples which follow are intended to illustrate and not limit the scope of the
invention. Other aspects, advantages and modifications within the scope of the invention will

be apparent to those skilled in the art to which the invention pertains.
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CLAIMS
We claim:
1. A method for identifying explosives or other target materials,

comprising the steps of:

irradiating a first location and a second location spaced apart from said first location
from a sample suspected of including explosives or other target materials with ultraviolet,
visible or infrared light;

measuring reflected light emanated from said first sample location (R;) and reflected

light emanated from said second sample location (R»);

calculating a normalized difference in reflectivity (ANE ), whereinR = (RitRy)2 is
an average reflectivity;

generating a differential reflection spectrum (DRS) for said sample where AR=R;-R;
is the difference of the reflectivities of said first and said second sample location, and

identifying one or more as said explosives or other target materials if present in said

sample based on comparing said DRS for said sample to at least one reference DRS.

2. The method of claim 1, further comprising the step of collecting said sample

from a region of interest suspected of containing said explosives.

3. The method of claim 2, wherein said collecting step comprises air filtration by

applying a vacuum.

4. The method of claim 1, wherein said explosive includes at least one nitro

aromatic, nitroamine, nitroaniline, or nitrate.
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5. The method of claim 4, wherein said nitroaromatic is selected from the group
consisting of 1,4-dinitrobenzene, 2,4-dinitrotoluene, 2,6-dinitroluene, 1,3-dinitrobenzene, 4-

nitrotoluene, and 2,4,6-trinitrotoluene.

6. The method of claim 4, wherein said nitroamine is selected from the group
consisting of 1, 3, 5-trinitro-1, 3, 5-triazacyclohexane (RDX) and 1, 3, 5,-tetranitro-1, 3, 5, 7-
tetrazacyclooctane (HMX),said nitroaniline is 2, 4, 6,N-tetranitro-N-methylaniline
(Tetryl),and said nitrate from the group consisting of nitroglycerin, ammonium nitrate and

fuel oil (ANFO), and pentaerythritol tetranitrate (PETN).

7. The method of claim 1, wherein said incident light is provided by a plurality
of monochromatic sources having different emission wavelengths or a broadband radiation

source.

8. The method of claim 1, wherein said incident light is provided by a white light

source and a charge coupled device (CCD) is used for said detection.

9. The method of claim 1, wherein said identifying comprises automated curve
recognition.
10. A system for identifying explosives and other target materials, comprising:

an ultraviolet, visible, infrared, or broadband light source for irradiating a first
location and a second location spaced apart from said first location from a sample suspected

of including explosives or other target materials;
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a photodetector for measuring reflected light emanated from said first sample location
(R1) and reflected light emanated from said second sample location (R;), and

a computer or processor having an associated memory coupled to said photodetector,
said computer or processor running software for calculating a normalized difference in
reflectivity (ANﬁ ), whereinR = (R1+R2)/2 is an average reflectivity, generating a
differential reflection spectrum (DRS) for said sample where AR=R,-R; is the difference of
the reflectivities of said first and said second sample location, and identifying one or more as
said explosives or other target materials if present in said sample based on comparing said

DRS for said sample to at least one reference DRS stored in said memory.

11. The system of claim 10, further comprising an oscillating mirror for receiving
light from said light source and alternately deflecting said light between said first and said

second sample location.
12. The system of claim 10, further comprising a monochromator in optical
alignment with light from said light source, said computer or processor communicably

connected to said monochromator, wherein said detector comprises a photomultiplier tube.

13. The system of claim 10, wherein said light source is a white light source and

said detector is a CCD.
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