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INTRODUCTION

The use of explosive devices in terrorist attacks has dramatically increased within the last decade,
according to the data from Global Terrorism Database [1]. To enable timely detection of explosives, their
precursors and/or their breakdown products, several analytical methods have been developed or are being
currently tested, including portable or handheld Raman [2].

In this paper, it is demonstrated that a RamTest-CSI™ Handheld Raman Identifier (Figure 1), offers
fastest- and safest-in-class ID of explosive materials (among today’s commercial handheld Raman units),
superior identification and quantitation of individual components in mixtures, as well as ability to analyze
compounds previously considered impossible or hard to detect using handheld Raman instruments
(examples: ammonia, ammonium nitrate, RDX). Other already-developed or potential CSI and other
forensic applications of the 532 nm handheld Raman include but are not limited to counterfeit testing
(medicine [3], food [4], beverages or alcohol products [5]), analysis of body fluids / stains [6, 7], and others.

Thanks to its fast analysis speed and user-friendliness, the 532 nm Raman technology can be successfully
used not only by forensic scientists in laboratory settings, but also by law enforcement, TSA and other
officers directly at the field and/or crime scene. Thus, in both field- and lab-based analysis cases, the 532
nm Raman provides a convenient and time- and resource-saving option for explosive analysis / ID that is
capable of not only complementing but also replacing several more expensive analytical techniques in the
nearest future.

ADVANTAGES OF 532-nm EXCITATION
FOR EXPLOSIVE DETECTION

A winner of the prestigious Analytical Scientist Innovation Award
in 2016 [8], RamTest-CSI™ Handheld Raman Identifier is
specifically developed to enable best-in-class performance
(among handhelds) for CSI, HazMat, and Homeland Security

applications. The superior performance is achieved by combining Figure 1. RamTest-CSI™ Handheld
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Unique techno-economic benefits of RamTest-CSI™ Handheld Raman Identifier for CSI / HazMat /
Homeland Security applications include:

*  50% reduction in instrument costs due to engineering / economic advantages that use of 532 nm light
offers (please see Results section for details)
* User-updatable database of >100 explosives and narcotics

* 5 and 16 times faster analysis than that by conventional portable Raman units using 785 and 1064 nm
laser excitation, respectively. This is because Raman signal intensity is inversely proportional to 4™
power of laser excitation wavelength [9], Iravan ~ (1/Aex)*, where Aex = 532 nm, 785 nm, 1064 nm

« ID / Quantitation of individual components in complex mixtures (clandestine substances mixed with
camouflaging compounds)

* Reduced detection limits with improved analysis accuracy

* Ability to analyze substances that conventional handheld Raman cannot. Examples: ammonia,
biologics [3]

» Safest-in-class detection of explosives by using up to 5 and 16 fold reduced laser power compared to
conventional 785 and 1064 nm instruments, respectively, without compromising analysis quality

* Ability to analyze liquids or solids/powders on any surface ‘as is’, or directly through containers:
evidence bags, vials, bottles, jars, Petri dishes, blister packs, etc.

« Unmatched combination of spectral resolution (~4 cm™) and spectral range (~120-4000 cm™) that is
unachievable with today’s 785 and 1064 nm handheld Raman due to optical engineering limitations

* SERS and Drop Coated Deposition Raman (DCDR) substrates available

EXPERIMENTAL

All samples were analyzed using a RamTest-CSI™ handheld Raman Identifier (BioTools, Inc., Jupiter, FL,
USA) shown in Figure 1. All tests were run in automated mode (requiring no prior knowledge of Raman
spectroscopy), where all measurement parameters are automatically adjusted to optimize signal-to-noise
ratio and minimize fluorescence, with remaining fluorescence background (if any) automatically subtracted.
RamTest™ software is CFR 21 compatible and comes with a user-editable database.

RESULTS

Figures 2 and 3 show the 532 nm Raman spectra of several powdered and liquid explosives and/or
explosive precursors. Some of the shown explosives / precursors are considered to be either “strongly
fluorescent” (like dinitronaphthalene) or “hard to detect” using a conventional handheld Raman (like RDX,
ammonia, and ammonium nitrate). Yet, RamTest-CSI™ reliably IDs all the shown compounds within only
1-10 seconds! Such a fast and reliable detection is a direct result of 5-16 times stronger Raman signal per
unit laser power at 532 nm excitation compared to those at 785 and 1064 nm (that are utilized in most of
conventional handheld Raman units) [9].
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POWDERED EXPLOSIVES
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Figure 2. 532 nm Raman Spectra of Powdered Explosives Measured by a RamTest-CSI™ Handheld Raman Identifier
(BioTools, Inc., Jupiter, FL), within no more than 10 seconds. Please see text for detail.

NOTE: The “shaded” 2750-4000 cm* region of Raman spectrum is NOT attainable with today’s 785 and 1064 nm handheld
Raman devices of conventional design due to optics / detector limitations.

In addition to ~50% reduced cost and 5-16 times stronger Raman signal per unit laser power, the use of
the non-conventional 532 nm laser excitation enables manufacturing of handheld Raman instruments with
an unmatched combination of widest-in-class spectral range (100-4000 cm™) and best-in-class spectral
resolution (4-6 cm™). This is because the 532 nm laser light is essentially free from the optical engineering
limitations present in space-limited handheld instruments utilizing 785 and 1064 nm laser excitations.

Specifically, the 785 nm laser excitation (equivalent to ~12,739 cm™), is located too close to the CCD
detector sensitivity cutoff at ~1,000 nm (or 10,000 cm™). Therefore, Raman shifts exceeding ~2,739 cm
are NOT available for detection with 785 nm handheld Raman.

As for the 1064 nm excitation, the situation is even worse. First, 1064 nm Raman devices have to utilize
expensive InGaAs detectors with reduced sensitivity instead of the CCD. Second, if one starts at 1064 nm,
the Raman shift of 4,000 cm* would require covering a huge spectral range of ~788 nm ! (from 1064 to
~1852 nm). In contrast, if one starts at 532 nm, the Raman shift of 4,000 cm™ requires to cover the spectral
range of only ~144 nm (from 532 to ~676 nm). Obviously, the latter task is much easier from the optical
engineering prospective in space-limited handheld instruments.
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LIQUID EXPLOSIVES / PRECURSORS
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Figure 3 532 nm Raman Spectra of Liquid Explosives and/or Explosive Precursors Measured by a RamTest-CSI™
Handheld Raman Identifier (BioTools, Inc., Jupiter, FL), within no more than 10 seconds. Please see text for detail:
A) Acetone (blue), ethanol (orange), isopropanol (black), cyclohexane (red), toluene (green), ammonia solution (magenta),
and ammonium nitrate solution (steel-blue).

B) Solutions of hydrogen peroxide (H202) in water of different concentrations: 0.1, 0.25, 0.5, 1, 2, and 3%, respectively.
Insets show magnified ~874 cm™ OO-stretching hydrogen peroxide band to demonstrate that even 0.1% peroxide
concentration can still be reliably detected by RamTest-CSI™

C) Automated hydrogen peroxide quantitation using 3200-3400 cm* OH-stretching water bands (unattainable with today’s
commercial 785 or 1024 nm handhelds).

NOTE: 2750-4000 cm region of each spectrum is NOT attainable with today’s 785 and 1064 nm handheld Raman of
conventional design due to optics / detector limitations.

BioTools, Inc. | www.btools.com



WHITE PAPER | FASTEST-IN-CLASS EXPLOSIVE DETECTION

The multiple advantages of the 532 nm excitation enable new, previously unavailable applications of
portable Raman technology. These new applications include but not limited to detection of ammonia “as
is” (Figure 3A), as well as the automated quantitation of analytes in aqueous solutions with an accuracy
by far superior to that achievable with 785 and 1064 nm Raman units. As an example, Figures 3B and
3C demonstrate a reliable and automated hydrogen peroxide quantitation in water down to <0.1%.
Specifically, ca. 3200 — 3400 cm™* OH-stretch bands of water, which are NOT attainable with today’s
commercial 785 and 1064 nm handhelds, were used as internal Raman intensity and/or cross-section
standards [3].

CONCLUSIONS

The combination of 532 nm Raman excitation (non-conventional for handheld Raman) with the state-of-
the-art methodology to reduce impact of fluorescence on Raman measurements leads to a superior
performance of the RamTest-CSI™ handheld Raman identifier for CSI, Homeland Security and / or HazMat
applications. Notably, this convenient, fast, versatile, and time- and money-saving technology does not
require knowledge of spectroscopy to operate. Therefore, it can be used with equal success by forensic
scientists in the laboratory as well as by law enforcement, TSA or other officers directly “at the field.”

Identified RamTest-CSI™ techno-economic benefits include 50% reduced instrument cost, 5 and 16 times
stronger Raman signal per unit laser power compared to 785 and 1064 nm handheld Raman, respectively;
and unmatched combination of spectral range (~100 — 4000 cm™) and spectral resolution (4 — 6 cm®) that
is unachievable with today’s 785 and 1064 handheld Raman units due to optical engineering limitations.

From a practical standpoint, these advantages translate into up to 5-16 times faster analysis for numerous
practical applications, ability to use up to 5-16 fold reduced laser power without compromising analysis
guality (enabling SAFEST-IN-CLASS detection of explosives, reduced laser safety concerns, as well as
extending continuous battery operation time), excellent performance in water and most of organic
solvents, ability to analyze substances ‘as is’ and through a large variety of glass and plastic containers
(including amber), as well as reduced detection limits with improved analysis and/or ID accuracy [3].

In summary, 532 nm RamTest-CSI™ Handheld Raman Identifier can dramatically reduce analysis costs
for a significant number of practical applications; and / or extend the applicability scope of handheld Raman
to new fields. Best applications include but are not limited to rapid detection of explosives, counterfeit
testing (drugs, food and/or beverages), ID of individual components in complex mixtures, automated
guantitation of analytes in aqueous solutions, diluted analytes in water or organic solvents, and reliable
detection of several compounds previously considered “hard to detect” using handheld Raman devices
(examples: ammonia, biologics, RDX, ammonium nitrate) [3].
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Resources:

RamTest Flyer: http://www.btools.com/assets/ramtest flyer biotoolsv2.pdf

BioTools Products: http://www.btools.com/products.html

If you have any questions, please contact info@btools.com or call 561-625-0133

BioTools, Inc.
17546 Bee Line Hwy
Jupiter, Florida 33458

Phone 561-625-0133
Fax 561-625-0717
URL: www.btools.com
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