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ABSTRACT: An infrared spectral library containing 455 con-
trolled and noncontrolled solid drug standards was generated using
internal reflection spectroscopy. All attenuated total reflection
(ATR) spectra were obtained with small diamond internal reflection
elements. ATR spectra will have minor variations from transmis-
sion spectra commonly found in commercial infrared libraries.
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An infrared spectral library was generated using internal reflec-
tion spectroscopy. Forensic drug analysis by internal reflection
spectroscopy is a new application of an established infrared
method. Attenuated total reflection spectra are produced when
samples are placed in optical contact with the surface of an internal
reflecting element. Internal reflection elements (IREs) must have a
high refractive index and resist both mechanical damage and chem-
ical attack when samples are pressed into contact with their sur-
faces. To best meet these requirements, internal reflection FT-IR
accessories with small diamond IREs were selected to generate this
spectral library.

Internal reflection spectroscopy has experienced increased ap-
plication for infrared analysis, and ATR spectral libraries are
needed for forensic drug analysis. ATR drug analysis is now be-
ing used with limited published ATR spectral data for compari-
son. The ATR spectra are similar to transmission spectra, but with
some differences. The minor differences are a direct consequence
of the transmission and reflection process. The ATR spectra of
455 controlled and noncontrolled standards were collected. These
spectra are complied into an ATR spectral library for forensic
drug analysis.

Procedure

All 455 solid standards were obtained from various sources in-
cluding, but not limited to Sigma, Applied Science, K&K, USP,
Brinkmann, Aldrich, and Mallinckrodt. The standards selected
were obtained from the primary drug standards of the Illinois State
Police Joliet Forensic Science Laboratory, Joliet, Illinois. Each
standard is labeled with its originating source and lot number.

ATR spectra were obtained using a Mattson Genesis I Fourier
Transform Infrared Spectrometer (FT-IR) with a Golden Gate™
single reflection diamond ATR accessory and sapphire anvil
(Grasby Specac, Inc.), a Gateway 2000 computer equipped with
the WinFIRST program, and a Hewlett Packard Laser Jet 5 printer.
The following parameters were used: starting frequency of 4000
cm21, ending frequency of 500 cm21, 4 cm21 digital resolution, 36
scans, a triangle apodization and a gain of 1. Background and blank
spectra were collected every five samples. The spectra were also
peak-picked using a threshold method with a cubic spline filter, a
peak sensitivity of 1, and a peak column of 3.

A minimal amount of each solid standard was applied to the sur-
face of the diamond. Preceding sample collection, the bridge was
gently clamped and the sample clamp hand-tightened.

A macro was developed that would save the data to the a:\ drive.
These data include the interferogram, the generated ATR spectra
with report, and the generated peak-picked spectra with report. The
macro prints a copy of each spectrum with report. The macro will
also place the ATR spectra into a specified c:\ drive library within
the WinFIRST program. The library specified was “goldgate.” The
macro can be seen in Fig. 1.

Results

Upon completion of sample collection, each spectrum was man-
ually compared with various reference material (1–3) and in-house
standard transmission spectra. This comparison was not to confirm
the drug identity using transmission spectra, but to determine if un-
expected peaks were omitted or added to the ATR spectra. If this
inspection found the spectrum to be unacceptable, then this sample
was reanalyzed using the same process. Of the 455 solid standards
collected, 15 solid standards were labeled as unusable. These spec-
tra remain in the library marked with an asterisk (*) at the begin-
ning of the title information. Examples of commonly seen drugs
can be found in Figs. 2a through 2 f.
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FIG. 1—The macro ggadrive developed to obtain data.

FIG. 2a—A peak-picked spectra of cocaine hydrochloride.
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FIG. 2b—A peak-picked spectra of cocaine base.

FIG. 2c—A peak-picked spectra of heroin hydrochloride.
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FIG. 2d—A peak-picked spectra of ephedrine hydrochloride.

FIG. 2e—A peak-picked spectra of pseudoephedrine hydrochloride.



FIG. 2f—A peak-picked spectra of caffeine.

FIG. 3—Methamphetamine hydrochloride library search results.
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When the library was complete, validation tests were performed
using street samples and secondary laboratory standards. The li-
brary was found to be accurate in matching unknowns to the library
and is currently being used in routine analysis (Figs. 3 and 4).

Conclusion

ATR is a confirmatory technique for analyzing controlled and
noncontrolled substances in the forensic community. The small
size of sample, ease of sample preparation, speed of analysis, and
reproducibility of spectra make this an ideal method for drug anal-
ysis. Because there are differences between transmission and ATR
spectra, exact matching of these spectra is impossible. The addition
of this ATR spectral library gives the forensic scientist using ATR
a new database to more quickly, accurately, and confidently ana-
lyze drugs.
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Additional information and reprint requests:
A complete copy of the library is available to interested legitimate

researchers and can be obtained through arrangements with the corresponding
author.
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FIG. 4—Ephedrine hydrochloride library search results.


