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ABSTRACT: There have been several signifi cant advances in Raman spectroscopy instrument technology during 
the past few decades, including the introduction of several new laser sources, the development of holographic 
gratings, effi cient Rayleigh line rejection fi lters, and CCD array detectors, and the advent of FT-Raman spectrometers. 
In view of these developments, Raman spectroscopy is now a fully mature analytical technique on par with its 
counterpart, infrared spectroscopy. The latter technique experienced a quantum leap in use in the forensic science 
laboratory following the introduction of inexpensive FT-IR spectrometers in the 1980s, but forensic scientists 
have been slower to embrace Raman spectroscopy. This may stem in part from the perception that fl uorescence 
prevents its use for many samples. However, a more signifi cant factor may be insuffi cient understanding of the 
unique capabilities of Raman spectroscopy, including how it can provide information not accessible using other 
methods. This promising technique is fi nally making some inroads into the forensic science laboratory, and this 
will continue as forensic scientists gain a greater appreciation of its features and merits. To facilitate this process, 
this article presents a comprehensive review of Raman spectroscopy, with an emphasis on how and why this 
underutilized cousin to infrared spectroscopy can be a very valuable tool for the analysis of a wide variety of 
evidentiary materials. Owing to the wide scope of this review, it is presented in two parts. Most forensic scientists 
are not very familiar with inelastic scattering and Part I of this article describes the principles and instrumentation of 
Raman spectroscopy. Forensic scientists, however, are generally more knowledgeable about infrared spectroscopy, 
and a comparison of the spectral data produced by these two related vibrational methods for various categories of 
analytes is also presented and discussed. 

KEY WORDS: Criminalistics, evidence analysis, forensic applications, forensic science, FT-Raman spectroscopy, 
Raman microscopy, Raman scattering, Raman spectroscopy, trace evidence.

INTRODUCTION

 The Raman effect, which involves inelastic scattering 
of light, was predicted theoretically by Smekal in 1923 
[25] and was observed experimentally by Raman and 
Krishnan in 1928 [22]. It is an extremely weak process; 
Rayleigh (elastic) scattering, which occurs at the same 
time, is typically fi ve to seven orders of magnitude greater 
in intensity. Early custom-built Raman spectrometers, 
which relied on mercury arc lamps as excitation sources, 
prisms as dispersive elements, and photographic fi lms as 
detectors, required many hours of data collection. The 
fi rst commercial Raman spectrometer was introduced in 
1953 and it employed a photomultiplier tube instead of 
photographic fi lm [3]. This allowed for a more quantitative 
measurement of Raman-scattered light, but at the cost of 
the multiplexing feature of a photographic fi lm, as data 
would now have to be collected by sequentially scanning 
through the desired spectral range. Diffraction gratings 
replaced prisms in the late 1950s, but a system of two or 
three gratings in tandem was required to remove stray 
light from the very intense Rayleigh-scattered peak. 
 One of the most signifi cant developments in Raman 
instrument technology occurred in the 1960s when visible 
lasers replaced mercury arc lamps. Not only were highly 

monochromatic sources having greater power levels 
now feasible using coherent radiation, but use of a wider 
range of wavelengths to seek more favorable excitation 
conditions became available. The increased sensitivity 
afforded by the laser also led to the development of the fi rst 
Raman microscope in 1973 [13]. However, even with laser 
excitation and photomultiplier detectors, Raman spectra 
were still acquired by scanning through the entire spectral 
range. When diode array detectors began to be used in the 
1980s, their multiplexing ability allowed simultaneous 
collection of scattered light over a wide spectral range, 
permitting shorter collection times.
 Other significant instrument developments that 
occurred in the 1980s were the advent of effi cient 
rejection fi lters to remove Rayleigh-scattered light, and 
the introduction of near-infrared lasers. Interferometry, 
as employed in a Fourier transform infrared (FT-
IR) spectrometer [11,27], cannot be used to disperse 
(mathematically) Raman-scattered light if a Rayleigh line is 
present, as the contribution of the latter to an interferogram 
would completely overwhelm the very feeble contributions 
from Raman bands. Using these new fi lters, however, 
FT-Raman spectrometers became a viable means to u se 
near-infrared lasers for excitation, and the fi rst Fourier 
transform instrument was developed in 1985 [3]. 
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