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Abstract- We have considered the technique and experimental laboratory setup that allow the recording of 
I he specular and diffuse reflectance spectra of the infrared radiation of substances in solid and liquid aggre­
~: tl e states on various surfaces. A quantum cascade laser, tunable in the wavelength range of 5.3- 12.8 !J,m with 
:1 spectral resolution of2 cm- 1 and an average power of 15 mW, was used as a probing radiation source. The 
experimental setup made it possible to record the spectra of the diffusely reflected radiation ofthe substances. 
M cthods for the identification of substances based on the scattered radiation spectra are proposed. It is shown 
that the use ofthe Kramers- Kronig integral t ransform increases the degree of selectivity ofthe spectra and, 
:1s a consequence, the reliabi lity of identification. 

Keywords: infrared spectroscopy, identification, quantum cascade laser, Kramers- Kronig relations 
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INTRODUCTION 

In l'r;t red (I R) spectroscopy is an optical method 
II til t is generally accepted in domestic and world practice 
lilr t l1 c study of the composition and structure of chemi­
l'li l t.:ompounds [ 1]. As a rule, in routine laboratory 
l'l'NCnrt.:h, substances in various aggregate states are 
fl lmlit.:d using infrared Fourier spectroscopy [2, 3]. 
' l'lt l.'\ mt.:thod is especially commonly used for the anal­
v~o~ l s or chemical compounds in the gaseous phase, 
11d udi ng the Identification of substances in the open 

ll ltnosphere by passive methods (infrared Fourier 
np~o: t.: lroradiometry) [4- 7]. Substances in the solid and 
llqtl id phases are currently studied, as a rule, by means of 
l~ ll lll :t n spectroscopy [8-11]. In world practice, the com­
posil ion and structure of substances are studied using ter­
III H.:rll'. radiation [12], as well as photoluminescence 
IIH.:Ihocls 113). 

In 1994, Bell Laboratories (USA) [ 14] was the first 
lo introduce a quantum cascade laser (QCL) on het­
~ l'!Js l ructures, or the so-called superlattice. Significant 
progress has been made in the development oftunable 
l t~l'r:ucd QCLs, and examples with a tuning range of 
tliorc than 1000 cm- 1 and a peak power of up to 150 mW 
IIII Vt.: been created. The use of such lasers makes it pos­
~o~ l hlt.: lo obtain informative scattering spectra of sub-
tltn ct.:s and, as a result, to successfully identify chem­

lt.:nl compounds [15, 16] . 
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The development of methods for the identification 
of solid and liquid substances by reflected radiation 
using a tunable QCL is an important research area 
because, unlike absorption spectroscopy, it does not 
require sample preparation and can be used for studies 
outside of laboratories [15, 17]. Because the energy 
flux density of diffuse reflected radiation is several 
o rders of magnitude higher than the Raman scattering 
energy, a laser with an average power of approximately 
10 mW imd a lateral size of the laser beam of several 
millimeters is sufficient to obtain the diffuse reflec­
tance spectra. In th is case, there is no risk of physical 
damage to or detonation of the sample. 

EXPERIMENTAL SETUP 

An experimental setup based on a QCL tunable in 
the wavelength range of 5.3- 12.8 1-1.m and a mercury­
cadmium- tellurium (MCT) photodetector, cooled by 
a cascade of Peltier cells, was developed to register 
scattered infrared radiation from the samples of chem­
ical compounds in the solid and liquid aggregate states 
on various underlying surfaces. The IR radiation falls 
normally on surfaces with the test substance. The pho­
todetector and the collecting lens are aligned in such a 
way as to collect maximum scattered radiation. The 
photodetector is positioned at an angle of 30°-45° to 
the normal to the substrate to minimize specularly 




