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Abstract—A description of the developed prototype of a remote detector of hazardous substance vapors based
on a tunable 13C1602 laser is given. Results of test measurements of laser radiation transmission of organic liq-
uid vapors (acetone, ammonia, ethanol, gasoline) are presented. The remote detection of acetone and
ammonia vapors at distances up to 100 m is experimentally implemented.
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INTRODUCTION

The interest in laser methods for detecting hazard-
ous and harmful admixtures in the open atmosphere
has been increasing in recent years [1]. This is condi-
tioned by the invention of high power commercial lasers
wavelength-tunable in different spectral ranges, new
highly sensitive fast-operating receivers, and improve-
ment of spectroscopic and mathematical methods for
processing measurement results. The laser detectors
allow the real-time solution of prime-importance prob-
lems of remote detection of hazardous substances in the
atmosphere [2].

The laser methods for detection and identification
of inorganic and organic compounds, including
vapors of explosive materials (EM) and other hazard-
ous substances, are based on characteristics of their
electron-vibration-rotational spectra [3, 4]. The
knowledge of these spectra in a wide range provides for
the choice of optimal wavelengths of laser radiation
sources for a particular substance.

This paper describes a laboratory prototype of the
remote detector of gases and vapors of hazardous sub-
stances based on a frequency-pulse tunable BC'°O,
laser. The use of its lasing lines allows us to avoid the
influence of absorption by atmospheric CO, [5]. In
addition, intense absorption lines of a series of toxic
gases and vapors of toxic substances, like NH;, Os,
Cl0O, SO,, HNO,, and HCOOH [6], and vapors of
certain substitute explosives (SE), for example, perox-
ide compounds of triacetone triperoxide, fall in the
laser generation range [7]. As a component of such SE,
acetone (C;H4O) is used. It is released during decom-

position of such SEs, and, consequently, can be one of
their markers.

The paper also presents discrete transmission spec-
tra of vapors of certain organic liquids (ammonia, ace-
tone, ethanol, and gasoline) measured at wavelengths
of the laser used. A possibility of the remote detection
of ammonia and acetone vapors in concentrations of
about 200 ppm at a distance of up to 100 m is shown
experimentally.

REMOTE DETECTOR OF VAPORS

When designing the prototype of the device for
remote detection of substance vapors, the optical
effect of radiation absorption was used, consisting in
the fact that when propagating along an atmospheric
path with a substance sought, the laser beam scatters
on the topographic target and the scattered signal is
recorded. As a base for the problem solution, we took
the detector developed earlier [8] and substituted a
single-frequency *C'°0, laser for a tunable laser.

The block-diagram and general view of the laser
path detector are shown in Figs. 1 and 2, respectively.
The prototype is an autonomous setup, with a receiv-
ing-transmitting unit no larger than 1000 X 900 x
700 mm?>. Components of the receiver-transmitter are
mounted (see Fig. 2) on the optical plate (THORLABS
Inc., United States). The transmission section is
mounted at the setup top. It consists of a 1*C'°0, laser,
integrating sphere with photoreceiver of the reference
channel, collimating lens, system of mirrors, and aux-
iliary alignment semiconductor visible (green) laser.
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Fig. 1. Schematic view of the path detector: sensing laser
with power supply and control unit (/), collimator (2),
receiving telescope (3), photoreceiver with power supply (4),
ADC (5), personal computer (6); thermostatic system of the
sensing laser (7), alignment laser (&), and supporting con-
struction (plate) (9).

The receiving section, mounted at the setup bottom,
consists of the telescope and photoreceiver of the mea-
surement channel. The totally equipped setup can be
set either at a stationary point or on a mobile vehicle.

As a laser source, an automated waveguide RF-
excited Z-shape cavity *C'°0O, laser with the radiation
wavelength tuning by lines of BC'®O, P-branch in the
10.99—11.4 um range (20 lasing lines) was used,
designed and produced by Special Technologies Ltd.,
Novosibirsk [9]. The control for the laser tuning by
lasing lines is conducted with a controller, which
ensures turn of the cavity diffraction grating by a step-
wise engine in the position corresponding to the
required lasing line. The grating position is deter-
mined by the preliminary calibration. The laser con-
sists of laser head, HF generator, and power supply.
The laser construction provides for a possibility of air
and liquid cooling. The maximal mean generation
power at strong lines attains 5 W with water cooling
and about 0.4 W in the air-cooling mode.

Along with the laser source, the transmission system
of the detector includes a compact two-component
tunable collimating optical system, which allows simul-
taneous tuning of the whole optical channel. The optics
is made from spherical mirrors ensuring the radiation
focusing to the required distance (50—100 m) via shift-
ing one of the mirrors along the optical axis to = 5 mm.

In the reference and measurement channels, the
photoreceivers were used for recording the modulated
radiation within the wavelength range from 2 to 20 um.
As reference, a MG-30 pyroreceiver was used (with
the threshold sensitivity 10~ W Hz'/? inside a unit fre-
quency band), and for the measurement channel, a
liquid-nitrogen-cooled KRT photodetector (with a
specific detectability of 3 x 10 W-! Hz!/2 cm).

The receiving system is a Cassegrain system with a
cooled photoreceiver. The primary mirror in the
Cassegrain system has an aperture of 250 mm and is
focused to 75 m.

To make the prototype operation effective, a sys-
tem for automating the measurement procedure was
developed: signals from photoreceivers of the refer-
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Fig. 2. General view of the path detector.

ence and measurement channels are applied to the
input of an external ADC board, mounted in a com-
puter, and to an oscillograph (for testing). The radia-
tion wavelength tuning and data recording, acquisi-
tion, and preprocessing are performed using a Lab-
View program. During this, the amplitudes of
photoreceiver signals are measured, averaged, and
input into the computer memory. An ADC National
Instruments NI PCI 6251 board is used as an instru-
ment for measuring and digitizing amplitudes of sig-
nals from photoreceivers of both channels.

RESULTS OF TEST LABORATORY
MEASUREMENTS

Before testing the prototype, a series of experi-
ments were conducted for measuring the transmission
of BC'®Q, laser radiation by vapors of several chemical
compounds. Spectra of the saturated vapors of the fol-
lowing substances mixed with air were measured:

1) Ammonia (NH;): liquid medical solution.

2) Acetone (C;H4O): liquid, chemically pure.

3) Ethanol (C,H4O): liquid, rectificate.

4) Gasoline: liquid, routine solvent.

The choice of substances is conditioned by the fol-
lowing reasons: ammonia and acetone are evident indi-
cators of substitute explosives; ethanol and gasoline,
being the volatile inflammable liquids, have strong
absorption lines in the range of 3C'°0, laser generation.

Transmission of the vapors was measured at the
setup by the standard spectrophotometric scheme

(Fig. 3). The transmission of the absorbing layer was
calculated by the formula

T= (Uout/Uin)(UOOUt/UOin)s

where U are photoreceiver signals, subscripts “out”
and “in” correspond to the measurement and refer-
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Fig. 3. The scheme of test measurements: reference chan-
nel (I), measurement channel (1I); 13C1602 laser (1),
absorption cell (2), beam splitter (3), and photoreceivers (4
and 5).

ence channels, respectively; “0” means the absence of
the substance studied.

For recording radiation in the reference and mea-
surement channels, pyroelectric receivers MG-30
were used.

The absorbing vapor layer was prepared in an
absorption cell, which is a glass tube 20 x 500 mm.
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The tube ends are covered by BaF, optical windows.
The cell provided the airtightness of the inner volume.
In the case of the cell filling with air, zero values of sig-
nals U were determined. The studied gas mixture was
prepared by filling the preliminary evacuated cell with
saturated vapors of a corresponding substance from a

container; then, the values U,, and U, were recorded.

Figure 4 shows the results. For the comparison,
Fig. 4a shows also the results of calculation by the lit-
erature data for conditions of the experiment.

It is seen that the results agree satisfactorily. The
presence of a single line in the NH; spectrum allowed
us to test the scale of the laser wavelength tuning.

TECHNIQUE FOR TESTING THE PROTOTYPE

The vapor detector prototype was tested in labora-
tory conditions on a closed path in IOA SO RAS fol-
lowing the spectrophotometric scheme (Fig. 5). The
prototype was adjusted to path measurements: the
scatterer and modeling topographic reflector were at a
distance of 77 m from the prototype; the cell with
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Fig. 4. Measured transmission spectra of (a) ammonia, (b) acetone, (c¢) ethanol, and (d) gasoline vapors.
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Fig. 5. Scheme of path measurements: 13C1602 laser (1),
scatterer (2), receiving telescope (3), measurement photo-
receiver (4), reference photoreceiver (5), personal com-
puter (6), cell (7), valves (8), and container with acetone or
ammonia (9).

ammonia or acetone vapors simulating SP was at a dis-
tance of 65 m.

The procedure of the path measurements was sim-
ilar to the measurements conducted at the setup ear-
lier. In the given case, the absorption cell was a metal
tube J68 x 620 mm. At the tube ends, KRS-5 optical
windows (thallium bromide—thallium iodide) and
pumping valves were mounted. When filling the cell
with air, zero values of the photoreceiver signals were
determined. An absorbing medium, a mixture of
ammonia or acetone vapors with air, was prepared by
blowing saturated vapors through the cell using an air
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compressor at a rate of 2 L/min until stabilization of
the photoreceiver signal in the measurement channel;
after that, the blowing was ceased and the photore-
ceiver signals of the reference and measurement chan-
nels were recorded again.

A fragment of the signal recorded in acetone
vapors at the lasing line with a wavelength of 11.193 pm
is shown in Fig. 6. The estimate of vapor concentra-
tion in the cell gave a value of ~ 263 ppm with an
error of = 30 ppm.

Figure 7 shows the variation in the transmission
recorded in the cell with ammonia vapors (~200 = 20)
ppm during radiation wavelength scanning. The
decrease in the gas mixture transmission is seen at
~1800 scanning steps, which corresponds to adjust-
ment of the laser cavity to the P30 line (11.262 um).

CONCLUSIONS

In the result of the work carried out on the base of
a tunable BC'°0, laser, a prototype of a laser detector
of hazardous substances was designed and produced.

Laboratory experiments on the local detection of

chemical compound vapors (ammonia, acetone, eth-
anol, gasoline) were conducted.

Acetone and ammonia vapors with concentra-
tions of ~200 ppm were detected in a path segment

Air blowing No radiation

I

18:15:23.266

18:15:47.566 18:16:14.866 18:16:38.496 18:17:03.463

18:17:28.457
Time

Fig. 6. Photoreceiver signal of the measurement channel versus time recorded in acetone vapors at a wavelength of 11.193 pm.
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Fig. 7. Transmission of the cell with ammonia vapors as a function of the number of scanning steps.

60 cm long at a distance up to 100 m at a signal-to-
noise ratio ~10.

The prototype can become a basis for designing
remote gas analyzers of a series of toxic chemical com-
pounds for use in industry or ecological monitoring
departments.
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