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We report an ultrasonic sensor based on open-cell photoacoustic spectroscopy method for the detection
of explosive agents in traces. Experimentally, we recorded photoacoustic spectra of traces of hazardous
explosives and molecules. Tunable mid-infrared quantum cascade lasers in the wavelength range 7.0-
8.8 um lying in the molecular fingerprint region are used as optical source. Samples of Pentaerylthirol
Tetranitrate (PETN), Tetranitro-triazacyclohexane (RDX), Dinitrotoluene, p-Nitrobenzoic acid and other
chemicals like Ibuprofen having quantity ~1.0 mg were detected using a custom made photoacoustic
cells in both open and closed configurations. The explosive traces were swiped using paper from con-
taminated surface and detected. Finite element mesh based simulation of photoacoustic cell is carried
out for optimization of geometry at ultrasonic frequency (40 kHz). A point sensor based on above ap-

Laser Spectroscopy

proach will be very effective for forensic applications and suspicious material screening.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Photoacoustic effect was invented by Alexander Graham Bell in
1880 while doing experiments on the transmission of sound via a
beam of collimated sunlight [1]. The effect is basically an indirect
effect of light, relying on thermally generated acoustic waves in a
sample due to periodic irradiation of light. Photoacoustic Spec-
troscopy (PAS) is essentially a spectral study of photoacoustic ef-
fect on a sample. A thermal/acoustic signal generated due to light
absorbed at different wavelengths give qualitative and quantita-
tive information about a sample. The temperature rise in any
sample is primarily governed by its non-radiative relaxation
transitions. PAS is a highly sensitive method that can be used to
detect trace levels of samples. It is an excellent spectroscopic tool
for the study of materials in all three phases (solid, liquid and gas).
PAS technique offers several advantages such as wide dynamic
range, non-destructive detection, simplicity and compactness of
experimental hardware. PAS has been widely used in diverse fields
such as atmospheric sciences, combustion process, medical diag-
nosis, homeland security, food industry and atmospheric pollution
monitoring. The invention of quantum cascade lasers (QCL) has
boosted the research in the field of Photoacoustic Spectroscopy.
Availability of room temperature operation of QCL and broad
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tunability in the molecular vibrational fingerprinting band, typi-
cally 500-1500 cm~! has enhanced selectivity and opened new
avenues for PAS based sensors [2-4]. Applicability of photoacoustic
spectroscopy to various spectroscopic measurements is discussed
by Gary A. West et al., applications like linear absorption spec-
troscopy (vibrational and electronic), vibrational overtone spec-
troscopy, trace analysis, reaction kinetics and nonlinear spectro-
scopy (multiphoton as well stimulated Raman scattering) and
photoacoustic Raman spectroscopy (PARS) and myriad applica-
tions to gaseous trace component analysis has been reviewed and
discussed [5]. In year 2008, pulsed external-cavity quantum-cas-
cade laser (EC-QCL) tunable in 9.3-0.10 pm band was used for the
acquisition of mid-IR photoacoustic (PA) spectra of solids [6]. Re-
searchers have demonstrated detection of solid traces of RDX,
PETN, TNT, and TBP adsorbed on surfaces with a limit of detection
of 100 ng/cm? and a standoff distance of 20 m using a reverse
photoacoustic spectroscopy employing EC-QCL [7]. Pietro Pati-
misco, et al. has reviewed the Quartz-Enhanced Photoacoustic
Spectroscopy (QEPAS) for gaseous species concentration monitor-
ing. Quartz enhanced photoacoustic spectroscopy employs a re-
sonant quartz crystal tuning fork as the detector. The technique
has shown best gaseous species detection sensitivity in the mid-IR
fingerprint range where powerful QCLs are available, sensitivity of
QEPAS has reached record detectable trace gas concentration le-
vels in part-per-trillion range [8].

Xing Chen et al. reported standoff detections of TNT powder
from a range of 240 cm of quantity 1 mg, using 7.35 pm quantum
cascade lasers (QCLs) based photoacoustic (PA) experiments [9].
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Photothermal cantilever deflection spectroscopy (PCDS) based
quantification of picogram levels of ternary mixtures of similar
explosives (trinitrotoluene (TNT), cyclotrimethylene trinitramine
(RDX), and pentaerythritol tetranitrate (PETN)) using nano-
mechanical IR spectroscopy has been reported [10]. Highly re-
solved IR bands of RDX and TNT sample and their soil mixtures
were recorded in the 9.6 and 10.6 mm regions of the CO, laser [11].
Acoustically open ultrasonic photoacoustic detector having opti-
cally multipass arrangement has been reported for trace gas and
atmospheric pollution studies using CO, laser source [12]. Photo-
acoustic (PA) signals were detected by Gianfranco Giubileo and
Adriana Puiuin in the entire frequency 9-11 pm band of CO, laser
by their home-made photoacoustic apparatus. The Laser PAS
spectral absorptions recorded with a CO, laser source were re-
ported for 2, 4-DNT; 2, 6-DNT; HMX; TATP; PETN; TNT and RDX
having concentrations ~100 pg [13]. PAS measurements of solid
explosive material /energetic material covering the wavelength
region of 400-1600 nm were reported using xenon and halogen
lamps as a source [14].

The aim of the present work is to carry out the mid-infrared
photoacoustic spectroscopy of microgram level quantity of en-
ergetic materials and other chemicals in ultrasonic regime
(40 kHz) using open acoustic resonator cell geometry. The aim is
also to develop an Open-Cell Laser Photoacoustic Spectroscopy
(OC-LPAS) Sensor for rapid detection of suspicious traces.

2. Theory

The primary source of acoustic signal in a photoacoustic cell
arises from the periodic heat flow from the solid to the sur-
rounding gas as the solid is cyclically heated by the chopped/
modulated light. Only a relatively thin layer of air adjacent to the
surface of the solid responds thermally to the periodic heat flow
from the solid to the surrounding air via piston effect. This
boundary layer of air can then be regarded as a vibratory piston,
resulting in generation of acoustic signals in the cell. Since the
magnitude of the periodic pressure fluctuations in the cell is
proportional to the amount of heat emanating from the solid ab-
sorber, there is a close connection between the strength of the
acoustic signal and the amount of light absorbed by the solid
[15,16]. Theory of photoacoustic effect in solids was formulated by
Rosencwaig and Gersho. With regard to solid samples there are
three important parameters which are as listed below: 1. Sample
thickness ‘I', 2. Optical absorption length ‘u;z=1/f", where f3 is the
optical absorption coefficient in cm~! and 3. Thermal diffusion
length ‘u,/, which determine how far a periodic wave can travel
into a solid without dissipation.

ue = /=%, where ‘o’ is thermal diffusivity of medium (a = k )

kis thermal conductivity, p is the density of medium and C is the
specific heat capacity of medium and ‘@’ is the frequency of heat
waves (radians/s) or the chopping frequency of laser. It is clear that
the thermal diffusion length is inversely proportional to the
chopping frequency and hence at higher frequency in ultrasonic
band the thermal diffusion length is very small as compare to
audio frequencies. Under the condition of thermal diffusion length
‘¢ being smaller than optical absorption length ‘ug, photo-
acoustic spectrum will be a true representation of the optical ab-
sorption spectrum, otherwise the property of backing material
would also come into the measurement. In Photoacoustic mea-
surements of solid samples, the acoustic response of the air above
the sample is measured and related to the thermal properties of
the sample. The time dependent component of the temperature of
solid in the surrounding gas/air attenuates rapidly with increasing
distance from the surface of the solid. The boundary of air, which
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Fig. 1. Cross-sectional view of a simple photoacoustic cell.

respond thermally to the periodic temperature at solid gas inter-
face is 2. z/ag,, where gy is known as the thermal diffusion
coefficient of surrounding gas. The typical value of air boundary is
2. n/agqs ~0.2 cm for a chopping rate of 100 Hz. In the study pre-
sented in this paper the air boundary length decreases to 0.008 cm

at chopping frequency 40,000 Hz.
2.1. Simulation and theoretical analysis

Fig. 1 shows a typical cross section of photoacoustic cell,
showing the positions of a solid sample, backing material and gas
column. According the Rosencwaig and Gersho (RG) one dimen-
sional thermal diffusion model the photo-acoustic signal intensity
Op (physical pressure variation due to modulated light source) is
given as

op = (1 —_})ﬂ. Lop.Y

2. ag. ky o))
where ag, pp, kp, | and S are the thermal diffusion coefficient of air
(cm™1); the thermal diffusion length of the backing material (cm),
the thermal conductivity of the backing material (W/m K), the film
thickness and the optical absorption coefficient of the film (cm™!)
for the wavelength A, respectively; and Y as a constant factor. The
acoustic signal is thus proportional to f.I which means that the
whole sample length contributes to photoacoustic signal. For the
thermally thin case in which thermal diffusion length p; > I, the
thermal properties of the backing material come into play in the
expression for photoacoustic signal intensity (Pascal). The factor ‘Y’

. . . . .Pp. I .
appearing in the above equation is Y = 2%% OT, where 7 is the
V2.1g. Ty

ratio of specific heats at constant pressure and volume, Iy is the
incident, monochromatic light flux (W/cm?), Py and T are is am-
bient pressure and temperature respectively and I, is length of gas
column above the sample.

Fig. 2 shows a variation of the thermal diffusion length of RDX
powder with chopping frequency and its comparison with the
optical penetration length. As an estimation, a 10 pg weight of
RXD with a uniform thickness having a diameter of 4 mm on paper
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Fig. 2. Comparison of optical and thermal diffusion length for RDX powder.
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swipe corresponds to a sample physical thickness of [=0.44 pm.
The RDX has an extinction coefficient 1.153 @ 1268.7 cm™! re-
sulting in an optical penetration depth pz=0.54pum @
1268.7cm~! [17]. RDX has a thermal conductivity
k=2.53 x 10~% cal/cm S °C, density p=1.804 g/cm> and specific
heat capacity C=0.232 cal/g °C which results in thermal diffusivity
a=k/p.C=6.0x10"%*cm?/s and the thermal diffusion lengths

p = /%‘, [18]. Plot in Fig. 2 shows that for 1268.7 cm~! excitation

and for modulation frequencies below 65 kHz the RDX sample is
thermally thin and above 65 kHz the sample is thermally thick. For
modulation frequencies below 65 kHz the thermal properties of
backing material must be taken into consideration for RDX.

3. Photoacoustic cell design

In the design of photoacoustic cell, we have considered the
design principle of PAS resonators of different shapes such as
pipes, cylinders, and spheres [19,20]. The indigenous T-shaped
photoacoustic cell is fabricated using stainless steel material. The
cell consists of two hollow cylinders intersecting each other in a
perpendicular geometry. The vertical cylinder has a height of
2.36 cm and diameter 2.0 cm and horizontal cylinder has a height
of 3.0 cm and a diameter of 0.7 cm. The dimensions of cell are
optimized for 40 kHz resonant frequency. Both the open and
closed geometries of cell were used for conducting the experi-
ments and simulations. The acoustic resonant Eigen-frequencies of
a simple open or closed cylinder can be calculated analytically.
Since direct analytical solutions of Eigen-frequencies of T-cell are
not available so the COMSOL pressure acoustic simulations based
on Finite-element mesh (FEM) are carried out for both open and
closed geometries to optimize the resonant frequency of T-cell at
ultrasonic frequency centered at 40 kHz. The Eigen frequency and
Eigen-modes are obtained by solving the following differential
equation.

+ 2 +(g)2p<?>=o
p c) p 2)

where p(T) is the pressure generated by the photoacoustic effect.
Acoustic pressure given by p =p,. e"*{(N/m? is a harmonic
quantity for the pressure acoustics frequency domain study, as
described in Eq. (1) as photo-acoustic signal intensity op. ‘@’ is the
angular frequency, ‘p’ is the density of air (1.2 kg/m>) and ‘¢’ is the
speed of sound in air (343) m/s at STP. The walls of photoacoustic
cell are sound hard boundaries leading to the normal derivative of
pressure to vanish at boundaries i.e.
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Fig. 3. Variation of Acoustic Pressure vs. Frequency for Open and Closed Cell
Geometry.
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Fig. 4. Simulated Acoustic pressure field for the first resonant frequency of open
cell. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)

where ‘n’ is the outward pointing unit normal vector seen from
inside the geometry of T-cell. The pressure inside the cell is taken
as 1 Pa and all the boundaries are taken as sound hard boundaries
except the top surface of vertical cylinder in case of open cylinder.
In case of closed cylinder, all the boundaries are taken as sound
hard. Five quadratic elements should be used to resolve each
wavelength. Therefore, the maximum mesh element size is set to
1/5 of the shortest wavelengths present, i.e. mesh size is taken
¢/5. faxr fmax is the maximum frequency for which solutions are to
be evaluated. Finite Element Mesh (FEM) simulations of PAS Cell
provide the results of pressure acoustics frequency domain study.
Fig. 3 shows the response of PAS cell, i.e. average acoustic pressure
integrated over the volume with frequency up to 50 kHz for open
and closed geometry. A total of 1000 frequencies in the 1-50 kHz
band are solved. The design of the cell is optimized in the present
case to get a pressure acoustic maximum at 40 kHz frequency for
open cell geometry. It is also apparent from Fig. 3 that at 40 kHz,
the average integrated acoustic pressure for open-cell configura-
tion is more than the close-cell configuration.

Fig. 4 shows simulated cell geometry and the acoustic pressure
field variation for first resonant frequency, i.e. 2342.9 Hz showing
the maximum pressure field in red color (dark color in print ver-
sion) in the horizontal cylinder. The vertical color scale shows the
acoustic pressure variations for the PAS cell. It is understandable
from the Fig. 4 that the first resonant mode is a longitudinal one.
The resonant acoustic mode at 40 kHz too is a longitudinal mode
having an acoustic resonant mode number 12.

4. Experimental set-up

A schematic diagram of the experimental setup is shown in
(Fig. 5a). The commercially available QCL sources from M/s. Day-
light Solutions, model number Uber Tuner UT-10 (tuning range
1130-1420 cm~ ') with increment wavelength of 1 cm~! is used.
The laser is having an accuracy of 1cm™! and a linewidth of
~0.5 cm~ . The QCL laser beam is modulated by pulses of 500 ns
duration at the frequency 40 kHz using a function generator, the
maximum average power of the laser is 35 mW at peak of intensity
profile @100 kHz modulation. Laser intensity does not damage the
samples, as the average laser power is ~10 mW and in addition
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the laser beam is not focused. Dual channel function generator
(Tektronix AFG3102) is used to modulate the laser and to give the
reference signal to lock-in-amplifier. The laser is incident on
photoacoustic T-cell though the vertical cylinder as shown in
(Fig. 5b). The vertical cylinder is kept open as well as closed for
different measurements. A calcium fluoride window is used for the
closed configuration to allow the laser beam to pass through it.
The absorption of tunable laser radiation by the sample is followed
by non-radiative decay resulting in pressure fluctuations at mod-
ulation frequency which were detected by a sensitive microphone
attached at the one of end of horizontal cylinder. A commercially
available microphone detector (Murata MA40B5R) is used as a PAS
sensor. Sensitivity of the detector is —63 dB with a sound pressure
level 0dB=20pPa. For the pre-amplification of PAS signal,
500 kHz bandwidth current amplifier (Femto de, DLPCA-200)
having input noise 43 femto ampere/y/Hz is used at bandwidth
50 kHz settings. Amplified PA signal from the current amplifier is
fed to a lock-in-amplifier (SR830 DSP Stanford Research). The time
constant of measurement of Lock-in-amplifier is taken as 100 ms
and sensitivity in 100 pV to 10 mV scales. The analog signal from
lock-in amplifier are digitized using a multifunction data acquisi-
tion card (USB 4716 Advantech) and recorded on a computer
having a Labview based graphical user interface. All the spectra
were recorded by fast forward scanning mode of Quantum Cas-
cade Laser (QCL) which limits the wavelength accuracy of
+ 2 cm ™. Initial experiments were carried out using carbon black
as a reference sample. Powders as well as traces of molecules
swiped using paper soaked with alcohol were studied. The swip-
ing paper folded into L-shape was placed directly into the vertical
cylinder of the T-shape PAS cell. Traces were swiped using the
upper face of the horizontal L-shape of paper. Before placing in the
cell it was ensured that the alcohol has got evaporated from the
paper. All the experiments are carried out at room temperature of
26 °C in laboratory conditions and relative humidity around 40%.

5. Results and discussion

The Laser photoacoustic spectroscopy (LPAS) spectra of the
samples of 2, 4 dinitrotoluene (DNT), Tetranitro-triazacyclohexane
(RDX), Pentaerylthirol Tetranitrate (PETN),

p-Nitrobenzoic acid (PNBA) and isobutylphenylpropanoic acid
(Ibuprofen) were recorded as shown in Fig. 6. All the spectra
presented here were recorded using open cell configuration

(b)

Fig. 5. (a) Experimental arrangement, (b) PAS Cell with amplifier.
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Fig. 6. LPAS spectra of various molecules.

without averaging the signal intensity, i.e. all the spectra are
generated using a single forward wavelength scanning of laser. PAS
spectra were observed to have a very good repeatibility in terms of
spectral peak positions and relative PAS intensities. The present
method aims at the detection of suspected visible contamination
on any surface. The visually suspected contamination on any sur-
face has a concentration in micrograms and can be swiped easily
using paper soaked in a volatile liquid like alcohol. We were able
to record spectra of samples having concentration of the order 1.0-
10 mg. The concentration of swipe samples on paper was verified
by depositing the alcohol solution of explosives on a quartz crystal
microbalance. In case of the closed cell configuration PAS signal
could only be recorded for higher concentrations (~mg) as the cell
geometry is optimized for open cell configuration. Ultrasonic
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Table 1
Comparison of experimental PAS peaks with literature with assignments.

PAS peaks (cm '), Present work Infrared Peaks (cm ') [Ref.]

Vibrational mode Strength

2, 4 Dinitrotoluene [22,23]

1348 1346

1266 1268

1205 1204

RDX

1392 1390 [25], 1395 [24]
1354 1351 [25], 1358 [24]
1316 1312 [25], 1310 [24]
1272 1269 [25], 1270 [24]
1236 1234 [25], 1235 [24]
1221 1220 [24]

PETN

1305 1306 [25], 1306 [26,27]
1283 1286 [25], 1285 [26,27]
1270 1272 [25], 1272 [26,27]
Ibuprofen [29]

1324 1321

1270 1269

1232 1231

2,4 NO, symmetric stretching Strong broad

C-H (ring) bend Strong

Ring breathing, C-H (ring) bend Weak

C-N stretch Strong

C-N stretch Strong

N-N stretch Strong broad
C-N stretch Very strong
C-N stretch Strong Overlap
C-N stretch Strong overlap

CH, wag+C5 skeletal +NO, rock
NO, stretch+CH bend +C5 skeletal
CH; bend+C5 skeletal +ONO, rock

Medium overlap
Very strong overlap
Strong overlap

C -H bend +CO-H in-plane bending Strong
C -H bend +CO-H in-plane bending Strong
CO-H in-plane bending Very Strong
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Fig. 7. Bar graph of LPAS signals (mV) at lock-in amplifier for 1 mg quantity of
various molecules, noise level (100 micro volts) is shown as a dashed line.

(40 kHz) modulation frequency improved the PAS signal in two
manners, firstly, the laser average power increase at higher mod-
ulation frequency and secondly at 40 kHz the ambient acoustic
noise is low as compared to lower frequencies in the acoustic
domain. Ultrasonic modulation frequencies also lower the thermal
diffusion length in sample and therefore reduce the PAS back-
ground due to the backing material. Average noise amplitude in a
laboratory environment corresponds to level 10~4-10~2 Pa in the
audio frequency band and reduces to ~10>-10"“Pa at 40 kHz
band [21], which facilitates a very good acoustic isolation of the PA
cell for ultrasonic frequencies.

A Photoacoustic spectrum of paper is recorded in the spectral
band 1130-1420 cm ! and it was observed that the LPAS spectrum
of paper does not have any distinct peak in this band. Rather a
continuous broad response in entire band is observed. It must also
be noted that, in all LPAS measurements a wavelength accuracy
and repeatability of +2 cm™! is observed,which is limited by the
fast scanning mode of the QCL.

Table 1 elaborates the experimentally observed peaks for dif-
ferent molecules which are compared with those reported in lit-
erature. It can be seen that the experimentally obtained peaks are
in very close agreement with the reported literature. For 2, 4 DNT,
which is basically a precursor of Trinitrotoluene (TNT), a very
strong peak is observed at 1348 cm~! manifested due to —NO,
symmetric stretching, Fourier Transform Infrared (FTIR) Spectra
and peak assignments previously reported by reference [22,23] are
taken as reference for 2, 4 DNT. In case of RDX, a very strong peak

at 1272 cm~ ' is observed due to C-N stretch vibrational mode.
Strong overlapping peaks at 1221 and 1236 cm ! are distinctively
resolved in our experimental measurements. Spectral positions as
well as relative Photoacoustic intensities are in agreement with
FTIR spectra reported in the literature having resolution 4 cm™!
[24,25]. Strong overlapping peaks at 1270 cm ™! (— NO, Stretching)
and 1283 cm~! (—CH, bending) were distinctively resolved for
PETN and are in agreement with reported values [26,27]. In ad-
dition to the NO, stretching motion, this mode contains significant
contributions from a —CH bend and Cs skeletal deformation. For
PNBA, the photoacoustic spectrum is shown to have peaks at
1284 cm~!, 1294 cm~", 1313 cm™', 1342 cm™"! and 1352 cm~ .
Peak at 1294 cm~! (very strong) is due to C-OH stretching and
peak at 1352cm~! (very strong) is due to symmetric —-NO,
stretching. The recorded spectra are in close agreement with lit-
erature reported FTIR spectra having wavenumber resolution of
1 cm~! [28]. Ibuprofen is reported to have a very strong absorp-
tion at 1232 cm~! due to CO-H in-plane bending agrees well with
our measurements [29]. Peaks at 1270 and 1324 cm~! are mixed
modes having a C-H bend + CO-H in-plane bending. It was ob-
served that with concentration less than 1 mg and keeping the
sensitivity of lock-in-amplifier in microvolt scale, the ambient
water vapor spectral signature becomes a source of noise for open
cell configuration.

For the determination of limits of detection (LOD) we have
considered the third strongest peak of the spectrum as the

|==-8 micrograms, t =0 min |
=8 micrograms, { = 30 min | |
- § micrograms [
=+ 1 microgram

LPAS Signal (a.u.)
-

o *,x***-x_t
S v, K *
i i "-u * 4 w, *

L e ™ gttt e ey
- aadi T o R s oz-ff-u +33
1220 1240 llﬂl 1280 1300 1320 1340 1360
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Fig. 8. LPAS signal of RDX of different quantity. (For interpretation of the references
to color in this figure legend, the reader is referred to the web version of this
article.)
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reference peak. As at least three peaks in the tunability of our laser
provides a fairly good chance of molecular identification. For ex-
ample, in case of RDX molecule the strongest peak is at 1272 cm ™,
second strongest peak is at 1236 cm~! and the third strong peak
happens to be at 1316 cm ™. The peaks at 1205 cm ™!, 1316 cm ™,
1313 cm ', 1305 cm~ ' and 1324 cm~! are taken as reference for
2, 6 DNT, RDX, PNBA, PETN and Ibuprofen respectively. Fig. 7 is a
bar-chart; each bar shows the photoacoustic signal corresponding
to a concentration of 1pg of all above said molecules. For our
experimental set-up, we have taken a 100 uV signal as the noise
level at the input of lock-in-amplifier. The dashed horizontal line
represents the noise floor (100 pV) of our sensor. For a signal to
noise ratio (SNR) of 10 the signal levels 1 mV is required. It can be
seen in Fig. 7 that for the 1 mg quantity the SNR is typically over 10
for all of the molecules.

Fig. 8 shows the RDX spectra recorded using different quan-
tities from 1 to 8 mg. To display the repeatibility and the time
evolution of present sensor, two of spectra (solid red and dashed
blue lines) are produced, both recorded in an interval of 30 min for
the 8 mg quantity. The spectra show a very good repeatability in
terms of peak position as well as relative spectral intensities. The
spectrum corresponding to 5 mg quantity (dot green line with star
marker) and 1 mg (dashed dot purple line with diamond marker)
shows the LPAS signal variations. All the spectra show repeat-
ability in terms of peak spectral positions. Also, it is discernible
from the Fig. 8, that one microgram concentration is easily
detectable.

6. Conclusions

We have reported an open-cell laser photoacoustic spectro-
scopy (OC-LPAS) sensor using tunable pulsed quantum cascade
laser source. This system is capable of rapid detection of explosive
traces on paper swipes having concentration ~ 1.0 mg. Powder, gel
and liquid samples can also be studied with a slight modification.
The sensor discriminates various molecules in the fingerprinting
vibrational band with a very good repeatibility and signal to noise
ratio > 10. No averaging of spectra is required and the total
measurement time is less than 10 s. The open-cell LPAS spectra
peaks are in close agreement with the reported literature. The
described method is non-invasive in nature, have an easy sample
preparation method. Open cell offers easy access to the measure-
ment compartment and do not require any transparent optical
window. Employment of the ultrasonic detector ensures in-
sensitivity to ambient acoustic noise. Ultrasonic modulation fre-
quencies lower the thermal diffusion length, therefore, reduce the
PAS background due to the backing material. A point sensor based
on above approach offers wide potential for explosive trace de-
tection, forensic applications, post blast residue analysis and sus-
picious material screening. A more sensitive microphone with a
broad ultrasonic responsivity band can be used in future to im-
prove the detection sensitivity of the sensor. Finite-element mesh
based simulation of photoacoustic cell is used for optimization its
geometry at ultrasonic frequency (40 kHz). The present method
deals with pure molecules, we are striving to incorporate algo-
rithm to identify molecules from a mixture.
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