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Abstract: The paper reports the potential use of UV based pulsed photoacoustic spectroscopy
to study the thermal stability of some well-known premier explosives such as TNT, RDX,
CL20, and ANTA between 30 and 350 °C range. The thermal PA spectra of samples were
recorded using fourth harmonic wavelength i.e. 266 nm of pulse duration 7 ns and repetition
rate 10 Hz obtained from Q-switched Nd: YAG laser system. Under the influence of UV
radiation, the explosive molecules in vapor phase follow the photodissociation process and
converted into their byproducts such as NO, NO2 and N2O etc. due to n*«—n transitions,
which are responsible for the generation resultant PA signal at 266 nm wavelength. The
results obtained from PA spectra as a function of temperature are cross verified with Thermo
gravimetric-differential thermal analysis (TG-DTA) to ascertain the thermal stability of these
samples. The comparative PA spectra of samples were analyzed and shown the behavior of
acoustic modes with respect to incident laser energy, and data acquisition time. Finally, the

thermal quality factor “Q” is measured to test the stability of reported explosives.
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1. Introduction

Synthesis of novel energetic materials is highly requisite, as they are widely used in military
and civilian applications such as explosives, rocket fuels and gun propellants [1-10]. Thus,
the designing of an energetic molecule is envisaged based on the thermal stability,
performance, high velocity of detonation, detonation pressure compared to the known
standard energetic compounds [11]. The novel energetic compounds of different properties
can be synthesized which includes: the easy and cost-efficient, eco-friendly nature,
production of non-toxic and non-hygroscopic byproducts during detonation, stability for
long-time storage, insensitivity for safe transportation and handling, high enthalpy of
formation, density and better oxygen balance is used for complete combustion. Furthermore,
effective application of thermally stable energetic materials to military and civilian use needs
detailed investigation. The premier explosive molecules possess common nitro (—-NO2) group
but its bonding link varies from sample to sample. The nitro group, attached to aromatic or
aliphatic carbon is probably one of the most widely studied of the functional group and this
part is used for ‘explosophore’ in many energetic materials [7]. The functional group which
are rapidly converted into the gaseous products during detonation of the molecule are called
explosophore [4]. The nitrogen and oxygen-bearing nitro, nitroso, nitramine, nitrate ester and
azido moieties are the members of the explosophore group. The oxygen content in the
explosophore group is used for the conversion of molecular backbone to gaseous byproducts
NOz, COz, CO, and H20. There are many improvised spectroscopic techniques available for
the stand-off and near-field detection of different HEMs [12]. No single technique has been
found to be capable of detecting (i) all the explosives explicitly (ii) obscured/hidden
explosives. They are either time consuming or involve sophisticated equipment along with

tedious data analysis [13-16]. There is a need for identifying the pros and cons of each



technique, therefore, a detailed study is required to investigate the new cross mechanism in a
direct manner for achieving the optimum results.

The PAS has several added advantages over the conventional absorption spectroscopy
such as the effect of reflection, transmission and scattering are totally overruled. As a result,
the low absorption coefficient and opacity of the sample affects the transmitted signal but do
not have any effect on PA signal. Therefore, it has tremendous applications in spectroscopy
of solids, liquids, gasses, condensed matter, nanoparticles and semiconducting materials etc.
[17-26]. The PA technique offers several advantages such as high sensitivity, selectivity,
simplicity and compact size, fast time response, non-destructive detection [22, 27-32]. It is
widely recognized for its excellent performance in trace gas detection from ppb to ppt level
[33,34]. In our previous work we have demonstrated the thermal decomposition mechanism,
stability, and efficiency as rocket fuel for some of newly synthesized high energy materials
using pulsed photoacoustic technique using excitation wavelengths of UV 266 nm and visible
532 nm, between 30-350 °C range [1,35-38]. It is known that the PA signal generation
mechanism varies as a function of excitation wavelength. In case of UV range, it is attributed
to electronic transition, whereas in the mid-IR wavelengths, it is due to vibrational modes of
molecules [37,39,40]. Recently, we have extended our study to recorded the time resolved
PA spectra of dimethyl methylphosphorate (DMMP) between 50-180 ° C temperature range
using mid-IR source [40]. In this report, we have choosen the 2-methyl-1,3,5-trinitrobenzene
(TNT), 1,3,5-Trinitroperhydro-1,3,5-triazine (RDX), Octahydro-1,3,4,7,8,10-hexanitro-5,2,6-
(iminomethenimino)-1H-imidazo(4,5-b)pyrazine (CL20), and 3-Nitro-1H-1,2,4-triazol-5-
amine ANTA, to demonstrate their thermal stability and decomposition mechanism using UV
266 nm wavelength, for the first time. These samples are well known nirorich energetic
compounds and possess different numbers of C-NO. and N-NOz bonds. Their thermal

stability were studied by several resarch groups by various techniques [41-45]. By



considereing that the HEMs molecules vapor and it’s major by products have strong
absorption at UV 266 nm wavelength [46]. Therefore, it is important to evaluate the potential
use of pulsed PA technique for existing nitro rich energetic compounds contain C-NO, and
N-NO: bonds. In the case of 266 nm wavelength, the absorptions mechanism allowed the
n—7n*, n—c* and n— 7w* transitions. Commonly, due to strong absorption of 266 nm
wavelength, the HEMs vapor follows the photodissociation process and converts into their
byproducts due to n—n* transitions [36,47-50].

In the present report, we have compared the results obtained from both techniques i.e. PA
spectroscopy and thermogravimetric-differential thermal analysis (TG-DTA) to understand
thermal decomposition mechanism of TNT, RDX, CI20, and ANTA, respectively. The
comparative PA spectra analysis were carried out at decomposition temperature of samples.
The study reveals that the positions of the principal functional group -NO in aromatic rings
of compounds is a key factor in their thermal stability.

2. Experimental arrangement

Thermal PA spectra of reported explosive samples were recorded using laboratory designed
acoustic filter type resonance PA cell of length (I) = 7.5 cm, radius (R) = 0.75 cm (as shown
Fig. 1) [51]. The resonant cell, with higher Q-value works as an amplifier which needs a low
concentration of gas for the trace level detection. In a cylindrical PA resonance cell, the three
types of eigenmodes are excited i.e. longitudinal, azimuthal and radial modes. The noise
generated at the cell windows due to the light source can be controlled by buffer volume
known as acoustic filters. In the designed PA cell, these have a length of 2 cm and a diameter
of 0.8 cm. These filters suppress the noise from outside the sample. Now the main cavity
works as a resonator and it is acoustically isolated [52]. In the case of a longitudinal
resonator, the buffer volume should have a A/4 length, where A is the wavelength of the sound

wave [53]. In PA cell design, a buffer volume considered as an acoustic filter at each end of



resonator leading to suppress the external noises and attenuation in the PA cell windows.
Absorption of the laser beam by PA cell windows generates acoustic waves at the same
resonant frequency of the resonator. So, the optimum dimension of buffer volume must be
selected to act as a damper at the resonant frequency. The generated acoustic resonant modes
inside the cylindrical cells can calculated well known equations is shown in ref [29].

Microphone

Acoustic filter Acoustic filter

Laser
Buffer . . Buffer
— Main Cavity volume (H

Gas/ vapor inlet out let controller

Fig.1 Designed PA cell.
It is observed that the PA spectra of explosives recorded using UV-266 nm radiations occupy
frequency between 0-50 kHz range. The calculated acoustic frequencies of the given PA cell
of length (I) =7.5 cm, radius (R) = 0.75 cm are listed in Table 1. The linear response of the
detector microphone lies in between 0-60 kHz frequency range. In PA spectra of samples, the
mixtures of the eigenmodes (i.e. acoustic frequencies) are strongly excited than the individual
cavity modes. For this PA cell, the sixth and twelfth longitudinal modes are overlapped with
first radial and azimuthal modes respectively. These modes are clearly observed and which

are predominant in nature in PA spectra of reported samples.

Table 1: Calculated frequencies of PA cell (I=7.5 cm, R = 0.75 ¢cm), at ¢c= 343 m/s for dry air at 20 °C

Longitudinal (q) 1 2 3 4 5 6 7 8 9 10 11
Modes f (kHz) ~ 2.28 457 686 914 1143 1372 16.00 1829 20.58 22.86 25.15
(@) 12 13 14 15 16 17 18 19 20 21 22
f(kHz) 27.44 29.72 32.01 3430 36.58 38.87 41.16 43.44 4573 48.02 50.30
Radial (n) modes 1 2 3 Azimuthal(m)modes 1 2
f (kHz) 134 222 305 f (kHz) 27.89 38.8
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Fig. 2. Experimental setup.

Fig. 2 shows the experimental design used in our laboratory. A fourth harmonic
wavelength i.e. 266 nm of pulse duration 7 ns and repetition rate 10 Hz obtained from Q-
switched Nd: YAG laser (Model Spit, Germany) was used to excite the vapor of the
explosives in an above mentioned cylindrical PA cavity. The laser beam diameter is adjusted
to 6 mm using aperture and allowed to pass through the center of the PA cavity. The
generated PA signal was detected by a pre-polarized microphone (housed in the center of a
PA cell) of responsivity 50 mV/Pa (BSWA, China), and frequency range 0-60 kHz. The
output signal of the microphone was fed to the preamplifier coupled to a 200 MHz
oscilloscope (Tektronix, U.S.A.). The analysis was carried out using data acquisition
program, which was developed using LabView software. The solid compound of a small
quantity (~1 mg) is kept in a designed heating system, which facilitates the controlled
pyrolysis between 30 and 350 °C range. The entire system was evacuated up to 102 Torr
using a rotating vacuum pump. The released vapor of the explosive material at required
temperature was introduced into the PA cell for the recording of PA spectrum at desired
incident laser energy and data acquisition time. The input/output energies of exciting laser

pulses were measured with a power meter (EPM2000, Coherent).



TG-DTA Instrument: Thermo gravimetric-differential thermal analysis (TG-DTA) was
carried out using TA instrument (Model No. Q600DT). The solid compound was introduced
into an alumina crucible and heated between ~30-500 °C range in a nitrogen atmosphere
(flow rate of 100 cm?® / min) which works as the purge and protective gas. An empty alumina
crucible was used as a reference. Non-isothermal TGA runs were conducted between ~30-
500 °C ranges at nitrogen atmosphere with purge rate of 10 °C/min. The thermogravimetric
analysis provides the weight loss in the compounds, whereas DTA/ DSC provides the rate of
heat flow as a function of temperature. Heat flow curve provides the information about
melting, decomposition temperatures of the energetic materials. The compounds follow
endothermic at their melting temperature and either exothermic or endothermic at
decomposition temperature.

In addition, infrared spectra of solid samples were recorded using a Perkin- Elmer IR
spectrometer between 400-4000 cm™ range in form of KBr pellets.
3. Results and Discussions

3.1. FTIR spectra of samples

Before, recording the thermal PA spectra of reported explosives, it is important to identify the
principle functional groups present in the samples. Therefore, the molecules were subjected
to the FTIR spectra to record their structure in terms of vibrational frequencies due to the
presence of principal functional groups. Fig. 3(a-d) shows the IR absorptions bands of TNT,
RDX, CL20, and ANTA, respectively. These samples possess several vibrational frequencies
between 1500-1300 cm™ range and confirms the presence of —NO group. Similarly, other
absorption peaks between 3100-3000 cm™ (C-H), 860-680 cm™ (C-C), 1700-1500 (C=C) and
1250-1020 cm™ (C-N) etc. are also present in all the samples. The additional absorption
peaks of the amino group (in case of ANTA) are present at 3419.18, 3254.79 and 1649.32

cm, respectively. Finally, the comparative FTIR spectra is shown in Fig.3 and confirm the



presence of different functional groups in the reported samples. Further, we have chosen
these samples to record the PA spectra as a function of temperature to study their thermal

stability and decomposition mechanism.
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Fig. 3. FTIR spectra of samples.

3.2. Thermal PA spectra and TG-DTA analysis

Fig. 4(a-d) shows the thermal PA spectra of TNT, RDX, CL20, and ANTA, respectively at
incident laser energy (Ein) =30 pJ and data acquisition time (t) =0.5 ms. The corresponding
inset figures show the intensities of different acoustic modes as a function of temperature.
Fig. 4(a) shows the thermal PA spectra of TNT, which has the excited acoustic modes 3.3,
8.6, 13.8 27.8 and 51 kHz, respectively. These acoustic modes show almost stable intensity
up to 85 °C (Tm=81 °C), then after raise in their PA signal and possess peak at 150 and 300
°C, respectively. In the PA spectra of RDX (shown in Fig. 4(b)), the acoustic modes are
located at 3.8, 8.6, 28.2, and 51.6 kHz shows the stable nature up to 150 °C, then there is an
increment in their intensities with further growth in the vapor temperature. Similarly, the PA

spectra of CI20 (is shown in Fig. 4(c)), the acoustic modes present at 3.8, 8.4, 13.8, 28, and



38.8 kHz possess stable nature up to 200 °C and having highest intensity at 300 °C. The 220
°C, is close to its Tq and PA signal starts increasing at 240 °C (Tq). Similarly, for ANTA the
excited acoustic modes are located at 3.8, 13.8, 28.0, 39.2, and 45.0 kHz shows it is thermally
stable nature up to 250 °C. However, in case of different samples, due to contribution of total
molecule vapor for the generation of PA signal, the excited acoustic modes almost possess
similar frequencies with variation in their predominant order in the same PA cell. The excited
acoustic modes have approximately similar values with the calculated eigenmodes of the

given PA cell is listed in Table.1.
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Fig. 4. PA spectra of samples and behavior of acoustic modes as a function of temperature.
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Table 2 Energetic properties of samples and the temperatures obtained from TG-DTA, and PAS (based on the
higher strength of PA signal is achieved between 30-350 °C, range).

Energetic properties Thermal stability T(°C) DTA Highest Explosive
Sample p VOD From weight From PA Tm Td siPA I property
. gna
gm/cm? km/s loss curves | signal curves | (°C) (°C) achieved
at T (°C)
TNT 1.65 6.95 130 130 80.35 | 240 330 Melt
castable
RDX 1.82 8.7 195.96 170 2055 | 234 350 Thermally
stable
CL20 2.04 94 225.98 240 245 300 High
performance
ANTA 1.81 8.18 227.08 220 78.59 | 257.04 290 Thermally
stable

Fig. 5(a,b) shows the TG-DTA curves of the samples. Fig. 5(a) exhibits the percentage

weight loss of samples, which shows they initiate drastic weight loss at the corresponding

temperatures 150, 195, 225, and 227 °C, respectively. Fig. 5(b) shows the heat flow curve

indicating the melting (Tm) and decomposition (Tq) temperatures of the samples at heating

rate 10 °C /min. The Tm and Tq4 of TNT is 80.35, 198.75 °C, RDX is 205.5, 234.0 °C and

ANTA is 78.59, 257.04 °C, respectively. Whereas CI20 has its common and Tm and Tgq at

245.62 °C. The highest strength of the PA signal is achieved for the samples at their Tm, or Tqg

and after crossing the decomposition temperatures. In the present case, almost the samples

possess the higher strength of PA signal after the decomposition temperature. At remaining

temperature region the strength of PA signal possesses almost similar values which indicate
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that the reported samples are thermally stable. The energetic properties such as density (p)
and velocity of detonation (VOD) as well as the temperatures obtained from TG-DTA and
PA spectra are comprised in Table. 2. In addition, we have performed the TG-DTA analysis
with respect to the different heating rate of the samples. It was observed that the Tm and Tq
values of these samples have a very slight variation with respect to different heating rates i.e.
5, 7.5, 10, and 12 °C/min. However, we have given the TG-DTA curves at the heating rate 10
°C/min is shown in Fig. 4.

From DTA analyis we directly measured the melting and decompostion tempeartures.
However, we have correlate the thermal stabilty of samples based on the strength of PA

signal as a function of temperature. Consequently, listed the tempearures based on

higher strength of PA signal among the 30-350 °C range in Table 2. It is obserevd that the
strength of PA signal (insets of Fig. 4) as a function of tempearture shows similar up to
centain tempearures (as mensioned above). Which indicates that up to these tempearture
region, the compounds releases similar amount of gas mixture. In addition, the reported
samples possess higher strength of PA signal after crossing the decomposition tempearture as
compared to other temperatures. Thermally stable compounds releases equal or slightly
higher quantity of gasesous mixures from one temperature to another, which reflects in PA

signal intensities.

The compounds having a different number of nitro-groups. As we know that in case of
532 nm only NO> molecules (released from explosives during pyrolysis) are responsible for
the generation of PA signal. At 266 nm the total molecule vapor is responsible for the
generation of PA signal. However, the —NO> bonds are weak in nature compared to other
bonds exit in reported samples. As a result, it is assumed to be the concentration of NO-

molecules is high in the total molecule vapor. It was observed that highest intensity of PA
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signal was achieved in case of CL20 due to its higher density (p=2.04 gm/cm?®) and VOD (9.4
km/s). The intensity order of PA signal for the samples follows CL20 > TNT > RDX >
ANTA. The strength of PA signal, as well as TG-DTA, confirms the explosive properties of
samples such as TNT is melt castable, RDX and ANTA are thermally stable, and CL20 is
high performance explosive [7,54].

3.3. Comparative PA spectra of samples

Fig. 6(a-d) shows the PA fingerprint of TNT, RDX, CL20, and ANTA, respectively. The
inset figures show the time domain signals. The PA spectra recorded at an incident laser
energy (Ein) = 50 wJ and data acquisition time (t)=1.0 ms. The major excited acoustic modes
and their corresponding intensities are shown in the Table. 3. The predominant order of
acoustic modes varies from sample to sample. For all the four compounds the major two
modes are present at 3.8 and 28 kHz, respectively, which have same values with the second
longitudinal and first radial (as well as 12 longitudinal) modes, respectively. In case of
ANTA, all the five modes are possessing comparable intensities. While for RDX and CL20
compounds only two modes i.e. 3.8 and 28 kHz having relatively higher intensities than the
other modes. In case of TNT except for the 3.8 kHz, all other modes have similar intensity.
The change in the intensities of acoustic modes clearly indicates that the variation of the

acoustic signal with respect to different samples depends on their energetic properties.
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Table. 3. Excited acoustic frequencies and their intensities at t=1 ms at T4 of the samples.

Sample | First line: frequencies (f) in kHz

Second line: Intensity (1) in mV

TNT f(kHz):3.1 39 43 85 13.7 21.2 279 33.7

| (mV):42.7 127.3 34.8 22.4 23.2 589 34.7 3.3
RDX f(kHz):3.2 3.9 44 85 13.8 17.2 21.4 28.1 45
I(mV): 3.1 67 24 1106 04 08 2208

ClI20 f(kHz):3.1 39 43 82 13.7 17.2 21.2 279 335
I (mV): 13.8 426 12.1 28 51 0.9 245 234 038
ANTA | f(kHz): 3.2 3.9 44 8.1 85 28 45

I (mV): 1.6 5.1 1.3 0.6 0.7 2.7 0.7

3.4. The behavior of acoustic modes with respect to incident laser energy (Ein)

Fig. 7(a-d) shows the PA spectra of explosives and inset figure shows the behavior of
acoustic modes with respect to incident laser energy recorded at T=350 °C and t= 0.5 ms. The
PA spectra of TNT is shown in Fig. 7(a) reveals that the excited acoustic modes possess
exponential growth of PA signal. In case of 40 and 50 pJ PA spectra, the acoustic modes lie

in the frequency range of 12-22 kHz have high intensity. For RDX is shown in Fig. 7(b), 3.8

13



kHz shows different nonlinear growth with incident laser energy while the other modes i.e.
8.6, 13.8 and 28.2 kHz are showing exponential growth in their intensity. In Fig. 7(c) for the
compound CL20, the behavior of excited acoustic modes is different from one another with
incident laser energy. This is attributed due to a higher concentration of released vapor (might
be higher number of —-NO> groups). Fig. 7(d) shows the PA spectra of ANTA, the intensities
of acoustic modes increases simultaneously with further increase in the incident laser energy.
The acoustic mode present at 28.2 kHz shows decrement after crossing 40 pJ energy. The
acoustic modes at 13.8, 39 and 45 kHz show similar growth behavior. Even at 10 pJ, it is
capable to record the PA spectra due to the high sensitivity of PA spectroscopy and the PA
cell work as a resonator to amplify the PA signal. RDX and ANTA possess the similar
strength of PA signal, even though at higher incident laser energies. At 50 puJ energy TNT
possess the highest strength of PA signal compared to other three samples, while CI20
possess higher intensities compared to RDX and ANTA. The behavior of acoustic modes in
terms of their nonlinear growth reveals that the variation in the density of molecules vapor at
given temperature. The variations in the laser energy lead to change the intensities of acoustic
modes corresponding to their predominant order. However, the central frequencies of

acoustic modes do not vary with respect to incident laser energy.
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Fig. 7. PA spectra of samples with respect to incident laser energy (Ein).

3.5. The behavior of acoustic modes with respect to data acquisition time (t)

Fig. 8 shows the PA spectra of explosives and inset demonstrates the decay behavior of
excited acoustic modes with respect to data acquisition time, respectively. The PA spectra are
recorded at Tq of samples using incident laser energy 30 pJ. It is well known that the central
frequencies of acoustic modes do not vary as a function of data acquisition time. The
intensity of PA signal is inversely proportional to data acquisition time. To understand the
tendency of acoustic modes in terms of their intensity, we have recorded the PA spectra at
different timescales. All the acoustic modes show exponential decay behavior as a function
of data acquisition time. Here, we are giving only the decay times of first predominant mode
i.e. ~3.8 kHz for TNT, RDX, CL20, and ANTA are 0.42, 0.28, 0.41, and 0.93 ms,
respectively. The modes which possess higher decay times indicates those are strong modes
excited with different timescales. The samples possess at t= 2.5 ms almost negligible PA
signal, however, for lower timescales, the intensity is significantly increased and the signal to
noise ratio is comparatively high. This indicates that the compounds released a very lower
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quantity of gaseous molecules, which directly shows the thermal stability of samples. The
strength of PA signal for ANTA is very weak compared to other three samples. Even though
there is a possibility to get the trace of PA signal due to high versatility and sensitivity of PA

technique at UV wavelengths.
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Fig. 8. PA spectra and decay behavior of acoustic modes vs data acquisition time (t) for (a) TNT (b) RDX, (c)
CI20, and (d) ANTA.

3.6. Thermal stability of samples based on quality factor

In section 3.2 we have demonstrated the thermal stability of compounds by intensity
dependent of PA signal with respect to temperature. In this section, we have tested the
stability by considering the quality factor of PA cell (in case of common predominant mode
for samples PA spectra) as a function of temperature. It is known that high quality factor can
be achieved at high amplification factor. Which shows that the response of PA cell is good

enough to record the PA spectra even lower concentration of gaseous molecules.
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The quality factor “Q” is defined in terms of the ratio of accumulated energy to the energy
loss over one cycle. Physically, it is defined by the ratio of central frequency (®) to the full

width at half maxima (Awmc) of the corresponding acoustic mode is given by

(0

Q- (1)
Fig. 9 show the Lorentz fits of acoustic modes located at ~28 kHz for TNT, RDX, CL20 and
ANTA at different temperatures. It is experiential that central frequency of acoustic modes
does not show any variation, while full width at half maxima (FWHM) of modes varies as a
function of temperature. This evidently indicates that the difference in the concentration of
released quantity of gaseous byproducts as a function of temperature. In addition, the
intensities of 28 kHz mode for CL20, is higher than other three samples. This is due to
modulations in acoustic pressure wave caused by different concentrations of released gaseous
molecules. However, the energetic materials possess almost similar acoustic modes due to

absorption of 266 nm by all released gaseous fragments irrespective of their quantity in the

total gaseous mixture.
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Fig. 9. Lorentz fits of ~28 kHz mode at different temperatures for the samples.

In case of four samples (is shown in Fig. 9), it is clear that the central frequency of ~28 kHz

does not vary as a function of temperature. This reveals that the total molecule vapor is

contributed for generation of the PA signal using an excitation wavelength A=266 nm.
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Fig.10. Thermal quality factor of samples at 28 kHz.

Fig. 10(a-d) shows the obtained quality factors for TNT, RDX, CL20, and ANTA,
respectively. The highest Q values i.e. 47, 47, 61, and 58 are obtained for TNT, RDX, CL20,
and ANTA, at temperatures 300, 170, 270, and 250 °C, respectively. These compounds
subsequently release a comparatively higher quantity of gaseous molecules at their melting,
decomposition or above the decomposition temperatures than other temperature region.
However, the samples possess the similar quality factors at different temperature region
(Fig.10). The lower and constant values of quality factors with respect to vapor temperature
indicate that the compounds release less quantity of gaseous fragments during the pyrolysis.
This indicates the samples are thermally stable as a function of temperature. However, among
them, CI20 possess higher quality factor due to a higher concentration of gaseous molecules
within that, which leads to generating the strongest PA signal with the sharp profile (i.e. it has
lower FWHM). Therefore, there is a possibility to get the high quality factor ‘Q’ of PA cavity

at these temperatures.
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4. Conclusions

We have successfully demonstrated the potential use of the pulsed photoacoustic technique to
study the thermal decomposition and stability mechanism of TNT, RDX, CL20, and ANTA,
respectively. The thermal PA fingerprint spectra of samples were recorded using 266 nm
radiation. The PA signal is generated due to n*«—n excitation of total molecules vapor. In this
report, once again we have demonstrated the potential use of pulsed photoacoustic pyrolysis
technique by studying the thermal stability of well-known explosives. The results obtained
from PA technique are cross verified with TG-DTA data to confirm the process of thermal
decomposition mechanism completes in multiple steps as well as shown their thermal
stability. The behavior of acoustic modes were analyzed with respect to incident laser energy,
and data acquisition time. In addition, the thermal quality factor is measured to test the

stability of explosives.
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Highlights:
Demonstartion of UV laser based pulsed photoacoustic spectroscopy to study the
thermal stability of some well-known premier explosives such as TNT, RDX, CL20,
and ANTA.
Verification of results obtained from PA spectra and TG-DTA

Thermal stability study based quality factor “Q”.
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