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H I G H L I G H T S

• Graphite as a sensor for identification of TNT using 1064 nm wavelength.

• The PA study with respect to different weight percentage of graphite in TNT matrix.

• Identification of acoustic and optical phonons waves transfer mechanism between GP and TNT using 785 nm wavelength.

• Development of a new tool for detection and identification of explosive molecules using commercially available laser systems.
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A B S T R A C T

The optical phonon waves transfer mechanism between pure graphite (GP) and trinitrotoluene (TNT) using
1064 nm as an excitation wavelength based on the double resonant Raman effect and the pulsed photoacoustic
(PA) technique has been investigated. The study was carried out at a different weight percentage of GP within
TNT with respect to the two excitation wavelengths of 532 nm and 1064 nm (30 ps, 10 Hz, Q-switched Nd: YAG
laser). The equal and double proportional matrix of the GP and TNT (solid samples) generate a strong PA signal
with high quality factor (Q-factor) due to the interaction of optical phonons of GP and TNT in the same phase.
The Raman spectra, recorded at 785 nm wavelength provides an insight on the pi-electron coupling between the
GP and TNT. The obtained experimental results confirm that the pure GP and its derivatives, which have a SP2/
SP3 hybridization, can be used to develop a new sensing optode for the detection and identification of explosive
molecules in the visible and near-IR wavelengths range.

1. Introduction

The detection of solid high energy materials (HEMs) or explosives in
visible and NIR region using photoacoustic (PA) spectroscopy is still a
challenging task due to the absence of absorption bands in this region.
Many optical and chemical analytical techniques for the detection of
explosives are reported by different groups [1–6]. These analytical
techniques were demonstrated on the basis of the absorption or emis-
sion of incident radiation from the analysts. Among all, PA spectroscopy
is one of the most versatile and potent absorption-based technique
because it can identify molecules in the solid, liquid, and gaseous phase
in trace level using deep UV, IR, and THz radiation [7–16]. High power
pulsed and CW lasers of 532 nm and 1064 nm wavelengths are easily
available, therefore, several researchers have demonstrated the wide

range of applications in the field of laser spectroscopy for different
materials at these wavelengths [17–23]. In present report, we have
demonstrated the new mechanism of detection of the explosive using
graphite (GP) as a sensing medium at 532 and 1064 nm wavelength
range.

Recently, Sharkaway et al. have reported the laser-induced PA
spectroscopy for trace detection of explosives using 1064 nm obtained
from Nd: YAG laser, which is used in a combination of optical inter-
ferometry technique [17]. However, the strength of the generated
acoustic signals was quite low. Similarly, TNT is detected by Haibo
Zhou et al. using ultra-high Raman scattering of off-resonated p-amino
benzenethiol (PABT) through the formation of TNT-PABT complex,
where silver nanotubes arrays were used for enhancing the Raman
signal [18]. On the other hand, a double resonant Raman spectroscopy
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is one of the attractive technique, which is widely used to investigate
the disorder and defects in the graphite-based system [19]. In addition,
the detection and characterization of TNT using different optical tech-
niques have been reported [16,20–23]. Mcnesby et al. have reported
the Raman spectra of TNT and some other high-energetic materials
using Fourier transform Raman (FTR) spectroscopy by employing near-
IR laser radiation with a scattering source of 1060 nm [20]. M. Snels
et al. have detected the solid explosive TNT in the near infrared spectral
range between 1560 nm and 1680 nm using CW cavity ring down (CRD)
spectroscopy [16]. Pushkarsky et al. demonstrated the detection of TNT
using laser-based photoacoustic technique [21]. They have explored
continuous-wave high-power quantum cascade laser in external grating
cavity geometry tunable up to 400 nm and extended up to 7300 nm.
They have also used the flash heater to evaporate solid TNT in a CRD
absorption cell. Deshmukh et al. have investigated the TNT in water
samples collected from nearby military training center using solid phase
microextraction technique coupled with Fourier transform Raman
spectroscopy [22]. Idros et al. demonstrated the colorimetric-based
detection of TNT explosives using functionalized silica nanoparticles
[23].

In our previous report the promising use of 532 nm wavelength to
identify the TNT in GP mixture using pulsed PA technique combined
with double resonant Raman effect has been reported [24]. In the
present study, we have introduced the use of fundamental wavelength
(i.e. 1064 nm) of Nd: YAG laser system of pulse duration of 30 ps and
10 Hz repetition rate for recording of characteristic PA spectra of TNT
in different weight percentage of GP. In addition, the Raman spectra of
GP, TNT, and GP+TNT at 785 nm wavelength have been recorded. The
generation of PA signal from TNT in GP matrix is going to open a new
channel of research in explosive detection.

Pure GP does not emit any light photons because there is no tran-
sition between the conduction and valence energy bands. But it strongly
emits thermal radiation, which falls in the far infrared region.
Therefore, source medium GP plays an important role in interaction
with the carbon in CeHeO group of TNT molecules. In the case of TNT,
two energy bands (Raman bands) are generated due to NO2 and cyclic
aromatic ring, while for GP it is attributed to D-band. The carbon atoms
of GP are arranged in a hexagonal structure, where one carbon atom
forms a covalent bond with three surrounding atoms [25]. It is well-
known that carbon has valence of 4 and it can make four bonds. In the
case of GP three electrons of carbon form three bonds among them-
selves, and the other free electron floats freely between two layers of
carbon plates as shown in Fig. 1(a). This free electron is delocalized and
mobile by nature. Thus, it can conduct the electricity and give the GP
the property of an electric conductor despite being a non-metal. A force
created between these two layers of carbon with the aid of the electrons
is known as Van Der Waal force [26,27]. Graphene is a two-dimensional
(2D) building block for carbon allotropes of every other dimensionality.

It can be stacked into 3D graphite, rolled into 1D nanotube, or wrapped
into 0D fullerenes. The G and 2D Raman peaks change their shape,
position, and relative intensity with respect to the number of graphene
layers. Also, it reflects the evolution of the electronic structure and
electron-phonon interactions. The origin of the D and G bands along
with second-order D peak of graphene has been studied in [28].

The broad range of excitation energy of GP lies between 1.91 eV
(649 nm) and 2.52 eV (488 nm) that shows the first and second-order
Raman spectra of the GP respectively [28–33]. Raman spectroscopy is a
well-established tool for vibration spectroscopic analysis and is em-
ployed for the identification and detection of explosives [20,34–37].
Wang et al. [29] have analyzed the Raman spectra of industrial TNT
dissolved in acetone and reported seven major bands. They have used
1064 nm wavelength obtained from the diode-pumped Nd: YVO4 solid
laser as an excitation source. The 2D GP structure consists of two
carbon atoms per unit cell, which are associated with six numbers of
phonon modes. Among them, three belong to acoustic (A), and the
other three to optic (O) phonon modes. The optic phonon modes are
further divided into out of plane (OT) phonon mode, one longitudinal
(L), and the other one transverse (iTO) [19].

The optical/acoustic phonons are responsible for transferring the
vibrational energy and momentum from GP to TNT. This phenomenon
was also perceived in the Raman spectra of samples. In this case, the
shift in D and G bands of GP, as well as TNT bands in the GP+TNT
mixture was observed. This is the indication of coupling of pi-electrons
between GP and TNT (due to electron-phonon or phonon-phonon in-
teractions) that leads to transfer the phonon waves momentum from GP
to TNT. As a result, TNT can absorb the incident radiation that leads to
generation of strong PA signal. The present study revealed that near-IR
wavelengths could also be useful to identify solid TNT and other HEMs
in the presence of GP using pulsed PA spectroscopy.

2. Experimental arrangements

The experiment was performed in three steps. In the first step, the
mixture of TNT and GP were prepared in different weight proportions.
The powder samples were converted into a circular disk of variable
thickness in the form of pellets using two tons of pressure. In the second
step, the mixture was placed in an aluminum cubic shaped PA cell of
length 5 cm, width 5 cm, and height 6 cm. The fundamental and the
second harmonic wavelengths, i.e. 1064 nm and 532 nm, obtained from
Q-switched Nd: YAG laser of 30 ps duration at 10 Hz (PL-2250 Ekspla,
Lithuania) were employed to excite the mixture of TNT and GP. The
generated PA signal was recorded using a pre-polarized microphone
(BSW, China), which was housed in a teflon (PTFE) jacket and placed at
a distance of 1.0 cm from the sample cavity. The distance between the
center of the sample and the microphone head was 2.2 cm. An alu-
minum plate had a window of one-inch diameter glass/quartz covered
with a neoprene washer, which was used to cover the cavity. The
generated PA signal was amplified using a preamplifier and fed to the
digital storage oscilloscope (Tektronix, 200MHz) for the recording of
the time domain signal. The oscilloscope was connected to the personal
computer, which has a data acquisition program developed using
LabView software. In the third step pure TNT & GP and their mixtures
were subjected to portable Raman spectrometer, λ=785 nm (B &W
Tek, USA) for the recording of Raman spectra.

3. Results and discussion

3.1. 1064 nm based photoacoustic spectra of TNT with GP

Fig. 2(a and b) shows the PA spectra of a pure GP (2mg) and
composite (GP+TNT, 1:1 ratio by weight) respectively. The PA spectra
are recorded at data acquisition time t=1ms and at incident laser
energy Ein = 2.0 mJ. The excited acoustic modes for the matrix of GP
and TNT (GP+TNT) show the shift in the frequency with respect to theFig. 1. The structure of (a) graphite and (b) trinitrotoluene (TNT).
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pure GP frequency. For the GP+TNT the acoustic modes show a pair of
peaks, a broad profile between 28 and 35 kHz, and have one of the
strongest modes at 32.0 kHz. In addition, two acoustic modes located at
28.1 and 34.3 kHz of pure GP spectrum are merged in the PA spectra of
GP+TNT mixture. Also, it shows the broadband profile with ten times
higher intensity. All other acoustic modes of pure GP also show a shift
in their frequencies in GP+TNT mixture. It confirms the process of
exchange of the optical phonons momentum between GP and TNT
which is explained using the double resonant Raman effect.

Fig. 3 shows the PA spectra of GP and GP+TNT at t=1ms between
0.5 and 3.0 mJ energy range. The excited acoustic modes for pure GP
and a mixture of GP+TNT are shown in Table 1. It is clearly observed
that the order of excited acoustic modes and their corresponding fre-
quencies remain unchanged with respect to variation of the incident
laser energy. The molecules of pure TNT (solid) provide the intensity of
PA signal of an order of 1.8 mV at Ein= 3.0mJ and t=1ms, whereas
pure GP shows negligible enhancement in the PA signal intensity at
0.5 mJ. However, the mixture of TNT and GP shows a significant rise in
PA signal intensity. This confirms the coupling of pi-electrons/phonons
of TNT and GP excited by 1064 nm wavelength radiation. Conse-
quently, highest strength of PA signal is generated for GP+TNT. Also, it
is clearly observed that there are less excited acoustic modes of GP
+TNT than of the pure GP. However, all other mixtures show strong PA
spectra with a small shift in their corresponding acoustic modes.

3.2. PA spectra of different weights percentage of GP+TNT

For verification of the optical phonon momentum exchange in GP
and TNT we have repeated the experiment with a different weight
percentage of GP in TNT. A mixture of TNT and GP was prepared using
the initial weight of 2.0mg of TNT. Later on, the quantity of GP varied
from 1.0 to 5.0mg in the TNT composition. The initial weight and its
equivalent percentage of GP and TNT are listed in Table 2.

Fig. 4 shows the PA spectra of TNT mixed in GP in different weight
proportions at t=1ms, Ein = 3.0 mJ, in the range between 7 and
40 kHz for the excitation wavelengths of 1064 nm and 532 nm respec-
tively. It confirms that the pair of acoustic peaks for a different weight
percentage of GP possess different intensities. In case of 1064 nm-based
PA spectra of GP+TNT mixtures, the acoustic modes of 29 kHz and
32 kHz possess the double resonant nature, whereas, the mode near to
20 Hz shows a single broad peak for matrix-1, 2, and 3, respectively.
However, on further increase of the GP quantity, i.e. for matrix-4 and
-5, the modes at 29 kHz and 32 kHz merged together and this shows the
broadening effect. At matrix-4 the 32.5 kHz mode is much broader than
the other compositions. However, 20 kHz mode slightly shifted to
22.5 kHz and split in two peaks possessing the double resonant nature
(see Fig. 4(a)). In addition, for the matrices-4 and 5, the low order
acoustic modes lying between 8 and 14 kHz are excited with similar
intensity. In the case of 532 nm at matrix-3 the acoustic modes at 17.3
and 28.8 kHz have the similar intensities. In this case the strongest
acoustic mode is located at 29 ± 0.3 kHz, except the peak matrix-5,

Fig. 2. PA spectra of (a) GP (b) GP+TNT at 2.0 mJ and t=1ms.

Fig.3. PA spectra of (a) GP (b) GP+TNT for 1064 nm.

Table 1
Excited acoustic modes of GP and GP+TNT and their corresponding intensities
at 1064 nm.

GP kHz: 8.9 12.9 15.4 19.0 23.3 26.1 28.1 34.3
mV: 1.79 2.59 1.66 0.08 1.61 1.81 5.32 4.46

GP+TNT kHz: 9.6 13.3 20.1 30.1 32 36.1
mV: 3.22 4.33 16.86 32.78 52.56 7.28

Table 2
Initial weights and the corresponding weight percentage of GP and TNT.

Matrix Initial weight Percentage

GP (mg) TNT (mg) GP (%) TNT (%)

1 1 2 33.3 66.6
2 2 2 50.0 50.0
3 3 2 60.0 40.0
4 4 2 66.6 33.3
5 5 2 71.4 28.6
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which is located at 30 kHz. The PA spectra for the matrix-4 and -5, the
acoustic modes 29 and 32 kHz are also merged together.

The PA spectra of pure GP show the presence of three peaks at 28.7,
32.3, and 35.2 kHz respectively. These peaks are gradually turned into a
single predominant peak for both wavelengths of 1064 nm and 532 nm.
Particularly, the matrix-5 has single mode at 32.5 (1064 nm) and
29.3 kHz (532 nm) respectively. The PA results reveal that in higher
quantity of GP the mixture shows a broadening effect in the higher
order acoustic modes and shift in the lower order acoustic mode.
Moreover, the strength of the pure GP signal is comparatively lower
than the signal of mixture of GP+TNT for both excitation wavelengths.
The PA signals of GP and TNT at 1:1 (matrix-2) and 2:1 (matrix-4)
ratios are stronger than the other matrices (see Fig. 4). It might be at-
tributed to the phonon waves are in the same phase, which lead to
enhancing the double resonance Raman signal of the composition.
However, for other mixtures there is a phase mismatch between the
phonon waves, which leads to lower intensities of PA signal. The
strength of PA signal and the corresponding acoustic frequencies of
different matrices reveal the signature of TNT in GP.

3.3. The behavior of acoustic modes with respect to different weights of
graphite

Acoustic modes’ behavior and the corresponding strength of PA
signal vary with the concentration of GP in TNT. Fig. 5(a and b) depicts
the behavior of ∼30 kHz mode of different mixtures using incident
laser energy from 0.5 to 3.0mJ respectively. The intensity of PA signal
increases with respect to the energy of the incident laser. For all the
incident laser energies it is noticed that the behavior of acoustic modes
is similar for the different compositions of GP+TNT. Fig. 5 confirms

that the strength of PA signal is high for matrices-2 and 4, and is low for
matrices-1, -3, and -5.

3.4. The responsivity of PA cell with respect to incident laser energy

Fig. 6(a and c) shows the linear increment of the intensity of PA
signal with respect to the incident laser energy for various matrices at
t=1.0ms. The slope of the linear fit of corresponding data points
(before the saturation limit) of PA signal provides the responsivity of PA
cell with respect to the incident laser energy.

Fig. 6(a and b) shows the responsivity curve of PA cell at different
concentrations of GP. The value of responsivity of pure GP is lower than
the values for different mixtures that indicates an exchange of optical
phonons between TNT and GP excited with 532 nm and 1064 nm. The
change in the responsivity of GP+TNT is a clear sign of morphological
change. The responsivity of the sample follows the nonlinear growth
with increasing percentage of the GP. The responsivity is linearly in-
creased for even proportions of GP (matrices-2 and -4), while for the
odd mass concentration of GP (matrices-3 and -5), the responsivity
shows saturation behavior [see Fig. 6(b and d)]. GP has much stronger
absorption than pure TNT at 532 nm and 1064 nm, therefore, PA signal
curves show the linear growth in Fig. 6(a and c). However, the re-
sponsivity does not follow the linear behavior for the different GP
+TNT matrices. Fig. 6(b and d) shows that the highest responsivity is
achieved for the matrix-2 and 4 due to the generation of high PA signal
with respect to incident laser energy. It is inferred that the excited
optical phonons waves of GP are in the same phase with phonon waves
of TNT for the equal and double quantity of GP. In this case the phonon
waves are interacting constructively and superimposed on each other.
As a result, strong phonon waves are generated, which are measured in

Fig. 4. PA spectra of a mixture of TNT and graphite (GP) at different weight percentage for (a) 1064 nm and (b) 532 nm at Ein = 3.0mJ and t=1ms.

Fig. 5. The behavior of one of the predominant acoustic mode (∼30 kHz) w.r.to different weight percentage of graphite in TNT for (a) 1064 nm and (b) 532 nm.
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terms of acoustic signals. However, for the odd mixtures, i.e. -1,-3, and
-5, the optical phonon waves have phase lag, which is responsible for
the destructive interference. Therefore, these matrices show weak PA
signal.

3.5. Double resonance nature of acoustic modes and Q-factor of PA cavity

The Q-factor of the PA cavity is defined as the ratio of accumulated
energy to that of energy loss per cycle. Physically, this parameter is
given by the ratio of the central frequency (ω) to full width at half
maxima (FWHM or Δω) of the corresponding acoustic mode, i.e.

=Q ω
ωΔ (1)

This equation shows that the highest Q-factor can be achieved either

at high frequencies or with low FWHM. Fig. 7(a and b) shows the
Lorentz fits of doubly resonant acoustic modes. i.e. 29 and 32 kHz
corresponding to excitation wavelengths 1064 nm and 532 nm, re-
spectively for different compositions of TNT and GP. Therefore, we
have chosen these modes to find the quality factors of PA cavity. In
addition, the intensities of acoustic modes reveal that the higher wa-
velength (1064 nm) is responsible for the generation of high orders of
optical phonons, which help to excite the higher order acoustic modes,
whereas lower wavelength (532 nm) excites the comparatively lower
optical phonon modes. At 1064 nm the double resonant modes for
different weights of TNT and GP lay between the individual modes of
pure GP, which are present at 28 and 34.2 kHz [see Fig. 7(a)]. However,
in the case of 532 nm the double resonance nature is high for mixture-2
(50–50% of GP and TNT) as shown in Fig. 7(b). It is interesting to note
that the double resonance of acoustic modes decreases with increasing

Fig. 6. Linear fits of PA signal and its responsivity for different weight percentage of graphite in TNT, for (a and b) 1064 nm and (c and d) 532 nm, respectively.

Fig. 7. Lorentz fits of double resonant acoustic modes for (a) 1064 nm (b) 532 nm w.r.to different weight proportions of TNT and GP.
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quantity of the GP. In the case of matrix-5 the double resonant response
is very weak, whereas the 29 kHz and 32 kHz peaks are overlapped and
broaden their frequency range that lays between 28 and 34 kHz, and
the central frequency is shifted to 30.24 kHz range.

The values of Q-factor of PA cavity at double resonant acoustic
modes at 29 and 32 kHz are comprised in Table 3. In case of 1064 nm,
the Q-factors for matrix-4 are of 25 and 17 at 29 kHz and 32 kHz, re-
spectively, which are higher than the other mixtures. However, for
532 nm the Q-factor value of matrix-4 is 15 at 29 kHz. Whereas, the
matrix-2 has the highest Q-factor of 18 at 32 kHz.

The PA results obtained from above sections based on the effect of
incident laser energy, the value of Q-factors of PA cell with different
weight percentage of GP confirm that the TNT molecules have better
interaction with 1064 nm and 532 nm radiation. Our experimental
findings based on PA spectroscopy are supported by Raman spectra.
The shift in the wave numbers of the mixture of TNT and GP indicates
the pi-electron coupling, which leads to transfer of phonon momentum
at different weights of GP.

3.6. Raman spectra of TNT with GP at 785 nm

In our previous report [24] we have recorded 532 nm-based Raman
spectra of pure GP, TNT, and GP+TNT. The spectra helped us to
identify the role of G-band of GP in solid TNT lines, which was
downshifted (redshift) by 4 cm−1. The experimental findings estab-
lished the role of electrons/phonon transfer mechanism between GP
and TNT due to an interaction of pi-orbitals. The present study high-
lights the effect of 785 nm for the recording of Raman spectra of TNT

and GP and their mixtures. The spectral lines show either red or blue
shift of the order of 4 cm−1. For example, the strongest Raman line of
TNT present at 1364.27 cm−1 is downshifted to 1352.44 cm−1.
Whereas, the G band of GP present at 1578.29 cm−1 is downshifted to
1576.57 cm−1. Fig. 8(a) shows the Raman spectra of pure GP, TNT, and
GP+TNT. Fig. 8(b and c) clearly shows the red/blue shift of pure
samples in their corresponding mixture. The ‘D’ band of GP
(1314.51 cm−1) and TNT (1364.27 cm−1) coincide at 1352.44 cm−1 in
the case of GP+TNT. The shift in the wavenumbers confirms the role of
the incident photon for excitation of electrons, which initiates the
phonon wave exchange mechanism efficiently between GP and TNT at
785 nm. The spectra posses well resolved Raman lines with a strong

Table 3
Quality factors of PA cavity.

% GP in TNT Q for 1064 nm Q for 532 nm

∼29 kHz ∼32 kHz ∼29 kHz ∼32 kHz

33.3% (1mg) 10 15 15 14
50.0% (2mg) 9 12 11 18
60.0% (3mg) 14 15 11 14
66.6% (4mg) 25 17 15 11
71.4% (5mg) 11 21 9 –
Pure GP (2mg) 19 34 13 12

Fig.8. Raman spectra of TNT, GP, and mixture of TNT and GP.

Table 4
Raman Lines shift of pure GP with respect to GP+TNT mixture.

Raman lines (cm−1) Band description

Graphite GP+TNT Δν (GP)

1314.51 – – D band
1578.29 1576.57 1.72 G band
2326.52 2328.25 −1.73 G* band
2645.47 2659.26 −13.79 2D band

Table 5
Raman lines’ shift values for pure TNT [38].

Raman lines (cm−1) Assignment

TNT GP+TNT Δν (TNT)

268.51 280.09 −11.58
325.45 319.74 5.71 Framework distortion mode
366.69 352.49 14.2
639.65 631.79 7.86
790.86 790.40 0.46 CeH out-of-plane bend
822.28 823.16 −0.88 nitro-groups Scissoring
938.14 935.22 2.92
1087.39 1085.21 2.18
1209.14 1205.90 3.24 C6H2eC vibration
1364.27 1352.44 11.83 NO2 symmetric stretching vibration
1531.19 1543.81 −12.62 NO2 asymmetric stretching vibration
1617.60 1616.22 1.38 C]C aromatic stretching vibration
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shift between the wave numbers of 200–1800 cm−1. However, some
important bands between 2920 and 3160 cm−1 are not presented. The
Raman lines of pure GP, pure TNT, GP+TNT and their corresponding
shift values are comprised in Tables 4 and 5 respectively.

The G band position of GP shifts towards the higher wave number
when it converts to nanocrystalline form, and the same shift even be-
comes lower when it transorms into the amorphous phase of carbon
[39]. The G band peak at 1578.29 cm−1 with a small FWHM suggests
that the GP has a well-ordered crystalline structure. However, the GP
+TNT mixture shows the downshift (redshift) trends in G band position
with the broadening effect, i.e. increase of FWHM, which clearly in-
dicates that the mixture becomes more amorphous [40]. However, in
the case of GP+TNT most of the Raman lines show the red shift. Some
of the lines present at 268.51, 822.28, and 1531.19 cm−1 show the blue
shift. It is well known that the Raman scattering is inelastic that means
the energy or frequency of incident photons is not the same as the
energy of the scattered photons.

The vibration frequency (νo) of the molecular transition is defined in
terms of force constant (k) by the following equation:

=ν
π

k
μ

1
2o

(2)

where =
+

μ m m
m m

1 2
1 2

is reduced mass of the molecules, TNT and GP mo-
lecules are interacting with excitation radiation due to pi-electron
coupling. Consequently, the value of force constant (k) is directly as-
sociated with the red and blue shifts. Therefore, the interaction of TNT
and GP mixture lead to absorption of the incident wavelength. As a
result, most of the Raman lines of TNT possess redshift. However, TNT
lines at 822.28 cm−1 and 1531.19 cm−1 possess blueshifts (gain en-
ergy). The shift (red or blue) in the Raman lines confirms the mor-
phological change of GP+TNT mixture, which directly illustrates the
bonding between GP and TNT. The Raman lines’ contributions are due
to nitro-groups scission and NO2 asymmetric stretching vibrations, re-
spectively. The nitro-groups scission and NO2 asymmetric stretching
vibration lead to reductions in the bond length of molecules that re-
sulted in an enhancement of vibration frequency.

Finally, the results of Raman spectra reveal that there is a coupling
between GP and TNT in terms of optical phonons or pi-electrons when
the mixture is excited by the visible to near-IR radiation.

4. Conclusions

We have successfully recorded the time resolved photoacoustic
spectra of TNT with different quantity of graphite from 1 to 5mg using
532 nm and 1064 nm pulses obtained from 30 ps Nd: YAG laser systems.
The study is based on the behavior of acoustic modes with different
proportions of graphite and the responsivity of PA cell with incident
laser energy, which provides the optical energy and momentum transfer
from graphite to TNT. In addition, the Raman spectra of GP+TNT
mixtures and pure TNT molecules supported the optical phonon waves
exchange mechanism terms of double resonance Raman spectra due to
pi-electron coupling. Finally, the study highlights that graphite can be
used as a sensor for identification of high energy materials with com-
mercially available laser systems from visible to near IR.
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