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Abstract

Piperazinium-Nitrate (PPN) single crystal was grown by slow evaporation technique. The grown crystal
structure was determined from single crystal X-ray diffraction studies. The mode of vibration and functional
group present in the grown crystal were identified by FTIR analysis. The linear optical properties of PPN
crystal were studied from uv-vis spectrum. Vickers microhardness testing was carried out on the as grown
crystal surface to reveal the mechanical properties of the crystal. TG-DTA analysis shows that the crystal has no
phase transformation before its melting point. The Laser damaged threshold value of grown crystal has been
measured using Nd:YAG laser with the wavelength of 1064nm. Third order non linear optical property of the
grown crystal was studied by Z-Scan technique.
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1. Introduction

Nowadays, the researchers are interest to grow
NLO crystals because of their demands in
electronic industries. The ultimate aim of the
researcher has to develop new NLO crystals have
low refractive index, low dielectric constant,
synthetic flexibility, quick reaction times, and are
simple to fabricate into devices.[1-3]. After the
discovery of the laser and the consequent
demonstration of quartz harmonic generation, non
linear optics has emerged as an active research
field [4] In solid state technology the application of
NLO materials are telecommunications, , image
processing, harmonic  generators, optical
computing, laser lithography sensors, diode lasers
etc.[5]. The development of new materials has
directed to the synthesis of many semi organic
materials. The semi organic materials have large
nonlinearity, high resistance laser induced damage
and low angular sensitivity [6-8]. In this present
work the organic compound of Piperazine mixed
with nitric acid to form Piperazinium nitrate (PPN).
The crystal of Piperazinium nitrate was built up
from singly protonated piperazinium residues and
nitrate anions. A three-dimensional structure is
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created by the hydrogen bonds connecting the
elements. Both donor and acceptor groups are
typically present in efficient materials, and
substantial p-delocalization has been identified as a
factor contributing to large third order
nonlinearities [9]. In the present work, we have
made efforts to grow crystal of piperazinium nitrate
(PPN) by slow evaporation solution growth
method. The grown crystals were characterized by
single crystal XRD, Fourier transform infrared,
UV-Vis NIR spectroscopy, TG-DTA, Vickers
micro hardness, dielectrics and Third order
nonlinear optical studies.

Experimental procedure

The slow evaporation method is used to grow
Piperazinium Nitrate (PPN) single crystals. The
Equimolar ratio of piperazine and Nitric acid was
dissolved in distilled water, then using magnetic
stirrer, the solution stirred constantly for 3 hrs. The
prepared saturated solution was filtered using
whatman filter paper. The filtered solution was
kept undisturbed at room temperature for slow
evaporation. The single crystal of PPN was
harvested in a span of twenty days. The grown
crystals were shown in Fig.1.
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Fig.1 As grown PPN single crystal

2. Result and discussions

Single crystal XRD:

The single crystal X-ray diffraction (SXRD) SXRD
was used to analyze the grown PPN crystal in order
to determine the lattice parameter values. The
grown PPN single crystal belongs to monoclinic

system with space group p2l/c. The obtained
values of lattice parameter are a = 4.65 (3)A, b =
12.40(5) A, ¢ = 12.24(7) A, a= y = 90° and B=
95.62°. The volume is V= 728.9 A3, The obtained
values are good agreement with the reported value
[ 10] (Genivaldo Julio Perpe’tuo et al., 2005). The
values are tabulated in table.1

Table.1 crystallographic data of PPN crystal.

Cell parameters PPN Reported values
Crystal system Monoclinic Monoclinic
Space group P2l/c P2l/c
Unit cell dimension a=4.65 (3)A a=4.44 (9A
b=1240(5 A b=12.95(3) A
c=1224 (1A c=12.67(3) A
o=y =90° o=y =90°
= 93.62° B=95.62°
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FTIR Spectral Analysis

The SHIMADZU IR AFFINITY 1S spectrometer
is used to recorded the FTIR spectrum of grown
PPN single crystal with the frequency range from

70

400cm™ to 4000cm™. The FTIR spectrum of PPN
crystal shows the presence of functional group in
the crystal. The FTIR spectrum of grown PPN
crystal is shown in fig.2.
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Fig.2 FTIR spectrum of PPN

The band observed at from 3250 ¢cm -‘to 3200cm?
is due to OH stretching vibration. The C-H-
Stretching vibration was observed in the band at
2818 cm. The peak at 1560 cm™ is due to
the presence of aliphatic nitro compounds (N-H).
The broad observed band at 1378cm™ indicates the
presence of nitrate ions in the crystal. the peak
observed in the range of 1190cm* which is due to
the presence of C-N stretching vibration. The
aromatic C-H-out of plane bending vibration was

found at the peak of 944cm™. The medium
absorption between 850 and 670 cm™ is due to C-H
bending vibration [11].

UV-Vis Spectral analysis

The optical absorption and transparency of grown
PPN single crystal has been recorded using
SHIMADZU SPECTROMETER UV-1800 in the
range of 200nm-1100nm. The UV-Vis spectrum of
PPN as shown in Fig.3.
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Fig.3 UV- Spectrum of PPN

The grown PPN single crystal has highly
transparent throughout the visible region. The UV
cut off wavelength of the PPN crystal was found to
be 241nm. The absorption coefficient (o) was
calculated from the spectrum using following
relation

a = (2.303/t)

log (1/T)

(1)
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where T is transmittance(%) and “t” is the
thickness of the crystal. The band gap energy can
be caluculated using the value of absorption
coefficient. According to Tauc et al., 1996 , The
optical band gap (Eg) was estimated using the
following relation [12].

ahv = A (hv-Eg)"
)
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the plotted curve between (ohv)*? and photon
energy (hv) shows linear behavior which can be
shown in Fig.4. The optical energy band gap (EQ)
is calculated by extrapolating the linear component
of the curve to the point where (ahv)¥? = 0. By
using this technique, it was discovered that the
formed crystal's optical band gap was 5.14 ev. By
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theoretical calculation of band gap energy using the
relation Eg= hc/A the optical band gap energy was
found to be 5.1eV. From UV spectrum the grown
PPN single crystal has wide transparency
throughout the visible region, which is important
for NLO applications.
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Fig.4 Tauc plot of PPN

Micro hardness studies:

The efficiency of crystalline materials is mostly go
verned by their mechanical qualities, which are gen
erally linked to their physical aspects. For device
fabrication the material have strong mechanical
property and optical transparency are the important
factors for high quality crystals [13-14]. Shimadzu

HMV-2000 tester equipped with a Vickers
pyramidal indentor was used to conduct a static
indentation test in air at room temperature to
measure the microhardness of grown PPN crystal.
For all tests, a fixed indentation period (10 s) is
used to measure the diagonal length of indentation
in m for varied applied weights in kg.
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The Vickers microhardness values are calculated
using the equation,

Hv = 1.8544 P/d? kg/mm? (3
where P is the applied load, d is the average
diagonal length of the indentation mark and Hv is
the Vicker’s micro hardness number. The variation
of micro hardness number with applied load is
plotted in Fig.5. The graph shows that, the hardness
increases linearly with the applied load, confirming
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the properties of hardness of the crystal. The load
and the size of indentations are related through
Meyer’s law

P =kd" 4)

where ki is a material constant and n the Meyer’s
index. Figure 6.6 depicts that the plot against log P
Vs log d. The straight line's slope yields the value
of n, which is 2.75.
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LT

Fig.6 plot between log p Vs log d

According to Onitsch (1947) [15] and Hanneman
(1941),[16] "n" should be above 1.6 for softer
materials and between 1 and 1.6 for relatively hard
materials. Thus, PPN falls within the group of
softer materials. Using Wooster's (1953) empirical
formula, the elastic stiffness constant is derived by

The stiffness constant’s value suggests that the
ions are more strongly bound together. The yield

strength oy of a material is calculated from the
hardness value, using the relation [17]
Hv

Ov="{1-(n-
\ 2.9{1(n

12.5(n-2)]" 2
2}[ 1-(n-2) ] (6)

_ . Fig 7 shows that the yield strength increases with
Cu1 = Hyncreasing@plied load.

"

T
L = =
Load p (i)

Fig 7 plot between yield strength and load.

The large value of yield strength is due to the
tightness of bonding between the atoms. The
calculated values of n, yield strength, stiffness

constant and tensile strength are tabulated in table
no.2. Thus, the PPN single crystal can be used as
the potential and prominent candidate for NLO
applications and device fabrication technology.

Table 2. Mechanical parameters of PPN.

Mechanical Parameters Values
Hardening co-efficient n 2.75
YieldStrength oy (x10 8Pa) 2.07
StiffnessConstantCi1(GPa ) 1.46
Tensile Strength T((x10 Pa) 0.90
Thermal Analysis grown crystals were recorded in nitrogen

Differential thermal analysis (DTA) and thermo
gravimetric (TG) measurements  provide
information on phase transition and various stages
of crystal decomposition. Fig.8 shows the thermal
behavior of the PPN crystal. TG-DTA curves of

Eur. Chem. Bull. 2023, 12 (S2), 495 — 502

atmosphere between 30°C and 500°C. According to
TGA curves there is major weight loss from 300°C
to 375°C of the crystal, which show that the
obtained crystals have no inclusion of solvent and
there is no other impurities in the crystal lattices.

499




Studies on Growth And Physical Properties of
Piperazinium Nitrate Semi Organic Single Crystal

The PPN is slightly stable up to 80°C. DTA curve
shows sharp endothermic peak observed at 344°C
confirming decomposition points of piperazine
molecules. The sharpness of the endothermic peaks

Heal Flow
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indicates that the sample was developed to a high
degree of crystallinity.
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Fig.8 TG-DTA of PPN

Laser damaged threshold studies:
For the optical crystal, laser damage threshold is an
important factor affecting its applications in several
ways, Lasers can damage transparent optical
materials [18]. In this present study, an actively Q-
switched Nd: YAG laser was used. The laser was
operated at the repetition rate of 10Hz with the puls
duration of 6ns. For the laser damaged threshold
measurement the beam was focused on the sample
with the focal length of 15cm.during laser
radiation, the energy density of the input laser
beam for which the crystal being damaged is
detected by the power meter. A crack was observed
after passing 46 mJ energy in 30s. The energy
density is calculated as

P=E/tnr?
()
where E is the energy (mJ), - pulse width (ns) and
r is the radius of the spot (mm). The calculated
value of power density for PPS is 9.76GW/cm?.

Z-Scan technique:

Z-Scan technique is used to determine the third
order nonlinear properties and also find the
nonlinear refractive index (n2), effective nonlinear
absorption(f) and optical susceptibility (x(3)) of

Eur. Chem. Bull. 2023, 12 (S2), 495 — 502

the material. The nonlinear refractive index (n2),
the nonlinear absorption coefficient (f) and the
optical nonlinear susceptibility x (3) are
determined by using closed and open aperture
mode Z-scan data [19-20]. A Q-switched Nd: YAG
laser having wavelength of 532nm was used as the
source of light. In order to transform the input
laser beam into Gaussian form, the laser beam was
focused using a Gaussian filter. A convex lens (30
mm) was employed to focus the polarised Gaussian
beam of mode TEMAOO, resulting in the beam waist
X0 = 12.05 Im. The sample (L) has a 0.5 mm
thickness. The sample was mounted to a holder at a
90° angle and moved in the same direction as the
laser beam, which is along the negative (-Z) to
positive (+Z) axis. Each movement of the sample
table may be managed by a computer. The digital
power meter measures the corresponding
transmitted intensity via the sample, which was
captured by a photo detector. The refractive index
of the materials and their degree of absorption has a
direct impact on the output intensity of a laser
beam. Figures.10 and .11, respectively, depict the
PPN crystal's acquired open and closed aperture
spectra.
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Fig.10 Closed aperture spectrum of PPN single crystal

The nonlinear refractive index of grown crystal was
calculated from the closed aperture experiment, the
nonlinear refractive index (n2) of the grown BMZC
crystal was calculated using the relation:

np = A(p/ k ToLess (mZ/W)

(:8)

where k is the wavenumber (k = 27/A), 10 is the

intensity of the laser beam at the focus (Z = 0) and
Leff = {[1- exp (-aL)]/a} is the effective thickness
of the sample, a is the linear absorption and L is the
thickness of the sample.
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Fig.11 Open aperture spectrum of PPN single crystal

From the open aperture curve, the non-linear
absorption coefficient () was estimated from the
following relation

p
(9)

where AT is the peak value at the measured open
aperture. The absolute value of the third-order
nonlinear optical susceptibility (,3) was calculated
by using the equation
31 = [(Re (;33)) % + (Im (33)) 72

where Re and Im are the real and imaginary part of
the optical susceptibility. The real and the
imaginary parts of the third-order non-linear optical
susceptibility (x3) were calculated using the

following equations
Rey3 (esu) = 10*(goC%ne?nz) / m  (cm?/w)

2\2AT/ Lefr

Io

where g is the vacuum permittivity and C is the
velocity of light in vacuum. From the Z-scan data,
the calculated value of y(3) is 2.04 x 107 esu; n; is
4.3 x 10 %cm?/W, Rey3 is 1.51x 1078 esu, Im %3 is
1.37x 10® esu and g is 0.22x 104 m/W. Thus,
results indicate that PPN crystal has better NLO

properties.

3. Conclusion

(10)

Piperazinium Nitrate (PPN) single crystal was
grown by slow evaporation technique. Single
crystal X-ray diffraction analysis was performed to
study the unit cell parameters and space group. The
presence of functional groups of the grown PPN
crystal was confirmed by using FTIR spectral

(112) studies. UV-Vis spectral studies revealed the
and transparency, cut off wavelength and band gap
Im y3 (esu) = 102 (e0C%n?AB) / 4n? (cm/w) energy of the grown crystal. Thermal behavior of

(12) the grown crystal was using TG/DTA. From the
microhardness measurements, it was observed that
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the hardness increases with increases of load. The
laser damage threshold of grown crystal was found
to be 46mJ. The third-order nonlinear optical
parameters estimated for grown crystal by Z-scan
technique, thus confirms the grown crystal could be
used for NLO applications.
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