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Abstract

6-methyl benzotriazolinium picrate, a new single crystal has been grown from
respective aqueous solutions by using slow evaporation method at room
temperature. The crystallinity of the crystal was ascertained by powder X-ray
diffraction pattern method. The UV-visible absorption study was studied to
ascertain the optical property of the crystal. The thermal stability and
decomposition pattern of the crystal were formulated using TG-DTA analyses. The
functional groups present in the crystal were determined by FTIR spectral study.
The Kurtz-Perry powder technique was used to find out the SHG efficiency of the
title crystal. The dielectric constant and loss of the crystals were studied and shows
that the both decrease with increases in frequency. The HOMO–LUMO energy gap
reveals the intra-molecular charge transfer interaction occurs within the molecule
studied by DFT calculation study.

1. Introduction

Nonlinear optical crystals have been a great deal
of attention in topical years due to their potential
use in the fields like laser technology, optical
communication, optical data storage and optical
signal processing [1-3]. It is also contributing
numeral of applications in the domain of
optoelectronics and photonic technologies [4,5].

The NLO materials in their single crystal form
exhibiting large optical nonlinearity are also of
giant interest for telecommunication, optical
information processing, and high optical disk data
storage [6-8]. Hence, there is a great demand to
synthesize new NLO materials and grow their
single crystals. Over recent years a series of
studies have been performed on organic optical
materials with high nonlinearity for variety of
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applications in electro-optic and second harmonic
generation (SHG) devices [9-12]. The origin of
nonlinearity in these materials is due to the
presence of delocalized Pi-electron systems
connecting donor and acceptor groups, which
enhance their asymmetric polarizability [13].
Many new organic crystals have been examined
based on the predictive molecular engineering
approach and have been shown to have potential
applications [14]. Other advantages of organic
compounds involve amenability for synthesis,
multifunctional substitution, higher resistance to
optical damage and maneuverability for device
application etc. [15]. The various organic sub-
networks induce noncentrosymmetry in the bulk
and enhance the thermal and mechanical
stabilities through hydrogen bonding interactions
[16, 17]. Organic crystals are increasingly being
renowned as materials of the potential since of
their molecular nature combined with the
adaptability of synthetic chemistry can be used to
modify and optimize their molecular structure in
order to maximize nonlinear properties [18].
Picric acid forms crystalline picrate salts with
various organic molecules by virtue of its acidic
nature and forms salts through explicit
electrostatic or hydrogen bonding interactions
[19]. The strength and nature of the electron
donor-acceptor type bonding in the picric acid
crystal are dictated by the nature of the partners
implicated in the bond formation process [20].
The linkage encompasses electrostatic
interactions as well as the intermolecular
interaction between picric acid and partner such
as hydrogen bonding [21]. Bonding of picric acid
as a proton donor strongly depends on the
relationship of its acidity (pKa) with the basicity
(pKb) of the partner. Organic materials are in

increasing demand, as they are superior
candidates for nonlinear optical and electro-optic
device applications than those of inorganic
materials. In adding together, picric acid is also
used at human therapy like treatment of burns,
antiseptic and astringent agent [22].

In the present exploration, the growth aspects of
6-MBTP have been studied and the grown crystal
has been characterized by various preliminary
techniques such as Single crystal X-ray
diffraction, Powder X-ray diffraction, UV-visible
absorption, FTIR, TG-DTA, NLO, dielectric and
DFT studies have been studied.

2. Experimental details

2.1. Synthesis of 6-methyl benzotriazolinim
picrate single crystals.

Single crystals of 6-methylbenzotriazolinium
picrate were synthesized by slow evaporation
solution growth method. Methanolic solution of
picric acid was added to methanolic solution of 6
methylbenzotriazole in 1:1 molar ratio. The two
solutions were mixed together and stirred well for
about 6 h to get a homogeneous solution using
mechanical stirrer and the resultant solution was
filtered into a clean dry beaker through a
Whatman 40 filter paper. After filtration, the
beaker was covered by an ordinary filter paper.
The filtrate was then allowed to crystallize in
dust-free environment at ambient temperature.
Care was taken to minimize the temperature
variation and mechanical disturbance during
crystal growth. The synthetic procedure of 6-
MBTP crystal is given in scheme 1.

Scheme 1. Synthetic reaction of 6-MBTP crystal
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Within 15 to 25 days, bright, transparent and
yellow coloured 6-MBTP crystals were obtained
with average dimension of 0.5×0.3×0.2 cm3. The
grown crystals were collected from the mother
liquid by using well cleaned forceps. The
harvested crystals were recrystallized repeatedly
to get a good quality of the crystals.

2.2. Physico-chemical characterization of
6-MBTP crystal

The single crystal X-ray diffraction data of the
crystal was collected at 298 K on a Bruker
SMART APEX CCD, area detector system  [λ
(Mo Kα) = 0.7103 Å]. The powder XRD patterns
of BTCC crystal were obtained using BRUKER
AXS D8 Advance X-ray diffractometer model
instrument with Cu Kα radiation (λ = 1.54060 Å)
at room temperature. The UV-VIS-NIR
absorption study of the crystal was carried out
using JASBO V-550 spectrometer. The TG-DTA
of the crystal was recorded using a PERKIN
ELMER DIAMOND thermal analyzer under
nitrogen. The FTIR spectrum of the crystal was
recorded using a Perkin Elmer model RX1
instrument. The SHG efficiency of the crystal was
carried out by modified Kurtz-Perry powder

technique using Nd:YAG laser. The dielectric
properties of the crystal were studied at room
temperature using a TH 2816 A DIGITAL LCRZ
METER in the frequency region from 50 Hz to 5
MHz.  The DFT study of the crystal was also
studied by quantum chemical descriptors.

3. Result and Discussion

3.1. Single crystal X-ray diffraction study

From the unit cell parameters data the synthesized
crystal belongs to orthorhombic system. The unit
cell dimensions are a = 19.6453Å, b = 8.5439 Å,
c = 4.1946 Å, volume = 704.06 (Å)3 and α=β=γ=
90° and with space group P212121. This space
group is recognized as noncentro symmetric, thus
satisfying the basic and essential material
requirement for the SHG activity of the crystal. It
has been observed that P212121 is one among the
most popular space group and it allows maximal
contribution of the molecular nonlinearity of the
macroscopic crystal nonlinearity. The unit cell
parameters data the synthesized crystal is given in
Table 1.

Table 1. Single crystal X-ray diffraction data of 6-MBTP crystal.

3.2. Powder X-ray diffraction pattern study

The powder X-ray diffraction pattern of 6-MBTP
crystal is shown in Figure 1. The powder X-ray
diffraction data of 6-MBTP crystal in given in
Table 2. The sharp and well defined Bragg peaks
at 2Ө angle indicates the crystalline of the crystal.

The sharp and well defined Bragg peaks observed
in the powder and simulated X-ray diffraction
patterns confirm its crystalline nature of the
grown crystal. The cell parameters of the crystal
indicate that the crystal belongs to orthorhombic
system.

Unit cell Parameters Values
a 19.6453
b 8.5439
c 4.1946
α 90o

β 90o

ϒ 90o

Volume 704.06 ( A0)3

Crystal System Orthorhombic
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Figure 1. Powder X-ray diffraction pattern of the crystal.

Table 2. Powder X-ray diffraction data of 6-MBTP crystal.

3.3. UV-visible absorption spectral study

The absorption spectrum is very important for any
single crystal which can be useful for any
practical application, only if it has a wide
transparency window. The UV-visible spectrum
of 6-MBTP is shown in Figure 2. The absorption

peaks observed at 240 and 280 nm are due to
electronic transitions. There is no absorption
between 300 and 1200 nm. The π-π* transitions is
assigned to charge transfer in the synthesized
crystal. Hence it is very useful for  opto-electronic
applications.

h k l
d-Spacing

(Obs)
[A0]

d-Spacing
(Cal)
[A0]

2Th
(Obs)
[deg]

2Th
(Cal)
[deg]

Rel.Int.
[%]

FWHM
Left

[02 Th]

1 1 0 7.9024 7.8959 11.197 11.284 1.92 0.1476

0 2 0 4.2726 4.2692 20.790 20.776 3.30 0.1968

0 0 1 4.1985 4.1951 21.161 21.164 100.00 0.1476

2 0 1 3.8600 3.8576 23.037 23.037 7.61 0.1476

4 0 1 3.1906 3.1880 27.965 27.950 1.20 0.2952

8 0 1 2.1215 2.1197 42.618 42.629 3.43 0.2460

4 4 0 1.9597 1.9581 46.331 46.315 0.45 0.2952

4 0 2 1.9303 1.9288 47.077 47.077 0.95 0.1476

1 6 0 1.4215 1.4204 65.685 65.690 11.16 0.1968
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Figure 2. UV-visible absorption spectrum of the crystal.

3.4. Thermal analyses

3.4.1. TG analysis

The TGA thermogram of the crystal is given in
Figure 3. The thermal behavior of crystal is
studied using TGA analysis.  The crystal
decomposes in a single stage when it is heated
from room temperature 4900C. The crystal stable
up to 185oC afterwards it decomposes in a single

stage between 185oC and 305oC. The single stage
weight loss due to remove of hydro-carbons. The
experimental weight loss is 98%. Then the
calculated weight loss is 100%. These differences
are weight loss due to presence of occluded and
absorbed water molecules.

Figure 3. TGA thermogram curve of the crystal.
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3.4.2. DTA study

The DTA thermogram of the crystal is shown in
Figure 4. The Peak 108.20oC is due to the

occulation of the water molecules. The sharp peak
at 228.34oC is assigned to single stage
decomposition of the crystal.

Figure 4. DTA thermogram of the crystal.

3.5. FTIR spectral analysis

The FTIR spectrum of 6-MBTP was carried out
between 4000 and 400 cm-1. The observed
spectrum is shown in Figure 5. The asymmetric
stretching of NH molecule peak observed at 3798
cm-1. The peaks at 3394 and at 3298 cm-1 are due
to the NH stretching vibrational bands in NH.
The NH2 group associated with broad band is

found at 3149 cm-1. The peak at 2688 cm-1 is due
to asymmetric stretching vibration NH+ molecule.
The peak at 2342 cm-1 is presence of NH
stretching vibration. The stretching vibration of
CH2 is observed at 2217 cm-1. The peak at 2035
cm-1 is due combination band of NH+.

Figure 5. FTIR spectrum of the crystal.
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The band observed at 1567 cm-1 is presence of
symmetric stretching of NH2. The wagging of
CH2 is found at 1343 cm-1. The peak at 1416 cm-1

is due to  C-NH stretching vibration. The peak at
1028 cm-1 is due to -CN stretching vibration. The
peak at 892 cm-1and 933cm-1 indicates the rocking

of CH2. The symmetric N-C-N stretching
vibration is found at 667 cm-1. The peak at 617
cm-1 indicates that presence of symmetric C-N-C
stretching mode. The O-N-O stretching vibration
is found at 488 cm-1. The FTIR data of the crystal
is given in Table 3.

Table 3. FTIR spectral data of 6-MBTP crystal.

3.6. Non- linear optical study

Kurtz-Perry test was examined to find the NLO
property of the 6-MBTP crystal. Kurtz technique
is used as a screening technique to identify the
materials with the capacity for phase matching in
addition to indentifying the materials with non-
Centro symmetric crystal structures. The crystals
were ground into powder and densely packed in
between two glass slides. An Nd:YAG laser beam
of pulse width 10 ns at a wavelength of 1064 nm
and 10Hz fundamental radiation was made to fall
normally on the sample cell.  The proton donor
picrate anion and proton acceptor imine group (-
NH) in the complex provide infra structure to
introduce the charge asymmetry formed. The
SHG efficiency of the potassium dihydrogen

phosphate and the complex has been measured as
20 mV and 43 mV respectively. It is observed that
the SHG efficiency of the grown 6-MBTP crystal
was found to be twice than that of KDP.

In the structure of 6 methyl benzotriazolinium
picrate, the cations and anions are linked by
strong intermolecular N-H•••O and C-H•••O
hydrogen bonds. Intermolecular hydrogen
bonding is formed between the hydrogen atoms of
the protonated amino group in 6
methylbenzotriazolinium cation and the
negatively charged oxygen atom of the picrate ion
in 6-benzotriazolinium picrate crystal will
enhance the hyperpolarizability value. This is one
of the reasons for a crystal to exhibit SHG
efficiency.

Wavenumber(cm-1) Assignment

3798 Asymmetric Stretching of NH molecule
3394
3298 Stretching vibrational bands in NH
3149 NH group associated with broad band

2688
Asymmetric stretching vibration of  NH+ molecule

2342 NH Stretching vibration
2217 Stretching vibration of CH2

2035 Combination band of NH+

1343 Wagging of CH2

1416 C-NH stretching vibration
1028 -CN  stretching vibration

892
933

Rocking of CH2

731
NO2 and phenyl ring out-of-plane bending vibration

667 ONO stretching vibration
617 Symmetric N-C-N stretching
488 C-N-C stretching mode
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3.7. Dielectric studies

The dielectric measurement of 6-MBTP crystal
was carried out using LCR meter in the frequency
from 50 Hz to 5 MHz. The sample was polished
by soft tissue paper. Silver paste was applied on
both opposite faces to make a capacitor with the
crystal as a dielectric medium. The sample was
placed between two cooper electrodes, which acts
as a parallel plate capacitor. The capacitance and
dielectric loss were measured for different
frequencies from 50 Hz to 5 MHz. The dielectric
constant was calculated using the following
relation

εr = Ct/εoA

where C is the capacitance, d is the thickness of
the crystal, εo is the vacuum dielectric constant
and A is the area of the crystal.

The variation of dielectric constant with log υ is
given in Figure 6. The graph, it is indicates that
the dielectric constant of the crystal decreases
with increase in frequency, which is due to effect

of charge distribution by mass carrier hopping on
defects. The values of dielectric constants are
high at lower frequencies and they are low at
higher frequency region and the large values of
dielectric constant at lower frequencies
suggestthat there is a contribution from all the
fours known sources of polarizations namely,
electronic, ionic, dipolar and space charge
polarizations. Space charge polarization is
generally active at lower frequencies. The space
charge polarization will depend on the purity and
low perfection of the material.

The variation of dielectric loss with log υ is
shown in Figure 7. From the graph, it is observed
that the dielectric loss decreases with increase in
frequencies. The values of dielectric loss are high
at lower frequencies and are low at higher
frequency region. The low values of dielectric
loss suggest that the sample possesses enhanced
optical quality with lesser defects and this
parameter is of vital importance for optoelectronic
applications.

Figure 6. Variation of dielectric constant with log frequency
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Figure 7. Variation of dielectric loss with log frequency

3.8. DFT study

Density Functional Theory (DFT) of chemical
reactivity is known conceptual density functional
theory. One of the aims of the conceptual density
functional theory is to calculate the quantum
chemical descriptors like hardness (η),
electronegativity (χ) and chemical potential (μ)
giving useful hints about the stability of reactivity
of chemical species. In this theory,
aforementioned quantum chemical descriptors are
calculated via following equations including
ground state ionization energy and electron
affinity values of chemical species (atoms, ions
and molecules). Here it is important to note that
electronegativity is described as the negative of
chemical potential [23-26].

)1(
2





AI



)2(
2





AI



Softness (σ) that is a measure of the polarizability
of chemical species is defined as the
multiplicative inverse of chemical hardness
(σ=1/η).

Electrophilicity (ω) and nucleophilicity are two
useful chemical reactivity indices. Parr who made
many studies on chemical reactivity proposed the
following formula to calculate the electrophilicity
index depending on electronegativity and
hardness values of chemical species. In addition,
he described the nucleophilicity (ɛ) as the
multiplicative inverse of electrophilicity (ω=1/ɛ)
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The energies of the highest occupied molecular
orbital (HOMO) and the lowest unoccupied
molecular orbital (LUMO) are computed at
various level. HOMO and LUMO orbitals for the
crystal are shown Figure 8. The DFT data of the
crystal is given in Table 4. Generally the energy
values of LUMO, HOMO and their energy gap
reflect the chemical activity of the molecule.
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HOMO as an electron donor represents the ability
to donate an electron, while LUMO as an electron
acceptor represent the ability to receive an
electron [27-29]. The HOMO and LUMO orbitals
of the crystal are given in Figure 9 and 10
respectively. The energies of the HOMO [-
8.612eV, -9.823eV, 11.183eV, -9.303eV] and

LUMO [2.748eV, 2.829eV, 2.884eV, 2.966eV]
and the energy gaps are found to be -11.360eV -
12.653eV -14.067eV and -12.272eV. The
molecular electron repulsion orbital of the crystal
is given in Figure 11. The HOMO-LUMO energy
gap reveals the intra-molecular charge transfer
(ICT) interaction occurs within the molecule.

Figure 8. Energy gap of HOMO and LUMO orbitals of the crystal

Table 4 DFT data of the 6-MBTP crystal.

Methods HOMO IE LUMO EA ΔE χ η (eV) σ (eV) ω ὲ

B3LYP/321 -8.612 8.612 2.748 -2.748
-

11.360
2.932 5.680 0.176 0.756 1.321

B3LYP/6-
311(d,p) -9.823 9.823 2.829 -2.829

-
12.653

3.496 6.326 0.158 0.966 1.034

B3LYP/321
-11.183 11.183 2.884 -2.884

-
14.067

4.149 7.034 0.142 1.224 0.817

B3LYP/6-
311(d,p) -9.306 9.306 2.966 -2.966

-
12.272

3.170 6.136 0.163 0.818 1.221
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Figure 9. HOMO orbitals of the crystal Figure 10. LUMO orbitals of the crystal

Figure 11. Molecular Electron repulsion orbitals of the crystal

4. Conclusions

Single crystal of 6-methylbenzotriazolinium
picrate was grown by using the slow evaporation
method. The powder X-ray diffraction pattern of
the crystal was carried out to confirm its
crystalline nature. The optical property of the

crystal was intentional by UV-visible absorption
study. The TG-DTA analysis was studied to
determine the thermal stability and decomposition
pattern of the crystal. The FTIR spectral analysis
was carried out to ascertain functional groups.
The SHG efficiency of the grown crystal was
analyzed by Kurtz-Powder technique.
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The dielectric constant and dielectric loss of the
crystals were decreases with increases in
frequency. The DFT calculation study was studied
to find out the HOMO–LUMO energy gap and
intra-molecular charge transfer (ICT) interaction
occurs within the molecule.
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