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Single crystals of BGHB were grown by slow evaporation technique. The unit cell dimensions and space group of the grown
crystals were confirmed by single crystal X-ray diffraction.The modes of vibration of the molecules and the presence of functional
groups were identified using FTIR technique. The microhardness study shows that the Vickers hardness number of the crystal
increases with the increase in applied load. The optical properties of the crystals were determined using UV-Visible spectroscopy.
The thermal properties of the grown crystal were also determined. The refractive index was determined as 1.396 using Brewster’s
angle method.The emission of green light on passing the Nd: YAG laser light confirmed the second harmonic generation property
of the crystals and the SHG efficiency of the crystals was found to be higher than that of KDP.The dielectric constant and dielectric
loss measurements were carried out for different temperatures and frequencies. The ac conductivity study of the crystals was also
discussed.The photoconductivity studies confirm that the grown crystal has negative photoconductivity nature.The etching studies
were carried out to study the formation of etch pits.

1. Introduction

Nonlinear optical (NLO) applications demand good quality
single crystals, which inherit large NLO coefficient, coupled
with improved physical parameters. One potentially attrac-
tive system, where there is a potential for realizing very
large second order nonlinear coefficient is based on organic
crystals. Organic materials have been of particular interest
because the nonlinear optical responses in this broad class
of materials is microscopic in origin, offering an opportunity
to use theoretical modeling coupled with synthetic flexibility
to design and produce novel materials [1]. Further investiga-
tions on organic NLOmaterials have subsequently produced
very good materials with highly attractive characteristics.
Amino acid family crystals have been subjected to extensive
investigation during the recent decades for their nonlinear
optical properties [2]. In the present day technological
society, nonlinear optical (NLO) materials are most useful
in the area of optical data storage, lasers, optical signal

processing, second harmonic generation, and so forth. Even
though varieties of nonlinear optical materials are available,
their applications are limited due to physical and chemical
properties [3]. Amino acids are interestingmaterials for NLO
applications as they contain a proton donor carboxyl acid
(COOH) group and the proton acceptor amino (NH

2
) group

in them. Amino acids are widely utilized because they not
only contain chiral carbon atoms directing the crystallization
process in the noncentrosymmetric space group, but also
possess zwitter-ionic nature favouring crystal hardness [4].
The present investigation deals with the growth of bisglycine
hydrobromide (BGHB) single crystal that was grown by slow
solvent evaporation technique.The grown crystals were char-
acterized by single crystal and powder X-ray analysis, FTIR
and UV spectral analysis, thermal analysis, microhardness,
dielectric, SHG, and photoconductivity measurements. The
results of these studies have been discussed in this paper in
detail.
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Figure 1: Photograph of grown BGHB single crystal.

2. Experimental Procedure

Bisglycine hydrobromide salt was synthesized by dissolving
glycine and hydrobromic acid in stoichiometric ratio (3 : 1) in
double distilled water. The solution was stirred continuously
using a magnetic stirrer. The obtained saturated solution
was further purified and allowed to evaporate at higher
temperature which yields powder form of the synthesized
bisglycine hydrobromide. Synthesized material was purified
by repeated recrystallization process. Tiny seed crystals with
good transparency were obtained due to spontaneous nucle-
ation. Among them, a defect free seed crystal was selected
and suspended in the mother solution, which was allowed
to evaporate at room temperature. Large size single crystals
were obtained due to the collection of monomers at the seed
crystal sites from the mother solution, after the nucleation
and growth processes were completed. After a period of 24
days, colourless and transparent crystals were obtained with
dimensions (17 × 7 × 6mm3). Figure 1 shows a grown crystal
of BGHB.

3. Results and Discussion

3.1. Single-Crystal X-Ray Diffraction. Single-crystal X-ray
diffraction is an analytical technique to determine the actual
arrangement of atoms within a crystalline specimen. Single-
crystal X-ray diffraction (XRD) is a nondestructive tool to
analyze crystal structure of compounds, which can be grown
as single crystals. XRD is employed for finding unit cell
parameters, space groups, and three-dimensional coordinates
of atoms in the unit cell. The single-crystal X-ray diffraction
analysis of the grown crystals was carried out to identify the
cell parameters using an ENRAF NONIUS CAD4 automatic
X-ray diffractometer. The lattice parameters are estimated to
be 𝑎 = 5.38 Å Å, 𝑏 = 8.16 Å Å, 𝑐 = 18.38 Å, 𝛼 = 𝛽 = 90∘, and
𝛽 = 111.52

∘, and hence the crystal belongs to the monoclinic
crystal system which agrees well with the available reported
literature values [5].

3.2. Powder X-Ray Diffraction. The powder X-ray diffraction
analysis was carried out to confirm the crystallinity and also
to ascertain the purity of the grown BGHB crystal. Powder
XRD pattern was recorded by scanning the sample over the
range 0–90∘ at a scan speed of 0.02∘/min. The recorded XRD
pattern of BGHB is shown in Figure 2 and the planes were
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Figure 2: Powder X-ray diffraction pattern of BGHB single crystal.

indexed. The appearance of sharp and strong peaks confirms
good crystallinity of the grown BGHB crystal. From the data,
the lattice parameters were calculated as 𝑎 = 5.38 Å, 𝑏 =
8.16 Å, 𝑐 = 18.38 Å, 𝛼 = 𝛽 = 90∘, and 𝛾 = 111.80. The results
agree well with single-crystal XRD results and also with the
available literature values [5].

3.3. FTIR Spectrum Analysis. The FTIR spectrum of bisg-
lycine hydrobromide was recorded in the region 4000 cm−1
–400 cm−1 employing BRUKER IFS 66V spectrometer. In
the FTIR spectrum shown in Figure 3, there is a broad band
between 2000 and 3500 cm−1. The recorded FTIR spectrum
was compared with the results of the above researchers
and also with the standard spectra of the functional groups
[6]. The sharp peak at 3429, 3113, and 2897 cm−1 may be
assigned toNH

3

+ stretching band [7].The peaks at 2692 cm−1
and 2602 cm−1 are attributed to the C–H stretching mode
vibrations [8]. The overtone region contains a band near
2000–1800 cm−1 which is assigned to the combination of
the asymmetrical NH

3

+ bending and torsional oscillations
of the NH

3

+ groups. The intense peaks at 1742, 1714, and
1123 cm−1 indicate the C=O stretching of the COO– group
[9]. The asymmetric and symmetric stretching modes of
COO– groups are confirmed by the peaks at 1615, 1496, 1445,
1332, and 1253 cm−1 [10].

This observation confirms that one glycine is exists in
zwitter-ionic form and the peak at 672 cm−1 is due to N–H
out-of-plane bending vibrations [11].The torsional oscillation
of NH

3

+ is revealed by the peak at 542 cm−1. The strong
carbonyl absorption at 1742 cm−1 characterizes 𝛼-amino acid
hydrobromides [12]. FTIR spectral analysis thus identifies the
presence of functional group in the grown material BGHB.

3.4. UV-Vis-NIR Spectral Analysis. The optical transmission
spectrum of BGHB single crystal was recorded in the wave-
length region 200–2000 nm and it is shown in Figure 4. For
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Figure 3: FTIR spectrum of BGHB single crystal.

optical fabrications, the crystal should be highly transparent
in the considered region of wavelength [13, 14]. The favorable
transmittance of the crystal in the entire visible region
suggests its suitability for second harmonic generation [15].
The UV absorption edge for the grown crystal was observed
to be around 230 nm. The lower cut-off wavelength is found
to be 230 nm for BGHB which is in fairly good agreement
with reported value [5].Thedependence of optical absorption
coefficient on photon energy helps to study the band structure
and type of transition of electrons [16].The optical absorption
coefficient (𝛼) was calculated from transmittance using the
following relation:

𝛼 =

1

𝑑

log( 1
𝑇

) , (1)

where 𝑇 is the transmittance and 𝑑 is the thickness of the
crystal. As a direct band gap material, the crystal under
study has an absorption coefficient (𝛼) obeying the following
relation for high photon energies (ℎ]):

𝛼 =

𝐴(ℎ] − 𝐸
𝑔
)

1/2

ℎV
,

(2)

where 𝐸
𝑔
is the optical band gap of the crystal and 𝐴 is a

constant. A plot of variation of (𝛼ℎ])2 versus ℎ] is shown in
Figure 5. 𝐸

𝑔
is evaluated using the extrapolation of the linear

part [17]. The energy absorption gap is of direct type and the
band gap energy is found to be 3.70 eV and the large band gap
clearly indicates the wide transparency of the crystal.

From the transmission spectrum, the lower cut-off wave-
length is found to be 230 nm and the lower percentage
absorption indicates that the crystal readily allows the trans-
mission of the laser beam in the range between 230 nm
and 2000 nm. It shows that the grown crystal has a good
transparency in UV, visible, and near IR region indicating
that it can be used for NLO applications. Using Tauc’s plot,
the energy gap (𝐸

𝑔
) was calculated as 3.70 eV.This high band

gap value indicates that the grown crystal possesses dielectric
behaviour to induce polarization when powerful radiation is
incident on the material. The band gap for the grown crystal

Tr
an

sm
itt

an
ce

 (%
)

100

80

60

40

20

0

Wavelength (nm)
200 500 1000 1500 2000

Figure 4: UV-Vis transmission spectrum of BGHB.
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Figure 5: Plot of (𝛼ℎ])2 versus photon energy for the single-crystal
BGHB.

is found to be 3.70 eV, which is in good agreement with the
reported value of 3.1 eV [18].This value confirms the dielectric
behaviour of the material.

3.5. Refractive IndexMeasurements. Brewster’s angle method
was used to determine the refractive index of the crystal. A
He-Ne laser of wavelength 632.8 nm was used as the source.
The polished crystal was kept on the rotating mount at an
angle varying from 0 to 90 degrees. The angular reading,
when the crystal was perfectly perpendicular to beam, was
noted. The crystal was rotated along the beam for maximum
power output. Brewster’s angle (𝜃𝑝) was measured as 54.6
degrees.The refractive index of the BGHBwas calculated and
found to be 1.396.

3.6. NLO Test: Kurtz Powder SHG Method. The most widely
used technique for confirming the SHG efficiency of NLO
materials to identify the materials with noncentrosymmetric
crystal structures is the Kurtz Powder technique [19]. In this
technique the powdered sample with an average particle sizes
range of 125–150 𝜇m is filled in a microcapillary tube about
1.5mm in diameter. Q-switched Nd: YAG laser emitting a
fundamental wavelength of 1064 nmwas used.The input laser
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Figure 6: 6 TG/DTA of BGHB.

energy incident on the sample was 6.2mJ/pulse and a pulse
width of 8 ns with a repetition rate of 10Hz was made to fall
normally on the sample. The standard NLO inorganic potas-
sium dihydrogen phosphate (KDP) was used as the reference
material. The emission of green light (𝜆 = 532 nm) from
the BGHB crystals confirmed their noncentrosymmetric
crystal structure. The second harmonic radiation generated
by the randomly orientedmicrocrystals was focused by a lens
and detected and a photomultiplier tube. The generation of
the second harmonic radiation was confirmed by a strong
bright green emission emerging from the powdered sample.
A potassium dihydrogen phosphate crystal was used as a
reference material in the SHG measurement. The relative
conversion efficiency was calculated from the output power
of BGHB crystals with reference to KDP crystals. When KDP
crystal was used as a reference material, it produced 62mV as
output beam voltage. But the grown sample produced about
93mV as output beam voltage. Hence, it is confirmed that
the material has NLO efficiency of about 1.5 times that of the
KDP crystal. The nonlinear optical study confirms the SHG
property of thematerial equal to 1.5 times that of the standard
KDP and this prediction is comparable with the reported
value of 1.25 [20].

3.7. Thermal Studies. The thermogravimetric analysis (TGA)
was carried out by using TAQ-500 analyzer at a heating
rate of 25∘C/min. for temperature range 25–800∘C as shown
in Figure 6. The spectrum shows that there is small weight
loss around 180∘C. The material starts decomposing near
temperature of 248∘C, which is melting point of the BGHB
crystal. The weight loss of 73.25% of 7.432mg of sample was
observed in the temperature range from 230∘C to 305.36∘C.
Thereafter residue remains up to of 800∘C. It is clear that
the crystal is thermally stable up to 230∘C [21]. Hence
it can be utilized for device applications till 230∘C. From
the thermal analysis it is concluded that the grown crystal
decomposes without melting at about 230∘C and is stable
till that temperature, which agrees with the reported value
206∘C [5].

3.8. Microhardness Studies. The microhardness measure-
ments were carried out with a load range from 25 to 100 g
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Figure 7: Variation of𝐻V with load 𝑃.

using Vickers hardness tester (LEITZWETZLER) fitted with
a diamond pyramidal indenter and attached to an incident
light microscope. The Vickers microhardness number was
calculated using the relation

𝐻V = 1.8544 (
𝑝

𝑑
2
) kg/mm2, (3)

where 𝑝 is the indenter load and 𝑑 is the diagonal length of
the impression. The Figure 7 shows the variation of 𝑃 with
Vickers hardness number (𝐻V) for grown single crystal. It
is evident from the plot that Vickers microhardness number
increases with increasing applied load. According to Meyer’s
law, the relation connecting the applied load is given by

𝑝 = 𝑘
1
𝑑
𝑛
,

log𝑝 = log 𝑘 + 𝑛 log 𝑑,
(4)

where 𝑛 is the Meyer index or work hardening exponent and
𝑘
1
, is the constant for a given material. The above relation

indicates that “𝐻V” should increase with load 𝑝 if 𝑛 > 2
and decrease with load 𝑝 when 𝑛 < 2. We have determined
“𝑛” from slope of the plot that is shown in Figure 8. The
value of “𝑛” for BGHB was found to be 3.15. Low value
of work hardening coefficient “𝑛” illustrates fewer defects
in the grown crystal. The large value of 𝑛 indicates large
effect of dislocations. According to Onitsch [22], 𝑛 should lie
between 1 and 1.6 for harder materials and above 1.6 for softer
materials. From the hardness study, the grown BGHB crystal
is found to be relatively soft material.

3.9. Dielectric Studies. The dielectric studies of the grown
crystal were carried out by using the instrument, HIOCKI
3532-50 LCR HITESTER. A sample of dimension 1 × 0.5
× 0.1 cm3 having silver coating on the opposite faces was
placed between the two copper electrodes and a parallel plate
capacitor was thus formed.The capacitance of the sample was
measured by varying the frequency from 100Hz to 5MHz
and the dielectric constant versus logarithmic frequency is
plotted (Figure 9). The increase in dielectric constant at low
frequency is attributed to the space charge polarization [23].
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The dielectric loss is also studied as a function of frequency at
different temperatures (Figure 10). These curves suggest that
the dielectric loss strongly depends on the frequency of the
applied field, similar to that of dielectric constant which is
common for the ionic system of crystals [24, 25].

3.10. AC Conductivity Study. The ac conductivity study of
the BGHB crystal was carried out. In the high temperature
(Intrinsic) region, the effect of impurity on electrical con-
duction has not made any appreciable change whereas in the
low temperature (extrinsic) region, the presence of impurity
in the crystal has an impact and particularly increases
its conductivity. The electrical conduction in dielectrics is
mainly a defect controlled process in the low temperature
region (Figure 11). The presence of impurities and vacancies
predominantly determines this region. The energy needed
to form the defect is much larger than the energy need for
its drift. It is found from the Arrhenius plot (Figure 12) for
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the BGHB crystal that the conductivity increases with tem-
perature and the value of activation energy is found to be
0.125 eV. The conduction mechanism can be explained by
the rotation of ions when the temperature of the material
is increased. The rotation of ions gives local displacement
of electrons in the direction of the applied field, which in
turn gives rise to induced polarization when the material
is subjected to high intense laser beam. The lower value
of activation energy (0.120 eV) predicted in the present
investigation suggests that the crystal is free from defects.
When the crystal is free from defects, the hydrogen bond
interactions will not be weakened, as reported for other
general amino acid groups of materials [26].

3.11. Photoconductivity Studies. The photoconductivity mea-
surements were carried out by using Keithley 485 picoam-
meter. The dark current was recorded by keeping the sample
unexposed to any radiation. Figure 13 shows the variation
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crystal.

of both dark current (𝐼
𝑑
) and photocurrent (𝐼

𝑝
) with the

applied electrical field. It is seen to be noted from the plots
that both 𝐼

𝑑
and 𝐼
𝑝
of the sample increase linearly with the

applied electrical field. It is observed from the plot that the
dark current is always greater than the photocurrent, thus
confirming the negative photoconductivity.

3.12. Etching Studies. The crystals with defects may destroy
the mechanical and electrical properties, which affect the
usefulness of the crystals. The nonlinear optical properties
such as SHG efficiency, damage threshold, depend on the
crystalline perfection. Etching is one of the selective tools to
identify the defects in the grown crystals. The (100) plane
of the BGHB crystal has been completely immersed for 60 s
in the water etchant and the sample was wiped out with
dry filter paper. From Figure 14, a number of etch pits have
been identifiedwith identical shape. By increasing the etching
time, the pattern remains the same, but the size of the etch

Figure 14: Etching photograph of BGHB.

pits has increased. The etch pit can be attributed to the initial
dislocations formed at low angle boundaries or segregated
impurities [27] which is strongly correlated to the formation
of inclusions in the crystals which can originate from growth
sector boundaries [28]. Also due to the liquid inclusions
there have been drastic changes in growth condition [29]. In
general, it is observed that the less number of dislocations
shows the quality of the crystal.

4. Conclusion

A single crystal of bisglycine hydrobromide (BGHB) was
grown by slow evaporation technique. The unit cell dimen-
sions of the grown crystals were confirmed by single-crystal
X-ray diffraction. The functional groups present in the
material have been confirmed by FTIR analysis. UV-Visible
absorption spectrum shows excellent transmission in the
entire visible region. The band gap energy for the grown
crystal is found to be 3.70 eV. NLO study reveals that the
grown crystal has SHG efficiency equal to that of KDP
crystal. From thermal analysis, it is found that the crystal can
retain its stability up to 230∘C. The mechanical studies were
carried out for the grown crystal. The microhardness studies
indicate that the Vickers hardness number of the crystal
increases with the increase in applied load. The dielectric
constant and dielectric loss measurements were carried out
at different temperatures and frequencies. The activation
energy was determined from the plot of ac conductivity.
The photoconductivity studies confirm that this material has
negative photoconductivity nature. The etching studies were
carried to study the formation of etch pits in water solvent.
This material exhibits NLO behaviour remarkably due to its
better optical and dielectric properties.
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