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a b s t r a c t

Present investigation very firstly reports the growth of g-glycine crystal from aqueous solution con-
taining cesium chloride. The crystallographic data of g-glycine crystal has been experimentally deter-
mined by means of single crystal X-ray diffraction (XRD) technique. The powder XRD technique has been
employed to examine the crystalline nature and structural parameters of grown crystal. The element
detection has been achieved by means of energy dispersive spectroscopic technique. The color centered
luminescence behavior of g-glycine crystal has been analyzed in the range of 300e700 nm. The UV
evisible study has been carried out within 200e1100 nm to determine the optical transparency and
optical band gap of grown crystal. The second harmonic generation (SHG) efficiency of g-glycine crystal
has been determined by means of Kurtz-Perry test and the SHG efficiency is found to be 5.06 times
higher than standard potassium dihydrogen orthophosphate crystal material. The dielectric parameters
of grown crystal have been evaluated at different temperature and frequencies. The grown crystal has
been subjected to differential thermal analysis to determine the melting point of g-glycine crystal.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

In current era of science and technology design and growth of
nonlinear optical (NLO) crystals has emerged as rapidly developing
field owing to its practical demand in photonic industries. Organic
crystals inheriting fast electro-optic effects, wide bonding network
for design flexibility and high nonlinear susceptibility pronounces
its credibility for fabricating second harmonic generation (SHG),
optical modulation, frequencymixing, optical switching and optical
parametric oscillation devices [1e4]. Looking at the growing in-
terest of researchers in organic NLO materials the crystal of small
amino acid glycine draws more attention owing to abundance of
unique and interesting features. The most enticing property of
glycine that cites attention is polymorphism. Hitherto, reports on
crystal of a [5], b [6] and g [7] polymorph of glycine are available. At
room temperature two polymorphs of glycine are stable out of
which a-glycine crystal belongs to centrosymmetric space group
(P21/c) and g-glycine crystal belongs to noncentrosymmetric space
group (P31/P32) [8]. The designing/tuning of laser assisted NLO
yahoo.com (M. Anis).
devices demands material with unique set of linear and nonlinear
optical properties which shrinks circumference of our research to
g-glycine crystal and exclude a-glycine owing to lack of acentric
symmetry. g-glycine orients with noncentrosymmetric space group
and this guarantees the occurrence of promising NLO effects. The g-
glycine crystal is further known to be crystallized with trigonal
hemihedral [9] or hexagonal [10] symmetry which makes it more
interesting crystal to study. In past few decades attempts have been
made to grow g-glycine crystal that offers high conversion effi-
ciency. The g-glycine crystal grown using additives lithium hy-
droxide, lithium nitrate [11], lithium bromide [12], potassium
fluoride [13], potassium nitrate [14] lithium acetate [15] and so-
dium sulphate [16] are reported to have sufficiently high second
harmonic generation (SHG) efficiency. However, quest for obtaining
more SHG efficient g-glycine crystal is still on verge which has been
trailed in current investigation. In this communication our group
very firstly reports the growth of g-glycine crystal using cesium
chloride as additive. Noteworthy fact is that the g-glycine crystal
delivered the highest SHG efficiency (5 � KDP). Therefore the
studies on grown g-glycine crystal have been accomplished by
employing X-ray diffraction, energy dispersive spectroscopy,
UVevisible, Kurtz-Perry test, luminescence, dielectric and thermal
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characterization techniques.

2. Experimental procedure

The starting materials (glycine and cesium chloride) of high
purity (SDfine make) were selected with double distilled water to
synthesize the g-glycine crystal employing the conventional slow
solvent evaporation technique. Initially 1 wt% of cesium chloride
was dissolved in 100 ml of water and stirred for half hour. The
glycine salt (1 mol) was gradually added to the prepared aqueous
solution of cesium chloride and stirred well for 4 h to facilitate the
formation of homogeneous mixture. This solution was later filtered
through membrane filter paper (4 mm pore size) using the vacuum
pump. The filtrate was transferred in clean rinsed beaker and
covered with the perforated coil to avoid the dust inclusions and
control the evaporation of the filtrate. The beaker was kept in a
constant temperature bath at 35 �C to employ uniform and slow
evaporation of solvent. The beaker was constantly observed till
good quality crystals were obtained. The 17 � 10 � 06 mm3 single
crystal of g-glycine (GG) grown within three weeks is shown in
Fig. 1a. The purity of material was further achieved by repetitive
recrystallization process.

3. Results and discussion

The GG crystal was subjected to single crystal X-ray diffraction
analysis to record the crystallographic data at room temperature
and the powder XRD (PXRD) technique to confirm the crystalline
phase and confirm the cell parameters of grown crystal. The PXRD
pattern (Fig. 1b) of GG crystal was recorded at the scan rate of 0.1q

constrained within 2q range of 10e50q. The PXRD pattern was
indexed and the cell parameters were evaluated using the powderX
software keeping the error limit of 0.01q. The presence of defects/
inclusions/grain boundaries results to decrease in intensity and
widening of diffraction peaks. The sharp diffraction peak and less
full width half maxima (FWHM) affirm the good crystalline nature
of material conclusive in plane wave dynamical theory of X-ray
diffraction [17,18]. Analysis of PXRD pattern plotted in Fig. 1b shows
prominent and sharp diffraction peaks of characteristic (100), (110)
and (111) planes of GG crystal. The evident high intensity and
sharpness of identified peaks confirm that the GG crystal is free
from structural grain boundaries [19,20]. In both the XRD analysis
the GG crystal is found to have crystallized with hexagonal crystal
structure and the cell parameters of GG crystal is tabulated in
Table 1. The structural parameters of grown GG crystal are in
Fig. 1. (a) g-glycine crystal (b) P
agreement with JCPDS data (File No.06-0230) and reported work
[21].

The qualitative analysis of GG crystal has been undertaken by
means of energy dispersive spectroscopic (EDS) technique using
the Hitachi S4700 instrument. The single crystal was powdered and
the EDS spectrum of samematerial has been recorded in the energy
range of 0e10 KeV. The peaks observed at different energies cor-
responding to the constituent elements present in crystal are
indexed in spectrum as shown in Fig. 2a. It is notable observation
that there was no trace of cesium in grown GG crystal.

The photoluminescence (PL) is the most unique nondestructive
and decisive technique employed to probe the nature of electronic
transition to different energy states while photo-relaxation of
material later to photo-excitation. The trajectory of electron tran-
sition during photo-relaxation gives rise to characteristic color
centered PL emission. Hence examination of this process becomes
vital aspect to investigate the surface quality, electronic purity and
influence of defects in given crystalline medium [22e25]. The PL
emission spectrum of grown GG crystal has been recorded using
the Hitachi FL-7000 spectrophotometer with excitation and emis-
sion slit width constrained to 2.5 nm. The material was photo-
excited at the energy wavelength of 271 nm corresponding to the
energy of 4.58 eV and the PL emission spectrum was recorded in
the range of 300e700 nm at a scan speed of 240 nm/s with zero
delay and response time was set at 0.1 s. The PL emission spectrum
depicted in Fig. 2b reveals that the GG crystal contributes promi-
nent PL emission with peak maxima centered at 343 nm (3.62 eV)
resembling the violet color emission. Similar violet colored emis-
sion at 380 nm was observed in GG crystal grown from aqueous
solution of lithium hydroxide [11]. In biomedical, chemical and
biochemical research fields the specific PL emission profile beholds
huge impetus for detection of distinct compounds [26,27]. The
occurrence of defects and impurities facilitate additional states for
electrons and holes which tunes the transition energies, trajectory
and lifetime of electron [28]. However presence of single peak,
smooth spectrum, sharp intensity and gradual decrease in intensity
of PL emission confirm the absence of defects and intermediate
transitions in GG crystal which pronounces its electronic purity and
makes it a potential candidate for aforesaid applications.

In an optically active material the linear optical transmittance is
attributed by permitted electronic transitions in band structures
[29,30] which originates as a consequence of absorption of incident
light of threshold energy. However, the transmittance in bulk
crystal is influenced by external factors such as crystal orientation
[31], defects, inclusions, impurities, vacancies, voids and grain
XRD pattern of GG crystal.



Table 1
Structural data of g-glycine crystal.

Crystal parameter Single crystal XRD Powder XRD

Cell dimensions a ¼ b ¼ 7.0213 Å, c ¼ 5.4517 Å a ¼ b ¼ 7.0211 Å, c ¼ 5.4514 Å
a ¼ 90� , b ¼ 90� , g ¼ 120� a ¼ 90� , b ¼ 90� , g ¼ 120�

Cell volume (Å)3 233.738 Å3 233.712 Å3

Crystal system Hexagonal Hexagonal
Space group P31 P31
Z 3 3

Fig. 2. (a) EDS and (b) PL emission spectrum of GG crystal. Fig. 3. (a) UVevisible transmittance spectrum (b) Intensity dependent SHG response.
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boundaries [32,33]. These factors collectively determine the oper-
ative range and percentage of transmittance of given crystal. The
materials with high transmittance are desirable for purpose of NLO
applications. In order to testify that the GG crystal (2.5 mm thick-
ness) has been scanned in the range of 200e1100 nm using the
Shimadzu UV-1061 spectrophotometer and the recorded trans-
mittance spectrum is shown in Fig. 3a. The observation of spectrum
reveals that GG crystal offers transmittance of 79% and the fall in
transmittance to minimum value owing to n-p transition confirms
its cut-off wavelength (lcut-off) at 235 nm. In crystals grown at low
temperature there is more possibility of dwelling solvent inclusions
and impurities which foster structural and crystalline defects in
crystallite. Notable uniform and high transmittance by GG crystal
throughout the spectral range might have been contributed by
inherent less absorption tendency of glycine [34] and lesser density
of defect centers which minimizes the internal scattering/
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absorption of light [35,36] and increases the intensity of trans-
mittance. Also the sharp fall of transmittance in lower wavelength
range determines the excellent optical homogeneity of GG crystal.
The knowledge of optical band gap (Eg ¼ 1242/lcut-off) determines
the wide transmission range of given material which is found to be
5.28 eV for GG crystal. The striking linear optical parameters make
the GG crystal most potential candidate for designing components
utilized in transmission of harmonic signals of Nd:YAG laser, NLO
and optoelectronic devices [37e39].

The standard Kurtz-Perry powder test technique [40] has been
employed to determine the conversion efficiency of GG crystal. The
SHG setup facilitated with Q-switched mode Nd:YAG laser
(1064 nm, 6 ns, 10 Hz) has been used to determine the SHG effi-
ciency of crystal. The alpha glycine, GG and potassium dihydrogen
orthophosphate (KDP) were grounded to powder of identical size
and systematically sieved in the quartz cavity. The samples were
placed in optical path and the setup was initiated to irradiate the
samples by Gaussian filtered beam of Nd:YAG laser. The frequency
doubling phenomenon was not observed in alpha glycine owing to
lack of asymmetric structure as reported [41]. On the contrary the
emergence of green light was observed for GG and KDP sample
which confirms the second order NLO behavior. The output in-
tensity contributed by each sample was collected through the op-
tical fiber and recorded using the spectrophotometer (Black-C-SR
Stellar Net) interfaced to computer. The experimentally determined
SHG output intensity is shown in Fig. 3b and the SHG efficiency of
GG crystal is found to be 5.06 times higher than KDP crystal. The
noncentrosymmetric orientation, high dipole moment and
enhanced charge transfer over the acceptor-donor network are the
principle factors responsible for SHG efficiency in glycine [11,42]. In
addition two factors might serve significant role in favoring large
SHG efficiency (i) the disordering of crystal structure in organic
materials leads to generation of large electronic infrared bands
below the energy gap. These infrared bands facilitate trapping of
electrons and manifest more electron-phonon interaction which
play active role in dwelling the photoinduced nonlinear response
[43e45] and (ii) the additive cesium chloride is expected to facili-
tate more polarizing mediumwhich favors more reaction sites and
increases the possibility of forming more noncentrosymmetric
structural symmetry which is desirable parameter for gaining SHG
efficiency. The knowledge of these effects establishes the concrete
ground for attaining such high SHG efficiency in grown GG crystal.
The SHG efficiency of GG crystal is compared with literature in
Table 2. The highest SHG efficiency of GG crystal amongst
compared crystals lifts its credibility and possibility to be utilized in
laser frequency doubling/conversion device applications [46].

The dielectric parameters of the materials are tunable and
sensitive to applied external frequency and temperature. Therefore,
the dielectric measurement studies of flat and polished GG crystal
has been carried out using the HIOKI-3532 LCR instrument. The
measurements have been carried out by varying the frequency
Table 2
Comparison of SHG efficiency of GG crystals.

Solvent additive with water SHG efficiency Crystal structure Reference

Lithium hydroxide 1.4 (KDP) Hexagonal [11]
Lithium bromide 3 (KDP) Trigonal [12]
Potassium fluoride 3 (KDP) Hexagonal [13]
Potassium nitrate 2.06 (KDP) Hexagonal [14]
Lithium acetate 3.4 (KDP) Hexagonal [15]
Sodium chloride 2 (KDP) Hexagonal [15]
Sodium nitrate 1.6 (KDP) Hexagonal [15]
Sodium sulphate 1.7 (KDP) Hexagonal [16]
Cesium chloride 5.06 (KDP) Hexagonal Present study
(100 Hz,100 KHz,1MHz) and employing the change in temperature
from 35 to 80 �C. In crystal medium the contributions from elec-
tronic, ionic, dipolar and space charge polarizations give rise to the
property of dielectric constant [47]. The variation in dielectric
constant of GG crystal is shown in Fig. 4a. It reveals that the
dielectric constant decreases with increase in frequency and in-
creases with rise in temperature. The high magnitude of dielectric
constant at 100 Hz is contributed by active polarizations at lower
frequency amongst which space charge polarization becomes more
dominant with increase in temperature [48]. The common effect
encountered in crystal is that the polarization activity becomes less
responsive at higher frequencies [49] even the space charge po-
larization is diminished beyond frequency of 1 KHz [50]. This jus-
tifies the large fall in magnitude of dielectric constant of GG crystal
with increase in frequency from 100 Hz to 1 MHz. The lower
magnitude of dielectric constant at higher frequencies implies that
the GG crystal consume less power which designates it as potential
candidate for applications in THz wave generation, optoelectronics,
photonics, electro-optic modulators and field detectors devices
Fig. 4. Response of (a) dielectric constant (b) dielectric loss.



Fig. 5. DTA curve of GG crystal.
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[51e53]. Conclusive studies of Miller revealed that the materials
with less dielectric constant contribute higher SHG efficiency [54]
which is true in case of grown GG crystal. The dielectric loss is
the essential parameter of the material which evaluates the loss of
electromagnetic signal in crystal medium. The major factors giving
rise to dielectric loss are intrinsic phonon interactions and extrinsic
defects (impurities, inclusion, porosity, vacancies, grain boundaries,
micro-macro cracks, random crystal growth) [55,56]. The variation
of dielectric loss is shown in Fig. 4b. It depicts that the dielectric loss
decreases with increase in frequency. The low value of dielectric
loss at higher frequency confirms excellent quality of crystal with
less electrically active defects [57,58]. The promising dielectric
behavior of GG crystal advocates its credibility for engineering
distinct technological device.

As continuous laser exposure creates thermal conductivity in
crystal medium hence the thermal stability plays crucial role to
identify the applicability of the title crystal for distinct high-end
laser devices. The melting point of GG crystal has been deter-
mined by means of differential thermal analysis (DTA) using the
thermal analyzer (Linseis STA-PT 1600). The DTA thermogram of
GG crystal has been recorded within 30e600 �C by employing the
temperature rate of 10 �C/min. The recorded DTA thermogram of
GG crystal is shown in Fig. 5. It shows the occurrence of sharp
endothermic peak centered at 266.8 �C which resembles to the
melting point of GG crystal. The absence of any peak below 100 �C
confirms that the GG crystal does not possess water molecules. The
single sharp peak confirms the good crystalline nature of GG
crystal. It is also noticeable that the melting point of grown GG
crystal is significantly higher than L-threonine crystal (262 �C) [59].
4. Conclusion

The GG crystal of dimension 17 � 10 � 06 mm3 has been suc-
cessfully grown by slow solvent evaporation technique. The single
crystal XRD analysis confirmed the hexagonal structure and non-
centrosymmetric P31 space group of GG crystal. The good crystal-
line phase of GG crystal has been ascertained from observed sharp
peaks in PXRD pattern. The constituent elements of GG crystal have
been qualitatively determined by means of EDS technique. In
UVevisible analysis the GG crystal is found to exhibit high trans-
mittance of 79% with optical energy band gap of 5.28 eV. The PL
studies revealed that the GG crystal exhibits prominent violet
colored emission with peak maxima centered at 343 nm. The SHG
efficiency of GG crystal is found to be 5.06 times higher than KDP
crystal owing to asymmetric structure and dipolar nature of grown
crystal. Dielectric studies revealed that the magnitude of dielectric
constant and dielectric loss increases with rise in temperature but
significantly decreases with increase in frequency. In DTA analysis
the sharp and single endothermic peak established the presence of
single phase and confirmed the melting point of GG crystal at
266.8 �C. The grown GG crystal with impressive optical, dielectric
and thermal properties pronounce its utmost credibility for
designing components for photonics, optoelectronics, frequency
convertors and distinct NLO devices.
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