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Highly translucent nonlinear single crystals of L-Threoninum Sodium Bromide (LTSB) has been grown
because of their rising need for everyday life and the XRD studies (PXRD and SXRD) solemnly affirmed
the crystallinity and non-centrosymmetric space group of LTSB materials. The bonding nature and diverse
functional groups in LTSB were demonstrated by FTIR analysis when they absorb infrared radiation. The
optical behavior of LTSB crystals was explored through UV–Vis spectroscopy, which shows optical param-
eters depend on photon energy with band gap Eg = 5.7 eV which was suitable for optoelectronic devices.
The electrical properties of LTSB crystals were measured by using dielectric measurement. The solid state
parameters of LTSB crystal were calculated. An antibacterial activity developed by LTSB crystals against
different pathogenic bacteria were examined using the Agar disk diffusion process. The antibacterial inhi-
bitory activity of LTSB crystal revealed that it can be used to treat a variety of bacterial infections.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Currently, NLO crystals play a key role in view of the growing
demand for their potential application in everyday life such as laser
and light diversification, interactions with materials, information
technology, and so on (Uma and Rajendran, 2016). Materials used
for the above application must be of high transparency, low dielec-
tric loss, and high efficiency of SHG (Martin Britto Dhas and
Natarajan, 2007). At presents amino acid-based materials are given
preeminence in several NLO optical applications, for the reason
that it comprises profusions of optically active atoms that show
highly frequency doubling efficiency and are effective for NLO
applications (Kanika Thukral et al., 2019). Amino acid possesses
both acidic (–COOH) and basic (–NH2) groups in the same mole-
cule. These groups interact with each other and therefore amino
acids possess double charge. This state is known as zwitterion or
dipolar ion (Suresh and Sagadevan, 2014). In the zwitterionic state,
the amino acids are electrically neutral and bear no net charge,
which may produce an added betterment in nonlinear polarization
(Bhuvaneswari and Nalini Jayanti, 2018). In contrast to other
amino acids, L threonine is an essential amino acid to treat various
nervous system disorders. It is used as an additive in manufactur-
ing or as a substrate for the biosynthesis of other chemicals
(Xunyan Dong et al., 2012). Thus L-threonine (C4H9NO3) deserves
higher optical properties and any applications than that of other
amino acids (Rodriguesjr et al., 2003; Ramasamy and
Meenakshisundaram, 2014). Sodium bromide is the most useful
inorganic bromide in industry also it is used in medicine, prepara-
tion of other bromine compounds, disinfectant, and petroleum
industry (Ward et al., 1978).

In this present manuscript LTSB crystal synthesized by a famil-
iar slow evaporation technique and described their physicochemi-
cal properties. The novelty of this article is that an antibacterial
activity developed from LTSB crystal against various pathogenic
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bacteria has been studied using the Agar disk diffusion process. The
zones for growth inhibition were measured in diameter (mm).

2. Synthesis, characterization and biological application

2.1. Material synthesis

Nonlinear single crystal of L-Threonine Sodium Bromide (LTSB)
has been grown from the following highly purified chemicals given
in the equation were purchased from Sigma-Aldrich and the solu-
tion was well stirred at 40 �C for nearly 3 h to obtain a saturated
aqueous solution.

C4H9NO3 þ NaBr ! C4H9NO3Naþ½ � Br�

The prepared solution was filtered for extraction of impurities.
The solution thus prepared was covered by porous perforated foil
and kept undisturbed condition for evaporation. Extremely trans-
parent nonlinear single LTSB crystal was harvested after
25–30 days as depicted in Fig. 1.

2.2. Characterization techniques

The unit cell parameters of the titular crystals were carried out
using Bruker Kappa APEXII X-ray diffractometer. The crystallinity
of LTSB crystal was checked by taking the Powder X-Ray diffraction
using an XPERT-PRO diffractometer with Cu ka radiation (k = 1.5
406 Å). The LTSB crystal’s FT-IR spectrum was taped by Thermo
Nicolet Avatar 370 spectrometer in the frequency region 400–
4000 cm�1. The UV–Vis spectrum of LTSB crystal was measured
in the range of 200–800 nm by UV-1700 Series Spectrophotometer.
The dielectric behavior is studied by using the Tonghui TH2826
Precision LCRMeter. The Agar disk diffusion method was employed
to determine the antibacterial activities of grown LTSB crystal.

2.3. Biological application

An antibiotic resistance developed from LTSB crystal against 3
different pathogenic bacteria has been studied using the Agar disk
diffusion process. The inhibitory activity produced by LTSB crystals
were measured in diameter (mm).

3. Results and discussion

3.1. Single crystal X-ray diffraction analysis (SXRD)

To determine unit cell parameters, crystal system, and space
group of the grown LTSB crystals were collected by using SXRD
analysis with MoKa radiation of wavelength k = 0.71073 Å. The
space group which is required for SHG application is non-
centrosymmetric space group P212121. This space group of LTSB
crystal was confirmed by SXRD analysis. From the collected data
LTSB single crystal having three unequal cell parameters a = 5.15
Å, b = 7.74 Å, c = 13.61 Å, holding angles of 900 between them
Fig. 1. Photograph of LTSB single crystal.
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and cell volume 543 Å3 confirms the LTSB crystal unambiguously
the orthorhombic system, which shows a suitable concord with
the reported literature (Allen Moses et al., 2019a, 2019b).

3.2. Powder X-ray diffraction analysis (PXRD)

PXRD analyses of LTSB crystal were carried out by crushing the
defect free LTSB crystal into a fine powder. The LTSB samples were
scanned for 2h values from 10-800 is shown in Fig. 2. The crys-
talline characters with phase purity of the grown LTSB crystal were
confirmed by most intense Bragg’s reflection peaks appear at speci-
fic 2h angles. The measured cell parameters from PXRD well agreed
with single SXRD.

3.3. FTIR analysis

Vibrational spectroscopy employed to analyze the bonding
structure and the diverse functional groups present in the
unknown compound, reason that it is a nimble process without
monotonous assessment methods. Moreover, the FTIR technique
is beneficial in the identification of chemicals that are either
organic or inorganic. Here FT-IR spectrum of LTSB sample in the
400–4000 cm�1 frequency region is shown in Fig. 3. To examine
the received FTIR spectrum of LTSB crystal some amine and car-
boxylate groups are present, which confirms the zwitterionic nat-
ure of the LTSB crystal and it is a sinewy material for diverse
applications. The wavenumbers observed and the proposed assign-
ments of the LTSB crystal FTIR spectrum band are given in Table 1.
FTIR assignment of LTSB crystal well agreed with the literature
(Abila et al., 2020; Masilamani et al., 2017).

3.4. UV–Visible spectral analysis

UV–Vis spectroscopy analysis is a key factor for characterizing
the feature of NLO. In order to examine the optical characteristics
of the LTSB crystal, optical constants were playing a prominent role
it is used for the application of optoelectronics and photonics
(Hanumantharao and Kalainathan, 2012). The high transparency
nature of the material also provides various information about
electronic optical transition (Karuppasamy et al., 2020;
Subhashini et al., 2019).

The transmittance spectrum of LTSB crystal in Fig. 4a shows a
wide translucency window from 235 to 800 nmwith 83% transmit-
tance and no absorbance in the entire wavelength. In the absence
of strong conjugated bonds in amino acid generate lower cut-off
wavelength (221 nm) and good optical transparency of the LTSB
crystal, so that the title crystals were suitable for any applications
Fig. 2. Powder XRD pattern of the LTSB crystal.



Fig. 3. FTIR spectra of LTSB crystal.

Table 1
FTIR assignments of the LTSB crystal.

Wave number Functional group

3172.16 NH3+ asymmetric stretching
2977.45 NH3

+ stretching
2863.08 CH3 symmetric stretching
2652.04 O-H stretching
2504.37 CH3 stretching
1626.77 NH3

+ asymmetric bending
1481.08 NH3

+ symmetric bending
1412.56 CO2– symmetric stretching
1344.52 CH3 bending
1317.70 CH3 bending
1245.53 CH3 bending
1109.67 and 1180. 18 NH3 rocking
1033.13 C-N stretching
927.74 C-C stretching
862.93 CO2

– bending
764.90 COH torsion
699.54 CO2

– Wagging vibration
562.02 C-C-N group deformation vibration
488.50 NH3 torsional mode

Fig. 4a. Transmission spectra of LTSB crystal.

Fig. 4b. Plot of (ahm)2 versus Photon energy (hm).
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(Tauc, 1972; Chennakrishnan et al., 2017). The optical absorption
coefficient (a) and Eg according to Tauc’s relationship is given in
Eqs. (1) and (2):
2989
a ¼ 2:303
t

log
1
T

ð1Þ

ahv ¼ Aðhv � EgÞn ð2Þ
Where all the symbols have their own significance

For LTSB crystal n = 1/2 indicated the direct band gap nature of
the material (Ramanathan et al., 2005). Fig. 4b shows the graph
between (ahm)2 and hm of LTSB crystal and the graph provides
the value of energy gap of titular crystal. The extrapolation of the
straight line to (ahm)2 = 0 yielded the value of Eg = 5.7 eV suggests
titular crystal possesses dielectric nature and can be polarized
under the influence of powerful radiation which is suitable for
optical fabrication. The reflectance (R) and refractive indices (n)
were calculated by Eqs. (3) and (4): (Allen Moses et al., 2019a,
2019b; Ollaa et al., 2019).

R ¼ 1�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� exp �atð Þ þ expðatÞp

1þ expð�atÞ ð3Þ

n ¼ �ðRþ 1Þ �
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3R2 þ 10R� 3

p
2ðR� 1Þ ð4Þ

From Figs. 4c and 4d it is understood that the photon energy
dependence of optical parameters (R and n) showing that these tit-
ular materials are apt for optoelectronic devices than the other
crystals (Dillip et al., 2012). Fig. 4e suggests a small value of extinc-
tion coefficient in the lower energy region reveals the grown crys-
tal permitting the free passage of electromagnetic radiation, while
the high energy region indicates greater degrees of opacity. The
coefficient of attenuation depends on the type of material and radi-
ation intensity. A low extinction coefficient is apt for use as an opti-
cal material in processing devices. Skin depth is numerically define
as,

d ¼ 1
a

ð5Þ

Where d is skin depth.
Fig. 4f shows when the photon energy is increased the skin

depth also decreases for LTSB crystal. This result suggests the use
of grown crystal for large range of optoelectronic applications.

3.5. Dielectric studies

To scrutinize the electrical properties and lattice dynamics, the
grown material is subjected to dielectric measurements, for that
the grown LTSB crystal is coated with graphite on opposite surfaces
for creating a good conductive layer (Elberin et al., 2016; Revathi



Fig. 4c. Photon energy versus reflectance (d).

Fig. 4d. Photon energy versus refractive indices.

Fig. 4e. Extinction coefficient with photon energy.

Fig. 4f. Skin depth of LTSB crystal.

Fig. 5a. Plot between dielectric constant and log f.
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and Rajendran, 2016). Herein the variation of capacitance and dis-
sipation factor of the grown LTSB crystal measured in the fre-
quency range of 100 Hz to 2 MHz and the temperatures from
313 to 433 K. The dielectric constant (er) and dielectric loss (tand)
were calculated by Eqs. (6) and (7) (Aneeba et al., 2020):

er ¼ Cd
e0A

ð6Þ
2990
tand ¼ erD ð7Þ

Where all the symbols have their own significance.
Figs. 5a and 5b illustrates er and tand of LTSB crystal against the

frequency. It was observed from the graph that tand and er
decreased as the frequency increased and they being constant at
higher frequencies due to predominant interfacial polarization
near the grain boundary interfaces (Rao and Smakula,1966) more-
over, this predominant interfacial polarization mainly depends on
three factors specifically pureness, flawless and high temperature
resistivity (Evangelin et al., 2020; HarshYadav et al., 2015). In that
respect there are fewer defects and impurities are present in the
grown LTSB crystal, and is used for NLO applications (Murugesan
et al., 2020; Manoj Gupta et al., 2011). The AC conductivity (rac)
is obtained by Eq. (8):

ra ¼ xe0ertand ð8Þ
Fig. 5c illustrates the ac conductivity of titular material

increases up to the logarithmic frequency of 5.78 Hz and also sharp
increase was noted above 5.78 Hz that evidencing the conduction
of the LTSB material.

3.6. Determination of solid state parameters

Electronic polarizability plays a decisive role in charge distribu-
tion of solids which, depending on some solid state parameters
suchlike valance electron Plasma energy, Penn gap, Fermi energy,



Fig. 5b. Plot between dielectric loss and log f.

Fig. 5c. Plot between ac conductivity and log f.
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and electronic polarizability are tabulated in Table 2. The valance
electron plasma energy was evaluated by Eq. (9):
Table 2
Theoretical solid state parameters of LTSB crystal.

Parameters Value

Plasma energy (eV) 15.84
Fermi energy (eV) 11.72
Penn energy (eV) 5.01
Polarizability from Penn analysis(cm)3 6.07 � 10�23

Polarizability from Clausius-Mossotti relation (cm)3 5.73 � 10�23

Fig. 6. (a) ZOI of Escherichia coli (b) ZOI of Pseudomo
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—hxp ¼ 28:8
Zq
M

� �1=2

ð9Þ

Where all the symbols have their own significance
The Pen gap energy (Ep) and Fermi energy (EF) (Kalyanaraman

et al., 2015) are expressed with the following relations

Ep ¼ —hxpffiffiffiffiffiffiffiffiffiffiffiffiffi
er � 1

p ð10Þ

EF ¼ 0:2948ð—hxpÞ4=3 ð11Þ
The polarizability a, from Penn gap analysis (Alexandar and

Rameshkumar, 2018) is given by

a ¼ ð—hxpÞ2S0
ð—hxpÞ2S0 þ 3E2

P

" #
�M
q

� 0:396� 10�24 ð12Þ

Where S0 is the constant for given material

S0 ¼ 1� EP

4EF

� �
þ 1
3

EP

4EF

� �2
ð13Þ

The polarizability a is also be verified by using the Clausius-
Mossotti relation (Umarani and Jagannathan, 2018) is given by

a ¼ 3M
4pNAq

e1 � 1
e1 þ 2

� �
ð14Þ

The obtained polarizability value of LTSB crystal using Penn
analysis and Clausius-Mossotti relation are evenly matched.

3.7. Antibacterial study

The Agar disk diffusion method was used in order to ensure the
antibacterial activities of grown LTSB crystal with aminoglycoside
antibiotics class of Amikacin as a control (Xiaoting Wang et al.,
2019). The basic principle behind this method is to estimate the
antibiotic resistance by measuring the growth inhibition zone
around the powered sample (Mahboobeh Maghami et al., 2015).
Fig. 6(a, b and c) shows the inhibitory activity produced by LTSB
crystals against 3 different pathogenic bacteria. The growth inhibi-
tion zones of the titular compounds were measured in diameter
(mm) and the results are given in Table 3. From the results of
nas aeruginosa (c) ZOI of Staphylococcus aureus.

Table 3
The growth inhibition zones of LTSB crystal.

Bacterial strain Control Diameter of
inhibition
zone (mm)

Gram-negative Escherichia coli Amikacin 15
Pseudomonas aeruginosa Amikacin 13

Gram-positive Staphylococcus aureus Amikacin 12
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antibacterial activity studies, it was found that the prepared LTSB
crystals are more toxic to Escherichia coli having a ZOI of
15 mm, and also the Gram-positive bacterial strains are less
affected than gram-negative crystal. Thus LTSB crystal showed
substantial antibacterial activity on Escherichia coli than (Huizhi
Kou et al., 2020) also it has more inhibition effect on Pseudomonas
aeruginosa and Staphylococcus aureus than the reported value of
(M. Mayakannan et al., 2020; ChaoLiu et al., 2020). However, the
antibacterial test demonstrates that LTSB crystal inhibits the
growth of Escherichia coli, Pseudomonas aeruginosa and Staphylo-
coccus aureus ergo the titular crystal can be used together with
Amikacin to treat wide kind of bacterial infections.

4. Conclusion

The LTSB crystals were successfully grown and also the
orthorhombic system belonging to non-centrosymmetric space
group P212121 of the LTSB was obtained by Single crystal XRD.
The single crystalline characters of LTSB crystal were affirmed by
powder XRD analysis. FTIR study has identified the different func-
tional groups of LTSB crystal. The UV–Vis spectrum reveals the tit-
ular compound is active with 83% transmittance and the band gap
Eg = 5.7 eV. For LTSB crystals the obtained polarizability value of
Penn analysis and Clausius-Mossotti relation are evenly matched.
The antibacterial inhibitory activity of LTSB crystal revealed that
it can be used to treat a variety of bacterial infections. The findings
from various studies suggest that the sample that was grown can
be used for many applications.
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