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ORIGINAL STUDY

Investigations on the Growth and Optical, Dielectric
and Antibacterial Activity of L-leucine Barium
Chloride Crystals

M. Arul Tresa a,*, B. Helina a, S.C. Vella Durai b

a PG and Research Department of Physics, St. Xavier's College (Autonomous), Palayamkottai, 627002, Tirunelveli, Tamilnadu, India
b PG and Research Department of Physics, Sri Paramakalyani College, Alwarkurichi, 627412, Tenkasi, Tamilnadu, India

Abstract

In order to create single crystal of L-Leucine Barium Chloride (LLBC), double-distilled water was utilized as solvent in
a solution strategy with a lengthy evaporation process. L-Leucine and Barium Chloride, both of which are of AR quality,
were bought commercially and consumed in an equal amount. By slow evaporation method single crystals were formed
after a period of about 30 days. Solubility tests for the crystal were carried out, and it was observed that solubility
increases with temperature. Single crystal X-ray diffraction (XRD) was used to carry out the XRD test to determine the
crystal structure of the material and it was found to be orthorhombic. The sample's SHG effectiveness was found using
Nd:YAG laser and green laser light was produced by the crystal. A microhardness tester was used to find the me-
chanical parameters of LLBC crystals, the hardness, work hardening coefficient, yield strength, stiffness constant,
resistance pressure, fracture toughness, and brittleness index, have been evaluated to understand the sample's me-
chanical strength. Following the sample's linear optical exams, numerous linear optical properties of the sample have
been computed. The antibacterial activity of four bacterial strains was studied to understand the prevention of the
bacterial growth.

Keywords: Hardness, NLO, Transmittance, Optical conductivity, Single crystal, Solution growth, XRD, SHG, Antibacterial activity

1. Introduction

N LO crystals are employed in numerous in-
dustries, such as optical communication, optical

computing, and optoelectronics [1,2]. Organic, inor-
ganic, or semiorganic non linear optical (NLO) crystals
are commonly categorised. NLO crystals each have
their own benefits and drawbacks. High NLO effi-
ciency, adaptable molecular structure, and innately
short response time are all characteristics of organic
NLO crystals. Inorganic NLO crystals are more me-
chanically robust, more thermally stable, and less
effective than organic NLO crystals [3e6]. Due to its
intermediate mechanical strength and thermal stabil-
ity compared to organic and inorganic NLO crystals, a
semiorganic NLO crystal called L-leucine barium

chloride is created and examined here. Soma Adhikari
and colleagues have cultivated and studied L-leucine
[7] and it is a crucial amino acid. “According to re-
ports, L-Leucine has been combined with nitric acid,
oxalic acid, perchloric acid, and picric acid to produce
a number of compounds that have been found to be
useful NLO materials” [8e11]. Jagadeesh and col-
leagues synthesized L-leucine phthalic acid potassium
iodide by mixing L-leucine, phthalic acid, and potas-
sium iodide in a 1:1:1 molar ratio, followed by for-
mation from an aqueous solution through slow
evaporation. Various analyses, including single crystal
XRD, FTIR, UV-Vis, TGA, SEM, EDAX, microhardness,
dielectric, and powder SHG assessments, were con-
ducted on these crystals. The findings from these an-
alyses of the produced L-Leucine Phthalic acid
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Potassium Iodide crystals have been examined [12].
Baskaran et al., employed the solvent evaporation
method at room temperature to produce a single
crystal of L-Leucinium Perchlorate. Single crystal XRD
analysis revealed a monoclinic structure of the
generated crystals. Additionally, infrared Fourier
transform spectrum analysis and UV-vis spectral
studies were conducted. The microhardness study
indicated a decrease in crystal hardness under stress.
Analysis using the Kurtz and Perry powder method for
nonlinear optical properties showed a second har-
monic generation efficiency 2.6 times higher than that
of KDP crystals [13]. From a crystal engineering
perspective, L-Leucine is recognized as one of the
amino acid molecules. L-Leucine based crystals have
attracted a lot of interest due to their exceptional NLO
properties [10,14e17]. L-leucinium oxalate crystals
were generated by Anbuchezhiyan et al. and described
by numerous research [18]. L-leucinium oxalate single
crystals have been produced and examined by Bhas-
karan and colleagues [19]. L-leucine hyrobromide
crystals have been produced and investigated by
Adhikari et al. and Subramanian [20,21]. L-leucine has
reportedly been employed in both supramolecular
research and crystal engineering, and certain L-
leucine-based NLO crystals have been documented in
the literature [22e25]. L-leucine and barium chloride
were combined to create a single crystal of LLBC, a
semiorganic NLO crystal, in this study. This study ex-
amines the structural, NLO, bactericidal, and me-
chanical characteristics of the LLBC crystal and the
results are presented.

2. Materials and methods

L-Leucine Barium Chloride is a mixer of L-Leucine
and Barium Chloride with 1:1 molar ratio of analytical
reagent (AR) grade chemicals (LLBC). The calculated
amount of L-Leucine and Barium Chloride were thor-
oughly mixed with double-distilled water using a
magnetic stirrer and allowed to stand for around 3 h.
The solution was heated to produce salt of LLBC. The
temperature of the solution was maintained at 50 �C
during the synthesis. The solubility of the material was
determined gravimetrically and Fig. 1 shows the solu-
bility curve of LLBC. It has been revealed that LLBC
becomes more soluble as temperature increases. The
solubility curve was used to create the saturated so-
lution, which was then constantly stirred for 2 h using a
magnetic stirrer before filtering through four mico
Whatmann filter sheets. The filtered mixture was then
kept in a dust-free environment in a Borosil beaker that
was wrapped in porous paper. The extraction of the
crystals took about 30 days. A high-quality LLBC crystal
was grown and it is shown in Fig. 2.

3. Results and discussions

3.1. X-ray diffraction (XRD) analysis

The X-ray diffraction analysis of LLBC was conducted
using a diffractometer. The crystallographic parameters
obtained were: a ¼ 12.254 (2) Å, b ¼ 6.538 (4) Å,
c ¼ 8.375 (2) Å, a ¼ 90�, b ¼ 90�, g ¼ 90�. These data
indicate that the crystal adopts an orthorhombic
structure. The unit cell volume of the crystal was
determined to be 670.98 Å.

3.2. Second harmonic generation (SHG) studies

The nonlinear optical properties of the fabricated
LLBC were assessed using the Kurtz and Perry tech-
nique [26]. A Q-switched Nd:YAG laser with a funda-
mental wavelength of 1064 nm from the Quanta ray
series served as the light source. The sample material
was ground into a powder and tightly packed into a
small capillary tube. The incident beam's power was

Fig. 1. Solubility curve of LLBC crystal.

Fig. 2. Photograph of grown LLBC crystal.

M. Arul Tresa et al. / Eurasian Journal of Physics and Functional Materials 8 (2024) 122e130 123



measured using a power meter. For the second har-
monic generation (SHG) measurement, KDP crystals
crushed to a similar size as the LLBC sample were used
as reference material. The powdered LLBC sample was
exposed to a laser beam with an input energy of 0.71 J,
resulting in second harmonic signal energy of 9.5 mJ. In
comparison, the reference KDP sample generated SHG
signal energy of 8.8 mJ under identical input beam
energy. Consequently, the SHG efficiency of the LLBC
crystal is 1.07 times greater than that of KDP.

3.3. Mechanical properties

Micro hardness experiments were conducted to
investigate the mechanical characteristics of LLBC
crystals. The testing was performed with a Shimadzu
Vickers Microhardness Tester, which was outfitted
with a diamond indenter and a reflected light micro-
scope. The crystals were supported on a Vickers
Microhardness testing platform under various loads of
varying intensities. After measuring both diagonal
indentation values, we determined the average inden-
tation value. Fig. 3 shows the relationship between the
stress of the LLBC crystal and the standard value of the
diagonal notch (d). It is clear that the average diagonal
indentation value (d) of LLBC crystals increases with
increasing load. “The microhardness number was
calculated using the equation Hv ¼ 1.8544 P/d2, where
P is the applied load (Hv)” [27]. The microhardness
number of the sample are shown in Fig. 4 as a function
of the applied load. The results shows that the hardness
number increases with increasing applied load. The
increasing trend of the plot is due to the reverse
indentation size effect. When a low load is applied, the
sample first gets tougher, making it able to withstand
higher stresses. This is what causes the LLBC crystal to
get harder as load is applied to it. Higher loads have the
tendency to induce the value of Hv to saturate, and
significant cracking at a load of 100 g may result from

the release of locally generated internal stresses via
indentation [28].
Meyer's law defines the relationship P ¼ k1 dn, where

n represents Meyer's index, also termed as the work
hardening coefficient, and k1 denotes the material
constant. By logarithmically transforming both sides,
one obtains log P ¼ log k1 þ n log d. This equation
forms a straight line with a slope of n. Fig. 5 illustrates
the log (P) against log plot. Through the best linear fit,
the work hardening coefficient (n) is estimated from
this plot, yielding a value of 2.873. The behavior of the
standard indentation size effect (ISE) occurs when the
work hardening coefficient (n) is less than two, while
the reverse indentation size effect (RISE) manifests
when n exceeds two. Thus, since n is greater than 2,
LLBC crystal exhibits the RISE effect, indicating it be-
longs to the category of soft materials [29,37].
The Hays-Kendall method can be used to provide

mechanical parameters such corrected indentation size

Fig. 3. Applied load vs the average diagonal indentation value.

Fig. 4. Hardness number vs applied load.

Fig. 5. log (P) vs log (d) for LLBC.
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independent hardness, resistance pressure, and plastic
deformation. The Hays-Kendall formula, expressed as
P]W þ Ad̂ 2, defines the relationship between the
applied load (P), the load-independent constant (A),
and the average diagonal indentation length (d). Here,
W represents the minimal force needed to initiate
plastic deformation. Fig. 6 illustrates the plot between
P and d̂2, where the values of W and A are determined.
Notably, the LLBC crystal displays the reverse inden-
tation size effect, as evidenced by the negative value of
W (�19.691 g). The microhardness number (Ho) is
calculated using the relation Ho ¼ 1.8544 A, with a
slope value of A ¼ 0.0662 g/m̂2 obtained from the
graph. For the LLBC crystal, Ho was computed to be
0.123 g/m̂2 [30,31].
“Fracture toughness is the relative level of impact

resistance where there is no material fracture. In other
words, the material can withstand stress over its
breaking point while still absorbing energy”. The frac-
ture mechanics of the indentation process offer an
equilibrium relation for a well-established crack
expanding under central loading conditions. Indenta-
tion-induced fractures may manifest as either radial-
median cracks or Palmqvist cracks. The fracture
toughness (Kc) can be determined using the following
relationship.

Kc¼ P
b0c

3 =

2

where bo ¼ 7 for the Vickers hardness indenter, P is the
applied stress, c is the length of the indentation formed
by the crack, and c is 37 mm for a 100 g weight. The
predicted fracture toughness of LLBC is 0.063 g/(mm)3/2.
Brittleness, which determines whether a crystal will
shatter without considerably deforming, is another
important characteristic of crystals from a mechanical

perspective. The brittleness index (Bi) is used to quantify
brittleness and is reported as

Bi ¼Hv

Kc

In that situation, Hv is the Vickers hardness number.
The LLBC crystal's Brittle index is determined to be
1.698 mm�1/2 with an applied force of 100 g [32].
Mechanical parameters such as yield strength and

stiffness constant can be derived from microhardness
and work hardening coefficient values. Yield strength
represents the maximum stress a material can endure
before undergoing plastic deformation. The relation-
ship between microhardness (Hv) and work hardening
coefficient (n), which determine yield strength, is
expressed as yield strength (sy) ¼ (Hv/3)(0.1) n-1/2.
The stiffness constant (C11) is calculated using the
formula C11¼ Hv̂7/4, where Hv denotes the micro-
hardness of the crystal. Fig. 7 illustrates the relation-
ship between the load and yield strength, as well as the
stiffness constant for the LLBC crystal. The findings
indicate that both yield strength and stiffness constant
increase with the applied load.

3.4. Linear optical studies

Due to the low intensity, UV and visible light that was
used to record the spectrum, this work is referred to as
a linear optical survey. The linear optical properties are
primarily influenced by factors such as optical trans-
parency, absorption coefficient, band gap, extinction
coefficient, and refractive index. The interaction of the
crystal with the electric and magnetic fields of elec-
tromagnetic waves dictates its optical properties. Un-
derstanding a material's optical constants, including
optical band gap and extinction coefficient, is crucial for
exploring its potential in optoelectronic applications.

Fig. 6. Variation of d2 vs load P for LLBC crystal.
Fig. 7. Plot of change in yield strength and stiffness constant with
applied load for LLBC.
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“Using a UV-700 SHIMADZU spectrophotometer that
operates in the 190e1100 nm wavelength range,
LLBC's manufactured crystal conducted UVevisible
spectroscopy investigation”. A spectrophotometer is
made up of a light source, a monochromator that sep-
arates radiation into its component wavelengths, a
sample chamber, and a detector that measures how
much light is transmitted by the sample. Fig. 8 displays
the UV-visible transmittance spectrum of the LLBC
crystal. The sample exhibits good transmittance in the
visible region, with a lower cut-off wavelength of
224 nm. Fig. 9 illustrates the absorbance spectra of the
LLBC crystal, indicating low absorbance in the visible
region. The absorbance value was computed using the
formula a¼ (1/t) log10 (1/T), where T and t represent
the sample's transmittance and thickness, respectively.
Fig. 10 presents the variation of absorbance coefficient
with wavelength for the LLBC crystal. These values of
absorption coefficients are utilized to determine the optical energy gap, with the absorption coefficient (a)

for photon energy following the relation (hv).

ðahgÞg¼A
�
hg� Eg

�

Where A is a constant and Eg is the optical band gap
of the crystal. The Tauc plot of LLBC is produced by the
above equation (Fig. 11). The type of transition is
indicated by the value of the exponent “n” (for example,
n ¼ 12 for indirect transitions and n ¼ 2 for direct
transitions) [33]. The Tauc's figure yields the value of
5.51 eV for the LLBC crystal's optical band gap. LLBC
crystal falls within the category of dielectrics due to its
wide band gap.
The extinction coefficient (k) of the LLBC crystal was

derived using the following connection.

K¼al=4p

where l is the light's wavelength. The relationship
between the sample's extinction coefficient and

Fig. 8. Transmittance spectrum of LLBC.

Fig. 9. Absorbance spectrum of LLBC.

Fig. 10. Variation of absorption coefficient with wavelength for LLBC.

Fig. 11. Tauc's plot for LLBC.

126 M. Arul Tresa et al. / Eurasian Journal of Physics and Functional Materials 8 (2024) 122e130



wavelength is seen in Fig. 12. The results demonstrate
that when wavelengths above the cut-off wavelength
grow, the extinction coefficient increases. The crystal's
low extinction coefficient value shows that there is
little interaction between photons and electrons in the
substance. Reflectance (R) measures how strongly a
sample's surface reflects light. Reflectivity and reflec-
tance coefficient are some of its other names. The
reflectance reveals the energy proportion of light that
is reflected to light that is incident on the sample. The
reflectance was calculated using the subsequent
expression [34].

R¼1±ð1� e�at þ eatÞ1

=

2
.

ð1þ e�atÞ

where a is the absorption coefficient and t is the
crystal's thickness. Fig. 13 shows how the LLBC crys-
tal's reflectance varies with wavelength. The results
demonstrate that the reflectance is high close to the UV
cut-off wavelength and low in the visible region.

Another linear optical property, the equation for
linear refractive index (n), is given by

R
h
ðnþ 1Þ2þk2¼ðn� 1Þ2þk2

i

where the extinction factor is represented by k. In light
of the fact that extinction coefficient (k) has a low
value, we obtain

R¼ðn� 1Þ2
.
ðnþ 1Þ2

The equation above can be used to get the linear
refractive index of the LLBC crystal [35].
The variation of the refractive index with photon

energy is shown in Fig. 14. As can be observed in the
image, the refractive index is high at the forbidden
band gap value and low in the visible range. The
refractive index changes as the wavelength of the
incident light beam changes due to the interaction be-
tween the photons and the crystal's composition. By
varying the photon energy, we may create the desired
material for the production of devices like electro-optic
and optoelectronic ones. The optical conductivity of a
substance is used to determine its frequency response
when exposed to light.
The optical conductivity of the developed LLBC

crystal was calculated using the following relationship.

sopt ¼snc
�
4p

where n is the refractive index, a is the absorption
coefficient, and c is the speed of light. Fig. 15 shows the
relationship between the optical conductivity for LLBC
crystals and wavelength. It is obvious that the refrac-
tive index and absorption coefficient of the material
have an impact on the optical conductivity. It is evident
that when the sample is close to the cut-off wavelength,
its optical conductivity is strong. The LLBC crystal's

Fig. 12. Extinction coefficient vs wavelength for LLBC.

Fig. 13. Reflectance vs wavelength for LLBC. Fig. 14. Refractive index vs photon energy for LLBC.
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high optical conductivity (109 s�1) reveals that the
material possesses high photo responsiveness.
“Electrical characteristics of LLBC crystals are

described by their complex dielectric constant (c). A
measure of the dissipation rate in the medium is pro-
vided by the imaginary component I of the complex
dielectric constant, and information about dispersion is
provided by the real part (r) of the dielectric constant,
which is given by Ref. [36].

3c¼ðnþ ikÞ2

or 3c ¼ n2 � k2 þ i2nk
where n is the refractive index and k is the extinction

coefficient.
The real and imaginary parts of the dielectric con-

stant are calculated using the following relationships:

3r ¼n2 � k2 and 3r ¼ 2nk

Figures 16 and 17 show the variations of the real
and imaginary components of the dielectric constant
for the LLBC as a function of photon energy. The

results show that the actual dielectric constant
component is low, which qualifies the LLBC crystal for
electro-optic applications. The imaginary part of the
crystal's dielectric constant is where the dissipation
factor, also known as dielectric loss, is related. As a
result, LLBC crystal is of great quality and almost free
of defects [37].

3.5. Antibacterial activity study

3.5.1. Samples of pathogenic bacteria
In this study, hazardous bacteria including Staphy-

lococcus aureus, Streptococcus, Klebsiella pneumoniae,
and Pseudomonas aeruginosa were used to examine the
antibacterial activities of LLBC crystal.

3.5.2. Sub-culturing of bacterial strains
Sodium chloride, beef extract, yeast extract, peptic

digest of animal tissue, and nutrient agar media were
used to subculture the bacterial cultures. In order to
preserve the bacterial culture for future investigation,
it was maintained at 4 �C after a day of incubation at
37 �C.

3.5.3. Incubation of bacterial isolates
“Streptococcus aureus, Klebsiella pneumoniae, Pseu-

domonas aeruginosa, and Streptococcus were the four
bacterial isolates that were chosen, and they were all
grown independently in the basal medium”. Basal me-
dium (g/l) contains the following components: NaCl,
glucose (0.5 g), yeast extract (0.1 g), peptone (0.25 g),
KH2PO4 (0.05 g), and MgSO4 (0.01 g) (1.0 g). The pH of
the medium was adjusted to 7.0 by adding HCl/NaOH.
After that, each isolate was given an injection, and it
was incubated for 24 h at 37 �C. 50 ml of the culture
media were added to 100 ml Erlenmeyer flasks for the
experiment, which was then incubated at 30 �C for one
day. After incubation, it was stored for upcoming
investigation at 2e8 �C.

Fig. 15. Change of optical conductivity for LLBC as a function of
wavelength.

Fig. 16. Real part of the dielectric constant vs photon energy for LLBC.

Fig. 17. Imaginary part of the dielectric constant vs photon energy for
LLBC.
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3.5.4. Antibacterial screening
The four bacterial strains used to assess the anti-

bacterial efficacy of the created LLBC crystal were
Staphylococcus aureus, Streptococcus, Klebsiella pneu-
moniae, and Pseudomonas aeruginosa. In an autoclave
set at 121� Celsius for 15 min, the media, a pipette,
Petri plates, and a metallic borer were all sterilised.
After that, the culture media was put into sterile Petri
plates. The disc was loaded with a 20 l LLBC sample,
and activity was checked. 10 g of chloramphenicol
served as the positive control (standard sample). Each
plate underwent a 24-h incubation period at 37 �C,
following which the diameter of the inhibition zone was
measured in millimeters (mm) [38]. Fig. 18 shows
schematics for a study on the antibacterial activity of
certain substances. The measured zone of inhibition
values are shown in Table 1. The results show that
Staphylococcus aureus and Pseudomonas aeruginosa are
more resistant to the LLBC crystalline sample's anti-
bacterial action.

4. Conclusions

The L-Leucine Barium Chloride (LLBC) crystal was
made by a slow evaporation process. It was found that
the solubility of the material increased with tempera-
ture. The structure of LLBC was found to be ortho-
rhombic. The relative SHG efficiency of the LLBC
sample was 1.07 times higher than that of the KDP
sample and this concludes that LLBC crystal can be
applicable for laser and opto-electronic applications.
The high mechanical strength of LLBC is shown to be a

Fig. 18. Diagrams in connection with antibacterial activity study for LLBC crystalline sample against four bacterial strains.

Table 1. Values of diameter of zone of inhibition for LLBC sample and
standard sample against four bacterial pathogens.

Microorganism Zone of inhibition

Standard LLBC

S. aureus 20 32
Streptococcus sp. 20 10
Klebsiella pneumoniae 25 15
Pseudomonas aeruginosa 30 35
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result of its exceptional hardness. Microhardness in-
vestigations have been used to pinpoint the mechanical
characteristics of LLBC. The sample has been shown to
have a strong transmittance in the visible range, and an
optical band gap measurement of 5.51 eV was made.
The sample's optical conductivity is observed to be
extraordinarily high, and the generated LLBC crystal's
extinction coefficient is discovered to be exceedingly
low. The real portion and imaginary part of the LLBC
crystal's dielectric constant were calculated using
refractive index and extinction coefficient values, and
given their low values and the crystal's strong SHG
efficiency, it is possible that NLO applications could
benefit from the generated LLBC crystal. When the
antibacterial activity of the LLBC sample was tested
against four different bacterial strains, it was found
that the sample was most effective against Staphylo-
coccus aureus and Pseudomonas aeruginosa and hence
this sample could be useful for medical applications.
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