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Abstract. L-threonine ammonium bromide (LTAB) is a significant nonlinear optical (NLO) material. The crystal has
been grown by the slow evaporation technique (SET). Ammonium bromide has properties, which are that of chiral
molecules and zwitterions environmental benefits due to advance NLO properties of LTAB. L-threonine-doped ammonium bromide crystals are grown using SET at ambient temperature. In this study, the unit cell factors are derived from
X-ray diffraction (XRD) studies. The powder XRD spectra suggests the formation of orthorhombic crystal system. Fourier
transform infrared spectroscopy (FTIR) analysis depicts the different functional groups offered in the grown crystals. The
study of optical transmittance was done by crystals utilizing ultraviolet, visible, spectral analytical methods. Further, the
minimum cutoff wavelength of the grown crystal has been recognized as 220 nm. The overall result of the second
harmonic generation (SHG) efficiency is depicted higher and nearly around LTAB obtained crystal which is greater than
potassium dihydrogen phosphate (KDP). It proves the potential application of LTAB crystal in optoelectronic industries.
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Introduction

Nowadays, non-linear optical (NLO) materials are progressively built for the vital role of laser technology. The
applications of the field are in the form of optical switching,
optical memory storage, frequency conversions, light
modulation and second harmonic generation (SHG). Since
previous decades, the production and characterization of
NLO type of crystals with the aid of SHG have started
attracting interests of many scientists and philosophers who
constantly work towards the path of research and development by the extensive utilization in photonics and optoelectronics. Also, NLO own a vital role in the processing
and development of optical signals at a superior speed.
Today, NLO objects with preferred features for the generation of second harmonic signals are made to evolve out of
organic and inorganic materials [1]. These substances have
obtained great attention for the fabrication of many devices
in the areas of optical computation, optical data storage,

data processing, laser sensing, etc. Huge research progress
is ongoing in different laboratories for fine-tuning of the
mechanical, electrical and optical characteristics of important NLO materials. These researches enable the merging of
compounds to fulfil the requirement for the superior quality
of crystals. Numerous permutations and proportions in the
combination of organic and inorganic substances have been
trilled for the subsequent synthesis of a novel crystal
complexes. The semi-organic crystal could be developed
from the aqueous solution with improved thermal stability
and the hardness enable the crystal for easy cutting and
polishing, respectively. SHG is a great technology used for
the investigation of second-order non-linearity in the synthesized materials [2]. For the investigation of molecular
coordinates, crystal has been customized for the precise
calculation of factors like linear coefficient. Efficient
molecules need to be selected for the process, which should
possess the following features: (i) the electronic organization of the molecule efficiently paired with electric field,
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(ii) better resonance must be utilized for response magnification, and (iii) the chosen molecule must be concentric
and symmetrically effective. Assessing the growth of the
crystal, it possesses knowledge in the field of mathematics,
chemistry, physics and crystallography. Crystal growth
comprises mass and heat transfer phenomenon along with
the conventional properties [3]. The concentration field and
the concerned temperature possess a predominant impact on
crystal quality.
In general, L-threonine is a neutral amino acid and the
benefit of a non-linear compound. It has two kinds of
asymmetric C atoms with amino and carboxylate group [4].
Figure 1 is L-threonine molecular arrangement [5] and
L-threonine crystallizes in the non-central symmetric
P212121 special group with the four-twitter ion element
connected by a 3D hydrogen bond with different strength.
The 3rd order L-threonine has been analysed and predicted

Figure 1.
Table 1.

L-threonine–molecular arrangement [5].
Review of ammonium bromide.

Characteristics name
Molecular representation
Isotope atom count
Charge
Hydrogen bond donor count
Undefined bond stereocenter count
Molecular weight
Rotatable bond count
Heavy atom count
Mono-isotopic mass
Topological polar surface area
Complexity
Covalently-bonded unit count
Undefined atom stereocenter count
Exact mass
Hydrogen bond acceptor count
Defined bond stereocenter count
Compound is canonicalized
Defined atom stereocenter count

Characteristics value
NH4Br
Zero
Zero
One
Zero
97.94 g mol-1
Zero
Two
96.95271 g mol-1
a2
Zero
Two
Zero
96.95271 g mol-1
One
Zero
True
Zero

in the order of 10-20 m2 W-1 at 775 nm. Ammonium
bromide is nothing but an ammonium salt consisting of
ammonium and bromide ions in the proportion of 1:1. This
salt’s colour resembled white and it is having odourless
crystalline particles which turn yellow when set out in the
atmospheric air. Table 1 depicts, the well-known facts of
ammonium bromide. The main contribution of this research
is the synthesis of semi-organic L-threonine ammonium
bromide crystals by the process of slow evaporation technique (SET) by ref. [6]. Studies on different properties were
carried out for the confirmation of crystal suitability for
photonic implementations. L-threonine calcium chloride
(LTCC) has been studied in the SET by ref. [7]. The
analysis of XRD, FTIR, optical, thermal, biological,
mechanical activities was evaluated, and the cut-off wavelength is 220 nm. Nd:YAG laser used to observe the SHG
signals is greater than KDP by ref. [8]. It was concluded
from the TGA, UV, FTIR, XRD, that the output from the
research work belong to triclinic group with P1 space group.
Kurtz powder technique was engaged in the exploration of
non-linear features developed by the crystal. Copper-doped
L-threonine materials have grown on SET [9]. We have
analysed that to get density, refractive index, EDAX, FTIR,
PXRD and SXRD. It was found that solid and transparent
crystals are stable and have orthorhombic nature. SET utilized in fumaric acid-doped NH4H2PO4 was published by
ref. [10]. SHG for the fumaric acid doped with ADP has
been proved through the NLO study. The low optical cut-off
wavelength is 332 nm. It concluded that it has NLO property measured through the KPP method, which disclosed the
efficiency of the product. SET was employed in pure and
copper-doped L-threonine crystals by ref. [11]. We have
studied the FTIR, surface morphology and AFM analysis of
the materials. The overall efficiency of the SHG is greater
than KDP crystal. Purified ADP-doped crystals were synthesized with various concentrations of L-histidine at 350°C
in a dust-free environment [12]. Grown zinc acetate doped
with L-alanine has developed a size of 55 9 9 9 2 mm and
cut-off wavelength is 226 nm. Vickers’s (l) hardness,
dielectric loss (e) for different frequencies have depicted the
effectiveness of the materials. LAPN from the aqueous
solution by nucleation solution methodology was

Figure 2.

Synthesized LTAB crystal.
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Figure 3. Collective raw crystalline data for all performance characteristics under investigation.

successfully developed [13]. The analysis of transparency
range is 200–2500 nm. The SHG results showed 1.25 times
higher efficiency compared with standardized KDP. It has
confirmed the photoconductivity property of the developed
crystal. The presence of flaws in the pure sample compared
with the doped sample because of the rise in stoke shift
phenomenon was reported [14]. It was calculated to have
the refractive index below the absorption edge for use in
Wemple–Di Domenico model and developed by the negative photoconductor. The research found that the improved
crystals seemed to be challenging, transparent, stable and
orthorhombic nature. The current investigation is mainly
devoted towards the study of nonlinear optical performance
of L-threonine ammonium bromide (LTAB) crystals using
powder XRD, FTIR, UV–visible and SHG. Additionally,
the present paper also reflects the electrical counterpart of
LTAB in terms of complex admittance spectroscopy.

2.
2.1

Experimental operations for investigation
Crystal growth

Presently, the slow solvent evaporation technique is
employed for the growth of 1:1 ratio through the mass of
L-threonine (119.1192 g mol-1) doped ammonium bromide
(97.94 g mol–1) crystal. Originally, the solubility of LTAB
in purified water measured at ambient temperature (33°C),
is originated to get 44 g per 100 ml.
The saturated solution is prepared by dissolving LTAB
arithmetically in 300 ml triple distilled water, and the
solution is constantly stirred using magnetic stirrer, until the
saturation materializes. Afterwards, these LTAB solutions
have been stirred again for 7 h to attain a uniform solution.
Subsequently, after 10 h the doped solutions were filtered
over, covered with absorbent cover and kept at room
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temperature (33°C) for the evaporation. The process generated purified tiny grown crystals after repeated recrystallization and LTAB solution (saturated) was developed with
175 g of the material. The supersaturated solution prepared
at ambient temperature was filtered with Whatman filter
paper. The process of repeated recrystallization is considered good for the improvement of purity can eradicate the
insoluble impurities present in the solution. The obtained
filtrate was transferred to a 50 ml beaker, and it was closed
with perforated pinhole plastic sheet in dirt-free surroundings that promotes natural evaporation. After a subsequent
period of four weeks, the tiny single crystal in small size has
been harvested. Crystallization plays a vital part in the
crystal designing with the required properties based on its
structural concept. Hence, it is necessary to consider the
following parameters like solvent selection and solubility,
interfacial energy, induction period, zone width, etc. to be
used in the crystal kinetics for its significant growth.
Figure 2 shows the crystals of as-grown LTAB and the
modification of morphology specifies the consequence of
L-threonine-dopant on the crystal growth of LTAB. The
linear refractive index of L-threonine-doped LTAB crystal
is measured by employing prism coupling technique. The
employment of prism coupling technique verified by the
linear refractive index (toluene) of LTAB crystal is used
leisurely for pre-standardization and suggests of Abbe’s
refractometer. Presently, the sodium D line of wavelength

Figure 4.

The XRD data of the grown LTAB crystal.
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589.3 nm is used. The transparent and surface inclusion-free
(110) plane of crystals of LTAB crystals are chosen for such
study. Now the sodium light is incident on the crystal
through the illuminating prism, reflecting the light on the
bottom surface of the reflector prism. The entire assembly
of prisms and crystal is examining by telescope, and the
difference between the dark and light lines is recorded.

3.

Investigative LTAB single crystal

In this study, high-quality optical single L-threonine crystals were grown by a SET. The produced material is additionally, enhanced by successive recrystallization process
and occupied at that time for the temperature - 33°C. The
solution was inspected day and night, and after four weeks
of intensive growth, good excellence form of single crystals
of LTAB have been gathered with gritty as shown in
figure 2. The obtained crystals have been subjected to
various characterizations like FTIR, UV–Vis analysis, single crystal XRD, etc.

3.1

LTAB performance: an overview

The potential transparent beam is occupied on incompetent
to a performance by the glassy materials. The available
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Figure 6.

FTIR picture of the crystal grown on LTAB.

DSC curve of LTAB.

low-cost L-threonine materials is a suitable mixture needed
for thermal, optical properties suitable to design the application of NLO materials. Generally, crystal growth is perceived of low atomic mass and will not spread elsewhere
around to 2500 nm or below 300 nm. First of all, collective
raw crystalline data comprising the parameters such as time
(min), temperature (°C), weight (mg), heat flow (mW),
temperature difference (°C), temperature difference (lV)
and sample purge flow (ml min-1) was taken throughout the
experiments. These data were a huge bunch of data
amounting to about [30 thousand data. These large iterations of raw data taken from the experimental investigations
have been indicated, as shown in figure 3 with the use of the
origin software.

Figure 7.

3.2

DSC–TGA curve of LTAB.

Analysis of powder XRD

The XRD data was obtained for the grown crystal. The
powder XRD patterns of LTAB and 1:1 ratio L-threoninedoped AB crystals are shown in figure 4 and is obtained due
to doping, no extra peaks have been observed. The single
crystal has influenced the single-phase nature with peculiar
deflection points of LTAB. The equivalent effect of crystal
is learned previously in the event of extra LT-doped AB
[15]. The unit cell parameters of LTAB crystal competition
is in accordance with normal JCPDS card no. 01-078-2414.
The modification of diffraction peaks of power represents
the incidence of dopant in LTAB. The new crystals were
fitted to a body-centred orthorhombic system symmetry
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Figure 8.
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Absorption spectrum of LTAB.
Figure 10.

Figure 9.

Transmittance spectrum of LTAB.

with a slight alteration in unit cell parameters. The grown
crystal cell parameters were checked. It is predicted that the
LTAB crystal is the orthorhombic system in the non-centric
symmetrically arranged space group P. The identified cell
parameters are a = 5.136 Å, b = 7.732 Å, c = 13.639 Å,
a = 90°, b = 90°, c = 90° and V = 541.6 Å.

3.3

Powder XRD of the crystal grown on LTAB.

FTIR analysis

The analysis of FTIR was carried out with the use of a
Perkin Elmer spectrometer within the range of 400–4000
cm. The influence of LTAB crystal with a different functional group was examined by FTIR spectroscopy in
figure 5. The symmetric stretching of an entire functional
group of L-threonine like symmetric stretching of C–H and
C–O and stretching of the COOH group has been observed
in spectra of LTAB crystals. The peak values of N–H
vibrational stretch are 3168.16 and 3028.15, and the corresponding peak is 2874.76 due to CH3 symmetrical
stretching. Corresponding peaks at 2516.26 and 2049.05 are
consigned to the NH degenerative deformation and NH
torsional vibration. The observed peaks at 1483.15 have
been attributed to the NH bending vibration. The 1416.78
peak is a C–H degenerative deformation. The peak

Figure 11. Angle vs. intensity in the powder XRD data on single
crystal of LTAB.

occurring at 1041.69 is due to CH rocking vibration, and
932.79 is assigned to the C–C stretching vibration. The peak
at 908.73 is confined to C–C–H stretching and the medium
peak at 871.19 is assigned to vibration due to C–C–N. CO
vibration peak is situated at 746.43. COO in-plane deformation is shipped at 701.67. The peak at 490.12 may be
consigned to rock CO, and the medium band at 871.79
corresponds to C–C–N vibration. Out-of-plane bending
vibration of CO vibration peak is located at 767.78 and inplane deformation of COO is assigned at 701.67 in the
spectrum. The peak found at 490.12 may be assigned to CO
rocking.

3.4

Thermal analysis

Differential scanning calorimetric (DSC) analysis for LTAB
was done by the thermal analyzer in the temperature range
of 800°C. It is perceived from the DSC curve that there
exists an endothermic transition peak at 220°C, which is
because of the material melting point as weight loss. The
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Figure 12.

175

Two theta and intensity analysis of single crystal of LTAB.

sharpness of degree observed in the peak exhibits the crystal
grade and crystalline nature. It has also been noted that no
decomposition or phase transition occurs up to melting
point. There is no reduction of mass observed up to 220°C
which qualifies this material with the crystallization possibility. It can be safely predicted from the analyzed data that
the grown crystal possesses the most demanding property of
hardness for NLO applications. The DSC curve of LTAB is
depicted in figure 6 and figure 7 depicts the thermal
investigation made by the DSC–TGA. It is to be inferred
from the depicted graph that the temperature and residual
weight are inversely proportional to each other. For
instance, for minimum temperature value of 17.03°C, the
residual weight was found to be higher than the percentage
of 100. For the maximum temperature value of 700°C, the
residual weight was found to be crucially lower than the
percentage of 0.

3.5
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the results produced from the PL sample spectrum named
1-220sp by conducting the experimentation. It was deduced
from the graph that for 453.77 nm, better fluorescence of
258.83 nm is being yielded in this proposed work. The
optical transmission studies of the developed LTAB crystal
were demonstrated with 5E spectrometer within the range
of 200–1100 nm. The transparency of the grown crystals
has been subjected to the wavelength region between 220
and 1100 nm that enable its usage in optoelectronic industry. Figure 9 displays the spectrum of transmission recorded
for the single crystal of LTAB. The cutoff value is found to
be 220 nm. In the SHG using the concerned crystal, we got
input energy - 1.1 mJ pulse-1, urea – 300 mV, KDP – 116
mV, UR sample – 12 mV. In figure 10, wavelengths (nm)
are along x-axis and transmittance (%) along y-axis, while
plotting the graph for the LTAB transmittance spectrum for
the concerned sample. Obtained peak values of (60, 2) and
(650, 95) are indicated by labelling the concerned points on
the graph as 1 and 2, respectively.

Optical transmission studies

Figure 8 has wavelength (nm) along x-axis and absorbance
along y-axis, while plotting the graph for the UV sample
data. Obtained peak values of (196.45, 4.0000) and (632.30,
0.0117) are indicated by labelling the concerned points on
the graph as 1 and 2, respectively. The above graph displays

3.6

Investigation of LTAB with powder

Powder XRD (PXRD) has been used for measuring the
diffraction pattern of crystalline material, as shown in
figures 3 and 11. A specific pattern is generated from every
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Table 2.
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Peak detection.

Angle
2-Theta°

d value
(Å)

Intensity
Count

Intensity
%

20.935
21.299
21.869
22.900
23.134
24.082
24.688
26.300
27.457
28.395
28.777
29.724
30.426
31.858
33.758
35.177
37.557
39.377
40.354
42.195
43.823
44.350
45.341
45.846
46.380
47.071
47.547
48.444
48.846
49.913
50.606
52.288
53.536
54.428
55.342
55.976
56.719
58.325
59.525
63.554
65.446
68.553
69.796
70.963
72.867
73.084
78.235

4.23991
4.16827
4.06088
3.88036
3.84163
3.69248
3.60324
3.38588
3.24577
3.14065
3.09986
3.00318
2.93546
2.80671
2.65298
2.54912
2.39292
2.28640
2.23326
2.14000
2.06418
2.04087
1.99854
1.97769
1.95618
1.92902
1.91083
1.87755
1.86303
1.82565
1.80227
1.74818
1.71035
1.68440
1.65873
1.64142
1.62167
1.58079
1.55174
1.46274
1.42495
1.36775
1.34641
1.32709
1.29704
1.29373
1.22092

4604
15.6
1501
711
1224
1437
671
971
136
388
769
3156
678
822
103
1143
733
628
294
1158
1332
258
384
83.8
519
205
179
310
98.9
209
287
113
111
171
253
84.5
382
146
195
57.7
124
166
60.5
171
368
186
99.4

100.0
0.3
32.6
15.4
26.6
31.2
14.6
21.1
3.0
8.4
16.7
68.6
14.7
17.9
2.2
24.8
15.9
13.6
6.4
25.2
28.9
5.6
8.3
1.8
11.3
4.5
3.9
6.7
2.1
4.5
6.2
2.5
2.4
3.7
5.5
1.8
8.3
3.2
4.2
1.3
2.7
3.6
1.3
3.7
8.0
4.0
2.2

single API-based on its crystal lattice structure. The single
crystal has been tested in powder form and analysis of XRD
was obtained at room temperature. L-threonine polycrystalline samples were used in Rigaku D/max-A diffractometer, CuKa radiation (k = 1.54598 Å) mutually. Both
decorated and normal L-threonine peaks were observed at
identical positions. The computed lattice attributes a, b and

c are equivalent to 13.611, 7.738 and 5.144 Å, respectively.
From this, we can infer that there is no variation on the
crystal arrangement of deuteration-L-threonine. The magnitude of several diffracted peaks found to augment on
compound-deuteration. Fall in the FWHM magnitude of all
the peaks and augmented magnitude affirms the quality of
the crystals formed.
Figure 12 shows the analysis between the angle (2h)
along the x-axis and intensity (%) along the y-axis,
respectively. Values obtained from the experimental
investigation of the powder XRD data have been annotated
and plotted in the original graph analytical software as
shown in table 2: peak detection. In all diffraction investigations, the 2h will be the angle intermediary to diffract an
incident X-ray. This angle is based on the utilized wavelength and the span, which are intermediary to the parallel
group of lattice planes comprising miller index (hkl). This
angle holds no association with the angle intermediary to
the crystalline lattice planes.
The relation is given by
k ¼ 2d  h  k  l  sin h;
where k wavelength, which is got by our investigation
preferably copper K-alpha with a magnitude of 1.54 Å, d 
h  k  l span intermediary to the planes and h is halved
angle i.e., h = 2h/2.
In a cubic crystalline arrangement, the d-span can be
computed by using:

p
d  h  k  l ¼ a= h2 þ k2 þ l2
for copper K-alpha with value of a = 3.075 Å. This yields
the 2h angle as follows:
1 0 0 ) 29:0
1 1 0 ) 41:5
1 1 1 ) 51:4
2 0 0 ) 60:1
Several reflections were obtained as patterns of the
diffraction. In a powder specimen, several separate crystals
will get diffracted and scatter with the aid of a variety of
formed crystals. Additionally, we should note that wavelength always depends on the angle defined by Bragg. In
case, the investigation has been made with a variety of
wavelengths, then 2h values get modified with the angle
between the lattice planes being the function of the
arrangement itself which remains unchanged. In the peculiar crystalline investigation, the crystal might diffract in
two ways at the same time, so that the lattice plane with an
angle relative to every another has a function. Though, the
angle intermediary to the diffracted beam and arriving
X-ray is dependent on the statement by Bragg, it holds no
association with the angle intermediary to the crystalline
lattice planes as shown in figure 13. But sometimes, angles
intermediary to the two diffracted beams might be related to
the angle intermediary to the planes in the lattice, which is
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Figure 13.
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Crystalline lattice planes analysis of two theta scale on single crystal of LTAB.

not visible in the pattern of the powder. The pattern powder
projection is visible with diffracted beams to be viewed in
1-D pattern computed as 2h.
At last, the patterns in the diffraction will not be the same
as the crystalline structure comprising body-centred cubic
lattice. On this lattice, the exit protocols for Bragg’s
reflections restrict the values of reflections to hkl uniformly.
Hence, in BCC reflections of (100) and (111) arrangement,
many have 0 magnitude, at the time of placing in the
appropriate pattern. Likewise, if we take the FCC arrangement, the protocols are identified as reflections that have
every even or every odd index. Hence, the reflections of 100
and 110 arrangements will also have 0 magnitude. The
evaluation parameters are shown in the left angle, right
angle, FWHM, breadth, gravity, obs. max., raw area and net
area were calculated and tabulated in table 3. In this regard,
the most significant factor is FWHM which is a full-width
half analysis of XRD peak profiles which are sensitive
towards the microstructure and stress–strain accumulation
differences. Thus, the size of the crystals was described in
the above table. The 2h, crystal probes sensitivity, angstrom, cps  2h are the factors utilized for evaluating the
crystalline size with the use of its crystal angles, obs. max.,
chord mid., gravity, raw area and net area.

3.7

SEM analysis

Figure 14a–f shows the images of SEM of the grown
crystal. Developed crystal is explored by SEM to examine
the nature and surface morphology of LTAB to investigate
the surface morphology. The translucent area of a highquality crystal is expurgated into a smaller size (in mm).
The micrograph not only provides surface morphology, but
also the existence of crystal imperfections. It concluded to
have grain distribution, grain boundaries and a small
number of micro-crystals on the surface of the grown LTAB
crystal.

3.8

Investigation with SHG

We made the investigation with SHG by analysing the
efficiency in terms of sample output and KDP value with
the help of common powder methodology as Kurtz–Perry
powder technique [16]. Here, we made use of Nd:Yag laser
for about 1064 nanometres source to investigate the performance of the LTAB crystal and KDP. A pulse rate of 3.1
mJ per pulse was used for investigation by deploying the
pulse with a width of about 9 ns. The frequency range has
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Figure 14.
LTAB.

20.590

(a–f) SEM images of the grown single crystal of

15 Hz and various appropriate investigation configurations
were preceded. The laser source is an existing method
(taken because of replicating configurations for set towards
SHG). We get 620 mV for the sample accompanied by the
emission of green categorized radiations. Here, urea and
KDP crystallites were made just for the sake of comparison.
On comparing, the proposed LTAB yielded higher efficiency of 8.61 than the KDP.

4.

Sample

Obs.
Left Right
Right
Left
max.
int.
int.
angle
angle
Sample
2-Theta ° 2-Theta ° Cps Cps 2-Theta °
name

d (Obs.
max.)
Å

Max. Net
Gravity d (Gravity
I.
Chord
int. height FWHM
Raw area
Net area
C.)
C.
breadth
mid.
Cps 2-Theta ° 2-Theta ° 2-Theta ° 2-Theta °
Cps
Cps 9 2-Theta ° Cps 9 2-Theta °
Å
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Table 3. Crystalline size of LTAB.
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Conclusion

The SET has been increased in metallic-organic single
crystal of LTAB. We have obtained that crystals possess an
orthorhombic arrangement structure. It is not symmetric
about the same point in the space group P. The crystallographic information has been analysed by XRD. The
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functional group’s presence in the LTAB crystal was confirmed by the FTIR spectroscopic method. Sample analysis
predicted that load has increased in microhardness values.
From the overall analysis, it is clear that the synthesized
LTAB possess higher efficiency than KDP and can be
effectively applied in the optoelectronic field.
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