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Abstract

Single crystals of pure and thiourea-substituted bismuth were successfully grown using the slow
evaporation solution growth technique at ambient temperature. The impact of thiourea doping on the
crystal properties was thoroughly investigated. Solubility tests for the grown samples were conducted
at various temperatures, providing crucial data on the dissolution characteristics. Structural
characterization of these crystals was performed using single crystal X-ray diffraction (XRD),
confirming their crystalline nature. Energy-dispersive X-ray spectroscopy (EDS) verified the presence
of bismuth in the doped bismuth thiourea crystals. The surface morphology of the crystals was examined
using scanning electron microscopy (SEM), revealing detailed surface structures. Functional groups
within the crystals were identified through Fourier-transform infrared (FTIR) spectroscopy, ensuring
the successful incorporation of thiourea. Additionally, the non-linear optical efficiency of the doped
crystals was evaluated using a modified Kurtz and Perry experimental setup, indicating an improvement
due to doping. This comprehensive study highlights the potential enhancements in crystal properties
and non-linear optical performance due to thiourea substitution in bismuth crystals, contributing
valuable insights for future applications in optical materials and technologies.

Keywords: Non-linear optical, SEM-EDS, Powder XRD, Slow evaporation solution technique,
Piezoelectric properties

INDRODUCTION
Thiourea crystals have attracted both theoretical and experimental attention because of their nonlinear
optical piezoelectric properties. Thiourea possesses a large dipole moment and is a potentially useful
material for frequency doubling of near-IR laser radiation. They also have a significant impact on layer
technology, optical communications, and optical data storage [1-6]. The development of science in
many areas has been achieved by the growth of thiourea crystals. Nonlinear optical (NLO) materials
are expected to play a major role in photonic technologies, including optical information processing.
Many research efforts have been undertaken to
synthesize and characterize new molecules for
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viz, Zinc thiourea sulphate [15, 16], Cadmium thiourea acetate[17], bis thiourea cadmium chloride. The
search for new and efficient NLO materials has resulted in the development of a new class of materials
called organic mixed crystals, In this paper, bismuth doped thiourea crystal is synthesized and grow by
slow evaporation technique at ambient temperature.

EXPERIMENTAL

Bismuth-doped thiourea crystals were grown using a slow-evaporation technique at ambient
temperature. Thiourea (2 g) and 2.6 g of bismuth (AR Merck grade) were dissolved in triple distilled
water. The mixture was stirred for three hours and filtered to remove suspended particles. The solution
was maintained under ambient conditions. In the solution growth technique, the crystal size depends on
the amount of material available in the solution, which in turn is determined by the solubility of the
material in the solvent. Images of the as-grown doped and undoped crystals are shown in Figures 1(a)
and (b). The surface morphology was observed using a JEOL JSM 5610 LV scanning electron
microscope (SEM). It has a resolution of 3.0 A nm and an acceleration voltage of 0.3 to 30 kV, with a
maximum magnification of 2,00,000 times. Energy dispersive X-ray spectroscopy (EDS) chemical
microanalysis was performed in conjunction with SEM. The EDS X-ray detector measured the number
of emitted X-ray photons and their energies. Single-crystal X-ray diffraction (XRD) studies were carried
out using a Bruker AXS (Kappa APEX Il) X-ray diffractometer. Data were collected using a diffraction
system that employs graphite-monochromated Mo Ko radiation (A = 0.71073 A). Fourier-transform
infrared spectroscopy (FTIR) studies were carried out on the grown crystals to understand their structure
and bonding. The FTIR spectrum of bismuth-doped thiourea crystals was recorded on an AVATAR
330 spectrometer using the KBR pellet technique in the wavelength range 400-4000cm™. The powder
XRD patterns of the grown crystals were recorded using Cu Ko radiation (1.54060 A). The nonlinear
property of the bismuth-doped thiourea crystal was confirmed by shining a Nd: YAG laser (A=1046
nm) on the plate of the grown crystal.

RESULTS AND DISCUSSION
Scanning Electron Microscope with Energy Dispersive Spectroscopy (EDS)

[SEM study JEOL JSM 5610Iv] provides information about the surface nature and its suitability for
device fabrication and is also used to check the presence of imperfections. The effectiveness of the
different impurities in changing the surface morphology was different has been reported. Figure 2 shows
the surface morphology of bismuth-doped thiourea crystals. The micrograph shows a larger scattered
center due to the heavy doping of bismuth in the thiourea crystal matrix. Micrograph (a) depicts the
surface features of the undoped specimen and shows a reasonably good uniform surface with some
roughness, which could be due to impurities. Micrograph (b) depicts the surface features of the as-
grown (bismuth-doped thiourea) specimen and shows some bubble voids, which could be quite likely
due to the evaporation of the solvent from the crystal surface. The doping of bismuth, which results in
its incorporation into the crystal, is also non-uniform.

Figure 1 a) Pure thiourea (b) bismuth doped thiourea
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Figure 2. SEM incorporation (a) pure thiourea (b) bismuth doped thiourea crystals.

The EDS graph confirms the presence of bismuth in the crystalline matrix (Figure 3). Analysis of the
surface at different sites showed that only a small quantity of dopant was incorporated into the thiourea
crystalline matrix, which was non uniform over the surface connected to the adsorption mechanism.

Single Crystal XRD Analysis

Single crystal X-ray diffraction (XRD) studies were conducted using a Bruker AXS (Kappa APEX
I1) X-ray diffractometer to determine the lattice parameters of the pure thiourea crystals. The lattice
parameters for pure thiourea were found to be: a=5.53A%a = 5.53 \text{A}a=5.53A", b=7.73A°b = 7.73
\text{A}b=7.73A°, and c=8.62A°c = 8.62 \text{A}c=8.62A°, with o=B=y=900\alpha = \beta = \gamma
= 90Mcirca=p=y=90c and a cell volume of 368.0A°3368.0 \text{A}*3368.0A°3. These parameters
indicate that the crystal had an orthorhombic structure.

Upon doping with Bi, a slight variation in the cell parameter values was observed. These variations are
indicative of lattice strain introduced by the incorporation of Bi into the thiourea crystal matrix. The lattice
parameters of bismuth-doped thiourea are listed as follows (Table 1).
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Figure 3. EDS graph of Bismuth doped thiourea crystal.

Table 1. Cell parameters values of pure and Bismuth doped thiourea crystals.
Crystals aa’ ba® c Al A\ZNE System
Thiourea 5.53 7.73 8.62 368 Orthorhombic
Bi/Thiourea 5535 | 7.667 | 8.621 | 368.0 | Orthorhombic

These slight differences in the lattice parameters confirmed the successful doping of Bi into the
thiourea crystals, causing minor adjustments in the crystal structure. The orthorhombic nature of the
crystal was preserved, but the introduction of bismuth led to observable changes in the unit cell
dimensions, reflecting the impact of the dopant on the crystal lattice. The slight difference in the cell
parameter values could be attributed to the doping of bismuth metal into thiourea.

Powder X-ray Diffraction

The powder XRD patterns of pure and bismuth-doped thiourea are shown in Figure 4. Powder X-ray
diffraction analysis was performed using graphite-monochromated Cuk, radiation. The powder x-ray
diffraction patterns of the pure and bismuth-doped thiourea crystals are shown in to pure thiourea, the
intensity of the doped crystals is reduced, which is due to the small particle size. The particle size can
be calculated using the Scherrer equation, which is 16 nm for bismuth-doped thiourea crystals as

t= K M(B cosb)

Where;

t- averaged dimension of crystallities

K- is the scherrer constant,

\ is the wavelength of the X-ray;

0-peak position measured during radiation

B is the integral breadth of reflection (in radian20) located at 26.

Fourier Transform Infrared Spectroscopy

FTIR spectra are recorded for pure and doped thiourea crystals by using AVATAR 330 FT-IR
instrument by KBr pellet technique in the range 400-4000 cm™ the Figure 5 shows the FTIR spectra of
thiourea and Bismuth doped thiourea crystal investigation the presence of functional groups and their
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Figure 4. Powder XRD patterns of (a) pure thiourea (b) bismuth doped thiourea crystal.
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Figure 5. FTIR Spectra of (a) pure thiourea, (b) FTIR of bismuth doped thiourea crystal.
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Table 2. Comparison of vibrational frequencies of pure

and Bismuth doped thiourea crystal.

Wavelength of Wavelength of Tentative
thiourea cm-! Bi|Thiourea cm assignment
3395 3373.85 yas(NH2)
3179 3167.51 ¥s(NH)
2674 2685.39 vs(NHz2
2104 2031.64 y (NCN), NHz*
1621 1615.09 3(NH2)
1464 1467.56 Yas(CN)
1395 1410.67 Yas(C=S)
1089 1082.83 YseN)
729 729.99 15(C=9)
485 485 Oas(NCN)

vibrational modes between 400 and 4000 cm™. The shifts in the vibrational frequencies of the doped
specimen compared to those of pure thiourea are tabulated as follows. A comparison of the

characteristic frequencies of the thiourea and bismuth-doped thiourea crystals is shown in Table 2.

In the analysis, a very slight shift in some characteristic vibrational frequencies of pure thiourea was
observed due to bismuth doping, likely caused by lattice strain development. Specifically, the
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wavenumber for the asymmetric NH. absorption band in thiourea, originally at 3395 cm™, shifted to
3373.85 cm™ in bismuth-doped thiourea crystals. This shift, along with the broadening of the band in
the doped crystals compared to that of pure thiourea, suggests the absence of strong hydrogen bonding
in the doped specimens. Instead, a weaker tendency to form hydrogen bonds was observed.

Additionally, the bonding vibrations (5 as NH,, yC=S) of thiourea at 1621 cm™ and 1395 cm™ shifted
to 1651.9 cm™ and 1410.67 cm™, respectively, in the doped specimens. These shifts indicate the
formation of a bismuth-thiourea mixed crystal. The changes in vibrational frequencies and band
broadening provided evidence of the interaction between bismuth and thiourea, resulting in altered
bonding characteristics and the formation of a mixed crystal structure. This insight into the vibrational
properties underscores the impact of Bi doping on the structural and bonding dynamics within the
thiourea crystal matrix.

CONCLUSION

After careful optimization, single crystals of undoped and bismuth-doped thiourea were synthesized
using a slow evaporation solution growth technique with water as the solvent at ambient temperature. X-
ray diffraction (XRD) analysis confirmed the improvement in crystalline quality of the grown thiourea
crystals with the presence of bismuth as a dopant, slightly altering the lattice parameter values. Fourier-
transform infrared (FTIR) spectroscopy validated the presence of various functional groups in the
molecule, indicating that the doping process maintained the chemical integrity of the thiourea crystals.

Scanning electron microscopy (SEM) revealed significant surface changes in the bismuth-doped
specimens, characterized by large scattered centers in their morphology. This morphological variation
suggests that the dopant affected the crystal surface structure. Energy-dispersive X-ray spectroscopy
(EDS) further confirmed the presence of bismuth within the thiourea crystal matrix, providing direct
evidence of successful doping.

These comprehensive characterizations demonstrate that bismuth doping improves the crystalline
quality and alters the structural properties of the thiourea crystals, potentially enhancing their optical
and electronic properties. These findings suggest that bismuth-doped thiourea crystals could be valuable
for various applications that require modified material properties.
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