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Abstract

In the current research, Zinc (tris)-thiourea sulfate (ZTTS), a metal-organic crystal, has been synthesized using the slow
solvent evaporation technique. Powder-X-ray diffraction (PXRD) analysis, Fourier transform infrared (FT-IR) spectroscopy,
UV-Vis spectroscopy, photoluminescence (PL) spectroscopy, and thermal, and second harmonic generation measurements
have all been applied to describe the as-synthesized ZTTS crystals. The synthesized samples crystallized in an orthorhombic
structure, based on XRD analysis. The functional groups of ZTTS samples were validated by FT-IR analysis. The extensive
transparency of ZTTS over the UV-visible spectral region has been confirmed by UV-Vis analysis and the band gap has been
estimated as 4.43 eV. The photoluminescence spectra exhibit a prominent emission peak around the wavelength of 484 nm
and significant emission peaks at 444 and 513 nm with an excitation wavelength of 250 nm. The SHG test illustrates the
creation of second harmonic signals from the ZTTS samples. The thermal response of the as-synthesized ZTTS was shown
by the TG/DTA measurements. The results suggest that as-synthesized ZTTS crystals could be used as a possible nonlinear

optical substance.
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Introduction

Nonlinear optics deals with the study of the interaction of
strong electromagnetic fields with substances to generate
modified electromagnetic fields that differ from the origi-
nal fields in terms of amplitude, wavelength, and phase.
Nonlinear optics is mainly interesting because of its pro-
spective uses in sensor applications, optical data storage,
optical processing, and optical computing [1-3]. Numerous
studies have been conducted on second harmonic genera-
tion (SHG), a crucial nonlinear property of noncentrosym-
metric crystals [4-8]. Laser development, optical capacity
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development, and electro-optic adjustment are all signifi-
cantly influenced by non-linear optical substances. Hence,
it is essential to keep developing new classes of nonlinear
optical substances that are appropriate for frequency conver-
sion in the UV to near-IR spectral regions. Finding and syn-
thesizing novel optical crystals with good crystalline nature
has emerged as an intriguing branch in crystal growth to
satisfy the growing need for new materials with strong opti-
cal properties. Organic crystals are used as model systems
to explore the effects of ion impact. When compared with
inorganic compounds, organic compounds can frequently
satisfy these stipulations; nevertheless, they also have sev-
eral disadvantages, including poor chemical and mechani-
cal stability, feeble laser damage thresholds, and inadequate
phase-matching capabilities.

The development of metal-organic crystals has recently
gained importance to get around these disadvantages. Due
to their enhanced optical performance, stronger chemi-
cal strength, and higher mechanical stiffness compared to
organic substances, metal-organic crystals have drawn a lot
of interest [9—11]. Thiourea compounds play a significant
role among metal-organic compounds due to their excel-
lent non-linear efficiency, wider transparency, and excellent
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thermal and mechanical strength. With its capacity to
produce a vast hydrogen bond network and strong dipole
moment, the ligand thiourea is an exceptional chemical com-
pound [12]. The metallic substances, however, easily coor-
dinate with thiourea and acquire the noncentrosymmetric
structure which is the essential condition for obtaining excel-
lent optical transparency and sufficient nonlinear response.
Numerous thiourea metallic complexities have been devel-
oped and thoroughly investigated, including cadmium thio-
urea acetate, potassium thiourea chloride, thiourea urea zinc
sulfate, zinc thiourea chloride, calcium bis-thiourea chlo-
ride, bis-thiourea cadmium chloride, bis-thiourea cadmium
iodide, Bis-(thiourea) strontium chloride, bis-thiourea zinc
acetate, bis-(thiourea) zinc carbonate, 2-aminopyridine bis-
thiourea zinc sulfate, tris-thiourea magnesium zinc sulfate,
Zinc-(Tris) thiourea chloride, and Tetrakis-(thiourea) cobalt
chloride [13-26].

Zinc thiourea sulfate is one of the promising thiourea-
metal compounds that were initially reported by Andreetti
et al. [27]. The purpose of the current investigation is
to build high-quality NLO crystals of thiourea and zinc
coordination. Growing crystals from aqueous solutions is
a prominent method of crystal development that has pro-
duced a number of technologically relevant crystals [28].
Thus, zinc (tris)-thiourea sulfate (ZTTS) single crystals
have been synthesized at room temperature using the slow
evaporation approach. This paper describes the synthesis of
ZTTS and its spectral, optical, and thermal characteristics.

Materials and Methods

Zinc tris-thiourea sulfate (ZTTS) single crystals were syn-
thesized from an aqueous solution using a slow solvent
evaporation process. The starting material was created by
dissolving appropriate volumes of zinc sulfate (AR grade)
and thiourea in deionized water at a 1:3 molar ratio. The
following chemical process is anticipated to occur in
deionized water:

ZnSO, + 3CS(NH,), = Zn|CS(NH,),|,50,

To get a uniform mixture, the produced solution was
thoroughly agitated for over six hours using a magnetic
stirrer. Super-saturation was achieved by gradually heating
the combination to a temperature below 60 °C. After that,
filter sheets were used to eliminate any undesired contami-
nants. The filtered ZTTS solution was stored in a vessel for
crystallization, closed with a perforated sheet, and placed
in a space free of dust. By slowly evaporating the solvent,
the crystals were developed in the crystallizing jar. A good
single crystal of the ideal size was produced in 30 days at
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Fig. 1 Image of an as-synthesized single crystal of ZTTS

room temperature (32 °C). Figure 1 depicts the image of an
as-synthesized ZTTS single crystal.

Characterization Techniques

Characterization essentially comprises assessing the chem-
ical composition, optical properties, and thermal charac-
teristics of the crystals. Powder-XRD, FT-IR, UV-Vis, PL
investigations, SHG testing, and thermal characterizations
were employed to examine the physicochemical character-
istics of the ZTTS samples. Powder X-ray diffraction stud-
ies were performed using a Reich-Seifert 3003-TT diffrac-
tometer with a 1°/min scan speed. FT-IR spectroscopy was
conducted using Perkin Elmer—Spectrum-II spectrometer
to identify functional groups found in the ZTTS sample.
Finely powdered samples were used for this analysis and
the spectra were obtained in the region of 400—4000 cm™".
The UV-Vis absorbance spectra of ZTTS samples were
obtained using a Jasco V-670 spectrophotometer between
the wavelength ranges of 200 and 800 nm at a data interval
of 1 nm and 400 nm/min scan rate. The PL studies were
conducted using a Perkin Elmer-LS45 fluorescence spec-
trophotometer in the wavelength range of 200—900 nm to
quantify the fluorescence parameters, including its inten-
sity and wavelength distribution after being excited by a
specific light spectrum. The powder method of Kurtz and
Perry was followed to identify the SHG of the samples.
A Q-switched High Energy Nd: YAG Laser (QUANTA
RAY Model LAB -170-10) Model HG-4B-high efficiency,
angle tuned and temperature stabilized Second harmonic of
energy 450 mJ was employed for SHG measurements. The
thermal studies were carried out between 50 and 800 °C in
nitrogen gas at a 20 °C/min heat flow using a Perkin Elmer
STA6000 thermal analyzer.
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Fig.2 Powder-XRD pattern of ZTTS

Results and Discussion
Powder XRD Analysis

The X-ray diffraction analysis was performed to estab-
lish the structural form as well as to find the unit cell
dimensions of the given compound [29]. The ZTTS sam-
ple was scanned by an X-ray of wavelength 1.5405 Aata
rate of 1 scan per minute across 1-120° orientations. The
diffractogram of the powdered ZTTS sample is given in
Fig. 2. Using the PROSZKI software program, the unit
cell dimensions were estimated from the prominent peaks.
According to P-XRD analysis, the ZTTS crystallized in
an orthorhombic crystal formation. Four prominent peaks
at orientations of 26.73°, 53.64°, 69.93°, and 79.67° have
been identified. The peak located at 26.78° has the highest
intensity per sec. The P-XRD test shows that the diffrac-
tion peaks and the orthorhombic shape of the ZTTS crystal
are in good accord.

The lattice parameters were calculated using the follow-
ing equations:

. ni
Interpl s d==
nterplanar spacing Teind Q)
Lattice constant, a=dVh2+k2+ 12 2)
. 0.894
A , D=
verage grain size 3Cos ik 3)

where, d is the d-spacing and & k [ are the Miller indices,
D is the average size (nm), A is the Cu-Ka radiation wave-
length (A), B is the full width at half-maximum (radian) and

0 gives the degree of scattering (degree). The estimated lat-
tice parameters are a ="7.752 A, b=11.171 /OX, c=15.482 A,
and cell volume V=1340.704 1‘-)\3, which are consistent with
previous studies [30].

The molecular structure of ZTTS is displayed in Fig. 3.
The ZTTS sample crystallized in a noncentrosymmetric
space group. The structure includes three thiourea units and
an (SO4)2_ unit. In each thiourea unit, one carbon atom is
linked with a sulphur atom and two nitrogen atoms. Each
nitrogen atom in turn bonded with two hydrogen atoms. The
Zn* ion in the assembly is tetrahedrally paired with three
sulfur atoms of the three units and an oxygen atom in the
sulfate anion. An interesting hydrogen bonding network can
also be found in the ZTTS structure. The hydrogen atoms
in the network formed an intramolecular H-bonding with a
sulfate ion and thiourea units.

FT-IR Analysis

FT-IR spectroscopy is a powerful tool used to identify
the various kinds of chemical bonds that can be found in
a substance. FT-IR spectroscopy is applied to discriminate
between organic and inorganic compounds. FT-IR absorp-
tion bands are used to identify certain compounds and their
constituents [31, 32]. The FT-IR spectra of ZTTS samples
are displayed in Fig. 4. The spectra show prominent peaks
at 3368, 3271, 3166, 2112, 2036, 1820, 1589, 1468, 1385,
1089, 731, 622, and 486 cm™! respectively. The asymmetric
and symmetric stretching frequencies of the NH, group are
resolved at 3368 and 3271 cm™'. The peak at 3166 cm™! is
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Fig.3 Molecular structure of ZTTS
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Fig.4 FT-IR curve of ZTTS

responsible for the O-H stretching vibration. The asymmet-
ric and symmetric stretching of C-N has been responsible
for the peaks at 2112 and 2036 cm™!, respectively. The N-H
bending vibration has been found at 1820 cm™'. An intensive
peak at 1589 cm™! is due to the N-H bending of the primary
amine. The asymmetric and symmetric C =S stretching of
thiourea are observed in the peaks at 1468 and 731 cm™!.
The interaction of zinc with thiourea via the sulfate ion has
been shown by the C=S stretching at 1089 cm ™. The S-C-N
symmetric bending vibrations of thiourea are displayed at
486 cm™ .

UV-Vis Analysis

The UV-Vis Spectroscopy technique is used to recognize,
confirm, and measure a material's chemical, molecular,
and structural characteristics [33]. The UV-Vis spectrum of
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Fig.5 UV-Vis spectrum of ZTTS
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the ZTTS is depicted in Fig. 5. The spectra show a small
absorption in the near UV, visible, and near-infrared spectral
areas. In other words, the optical transmittance of ZTTS is
very high in the near-UV and visible ranges with the lower
cut-off wavelength found at 280 nm. This is a constructive
attribute of NLO systems since greater optical transparency
in these regions improves the frequency conversion ability.
The bandgap (Eg) of ZTTS was calculated from the lower
cutoff wavelength (280 nm) and can be generally found by
the formula:

E = 1240

o 7 eV.

where, E, is the bandgap (eV), and / is the wavelength cor-
responding to the limiting wavelength (nm). The bandgap
at the 280 nm absorption limit is 4.43 eV. A higher bandgap
of ZTTS is crucial for functioning at higher temperatures.
Due to their ability to function at higher temperatures, these
samples are most important in device applications.

Photoluminescence (PL) Spectroscopy

Photoluminescence spectroscopy offers information regard-
ing the structure, energy gap, localized flaws, and impurity
concentrations in semiconducting substances. Photolumines-
cence (PL) spectroscopy is a non-invasive and non-contact
technique for examining the optoelectronic properties of
substances [34-36]. Photo-excitation occurs when light
falls on a sample in which it is absorbed and gives excess
energy to the substance. The readily available electrons are
stimulated into their excited states by a high-energy light-
ing source. Light radiation is produced when these electrons
with excess energy reach their equilibrium states. The ener-
gies of the released photons are related to the difference
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Fig.6 PL spectra of ZTTS
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in energy levels between the two electronic states involved
in the phase of transition. An optical spectrometer is used
to find the intensity of the emitted photons related to their
wavelength. The PL measurements were used to examine
the emission characteristics of ZTTS. The PL spectrum was
obtained for ZTTS in the 300—900 nm spectral range, with
an excitation wavelength of 250 nm and photon energy of
4.96 eV. The obtained PL spectrum of ZTTS was depicted in
Fig. 6. From Fig. 6, it has been observed that the prominent
photoemission peak of ZTTS is centred on 484 nm with
the highest intensity. Significant peaks are observed around
444 nm in the blue emission and 513 nm in the green emis-
sion regions. The green emission can be attributed to the
71— ¥ transition due to the interaction of Zn** and thiourea
molecules. In this study, several minute peaks between 400
and 550 nm were found beside the typical emission peak.
These weaker peaks may be closely associated with intersti-
tials of zinc and sulphate ions.

Thermal Analysis (TGA/DTA)

Thermogravimetric and differential thermal analyses (TGA/
DTA) are methods for examining the relationship between
the thermophysical and kinetic properties of substances
with temperature [37, 38]. The TGA/DTA measurements
were carried out in nitrogen gas in the temperature range
of 50 °C to 800°C. The corresponding TGA/DTA curves
for the ZTTS samples are displayed in Fig. 7. The TGA
trace shows three stages of weight loss from 50 °C to 800°C.
During the first stage, there is a small weight loss between
50—80 °C in the curve this may be due to the release of
water molecules from the substance. Another weight loss
occurring from 150—185 °C may be due to the partial degra-
dation of the substance. The third stage of weight loss from
230—800 °C may be due to the gradual decomposition of
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Fig.7 TGA/DTA curves of ZTTS

the whole substance. The DTA trace illustrates two endo-
thermic peaks during this time, one at 150 °C and the other
at 400 °C, which can be explained by partial breakdown
followed by total fragmentation of the compound. This leads
to the possibility that the ZTTS crystal is thermally stable
up to 150 °C.

SHG Study

Second harmonic generation (SHG) is a nonlinear optical
phenomenon whereby photons interact with a nonlinear
substance to produce new photons with a frequency that
is twice as high as the original photons. The SHG of pre-
pared ZTTS powders was measured by using Kurtz and
Perry powder method [39, 40]. The SHG is often carried
out by introducing a nonlinear substance into laser light.
The generation of an SHG signal depends on the symmetry
of the molecules in a sample, and SHG arises if the sym-
metry is noncentrosymmetric. The ZTTS sample is a suit-
able substance for SHG since it processes a noncentrosym-
metric pattern. For SHG measurements, powdered ZTTS
samples were used. In this study, a single-shot mode laser
with a fundamental wavelength of 1064 nm, a pulse width
of 6 ns, and a repetition rate of 10 Hz was used. The light
output of the ZTTS powders was measured using an oscil-
loscope and photosensitive diode module. The emission of
light with a wavelength of 532 nm supports the generation
of the second harmonic frequency from the ZTTS samples.

Conclusions

In the present work, metal-organic single crystals of
Zinc (tris)-thiourea sulfate (ZTTS) were produced by
the slow evaporation method over 30 days. The ZTTS
samples were analyzed by Powder-X-ray crystallogra-
phy, FT-IR, UV-Vis, PL, TGA/DTA analyses, and SHG
determination. Based on XRD analysis, the ZTTS crys-
tallized in an orthorhombic crystal structure. The occur-
rence of functional groups in the ZTTS was found by
FT-IR spectroscopy. According to UV-Vis analysis, the
optical transmittance of ZTTS is much higher across the
near-UV, visible, and near-IR areas of electromagnetic
spectra with the lower cut-off wavelength of 280 nm.
This is an useful characteristic of nonlinear optical sys-
tems since greater optical transparency in these regions
improves the frequency conversion ability. The band gap
of ZTTS is determined as 4.43 eV. The photolumines-
cence characteristics of the as-prepared samples were
investigated by PL spectra. A strong emission peak is
visible in the PL spectra around 484 nm, and there are
significant peaks at 444 and 513 nm with an excitation
wavelength of 250 nm. The ZTTS crystal is stable up to
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150 °C during TGA-DTA analysis. The results suggest
that the produced ZTTS crystals might be advantageous
in nonlinear optical applications.
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