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ABSTRACT

Pure and Bis Thiourea Cadmium Chloride (BTCC) crystals were grown by the slow cooling
method and their lattice vibration and thermal properties were studied. Growth of pure and
Rodamine B doped BTCC crystals and their characterization have been investigated. In view of
finding good quality BTCC crystal, in the present investigation, an attempt has been made to grow
an optical quality doped BTCC by low temperature solutions growth technique. The optical,
mechanical and non-linear optical properties of the dye doped crystals were analyzed with the
characterization studies such as powder XRD, FT-IR, UV-Visible, thermal, hardness, and dielectric

and SHG measurements.
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1. INTRODUCTION

Non-linear optics playing a vital role in the emerging photo electronic technologies. New
non-linear optical (NLO) frequency conversion materials have a significant impact on laser
technology, optical communication and optical data storage1*2*3*4*5. The search for new and efficient
NLO materials has resulted in the development of a new class of materials called semi-organics.
These materials have the potential for combining the high optical nonlinearity and chemical
flexibility of organic materials with the thermal stability and mechanical robustness of inorganic
NLO materials®.

Single crystals of pure and Rhodamine B doped Bis thiourea cadmium chloride (BTCC) are
used extensively and have vast demand in the electronic industry as polarization filter, electronic
light shutter, electronic modulator, optical voltmeter and as elements of electro-optic and electro-
acoustic devices’. The origin of nonlinearity in NLO materials arises due to the presence of
delocalized m—electrons system. Donor and acceptor groups connection are responsible for enhancing

their asymmetric polarizability®.

2. EXPERIMENTAL PROCEDURE
2.1. Crystal growth

Slow evaporation technique was employed for the growth of BTCC crystals. BTCC salt was
synthesized by dissolving AR grade thiourea and cadmium chloride in the molar ratio 2:1 in
deionized water. The required amount of cadmium chloride and thiourea was estimated according to
the following reaction:

CdCl, + 2[Cs(NH.),] — Cd[Cs(NH>)2].Cl

The solution was heated and left for slow evaporation until the solvent completely dried and
white crystalline salt was obtained. The salt was subjected to repeated recrystallization process. A
solution of BTCC was continuously stirrer using a magnetic stirrer of room temperature. The
prepared solution was filtered and kept undisturbed in a constant temperature bath maintained at a
temperature of 40°C. When evaporation taken place slowly, supersaturation is activated. As a result,
crystals with dimensions 6.5 x3.5 x 2.5 mm?® were harvested in a period of 18 days. BTCC crystals
were grown from aqueous solution by slow evaporation method. The solubility of dyes doped BTCC
in water was measured. It was found to be 15.5 g/100 ml at 38°C for Rhodamine B doped BTCC.
The amount of BTCC salt to be dissolved was determined from its solubility curve at an average
temperature of 38°C. The solution was stirred long enough to ensure complete dissolution of the

solute, and filtered. Subsequently the solution was cooled at a rate of 0.1°C/day. The seed crystals
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were prepared at low temperature by spontaneous nucleation (Figure 1). The seed crystals with
perfect shape and free from macro defects were used for growth experiments. Seed crystals of pure
BTCC and Rhodamine B doped BTCC were grown using constant temperature bath controlled with
an accuracy of + 0.01°C. A supersaturated solution of Rhodamine B doped BTCC was prepared in
distilled, deionized water. Seed crystals were introduced into the solution using thin nylon thread at
the appropriate super-saturation condition. Experiments were allowed to run for considerably longer
duration of the time (18 days) would grow large crystals.
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Figure 1. Photographs of (a) Pure and (b) Rhodamine B

doped BTCC crystal

3. CHARACTERIZATION STUDIES
3.1. Powder X-ray diffraction analysis

Powder XRD studies were carried out for the grown crystals using a Rich Seifert X-ray
diffractometer with CuK, (A = 1.5405 A) radiation. Powder X-ray diffraction spectra of the grown
crystals from pure and doped BTCC are shown in  Figure 2. Powder XRD spectra for the pure and
doped BTCC revealed that the structures of the doped crystals were slightly defected compared to
the pure BTCC crystal. The (h; k; I) planes satisfy the general reflection conditions of space group
were observed from the structure determination of the crystal. This may be attributed to strain on the
crystal lattice by the absorption / substitution of dye. It is observed that the reflection lines of the dye
doped crystal correlate well with those observed in the individual parent compound with a slight
shift in the Bragg angle®.
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Figure 2. XRD Spectra of (a) pure BTCC crystal, (b) Rhodamine B doped BTCC crystal

This sample was scanned for 20 values from 10° to 80°. The Lattice parameters were
calculated by Least Square fit method and compared with reported studies. The crystal is in
orthorhombic system with Pna2l space group. Powder X ray diffraction analysis confirmed
crystalline nature of the grown crystal. The lattice parameters are a = 5.121A, b =7.532A, ¢
=15.389A

3.2. UV-Visible studies

The UV-Visible transmission spectra were taken at room temperature using Varian Cary
2300 Spectrometer (UV-VIS-NIR), and they were recorded in the range 200-1200 nm for 1 mm
thick C-cut plates of pure and Rhodamine B doped BTCC as shown in Figure 3. All the crystals
irrespective of the dopant were transparent in the entire visible region. The UV-Visible spectrum of
Rhodamine B doped BTCC crystal absorption (Amax) Spectrum was appeared at maximum
wavelength of 785 cm™. Therefore, it reveals that the UV absorption was shifted to Red region, after
incorporation of Rhodamine B dye.
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Figure 3. UV-Visible spectra of (a) Pure and (b) Rhodamine B doped BTCC crystal
The pure BTCC crystal has about 75 % of transmission. The dye doped BTCC crystal is
invariably has higher transmission percentage compared to pure BTCC crystal. From the UV-Visible
spectrum, the transmission percentage decreases due to addition of dopant with BTCC crystal, which

would enhances the optical property of BTCC crystal.

3.3. FT-IR studies
The FT-IR spectra of pure and dyes doped BTCC crystals were analyzed using Bruker IFS
66V model spectrophotometer with 1064 nm output of a cw diode pumped in Nd:YAG laser as a
source of excitation in the region 1000 — 4000 cm™ operating at 200 mW powers at the
samples with a spectral resolution of 2 cm™. The observed FT-IR spectra of pure and doped BTCC
are shown in Figure 4. In doped BTCC spectra, broad peak around 3650 cm™ was due to free -OH
stretching vibration'®***2*3 |t reveals that at least one of the —OH group of BTCC was
remain unaltered after doped with BTCC. Nitrogen containing thiocarbonyl group of glycene and
that the C=S vibration was not located in the spectra**. FT-IR Due to the greater mass of sulphur in
BTCC the C=S stretching vibration was expected to occur at 1024 cm™, it was considerably lower
frequency than the usual C=0 stretching vibration at 1710 cm™ because  of the C=S group is less
polar than the C=0 group and has a considerably  weaker bond The strong vibrational coupling

studies of BTCC crystal were carried out in wave number range from 4000 to 450 cm'™.
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Figure 4. FT-IR spectra of (a) Pure and (b) Rhodamine B doped BTCC crystal

FT-IR spectra of Rhodamine B crystal is shown in Figure 4. The O-H asymmetric

stretching produces the characteristic peak at 3027 cm . Presence of band in the region 2925-3875

cm ' is the characteristic region for the identification of C—H stretching vibrations. The comparison

of FT-IR studies on pure and Rhodamine B doped BTCC crystals were tabulated in Table 1.

Table 1. FT-IR assignments of Pure and Rhadamine B doped BTCC crystals

Calcula'zi(:nfll’)e quency Pure BTCC RhOdag!Pég doped Assignments
3875 3600(w) 3650(w) Free O-H stretching
3565 - 3250(vw) N-H asymmetric stretching
3100 3100(br) - Intramolecular H-bonded O-H stretching
2925 - 2900(br) N-H symmetric stretching in NH, group
2611 2650(br) - O = P — OH asymmetric stretching of KDP
2250 2390(w) 2250(br) P-O-H asymmetric stretching
1850 1650(br) 1650(vs) O = P — OH symmetric stretching of KDP
1350 1300(sh) 1450(vs) P=0 symmetric stretching (aliphatic)
1150 1100(sh) 1170(vs) P-O-H symmetric stretching
1024 985(s) - O = P - OH bending

3.4. Microhardness studies

The important mechanical properties were measured by the commonly used Micro

hardness test for BTCC crystals. It can be suitably to measure the plastic properties and strength of a
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material. Microhardness measurements were carried out using Leitz Weitzler hardness tester fitted
with a diamond indenter. The well-polished BTCC and doped BTCC crystals were placed on the
platform of the Vickers micro hardness tester and the loads of different magnitudes were applied
over a tester at some fixed time interval'®. The indentation time was fixed as 8 sec for all the loaded
crystals. The microhardness value was calculated using the relation H, = 1.8544 X P/d? kg/mm?,
where P is the applied load in kg and d is the diagonal length of the indentation impression in mm.
Dye doping improves the mechanical strength of BTCC. Microhardness values of doped BTCC were

tabulated in Table 2.
Table 2. Microhardness of Rhodamine B doped BTCC crystals

S.No Crystal Microhardness (kg/mm?)
1. BTCC 116.15
2. Rhodamine B doped BTCC 173.56

4
H, (Kg-mm)

Load P [g)

Figure 5. Microhardness studies of (a) Rhodamine B doped BTCC and (b) Pure BTCC crystals

Microhardness test is important to determine the mechanical strength of the materials and

the resistance to local deformation. Mechanical properties such as elastic constant and yield strength

can be determined from the hardness index (Figure 5). The hardness values are depends upon the

quality of crystal polishing and for robustness of the device made out of the grown crystals.
Indentations were made with a Vickers’s hardness tester. The diagonals of the impressions

were measured using a Leitz matallux Il microscope with a calibrated ocular at magnification of x
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500. The measurements were made at room temperature and the indentation time was kept at 8
seconds. The maximum indenter load applied was 50 g. Indentation with loads above 50 g led to
micro cracks at the corners of the impressions made on the crystals'®*"2,
The hardness of the crystals was calculated using the relation

Hy =1.8544 x P/d*> kg/mm?

Where H, is the Vickers hardness number, P is the indentation load in kg and d is the
diagonal length of the impression in mm. The microhardness value was taken as the average of the
several impressions made. The reproducibility of the microhardness values are + 0.5%.
Microhardness values of pure and dyes doped BTCC are measured and it was found that the dyes

doped BTCC were higher hardness values than other crystals'®2%%.,

3.5. Thermal studies

The decomposition, phase transition, melting point and weight loss of the grown crystals
were determined by means of thermo gravimetric analysis (TGA) by using TAQ-500 analyzer. The
weight loss and thermal stability were determined at a heating rate of 25°C/min for temperature
range 50 to 900°C in nitrogen inert atmosphere. The thermograms are shown in Figure 6. The TGA
curve shows the first endothermic peak at 217.11°C and second peak at 276.14°C for Rhodamine B
doped BTCC crystal. This decomposition lead to a weight loss of about 28.90% which may be due
to the liberation of volatile substances like sulphur oxide?. In the case of pure BTCC crystal the
endothermic peaks are at 218.24°C and 259.54°C with a weight loss of about 29.58%. There is no
decomposition and phase transition up to the temperature 218.24°C in pure and 217.11°C in doped
BTCC crystal. This ensures that the thermal stability of Rhodamine B doped BTCC crystal is higher
than pure BTCC crystal. In both the grown crystals there is no weight loss up to 100°C, indicating
absence of water in the molecular structure of the grown crystals. This temperature range of the

grown crystals ensures the possibility of the crystals for NLO applications®,
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Figure 6. TGA-DTA curves of Rhodamine B doped BTCC crystal

The DTA curve implies that the material undergoes an irreversible endothermic transition
at 200°C where the melting begins®*. This peak was endothermic peak, represents the temperature at
which the melting terminates which corresponds to its melting point at 211°C. Ideally, the melting
point of the trace corresponds to a vertical line. The sharpness of the endothermic peak shows good
degree of crystallinity of the grown ingot. The exothermic peak at 292°C indicates a phase change

from liquid to vapour state as evident from the loss of weight of about 85% in TG curve®%%’,

3.6. Dielectric studies

The dielectric study was carried out using Digital Lcrz Meter, TH2816A in the range of
frequencies between 50 Hz-200 KHz. Good quality crystals were selected and polished by soft
polishing pad with fine grade alumina powder. The face of single crystal was cut in to rectangular
shape and well polished, so that it behaves as a parallel plate capacitor. Silver paste was used for
making the electrode plates on these surfaces of the crystal. The samples were dried after electrode
preparation to remove moisture. The dielectric constant er was calculated using the relation®®.

&r = Cd/€oA

Where “C’ is the capacitance’d’ is the thickness of the crystal, ‘€0’ is the permittivity of free
space and ‘A’ is the area of the crystal sample.

The capacitance of the crystal was measured to find out the relative dielectric constant. The
sample was placed inside the dielectric cell. Figure 7 shows the dependence of dielectric constant
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and dielectric loss on frequency. The large value of dielectric constant at low frequency is due to the
presence of space charge polarization. The low value of dielectric loss reveals that the crystal has
slightly defects. It was observed that the capacitance decreases with increase in frequency and this is

due to charge redistribution*%%!,

12

Dielectric constant

log frequency
Figure 7. Dielectric studies of (a) Pure and (b) Rhodamine B doped BTCC crystal

The residuals present in the title compound act as mesoscopic capacitors that can acquire
multiple charges of either sign®”. At low frequency the residual charges more readily redistribute to
the positive side of the applied field and become negatively charged, while the residues close to the
negative side of the applied field become positively charged since the capacitance of the parallel
plate capacitor is inversely proportional to the applied electric field. As the frequency increases the
capacitance decreases and the charges no longer have time to rearrange in response to the applied

voltage™®.

3.7. NLO studies

The Rhodamine B doped BTCC crystals are used for the generation of second harmonics
by Nd-based near-infrared solid-state lasers. The fundamental of an Nd:YAG laser (1064 nm) can be
converted to 532 nm of second harmonic or its 355 nm of third harmonic or its 266 nm of fourth
harmonic by using Rhodamine B crystals**®. The performance of these frequency conversion
devices can be seriously degraded, if there are any defect-associated, the absorption bands in the

crystal which overlap the fundamental pump wavelength or one of the output wave lengths. Thus, it
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is important to identify and characterize all potentially harmful absorption bands in non-linear
optical crystals.

The dye doped BTCC crystals are used for the generation of second harmonics of Nd-
based near-infrared solid-state lasers. Measurements were made using the Kurtz and Perry powder
method. Schematic representation of the SHG setup is shown in Figure 8. The fundamental of an Nd
: YAG laser (1064 nm) can be converted to 532 nm of second harmonic or its 355 nm of third
harmonic or its 266 nm of fourth harmonic by using BTCC crystals. The performance of these
frequency conversion devices can be seriously degraded if there are defect-associated absorption
bands in the crystal which overlap the fundamental pump wavelength or one of the output wave
lengths. Thus, it is important to identify and characterize all potentially harmful absorption bands in

non-linear optical crystals. In order to confirm the suitability of the doped BTCC crystal, the non-

linear applications, harmonic generation was tested using the Nd-YAG laser.
computer

Boxcar integrotor

PMT
monochromator
Focusing lens € O
Nt A
laser [ :> :>
Si detector
sample

Figure 8. SHG Setup

Any second- harmonic produced was passed through a series of neutral density filters
(Wratten, 1.0 + 0.7), then focused into a monochromator (Beckman DU spectrophotometer, model
2400) in order to discriminate between SHG light and stray visible light and IR light.
Monochromatic 532 nm light was then directed on to a second photomultiplier (RCA 1P28) for
measurement.

The efficiency of doped BTCC crystals were compared with pure BTCC and also show
that dye doped BTCC crystal has higher efficiency. A sample of BTCC, also powdered was used for

the same experiment as a reference material in the SHG measurement. It was found that the
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frequency doubling efficiency of the doped BTCC is better than KDP. A comparison of SHG
property of BTCC crystal with dye doped BTCC crystal is presented in Table 3.

Table 3. Comparison of SHG of pure and Rhodamine B doped BTCC crystal

S.No. Compound SHG efficiency relative with
KDP
1. Pure BTCC crystal 1.68
2. Rhodamine B doped BTCC crystal 1.97

The nonlinear property of the grown BTCC crystal was tested by passing the output of Nd:
YAG Quanta ray laser emitting 1064 nm, generating about 6 mJ per pulse. The details of the
experimental set-up are already discussed in previous Chapters. The input laser beam was passed
through an IR reflector and then directed on the microcrystalline powdered sample packed in a
capillary tube of diameter 0.155 mm. The light emitted by the sample was detected by photodiode
detector and oscilloscope assembly. The SHG efficiency of BTCC was determined by Kurtz and
Perry powder technique. Microcrystalline materials of KDP were used for comparison with BTCC
for Second Harmonic Generation experiments. For a laser input of 6.2 mJ, the second harmonic
signal (532 nm) of 91.66 mW, 272.12mW and 438.39 mW were obtained for KDP, pure BTCC and
dye doped BTCC respectively. The SHG efficiencies of pure and doped crystals are higher than that
of KDP. Thus, the dye has increased the efficiency of pure BTCC.

4. CONCLUSION

Pure and Rhodamine B doped BTCC single crystals have been grown with reasonable
growth rate along three crystallographic directions by solution growth method at room temperature.
The lattice parameters have been found by single crystal X-ray diffraction technique. The FT-IR
spectrum reveals the various functional groups present in the grown crystal. The crystals are
transparent in the visible and near infrared spectral regions. Optical transmittance of the crystals is
85%. Thermo gravimetric analysis shows that the grown crystals are thermodynamically stable upto
216°C. The Vicker’s microhardness was calculated in order to understand the mechanical stability of
the grown crystals. The SHG output voltage measured for pure and Rhodamine B doped BTCC
crystals are higher than KDP. Thus the grown crystals are best suitable for NLO applications.
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