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ABSTRACT 

 The single crystal of Bis (Thiourea) cadmium chloride (BTCC) has been grown by slow evaporation 

technique. The lattice parameter and the morphology of BTCC were identified by single crystal XRD. The 

presences of various functional groups in BTCC were determined using the FTIR analysis. The optical property of 

the crystal was confirmed by UV-Vis spectrometer and the band gap energy is obtained as 4.0 eV. The BTCC has 

wide optical transparency in the entire visible and IR region. The Photoluminescence spectrum shows the maximum 

emission of UV light at 360 nm. The TG/DTA curves shows that the compound has good thermal stability up to 

220°C. The Vicker’s microhardness measurement is used to measure the mechanical stability of the crystal. The 

emission of green radiation was confirmed by the second harmonic generations using Kurtz Perry powder technique 

is found to be 2.8 times that of KDP. 
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1. INTRODUCTION 

Nonlinear optical materials (NLO) are important for the fabrication of photonics and optoelectronic device. 

The major application of NLO materials are the optical data storage, Submarine communication and laser 

application. The NLO materials produce coherent blue and green laser light. A continuous effort is growing on 

organic, inorganic and semi organic materials with wide transparency range, fast response and high damage 

threshold for device application. Organic crystal has very high nonlinear efficient but these material are having 

very poor mechanical and thermal properties. Inorganic NLO materials have excellent mechanical and thermal 

properties but possess low laser damage threshold and low optical nonlinearities. Inorganic crystals are widely used 

in these applications because of their higher melting point, high mechanical stability. The semi organic materials, 

semi-organic complexes of thiourea are interesting because of their large nonlinear property, lower UV cut off, 

wide transparency and good thermal stability. Thiourea as a ligand possesses a large dipole moment and has the 

ability to form extensive network of hydrogen bonds. Transition metals like zinc, cadmium, mercury with d10 

configuration readily combine with thiourea resulting in stable compounds with high optical nonlinearity and good 

physiochemical behavior. In the present work, the growth, structural, thermal and optical properties of BTCC were 

discussed. The band gap energy was calculated using optical absorption spectrum for the grown crystals. Emission 

of various lights in UV and visible region were discussed in Photoluminescence spectrum. 

2. MATERIALS AND METHOD  

2.1 Synthesis of BTCC: Bis(thiourea) cadmium chloride was synthesized from Thiourea and cadmium chloride 

taken in the 2:1 ratio. The reaction is follows as  2[CS (NH2) 2] + CdCl 2    Cd [CS (NH 2) 2]2Cl 2 

The calculated amount of the reactants was thoroughly dissolved in distilled water and stirred well using a magnetic 

stirrer. The resultant solution was evaporated to dryness at room temperature. The synthesized colorless crystalline 

salt of BTCC was obtained.  

2.2 Crystal growth: The BTCC synthesized salt was dissolved in distilled water. The solution was stirred well for 

more than 5 hours. The solution was kept at room temperature for slow evaporation for crystallization. The good 

quality single crystals with a size of 10×10×3 mm3 were harvested within a month (Fig.1).  
 

 
Fig.1.As Grown single crystals of BTCC  
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3. RESULTS AND DISCUSSION 

3.1 Powder X-ray diffraction: The synthesized salt of BTCC was subjected to powder X-ray diffraction analysis 

using CuKα (λ=1.5418Å) radiation (Fig.2). The well developed peak revealed the crystalline nature of the 

synthesized salt. The grain size of the synthesized salt calculated by scherrer’s equation. 

D= 
0.9 𝜆

𝛽 cos 𝜃
 

 Where D is the grain size, λ is the wavelength of the X-ray used, 𝜃 is the diffraction angle and β is 

full width half maximum (FWHM). The grain was found to be 102 nm. 
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Fig.2.XRD Patten of BTCC         Fig.3.Morphology of BTCC            Fig.4.FTIR spectrum of BTCC 

3.2 Single crystal X-ray diffraction: The grown single crystal has been subjected to single crystal X-ray 

diffraction studies using an ENRAF NONIOUS CAD-4  automatic X-ray diffractometer with MoKα radiations (λ= 

0.717Å ) to determine the morphology and unit cell dimension of BTCC single crystal. The cell parameters are a = 

5.8083, b= 6.4656, c= 13.1334, 𝛼=β=γ=90°, volume of the crystal is 493.2118 and the crystal system belongs to 

orthorhombic. The morphology of BTCC is shown in Fig.3. From this morphology of BTCC single crystal there 

are four well developed prominent planes (1̅1̅0), (100),(01̅1̅), (11̅0) are observed. 

3.3 FTIR spectra of BTCC: The FTIR spectrum of BTCC was recorded in the range of 400-4000 cm-1 using 

KBr pellet technique (Fig.4). The peak at 3389 cm-1 represents the presence of N-H stretching [7]. The C=S 

stretching vibrations is observed at 1615 cm-1. The NH2 bending vibration of BTCC was observed at 1396 cm-

1[8]. The C-N vibration where observed in BTCC at 1096cm-1.  

3.4 UV-Vis Spectral Studies: The UV-vis spectral transmittance of BTCC single crystal (2 mm thickness) was 

studied using a Lamda UV-vis Spectrophotometer in the range of 190-1100 nm (Fig.5). The lower cut off 

wavelength of the BTCC is around 280 nm with the transmittance percentage of BTCC is around 35 % and it has 

a wide optical transmittance window (290-1100) in the visible region and IR region enables it to be a good NLO 

material. The direct band gap was found using a absorption coefficient (α) obeying the following relation for high 

photon energies (hν). 

𝛼 =
A(hν − Eg)2

hν
 

Where Eg is the optical band gap of the crystal and A is a constant. The plot of (αhν)2 versus hν is shown in figure 

6. Eg was evaluated by the extrapolation of the linear par. The band gap is found to be 4 eV. 
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      Fig.5.UV-vis transmittance spectrum of BTCC               Fig.6.Tauc’s plot of BTCC crystal 
3.5 Photoluminescence spectrum: The photoluminescence spectrum of BTCC was recorded using Cary eclipse 

photoluminescence spectrometer with an excitation wavelength of 330 nm. Photoluminescence spectrum of the 

BTCC was shown in Fig.7. The strong emission was observed at 360 nm in UV region corresponding energy  
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3.5 eV. The week emission peaks 493nm (2.5 eV) are observed in violet region. The blue light emission was 

observed at 490 nm with corresponding energy of 2.5 eV (Fig.8). The BTCC crystal has emitted of light in the UV 

and visible region hence it has good optical properties and promising candidate for the UV optical devices. 
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                  Fig.7.PL spectrum of BTCC                   Fig.8.PL spectrum of BTCC in eV 

3.6 Thermal studies: The TG/DTA were carried out using SII Nanotechnology TG/DTA 6200 for a sample weight 

of 2.4170 mg in the temperature range 28 ̊C - 800 ̊C at a heating rate of 10 ̊C/ min in a nitrogen atmosphere (Fig.9). 

The TGA curve shows that the compound BTCC has good thermal stability up to 218°C as there is no weight loses 

below that temperature. The TGA curve shows that there is a weight loss of about 45 % in the temperature range 

222°C - 400°C. The DTA curve shows that the melting point of sample is 218°C. The DTA curve shows that the 

material undergoes endothermic transition at 220°C due to heat absorption of the sample followed by a second 

endothermic transmission take place at 380 °C due to the liberation of volatile substancelike sulphur oxide  
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                    Fig.9.TGA-DTA curves of   BTCC                          Fig.10.Variation of hardness with load 

3.7 Microhardness measurement: Micro hardness measurements were carried out on BTCC crystal using a 

Shimadzu HMV-2 fitted with Vickers pyramidal indenter for various load (2-50 g) [11]. The measurement was 

made on the prominent plane (100). The variation of hardness with applied load is shown in Fig.10. From the graph 

it is shown that hardness number is increases with increasing load. The work hardening coefficient (n) of the 

material is related to the load (P) by the relation P = adn where ‘a’ is an arbitrary constant. The plot log P 

vs log d is a straight line, which is shown in Figure 11. The work hardening coefficient ‘n’ was found to 

be 2.4, which proves that BTCC has a high mechanical strength. 
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Fig. 11 Variation of LogP vs Logd . 
3.8 SHG Efficiency Measurement: The Nonlinear optical property of BTCC crystal was studied by Kurtz and 

Perry technique [10, 11]. The crystal was grounded into a fine powder and densely packed in the capillary tube. A 

Q-Switched Nd: YAG laser emitting a fundamental wavelength of 1064 nm (pulse width 8 ns) was allowed to 

strike the sample. The second harmonic generation in the crystalline sample was confirmed by the emission of 

green radiation (532 nm) emitted by sample. The SHG efficiency of the output signal is found to be 2.8 times that 

of KDP. 
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4. CONCLUSION 

The single crystals of BTCC have been grown by slow evaporation solution growth technique at room 

temperature. The powder XRD shows the grain size of the synthesized BTCC is 102 nm. Transmittance spectrum 

reveals that the crystal has a lower cutoff wavelength at 280 nm and has a 35 % of transmittance. The presences of 

various functional groups present in the BTCC have been confirmed by FTIR analysis. The photoluminescence 

spectrum shows maximum emission in the ultra- violet region. The melting point of the BTCC is 220° C. The SHG 

efficiency has 2.8 times that of KDP. 
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