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1. Introduction  

 Nonlinear optical (NLO) materials play a vital role in the 

field of opto- electronics and photonics [1]. Organic NLO 

materials have large optical coefficients but have poor 

mechanical stability compared to their inorganic counterparts. 

To setback this problem, a new hybrid materials called semi-

organic materials are formed by combine both inorganic and 

organic materials. Semi-organic materials have large nonlinear 

optical property like organic materials and have high mechanical 

stability over organic materials [2].  

In the recent years, complex of thiourea NLO crystals have 

attracted among the researchers [3] due to its flexibility in 

synthesis of a new complex. Thiourea ligand has both S and N 

donors; it can be coordinated either through S or N with the 

metal and forms a stable semi-organic complex [4]. Thiourea is 

an inorganic matrix modifier due to its large dipole moment and 

its ability to form hydrogen bonds. Centrosymmetric thiourea 

molecules yield noncentrosymmetric complexes when it is 

combined with inorganic salts [5, 6].  

Metal ligand complexes offer higher environmental stability 

combined with greater diversity of tunable electronic properties 

by virtue of the coordinated metal centre. Predominant charge 

characteristic behavior can be observed in these metal-ligand 

complexes. With this reason, we have grown the 

tribismuthnonakis(thiourea)nonachloride dihydrate (TBNTNC) 

crystals and published the growth parameters, structural and 

vibrational behavior of TBNTNC crystal [7]. In continuation of 

the previous work, in this manuscript, we report, the structural, 

thermal, optical and electrical characterization of 

tribismuthnonakis(thiourea)nonachloride dihydrate (TBNTNC) 

crystals.  

2. Experimental  

Crystal growth TBNTNC crystals were grown by single 

diffusion gel methods. Detailed growth parameters of TBNTNC 

were discussed in our previous article [7]. Good quality single 

crystal of TBNTNC crystals were harvested over the period of 

12 days.  

Materials Characterization The grown crystal was 

characterized by powder X-ray diffraction technique, using 

Riche Seifert SH-37/80 diffractometer with CuK1, radiation of 

1.54059Å derived from the diffraction pattern. DSC/TGA 

spectrum of TBNTNC crystal was traced using SDT Q600V8.2 

thermal analyzer. PL measurement of TBNTNC was taken at 

room temperature with 20mW, 633nm He-Ne laser was used for 

the excitation energy. Capacitance values of grown crystal were 

measured using N4L NumetricQ PSM 1735 instrument. 

Polished crystal of TBNTNC coated with silver paste is used to 

measure the capacitance. 

3. Result and discussion 

Powder X-ray diffraction Indexed XRD pattern of 

TBNTNC crystal is shown in Fig.1. Cell parameters were 

calculated and tabulated in Table 1. The grown crystal belongs 

to the triclinic crystal system and the calculated value of the cell 

parameters agreed with the reported structure [7] [CCDC no: 

702176]. The sharp intense peaks reveals that the title compound 

having good crystalline nature.  

Thermal analysis Fig.2. shows the TGA/DTA spectrum of 

TBNTNC. The recorded spectrum shows the thermal 

decomposition mechanism and phase transition information of 

the grown crystal. It is observed from the Fig.3 that there is a 

weight loss of about 27.43% in the region of 160 to 248
0
C. This 

weight loss is attributed due to loss of two water molecules and 
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thiourea molecules. Here the coordination number 8 and 4 are 

less stable. Coordination number 6 is an octahedral having more 

chelate effect than the coordination 4 and 8. Hence 4
th

 and 8
th
 

coordinated bismuth complex can easily give up their 

coordinated molecules. It is clearly visible from the TGA that 

there is no peak above 800

C, which confirms the stability of the 

residue and the residue may be bismuth dimmer and bismuth 

oxide. Similar results have been proposed in ZTC and 

allylthiourea complex [8]. An exothermic peak and several 

endothermic peaks are traced in DSC. The endothermic peak 

observed at 147
0
C with change in entropy of 47.23 J/gm. But 

there is no corresponding weight loss in TGA at the region 

147
0
C. This may be due to the melting of the samples. 

 
Fig.1. Powder XRD pattern of TBNTNC crystal 

PL spectrum Photoluminescence (PL) studies are more 

preferred to detect the concentration of defects [9]. Recorded PL 

spectrum is shown in Fig.3. A strong emission peak is observed 

from the spectrum at 266 nm and it reveals that the grown 

crystal has UV emission property. Energy gap was calculated 

from the PL spectrum this emission band and the calculated 

value of energy gap is of 4.6642 eV.  Further this UV emission 

band arises due to the transition of charge between nonbonding 

to orbital to * orbital from metal to ligand and also it agrees 

with the transmission spectrum. 

 

Fig.3. PL spectrum of TBNTNC crystal 

Dielectric measurements Electric field distribution within 

the solid is investigated in the dielectric studies. Dielectric 

properties of NLO materials are important for their fast 

switching action in electro-optic applications [10]. The value of 

dielectric constant of the crystal was calculated using the 

capacitance value. It is observed from the Fig.4 that the value of 

dielectric constant is high in lower frequencies. This may be due 

to the presence of all the four types (electronic, ionic, 

orientational space charge) of polarization also it is decrease 

with increase in frequencies. The low of dielectric constant in 

higher frequencies side suggest the appropriateness of the grown 

for frequency conversion process.  

Table 1. Crystallography parameters of TBNTNC crystal 

Crystal Property TBNTNC 

Molecular formula C9H40Bi3Cl9N18O2S9 

Crystal structure Triclinic 

Cell parameters  

a (Ǻ) 7.382 

b(Ǻ) 12.212 

c (Ǻ) 13.572 

() 71.591 

() 78.921 

() 82.941 

 

 
Fig 2. TGA and DSC spectrum of TBNTNC 
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Fig.4. Plot between Log (freq) vs dielectric constant 

4. Conclusion 

Good quality single crystal of TBNTNC was grown by gel 

growth technique. Grown crystal was confirmed in XRD studies 

and it is crystallized in triclinic system. The DSC/TGA spectrum 

reveals the thermal stability of the materials and also the melting 

of sample is found at 147
0
C. Photoluminescence spectrum 

indicates that the obtained crystal shows an emission band in the 

ultra violet region also the band gap energy was calculated. It 

was found that the dielectric constant value decrease with 

increase the frequency.  
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