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1. Introduction  

Nonlinear optical (NLO) materials play a major role in 

nonlinear optics and in particular they have a great impact on 

information technology and industrial applications. This effort 

has also brought its fruits in applied aspects of nonlinear optics. 

The understanding of the nonlinear polarization mechanisms and 

their relation to the structural characteristics of the materials has 

been considerably improved. The new development of 

techniques for the fabrication and growth of artificial materials 

has dramatically contributed to this evolution. The approach of 

combining the high nonlinear optical coefficients of the organic 

molecules with the excellent physical properties of inorganics 

has been found to be overwhelmingly successful in the recent 

past. 

Thiourea, which is otherwise centrosymmetric, yields 

excellent noncentrosymmetric materials and typifies this 

approach [1]. Metal complex of thiourea, commonly called 

semi-organics, include the advantages of both organic and 

inorganic part of the complex. A variety of crystals of this class 

have been grown by several groups. Some of  them  viz.,  Bis 

thiourea  zinc chloride  doped  potassium dihydrogen 

phosphate[2], Glycine doped cadmium  thiourea  sulphate[3], 

and L-Lysine doped  Zinc thiourea sulphate[4] have been  

reported. Zinc thiourea chloride (ZTC) is a potential semi-

organic NLO material, which exhibits a low angular sensitivity 

and hence useful for type-II second harmonic generation (SHG) 

[5–7].  Growth of ZTC single crystals using slow evaporation 

technique [8], slow cooling technique [9] and potassium 

chloride doped ZTC [10] has been reported.  

Though the SHG efficiency of ZTC is reported to be less 

than that of ZTS [11], it has promising crystal growth 

characteristics. The nucleation parameters of ZTC, which are 

essential for the growth of bulk crystals, have been investigated 

[8]. 

The importance of amino acids in NLO applications is in 

the fact that almost all amino acids contain an asymmetric 

carbon atom and crystallize in a non-centrosymmetric space 

group. In solid state, amino acids containing one de-protonated 

carboxyl group (COO-) and a protonated amino group (NH
+3

). 

This dipolar nature exhibits peculiar physical and chemical 

properties of amino acids making them ideal candidates for use 

in NLO. Glycine is the simplest of all amino acids in the 

crystalline form, having three different polymorphs in which the 

molecules exist in the dipolar form.  The effect of Glycine and 

L-Alanine on the optical properties of ZTC [12-14] single 

crystals have already been reported.  In this work, we obtained 

ZTC crystals doped with Glycine by slow evaporation at room 

temperature and investigated the optical, thermal, and 

mechanical properties through various characterization studies 

such as X-ray diffraction, UV-vis, FTIR, thermal, mechanical 

and NLO. 

2. Crystal growth 

The ZTC salt was synthesized by dissolving Zinc chloride 

and thiourea in the ratio 1:3 in deionized water. Single crystals 

of ZTC and Glycine doped ZTC were grown employing slow 

evaporation techniques. The solution was stirred with magnetic 

stirrer at room temperature. The required quantity of Zinc 

chloride and thiourea was estimated from the following reaction. 

ZnCl2 + 3[CS (NH2)2] → Zn [CS (NH2)2]3Cl2 

The calculated amount of salt was dissolved in the 

deionized water by constant stirring till the super saturation 

stage was achieved. The purity of the synthesized salt was 

increased by successive recrystallization process. After 30 days, 

a well-defined, transparent colorless ZTC crystal of was 

harvested. For the growth of Glycine doped ZTC crystals, 1 mol 

% of Glycine was added to the solution of ZTC.  Single crystals 

with good transparency were harvested in 30 days. The 

photographs of the grown crystals are shown in Fig (1a) and 

(1b). 
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study was also carried out on the samples to study the mechanical stability of the grown 

crystals. 
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Fig.1 (a) The Photograph of Pure ZTC crystal 

 
Fig.1 (b) The Photograph of Glycine doped ZTC crystal 

3. Characterization 

3.1. Single crystal X-ray diffraction Analysis 

The ENRAF NONIUS CAD4 diffractometer was used to 

determine the unit cell parameters of the grown crystals. The 

values revealed by X-ray analysis for pure and Glycine doped 

ZTC crystals are shown in Table.1 which is in good agreement 

with the reported  data [13]. 

Table – 1 

Single XRD data of pure and Glycine doped ZTC crystals 

Pure ZTC Glycine doped ZTC 

a = 13.013A a = 13.022A 

b = 12.767A b = 12.758 A 

c = 5.891A c = 5.887A 

V = 978.71A3 V = 975.21A3 

Orthorhombic Orthorhombic 

Space group- Pnma Space group- Pnma 

3.2. FT-IR analysis 
The presence of Glycine in ZTC crystal was qualitatively 

analyzed from the FTIR spectra of the grown crystals and 

compared with each other. Fig.2 (a) and 2(b) shows the FTIR 

spectra of pure and doped crystals. The spectrum was recorded 

using KBr pellet technique in the frequency region 400-4000cm
-

1
 using PERKIN ELMER RX1 Fourier Transform Infrared 

spectrometer. The FTIR spectrum contains all the characteristic 

bands corresponding to different molecular groups present in the 

sample. The comparison of assignments of various internal 

modes observed in these FTIR spectra with thiourea are given in 

the Table.2. The bands observed in the 3000-3500 cm
-1

 region in 

the FTIR spectra are characteristics of NH2 asymmetric and 

symmetric stretching vibrations and are in agreement with other 

compounds containing thiourea molecule [15-18]. There is a 

strong NH absorption peak at around 3200 cm
-1

 in the spectrum 

of the doped crystals, which may increase with doping. As 

Glycine is doped, more NH stretch vibrations are introduced 

resulting in a stronger NH absorption peak. The strong band at 

1627cm
-1

 of thiourea corresponds to a band at 1617.37cm
-1

 of 

pure ZTC and 1626.64cm
-1

 of Glycine doped ZTC, which is 

attributed to the NH2 bending vibration. The peaks at 1472cm
-1

 

and 740cm
-1

 assigned to the C=S stretching vibration in thiourea 

is shifted to 1406.74cm
-1

, 1405.75cm
-1

 and 709.08 cm
-1

, 709.38 

cm
-1

 in the pure and  doped  crystals.  So, the doping of ZTC 

crystal with Glycine is indirectly established through the shift in 

the peaks. 

Table – 2 

FT-IR spectral data of Thiourea, pure and Glycine doped 

ZTC crystals 

Wavenumber (cm-1) 

Assignments 
Thiourea 

Pure 

ZTC 

Glycine 

doped 

ZTC 

3280 3287.70 3322.33 Asymmetric NH2 stretching 

3167 3192.50 3205 Symmetric NH2 stretching 

1627 1617.37 1626.64 NH2 bending 

1472 1406.74 1405.75 Asymmetric C=S stretching 

1089 1097.71 1098.90 
Asymmetric N-C-N 

stretching 

740 709.08 709.38 Symmetric C=S stretching 

 

 Fig. 2(a) FT-IR Spectrum of ZTC crystal 

 
Fig. 2(b) FT-IR Spectrum of Glycine doped ZTC crystal 

3.3. UV-Visible transmittance study 

An optical material can be defined as a solid that presents 

events when interacts with light in the range of wavelengths of 

200 nm (ultraviolet) to 3 μm (near infrared). The UV-Vis 

spectrum of pure and Glycine doped ZTC crystals were recorded 

in the range of 190-1100nm using LAMBDA-35 UV-Vis 

spectrophotometer. Optical transmission spectra of Glycine with 

ZTC as shown in Fig. (3) has a good transparency in between 
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300 and 1100 nm. The lower cutoffs of both pure and doped 

crystals occur at 275nm. Glycine doped ZTC has minimum of 

70% transmission which is higher than that for pure ZTC. The 

increased transparency in the visible region for Glycine doped 

ZTC crystal enables the achievement of high second harmonic 

transmission for Nd:YAG laser. 

 
Fig. (3) UV-Vis spectrum of pure and Glycine doped ZTC 

crystals 

3.4. Thermal analysis 

The thermograms of pure and Glycine doped ZTC crystals 

were recorded by using TAQ-500 analyzer. In TGA, Fig.4(a) 

shows that the sample pure ZTC is stable till 160.97°C, then it 

begins to degrade with 18% weight loss till 247.91°C after 

which a weight loss of 48.29% was observed from second 

endothermic peak to 354.50°C. From Fig.4(b) it is observed that 

for Glycine doped ZTC crystal there is weight loss of about 

13.99% between the temperature range 172.75°C and 235.23°C. 

It may be attributed to the liberation of volatile substances such 

as the dopant Glycine and the hydrogen of thiourea molecule 

[15]. The weight loss of about 26.12% near the temperature of 

375°C may be due to the removal of sulphur of thiourea from 

the Zinc co-ordination [19]. Since there is no weight loss up to 

172.75°C, this Glycine doped ZTC crystal may be exploited for 

NLO applications upto the temperature of 172.75°C. 

 
Fig.4 (a) Thermogram of pure ZTC Crystal 

 
Fig.4 (b)  Thermogram of Glycine doped ZTC Crystal 

3.5. Microhardness measurement 

Microhardness testing is to be performed on single crystals 

to evaluate the mechanical properties and to examine the 

suitability of the material for devices by measuring the 

resistance of the lattice against the applied load [20]. Hardness 

was measured using Leitz-Wetzler hardness tester. 

Microhardness measurements were made on the smooth surface 

of the as grown pure and Glycine doped ZTC single crystal. 

Load P was varied between 25 and 100g by keeping the time of 

indentation constant (10s) for all trials and the diagonal length 

of indentation was measured. The Vickers hardness number of 

the materials Hv is determined by the relation,  

Hv = 1.8544 * (P/d
2
) kg/mm

2 

Where P is the applied load in kg and d is the diagonal 

length of indentation impression in mm. The fig.5 shows the 

plot of hardness number variation with applied load. From the 

profile, it is observed that the hardness number increases with 

increasing load. However, the hardness value of Glycine doped 

ZTC crystal is found to be greater than that of the pure ZTC 

crystal. For the same range of applied loads  the microhardness 

measurement clearly  shows  that the  inclusion of  amino acid  

has improved  the  mechanical  stability  of  Glycine  doped 

ZTC crystal. 

 
Fig.5 Vickers Hardness Vs load for pure and Glycine doped 

ZTC Crystals 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TXP-4N3P55J-4&_user=10&_coverDate=11%2F30%2F2007&_alid=1448823004&_rdoc=10&_fmt=full&_orig=search&_origin=search&_cdi=5596&_sort=r&_st=13&_docanchor=&view=c&_ct=50&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=d3c08aa6ceeb1be1bb766a248ed43845&searchtype=a#secx9
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3.6. SHG efficiency 

The second harmonic generation signal in the pure and 

doped ZTC crystals were examined by the Kurtz powder 

technique [21]. A high intense beam from the Nd:YAG laser 

with the wavelength of about1064nm was allowed to be incident 

on the samples. The SHG signal generation was confirmed by 

the emission of green radiation from the crystals. From the 

analysis it was found that the SHG output relative efficiency 

was 5mv for pure ZTC and 11mv for the Glycine doped ZTC 

samples. Comparing the above values the measured SHG 

efficiency of Glycine doped ZTC sample was found to be about 

2.2 times greater than that of pure ZTC sample. 

4. Conclusion 

The Growth and properties of pure and Glycine doped ZTC 

single crystals grown by slow evaporation method have been 

investigated. The unit cell parameters and crystal structure were 

determined by single crystal X-ray diffraction. The FTIR spectra 

revealed all the characteristic bands corresponding to different 

molecular groups present in the sample. Transmission spectra 

revealed that the crystals have an extended transparency down to 

UV. Thermogravimetric analysis showed that the Glycine doped 

ZTC crystal is thermodynamically more stable than pure ZTC. 

The hardness values of ZTC are lesser than amino doped ZTC 

crystal. The SHG output efficiency of Glycine doped ZTC 

sample was found to be about 2.2 times greater than that of pure 

ZTC sample. The promising crystal growth characteristics and 

the properties of the grown crystals prove them to be attractive 

materials for harmonic generation of Nd:YAG lasers. 
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