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ABSTRACT 

The Nonlinear optical (NLO) material Sodium zinc sulphate (SZS) was grown by slow evaporation solution 

growth technique. The grown crystal was subjected to various characterization techniques such as single crystal 

XRD, FTIR, UV-Vis-NIR, TG/DTA analyses, Vicker’s micro hardness, SHG efficiency and Laser damage 

threshold. The grown crystal was subjected to X-ray diffraction with MoKα radiation for the determination of unit 

cell parameters. The presence of functional groups in the SZS is determined by FT-IR spectral analysis. The   optical 

properties of the SZS were determined by UV-Vis-NIR spectral studies and the lower cut off wavelength is 260 

nm. The thermal behaviors of the grown crystals were investigated by TG/DTA analyzer and the melting point is 

240°C. The mechanical strength of the grown crystal was determined with Vicker’s micro hardness tester. The 

powder SHG efficiency was measured using a Q-Switched Nd-YAG laser assembly following the modified Kurtz 

and Perry technique and the efficiency of SZS is 0.6 times that of KDP. 
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1. INTRODUCTION 

For the past three decades the fields of electronics, fiber optic communication and lasers have experienced 

tremendous advancements. In recent years, the nonlinear optical materials are gaining keen attention due to their 

enormous applications in telecommunication activities such as optical computing, optical information processing, 

optical disc data storage, laser remote sensing laser driven fusion, color display and medical diagnostics etc. The 

organic NLO crystals have very large nonlinear susceptibilities compared to inorganic crystals, but their use is 

impeded by their low optical transparencies, poor mechanical properties, low laser damage threshold, an inability 

to produce and progress large crystals. But inorganic nonlinear materials typically have excellent mechanical and 

thermal properties. Particularly zinc sulphate hepta hydrate is a commonly added salt with various inorganic and 

also with numerous organic ligands such as thiourea, urea, ethylene diamine tetra acetic acid etc., which are 

possessing excellent nonlinear optical properties.In this paper, we report the growth and characterization of a new 

inorganic material that is sodium sulphate monohydrate added with zinc sulphate hepta hydrate (SZS) crystals. The 

grown crystal is having excellent linear and nonlinear optical properties.  To the best of our knowledge this is the 

new inorganic crystal of this kind.  Hereafter in this research article, the grown sample is named as SZS. 

2. MATERIALS AND METHODS 

2.1 Growth of single crystal: The NLO material SZS was synthesized by the stochiometric incorporation of 

analytical reagent (AR grade) sodium sulphate and zinc sulphate in the equimolar ratio 1:1. The calculated amount 

of sodium sulphate and zinc sulphate were dissolved in double distilled water separately and stirred well using a 

magnetic stirrer for five to six hours to get a homogeneous mixture. The solution was filtered twice by a Whatmann 

filter paper to remove the suspended impurities if any. After that the solution is poured in a sterilized glass beaker 

and allowed for slow evaporation at the same temperature. The beaker was covered with the perforated sheet to 

increase the rate of evaporation. The single crystals of size 5×6×6 mm3 with good transparency were harvested 

within the period of one month and the grown crystals are shown in Fig.1. 

 
Fig.1.As Grown SZS Crystal 
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3. RESULTS AND DISCUSSION 
3.1.Single X-ray diffraction: The grown single crystal (SZS) have been subjected to single crystal X-ray 

diffraction analysis using an ENRAF NONIOUS CAD-4 automatic X-ray diffractometer with MoKα radiations 

(λ= 0.717 Å), to determine unit cell dimension of SZS. The unit cell parameters are a=5.53Å, b=8.27Å and c = 

11.08Å with the interfacial angles α=γ=90° and β=99.90°. From the above data, it is clear that the SZS crystal 

belongs to monoclinic crystal system. 

Table.1.Lattice parameters of SZS single crystal 

Crystallographic data *Sodium Zinc sulphate Na(H4B5O10) 

a (Å)  5.53 11.103 

b (Å) 8.27 16.438 

c (Å) 11.08 13.563 

α 0 90 

β 99.90 112.86 

γ 90 90 

System Monoclinic Monoclinic 

*Present study 

3.2.FTIR spectral studies:The FTIR spectrum was recorded in the range of 400-4000 cm-1 using KBr pellet 

technique (Fig.2).  The υ3 frequency of H2O occurring at 2110 cm-1  for Na2SO4.H2O is shifted to lower frequency 

side, occurring at 2094 cm-1  of  SZS,  indicates the formation of SZS complex. The broad band at 3553 cm-1 is due 

to the presence of water molecules[8,9]. The vibrational frequency at 1106 cm-1 is attributed to symmetric stretching 

of SO4 group.  The symmetric bending vibrations occurring at 459 cm-1 is attributed to SO4 of SZS.  The peaks at 

989cm-1 and 621cm-1 show the symmetric and asymmetric stretching vibration of SO4.  

3.3. UV-Vis-NIR spectral studies: The UV-Vis-NIR spectral transmittance spectrum of SZS was recorded using 

Lamda 35 UV-Vis-NIR Spectrophotometer in the range of 190-1100 nm (Fig.3). The SZS has transmission in the 

entire visible and IR region with the lower cut off wavelength around 240 nm and the transmittance window is 

around 240-1200nm.The transmittance window in the entire visible region and IR region enables SZS crystal as a 

potential candidate for optoelectronic devices. Using the optical transmittance data, the optical absorption 

coefficient is calculated from the following relation 
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where T and  t are the transmittance and thickness of the sample respectively.     

The optical band gap (Eg) of SZS was determined as 2.195 eV using Tauc’s plot using equation 2 is as shown in 

Fig.4  

                                               2/1
EghAh   ____________________ (2) 

The Extinction coefficient (K) is calculated from the equation (3) and it is seen  from the plot that extinction 

coefficient is decreasing with the increase of photon energy and a graph(fig.5) 
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The reflectance in terms of absorption co-efficient can be calculated from the following equation (4) and a 

graph (fig.6) is drawn between photon energy versus reflectance.  From the fig. it is seen that as the photon energy 

increases from 1-5eV, there is slight decrease in reflectance value. At 5.064 eV, it sharply decreases and attains 

minimum at 5.856 eV. Beyond this energy it increases. 
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3.4. Thermal Analysis (DTA/DGA): The thermo gravimetric analysis (TGA) and differential thermal analysis 

(DTA) of SZS were carried out using SII Nanotechnology TG/DTA 6200  in the temperature range of 28 -800 °C 

in nitrogen atmosphere at a heating rate of 10°C/minute (Fig.7). The TGA curve shows that the SZS has good 

thermal stability up to 140.9°C. This corresponds to the melting point of the SZS crystal. The major weight loss 

about 44.7 % is occurring in the temperature range139 -800°C. The DTA curve shows the endothermic peak at 
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140.9°C. There are two endothermic peaks nearly at 200 and 250°C temperatures. They may be due to the liberation 

of volatile substance like sulphate and the reduction of zinc sulphate into zinc oxide.  

3.5. Measurement of microhardness: Microhardness measurement of SZS was carried out using Shimadzu HMV-

2 fitted with Vickers pyramidal indenter and attached to an incident light microscope. The microhardness 

measurement is commonly used to determine the mechanical strength of the material. Hardness measurements were 

taken for applied load varying from 2 to 100 gm. 

 Hv=1.8544 P/d2              kg/mm2 

where P is the applied load in kg and d is the diagonal length of the indentation impression in millimeter and 1.8544 

is a constant. The grown crystal with well-developed face was selected for micro hardness study. A graph is plotted 

between the hardness number (HV) and load (P). Hardness number increases with increase in load as shown in 

Fig.8. The work hardening coefficient (n) of the material is related to the load (P) by the relation P=adn, where n is 

the Meyer’s index and ‘a’ is an arbitrary constant. In order to find the hardness coefficient, a graph was plotted 

between logP and logd. A linear graph is obtained and is shown in Fig. 9. The work hardening coefficient ‘n’ was 

found to be 2.366.  It reveals that the material has good mechanical strength. 

3.6 Measurement of SHG efficiency: The nonlinear optical property of SZS crystal was determined by Kurtz and 

Perry technique. For this measurement, the crystal was powdered and densely packed between two transparent 

glass slides. A Q-switched Nd:YAG laser emitting a fundamental wavelength of 1064 nm (pulse width 8 ns and 

input energy 3.5mJ) 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 and the efficiency of SZS is 0.6 

times that of KDP.  This confirms the suitability of the crystal for optoelectronic applications. 

 
 

 
Fig.2 FTIR spectrum of SZS crystal Fig.3.Transmittance spectrum of SZS 

crystal 

Fig.4.Plot of Photon energy Vs (αhυ)2 

for SZS Crystal 

 

   
Fig.5.Plot of photon energy Vs 

Extinction coefficient K 

Fig.6.Plot of Photon energy 

Vs Reflectance 

Fig.7.Plot of TGA/DTA 
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            Fig.8.Plot of Hv vs load p Fig.9.Plot of logd vs log p 

 

4. CONCLUSION 

The SZS single crystals were grown by slow evaporation solution growth technique at room temperature. 

The Single crystal XRD analysis confirmed that SZS crystals are belongs to Monoclinic system. The vibrational 

frequency of various functional groups present in grown crystal was confirmed by FT-IR spectral analysis. The 

transmittance spectrum reveals that the crystal has a lower cutoff wavelength of 240 nm and the optical band gap 

of SZS was found to 2.195eV. The TG/DTA curves shows that the sample is highly stable up to 140.90C. The 

Vickers hardness measurement shows that the material has good mechanical stability and the work hardening 

coefficient ‘n’ is 2.366. The SHG efficiency was measured as 0.6 time that of KDP. 
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