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ABSTRACT 
 Lithium potassium sulphate material was synthesized using equal molar ratio (1:1) of lithium sulphate and 

potassium sulphate solutions and good quality transparent single crystals were grown by solvent evaporation 

technique. The grown crystals were subjected to various characterization studies; powder X-ray diffraction 

technique was used to derive the structural data of the grown crystal. The high intense peaks were justified the 

crystalline quality and perfection of the grown crystal. The functional groups of the synthesized and grown sample 

were assigned with the help of FTIR spectral data. The optical transparency was judged based on the UV-Visible 

spectral analysis which shows a cut off wave length at 258 nm and the crystal has maximum transparency of 98% 

in visible region. The mechanical property of the grown crystal was measured by Vicker’s micro hardness test 

method and the observation has resulted an increase in Hv value with the increase of load. This indicates the reverse 

indentation size effect (ISE) at the surface of the crystal. The second harmonic generation was confirmed from 

Kurtz and Perry powder technique. The second harmonic generation efficiency of lithium potassium sulphate is 

found to be 1.44 times that of reference KDP material when the particle size of both materials were equally 

maintained. 
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1. INTRODUCTION 

Low temperature solution growth is the simplest and least expensive method for production of 

technologically important single crystals. Nonlinear optics is playing major role in photonics and optoelectronics 

industry. The new nonlinear optical frequency conversion materials have a significant interaction in laser 

technology and optical communication industry. The search of inorganic non-linear optical material was great 

interest in the recent years, because of their enormous application. A large effort has been made to synthesize a 

new inorganic material with large second order nonlinearity. Inorganic materials like KDP, ZnSO4, doped ZnSO4, 

niobate crystals and borate crystals have been reported as NLO active materials. It can be seen from the literature 

that lithium on its combination with other materials shows to be highly NLO active and also many crystals from 

lithium sulphate family have excellent NLO properties. In the present case the lithium sulphate was blended with 

potassium molecule through crystallization process. Lithium sulphate and potassium sulphate solutions having 

equal molar concentration were mixed and kept several days at constant temperature by promoting solvent 

evaporation in a controlled manner. It causes nucleations inside the growth solution. Crystals with hexagonal 

morphology were harvested after a period of 15 days. The grown crystals which are expected to be as lithium 

potassium sulphate were subjected to XRD, FTIR, UV-Visible, Vicker’s micro hardness and NLO studies in order 

to study their structural, functional, optical, mechanical and second harmonic generation properties. 

2. MATERIALS AND METHODS 

 Lithium potassium sulphate material was synthesized by the addition of equal molar concentration (1:1) of 

lithium sulphate and potassium sulphate solutions. The double distilled water was used as a solvent. The 

homogeneous solution was prepared with the aid of constant stirring at room temperature. The prepared solution 

was filtered and transferred into crystallization chamber. Then the solution chamber was tightly covered with the 

help of perforated polyethylene sheet to felicitate controlled evaporation of the solvent. After a period of 15 days, 

the lithium potassium crystals were harvested from the mother liquor. Several times recrystallized raw material 

was used for the purpose of enhancing crystalline purity. The crystal morphology and the photograph of the grown 

crystal were shown in figure1. 

                        
Fig.1. Morphology and photograph of the grown lithium potassium sulphate single crystal 
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3. RESULTS AND DISCUSSION 

The structural parameter of the grown crystal was assessed from powder X-ray diffraction analysis. Figure 

2A illustrates the PXRD pattern of lithium potassium sulphate micro-crystalline sample. All the diffraction peaks 

were well correlated with the reported values and ascertain that the material has been crystallized in hexagonal 

crystal system with space group of P63. The intense peaks from the diffraction pattern extrapolate the high 

crystallinity and phase purity of the grown material. The characteristics molecular vibrations of the grown lithium 

potassium sulphate crystal were identified by the use of Fourier transform infrared spectroscopy. The FTIR 

spectrum of LKS was recorded in the range of 400-4000 cm-1 and the corresponding vibrational spectrum was 

shown in figure 2B. From the IR spectrum, a week band was observed at 3440cm-1, which is attributed to the O-H 

stretching vibration of water molecule. This indicates the presence of residual water molecule inside the crystal in 

the form of inclusion. The intense characteristic vibrational peaks at 1134 cm-1and 636 cm-1 are attributed to the 

stretching vibrations of SO4
- with lithium and potassium molecules. The optical properties of the grown lithium 

potassium sulphate crystal were estimated from UV-Visible spectral analysis. Figure 2C shows the transmittance 

spectrum of the grown LKS crystal which establishes a maximum (~98%) transparency in the entire visible region. 

The cutoff wave length was observed at 258nm and can be very well matched with reported values. Optical band 

gap energy of the grown material was evaluated theoretically by using the following expression 

𝐸𝑔 =
1240

𝜆
 𝑖𝑛 𝑒𝑉 

Where, λ is the lower cut off wavelength (258nm). The optical band gap of the grown LKS crystal was 

found to be 4.80eV. Vicker’s Hardness analysis was made on the flat and polished surface of the specimen crystal 

using a diamond indenter, keeping a constant indentation time for all the cases. The micro hardness indenter was 

approximately square in shape. Hardness value was calculated using the following expression 

𝐻𝑣  =  1.8544(
 𝑝

𝑑2⁄  )   𝑘𝑔/𝑚𝑚2 

Where, Hv is in kg/mm2, P is the applied load in kg and d is the diagonal length in mm. The hardness value 

was measured on (111) plane of the given crystal. The figure 2D shows the plot between load (P) and (Hv) of LKS 

single crystal. From the figure, the hardness value increases with increase of load which indicates the reverse 

indentation size (RISE) phenomena created at the surface of the crystal. The Meyer’s index number (n) was 

evaluated from the Meyer’s law given by:  𝑃 = 𝑘𝑑𝑛 

𝑙𝑜𝑔𝑃 = 𝑙𝑜𝑔𝐾 + 𝑛𝑙𝑜𝑔𝑑 
 Where k is the material constant and n is the Meyer’s index number. The value of ‘n’ can be calculated 

using the following expression. 

𝐻𝑉 = 𝑏𝑃(𝑛−2)/𝑛 
Where, ‘b’ is constant. Figure 2E shows the plot between log P and log d. The slope of the plot gives the 

value of n as 3.8. This refers that the given material belongs to soft material category. The SHG activity of the 

grown LKS crystal was confirmed by Kurtz- Perry powder technique. The grown LKS and the reference KDP 

material were finely powdered up to uniform particle size. The sample filled tubes were illuminated by using 

Nd:YAG laser with wavelength of 1064nm. The generation of second harmonics was confirmed by the emission 

of green light (λ=532nm) from the sample tube. The SHG efficiency of the title material is found to be 1.44 times 

that of reference KDP material. From the observation the title material is a potential candidate in the field of 

nonlinear optics. 

4. CONCLUSION  

 Good quality single crystals of LKS were grown from solvent evaporation technique using water as a 

solvent. The crystalline purity and perfection were confirmed from powder X-ray diffraction analysis. The 

functional groups of the title material were assessed from FTIR spectral studies. The UV-Visible studies shows the 

cut off wave length at 258nm and the optical band gap energy was found to be 4.80eV. The mechanical property 

of the grown crystal was obtained from Vicker’s micro hardness test method. The hardness value increases with 

load, which indicates RISE was created along the surface of the crystal. Calculated Mayor’s Index suggested that 

the material belongs to soft material category. The SHG of the grown crystal was confirmed by Kurtz and Perry 

powder technique and the SHG efficiency of the title material is found to be 1.44 times that of reference KDP. It is 

justified that the title crystal is a promising material for nonlinear optical application. 
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Fig.2. (A)-PXRD, (B)-FTIR, (C)-UV-Visible and (D&E) – Vicker’s micro hardness results on the  

                                                grown LKS crystal 
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