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Abstract -  Single crystals of L-lysine L-tartaric acid (LLLT) 

were grown by solution method using double distilled water as 

the solvent. The grown crystals LLLT were subjected to 

characterization studies like XRD studies, mechanical studies, 

optical studies and SHG studies. From XRD studies, it is 

ascertained that LLLT crystal crystallizes in monoclinic 

structure. The grown crystal has high transmittance in the 

visible region and it has high optical band gap. The mechanical 

parameters like hardness, work hardening coefficient, yield 

strength, stiffness constant, brittleness index, corrected 

hardness and resistance pressure of LLLT crystal have been 

evaluated by using Vickers microhardness method. The 

relative SHG efficiency of LLLT crystal has been determined 

by Kurtz-Perry powder technique.  
Keywords: Single Crystal, Solution Growth, NLO, XRD, 

Hardness, Transmittance, Band Gap, Stiffness Constant, Yield 

Strength, SHG 

 

I. INTRODUCTION 

 

Nonlinear optical (NLO) crystals are the technologically 

important materials and they are gaining keen attention due 

to their enormous applications in emerging optoelectronics, 
fibre optic communication, optical computing, photonics 

and laser technology. Organic nonlinear optical (NLO) 

crystals have attracted much attention due to their high 

nonlinearity, low cost and flexibility of molecular design. 

Most of the organic NLO crystals are constructed by weak 

Vander walls and hydrogen bonds with conjugated 

electrons [1-3]. In this work, concentration is given on an 

organic NLO crystal viz., L-lysine L-tartaric acid crystal. 

Lysine is a α-amino acid that is used in the biosynthesis of 

proteins. It contains an α-amino group, an α-carboxylic acid 

group and a side chain containing lysyl ((CH2)4NH2). Like 

almost all other amino acids, the α-carbon is chiral and 

lysine may refer to either enantiomer or a racemic mixture 
of both [4, 5]. Here in this work, the biologically active 

enantiomer L-lysine has been considered for the crystal 

growth. Crystallographic data for L-lysine complexes exist 

in the literature. Carboxylic acids complexed with L-lysine 

have been studied by including formic, acetic, succinic, 

glycolic, oxalic, and maleic acids. The crystal structures of 

complexes of glutaric acid with D, L- and L-lysine were 

reported [6-10]. L-tartaric acid is an organic material and 

the salts of tartaric acid were intensively studied by means 

of structural, spectroscopic, optical and dielectric studies 

[11-15]. Some tartrates exhibit structural phase transitions 

and in many cases vibrational spectroscopy was effectively 

used to study the tartrates [16-20]. Based on the literature 

survey on L-lysine and tartaric acid, the work considered 
here is to prepare an organic complex like L-lysine L-

tartaric acid (LLLT) by solution method. The aim of the 

research work is to grow and to study the single crystals of 

LLLT and the obtained results from the various studies of 

LLLT crystals are reported in this paper.  

 

II. EXPERIMENTAL 

 

A. Synthesis and Solubility 

 

Analar Reagent (AR) grade chemicals of L-lysine and L-

tartaric acid in the molar ratio of 1:1 were used for synthesis 
of L-lysine L-tartaric acid (LLLT) salt. The calculated 

amounts of reactants were dissolved in double distilled 

water and stirred well using a hot plate magnetic stirrer for 

about 3 hours. The solution was heated at 50 oC till the 

synthesized salt of LLLT was obtained. Solubility study was 

carried out by gravimetric method using a constant 

temperature bath (CTB). Initially, the temperature was 

maintained at 30 oC and the synthesized salt of LLLT was 

added step by step to 50 ml of water in an air-tight container 

kept on the hot-plate magnetic stirrer and stirring was 

continued until the solution was saturated.  By gravimetric 
method, the amount of solute present in the solution was 

found and from this value, the solubility was determined. In 

the similar manner, the solubility was found in the 

temperature range 30-50oC. The variation of solubility with 

temperature for LLLT sample is presented in the fig.1. The 

result indicates that the solubility of LLLT sample in water 

increases with increase of temperature and hence this 

sample has positive temperature coefficient of solubility. In 

the solubility diagram, there are three regions or zones and 

they are (i) undersaturated region is below the solubility 

curve, (ii) supersaturated region is above the solubility 

curve and (iii) saturated region is along the solubility line. 
Usually, metastable zone or region is observed slightly 

above the solubility curve. Using the solubility data, 

saturated and supersaturated solution could be prepared at a 
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particular temperature for crystal growth and crystal 

nucleation experiments [21]. 
 

 
Fig. 1 Solubility curve for LLLT sample 

 

B. Crystal Growth 
 

Growth of single crystal of LLLT was carried out by 

solution method with slow evaporation technique. Using the 

solubility data, the saturated aqueous solution was prepared 

and stirred continuously about two hours to ensure 

homogeneous concentration throughout the volume of the 

solution. Then the solution was filtered by high quality 

Whatman filter papers to remove insoluble colloidal 

particles and the filtrate was kept in a controlled evaporation 

condition using a constant temperature bath (CTB). The 

seed crystals were obtained by spontaneous nucleation. To 

grow big-sized single crystals, some good quality seed 
crystals were immersed in the solution. The crystals were 

harvested after a growth period of 30 days and the 

photograph of the grown crystal of LLLT is displayed in the 

Fig.2.   

 

 
Fig. 2 A harvested crystal of LLLT 

 

C. XRD Studies 

 

The structural characterization for the grown LLLT crystal 

was carried out by single crystal XRD studies using on 

ENRAF NONIUS CAD4 diffractometer  with Mo Kα 

radiation ( = 0.71073 Å) and the obtained data are given in 

the table I. The data clearly indicates that the sample crystal 

crystallizes in monoclinic structure. The number of 

molecules per unit cell (Z) is observed to be 2 for the 

sample and the space group is P21 and this space group is a 
non-centrosymmetric space group. Hence, this crystal can 

be a second harmonic generator and also it can produce 

third harmonic generation. The data of XRD obtained in this 

work for LLLT crystal are observed to be almost the same 

as reported in the literature [22]. 

TABLE I SINGLE CRYSTAL XRD DATA OF LLLT CRYSTAL 
 

Sample 

 
a (Å) b (Å) c (Å) V (Å3) 

LLLT 

crystal 

 

5.114(5) 17.502(2) 7.494(3) 664.7(4) 

                                                                 Space group = P21 

                                      Crystal system =   Monoclinic; Z = 2 

          Angular lattice parameters α = 90o, β = 98.05(4)o,   γ = 90° 

 
D. Microhardness and Other Mechanical Parameters 

 

Measurement of micro hardness is used for understanding 

the mechanical strength of the crystalline materials. The 

micro hardness’s of the grown LLLT crystal were 

determined using Vickers hardness tester at room 

temperature. A well-polished crystal was used in this 

method. The loads used to find the microhardness are 25 g, 

50 g, 75 g, 100 g and 125 g. Using a diamond indenter, the 

average value of at least two impressions was recorded for 

each load (P) and the average of diagonal indentation length 

(d) of the impression mark after unloading was measured 
using a calibrated micrometer attached to the eyepiece of 

the microscope. The plot of d versus P for the sample is 

shown in the fig.3. It is observed that the average 

indentation length (d) increases with increase of applied 

load and microhardness was determined using the values of 

d.  The microhardness number (Hv) can be calculated using 

the formula Hv = 1.8544 P/d2 where P is the load applied in 

gram and d is the diagonal length of the indentation in 

millimeter. The plot is drawn at different applied loads and 

it is shown in the fig. 4. The results indicate that the 

hardness of LLLT crystal increases with increase of the 
applied load up to 100 g and then it decreases. The 

increasing part corresponds to the reverse indentation size 

effect and the decreasing part is due to normal indentation 

size effect. Since small damage has been formed on the 

surface of the crystal when the applied load is more than 

100g and hence the hardness decreases beyond 100g. From 

the results, it is seen that LLLT crystal has both reverse 

indentation and normal indentation size effects. Since crack 

is formed when the load of 100 g is applied on the surface 

of the crystal, the fracture mechanism in the indentation 

process is explained here. The resistance to fracture is called 
as the toughness of the crystal and the fracture toughness 

(Ft)  can be determined using the relation Ft = P/ (l3/2) 

where P is the applied load and  is a constant equal to 7 for 
Vickers diamond indenter and l is the crack length measured 

from the centre of indentation to crack tip [23]. The 

calculated value of fracture toughness at 100 g is 0.1023 g 

m-3/2. For the applied load 125 gram also, fracture 

toughness was determined and it is found to be 0.1874 g 

m-3/2. Hence fracture toughness increases as the applied 

load increases for LLLT crystal. The brittleness index is 

related with the fracture induced in sample without any 

appreciable deformation and this value can be calculated 

using the relation  = Hv / Ft  and the calculated values of 

brittleness index of  LLLT crystal are 0.834 m-1/2  and  

0.435 m-1/2  at 100 g and 125 g respectively.  
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Fig. 3 Plot of average indentation length (d) with applied load (P) for LLLT 

crystal 

 

 
Fig. 4 Variation of micro hardness with applied load for LLLT crystal 

 

Using the values of hardness, the work hardening 

coefficient of the sample was evaluated. Here the Meyer’s 

equation  P = adn   was used. Here P is the load, n is the 
work hardening coefficient, d is average indentation length 

and a  is a constant. The plot of log (P) versus log (d) for 

LLLT crystal was drawn and it is shown in the fig.5. The 

slope of the plot is obtained to be 2.583 and this is equal to 

work hardening coefficient. According to Onitsch and 

Hanneman, the work hardening coefficient (n) should lie 

below 1.6 for hard materials and ‘n’ should lie above 1.6 for 

soft materials. Hence, the grown LLLT crystal is the 

category of soft materials.  

 

 
Fig.5 Plot of log (P) versus log (d) for LLLT crystal 

 

Yield strength (σy) of the grown LLLT crystal was 
determined using the following relation  

y = (Hv /3) [1-(n-2)] [12.5(n-2) /(1-n+2)]n-2 

Another mechanical parameter viz., stiffness constant was 

calculated using the Wooster’s empirical relation and it is 

given by C11 = (Hv)7/4 where Hv is the Vickers 

microhardness number [24]. The calculated values of yield 

strength and stiffness constant of LLLT crystal are given in 

the table II. The obtained results indicate that both yield 

strength and stiffness constant increase upto 100 g and then 
these values decrease when the load applied is more than 

100 g. 

 
TABLE II OBTAINED VALUES OF YIELD STRENGTH AND STIFFNESS 

CONSTANT OF LLLT CRYSTALS 
 

Applied load (g) 
Yield strength 

x 106 (MPa) 

Stiffness constant 

(MPa) 

25 488.425 2.58171E+15 

50 542.196 3.09945E+15 

75 590.740 3.60126E+15 

100 637.043 4.10967E+15 

125 608.664 3.79465E+15 

 

Hays-Kendall’s relation is given by P = W + Ad2 where P is 

the applied load, d is the average diagonal indentation 

length, W is the minimum load to initiate plastic 

deformation in gram (g) or resistance pressure and A is the 
load-independent constant.   The values of W and A are 

obtained from the plot drawn between P versus d2 as shown 

in the fig.6. Load-independent constant is obtained to be A 

= 0.04813 g/m2. The resultant value of W becomes 

negative and hence the sample exhibits behavior of reverse 

indentation size effect. The corrected indentation size 

independent hardness (Ho) is determined using the relation 

Ho=1.8544 A. The obtained values of W and Ho for LLLT 

crystal are -9.3329 g and 0.0893 g/m2 respectively. 

 

 
Fig.6 Plot of P versus d2 for LLLT crystal 

 
To verify the values obtained from Hays-Kendall’s 

approach (HK model), another model viz., the proportional 

specimen resistance (PSR) model is considered here. 

According to PSR model, the indentation load (P) in terms 

of average diagonal indentation length (d) is given by P = ad 

+ bd2 where a is the load-dependent constant and b is a 

load-independent constant. The constant b can be obtained 

from the plot of P/d against d as shown in fig.7. From the 

plot, the slope obtained is 0.0551 g/m2 and this value is 

equal to the value of b which is equal to the resistance 

pressure. The corrected independent hardness (Ho
’) can be 

calculated using the relation Ho’=1.8544 b and the obtained 
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value is 0.0966 g/m2.The values of load independent 

constant and corrected independent hardness for LLLT 

crystal obtained from HK model and PSR model are given 

in the table 3 and the values obtained from both HK and 

PSR models are noticed to be almost the same.  

 

 
Fig. 7 Plot of P/d versus d for LLLT crystal 

 
TABLE III VALUES OF LOAD INDEPENDENT CONSTANT AND CORRECTED 

INDEPENDENT HARDNESS FOR LLLT CRYSTAL 
 

Parameters HK model PSR model 

Load independent 

constant 
0.04813 g/m2 0.0521 g/m2 

Corrected independent 
Hardness 

0.0893 g/m2 0.0966 g/m2 

 

E. Optical Characterization 

 

Optical characterization was carried out by recording the 

UV-visible-NIR transmittance/absorbance spectra of LLLT 

crystal in the wavelength range 190-1100 nm. The recorded 
transmittance and absorbance spectra of the sample are 

shown in the fig. 8 and 9.  From the transmittance spectrum, 

it is observed that the sample has high transmittance in the 

entire visible-NIR region of the spectrum.  The UV cut-off 

wavelength is noticed at 210 nm for LLLT crystal and this 

absorption of light in the sample is due to the fundamental 

absorption and this is due to electronic transitions associated 

with the sample. Using the equation   Eg =1242 /  (nm), 

the optical band gap value was calculated to be 5.914 eV for 

LLLT crystal.  The value of optical band of the sample was 

also obtained from Tauc’s plot and this plot can be drawn 

using the relation 
  

 𝛂𝒉𝝂 = 𝑨 √(𝒉𝝂− 𝑬𝒈) 

 

where Eg is the optical band gap energy of the crystal is 

the absorption coefficient, h is the Planck’s constant, ν is the 

frequency of the light and A is a constant [25]. The 

absorption coefficient  (  of the sample is determined 

using the following equation  

 = (2.303/d) * [log10 (1/T)]  

 

where T is the transmittance and  d  is the thickness of the 

crystal. The variation of absorption coefficient with 

wavelength for LLLT crystal is presented in the fig.10. It is 

observed that the absorption coefficient is very high at 210 

nm and this corresponds to the fundamental absorption of 

the sample. Using the values of absorption coefficient, 

Tauc’s plot is drawn and it is shown in the fig.11. From the  

plot, the optical band gap of the grown LLLT crystal was 

obtained to be 5.92 eV. Reflectance spectrum of LLLT 

crystal is drawn and it is shown the fig.12 and from the 
figure it observed that the value of reflectance is high at 210 

nm and it is also found to be decreasing with increase of 

wavelength in the UV-visible region.  

 

 
Fig. 8 Transmittance spectrum of LLLT crystal 

 

 
Fig. 9 Absorbance spectrum of LLLT crystal 

 

 
Fig. 10 Variation of absorption coefficient with wavelength for LLLT 

crystal 

 

 
Fig. 11 Tauc’s plot of LLLT crystal 
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Fig. 12 Reflectance spectrum of LLLT crystal 

 

F. Second Order NLO Studies  

 

Second order NLO studies were carried out by using Kurtz-

Perry powder technique [26] and this technique is a 

convenient method for the measurement of relative SHG 

efficiency of LLLT crystal. Here Q-switched Nd: YAG 

laser of wavelength of 1064 nm was directed onto a 

powdered sample and the emitted light is collected, filtered 

and detected with a photo multiplier tube. The sample is in 

the form of fine powder of known grain size and pressed 

between two glass plates. The ratio of the fundamental and 

second harmonic intensities determines the relative SHG 

efficiency of the sample. The SHG efficiency varies with 
the grain size of the powdered sample. To eliminate the 

experimental error, urea or KDP sample of the same size is 

tested in the same experimental set-up and the efficiency is 

evaluated as a ratio.  Both the reference and test samples 

must have the uniform particle size of 125 to 250 microns. 

In this method, it is noticed that there is an emission of 

green radiation with a wavelength of 532 nm from the 

sample. The second harmonic generation signal of 11.22 

mJ/ pulse was observed for LLLT sample for an input 

energy of 0.70 J/pulse. But the standard KDP sample gave 

an SHG signal of 8.91 mJ/ pulse for the same input 

energy. Hence, relative SHG efficiency of LLLT crystal is 
1.26 times that of the KDP sample. The data obtained from 

SHG measurement for LLLT crystal are provided in the 

table IV.  

 

TABLE IV DATA OBTAINED FROM KURTZ-PERRY POWDER TECHNIQUE FOR LLLT CRYSTAL 
 

S. No. Sample name 
Output energy 

(milli joule/pulse) 

Input energy 

(joule/pulse) 
Relative SHG efficiency 

1 LLLT crystal 11.22 0.70 1.26 

2 KDP (Reference) 8.91 0.70 1 

 

III. CONCLUSION 

 

The solution method with slow evaporation technique was 

adopted to grow the single crystals of LLLT. XRD studies 
reveal that LLLT crystal has monoclinic structure with 

space group P21. The hardness, stiffness constant, yield 

strength of the grown crystal of LLLT are observed to be 

high. The optical band gap of LLLT crystal was found to be 

5.92 eV and UV cut-off wave length of the sample is 

observed at 210 nm. The relative SHG efficiency of LLLT 

crystal is found to be 1.26 times that of the KDP sample. 

Since the grown crystal of L-lysine L-tartaric acid (LLLT) 

has the non-centrosymmetric structure, has high 

transparency, high optical band gap and high SHG 

efficiency, it could be used for fabrication of second order 
NLO devices.  
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