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Abstract - L-threonine and picric acid are organic compounds 
with nonlinear optical property. They were mixed in 1:0.2 
molar ratio and single crystals were grown by slow 
evaporation solution growth technique. The powder XRD 
studies showed the crystallinity of the sample. From the uv-vis 
spectral analysis the wide transparency window and large 
band gap energy (5eV) of picric acid doped L-threonine were 
observed. TG-DTA studies and micro hardness studies 
indicated that the doped sample were thermally and 
mechanically stable than the pure one. An enhancement in the 
SHG efficiency (3.26 times) and laser damage threshold (1.78 
times) was found on doping. Hence the picric acid doped L-
threonine single crystal can be used for opto-electronic device 
fabrications. 
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1. INTRODUCTION  

The synthesis and growth of new nonlinear optical 
(NLO) single crystals are of great requisite nowadays, as the 
field of optoelectronics focus on the fabrication of novel 
devices using them. They can be used, in frequency 
converters, high speed informatics, optical switch and optical 
modulators [1-3], depending up on their specific properties. 
The researchers are much interested on the NLO studies of 
organic molecules, because of their wide transparency range, 
large band gap, low mobility, high laser damage threshold 
and ease for molecular engineering [4]. Among organic 
molecules, amino acids are well known for their NLO 
behavior. The presence of donor and acceptor groups within 
the amino compound causes intermolecular charge transfer. 
Along with this, the presence of chiral carbon atoms, non-
Centro symmetry in the structure etc. make them good 
competitor for the NLO applications. 

The present work is targeted to study the thermal, 
mechanical and optical behavior of L-threonine (LTH) when 
it is doped with picric acid in 1:0.2 molar ratio. There are 
certain literatures on the growth and study of pure LTH[5,6]. 
It has got Second Harmonic Generation (SHG) efficiency 1.15 
times that of KDP. Doping can alter the nonlinear behavior of 
a material and can make them suitable for different 
applications in the field of electro-optics. 

2. CRYSTAL GROWTH 

Picric acid is added to the supersaturated solution of 
L-threonine (AR grade) in 1:0.2 molar ratio. Then the doped 

solution is stirred continuously for 10 hours at room 
temperature to ensure homogeneous mixing. The solution is 
then filtered and transferred to a crystal growth vessel. Its 
mouth is covered with porous polythene sheet to control the 
rate of evaporation. By successive recrystallisation good 
quality picric acid doped L-threonine (PA:LTH) single 
crystals are obtained within 10 days with 7x1x1mm3 
dimension. Pure L-threonine (LTH) single crystals are also 
grown by slow evaporation solution growth technique (Fig.1 
and Fig.2).   

 

Fig-1: Pure LTH single crystal 

 

Fig-2: PA:LTH single crystal 

3. RESULTS AND DISCUSSION 

3.1. XRD analysis 

Fig.3 and Fig.4 show the powder XRD spectrum of 
the pure LTH and the PA:LTH single crystals. All the peaks 
present in Fig.3 are present in Fig.4 also. They are almost 
similar. But the intensity of XRD spectrum of doped sample 
is comparatively higher. The sharp and discrete peaks in the 
spectrum indicate the crystalline nature of the sample. It’s 
found that, the unit cell parameters of PA:LTH show a very 
slight difference from that of pure LTH because of the 
effective strain produced in the lattices of LTH due to the 
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entering of dopant in to the lattice ( a = 13.823 , b = 

8.011 , c = 5.325 ). 
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Fig.3. Powder XRD spectrum of LTH 
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Fig.4. Powder XRD spectrum of pure PA:LTH 

3.2. UV-VIS-NIR spectrum 

The UV-VIS spectral analysis reveals that, both the pure and 
doped LTH crystals are transparent in the entire visible 
region (Fig.5 and Fig.6). So they can be used in electro-optic 
device fabrication. An additional peak is visible in the 
absorption spectra of PA:LTH at 350nm. 
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Fig.5.  UV-Visible spectrum of LTH 

 

Fig.6. UV-Visible spectrum of purePA: LTH 

Garces et.al. [7] Reported that, in doped systems, the 
impurities entering the lattices of the crystal during the 
growth process creates a local lattice stress and distortion in 
the crystal structure. These impurities absorb the electrons 
and protons produced during the laser irradiation and hence 
make the system more stable. The absorption by dopants are 
responsible for the additional peak in the PA: LTH 
absorption spectra. So doping of picric acid in L-threonine 
could bring notable changes in the optical behavior of the 
crystal. 
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Fig.7.  (hѵ) VS (αhѵ)2 plot of LTH 
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Fig.8.  (hѵ) VS (αhѵ)2 plot of PA:LTH 
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The graph between (hѵ) and (αhѵ)2 is shown in Fig.7 and 
Fig.8. where α is the absorption coefficient, h is the Planks 
constant and hѵ is the photon energy. The band gap energy 
of LTH and PA: LTH are obtained by extrapolating the linear 
section of the graph. It’s found to be 4eV for pure LTH and 
5eV for PA: LTH. The higher band gap value of PA: LTH 
indicates that it has got a very good dielectric behavior. So 
when the crystal is exposed to influential radiation it can 
induce polarization. 

3.3. Thermal analysis  

Thermal studies are performed to understand, the variation 
in energy and the weight loss of the sample with respect to 
temperature. TG-DTA spectrum of the LTH and PA: LTH are 
depicted in Fig.9 and Fig.10. 
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Fig.9. TG-DTA of LTH 
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Fig.10. TG-DTA of PA; LTH 

Thermal studies are performed to understand, the variation 
in energy and the weight loss of the sample with respect to 
temperature. TG-DTA spectrum of the LTH and PA: LTH are 
depicted in Fig.9 and Fig.10. As there is no weight loss up to 
250  it can be concluded that, the samples are stable up to 

250  and there is no solvent incorporation within the 

crystal lattice. Melting point of LTH is 257  and that of PA: 

LTH is 268 . On doping melting point of LTH increases. 

Decomposition of both the samples occurs at 268 . LTH 

melts just before the decomposition but PA: LTH melts while 
decomposing. The phase change present at 475  in the LTH 

single crystal is not visible in PA: LTH. So PA: LTH is 
thermally more stable than the pure LTH and hence is 
suitable for any application within 250  temperature range. 

A comparison between the melting points of some 
compounds are given in Table.1 

Table.1. Comparison of melting points of some 
compounds 

Compound name Melting 
Point( ) 

References 

PA:LTH 268 Present work 

LTH 257 Present work 

Sulphamic acid 219 [8] 

L-serine phosphate 204 [9] 

L-Histidine 
hydrochloride 

171 [10] 

 
3.4. Vickers Micro hardness Test 

The hardness number of a material can be defined as a 
measure of its capacity to withstand local deformations [11, 
12].  It can be calculated using the formula 

kg/  where P is the applied load in 

gram and d is the diagonal length of indentation in mm [13]. 
Indentations were made on the polished surfaces of pure 
and doped samples. Fig.11. depicts the Vickers hardness 
number (VHN) versus load graph. Pure LTH has got a 
maximum VHN, 51.94kg/mm2 for a load of 25g and PA: LTH 
has got maximum VH N, 53.96kg/mm2 for a load of 100g. 
Small micro cracks were observed on the LTH crystals for 
50g load.  But doped sample cracked at 200g load only. This 
means PA: LTH is having better mechanical strength and 
crystalline perfection than the pure LTH. Materials with good 
mechanical strength are useful in the device fabrication 
works. The hardness numbers of certain crystals are shown 
in Table.2 
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Fig.11. VHN versus load graph 
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Fig.12. logP versus logd graph 

Fig.12. is the Mayer’s plot. Slope of the graph gives the 
Mayer’s index or work hardening coefficient (n).  According 
to Onistch and Haneman  if n>1.6 for a material, then it 
belong to softer material category [14]. Here, both the 
crystals LTH and PA: LTH are softer materials as their n 
values are 1.93 and 1.99 respectively. 

Table.2. Comparison of hardness number of some 
compounds 

Compound 
name 

Hardness 
number(kg/mm2) 

References 

PA:LTH 53.96 Present work 

LTH 51.94 Present work 

HLP 42 [15] 

Stilbazolium 
derivatives 

30 [16] 

Guanidium p-
nitrophenolate 

29 [17] 

 
3.5. SEM images 

Morphology of the crystals are shown in the scanning 
electron microscopic images (Fig.13 and Fig.14)  

 

Fig.13.  SEM image of LTH 

 

Fig.14. SEM images of PA: LTH 

3.6. SHG measurement  

Second harmonic generation efficiency of the samples were 
analyzed by Kurtz and Perry Powder technique [18]. Q-
switched Nd: YAG laser beam with the wavelength 1064nm 
and pulse width 10ns were allowed to fall on the powder 
samples taken in the capillary tube. It was found that LTH 
has an SHG efficiency 1.15 times greater than that of 
standard KDP whereas PA: LTH has an SHG efficiency 3.75 
times greater than that of standard KDP. Hence when L-
threonine is doped with picric acid, its SHG efficiency is 
increased by 3.26 times. SHG efficiency of some samples is 
listed in the Table.3.   

Table.3. Comparison of SHG efficiencies of some 
compounds 

Compound name SHG 
efficiency(wrt 

KDP) 

References 

PA:LTH 3.75 Present work 

LTH 1.15 Present work 

2-Amino 5-
Nitropyridinium 

Chloride 

2.98 [19] 

4-chloroanilinium-
L-tartrate 

monohydrate 

1.5 [20] 

L-Phenylalaninium 
Methanesulfonate 

1.2 [21] 

 
3.7. Laser Damage Threshold 

When the optical crystals are exposed to the laser beam 
there is a chance for them to absorb the laser energy. This 
may cause decomposition or melting of the crystal due to the 
increase in temperature. Hence the laser exposure can 
damage the crystal. So it is necessary to study the laser 
withstanding capacity of the crystal before choosing it for 
different applications. The laser damage threshold (LDT) 
studies were done on the smoother surfaces of LTH and PA: 
LTH. Shattering damages were observed at an energy level 
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257mJ and 352mJ with spot size 712μm and 624μm for LTH 
and PA: LTH respectively. The following relation is used for 
finding laser damage threshold. 

Power density,   

Where E is the input energy density in mJ,  is the pulse width 

in ns and r is the radius of the circular spot on the crystal in 
mm[22-24]. The LDT value for LTH is 3.23GW/cm2 and that 
for PA: LTH is 5.76GW/cm2.  The higher LDT value of PA: 
LTH shows that it is more stable than the pure one. Table.4. 
shows the LDT value of some crystals. 

Table.4. Comparison of LDT values of some compounds 

Compound name LDT values 
(GW/cm2) 

References 

PA:LTH 5.76 Present work 

LTH 3.23 Present work 

Ammonium p-
toluenesulfonate 

3.18 [25] 

l-serine 2.1 [26] 

 

3.8. Structure-property relationship 

The amino acids generally show good NLO nature. It is due to 
the presence of donor NH2 group and acceptor COOH group 
within them. Picric acid contains a benzene ring, an OH 
group and three NO2 groups. Usually, presence of delocalized 
π electrons, hydrogen bonds, heterocyclic aromatic rings etc. 
enhances NLO property of molecules. Here when L-
threonine is doped with picric acid, a notable increase in SHG 
efficiency is observed (3.26 times that of pure LTH). This 
may be due to the delocalized π electrons within the benzene 
ring of the piric acid and the N-H…O and O-H…O hydrogen 
bonds formed between certain L-threonine and picric acid 
molecules [27]. 

4. CONCLUSION 

Good quality single crystals of picric acid doped L- threonine 
were grown by slow evaporation solution growth technique.  
The PA: LTH single crystals were having good crystalline 
nature, transparency in the visible region. The crystal is 
thermally stable up to 268  and mechanically strong with a 

hardness number 53.96kg/mm2. It belongs to softer material 
category with Mayor Index 1.99. SHG efficiency of the doped 
sample is found to be 3.26 times greater than that of the pure 
LTH and LDT value is found to be 1.78 times greater than 
that of the pure LTH single crystal. The improved nonlinear 
behavior is attributed to the hydrogen bonds formed 
between the L-threonine and doped picric acid molecules. 
Hence the improved quality of PA: LTH single crystals makes 
them useful  in the opto electronic device fabrication. 

 

ACKNOWLEDGEMENT 

The authors are thankful to Dr. P.K. Das , Department of 
Inorganic and Physical Chemistry, Indian Institute of Science, 
Bangalore, India for providing SHG test facilities and  Dr. H. 
D. Sasikala, Department of Physics, National Institute of 
Technology Karnataka, Surathkal, India for providing micro 
hardness test facilities. 

REFERENCES 

[1] J.L. Freeman, Q. Zhao, Y. Zhang, J. Wang, C.M. Lawson, 
G.M. Gray, ‘Synthesis, linear and nonlinear optical 
properties of phosphonato-substituted bithiophenes 
derived from 2,2′-biphenol’, Dalt. Trans. 42 (2013) 
14281M. Young, The Technical Writer’s Handbook. Mill 
Valley, CA: University Science, 1989. 

[2] K. Nivetha, S. Kalainathan, M. Yamada, Y. Kondo, F. 
Hamada, ‘Investigation on the growth, structural, 
HOMO–LUMO and optical studies of 1-ethyl-2-[2-(4-
hydroxyphenyl)- vinyl]-pyridinium iodide (HSPI) – a 
new stilbazolium derivative for third order NLO 
applications’, RSC Adv. 6 (2016) 35977–35990. 

[3] V. Krishnakumar, J. Jayaprakash, S. Boobas, M. Komathi, 
‘Synthesis, growth, optical and anisotropic mechanical 
behaviour of organic nonlinear optical imidazolium 2- 
chloro-4-nitrobenzoate single crystals’, Eur. Phys. J. Plus. 
131 (2016) 375. 

[4] S.A. Martin Britto Dhas, M. Suresh, G. Bhagavannarayana, 
S. Natarajan, ‘Growth and characterization of l-Tartaric 
acid, an NLO material, J. Cryst. Growth. 309 (2007) 48–
52. 

[5] G. Ramesh Kumar, S. Gokul Raj, R. Sankar, R. Mohan, S. 
Pandi, R. Jayavel, ‘Growth, structural, optical and 
thermal studies of non-linear optical l-threonine single 
crystals’, J. Cryst. Growth 267 (2004) 213–217 

[6] G. Ramesh Kumar , S. Gokul Raj, ‘Growth and 
PhysioChemical Properties of Second-Order Nonlinear 
Optical L-Threonine Single Crystals’, Adv. Mat. Sci. Eng. 
2009 (2009) 40 

[7] N.Y. Garces, K.T. Stevens, L.E. Halliburton, M. Yan, N.P. 
Zaitseva, J.J. DeYoreo, ‘Optical absorption and electron 
paramagnetic resonance of Fe ions in KDP crystals’, J. 
Cryst. Growth 225 (2001) 435–439. 

[8] N. Prabavathi, L. Jayanthi, K. Sudha, ‘Growth and 
Characterization of an Inorganic material: Pure and 
Hydrochloric acid Doped Sulphamic acid Single Crystal’, 
Chem. Sci. Rev. Lett.  5 (2016) 272–278 

[9] K. Rajesh, A. Mani, V. Thayanithi, P. Praveen Kumar, 
‘Optical, Thermal, and Mechanical Properties of L-Serine 
Phosphate, a Semiorganic Enhanced NLO Single Crystal’, 
Int. J. Opt. 2016 (2016) 1–5 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

               Volume: 05 Issue: 09 | Sep 2018                    www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2018, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 898 
 

[10] P. Anandan, M. Arivandhan, Y. Hayakaw, D. Rajan Babu, 
R. Jayavel, G. Ravi, ‘Investigations on the growth aspects 
and characterization of semiorganic nonlinear optical 
single crystals of L-histidine and its hydrochloride 
derivative’, Spectrochim. Acta A 121(2014) 508–513 

[11] B.W. Mott, Micro Indentation Hardness Testing. 
(Butterworths, London, 1956) 

[12] L. Jayanthi, N. Prabavathi, V. Sivasubramani, M. Senthil 
Pandian, P. Ramasamy ,S. A. Martin Britto Dhas, Bulk 
growth of organic 4-hydroxy l-proline (HLP) single 
crystals grown by conventional slow evaporation and 
Sankaranarayanan–Ramasamy (SR) method’, J Mater Sci: 
Mater Electron, (2017) 1 

[13] K. Sangwal, M. Hordyjewicz, B. Surowaska, ‘Micro 
indentation hardeness of SrLaAlO4 and SrLaGaO4 single 
crystals’,  J. Opt, Adv. Mater. 4(2002) 875 

[14] E.M. Onitsch, ‘ Bulk Growth and Characterization of D-(–
)-Alanine Single Crystals’ , Mikroskopie 95.15(1956) 12 

[15] N. Prabavathi, L. Jayanthi, V. Sivasubramanian, M. Senthil 
Pandian, P. Ramasamy, ‘Bulk growth of organic 4-
hydroxy l-proline (HLP) single crystals grown by 
conventional slow evaporation and Sankaranarayanan–
Ramasamy (SR) method’,  Mater. Res. Inn. 21(2016) 189 

[16] K. Senthil, S. Kalainathan, A. Ruban Kumar, ‘Investigation 
on third-order optical nonlinearities of newly 
synthesized stilbazolium derivative crystal by Z-scan 
technique’,  Spectrochim. Acta A 124 (2014) 603–610 

[17] M. Dhavamurthy, G. Peramaiyan, R. Mohan, ‘Synthesis, 
growth, structural, optical, thermal, dielectric and 
mechanical studies of an organic guanidinium p-
nitrophenolate crystal’,  J. Cryst. Growth 399 (2014) 13–
18 

[18] S.K. Kurtz, T.T. Perry, ‘A Powder Technique for the 
Evaluation of Nonlinear Optical  Materials’ ,  J. Appl. Phys. 
39(1968) 3798 

[19] Ambrose Raj Kumar Mariadass, Stanly John Xavier S, 
Anbarasu S, Prem Anand Devarajan ‘Crystal Growth and 
Characterizations of an Efficient Semiorganic Nonlinear 
Optical (Nlo) Single Crystal: 2-Amino 5-Nitropyridinium 
Chloride (2a5npcl) By Assembled Temperature 
Reduction Apparatus (Atr) Method’, Mater. Res. Inn 
0(2017)1-6 

[20] J. Jeyaram, K. Varadharajan, B. Singaram, R. Rajendhran, 
‘Growth and characterization of organic second order 
nonlinear optical (NLO) 4-chloroanilinium-L-tartrate 
monohydrate single crystals’ , Journal of Crystal Growth 
(2018),doi:https://doi.org/10.1016/j.jcrysgro.2018.01.
015 

[21] K. Mangaiyarkarasi, A.T. Ravichandran, K. Anitha, A. 
Manivel, Synthesis, ‘Growth and Characterization of L-

Phenylalaninium Methanesulfonate Nonlinear Optical 
Single Crystal’ , Journal of Molecular Structure (2017), 
doi: 10.1016/j.molstruc.2017.11.065 

[22] R. Krishnamurthy, R. Rajasekaran, B.S. Samuel, ‘Growth 
and characterization of KDP crystals doped with L-
aspartic acid’, Spectrochim. Acta A 104(2013)310 

[23] N. Rani, N. Vijayan, B. Riscob, S.K. Jat, A. Krishna, S. Dhas, 
G. Bhagvannarayana, B. Rathi and M. A. Wahab, ‘Single 
crystal growth of ninhydrin by unidirectional 
Sankaranarayanan–Ramasamy (SR) method by using a 
glass ampoule for nonlinear optical applications’ 
CrystEngComm. 15(2013) 2127 

[24] S. A. M. B. Dhas, G. Bhagavannarayana and S. Natarajan, 
‘Growth, HRXRD, Microhardness and Dielectric Studies 
on the NLO Material L-Alaninium Maleate’, Open 
Crystallogr. J. 1(2008)42 

[25] G. Peramaiyan, R. Mohan Kumar, G. Bhagavannarayana, 
‘Crystal growth, structural, optical and dielectric studies 
of ammonium p-toluenesulfonate’, J. Cryst. Growth 
408(2014)14–18 

[26] S.A. Martin Britto Dhas, M. Suresh, G. Bhagavannarayana, 
S. Natarajan, ‘Growth and characterization of L-Tartaric 
acid, an NLO material’  J. Cryst. Growth 309 (2007)48–52 

[27] S. Natarajan, M. Umamaheswaran, J. Kalyana Sundar, J. 
Suresh, S.A. Martin Britto Dhas, ‘Structural, 
spectroscopic and nonlinear optical studies on a new 
efficient organic donor–acceptor crystal for second 
harmonic generation: l-Threoninium picrate’,  
Spectrochim. Acta A 77 (2010) 160–163 

  

http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/PaperInformation.aspx?PaperID=38198
http://www.scirp.org/(S(351jmbntvnsjt1aadkposzje))/journal/PaperInformation.aspx?PaperID=38198
https://doi.org/10.1016/j.jcrysgro.2018.01.015
https://doi.org/10.1016/j.jcrysgro.2018.01.015
https://www.sciencedirect.com/science/article/pii/S0022024814006289
https://www.sciencedirect.com/science/article/pii/S0022024814006289

