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ABSTRACT 

Pure L Threonine and Methyl Violet doped L Threonine single crystals were grown by slow evaporation 

technique. The grown crystals were characterized using PXRD, UV-Visible, FTIR and NLO spectroscopies. 

PXRD data were collected and indexed. Grain size, microstrain and dislocation density were calculated. 

FTIR data provides the functional group of all the grown crystals. UV-Visible absorption spectra were 

recorded and the optical bandgap energy and the refractive index of the grown crystals were also determined. 

Grown crystals grown are violet in colour, transparent and needle shaped. They belong to the face centered 

orthorhombic crystal system. The optical band gap energies of all the grown crystals are almost constant. 

UV-Visible spectrum shows the full absorption and transmission in the entire visible region. So, the pure and 

Methyl Violet doped L Threonine crystals are very good material for optoelectronic applications. NLO study 

shows that due to the presence of the dopant dye, L Threonine has lost its SHG efficiency. Hence it can be 

used as semiconductors, superconductors, photonic crystals etc. 
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MOLECULARFORMULA 

C4H9NO3 - L Threonine 

C24H28N3Cl - Methyl Violet 

 

I. INTRODUCTION 

Non linear optics (NLO) is the branch of optics 

that describes the behavior of light in nonlinear 

media, that is, media in which the polarization 

density P responds non-linearly to the electric 

field E of the light. 

Non linear optical (NLO) materials play a major 

role in nonlinear optics and in particular, they 

have a great impact on information technology 

and industrial applications. In the last decade, 

however, this effort has also brought its fruits in 

applied aspects of non linear optics. The new 

development of techniques for the fabrication and 

growth of artificial materials has dramatically 

contributed to this evolution. The aim is to 

develop materials presenting large non-linearities 

and satisfying at the same time all the 

technological requirements for applications such 

as wide transparency range, fast response, and 

high damage threshold.  Optical switching and 

memory by NLO effects, which depends on light 

intensity, are expected to result in the realization 

of pivotal optical devices in optical fibre 

communication (OFC) and optical computing 

which make the maximum use of light 

characteristics such as parallel and spatial 

processing capabilities and high speed. 

The NLO materials are of organic, inorganic, 

organic metallic (semi-organic) and polymeric 

material forms. The inorganic NLO materials 

have good mechanical strength, thermal stability 

and higher laser threshold damage. Some 

important inorganic NLO materials are ADP, 

KDP and KTP. The recent search is concentrated 

on semi-organic NLO materials have large non 

linearity, high resistance to laser induced damage, 

low angular sensitivity and good mechanical 

hardness [1 - 2]. Some organic NLO crystals 

grown now a days are L-Threonine, L-Alanine, L-

Histadine, L-Arganine, L-Leucine, L-Valaniam, 

L-Lysine, L-Proline and L-Aspirin [3]. 

 

AMINOACIDS 

Organic salts based on coloumbic interactions 

between charged molecules often show non-

centro symmetric packing eg, amino acids. Non 

linear alpha amino acids show special features of 

interest such as molecular chirality and wide 

transparency in the visible and uv regions. All 

these favourable properties paved the way for the 

discovery of amino acid crystals such as L-

Alanine, L-Threonine and semi organic 

compounds like L-Argininetetra fluoroborate 

(LAFB) etc. Amino acids are interesting materials 

for NLO application as they contain a 

protondonar carboxyl acid (-COO) group and the 

proton acceptor amino (NH2) group in the mandal 

so they exhibit molecular chirality, absence of 

strongly conjugated bonds and zwitterionic nature 

of molecule. Most amino acids are moderately 

water soluble and less soluble in organic solvents 

[4]. 

The amino acid crystals are used in photonic 

based fabrications and they show high damage 

threshold, wide transparency region and nonlinear 

optical character which make them suitable for 

device fabrication [5-8]. 

 

L-THREONINE 

In the present investigation, pure and doped L-

Threonine single crystals were grown because L-

Threonine is technically and biologically 

important crystal. It is a small chiral naturally 

occurring polar amino acid which shows higher 

SHG efficiency than other amino acids [9-10]. 

Among amino acid crystals, L-Threonine is a 

polar uncharged class and the interaction between 

polar and nonpolar molecules is the fundamental 

concept for understanding biological properties 

[11-14]. The interesting physical properties of L-

Threonine are high non linearity, high laser 

damage threshold and low refractive indices [15-

16]. The optical properties displays some specific 

features such as wide transparency range in the 

visible and uv spectral region and favours crystal 

hardness. These properties are useful for 

applications in the field of telecommunications, 

optical information storing devices and potential 

material in laser system. The biological 

importance of L-Threonine crystals are that it 

helps to maintain proper protein balance in the 

body [17]. Some of the general properties of L-

Threonine is given in the Table 1[18-19]. 

 

METHYLVIOLET 

Methyl violet is a family of organic compounds 

that are mainly used as dyes. Depending on the 

number of attached methyl groups, the colour of 

the dye can be altered. Its main use is as a purple 

dye for textiles and to give deep violet colour in 

paint and ink, it is also used asa hydration 

indicator for silica gel. Methyl violet 10B is also 

known as crystal violet and has medical uses [20]. 

The term methyl violet encompasses three 

compounds that differ in the number of methyl 

groups attached to the amino functional group. 

They are all soluble in water, ethanol, diethylene 

glycol and dipropyleneglycol. 
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II. EXPERIMENTAL DETAILS 

In the present work Methyl Violet doped L 

Threonine crystals are grown to enhance the 

optical and mechanical property of the L 

Threonine. Pure and Methyl Violet doped L 

Threonine crystals in the dopant ratio 0.002, 

0.004, 0.006, 0.008 and 0.010 were grown from 

the aqueous solution by slow evaporation 

technique. The grown crystals were characterized 

for X-Ray Diffraction, optical property, SHG 

efficiency etc. 

 

III. RESULTS AND DISCUSSION 

1. X-RAY DIFFRACTION 

The lattice parameters of acrystalline substance 

can be determined using techniques such as X-ray 

diffraction [21]. 

 

Grain Size: 

Grain is either a single crystalline or poly 

crystalline material and is present either in bulk or 

thin film form. During the process, smaller 

crystalline come to closer and grow to become 

larger due to kinetics, most likely scenario, the 

grain is larger than a crystallite [22-25]. 

 

𝐺𝑟𝑎𝑖𝑛 𝑆𝑖𝑧𝑒, 𝐷𝑝   =   
0.9𝜆

𝛽𝑐𝑜𝑠𝜃
 

λ - wavelength of X- ray used, λ =1.5406 x 10-10 

nm 

θ-Bragg’s angle of diffraction. 

𝛽- Full Width Half Maximum 

Dp- crystalline size 

 

Microstrain: 

The XRD method is used to analyse structure, 

parameter such as microstrain, it is known that the 

line broadening is the result of small crystal size 

in the growth direction of coating, strain, stacking 

faults, dislocations and point defects. Microstrain 

is calculated using the formula, 

 
where, β-full width at half maximum in radian, θ-

Bragg’s angle of diffraction. 

 

Dislocation Density: 

Dislocation density is a measure of number of 

dislocations in a unit volume of a crystalline 

material. Because the presence of dislocation 

strongly influence many of the properties of the 

materials. Dislocation density, 

where, D is the grain size. 

The photograph of the given crystals are shown in 

figure 1and 2. It can be observed that the given 

crystals are transparent and needle shaped. 

 

 
Fig.1: Photograph of pure grown crystals 

 

 
Fig. 2. 0.008% Methyl Violet doped L Threonine crystal 
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The X-ray diffraction pattern for the doped sample is shown in fig.3. 

 
Fig .3 XRD pattern of 0.002% Methyl Violet doped L Threonine 

 

Lattice parameters: 

Lattice parameters calculated for all the grown 

crystals are given in the table 1. The PXRD data 

shows that the L Threonine single crystal belongs 

to Orthorhombic system with space group P212121 

with cell parameter values a=5.1784Å, b= 

7.7184Å, c = 13.4473 Å and V = 537.4746 Å3. 

The lattice parameter determined in the present 

investigation agreed with the literature value [21]. 

 

Table1. Lattice parameters for all the grown crystals. 

System Lattice Parameters Volume 

Å3 a 

Å 

b 

Å 

C 

Å 

 

PureL-Threonine 

5.1784 

 

[5.19] 

7.7184 

 

[7.7334] 

13.4473 

 

[13.5971] 

537.4746 

[540.4382] 

[29] 

0.002% Methyl violet 

doped L-Threonine 

 

5.1743 

 

7.7288 

 

13.6420 

 

545.5589 

0.004% Methyl violet 

doped L-Threonine 

 

5.3224 

7.8314 14.5095 604.0062 

0.006% Methyl violet 

doped L-Threonine 

5.2342 

 

7.7492 13.5457 549.4252 

0.008% Methyl violet 

doped L-Threonine 

5.4073 7.7228 12.7256 531.4146 

0.010% Methyl violet 

doped L-Threonine 

5.2631 7.7582 13.2453 540.8345 

 

Table.2 Grain size, Micro strain and Dislocation density. 

SL. 

NO 

SYSTEM GRAINSIZE MICRO 

STRAIN 

DISLOCATION 

DENSITY 

×10-8nm ×10-4nm ×1014 mho/m 

1 Pure L-Threoninecrystal 8.9883 5.4387 5.2416 

2 0.002% of Methyl violet 

doped L-Threonine crystal 

 

9.9239 

 

3.5953 

 

1.1057 

3 0.004%of Methyl violet 

doped L-Threonine crystal 

 

9.4012 

 

4.8302 

 

2.9667 

4 0.006%of Methyl violet 

doped L-Threonine crystal 

 

9.9144 

 

4.2978 

 

3.9798 

5 0.008%of Methyl violet 

doped L-Threonine crystal 

 

10.1890 

 

3.7783 

 

1.5065 

6 0.01%of Methyl violet doped 

L-Threonine crystal 

 

9.7119 

 

4.2495 

 

2.1930 
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2. FOURIER TRANSFORM INFRARED 

SPECTROSCOPY (FTIR) 

FTIR microscopy ideal for sample ID, multilayer 

film characterization, and particle analysis. It 

measures intensity over a narrow range of 

wavelengths at a time [26]. The FTIR spectrum 

are taken for all the grown crystals to study the 

spectroscopic properties. The wave numbers 

corresponding to the peaks and its assigned 

functional groups are shown in the table 3. 

 

 
Fig4.FTIR spectrum of 0.002% Methyl Violet doped L Threonine crystal 

 

Table 3. Functional Groups assigned for the peaks. 

WAVENUMBER(CM-1) FUNCTIONALGROUP 

490.12 Stretching vibration of alkylhalides 

560.63 C-N Stretching of the amino 

702.21 Wagging vibration of CO2 

709.25 C-Cl Stretching 

748.43 Bending vibration of CH=CH 

908.91and933.36 Stretching vibration of C-O group 

1041.20 Stretching vibration of carbon and nitrogen of the amino group 

1111.08 Rocking of NH3 

1093.73 C-N Stretching 

1184.72 Stretching vibration of C-O 

1247.09and1319.48 C-O Stretching 

1382.99 CH2 Vibrations 

1417.60 Symmetric structure of CO2 

1456.30 Bending vibration of CH group 

2712.60 O-H Stretching 

 

3.ULTRAVIOLET- 

VISIBLESPECTROSCOPY 

In the present work, an attempt was made to 

analyze optical absorption data obtained on single 

crystals of pure and Methyl Violet doped L 

Threonine crystals at room temperature using 

varian carry 5E, UV -Vis spectrophotometer. 

The optical absorption coefficient of the crystals 

was evaluated using the relation 

α=2.303 

where A is absorption, t is the thickness of the 

crystals. 

The optical energy gap (Eg) can be calculated 

from the well-known quadratic equation which is 

often called Tauc law. 

αhν =A(hν–Eg)n 

where hν= Incident photon energy, 

α= Absorption Coefficient, 

Eg =Band gap energy of the material, 

A= Constant that depends on the electronic 

transition probability and 

n = An exponent that characterize the type of 

electronic transition responsible [27]. 

For the optical absorption process can take values 

1/2, 3/2, 2, 3 for direct allowed, direct forbidden, 

indirect allowed and indirect forbidden transitions 

respectively. To determine the possible 

transitions, (αhν)n Versus hν were plotted and 

corresponding bandgap were obtained from 

extrapolating the straight portion of the graph on 

hν axis to zero. 

The SHG efficiency of all the grown crystals were 

determined by Kurtz-Perry powder technique by 

using Quanta ray model LAB 1710-10 model HG 

4 B high efficient. Nd YAG laser was used in the 

study. The UV absorption spectrum of 1:0.004 
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dye doped L-Threonine is shown in figure 5 for 

illustration. The UV–Visible absorption spectrum 

was recorded in the range 200nm to 800nm. From 

the spectrum, it is observed that the absorption 

percentage of L-Threonine crystals increases due 

to doping and consequently transmittance of 

doped crystals are less than that of the pure L-

Threonine crystals. 

 

 
Fig5. UV-Vis spectra of 0.004% Methyl Violet doped L-Threonine crystal 

 

This spectrum shows the full absorption in the 

entire visible region. So, the pure and Methyl 

Violet doped L Threonine crystals are very good 

material for optoelectronic applications. The cut 

off wavelength were observed from the 

absorption spectra. 

 

Optical Band Gap: 

The optical band gap energy of all the grown 

crystals were determined from the tauc plot. The 

tauc plot for the crystal the crystal 1:0.002 Zn 

doped   L-Threonine is shown in figure 6 for 

illustration. 

 
Fig.6.Tauc plot for the crystal 1:0.006 dye doped  L-Threonine. 

 

The optical band gap energy for all the grown crystals in the present study are given in table 4. 

Table 4: Values of band gap energy 

Sl. No. SYSTEM λcut  (nm) Eg(eV) 

1 Pure L-Threonine crystal 209 5.931 

2 0.002% Methyl violet doped L-Threonine crystal 210 5.896 

3 0.004% Methyl violet doped L-Threonine crystal 211 5.870 
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4 0.006%Methyl violet doped L-Threonine crystal 210 5.890 

5 0.008%Methyl violet doped L-Threonine crystal 213 5.808 

6 0.01%Methyl violet doped L-Threonine crystal 210 5.891 

 

The band gap energy of pure L Threonine crystal 

is found to be 5.931 eV. The optical band gap 

energy of pure L Threonine and Methyl Violet 

doped L Threonine crystals are almost same. This 

shows that the doping has no influence on the 

band gap energies. 

 

Refractive index: 

From the UV-Visible spectra, transmittance, 

reflectance and refractive index are calculated for 

all the grown crystals. 

Transmittance(T) = 10-a 

Reflectance(R)=[1-(a+T)] 

Refractive index (n)=
 

where a is the absorbance (data). 

The variation of refractive index with the incident 

wavelength of the grown crystals are shown in 

fig.7. 

 

 
Fig.7.Variation of refractive index with the incident wavelength of the grown crystals are plotted. 

 

The free space dielectric constant [28] can be 

calculated using the equation, 

Ƹ0=no
2 

where Ƹ0 is the dielectric constant in free space 

and n0 is the refractive index which is 

extrapolated [29]. The n0 and Ƹ0 values of all the 

grown crystals are given in the table 5. 

 

Table 5. n0 and Ƹ0 values of all grown crystals. 

Sl. No. SYSTEM n0 Ƹ0 

1 PureL-Threonine crystal 1.522 [1.654][18] 2.316 

2 0.002Methyl violet doped L-Threonine crystal 1.515 2.295 

3 0.004Methyl violet doped L-Threonine crystal 1.441 2.076 

4 0.006Methyl violet doped L-Threonine crystal 1.548 2.396 

5 0.008Methyl violet doped L-Threonine crystal 1.668 2.782 

6 0.01Methyl violet doped L-Threonine crystal 1.557 2.424 

 

The refractive index of grown crystals were almost same with the reference values. The influence of doping 

concentration has no effect in refractive index. 

 

Table 6. NLO testing report of all the grown crystals. 

Sl. No. SYSTEM SHGEFFICIENCY (%) 

1 PureL- Threonine crystal 0.372 

2 0.002%MethylvioletdopedLThreonine crystal NIL 

 0.004%  
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3 0.004% Methyl violet doped L Threonine crystal NIL 

4 0.006%Methyl violet doped L Threonine crystal NIL 

5 0.008%Methyl violet doped L Threonine crystal NIL 

6 0.01%Methyl violet doped L Threonine crystal NIL 

 

It is found that for pure L Threonine, the SHG 

efficiency is lower than that of KDP. But the SHG 

efficiency is absent for the doped crystals. The 

doped crystals doesn’t exhibit NLO property. 

This is because the organic Methyl Violet is 

doped with the organic L Threonine. It absorbs all 

the green colour. Hence the doped crystals 

doesn’t exhibit NLO behaviour. So these doped 

crystals can be used in the fields of 

semiconductors, superconductors, photonic 

crystals, magnetic systems, piezoelectric crystals, 

ferroelectric crystals etc. [30] 

 

IV.CONCLUSION 

All the grown crystals are belongs to 

orthorhombic system. All the crystals have same 

band gap energy, refractive index and dielectric 

constant. The Tauc plot shows the band gap is 

direct allowed band gap. The SHG efficiency of 

the doped sample are nil. 

 

REFERENCE 

1. S Manivannan, S Dhanuskodi: Synthesis, 

Crystal growth, Structural and Optical 

properties of an Organic NLO material; 

Journal of Crystal growth; 2004; 262(1); 473-

478. 

2. D N Nikogosyan; Non Linear Optical Crystals 

- A Complete Survey; Springer Science 

NewYork; 2012; Vol 145. 

3. Nelson DL, Cox M M: Principles of Bio 

Chemistry; 2005; 4th edition ; ISBN0-7167-

4339-4. Flissi, Areski, Ricart, Campart, pupin 

and Flahaut: Nucleic acids 

Research;2020;48(D1); 465-469. 

4. Robert R Wolfe: Branched chain Amino acids; 

Journal of the International Society of Sports 

Nutrition; 2017. 

5. HouY,WuG: Nutritionally Essential Amino 

acids; 2018;9(6); 849-851. 

6. Marvin Charton: The Quantitative Description 

of Aminoacids; Journal of the American 

Chemical Society; 2007; 163-284. 

7. GRameshKumar,RJayavel:Growthandstructur

alstudiesofLThreonineCrystals;2004 ; Vol267; 

213-217. 

8. C Deepa, M Anbuchezhiyan: Evolving NLO 

effect, mechanical, thermal, and Dielectric 

study of N Benzoyl glycine doped L 

Threonine ; 2021; Vol46; Part 9; 3409 -3412. 

9. Joao G Oliveria Neto, Adenilson O Santos : 

Structural, Vibrational,Thermal and Optical 

properties of L Threonine crystals ; 2022; Vol 

1254 ;132-316. 

10. G Ramesh Kumar and S Gokul Raj: Growth 

and PhysioChemical Properties of Second 

order NLO L Threonine single Crystals ; 

Advances in Material Science and 

Engineering; 2010;Vol 2009. 

12. V. Mohanraj, M Dhandapani : Growth, 

Spectral, Thermal, NLO Studies on NLO 

Organic Crystals; 2019; Vol8; Part1;1 -10. 

11. J Janczak, D Zobel , P Luger : L Threonine at 

12K ; 2007; Vol 53 ; 1901 -1904. 

12. J H Joshi, K D Parikh : Effect of L Threonine 

on growth and Properties of Ammonium 

dihydrogen phosphate crystal; 2020; Vol13; 

1532-1550. 

13. Dinesh Kanchan, S Kalainthan : Effect of L 

Threonine on Growth and Properties of 

Ammonium Dihydrogen Phosphate Crystal ; 

Arabian Journal of Chemistry13 (1); 2017. 

14. Gorach and Ghosh : Refractive index 

Reference ;Opt.Commun;1999;Vol 163; 95-

102. 

15. Jing Chai, Xiaojie Lu, Christopher C Arico, 

Yung Ding and Michael P Pollastri: 

Applications of LThreonine; 2021; Vol 32; 

1973 -1978.  

16. O Neil : The Merck Index- An Encyclopediia 

of Chemicals, Drugs and Biologicals; 

Whitehouse Station; 2006, p 1611. 

17. Holger Kohlmann : Encyclopedia of Physical 

Science and Technology ;2003; 3rd Edition. 

18. R.W.Sabins: Handbook of Biological dyes and 

stains; 2011; p.309. 

19. K Barla, A Freund : Determination of Lattice 

Parameter and Elastic properties of Porous 

Siby XRD; 1984; Vol 68; 727 –732 

20. Folk, Robert L ,Ward, William C : A Study in 

the Significance of Grain size Parameters; 

Journal of Sedimentary Petrology ;1957; Vol 

27;3-26. 

21. Yusheng Zhao,Jian zhong Zhang:Microstrain 

and Grain size Analysis from Diffraction peak 

width and Graphical derivation of high 

pressure Thermomechanics; Journal of 

Applied Crystallography 2008;Vol 41 (6) 

;1108 -1109. 

22. Dr. K Maniammal Sundara Raj, G M Madhu , 

Vipin C Bose and A S Aiswarya Raj : 

Microstrain in Nanostructured NiO using 

Isotropic and Anisotropic models;2013; Vol 

421 ;87 - 91. 



Non Linear Optical Properties Of A Dye Doped L-Threonine Single Crystals  Section A -Research paper 

 

Eur. Chem. Bull. 2021, 10(Regular Issue 4), 460-468  468 

23. Prins, H G F Wilsdorf : Dislocation 

Interactions in the Immediate Vicinity of a free 

surface;1967; Vol 45(2); 1177 -1187. 

24. Brault, James W: New Approach to High 

precision Fourier Transform Spectrometer 

design; 1996; Vol 35(16); 2891-2896. 

25. Misra, Prabhakar: Ultraviolet Spectroscopy 

and UV lasers;2002; ISBN978-0-8247-0668-5. 

26. A Shanthi,C Krishnanand P Selvarajan: 

phys.scr.88;2013; pp.0358015. 

27. Braslavsky: Glossary of terms in 

Photochemistry:2007; Vol79:  293-465. 

28. ConnesJ: Near Infrared Planetary Spectra by 

Fourier Spectroscopy- Instruments and 

Results; 1966; Vol56(7); 896–91. 


