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Abstract 

The field of nonlinear optics became practically a reality after the invention of laser. High 

performance electro-optic switching elements for telecommunications and optical information 

processing are based on materials with high nonlinear optical (NLO) properties. The 

development and encroachment of high technology, from transportation, computation to 

information is based on the availability of materials in the form of single crystals. With 

progress in crystal growth technology and characterization, organic, inorganic, semiorganic 

and organometallic materials having attractive NLO properties are being discovered at rapid 

pace.0 Semiorganic materials possess several attractive properties such as high NLO 

coefficient, high laser damage threshold, wide transparency range, high mechanical strength 

and thermal stability, which make the materials suitable for second harmonic generation 

(SHG) and other NLO applications. Single crystals of L-Serine Crystal were grown by slow 

evaporation at room temperature using double distilled water as the solvent. The crystals were 

subjected to various characterization techniques to explore their nonlinear optical properties. 

Single crystal XRD studies confirmed the noncentrosymmetric space group of the crystals 

which is a necessary condition for second harmonic generation. The wide transparency range 

of the crystals in the visible region of the electromagnetic spectrum was identified by the UV-

VIS-NIR technique. The microhardness studies revealed the soft nature of the crystals. The 

growth pattern was analyzed by etching studies. For grown crystal the dielectric constant and 

dielectric loss were determined as a function of frequency and temperature.  
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1 INTRODUCTION 

Crystal growth is a highly interdisciplinary subject that demands the collaboration of physicists, 

chemists, biologists, engineers, crystallographers, process engineers, material scientists, and 

material engineers. The significance of the beauty and rarity of crystals is now well knitted with 

their symmetry, molecular structure, purity and the physicochemical environment of their 

formation [1]. Crystals grown nowadays find places ranging from microelectronics, 

optoelectronics, medical instruments, radar systems, communication systems, defence, and laser 

sources to the space vehicles viz., satellites. Progress in crystal growth and epitaxial technology 

is highly demanded in view of its essential role for the development of several important areas 

such as production of high efficient photovoltaic cells and detectors for alternative energy and 

the fabrication of bright long-lifetime light emitting diodes, for saving energy by wide use in 

illumination and traffic lights. The success of laser fusion depends on the timely development of 

high-power laser crystals and radiation-resistant frequency multiplying crystals of oxide 

compounds. Buckley (1951) has elegantly put the matter, “It should be remembered that, in the 

preparation of large crystals, the touch of the artist is about as important as the application of 

established scientific principles" [2]. The solid state materials can be classified as single crystals, 

polycrystals and amorphous materials depending upon the arrangement of constituent molecules, 

atoms or ions. Single crystals form the foundation for modern technology. The ordered array of 

atoms in repeated groups, showing characteristic symmetry elements, by which entire block of 

the material is built is called single crystal. Hence, in the present investigation, report the single 

X-ray diffraction, optical, mechanical, dielectric and etching characterization of the L-Serine 

single crystal for NLO applications. Single crystal X-ray diffraction analysis confirmed the 

lattice parameters and crystal structure of the grown crystals. Dielectric studies are carried out at 

different temperatures. The growth pattern was analysed by etching studies. Hence, the crystal L-

Serine is an excellent NLO material with more SHG efficiency required for the fabrication of 

optical devices. 

 

2 EXPERIMENTAL PROCEDURES 

Slow evaporation of L-Serine salt was taken and dissolved in double ionized distilled water and 

saturated solution of L-Serine was prepared. The solution was stirred continuously and the 

solution was filtered. The solution is kept undisturbed at room temperature. Defect free tiny seed 
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crystals with good transparency formed due to spontaneous nucleation was selected and 

suspended in the mother solution. This solution which was allowed to evaporate at room 

temperature yields large size single transparent crystals due to collection of monomers at the 

seed crystal sites from the mother solution. Crystals of L-Serine were harvested by slow 

evaporation technique in a period of 30 days. 

 

3. RESULTS AND DISCUSSION 

3.1 Single crystal X-ray diffraction studies 

The single crystal X-ray diffraction analysis of L-Serine crystal was carried out. From single 

crystal X-ray diffraction analysis the lattice parameters of L-Serine were obtained as a = 8.536 

A°, b = 9.312A°, c = 5.437 A°, V = 410.98 A°3, α = β =γ= 90°. Thus, L-Serine crystallizes in 

orthorhombic system with noncentrosymmetric space group P212121. It is in good agreement 

with the reported literature values [3]. 

3.2 Optical absorption studies 

UV–vis–NIR spectrum gives information about the structure of the molecule, because the 

absorption of UV and visible light involves promotion of the electron in the σ and π orbital from 

the ground state to higher states. The recorded optical absorption spectrum of L-Serine is shown 

in Fig 1. The UV spectra shows the presence of a wide transparency window lying between 200 

and 1000 nm with λmax = 210 nm as shown in Fig.1. The forbidden energy gap was estimated 

from the relation in equation 

                                    max
3 /10243.1 gE                                                                       (1) 

The value of Eg was found to be 5.91 eV which is typical property of the dielectric materials. 

The wide energy band gap shows that the defect concentration in the grown crystals is very low. 

The low UV cut-off wavelength and the wide optical transmission window suggest the suitability 

of L-Serine crystals for NLO activity [4]. This high value of bandgap shows the crystal possesses 

dielectric behavior to induce polarization when powerful radiation is incident on the material. 

The suitability of the grown crystals for photonic and optical applications is confirmed by the 

absence of absorption bands in the visible region. The large energy bandgap also confirms that 

the defect concentration in the grown crystal is very low. 
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Fig.1 Absorption spectrum of L-Serine crystal 

 

3.3 Refractive index measurements 

Finely polished crystals of the as grown MHT were used for refractive index measurements. The 

crystals which were cleaved and placed on a rotating mount at an angle varying from 0 to 90 

degrees. The He-Ne laser of wavelength 632.8 nm was used as the source. Brewster’s angle (θp) 

for L-Serine was measured to be 59.7 degrees. The refractive index has been calculated using the 

following relation 

                                    Pn tan                                                                                 (2) 

where θp is the polarizing angle and it is found to be 1.71. 
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3.4 Microhardness studies 

Hardness is the resistance offered by a material to the motion of dislocation, deformation (or) 

damage under an applied stress [5]. During cutting and polishing of the crystals to make NLO 

devices, some mechanical stress is applied on the crystal. So it is necessary to know how much 

mechanical stress the crystals can withstand without any crack. The indentation hardness is 

measured as the ratio of the applied load to the projected area of indentation. Microhardness 

studies have been carried out on L-Serine crystal using a SHIMADZU HMV-2T Vickers 

microhardness tester fitted with a Vickers diamond pyramidal indenter attached to an incident 

light microscope. The microhardness studies were carried out on the L-Serine single crystal for 

various loads ranging from 25 to 100 g at room temperature. The diagonal length‘d’ of the 

indented impressions obtained for various loads were measured using a micrometer eyepiece. 

Indentations were made twice for each load and the average value of the diagonal lengths of the 

indentation mark in each trial was calculated. Fig.2 shows the variation in Hardness number with 

the L-Serine applied load. The Vickers hardness number Hv was calculated using the relation: 

                      22 //8544.1 mmkgdPHV                                                             (3) 

Where ‘P’is the applied load in kg and‘d’ is the mean diagonal length of the indenter impression. 

From the plot it is found that on increasing the load the hardness increases, which reveals that the 

crystal exhibits reverse indentation size effect (RISE) [5]. The hardness increases with increase 

in load up to 100 g and on further increasing the load the crystal cracks. The relationship 

between ‘P’ and‘d’ is given by equation: 

                                  nkdP                                                                                 (4) 

Where ‘P’ is the applied load‘d’ is the diagonal length and ‘n’ the Meyers’ index [6]. It is 

possible to find the value of ‘n’ as given in equation 

                                       dnp loglog                                                                  (5) 

Onitsch and Hanneman pointed out that n lies between 1 and 1.6 for hard material [5]. The value 

of n obtained for the complex is 3.23 which reveal its soft nature (Fig 3). The stiffness constant 

gives an idea about the nature of bonding between neighboring atoms. This is the property of the 

material by virtue of which it can absorb maximum energy before fracture occurs. 
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Fig.2 Vickers hardness profile of L-Serine crystal as a function of applied load 

 

 

Fig.3 Log P vs Log d 

3.6 Etching Studies 

Etching is a technique which is used to reveal the defects in crystals like dislocations, growth 

bands, twin boundaries, point defects etc. Normally when the crystal is dissolved in the solvent, 

well defined etch pits are formed. The formation of the etch pits is assumed to be the reverse of 

growth process. Etchants employed to reveal dislocations are taken in homologous series of 

water. Etching of the surfaces was carried out by dipping the plates in etchants for few seconds 

to few minutes at room temperature and then wiping them with dry filter paper. Etch patterns 
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were observed and photographed under an optical (Carl-Zesis Jenavert) microscope in the 

reflected light. The etching shows predominant straight striations on the grown crystal as shown 

in Fig.4. The size of the pit increases with the increase of etching time. The pit pattern remains 

the same. The observed etch pits are due to the layered growth of the crystal.  

 

Fig.4 Etching photograph of L-Serine crystal 

3.5 Dielectric studies 

Dielectric properties are related with the electric field distribution within solid materials. This is 

a normal dielectric behaviour that both dielectric constant and dielectric loss decrease with 

increase in frequency. The dielectric conductivity studies for the crystal were done with HIOKI 

3532 LCR HITESTER in the frequency region 50Hz - 5MHz. Good- quality crystals were 

selected and polished by soft polishing pad with fine grade alumina powder. The face of single 

crystal was cut in to rectangular shape and well polished, so that it behaves as a parallel plate 

capacitor. Silver paint was applied on both the faces to make a capacitor with the crystal as a 

dielectric material. The dielectric conductivity profiles in Fig.5 of the crystals showed a normal 

dielectric behaviour, that is dielectric constant decrease with increase in frequency. The dielectric 

properties of the NLO materials are closely associated with the refractive index and related 

optical properties of the materials. The dielectric constant is calculated using the relation in 

equation 

ACdr 0/                                                        (6) 

Where ‘C’ is the capacitance,‘d’ is the thickness, ‘A’ is the area and ‘ε0’  is the absolute 

permittivity of the free space (8.854×10−12 F/m) [8]. The dielectric constant is higher in the 

region from 50Hz - 5MHz and gradually decreases with increase in frequency and continues upto 

5MHz. After this, it almost remains constant at all other higher frequencies. The presence of 
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electronic, ionic, dipolar and space charge polarizations in the material are the reasons for the 

high value of dielectric constant at low frequency [9]. In accordance with Miller rule, the lower 

value of dielectric constant at higher frequency is a suitable parameter for the enhancement of 

SHG coefficient [10]. The changes in dielectric loss with respect to frequency are presented in 

Fig 6. The properties of low dielectric loss at increased frequency for the sample imply that it 

exhibits improved optical quality with reduced imperfections and this constraint is of greater 

significance for nonlinear optical applications [11, 12]. 

 

Fig.5 Variation of dielectric constant with log frequency 

International Journal of Scientific Research and Review

Volume 7, Issue 6, 2018

ISSN NO: 2279-543X

http://dynamicpublisher.org/677



 

Fig.6 Variation of dielectric loss with log frequency 

4. CONCLUSION 

L-Serine single crystal was grown by slow evaporation technique. From the single crystal XRD 

data obtained, it is proved that the crystals belong to orthorhombic structure and 

noncentrosymmetric space group P212121. The presence of a wide transparency window lying 

between 200 nm and 1000 nm with λmax =210 nm is represented by the UV transmission 

spectrum. The bandgap was estimated to be of 5.91 eV which is typical of dielectric material. 

The wide energy band gap confirms that the defect concentration in the grown crystal is very low 

and large transmittance in the visible region. From the etching studies well defined etch pits were 

observed on the surface of the specimen. It may due to vacancy of atoms on the surface of the 

specimen. The dielectric constant and dielectric loss is investigated as a function of frequency at 

various temperatures. However, this material can also be used in photonic and optoelectronic 

devices which have more stability. 
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