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ABSTRACT

Single crystals of Mg doped L Alanine Hydrogen chloride (Mg doped LAHC) have been synthesized. The
synthesized material has been purified by repeated recrystallization process. Single crystals were grown by slow
evaporation method. The spectroscopic techniques namely, Fourier Transform InfraRed (FTIR), UV-VIS-NIR
were used to study the properties of the crystals. The structural and lattice parameters determination was done by
X-ray diffraction. The thermal stability studies were carried out. The thermoanalytical parameters like activation
energy, entropy for activation and Arrhenius pre exponential factor needed for a chemical reaction were found
using Coats- Redfern method.
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INTRODUCTION

In recent years, organic — inorganic hybrid materials have attracted considerable attention. Nonlinear optical
(NLO) materials play vital role in various fields of science and technological developments [1,2,3]. They have
gathered much attention for their high non-linear coefficient, high-laser damage threshold and high optical non-
linearity [4,5,6]. Also they are useful in optical information processing, optical communication and data storage
[7]. Organic NLO materials have poor mechanical and thermal properties resulting in the damage of the crystal
during processing studies. Recently this drawback has been overcome by forming semi-organic NLO crystals.
The combinations of organic-inorganic compounds bring the advantages such as high resistance to optical
damage, multifaceted application and enhancement in the mechanical and thermal properties of the crystals etc.
Researchers prefer amino acid based crystals since they are potential candidates for optical second harmonic
generation (SHG) [8,9]. Hence they are used in many electronic and optoelectronics devices.

L-alanine is a promising amino acid and several semi organic NLO crystals such as L-alanine single crystals, L-
alanine tartarate, L-alanine maleate [10,11,12] have been reported. In the present work, Magnesium doped L-
alanine hydrogen chloride single crystals (Mg doped LAHC), a semi organic non-linear optical material has been
synthesized and a systematic study has been carried out. An attempt has been made to study the effect of
Magnesium chloride dopant on the physico- chemical properties of LAHC. The lattices parameters of the crystal
were determined by the Single Crystal X-ray diffraction. The powder X-ray diffraction studies were done. The
functional groups present in this crystal were confirmed by the FTIR spectroscopic technique. The grown doped
crystals were studied using FTIR spectroscopic techniques in the range 400-4000 cm™. The vibrational band
assignments were carried out for the crystal. UV-Vis NIR studies have been carried out for crystal. The variation
of mass with the temperature was studied using the TGA and DTA. Inductively coupled plasma analysis has been
used to confirm the presence of dopant in the crystal.

MATERIALS AND METHODS

Crystal growth

Analytical grade (AR grade) of L-alanine and concentrated hydrochloric acid were taken in the ratio 1:0.5
normality. Doubly deionized water was used as the solvent. Single crystals of pure LAHC were grown from
supersaturated solution at room temperature by slow evaporation method.

C3H;NO,+HCI = C3HgNO,*CI-

The dopant Magnesium chloride was added separately with the pure LAHC solution, in definite molecular ratio
LAHC:X (X is dopant) being 1:0.01 in molar weight. Good quality doped crystals were obtained in the period of
two weeks. The dimensions of them are in the range 13mm x 6mm x 8mm. All the grown crystals were colorless,
stable and transparent. The quality of single crystals obtained was enhanced by successive recrystallization. The
Photograph of as grown Mg doped LAHC crystals is presented in Figure.l1
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Figure 1: Photograph of Mg doped LAHC crystal

RESULTS AND DISCUSSION

Single Crystal XRD studies

The grown crystals of Mg doped LAHC were subjected to single crystal X-ray diffraction studies using ENRAF
NONIUS CAD4 diffractometer with MoKo radiation (A=0.71073 A) to determine the crystal structure. The
measurement was carried out at SAIF, IIT Madras, Chennai. The obtained values of cell parameters of LAHC crystal
in this work are found to be in close agreement with the data reported in literature [13]. The single crystal XRD data for
Mg doped LAHC are provided in the Table 1. The structure of the crystal is confirmed to be orthorhombic and the
number of molecules per unit cell is 4. The space group of Mg doped LAHC crystal is P212,2;and this space is
recognized as non-centrosymmetric. It is the essential requirement for SHG from the sample. Figure 2 and 3 represent
the XRD image of Mg doped LAHC and structure of crystal respectively.

Table 1: Single Crystal XRD data of Mg doped LAHC

Diffractometer ENRAF NONIUS CAD-4
Radiation, wavelength MoKa, 0.71069 A
Symmetry Orthorhombic structure
Space group P21212;.
Lattice constants a=5.80 A

b=6.04 A

c=12.38 A

0=90°

B=90°

y=90°
Volume 434 A3
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Figure 2: XRD image of Mg doped‘ LAHC Figure 3: structure of crystal.

Powder XRD Studies

The fine power of as grown Mg doped LAHC crystal has been subjected to powder X-ray diffraction analysis and
the recorded pattern is shown in Figure 4. The measurement was carried out at Material Science Group (MSG),
IGCAR, Kalpakkam. The powder sample was scanned in steps of 0.1° for a time interval of 10 seconds over a
20 range of 10° to 60°.The sharp and well defined Bragg’s peaks at specified 26 angles show the crystalline
nature and purity of the crystal.
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Figure 4: powder XRD pattern of Mg doped LAHC crystal
FT-IR Analysis

The FT-IR spectrum of Mg doped LAHC crystal was recorded in the region 4000-400 cm™* using Perkin Elmer
FTIR Spectrometer at SAIF, II'T madras, Chennai. The sample was prepared by pressing Mg doped LAHC with
KBr into pellet form. The observed spectrum is shown in Figure 5.
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Figure 5: FTIR spectrum of Mg doped LAHC

The absorption peaks at 3083, 1618, 1514 cm™* show the presence of NHs* group in the crystal. The peaks at 2811,
2732, 2508, cm are attributed to the C-H stretching mode vibrations. The peaks at 1412, 1306, 1235 and 1112
cm-1 are due to COO" symmetric stretching mode. The absorption peak at 2111 cm™ is due to the combination
band of NHs* degenerate mode and NHs* torsion. The peak at 1618 cm™ is due to the deformation of NH3*. The
peak at 1514 cmof weak intensity belongs to symmetric NHs* deformation. The O-C-O bending mode at 772
cm* has been identified and assigned. The COO" scissoring mode appears at 648 cm™ in the FT-IR spectrum of
the crystal. The peak at 539 cm™ represents the COO- rocking. The vibrational band assignments for the absorption
peaks of the FT-IR spectrum have been done in accordance with the data reported in the literature [14-17].

Table 2: The vibrational band assignments of Mg doped LAHC

Frequency cm™ Band assignment
3083(vs) NHs* stretching
2811(s) C-H stretching
2732(s) C-H stretching
2508(m) C-H stretching
2111(m) NHs* degenerate mode and NHs3* torsion
1618(vs) Asymmetric deformation of NH3*
1514(s) Symmetric deformation of NHs*
1412(vs) COO" symmetric stretching
1306(s) COO" symmetric stretching
1235(s) COO" symmetric stretching
1112(m) COO" symmetric stretching
772(wW) COO- scissoring
539(m) COO" rocking

Vs -very strong, m-medium, w- weak, s- strong

Optical Transmission studies
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The optical properties of the grown crystals were studied using Perkin Elmer Lambda 35V, UV-Vis NIR
spectrophotometer in the wavelength 200-1100 nm at Material Science Group (MSG), IGCAR Kalpakkam. The
UV-Vis NIR absorption and transmittance spectra of doped LAHC crystals are shown in figure 6.
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Figure 6: UV absorption & transmission graph of the Mg doped LAHC

This spectral study is helpful in understanding electronic structure of the optical band gap of the crystal. The study
of the absorption edge is essential in connection with the theory of the electronic structure. This reveals the band
structure of the crystal and to know if the crystal gets affected in the band extreme or not.

From the spectra presented in figure 6, it is clear that Mg doped LAHC crystals have transmittance in the entire
of visible —NIR region of the spectra. High transmission in the entire visible region and short cut off wavelength
facilitates the as grown crystals of the present work to be potential candidates for nonlinear optical materials
producing second harmonic and third harmonic of Nd:YAG laser. However, absorption at around 251 nm occur
in the near ultraviolet region in the crystal arises due to electronic transitions associated within the sample. The

cut off wavelength (X) is around 251 nm. Using the formula Eq=hc/ A, the band gap energy was found to be 4.9314
ev.
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ICP-OES studies

Inductively Coupled Plasma (ICP) technique has been used to detect the presence of dopant in the crystal. Perkin
Elmer Optima 5300 DV at SAIF IIT Madras, Chennai was used for the study.

The primary goal of the Inductively Coupled Plasma studies is to get the elements to emit characteristic
wavelength specific light, which can then be measured. The presence of magnesium in the doped MgLAHC
crystal is confirmed by the ICP- optical emission spectrometry studies. Magnesium is identified with the
wavelength 285.213nm in the ICP study. The presence of Magnesium is confirmed by comparing the emitted

wavelength with the characteristic wavelength for Mg (285.2 nm) in the ICP-OES standard measurements. (Table
3)

Table 3: ICP test data of Mg doped LAHC

Sample Analyte Concentration
weight
0.125 Mg 285.213 0.219 mg/L

The weight percentage of Magnesium present in the doped crystal can be calculated from the formula,
Weight % = ppm (mg/l) x volume in ml x 10-#(dilution factor)
Weight-of the-sample{g)

Weight % = 0.1752%

From the ICP spectrometry, it is evident that Magnesium is present in the Mg doped LAHC crystal.
Thermal Analysis

Thermal gravimetric (TG) and Differential Thermal Analysis (DTA) of Mg doped LAHC crystal were carried out
between 20°C and 1400°C in Nitrogen atmosphere at a heating rate of 20°C/min using Q500Vv20.10 Thermal
analyser at SAIF, IIT Madras, Chennai. The TGA and DTA curves of the crystal are shown in figure 7 and figure

8 respectively. From the TGA curve, it is clear that the crystal is stable till 295.0 °C. The endothermic peak at
297.6°C shows 96.84% decomposition of LAHC crystal.
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Figure 7 :Thermogram of Mg doped LAHC Crystal
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Figure 8 Differential Thermal Analysis of Mg doped LAHC Crystal

Theory of Coats-Redfern Method
Kinetic analysis of TG data of any dehydration/decomposition process by any method is usually based on the
following two primary equations (i) and (ii).

% = Kf(a) (i) and
K =Aexp [-E/RT]
InK=InA-[E/RT] (i)
Where, a is the fraction of the sample decomposed at a time t.
0= [(Wo—W)/(Wo-W)] (iii)

where, W is the weight of the solid (subscript 0 and o refer to the initial and residual amount respectively). ‘;—: is

the rate of reaction and F(a) is the mathematical expression in a describing the kinetic and mechanical step. Many
equations relating the rate of solid state reaction to o and the mathematical models for the reaction mechanisms
have been applied to various systems. But sometimes, the decompositions following a particular mechanism have
been found to shifting to another mechanism after some time in isothermal methods. However, many authors
support the use of empirical kinetic laws of the type f(a)= (1-a) " where is the order of the reaction on the basis of
these fundamental equations and their derivatives, many differential and integral method have been developed.
Out of many methods the Coats — Redfern method has been used in present work for the approximation of kinetic
parameters of dehydration/ first step decomposition of Mg doped LAHC single crystal. Attempts have also been
made to find any pattern in the onset temperature of thermal dehydration and thermal decomposition for various
inorganic compounds and transition metals. The present study claims its significance for being the first attempt in
the thermo analytical studies of semi-organic NLO crystal, Mg doped LAHC.
Forn=1

log[-log{(1-a)/T?)} ]=log(AR/BE}[1-2RT/E]-E/2.303RT (iv)
In the above equation, left hand side is given as Y. This equation is similar to linear equation Y=MX+C.

Where

Y =log[-log{(1-a)/T?)}]

M=-E/2.3032R

C=log(AR/BE}[1-2RT/E]

X=1/T

Forn#1

log(1-{1-0)*"}H{1/T?(1-n)}]={log10(AR/Be) } [1-2RT/E]-E/2.303RT (v)
Where n - is the order of reaction

By plotting the appropriate left hand side of the above equation (iv) versus 1/T, i.e.,
logio [1-(1-a)*/T?(1-n)] against 1/T Forn# 1 (vi)
l0g1o [-10g10(1-0)/T?)] against 1/T For n=1 (vii)
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should result in a straight line of slope —E/2.303R for the correct value of n, since it may be shown that for most
values of E and for the temperature range over which reactions generally occur the expression
log10AR/BE[1-(2RT/E)] is sensibly constant. The values of E, the activation energy of the reaction and A, the pre-
exponential factor can be calculated from these equations.
The Entropy of activation is obtained using the thermodynamic relation

AS = 2.303R log (Ah/KT112) (viii)

Where h is the Planck’s constant, k the Boltzmann constant and Ty, the temperature at which half of the
transformation is complete. The entropy of activation AS has been found for Mg doped LAHC single crystal.

THERMO ANALYTICAL STUDIES

Activation energy is the minimum energy required to start the chemical reaction in kilojoule/mole. The higher the
Activation Energy the slower the reaction. Coats-Redfern method has been used by researches to analyse non-
isothermal conditions of thermoanalytical kinetics of the crystals For a chemical reaction to proceed at a
reasonable rate, there should exist an appreciable number of molecules with energy equal to or greater than
Activation energy. This is called Arrhenius Activation Energy, which tests the sensitivity of the reaction rate to
the room temperature. The equations (i)-(viii) are solved for the TGA data of Mg doped LAHC with MS EXCEL
software and the results are projected in Table 4.
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Table 5: Thermodynamical parameters of Mg doped LAHC
Thermodynamical parameter value
Activation energy (E) -188.48 kJ/ mole
Arrhenius pre exponential Factor (A) 11.365 S
Entropy (S) -11.69 JK

Comparing the result from graph with equation (iv) from the slope the Activation energy (E) is found to be -188.48 kJ/
mole. The pre exponential factor / Arrhenius pre exponential (A) is found from the constant value (C) in equation (iv).
The entropy is determined using equation (viii). The Table 5 presents various thermo dynamical parameters determined
using Coats — Redfern Method.

CONCLUSION

A systematic study has been carried out on the growth of Magnesium chloride doped L-alanine hydrogen chloride
crystals (Mg doped LAHC). The lattices parameters of the crystal were determined by the Single Crystal X-ray
diffraction. The structure of the crystal was confirmed as orthorhombic. The powder X-ray diffraction studies revealed
the crystalline nature of the sample. The functional groups present in this crystal were confirmed by the FTIR
spectroscopic technique. The vibrational band assignments of the fingerprint region confirm the structure of the crystal.
The optical transparency of the crystal studied using UV-VIS-NIR reveals that the grown crystal is a potential candidate
for optoelectronics. Inductively coupled plasma analysis has been used to confirm the presence of dopant in the crystal.
The variation of mass with the temperature studied using the TGA was used to find thermodynamical parameters such
as activation energy, entropy etc. associated with the non-isothermal kinetic analysis.
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