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L-Arginine semi-oxalate (LASO) single crystal has been grown by solution growth technique at room

temperature. The crystal structure and lattice parameters were determined for the grown crystal by single

crystal X-ray diffraction studies. Photoluminescence studies confirm the violet fluorescence emission peak at

395 nm. Optical constants like band gap, refractive index, reflectance, extinction coefficient and electric

susceptibility were determined from UV-VIS-NIR spectrum. The dielectric constant, dielectric loss and ac

conductivity of the compound were calculated at different temperatures and frequencies to analyze the

electrical properties. The solid state parameters such as plasma energy, Penn gap, Fermi energy and

polarizability were calculated to analyze second harmonic generation (SHG). Nonlinear optical property was

discussed to confirm the SHG efficiency of the grown crystal.
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Introduction

In the recent years, the search for nonlinear optical (NLO)
materials find considerable interest among the researchers
due to their important impact on laser technology, fiber optic
communication, optical modulation and optical data storage
technology.1 Among NLO materials, organic and semi-
organic NLO materials are generally believed to be more
versatile due to their more favorable nonlinear response on
comparison with their inorganic counterpart. The nonlinear
optical property of amino acid family of L-arginine crystals
has motivated the researchers to grow and characterize the
new compound of this family of crystals.2-7 According to
earlier reports,8,9 L-arginine additions have second harmonic
efficiency larger than potassium dihydrogen phosphate (KDP).
Recently, some crystalline salts of L-arginine with organic
acids were grown and characterized.10-14 Many oxalate com-
plex crystals are reported to be active in second harmonic
generation15 and it may also be useful to study the oxalates
with other carboxylic acids and their properties. Oxalic acid
with considerable π-conjugation has attracted our attention.
With an interest to discover novel crystals of better NLO
properties, we have grown L-arginine semi-oxalate crystals
by slow evaporation technique at room temperature. The
structure of LASO was first reported by Chandra et al.16 It
belongs to triclinic crystal system with space group P1 and
cell parameters a = 5.06 (14) Å, b = 9.75(13) Å, c = 13.14(3)
Å; α = 111.11(2)o, β = 92.75(3)o, γ = 91.97(3)o and cell
volume 604.4(2) Å3. The literature survey reveals that the
other studies except structure are not available for the grown
material LASO. Hence, we have taken initiatives in the
present investigation to explore the optical and electrical
properties of the title compound for analyzing NLO property.

Experimental

L-Arginine semi-oxalate single crystal was formed in aque-
ous solution containing L-arginine (Loba chemie-99%) and
oxalic acid dihydrate (Loba chemie-99%) in molar ratio 1:1
at room temperature. Calculated amount of reactants were
thoroughly dissolved in double distilled water and stirred
well by using magnetic stirrer to ensure homogeneous
solution. The solution was then filtered using filter paper and
transferred to a Petri dish. The prepared solution was allow-
ed to evaporate at room temperature. The growth was initiat-
ed due to slow evaporation of the solvent. The quality of the
crystal was improved by recrystallization process. After a
period of 45 days, transparent good quality of the crystal was
harvested. The grown crystal with dimension 10 × 9 × 2
mm3 is shown in Figure 1. The reaction procedure for the
formation of the crystal is given by

C6H14N4O2 + C2H2O4·2H2O → C6H15N4O2
+·C2HO4

− (1)

Figure 1. Photograph of as-grown LASO crystal.
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Single crystal XRD studies were carried out using Bruker
Kappa APE XII single X-ray diffractometer to determine the
lattice parameters and the space group. Fluorescence spectra
were recorded with the help of Perkin Elmer LS45UV fluore-
scence spectrophotometer. Optical absorption measurements
were made using Perkin Elmer Lamda 35 UV-VIS-NIR
spectrophotometer with a resolution of 2 nm in the region
from 200 nm to 1200 nm to measure the absorption range of
the crystal. Dielectric studies were carried out to an accuracy
of ± 2% using a HIOKI LCR Hitester in the frequency range
from 100 Hz to 5 MHz. Nonlinear properties of LASO
crystals was confirmed by Kurtz and Perry powder technique
using Q-switched high energy Nd:YAG laser (QUANTA
RAY model LAB-170-10).

Results and Discussion

Single Crystal X-ray Diffraction. The single crystal
XRD data of LASO crystal confirm that it crystallizes in
triclinic system with non-centrosymmetric space group P1.
The calculated lattice parameters are a = 5.05 Å, b = 9.73 Å,
c = 13.12 Å, α = 111.03o, β = 92.79o, γ = 91.91o and the unit
cell volume V = 600 Å3. The XRD data of the crystal is
found to be in good agreement with the reported values.16

Photoluminescence Studies. Photoluminescence study is
a non-destructive tool to carry out the luminescence behavi-
our of the grown optical material. The recorded emission
spectrum of LASO crystal in the range from 300 to 550 nm
is shown in Figure 2, after exciting the sample at 325 nm.
From the emission spectrum, a broad peak was observed at
395 nm. The result indicates that the LASO crystal has violet
fluorescence emission. The maximum intensity peak at 395
nm is attributed to n-π* transition of carbonyl group. The
presence of carbonyl group is thus confirmed.
Optical Constants. UV-VIS-NIR absorption spectrum

was recorded in the wavelength range between 200 nm and
1200 nm (Figure 3). From the absorption spectrum, the
lower cut-off wavelength is found to be 250 nm and the
lower percentage absorption indicates that the crystal readily

allows the transmission of the laser beam in the range
between 250 nm and 1200 nm. It shows that the grown
crystal has a good transparency in UV, visible and near IR
region indicating that it can be used for NLO applications.
Hence it is concluded that the grown crystal can be used for
optoelectronic applications. The energy gap (Eg) was calcu-
lated as 4.33 eV from the plot of hν (h = Planck’s constant,
and, ν = frequency of light) versus (αahν)2 (αa = absorption
coefficient of material) shown in the inset of Figure 3. The
relation between refractive index (n) and energy gap (Eg) is
given by Reddy et al.17 as

Ege
n = 36.3 (2)

After finding the refractive index, the reflectance (R) of the
crystal was calculated using the expression

(3)

The refractive index and reflectance of the crystal were
calculated as 2.12 and 0.128 respectively in the transmission
range. The refractive index of the grown crystal LASO has
also been experimentally determined as 1.85 for the face
(010) using the well known Brewster angle method as done
recently by Vasudevan et al.18 The calculated theoretical
value, 2.12 (using Eq. (2)), is thus found to be in close agree-
ment with the experimentally determined value. No signi-
ficant variation was observed in the refractive index for the
other two faces (100) and (001). The high value of refractive
index and low value of reflectance reveal that the grown
crystal is more transparent to transmit the light from 250 to
1200 nm. The extinction coefficient (K) was estimated using
the following relation,

(4)

Figure 4 shows the plot of wavelength (nm) versus extinc-
tion coefficient (K). It is observed that as the wavelength
increases, extinction coefficient decreases up to 250 nm and
remains constant thereafter. This means the absorbance is

R = n 1–
n 1+
----------⎝ ⎠
⎛ ⎞

2

K = 
αaλ

4π
---------

Figure 2. Emission spectrum of LASO crystal. Figure 3. UV-VIS-NIR absorption spectrum of LASO crystal.



130     Bull. Korean Chem. Soc. 2013, Vol. 34, No. 1 P. Vasudevan et al.

low in the visible and near IR region. This prediction is also
confirmed from UV-VIS-NIR spectrum. Hence the grown
crystal LASO can easily transmit the wavelength range from
250 to 1200 nm. 
The electrical susceptibility (χc) was calculated using the

following relation,

(5)

or (6)

Hence, 

Since electrical susceptibility is greater than 1, the material
can be easily polarized when the incident light is more
intense.
Dielectric Studies. The capacitance and dissipation factor

of the sample were measured for various frequencies, in the
range 100 Hz to 5 MHz. Dielectric constant (εr), dielectric
loss (tanδ) were calculated using the relations εr = Cd/εoA
and tan δ = εrD and shown in Figures 5 and 6. It is observed
that the εr and tanδ values are found to decrease with the
increase in frequency at all temperatures. The high value of

εr at low frequency may be due to presence of all polari-
zations and its low value at higher frequencies may be due to
the significant loss of all polarizations gradually.19 In accord-
ance with Miller rule, the lower value of dielectric constant
is a suitable parameter for the enhancement of SHG effici-
ency. The variation of εr with temperature is generally
attributed to the crystal expansion, the electronic and ionic
polarizations and the presence of impurities and crystal
defects.20 The observed lower values of dielectric loss at
higher frequencies for this sample suggest that the grown
crystal contains less number of defects with high optical
quality.21

The ac conductivity (σac) has been calculated for the
LASO crystal from the following formula σac = εoεr ω tanδ
where εo is the vacuum dielectric constant (8.85 × 10−12

farad/m), εr is the relative dielectric constant and ω is the
angular frequency (ω = 2πν) of the applied field. Figure 7
shows the variation of ac conductivity with various fre-
quencies and temperatures. It is seen that the value of ac
conductivity increases with increase in frequency. The elec-

χc = εr − 1

χc = n
2 − 1 εr∴  = n

2( )

χc = 3.49

Figure 4. Variation of extinction coefficient with wavelength.

Figure 5. Variation of dielectric constant with frequency at various
temperatures.

Figure 6. Variation of dielectric loss with frequency at various
temperatures.

Figure 7. Variation of ac conductivity with frequency at various
temperatures.
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tronic exchange of the number of ions in the crystal gives
local displacement of electrons in the direction of the applied
field, which in turn gives rise to polarization. The slope of
the plot of ac conductivity versus temperature (Figure 8)
gives the activation energy required for the conduction
process of the charge carriers. The value is found to be 0.218
eV and the lower value of activation energy establishes that
the crystal contains less number of defects. The material is
therefore useful for various microelectronic and nonlinear
optical applications.
Solid State Parameters. Solid state parameters are necess-

ary to analyse second harmonic generation efficiency of the
title compound. From the single XRD data, the molecular
weight (M) and density (ρ) are given as 264.25 and 1.452 g
cm−3 respectively. The value of dielectric constant at 1 MHz
is found to be = 53.13 from dielectric studies. The valence
electron plasma energy ( ) is given as

 (7)

where Z is the total number of valence electrons (104),  =
h/2π and ωP is plasma angular frequency. The Penn gap (EP)
and Fermi energy (EF) are given as follows22:

 (8)

and

 (9)

The polarizability (αP) of the grown crystal can be obtained
using the following relation22

(10)

where

The value of polarizability can also be estimated using

Clausius-Mosotti equation,

 (11)

where Na is Avogadro number. The required solid state
parameters for interpreting SHG efficiency have been com-
puted using the Eqs. (7), (8), (9), (10) and (11). These values
are compared with those of standard material KDP and listed
in Table 1. From the table, it is observed that solid state
parameters are found to be higher than those of KDP. In
particular, the polarizability of LASO is found to be 1.5
times higher than that of KDP. As the SHG efficiency
depends upon the polarizability, the SHG efficiency is also
found to be 1.5 times more than that of KDP.
Second Harmonic Generation. The experiment of second

harmonic generation efficiency was performed using Kurtz
and Perry powder technique with Nd:YAG laser source of
wavelength 1064 nm.23 The grown crystal of LASO was
crushed to fine powder and placed in a microcapillary of
uniform bore. A high intensity laser radiation was passed
through the sample. The SHG efficiency of LASO was com-
pared with that of KDP from the output power. The ratio of
SHG efficiency of LASO to that of KDP is found to be 1.5.
The experimental result is thus found to be in good agree-
ment with the theoretically predicted result discussed in the
previous section.

Conclusion

L-Arginine semi-oxalate single crystal was successfully
grown by slow evaporation technique. From XRD data, it is
observed that the grown crystal belongs to triclinic structure
and non-centrosymmetric space group P1. Photoluminescence
spectrum shows that the material has violet fluorescence
emission at 395 nm. The band gap, refractive index, reflec-
tance, extinction coefficient and electrical susceptibility were
calculated to analyze the optical property. Dielectric studies
establish the dielectric behaviour of the grown material. The
solid state parameters such as plasma energy, Penn gap,
Fermi energy and polarizability were calculated. The higher
value of polarizability indicates that the second harmonic
generation efficiency is more than that of standard material
KDP. The theoretical prediction of SHG efficiency was
confirmed by Kurtz and Perry powder technique.
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Figure 8. Activation energy of LASO crystal.

Table 1. Solid state parameters of LASO crystal

Parameters
Values for LASO 

crystal

Values for KDP 

crystal

Plasma energy (eV) 21.77 17.33

Penn gap (eV) 3.01 2.39

Fermi energy (eV) 17.92 12.02

Polarizability by Penn gap (cm3) 6.79 × 10−23 2.14 × 10−23

Polarizability by Clausius-Mosotti 

equation (cm3)

6.82 × 10−23 2.18 ×10−23
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