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Abstract

Single crystals of r-argininium dinitrate (LADN), a semiorganic nonlinear optical (NLO) material have been
successfully grown by slow solvent evaporation technique. Good optical quality single crystals with dimensions up to
28 x 8 x Imm°® were obtained. The crystals were characterized by optical absorption spectrum, FTIR and X-ray
diffraction studies. The optical absorption spectrum shows that the absorption in LADN is nearly equal to zero in the

entire visible region. The thermal stability of the crystal was studied by DTA and TGA.
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1. Introduction

The invention of r-arginine phosphate mono-
hydrate (LAP) by Xu et al. [1] enhanced the search
for new materials in the single crystalline form to
fulfill the needs in the field of nonlinear optics.
Compared with potassium dihydrogen phosphate
(KDP), LAP has larger nonlinearity (>1pm/V),
higher damage threshold (> 15J/cm? at 20 ns) and
less deliquescence [2—4]. Single crystals formed by
amino acids such as L-arginine, L-histidine, etc.,
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are found to be promising nonlinear optical
(NLO) materials [5,6]. The widest search for new
compounds and crystals of LAP analogs were
carried out by reacting arginine with equimolar
amounts of various acids. In the case of Arg-H-
NOs,, it precipitated as fine non-crystalline powder
[7]. Petrosyan et al. have reported a new class of
arginine compounds with composition Arg-2Ax
(were Ax is an inorganic or organic acid) and the
XRD values were determined [8]. Ramasamy et al.
have also determined the structure of L-argininium
dinitrate (LADN) and reported that the diproto-
nated argininium molecule is linked by a strong
hydrogen bond to the nitrate anion [9]. Recently,
the crystallographic studies done by Terzyan et al.
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proved that r-arginine - 2HNOj5 belongs to mono-
clinic unit cell with P2; space group [10]. One such
compound, LADN is synthesized and character-
ization studies are reported.

Our attempt to obtain bulk crystals of Arg-2H-
NO; from 1:2 ratio was found to be difficult but
we were successful in growing crystals of size
29 x 8 x 1 mm® from 1: 4 ratio. From the structur-
al point of view, L-Arg-2HNOj; crystallizes in
the monoclinic system whose lattice parameters
are a=7754A, b=7286A, c=11.673A,
o=17=90° f =92.6° with space group of P2;.
It was found that the second harmonic generation
(SHG) signals coming from crystals with P2,
symmetry were much more intense than those
from crystals with symmetry P2,2,2;. In addition,
the P2; and P; space groups allow non-critical
phase matching while in case of P2,2,2; this is
impossible [8].

This paper deals with the growth of L-argini-
ne - 2HNOj crystal and the characterization studies
such as single crystal XRD, FTIR, optical
absorption, TGA-DTA and morphology. The
morphology, thermal analysis and optical trans-
mittance property of the LADN crystals are
reported for the first time. The NLO property of
the crystals has been confirmed by Kurtz SHG test.

2. Experimental procedure

Appropriate amount of high-purity L-arginine
(Merck 99%) and nitric acid with water were used
to prepare the solution of LADN. The following is
the reaction:

(NH,)NHCNH(CH,);CH(NH,)COOH + 4HNO;
— (H,N)j CNH(CH,);CH(NH;)* COOH(NO3); + 2HNO;

Seed crystals were formed due to spontancous
nucleation. Transparent good quality seed crystals
were used for growth experiments. The growth
period of LADN crystals was 30 days. Fig. 1.
shows the photograph of as-grown crystals of
LADN, grown by the slow evaporation technique
at room temperature. The optical absorption
spectrum was recorded in the range of
200-800 nm. The X-ray data were collected on an
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Fig. 1. Photograph of as-grown single crystals of LADN.
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Fig. 2. Typical habit of LADN single crystal.

automatic X-ray diffractometer (MESSRS EN-
RAF NONIUS, The Netherlands). DTA and
TGA thermal studies were also carried out for
the grown crystal. The FTIR spectrum was
recorded in the range of 4000-450cm~'. The
SHG effect was measured using a Nd:YAG-Q
switched laser. The morphology of the crystal is
depicted in Fig. 2.

3. Characterization
3.1. Single crystal XRD

The X-ray data were collected using an auto-
matic diffractometer. The structure was solved by
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the direct method and refined by the full matrix
least-squares technique using the SHELXL pro-
gram. The calculated lattice parameter values are
a="177532A, b=72779A and c¢=11.6754A
with o =9 =90° and f =92.7°. The cell volume
is found to be 658.02A% The XRD data prove
that the LADN crystal is monoclinic in structure
with space group of P2;. The XRD data of the
sample are in good agreement with the reported
values and thus confirm the grown crystal [9,10].
The morphology study indicates that the promi-
nent face of the crystal is (00 1).

3.2. Fourier transform infrared (FTIR)
spectroscopic analysis

The FTIR spectral analysis of LADN was
carried out between 4000 and 450cm™'. The
resulting spectrum is shown in Fig. 3.
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In the high-energy region, there is a broad band
between 2100 and 3500cm™'. There are intense
sharp peaks in this band at 3457, 3331.6, 3222.8
and 3071.6cm ™" due to N-H and O-H(-COOH)
vibrations. The involvement of NH; in hydrogen
bonding is evident by the fine structure of the band
in the lower-energy region. The CH stretching
vibration of the methylene group is observed at
2925.2cm ™. The overtone region 1900-2100cm ™"
contains a prominent band at 2062.7cm~'. The
C =0 stretch of COOH seems to have an intense
sharp peak at 1745.2cm™".

The peaks at 1685.6, 1656.2 and 1637.7 cm ™! are
due to asymmetrical NH5 bending mode. The
well-resolved sharp peak at 1536.2cm™" is due to
symmetrical NH;™ bend. The CH, bending modes
are observed at 1384.6 and 1453.7cm™". The NO3
vibrations produce characteristic peaks at 1320.3,
1112.1 and 822.3cm™'. These vibrations clearly
demonstrate the existence of L-arginine in its salt
form with nitric acid.
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Fig. 3. FTIR spectrum of LADN single crystal.
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3.3. Optical absorption spectrum

The optical absorption spectral analysis of
LADN was carried out between 200 and 800 nm.
As the salt is colourless, its absorption is nearly
equal to zero in the entire visible region. This is the
most desirable property of the crystals used for
NLO applications (Fig. 4).

3.4. NLO studies

Kurtz SHG test performed on LADN crystal
confirmed the second harmonic signal generation
in the sample by the emission of green radiation.
3.5. Thermogravimetric analysis

The thermogravimetric analysis of LADN was

carried out between 28 and 1200 °C at a heating
rate of 10 °C/min. The experiment was performed
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Fig. 4. Optical absorption spectrum of LADN single crystal.
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Fig. 5. TGA curve of LADN single crystal.

in nitrogen atmosphere. The resulting thermogram
is shown in Fig. 5. Although the TGA trace
appears nearly straight up to 170°C, a careful
examination of DTA thermogram reveals a minor
peak around 100°C, which could be due to
physically adsorbed water. But at 171 °C a steady
decrease in weight loss is observed (17.54%) due to
decomposition of the sample. There are also two
more weight losses for the residue between 200 and
350 °C, and the weight loss is equal to 50.53%. At
higher temperatures, above 400 °C, the final stage
of decomposition occurs giving a total loss equal
to 30.65%.

3.6. Differential thermal analysis

The DTA of LADN was carried out between 28
and 1200°C in the nitrogen atmosphere at a
heating rate of 10°C/min. The resulting DTA
trace is shown in Fig. 6. There is a weak
endotherm starting at about 130°C which may
be assigned to isomorphic transformation, as there
is no corresponding weight loss in the TGA trace.
This is accompanied by a sharp endotherm at
about 152°C due to its melting. Terzyan et al.
reported 130 °C as the melting point of LADN but
the melting point of the crystal was actually found
to be 152 °C in the present study. This is very much
evident by a sharp endotherm starting at about
152°C due to its melting. This endothermic
transition is followed by an intense sharp
exotherm. It is matching with the intense weight
loss in TGA starting at 171.6°C. There are two
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Fig. 6. DTA curve of LADN single crystal.

more endotherms between 200 and 350 °C due to
the decomposition of the residue in two stages.
Hence, from this study, it can be said that the
crystal can retain its texture up to 152 °C. Since the
compound undergoes isomorphic transformation
at 130 °C its application is restricted up to 130 °C.

4. Conclusion

Single crystals of r-argininium dinitrate
(LADN) were grown by the slow evaporation
technique. The (001) plane seems to be the
dominant face of the grown crystals. The FTIR
studies confirm the existence of L-arginine in its
salt form with nitric acid. The optical absorption
studies confirm the suitability of the crystals for
NLO application. From the TGA, it is estimated

that the sample is stable up to 130°C. Further
studies are in progress and will be reported soon.
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