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ABSTRACT

Sngle crystals of pure and Neodymium (Nd**) doped L-Arginine Acetate (LAA) were grown
successfully by slow evaporation technique. In the present study, to improve the device
characteristics of LAA crystals, metal dopant was incorporated into the pure crystals. The grown
pure and doped LAA crystals were confirmed by X-ray powder diffraction studies. The pure and
doped crystals were characterized by Fourier Transform Infrared (FT-IR), Fourier Transform
Raman (FT-Raman) and Thermal studies. Absor ptions of the grown crystals were analyzed using
UV-Vis-NIR studies which revealed that these crystals possess minimum absor ption from 250 nm
to 1650 nm. Further, it was found that the optical properties were enhanced by the incorporation
of the dopant. Hardness, dielectric and photoconductivity studies were also carried out for the
pure and doped LAA crystals. Nonlinear optical studies of pure and doped crystals were carried
out and it revealed that the dopant has increased the efficiency of the pure LAA crystal.

INTRODUCTION

Nonlinear optical (NLO) organic materials play anmpiortant role for optical second harmonic
generation (SHG) due to their applications in tbendin of optoelectronics and photonics [1, 2].
Amino acids are strong candidates for optical SHGabise they contain chiral carbon atom and
crystallize in non-centrosymmetric space groupselRestudies reveal that L-arginine acetate
(LAA) possesses excellent optical, thermal and raeal properties, which make it a strong
candidate for photonic device fabrications [3]. lloological analysis of LAA crystal indicates
its growth as a polyhedron with 16 developed faeesong which the (100) face is the most
prominent one [4]. The powder SHG efficiency of LAvas found to be three times that of KDP
[5]. The present investigation deals with the gitoaf pure LAA and metal doped LAA crystals
by slow solvent evaporation technique. The growystals are subjected to powder XRD to
estimate the crystal structure and space grou cdhtent of the dopant was determined by ICP
analysis. FT-IR, FT-Raman, UV-Vis-NIR, thermal amicrohardness studies were carried out
for the grown pure and doped crystals. The SH@ieficy of the pure and doped LAA crystals
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were also studied using Nd:YAG Q-switched laser.
MATERIALSAND METHODS

Experimental Procedures

2. 1 Synthesis and solubility

Equimolar quantity of AR grade L-arginine and acetcid were taken and dissolved in double
distilled water to prepare the aqueous solutiobAA. The reaction that takes place between L-
arginine and acetic acid in water medium is aoedl:

(NH2)NHCNH(CHy)sCH(NH,)COOH + CHCOOH ———>
(Nb) 2* CNH(CH,)sCH(NHs)* COO CH;COO

The synthesized product was allowed to evaporatepetri dish and it was later collected in the
form of salt. The growth of metal substituted ¢tay$s achieved by using the same procedure by
adding dopant of 2 mol % concentration of'Ntb the LAA solution. The synthesized salt of
pure and doped LAA was utilized for the measurenogits solubility in water. The solubility of
pure and doped LAA in double distilled water wasaswred at six different temperatures (30,
35, 40, 45 50 and 86) using a constant temperature bath of accuradyl+€C [6]. The amount

of LAA salt dissolved in 100 ml of water at the abanentioned temperatures has been plotted
as a function of temperature (Figure 1). From s$b&ubility curve, it is observed that the
solubility of both pure and doped samples of LAAreases with increase in temperature. The
incorporation of dopant into the parent solutiors [pgomoted the growth rate of the crystals.
Bulk crystals were grown by successive recrysttilim and the crystals are found to be
transparent and free from defects. Figure 2 shtwsphotograph of as grown pure and doped
crystals in a period of 50 days.

RESUTLSAND DISCUSSION

3.1 Powder XRD studies

Powder X-ray diffraction studies of pure and dop#dA crystals were carried out using Rich
Seifert, XRD 3000P, X-ray diffractometer with Cw Q. = 1.54056 A) radiation. The samples
were scanned for62values from 10° to 50° at a rate of 2°/min. Feg8r3 shows the Powder
XRD pattern of the pure and doped LAA crystals.

The powder patterns were indexed and the latticanpeter values for the pure and doped LAA
crystals were calculated by fitting the XRD datahwileast square method” using “XRDA”
program. It is observed that both the pure and dapgstals crystallize in Monoclinic P3pace
group. The lattice parameters of the samples asepted in Table 1 and agree well with the
reported values [5]. There are slight variationghiea lattice parameters and cell volume of the
pure and doped crystals. These variations arealtigetincorporation of the dopant in the LAA
crystal lattice.

3.2 Inductively coupled plasma analysis

In order to determine the weight percentage okeddpAA crystal, 10 mg of fine powder of the
crystal was dissolved in 100 ml of triple distillecter. This prepared solution was taken for the
ICP analysis. The results obtained from ICP shoat th03% of N&" (103 pg/100ml) was
present in the solution. It is observed that thewam of dopant incorporated into the crystal
lattice is below its original concentration (2%)the solution.
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3.3FT-IR analysis

The middle infrared spectra of pure and doped Ilinarg acetate are shown in
Figure 4. Both the pure and doped compounds shaerption at 1620 cthindicating the
presence of primary amino group. The spectrum oA Ishows a stretching strong absorption at
1550 cni which is characteristic of acyclic —NH stretchingdaO-H stretching. The FT-IR
spectra of both the pure and doped LAA confirmgtractural aspects of pure compounds. The
spectral assignments of both the crystals are giva@iable 2.

Doping of metal ion into the crystal lattices doed show any significant change in absorption
pattern. Some of the absorptions show a markddréifce in percentage transmittance. The
percentage changes of transmittance are worthqidtirs inferred that the metal ion form weak

linkages in the interstices of the correspondingtais. The broad absorption around 3000 cm

indicates the presence of both C=0 stretching atisretching.

3.4 FT- Raman Spectra

The FT-Raman spectra of pure and doped LAA are shiowFigure 5. It is a confirmatory
evidence for the presence of the metal dopantariatiice of L-arginine acetate crystal. The N-
H stretching frequencies are found between 3100 amd 2600 ci in the form of a broad
strong band with multiple peaks. The characteriséind at 1579 crhis due to the asymmetric
N-H deformation. The weak absorption band observe®®® 8n* shows the N-H stretching of
amino group. It is inferred from the spectra thut tpeaks at 1415 chand 1626 cf are due to
the C=0 stretching of carboxylic group. The NHAA spectra shows that absence of peak at
2125 cmi which may be responsible for metal linkage wittofNamino group. The FT-Raman
spectral assignments are shown in Table 3.

3.5UV-Vis-NIR spectrum

Optical absorption data were taken on these palisitgstal samples of about 4mm to 6mm
thickness using a Varian carry 5E model dual beapectsophotometer between
200nm — 2500nm. The spectra (Figure 6) indicaa¢ tire pure and doped LAA crystals have
minimum absorption in the entire visible region.eTeut-off wavelengths for pure and doped
crystals are 265nm and 249nm respectively. Intiegdg the doped crystal has reduced
absorption and reduced cut-off wavelength. Moreotre Nd&* doped crystal shows an
improved transparency window. The required properfor NLO activity are minimum
absorption and low cut-off wavelength. These progemare improved in the doped crystal. Both
the pure and doped crystals possess good transpderthe wavelengths of sources which are
used for photonic devices. It is found that thegestals possess a good transparency for the
wavelengths of sources that are commonly emplogedSHG, such as Nd:YAG (1064 nm),
InGaAsP (1200-1550 nm), GaAs (820-850 nm) [7].

3.6 Microhardness studies

Hardness of the material is a measure of resistanoffers to deformation [8]. Microhardness
behaviour of pure and doped LAA single crystal wested by employing Vickers microhardness
tester. Measurements were taken by varying theexpfdad from 10g to 50g. As micro cracks
were developed at higher loads, the maximum appdiad was restricted to 50g only. The plot
of variations of Vickers hardness number with aggblioad for (100) plane of pure and doped
LAA are shown in Figure 7. From the plot, it can iheted that the hardness of the crystal
decreases with increasing load both for pure dopged samples. The decrease of the
microhardness with the increasing load is in agexegmwvith the normal indentation size effect
(ISE). The hardness number Hv has improved in #se of doped crystal.
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3.7 Thermal studies

The thermo gravimetric analysis of LAA was carrma between 23°C and 1200°C in nitrogen
atmosphere at a heating rate of 10K/min. The regsulfTGA and DTG traces are shown in

Figure 8. Both the pure and doped crystals shawstages of weight loss, 76.42% and 77.92%
in the first stage and 23.72% and 19.21% in theorsdcstage for pure and doped crystal
respectively. The decomposition starts at 232&%¢ 228.1°C respectively for pure and doped
samples. Both the thermogram show negligible residlhe decrease in decomposition

temperature of the doped crystal is due to theedser in bond energy by the addition of Nd

3.6 NLO studies

Kurtz and Perry powder SHG test was carried oupore and doped LAA single crystals to
study its NLO properties [9]. The sample was illoated using Qswitched, mode locked
Nd:YAG laser with input pulse of 6.2 mJ. The enmossiof green radiation from the crystal
confirmed the second harmonic signal generatiothéncrystal. The second harmonic signal of
830 mW and 1320 mW respectively were obtained toemnd doped LAA with reference to
KDP (275 mW). Thus, the SHG efficiency of pure almgped LAA crystals is 3.0 and 4.8 times
more than that of KDP. Thus, the Ndhas increased the efficiency of pure LAA.
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Figure 1 Solubility curves of pure and Nd** doped LAA crystal

3.9 Dielectric studies

The capacitance of the sample was noted for thkeapipequency that varies from 100 Hz to 5
MHz at room temperature. Figure 9 shows the plodielectric constant versus applied
frequency of pure and doped LAA. The applied fremuyehas been represented by logarithmic
values in the plot. The dielectric constant hghhialues in the lower frequency region and then
it decreases with the applied frequency and ineeasth different temperatures. This is due to
the presence of space charge polarization whickraepon purity and perfection of the sample.
Displacement of an ion from an equilibrium positisrequivalent to the placing of the fictitious
dipole at the state with the ion in equilibrium.lthugh positive and negative ions displace in
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opposite directions in an electric field, the inddanoments all have the same sign. Since ionic
polarization is related to the oscillation of iotisg proper frequencies are much lower than those
of electrons due to large differences between nsd4€d. The dielectric loss is also studied as a
function of frequency. The curves are shown in Fegl0, suggesting that the dielectric loss is
strongly dependent on the frequency of the apgiedd, similar to that of the dielectric constant.
This behaviour is common in the case of ionic systeThe low value of dielectric loss indicates
that the grown pure and doped LAA crystals havededefects.
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Figure 3 Powder XRD pattern of pureand Nd** doped LAA crystal
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Figure 4 FT-IR spectrum of pure and Nd** doped LAA crystal

3.10 Photoconductivity studies

Photoconductivity studies were carried out at raemperature for the pure and doped LAA
crystals, using Keithley 485 picoammeter. Dark entrand photocurrent are measured for
various values of applied electric field. The plofphotocurrent and dark current as a function
of the applied field for pure and Riddoped LAA crystals are as shown in Figure 11.islt
observed from the plots that the photocurrentusagé higher than the dark current, hence it is
concluded that both pure and doped LAA exhibit faasiphotoconductivity [11].

1000

Table 1 Lattice parametersfor pureand Nd* doped LAA crystal

Lattice parameters | PureLAA | La® -LAA
a (A) 9.209 9.122
b (A) 5.201 5.252
c (A) 13.101 12.801
a(©) 90 90
B(°) 108.91 107.54
V) 90 90
Crystal System Monoclinic  Monoclini
Space group R2 P2
Volume (&) 586.20 581.38
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Figure’5 FT-Raman spectrum of pure and Nd* doped LAA crystal
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Figure 6 Absor ption spectrum of pure and Nd* doped LAA crystal
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Figure 7 Variation of Hv with load for pure and Nd* doped LAA crystal
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Figure 9 Variation of Dielectric constant for pure and Nd** doped LAA crystal
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Figure 10 Variation of Dielectric lossfor pure and Nd** doped LAA crystal

Table 2 FT-IR spectral assignments of pure and Nd** doped LAA crystal

Wave number (cm™) .

PureLAA | Nd°-LAA Assignments

3750 - 2300, 3750 - 2300 NH and CH stretching vibral
1532 1531 COO asymmetric stretching
1400 1400 COO symmetric stretching

1228,1197| 1229,1196 COQ@ibration
1093 1089 C-N stretching
928 929 CHrocking
890 891 C-C stretching
670 669 NH out of plane
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Figure 11 Field dependant conductivity of pure and Nd** doped LAA crystal

Table 3 FT-Raman spectral assignments of pure and Nd** doped LAA crystal

Wave number (cm™) .
PureLAA | N&*- LAA Assignments
2965 2964 Aliphatic CH
2930 2930 Aliphatic CH
2125 - C=C stretching vibration
1626 1626 Asymmetric C=0 stretchin
1579 1578 N-H asymmetric deformation
1415 1417 Symmetric C=0 stretching
1330 1344 CHsymmetric deformation
CONCLUSION

In the present work, the growth of promising NL@stal of both pure and Ntdoped LAA
single crystals were achieved by slow evaporatemhrtique. Powder X-ray diffraction studies
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were carried out, and the lattice parameters weterchined. The presence of functional groups
in pure and N&f doped LAA were analyzed by FT-Infrared and FT-Ramsiadies. The UV-Vis-
NIR spectra of the pure and doped LAA shows goditabtransmittance in the entire visible
region and the dopants have increased the pereemttigransmission in LAA. The SHG
efficiency of both pure and doped LAA was foundow higher than that of KDP. The thermal
studies of pure LAA reveal that the decompositibrpare LAA starts at 232.9°C. The role of
dopant in the pure LAA has marginal influence om tirermal properties of LAA. It can be noted
that the hardness of the crystal decreases witleasing load for both pure and doped samples.
The dielectric studies reveal the low value of elitlic constant / dielectric loss of the crystal at
high frequency region. The photoconductivity stsdi¢ both pure and doped LAA confirm the
positive photoconducting nature of the sample.
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