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ABSTRACT

The experimental results of optical, mechanical, electrical and photoconductivity studies of nonlinear optical crystal
L-argininedinitrate (LADN) are presented. Good optical quality single crystalswith dimensionsupto 11 x 7 x 6 mm?®
wereobtained. LADN hasawide optical transmission window between 251 and 1200 nm. Its optical damage thresh-

old and SHG efficiency iscomparablewith that of KDP.

1.INTRODUCTION

L-arginineisoneof theessential amino acidswidey
distributedinbiological substances. It isalsothemost
basic of the amino acids, sincein addition to the a.-
amino group; it aso contains aterminal guanidyl
group. Thestrong basicity of theguanidyl groupis
responsiblefor thefunctionsin living mattert. L-argin-
ine phosphate monohydrate (LAP) isfound to exhibit
interesting non-linear optical propertied?. Theimpor-
tance of amino acidsin NLO applicationsare dueto
thefact that al theamino acidsexcept glycinecontain
chiral carbon atom and crystallizein non-centrosym-
metric space groups. Theintroduction of L-arginine
phosphate monohydrate (LAP) has played animpor-
tant rolebothinthecrystalization of new sdtsof amino
acidsand inthe development of semi-organic crystals.

Recently, Reenaand Sagayarg'¥ (2002) reported
on thegrowth of L-arginine diphosphate (LADP) by
dow solvent evaporation technique. Owingtoitsgood
trangparency, chemica sability, dipolar strength, L-argi-
nine diphosphate seemsto be apromising materia for
NLO application. The present work deals with the
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growth habitsand characterization of pureLADP crys-
tals. Thecrystd sgrown from agueoussolution of LADP
were subjected to various characterization studiesto
understand the structural, crystalline nature, mechani-
cal and photoconduction properties.

2.EXPERIMENTAL

2.1. Synthesisand solubility

Appropriateamount of L-arginine and orthophos-
phoric acid weredissolved in doubledistilled water to
synthesize LADP. Therequired amount of L-arginine
wasdissolvedin 100ml of milliporewater. Thestoichio-
metric amount of phosphoric acid wasd owly added to
it. Inthe present work, water isused asasolvent. Due
totherelatively high solubility of LADPinit (45gm/
100 ml of water at 30°C) and the favorable thermal
coefficient of solubility, water evaporatesand produces
seed crystals. After two weeks, the defect free and
trangparent seed crystalsof LADP were selected and
used for the growth experiment. Singlecrystalsof size
11x 7 x 6 mm? are grown in a period of 50-60 days
usingtheManson Jar Crystdlizer.
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Thesolubility of pureLADPinwater hasbeen de-
termined for four different temperatures, 30, 35, 4045
and 50°C respectively (Figure 1). A 250 ml glassbea-
ker covered witharubber cork wasused asnucleation
cdl. Thenucleation cell waskept ontheplatformina
congtant temperature bath, which controlsthetempera-
turewith an accuracy of 0.01°C. After achieving the
saturation, thecontent of the solutionwasandyzed gravi-
metrically. Figure 2 showsthe photograph of asgrown
LADP crystal grown by dow evaporation method. The
crystalsarenon-hygroscopic and optically transparent.

Themorphology of pureLADP crysta isshownin
figure3. LADP crystal growsasapolyhedronwithten
visiblefacesof whichthreeareon thetop andthreeon
the bottom. Thecrystalsarevery longinthe ‘a’ direc-
tion (shortest crystallographic axis). Themaintrunk of
the crystal hasfour faces, with planes(01 2),(012)
andtheir friedels. Theplanes(100),(010)and (00
1) arenot morphol ogically developed. Thethreefaces
ononeend of thecrystal are(110), (11 0 and (10
1). InFigure 3, PQ, whichistheedge of theintersec-
tion between the adjacent faces (1 1 0) and (1 1 0)
should bethecdirection. b which should be norma to
aand cisnot adeveloped edgeor direction.

RESULTSAND DISCUSSION

3.1. Singlecrystal XRD analysis

ThepureLADP singlecrystalswereanalyzed by
snglecrystd X-ray diffraction method. A singlecrysta
specimen of suitablesizewascut fromalargecrystd of
thetitlecompound. Thesinglecrystallinity wastested
using aLeicapolarizing microscope. The X-ray data
were collected on an automatic X-ray diffractometer
(MESSRSENRAF NONIUS, TheNetherlands). The
structurewas solved by the direct method and refined
by the full-matrix best-squares technigque using the

TABLE 1: Crystal datafor LADP crystal

Crystal system Present work
Crystal system Orthorhombic
Space group P2,2,2,
aA) 6.991(2)
b(A) 9.676(5)
c(A) 21.735(2)
Volume A® 1470.26 (3)
Z 4
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Figurel: Solubility curveof LADP crystal
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Figure?2: Photograph of asgrown LADPsingIecrystal
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Figure3: l\7I orphology of pureLADP crystal

SHEL XL program. The calculated | attice parameter
valuesarepresentedin TABLE 1. It isobserved that,
pure LADP crystashave orthorhombic structurewith
aspacegroup of P2,2 2,. Thelattice parameter values
of pureLADParein good agreement with thereported
work®.,

3.2. CHN analysis

For identifying the synthesized materid, the CHN
analysiswasemployed alongwith FT-IR and single
crystal X-ray diffraction (XRD) anadyses. Theelemen-
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Figure4: FT-IR spectrumof LADPcrystal
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Figure5: Optical absor ption spectrum of LADP crystal

TABLE 3: FT-IR frequency assignmentsfor LADP single
crystal

Wave number (cm™) Assignment
3424 N-H asymmetric stretching
3182 N-H stretching
1722, 1679 C=0 stretching
1657 N-H bending
1633 NH, deformation
1534 NH;" symmetric deformation,
NH, in-plane deformation
1473 CH, in plane deformation
1333 CH, wagging
1313 C-N stretching
1280 P=0 stretching
1233 P=0 stretching
1111 v (POy)
1025 C-O stretching
944 CH, Rocking
879 C-C stretching
743 NH, out of plane bending
530 v (POy)
510 P-OH deformation

tal anaysisof LADPwas performed using Elementar
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Vario EL 111 Elementa analyzer. Thetheoretica and
experimental atomic weight percentagesare summa:
rizedin TABLE 2. Thusthe chemica composition of
LADPisestablished.

TABLE 2: Resultsof elemental analysisof LADPcrystal

M olecular weight: 277.193 g/moal
Weight % composition

Elements Theor etical Experimental
C 21.665 22.010
H 6.545 6.783
N 20.212 20.009

3.3. FT-IR analysis

The FT-IR spectra of pure LADP crystals were
recorded on BRUKKER IFS FT-IR SPECTROM-
ETER using KBr pellet intherange 4000 cm to 400
cm™ and are shown in the figure 4. The frequency as-
signment of these crystalsispresentedin TABLE 2.
From the FT-IR spectrum, it is concluded that phos-
phoric acidisbonded to L-argininethroughionization.
A peptidebond CO-NH is formed between the car-
boxyl group COOH inL-arginineanditisclearly vis-
iblein the spectrum between 1600 cm* and 1750cm™.

3.4.UV-Vis- NIR study

Theopticd absorption spectraof LADPsnglecrys-
talswererecorded in the region 200 nm to 1200 nm
using Varian Carry 5E model spectrophotometer.
Figure 5 showsthe optical absorption spectrafor the
crystd. Theminimum absorbanceliesbetween 251 nm
and 1200 nm, which enablethe material to beagood
candidatefor NLO applications.

3.5. Nonlinear optical (NLO) study

Kurtz SHG test was performed on LADP crystal
to confirm the second harmonic signd generation effi-
ciency. Microcrystallinesample of KDPwasused asa
comparisonwith LADR , for the SHG experiments. For
alaser input pulseof 6.2 mJ, thesecond harmonicsig-
nal (532 nm) of 91.66 mV and 294 mV were obtained
through KDPand LADP samplesrespectively. Thus
the SHG efficiency of LADPis 3.2 timesthat of KDP.
The SHG €fficiency of LADPislessthan LAPE, but
greater when compared with some of the anal ogs of
LAP.

3.6. Laser induced damagethreshold study
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Figure6: Variation of vicker shar dnessnumber with load
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Figure8: Variation of dielectriclosswith frequency

In this section theresults of laser induced damage
threshold studies performed on LADP are presented.
Thelaser damagethreshold of LADPwas carried out
using laser setupinasingleshot modeand it wasfound

tobeabout 9.1 GW / cm?, which indi cates the suitabil -
ity of thiscrystal for NLO applications.

3.7.Microhardnessstudies

Microhardness studies have been carried out on
pure and doped LADP single crystalsusing a L eitz
Wetzlar Vicker’s microhardness tester. The static in-
dentationswere made at room temperaturewith acon-
stant indentation time of 10 seconds. For pure LADP,
theindentation marksweremadeonthe (01 2) and (O

1 2) planesby varying theload from 5to 50 gm. Above
50 gm micro cracks were observed and hence read-
ingswerenot taken for higher loads. Thevariation be-
tween hardness number (Hv) and the applied load p

for the two planes (0 1 2) and (0 1 2) of the pure
crystal andisshowninfigure6. Itisobserved fromthe
plot that the hardness number decreases as the load
Increases.

3.8. Dielectric studies

Thedidlectric study for thecrystal was carried out
onthe (01 2) plane. Figure 8 and 9 showsthevaria
tionsof didlectric constant and didlectriclossof LADP
crystal at temperature of 308 K, asafunction of log
frequency. Fromfigure 7 itisseen that theval ueof di-
el ectric constant becomesindependent of frequency in
thehighfrequency region. Thedidectriccongantisfound
to decrease with increasein frequency inthelow fre-
guency region. It isobserved from Figure 8 that the
vaueof dieectriclossdecreaseswithfrequency, and it
becomesindependent of frequency inthehighfrequency
region. Thelow vaueof didectriclossat highfrequency
can betaken asaproof for the good optical quality of
thecrystal™.

3.9. Photoconductivity studies

Photoconductivity of pureLADP crystswasstud-
ied using Keithley 480 picoammeter. Both dark con-
duction and photoconduction were studied. Conduc-
tivity measurementswere carried out onthe sample by
fixing eectrodesusingsilver paint. Dark conductivity of
the sample was studied by connecting the samplein
seriesto aDC power supply and apicoammeter. Elec-
trical contactsweremade at spacing (d) of about 2 mm
onthesampleusingsilver paint. The DCinput wasin-
creased from 0 to 300 volts in steps and the corre-
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Figure9: Variation of dark and photo cur rent with applied
field

sponding readingsin the picoammeter weretaken for
pureLADPcrystals.

Thevariation of dark current (I ) with the applied
fidd (E) ismeasured by increasing theapplied fiddd from
62.5V/cmto 1875 V/cmfor pure LADP crystal. The
dark current vs appliedfield plot indicatesthat | | in-
creases with increasing values of the applied field
(Figure9). Thevariation of photocurrent (I p) withthe
appliedfield isalso showninthesameplot. Itisob-
served fromtheplot that the photoconductivity ismore
than thedark current, for the sameappliedfield. Thus,
the LADPcrysta exhibitspositive photoconductivity.

4. CONCLUSION

Good quaity LADPsinglecrystalsweregrown by
the s ow solvent evaporation technique. X-ray diffrac-
tion dataconfirmed that LADP crystd isorthorhombic
instructure belonging tothe spacegroup P2,2,2.. The
optical absorption spectrum showsthat maximum ab-
sorbance for the crystal lies between 251 and 1200
nm. From the FT-1R spectrum, it isconcluded that phos-
phoric acidisbonded to L-argininethrough ionization.
Thethermd stability of LADPisfound tobemuch higher
than that of L-arginine monophosphate (LAP). The
microhardness studiesindicate the anisotropic nature
of the hardness values for pure LADP crystal. Pure
LADPcrystd exhibitspositive photoconductivity.
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