Available online at www.scholarsresearchlibrary.com

9\\ed Sc,e
é‘
. 0; »
Scholars Research Library g w)g
< Q
[*) nd
Scholars Research Archives of Applied Science Resear ch, 2013, 5 (5): 220-227 % ( ~—” 3
(http://scholar sresear chlibrary.convarchive.html)
L/b/'ar'y

| SSN 0975-508X
CODEN (USA) AASRC9

Dielectric and photoconductivity properties of semiorganic nonlinear optical
LMHCI crystals

M. Kumar, S. Tamilselvan, M. Vimalan?, P. Saravanan?, S. Aruna®, R. K anagadurai®

Department of Physics, Arignar Anna gover nment Arts College, Cheyyar, Tamilnadu, India.
& Department of Physics, Thirumalai Engineering College, Kancheepuram, Tamilnadu, India.
PDepartment of Physics, Government Arts College for Men, Nandanam, Chennai, India.
*“Department of Physics, Presidency College, Chennai, Tamilnadu, India.

ABSTRACT

The potential semiorganic nonlinear optical single crystal of L-Lysine monohydrochloride dihydrate (LMHCI) has
been grown by slow evaporation solution growth technique at room temperature. It crystallizes in the monoclinic
system with space group of P2;. The dielectric behavior of the crystal is determined at room temperature in the
frequency range of 100 Hzto 5 MHz The dielectric studies prove the low values of dielectric constant and dielectric
loss in the sample at high frequency. The negative photoconducting nature of the sample is confirmed by
photoconductivity study. The nonlinear optical property of the crystal is tested by Nd: YAG laser source. The ac/dc
conductivity studies are carried out and the activation energies are determined.

INTRODUCTION

In the recent past, nonlinear optical (NLO) singhystals has emerged as one of the most attrafitids of
research in view of its potential applicationshe airea of optical switching, optical computingticgd data storage,
optical bistability, etc. [1-2]. Recently, complexef amino acids have been explored. Most of tharahamino
acids show nonlinear optical effect. The tetrahledreay of four different groups aboat carbon atom confers
optical activity on amino acid. In solid state, amiacid contains a deprotonated carboxyl acid g{@@QO) and
protonated amino group (NH. This zwitter ionic nature favours crystal harsgiethus making them ideal
candidates for NLO devices [3]. Complexes of amakas with inorganic acids and salts are promisiaderials
for optical second harmonic generation (SHG), &y tlend to combine the advantages of the organinaarcid
with that of the inorganic acid [4]. In recent ygaefforts have been made to synthesize aminoraisied organic
inorganic complex crystals, in order to improve themical stability, laser damage threshold, liresd nonlinear
optical properties [5-6]. L-Lysine monohydrochlagidihyrate (LMHCI) is one such recently developethi®rganic
NLO crystals and its growth has been reportedTBg present investigation deals with the growth HCI single
crystal by slow solvent evaporation technique. Tnewn crystal has been subjected to single crystD,
dielectric and photoconductivity studies. The SHGd®s of the LMHCI was also studied using Nd:YAG Q
switched laser.

MATERIALSAND METHODS

The LMHCI crystal was synthesized by taking L-Lysimand hydrochloric acid in the appropriate ratileT
calculated amounts of L-Lysine and hydrochloricdagere thoroughly dissolved in double distilled evatising a
temperature controlled magnetic stirrer. The sofutivas stirred well and slightly warmed using madignstirrer

and filtered using filter paper and transferredPairi dish. The prepared solution was allowed w@pevate at room
temperature, which yield the salt of LMHCI. The ippiof the synthesized salt was further increasgdircessive
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recrystallization process. The supersaturatedtisalwf LMHCI was prepared in accordance with tlodubility

data. Single crystals of LMHCI were grown by slowaporation technique at room temperature (30°Cysi@rs
obtained by spontaneous nucleation were used ascsgstals. Good quality of crystals has been ésted in a
span of 25 days.

3. Characterization

The single crystal XRD was collected using an auatieah diffractometer (Messrs Enraf Nonius, The Nedinels).
The structure was solved by the direct method afithed by the full matrix least square techniquengighe
SHELXL program. The NLO efficiency of LMHCI crystalas evaluated by Kurtz and Perry powder technique
using a Q-switched, mode locked Nd : YAG lasertéingg 1.06um, 8 ns laser pulses with spot radius of 1 mm.
The input laser beam was passed through an IRctefleand then directed on the powdered sample. lighe¢
emitted by the sample was measured by the photedietector and oscilloscope assembly. abeonductivity,
dielectric constant and dielectric loss of the siempere measured at different temperatures usir@KHB532-50
LCR HITESTER in the frequency range from 50 Hz MBz. LMHCI sample of uniform cross sectional area 2
mn? and thickness 1 mm was coated with silver paintravide good ohmic contact. The dielectric constard
dielectric loss were measured by varying the fregye for a fixed applied voltage. The measurementi®
electrical conductivity was done using the conwamdl two-probe technique for temperatures rangingnf308 to
368 K. The photo current and dark current of thested was measured using Keithley 485 picoammetene
experiment was performed at room temperature.

3.1 Singlecrystal XRD study

The structure of LMHCI was solved by the direct hoet and refined by the full matrix least—squareeithnique
employing the SHELXL program. It is observed th&H.CI crystallizes in monoclinic structure with sgagroup
of P2. The lattice parameter values a = 5.94 A, b = ahd ¢ = 7.49 A are in good agreement with tipreed
values [6].

3.2NLO test

Second harmonic generation (SHG) efficiency wassmesl to get an idea how much efficient the mdtésian
transferring energy from fundamental laser beanmsdoond harmonic beam. Powder technique [7] of SHG
efficiency measurement is also an extremely vakialol for screening of materials for second harimon
generation. Second harmonic efficiently test wadopmed by the Kurtz and Perry powder techniquer{Kand
Perry 1968) using Q-switched, mode locked Nd:YA&efaoperating at the fundamental wavelength 1064Han
the SHG efficiency measurements microcrystallinéenia of KDP was used for comparison. When a laseut of

3.2 mJ was passed through LMHCI, second harmogitasiof 97 mV is produced with reference to KDP (6%)

and the experimental data confirm a second harneffigency of nearly 2 times that of KDP.

3.3 Dielectric studies

Figures land 2 show the variations of dielectric constamt dielectric loss as a function of frequency wittrying
temperature. The dielectric constant is highepat frequencies and then decreases with the incrgditquencies
and saturates, and dielectric loss decreases magtkasing frequency (Figures 1 and 2). The lardgevaf dielectric
constant at low frequency is due to the presenspate charge polarization [8]. When the electnigrge carriers
cannot follow the alteration of the a.c. electiigld applied beyond a certain critical frequency 8 dielectric
constant decreases with increase in frequencyemdins constant.

Figures 3 and 4 show the variations of dielectoinstant and dielectric loss as a function tempegafthe dielectric
constant increases with the increasing temperatime hopping (exchange) of the charge carrierhendttice sites
(which is responsible for electrical conduction)tiermally activated by increasing temperature. aAsesult,
dielectric polarization increases causing an irsgea dielectric constant and dielectric loss. didigon, both the
dielectric constant and dielectric loss increasth wémperature (Figures 3-4). The very high val@alielectric
constanat lower frequencies may be due to the space clarigeization. It is evident from Figure 4 that #rgstal
has a very low dielectric loss in the high frequemegion, which indicates the lesser number of dsfén the
crystal.
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Figure 1. Variation of dielectric constant with log frequency at different temperaturesfor LMHCI single crystal

Dielectric loss

Figure 2. Variation of dielectric losswith log frequency at different temperaturesfor LMHCI single crystal
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Figure 3. Temperatur e dependence of dielectric constant for LMHCI single crystal
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Figure 4. Temperatur e dependence of dielectric lossfor LMHCI single crystal

3.4 ac and dc Conductivity studies

Figure 5shows the frequency dependence ofab&onductivity in the frequency range of 100 Hz-5 #fér the
temperature interval of 308-368 K for the three gls It is observed that thee conductivity increases with
increasing frequency. Thac conductivity plot indicates a typical behavior mbst of the solid samples. i.e., a
power-law increases at frequencies betweehahd 16 Hz. Such frequency dependence of @ieconductivity is
explained in terms of the power law. The power-ld@pendence of the frequency is of universal natune
corresponds to the short ranges that are sepagtedergy barriers of varied heights. This regimattributed to
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hopping conduction [9-10jvhich sets in frequency above*Hz and the regime is clearly visible for the sample
under study. As temperature rises, more and madiecideare created, and as a result, the condyctivireases,
which is predominantly due to moment of defectdpieed by thermal activation. Plots betweendlp)(and 1000/T
are found to be very nearly linear (Figure 6). Ration energies are estimated using the slopdsesktplots; [E=-
(slope) k x1000]. The variations of activation ajies with frequencies are shown in Figure 7. Thivation

energy is found to increase with increasing fregyen
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Figure5. The ac electrical conductivitiesfor LMHCI crystal

-6 —=®— 100 Hz
—@— 1kHz
10 kHz
—w— 100 kHz
8 1 MHz
< -104
vV— Y
V/V/
-12 4
/.//T///".
— ———— *® ——
-14 4 —
.*77777——77777,./%"/
) T I . : I

3.3 3.2 3.1 3.0 2.9 2.8 2.7
1000/T (K)

Figure 6. Plot of In(gx) versus 1000/T for LMHCI single crystal

The dc electrical conductivity measurement was carrietlfouthe LMHCI crystals using the conventional two
probe technique in the temperature range 308-368h¢. study ofdc electrical conductivity sheds light on the
behaviour of charge carriers under a DC field, rtmaobility and mechanism of conduction. At any fmattr
temperature, the Gibb’s free energy of a crystatiisimum when a certain fraction of ions leave tioemal lattice.

224
Scholars Research Library



R. Kanagadurai et al Arch. Appl. Sci. Res., 2013, 5 (5):220-227

As the temperature rises, more and more defectprariced which in turn, increases the conductiffigure 8).
The dc conductivity of the crystal in the higher temperat region is determined by intrinsic defects cdulsg
thermal fluctuations in the LMHCI crystal. The aetiion energy (k) is calculated from the slope of the graph
betweenin (o4) vs 1000/T (Figure 9) and it is found to be 0.073 eWlfMHCI respectively.
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Figure 7. Freguency dependence of ac activation energy for LMHCI single crystal
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Figure 8. Thedc electrical conductivitiesfor LMHCI crystal

3.5 Photoconductivity study

Photoconductivity measurements were made using¢itbley 485 picoammeter. The dark current was méeo by
keeping the sample unexposed to any radiation.apipdied field was varied from 90 to 2550 V/cm. egasuring
the photo current, the sample was illuminated aitialogen lamp of 100W power by focusing a spdigbt on the
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sample with the help of a convex lens. The reggltihoto current was measured by varying the apfikdd for the
same range. The plots of dark current and photeotiversus applied field are drawn on the samphg(&igure
10). It is observed from the plots that the darkext is always higher than the photo current. Thi4HCI single
crystal is found to exhibit negative photoconduityiv
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Figure 9. Plot of In(gqc) versus 1000/T for LMHCI single crystal
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Figure 10. Field dependent photoconductivity of LMHCI single crystal
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CONCLUSION

Single crystals of LMHCI of appreciable size withedle morphology were grown by slow evaporatiohnéeue at
room temperature. Single crystal XRD confirms thewmn crystal. The NLO property was confirmed usMd :
YAG laser of wavelength 1064 nm and the efficiem@s estimated to be 2 times higher than that of KDl
microhardness study indicates that the crystaligsdo the class of hard materials. The dielestudies prove the
low values of dielectric constant and dielectrisddn the sample at high frequency. The activaéinergies are
determined from the plots fomac/dc conductivity. The photoconductivity study ascertaithe negative
photoconducting nature of the crystal. The prongigirystal growth characteristics and propertiesMHCI crystal
indicate it as a potential material for photoniecéro-optic and SHG device application.
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