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ABSTRACT

Good quality single crystals of L-leucine hydrobiden (LEHBr) of size 10 x 2 x 2 nihwere grown by slow
evaporation solution growth technique at room terapge. The crystal system and the lattice paramseteere

analyzed by single crystal X-ray diffraction studié-rom the thermo gravimetric/differential thernmehalysis

(TG/DTA), the LEHBr was found to be thermally stabp to 213 °C. The SHG efficiency of the growstatywas

found to be 4 times higher than that of KDP crysfdie dielectric properties of LEHBr from 308 to83K were

investigated by the impedance analysis. The testyper dependences of ac & dc conductivities of LEWBre

investigated Photoconductivity studies of LEHButtied its negative photoconducting nature.

INTRODUCTION

There have been significant advances towards theelseand synthesize of newer variety of acentristatline
materials that could produce green/blue laser li§ynthesis of such materials is of great imporafiom both
scientific and technological points of view becawdetheir innovation concerning nonlinear opticAlLO) and
electro-optic device applications (Gunter 1990).nkwar optical (NLO) materials, which can generhighly
efficient second harmonic blue—violet, are of grietierest for various applications including higbesed optical
communication, wireless optical computing, optipatallel information processing, optical disk dsterage, laser
fusion reactions, laser remote sensing, color digpedical diagnostics, etc. [2-4]. Organic conmutsuexhibit
high nonlinear optical response, in many casesererdf magnitude larger than the widely known immig
materials. Recently, varieties of semiorganic @lgsbelonging to large family of amino acids fomhioear optics
(NLO) applications have been developed. Among thdous amino acids, L-leucine is the simplest makec
having SHG efficiency of about one-third of therstard KDP material. The importance is due to tra fhat
amino acids contain chiral carbon atom and crystalh the noncentrosymmetric space groups; thezeftey are
potential candidates for optical second harmonitegation. lonic salt materials offer an importantl @&xtremely
flexible approach for the development of new matsrapplicable over a very broad range of frequendror
visible to near-UV wavelengths (0.25-1.4 mm), sinolution grown organic—inorganic complexes (‘semi
organics’) have been developed. In semiorganictalg;shigh optical non linearity of a purely organon is
combined with the favourable mechanical and therpraperties of an inorganic counter ion [5,6]. udae
hydrobromide (LEHBFr) is a semiorganic compound frihrea amino acid family. It crystallizes in the athombic
structure, space group 222; with 4 molecules per unit cell and have latticeapaeters: a=7.29 A, b=24.51 A and
c=5.54 A. Crystals of L-leucine hydrobromide (LEBHIBvere first crystallized and structure was solsd

127
Scholars Research Library



J. Suja Rani et al Arch. Appl. Sci. Res,, 2013, 5 (4):127-136

Subramanian [7]. In the present investigation, naftie has been made to grow single crystals of Lieuc
hydrobromide (LEHBr) by slow evaporation method@m temperature and the characterization studiel as
single crystal X-ray diffractometry (XRD), thermadlectrical and photoconductivity and ac/dc conditgt The
NLO property of the crystals has been confirmed aedond harmonic intensity was measured using Kamtz
Perry powder technique.

MATERIALSAND METHODS

2.1 Synthesisof LEHBr

The starting materials for synthesis are of AR grahd used as purchased. L-leucine (Lobachimie) and
hydrobromic acid (Merck) are taken in 1:1 stoicharit ratio. The calculated amount of L-leucing s&abissolved

in deionized water. Then the appropriate amouit®fis added to the solution. The reaction is dgs,

CGH13NOZ + HBr___' QH14N02+. Br_
In order to purify the synthesized salt it was ystallized two to three times.

2.2 Solubility of LEHBr

The solubility of LEHBr in deionized water (solvgid determined by adding a solute in solventttik completely
dissolved. After attaining the saturation, the &bum concentration of the solute is analyzedvgreetrically.

Using this method, the solubility of LEHBr for diffent temperatures (30, 35, 40, 45, 50 and 559@&Yyaluated.
The temperature dependence of solubility of LEHBshown in Fig. 1. From the graph it is found tihat solubility
of LEHBr increases with temperature.

Solubility (g/100 ml)
T

2 L) v L) v L) v L) v L) v L)

30 35 40 45 50 55 60

Temperature (°C)

Fig. 1 Solubility curve of LEHBr

2.3 Growth of LEHBr single crystals

The synthesized salt of LEHBr was purified by répdacrystallization and saturated solution was greg in
accordance with the solubility data (Fig. 1). Tldudon was continuously stirred for few hours akept for
nucleation. Due to the spontaneous nucleation,lesiogystals of LEHBr with appreciable size werewnoin a
period of 25— 30 days. In order to achieve singlestals of good optical quality and relatively largize, many
growth attempts have been made. The resultingalsystere thin colorless needles. The grown crystedsstable,
do not decompose in air and non-hygroscopic inreatkig. 2 shows the photograph of the as growstaly of
LEHBr. An important observation during the growtli bEHBr is the absence of any kind of microbial
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contamination during the growth period even whea $blution was kept for nearly 2-3 months. Thislddcae
attributed to the high concentration of hydrobroantd used in the solution.

3. Characterization

Single crystal XRD of LEHBr was carried out uslBRAF NONIUS CAD4-F single crystal X-ray diffractater.
The SHG efficiency of the LEHBTr crystal was estiathby Nd:YAG Q-switched laser with first harmonigtjput of
1064 nm. The TGA and DTA analysis of LEHBr wererat between 28 and 1000 °C at a heating rate of
15 °C / min using the instrument NETZSCH STA 409The ac conductivity, dielectric constant and the dielectr
loss of the sample were measured at different testhypres (308, 328, 348 and 368 K) using a HIOKIZB58 LCR
HITESTER impedance analyzer in the frequency raofge00 Hz — 5 MHz. The measurementsdafconductivity
were done using the conventional two probe teclniqudor temperatures ranging from
308 — 368 K. The photo current and dark currenhefcrystal was recorded using Keithley 485 picoatem

Fig. 2 Photograph of asgrown single crystal of LEHBr

RESULTSAND DISCUSSION

4.1 Singlecrystal XRD analysis

The XRD data reveals that LEHBTr crystal belongstitnorhnombic structure with noncentrosymmetric gpgmup
of P22,2;,. The unit cell parameters of LEHBr are given irbleal. The single crystal X-ray diffraction datatbé
crystal is in good agreement with the reportedesland thus confirming the grown crystal [7].

Table 1 Singlecrystal XRD data of LEHBr

Empirical Formula| @€H1,NO,". Br—
Crystal systel Orthorhombi
Space groL P212:2;
a (A 7.2872
b (A) 245141
c (A 55312
a 90°
B 90°
y 90°
Volume (A} 988.1
z 4

4.2 NLO studies

Second harmonic generation test was done on theBrEdmple using Kurtz and Perry (1968) techniqlée
source used was Q-switched, mode-locked" NAG laser emitting 1.0um fundamental radiation. The input laser
beam was passed through IR reflector and thentditeon the microcrystalline powdered sample padked
capillary tube of diameter 0.154 mm. For the SHf2iency measurements, microcrystalline materiadkBP was
used for comparison. When a laser input of 10.8vas) passed through LEHBr, second harmonic signal 6fmV

is produced and the experiment confirms a seconudrac efficiency of nearly 4 times that of KDP (B8/). Thus
SHG efficiency of LEHBr sample is comparable wither promising amino acid based NLO crystals.
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4.3 Thermal analysis

The TGA and DTA traces are shown in the Fig. 3e @hsence of water of crystallization in the mol@cstructure

is indicated by the absence of the weight loss ratol00°C. From the DTA curve it has been observed that
endothermic peak at about 221 °C corresponds tongigng point of the compound which is coincidiwith the
stability of the material shown by TGA trace. Aglm major weight loss starting at about 213 °Chlisesved from
the TGA trace. The decomposition completes at aBoQt°C leaving no residue. The endothermic peaeied at
221 °C corresponds to the melting point of LEHBriahhis immediately followed by another endotherpéak at
around 256 °C accompanied by a weight loss. Sedhgpound undergoes endothermic decomposition #satts
in a weight loss of 75% between 221 °C and 310wldch trace is due to the weight loss which maytigbuted
to liberation of ammonia molecules. The decompmsitof the main carbon chain starts at M due to the
evolution of carbon dioxide. The decomposition lé tesulting residue continues upto 16G0and then the entire
residue decomposes into gaseous molecules. Sigmify, the TGA-DTA plot indicates that there is pbase
transition before the melting point and the samigldree from any entrapped or any solvent inclusidbhe
decomposition of the resulting residue continue® 4®00°C and then the entire residue decomposes into gaseo

molecules. The sharpness of the endothermic pedicates good crystalline nature of the synthesititel
compound.
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Fig. 3TGA and DTA curvesof LEHBr single crystal

4.4 Electrical studies

Suitably cut and polished section of LEHBr was suotgd to dielectric studies using a Hioki model 358 LCR
HITESTER with a conventional two terminal samplddeo (Westphal). The sample was prepared and radunt
between the copper platforms and the electrodesrder to ensure good electrical contact betwherctystal and
the electrodes, the crystal faces were coated silitbr paint. Proper care was taken that the sipaént does not
spread to the sides of the crystal. The capa@tand dissipation factor of the parallel plate citpaformed by the
copper plate and the electrode having the sampdeddeslectric medium has been measured. Figsdbahow the
variations of dielectric constant and dielectrisdowith log frequency. The dielectric constantha sample was
measured for different frequencies under variomgperature slots from 308 K to 368 K. The dieleatanstant of a
material is composed of four contributions namelgctronic, ionic, orientational and space chargknzations.
All these may be active at low frequencies. Irt,féee nature of the variation of dielectric comstevith frequency
indicates which type of contributions present ia #ample. It is observed from the plot (Fig. 4ttthe dielectric
constant decreases exponentially with increasiequigncy and then attains almost a constant valubkeirhigh
frequency region starting from 3 KHz to 5 MHz. dtabserved that at all temperatures, both the ai&econstant
and dielectric loss decrease with increasing fraqueThis decrease in dielectric constant viittrease in
frequency may be attributed to the dependence @eltttronic, ionic, orientational and space chaaarizations.
It is further observed that as the temperaturecmes, the value of dielectric constant increas@sdonsiderable
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value (Fig. 6). A similar trend is observed in ttese of dielectric loss also (Fig. 7). The chanastic of low
dielectric constant and dielectric loss with highguency for a given sample suggests that the sapgdsesses
enhanced optical quality with lesser defects amgl glarameter is of vital importance for various liveear optical
materials and their applications [8].

Fig. 8 shows the variation adic conductivity ©,) with temperature. At higher temperature, the eased
conductivity could be due to the reduction in tipace charge polarization. The conductivity of LEHBereases
with increase in temperature. The electrical cotidncis mainly a defect controlled process in leamperature
region. It is observed from Fig. 9 that the el@akiconduction of LEHBr is low at low temperatureiog to
trapping of some carriers at defect sites. As teatpee rises, more and more defects are creatddasaa result, the
conductivity increases, which is predominantly tuenoment of defects produced by thermal activatfartivation
energies are shown in Fig. 10.

Evaluation ofdc electrical conductivity reveals useful information the materials to exploit them for various
applications. The study alt electrical conductivity sheds light on the behaviof charge carriers underda field,
their mobility and mechanism of conduction. At gugrticular temperature, the Gibb’s free energy cfystal is
minimum when a certain fraction of ions leave tloenmal lattice. As the temperature rises, more anderdefects
are produced which in turn, increases the conditietiVhe dc conductivity of the crystal in the heghtemperature
region is determined by intrinsic defects causedthgrmal fluctuations in the LEHBr crystal (Figs-12).
Activation energy () was also determined and it was found to be 0.@356

4.5 Photoconductivity studies

Photoconductivity study of the LEHBr single crysteds carried out by using Keithly 485 picoammekRy.not
allowing any radiation to fall on the sample and vgrying the applied field from 60 to 1700 V/cm.eth
corresponding dark current values shown by thegpitoeter were recorded. The sample was then exjpjodad
radiation from a 100 W halogen lamp containing medivapour and tungsten filament. The photo curvead
recorded for the same range of the applied voleegdone in the case of dark current measureméitis. photo
current and dark current are plotted as a funabiotine applied field (Fig. 13). It is observed frdahe plot that the
dark current is always higher than the photo cuyrérence it is concluded that LEHBr exhibits neggti
photoconductivity. The Stockmann model also exgldire phenomenon of negative photoconductivity essfolly
with specific references to semiconducting crysi@ls
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Fig. 4. Variation of dielectric constant with log frequency at different temperaturesfor LEHBr single crystal
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Fig. 5 Variation of dielectric losswith log frequency at different temperaturesfor LEHBr single crystal
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Fig. 7 Temperature dependence of dielectric lossfor LEHBr single crystal
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Fig. 13 Field dependent photoconductivity of LEHBr single crystal
CONCLUSION

Single Crystals of L-leucine hydrobromide (LEHBrgaonveniently grown by slow evaporation technigtieoom

temperature. A solvent of deionized water is usedHe growth process. The single crystal XRD gataves that
LEHBTr crystal belongs to orthorhombic in structuvigth a noncentrosymmetric space groupZ2,. The sample is
thermally stable up to 213 °C. The frequency amepierature dependence of the dielectric constaieiéalric loss

of LEHBr are investigated. The activation energytlod sample is calculated kag/dc conductivity studies. The
negative photoconducting nature of LEHBr is studigghotoconductivity investigations.
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