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ABSTRACT

L-cystinehydrochloride(LCH) an intriguing organicaterial for frequency conversion has been grownslow
evaporation solution growth technique at room terapge. The single crystal XRD was used to iderlifycrystal
system. FTIR spectral was performed for the comfion of functional groups and chemical compositidhe
optical behavior such as UV-Vis absorption speetnd second harmonic generation (SHG) conversidnieficy
are investigated to explore the linear and nonlineharacteristics of the above material. The digiecconstant
and dielectric loss are measured for the grown tadyior different temperatures.
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INTRODUCTION

Extensive studies have been made on the synthedigrawth of non-linear optical materials over atpdecade
because of their potential applications in thedfief telecommunications, optical signal processimgl optical
switching [1]. These applications depends upon whgous properties of the materials, such as taesTy,
birefringence, refractive index, dielectric constahermal. Photochemical and chemical stabilitygaic crystals
have large non-linear susceptibilities compareitidoganic crystals. However these crystals haveagelimitations
such as increased optical absorption, narrow temesgy window and poor mechanical and thermal lgtabi
Inorganic crystals have excellent mechanical aedntal properties but possess relatively low opticailinearities
because of the lack af electron delocalization. Combining the high oaticonlinearity and chemical flexibility of
organics with thermal stability and excellent traitsance of inorganics, semi-organic materials hasen proposed
and are attracting a great deal of attention infiblel of nonlinear optics [2]. Complexes of amiaoids with
inorganic salts were promising materials for optisacond harmonic generation SHG, as they aptlynfithis
context with such properties. Amino acids were fitional organic molecules that contain a protonadaarboxyl
acid (-COO)group and the proton acceptor amino gNgtoup in them. In solid state amino acid contains
protonated amino group and deprotonated carboxylbcip. This dipolar exhibits peculiar physical attemical
properties. So the efforts have been made on tlireoaawid mixed crystals in order to make them $lidior device
applications. Some complexes of amino acid withanig and inorganic acids exhibits NLO propertiesS[3L-
cystine was one of the sulfur containing protenagemino acids formed by oxidation of two cysteiesidues
which covalently link to make a disulfide bond. this series, we have reported the growth of bullsted of L-
cystine hydrochloride (LCH) (§H:2N,O4S;.HCI) by slow evaporation method and its charaz&ion by single
crystal XRD, Fourier transform infrared spectrosgdpV-Vis, dielectric and photoconductivity.
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EXPERIMENTAL SECTION

The LCH was synthesized by dissolving 2M of L-cigein 1M of hydrochloric acid in double distillegater at
60°C. The solution was stirred continuously for @ufs to attain homogeneity of mixture and therefdd. The
filtered solution was kept for slow evaporationrabm temperature under undisturbed condition. Exetpmn of
solvent yields the good quality crystals. Transpamlorless LCH crystals were harvested within pleeod of 30
to 35 days with the size of 36 mm x 15 mm x 10 nmd the photograph of the as-grown crystal was shiown
Figurel. The above material was synthesized acuogtdi the following reaction scheme:

2CH/NO,S + HC|—> g:"lzN204SZ.HCI
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Figure 1. Photograph of LCH crystal

RESULTSAND DISCUSSION

3.1Singlecrystal X-ray diffraction analysis

Single crystal X-ray diffraction studies have beamnried out to confirm the crystallinity and to @alate the lattice
parameters of the grown sample. The grown cryséa subjected to single crystal X-ray diffractiondsés using
ENRAF-NONIUS CAD4 diffractometer with Moek radiation source of wavelength 0.717 A. From thea)X

diffraction data, it was observed that LCH belongedmonoclinic system with C2 space group. Theidatt
parameter values of LCH were a=18.73A, b=5.67A,.86/&, 0=y=90°, p =102.2°, V= 781.62&espectively and
these values were in line with the literature vdltje This confirms that the LCH single crystalakt its own crystal
system.

3.2FTIR studies

The Fourier Transform Infrared spectrum of LCH wesorded at room temperature in the spectral r&0ge400
cm® bythe BRUKER IFS 66V infrared spectrophotometdre Tibration spectrum of a molecule generally cstssi
of two major regions (i) Group frequency regior) finger print region. Group frequencies are vilrat that are
associated with certain structural units such a$3;&NH2, -G=N etc., and appear fairly at a constant regiorhén t
spectrum. The molecules having similar groups stimiv vibration in the form of bands is called faxgrint region
[8]. The characteristic absorption peaks are shiwfigure 2. The peak at 1725 ¢was characteristic of amino
acid hydrochlorides [9]. The N-H stretching vibaatiwas assigned at 3403 ¢ifhe band located at 2949 ¢mas
attributed to CH stretching [10]. The sharp anorgirband at 1725 chindicates the C=0 stretching of COOH
group [11]. The C-H bending mode appears at 1362 dine C-C stretching vibrations appears betweers thi'
and 1219cri [10]. The peaks at 812 ¢hwas assigned to C-N stretching vibrations. The §¢8tching vibration
appears in and around 654 tifi7]. The S-S stretching vibrations of LCH was absd at 615 cm [12]. This S-S
vibration shows the presence of disulfide bond ®HLcrystal. The sulfur containing amino acid cystifThe
protonation of L-cystine with hydrochloride wasalsonfirmed by the above discussion. Presenceeofuthctional
groups of L-cystine and vibrational frequencieseveompared in Table 1 with the corresponding fraqiges of the
parent reactant of L-cystine.

911



Azeezaa Varsha Mohammed et al J. Chem. Pharm. Res,, 2015, 7(6):910-915

100

98

96

2275.79

94

92

90

Transmitance (%)

1113.

1034.62

88

]
)
<
)
~

86

1219.15

1187.

84

725.3%
1152.91

T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbercm'

Figure 2. FTIR spectrum of LCH crystal

Table 1. FTIR spectrum of LCH crystal

Wavenumber crh

L-cystine | LCH
3429 3403| NH asymmetric stretchi
3030 2949| CH broad band stretchirjg
2096 2110| NH stretching
1585 1503| NH'deformation
1489 1499| COGstretching
1408 1427| CHCO deformation
1342 1362| C-H stretching
1298 1219| Chwagging
1194 1187| C-C stretching
1126 1113| C-C stretching
1090 1034| C-N stretching
1043 1034| COOocking

Assignments
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650 654 | C-S stretching
611 615 | S-S stretching
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Figure 3. Transmission spectrum of LCH crystal

3.3UV-Vis- NIR studies
The UV-Visible transmittance spectrum was recordsithg Varian Cary 5E model UV-Vis-NIR spectrometirs
the range 200- 1400 nm covering the entire UV arsiblé region. Fig. 3 shows the recorded opticahs$mittance
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spectrum of LCH single crystal. The lower cutoff wekength are observed at 207 nm which was assitmed
electronic excitation in the CO@roup of LCH. A complete transparency in visibbgion was interesting which
was a required for non-linear optical applicatia8][ From the relation &= 1.243 x 18/ Amathe forbidden energy
gap was estimated [14]and was found to be 6.03wNEh was the typical value of dielectric matefib]. The high
photo response nature of the material was revdéedatthe above study.

3.4SHG efficiency measurement

Kurtz and Perry [16] second harmonic generationGpltest was performed to find the NLO property @@HL
crystal. The powdered crystalline sample was ilhetéd using Q-switched, mode locked Nd: YAG laskr o
wavelengthih = 1064 nm of pulse width 10 ns. The green radiatib532 nm was collected by the photomultiplier
tube after being monochromated into voltage ougtuhe CRO. The result obtained shows that the powatHG
relative efficiency of LCH was about 0.67 timesrththat of potassium dihydrogen orthophosphate.h&sstcond
order nonlinear efficiency will vary with the pafé size of the powder sample, higher efficiengiese expected to
be achieved by optimizing the phase matching [17].

3.4Didectric Studies

The dielectric study on LCH single crystal was iemrout using HIOKI 3532 LCR HITESTER. A sample of
dimension 5.41 x3.99 x 2.13 mirhaving silver coated on the opposite faces waseplabetween the copper
electrodes and thus a parallel plate capacitorfaased. The capacitance of the sample was measyredrying
the frequency from 50Hz to 5 MHz at various tempees from 40°C to 100°C. Figure 4 shows the plot o
dielectric constant, versus applied frequency. The dielectric constiasthigh values in the lower frequency region
and then it decreases with applied frequency. Tekeatric constant has a high value at 50 Hz ardtedeses at 5
MHz. The very high value of, at low frequencies may be due to the presencd tfeafour polarizations namely,
space charge, orientational, electronic and ionlanzation and its value at higher frequencies raydue to the
loss of significance of these polarizations gragudlhe dielectric loss was also studied as a fonobf frequency
at room temperature and was shown in Figure 5. bes/es suggest that the dielectric loss was glyatependent
on the frequency of the applied field, similar batt of dielectric constant. This behavior was comnmothe case of
ionic system [18-19].
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Figure4. Variation of dielectric constant of LCH

3.5Photoconductivity studies

Polished sample of LCH was attached to microsctide and two electrodes of thin copper wire wersedi with
silver paint. The sample was connected in series BXC power supply and a Keithley 480 picoammetet the
corresponding dark curreniy was recorded. The sample was then exposed tatliaion from a 100 Whalogen
lamp containing iodine vapor and tungsten filamtrg photocurrentl§) was recorded. The field dependence
conductivity of LCH crystal was shown in Figure 16.was observed that both photocurrent and darkeatir
increases linearly with the applied electric fiblat photo current was observed to be lesser tharoftdark current,
which was termed as negative photoconductivity. fibgative photoconductivity in the present case begue to
the reduction in the number of charge carriersheirtlifetime, in the presence of radiation. Theckmann model
also explains the phenomenon of negative photoaivity successfully with specific reference to seamducting
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crystals [20].For a negative photoconductor, fadeid gap holds two energy levels in which one wasqa
between the Fermi level and the conduction bandevthe other was located close to the valence bEme.second
state has higher capture cross-section for eleztmod holes. As it captures electrons from the gatioh band and
holes from the valence band, the number of chaaggecs in the conduction band gets reduced ancttinesnt
decreases in the presence of radiation.

4.00E-010
3.50E-010 A
3.00E-010 A
2.50E-010
2.00E-010 A

1.50E-010

Dielectric loss

1.00E-010

5.00E-011

2 3 4 5 6 7
Log frequency

Figure5. Variation of dielectric lossof LCH
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Figure 6. Field dependent conductivity of LCH
CONCLUSION

Single crystals of LCH were grown by slow evapanatinethod. Single crystal XRD studies confirm tinat grown
crystal belongs to monoclinic system. FTIR spectoamfirms the presence of all the functional grosipsh as NH,
COQ, C-C, C-H, C-S and S-S were identified. The UV-WlRR spectrum shows that it has a good optical
transmittance with lower cutoff wavelength 207nnd &éime band gap energy was found to be 6.03eV. H@ @&st
with 1064 nm wavelength laser showed intense ghiggh and the LCH was 0.67 times than that of KORe
variation of dielectric constant and dielectricdosere studied with varying frequency at differégperatures.
Photoconductivity study revealed the negative ptmtductivity nature of the grown crystal. Thus, tieove
studies indicates the suitability of this crystal photonics device fabrications.
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