Available online at www.pelagiaresearchlibrary.com

4
o~ K; Pelagia Research Library
' — Advancesin Applied Science Resear ch, 2015, 6(10): 159-163
Library Library

| SSN: 0976-8610
CODEN (USA): AASRFC

Growth and characterization of L-cystine dihydrochloride single crystal

R. Vasanthakumari® W. Nirmala® and R. Santhakumari®

®Department of Physics, Government Arts Colleged@arnous), Karur, Tamil Nadu, India
Department of Physics, Government Arts CollegecFiirappalli, Tamil Nadu, India
‘Department of Physics, Government Arts Collegefomen (Autonomous), Pudukkottai, Tamil Nadu, India

ABSTRACT

L-cystine dihydrochloride (LCDHCL) of dimension 64xx 3 mm was grown fromaqua solution. The cell
dimensions were obtained by single-crystal X-reffraiition study. FT-IR, UV-vis-NIR and fluorescersgectral

analyses were carried out for the grown crystalserogravimetric and differential thermal analysesre carried

out to determine the thermal properties of the grawystal. Kurtz powder second harmonic genera{ihiG)

efficiency measurement revealed that the SHG efitgi is about ~6.72 times that of potassium dihyeino
orthophosphate.
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INTRODUCTION

In recent years, an intense worldwide effort hasnbfcused on the design and development of higffigient
organic nonlinear optical (NLO) materials. Aminoidsc and their complexes are promising materialsNQO
applications as they contain a proton donor carbagid (~COO) group and the proton acceptor amindid,)
group [1-4]. Nonlinear optical materials, which cg@nerate highly efficient second harmonic blueletjcare of
great interest for various applications includinghhspeed optical communication, wireless opticaputing,
optical parallel information processing, opticasiddata storage, laser fusion reactions, laser teesensing, color
display and medical diagnostics [5-The crystal structure of L-cystine dihydrochloridécDHCL) was solved by
Gupta et al. [8] and reported that L-cystine dilogdoride crystallizes in monoclinic system with §2ace group.
However no reports are available on the growth ematacterization of LCDHCL crystal. Hence opticalality
LCDHCL crystals have been grown by the slow evatimmamethod at room temperature. The grown crystele
characterized by single crystal X-ray diffractidfif-IR, UV-vis-NIR, fluorescence and Thermal anakis SHG
efficiency of the grown sample was measured by Karnd Perry powder [9] method using Nd:YAG laser.

MATERIALSAND METHODS

2.1. Synthesis and growth of LCDHCL single crystals

L-cystine and hydrochloric acid were taken in 1&ia dissolved in distilled water and stirred weaBing a
temperature controlled magnetic stirrer to yieldoanogeneous mixture of solution. Then the soluti@s allowed

to evaporate at room temperature, which yielded/stal of LCDHCL. To grow bulk crystal, the satudtsolution

of LCDHCL was taken in a glass beaker of 100 ml ané of the better quality crystals obtained frdmws
evaporation of the solvent at room temperature ugesl as a seed crystal. Slow evaporation at rompdeature
yielded a good quality single crystal of dimensiéng 4 x 3 mm from aqueous solution in a growth period of 25
days and is shown in Figure 1.
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Figure 1. Theas-grown LCDHCL crystal

RESULTSAND DISCUSSION
3.1. Single crystal and powder XRD analyses
The powder X-ray diffraction (XRD) was recordedngsipowder X-ray diffractometer with CuKradiation § =
1.5406 A). Finely crushed powder of LCDHCL crystais scanned in thed Xalues ranging from 10 to 8and the
XRD peaks were indexed and are shown in FigureF@rther single crystal XRD studies show that thesta
belongs to monoclinic system with cell parametdra s 18.582(5) A (18.582(7)p = 5.247(1) A (5.242 (2)x =
7.227(3)A (7.228(3))Bp = 103.74 (103.74) and space group C2. The derived unit pathmeters are in good
agreement with the corresponding values reporte@upta et al. [8] which are given in the parenthesi
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Figure 2. Powder XRD pattern of LCDHCL crystal
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3.2. FT-IR analysis

The FT-IR spectrum of the grown LCDHCL crystal wasorded in the KBr phase in the frequency range48D0
cm® using Perkin-Elmer spectrometer. The observedatitmal frequency and the tentative assignment of
LCDHCL are given in Table 1 along with a comparisdrthe corresponding reported values of L-cysfi. The
observation confirms the protonation of cystinehygrochloric acid. From the FTIR studies the pressnof the
functional groups of the grown LCDHCL crystal wamirmed.

Table 1. Comparison of vibrational frequencies (cm™) of LCDHCL

Assignments| L-cystine[10] | Present work
va(NH) 3429 3393
v (NHz") 2096 2084
3(NHz" 1628 1646
v(COQ) 1480 1498

3(CH—CO) 1408 1424
v(C—C) 1342 1350
v(C—C) 1194 1189
v(C—C) 1126 1132
v(C—N) 1043 1048
p (NHz") 845 816
p(CHy) 775 746
v(C=S) 675 658
p(CO0) 611 658
3(C—C) 540 583
v(S-S) 457 509

(v) Symmetric stretchingy{) asymmetric stretchingg) bending; p) rocking.
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3.3. UV-vis-NIR spectral studies

In order to estimate the optical transparency @2680-1100 nm region of the electromagnetic spattthe optical
transmittance study was carried out on the LCDH®@stal of thickness ~2 mm employing Varian Cary B%—
vis—NIR spectrophotometer. There is no appreciabkorption in the entire visible range, as in thsecof all the
amino acids [11]. The short wavelength cut-off ascat 270 nm which is one of the most desirabl@@ries of the
crystals for the device fabrication [12]. The tnaittance between 300 nm and 1100 nm is about 85hedhwis an
essential parameter required for frequency doulgiogess [13].

3.4. Fluorescence studies

Fluorescence may be expected generally in molethidgsare aromatic or contain multiple conjugatedhde bonds
with a high degree of resonance stability [14].drscence finds wide application in the branchesi@themical,
medical and chemical research fields for analyznganic compounds. The excitation and emissiontspdor
LCDHCL were recorded using Varian Carry Eclipseydféscence Spectrometer. The excitation spectrum wa
recorded in the range 200-300 nm (Figure 3). Theptawas excited at 242 nm. The emission spectiigufe 4)
was measured in the range 250-600 nm and the emigeak was observed about 400 nm. Thus the résditate

that LCDHCL crystal has the blue fluorescence eimiss
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Figure 3. Excitation spectrum of LCDHCL
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Figure 4. Emission spectrum of LCDHCL

Vickers microhardness test was carried out on (18d§ of the LCDHCL crystal using microhardnessete§itted
with a diamond indenter. The indentations were magieg a Vickers pyramidal indenter for variousdedrom 25
to 200 g. The diagonals of the impressions weresored using Shimadzu (Japan); Model HMV-2 hardness
instrument. The indentation time was kept as 2%rsafl the loads. Vickers microhardness numbey) (Was
evaluated from the relation, 1.8544(P/d) Kg/mn¥, where P is the applied load in kg and d is tlegdial length
of the impression in mm. From the Vicker's micradrgess studies, it is observed that the hardndee Wiecreases
upto a load of 100 g. For load above 100 g craaked developing around the indentation mark whicty be due
to the release of internal stresses [15]. Work éwairty coefficient n, a measure of the strengthhef arystal is
computed from the log P-log d plot and it is fouade 2.3. Onitsch [16 ] inferred that the valuandies between 1
and 1.6 for hard materials and for soft materitls iabove 1.6. Thus the LCDHCL crystal comes uritersoft
materials category. A plot of P/d against d drawlofving proportional specimen resistance (PSR) ehasl a
straight line, and the slope of which gives thedldadependent microhardness [17 ]. The load indeépen
microhardness value is calculated from the slope®(Pwhich when multiplied by Vicker's conversion fac
1.8544 gives 64 kg/mfrfor LCDHCL crystal.
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3.6. Thermal analysis

Thermogravimetric and differential thermal analysese carried out using a PYRIS thermal analyzecefamic
crucible was employed for heating the sample apdatialyses were carried out in an atmosphere fgeih at a
heating rate of 10C /min in the temperature range 40-12@0 The initial mass of the material subjected t® th
analyses was 5.105 mg. The TGA trace shows thamgterial exhibit small weight loss of about 2.03i#4he
temperature range 89.62C to 102°C due to loss of water. As the weight loss is shianmay be attributed to loss
of lattice water. In the temperature range I'8D - 900°C, the compound remains stable. At 94408he loss of
weight is due to the-SS bond cleavage, loss of @drom carboxylic acid group and loss of ammonianfrthe
amino acid group. The DTA curve recorded for theDHCL crystal implies that the material undergoes
irreversible endothermic transition at 141.08, which assigned to melting point of LCDHCL.

3.7. Powder SHG measurement

The study of NLO conversion efficiency was carr@ad using the modified experimental setup of Kl Perry
[9]. A Q-switched Nd: YAG laser beam of wavelend®64 nm, with an input power of 2.8 mJ, and pulsdttwof

8 ns with a repetition rate of 10 Hz was used. gitmvn single crystal of LCDHCL wagsowdered with a uniform
particle size and then packed in a micro capil#@ryniform bore and exposed to laser radiationg @titput from
the sample was monochromated to collect the irieredi 532 nm component. The generation of the sécon
harmonics was confirmed by the emission of gregit.liA sample of potassium dihydrogen orthophospfi€DP),
also powdered to the same particle size of thererpatal sample, was used as a reference materthki present
measurement. Second harmonic generation efficiefidihe powdered LCDHCL is ~6.7 times that of poiass
dihydrogen orthophosphate.

CONCLUSION

The potential organic NLO crystal of LCDHCL was gro by slow evaporation method. Single crystal X-ray
diffraction study revealed that the LCDHCL crysgabwn at room temperature belongs to monoclini¢cesys FT-

IR spectral analysis confirms the presence of fonat groups of the LCDHCL. The UV-vis-NIR spectruoh
LCDHCL showed that the crystal is transparent i@ tange 300-1200 nm. Fluorescence spectrum shdvetd t
LCDHCL has blue fluorescence emission. Its SHCGciEficy tested by high intensity Nd: YAG laser esoarce is
about ~6.7 times greater than that of KDP. Owingltdhese properties LCDHCL could be a promisimgamic
material for NLO applications.
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