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ABSTRACT

A new semi organic non linear optical material, &lime cadmium chloride (LVCC crystal) has been grow
successfully from aqueous solution by the conveattisiow evaporation method. The grown LVCC crylste been
characterized by using powder X ray analysis andfiomed the identity of the title compound. Thespree of
functional groups of the grown crystal has beenficored by Fourier Transform Infrared SpectroscofifiR)
analysis. The optical absorption study was examibgdUV-VIS spectrum which indicates a wider optical
transmission window for the grown crystal. The UNbff wavelength was found out as 220 nm. The work
hardening coefficient has been found out as 1.088§gests that the given crystal belongs to modbratarder
category. It is noticed that SHG efficiency of ¢iiewn LVCC crystal is 0.99 times that of the stadd&DP crystal.

Keywords: Slow evaporation method, X-ray diffraction, Fourigansform infrared spectrum, UV cut off wave
length, work hardening co-efficient.

INTRODUCTION

Growth of Non Linear Optical (NLO) single crystalth good quality initiates the development of margvel
devices in the field of optoelectronics and optmammunication such as optical modulator, optieahdstorage and
optical switches [1-4]. Semi Organic NLO materiale generally have a high non linear coefficiemghHaser
damage threshold, high thermal stability and meiciadistrength than inorganic crystals [5-6]. Instleionnection,
amino acids are prominent materials for NLO appilices, as they contain zwitterions, which creae lilgdrogen
bonds used for the generation of non centro synynstuctures favorable for attractive SHG properti€ crystal
[7-9]. Except Glycine, generally amino acids havia Proton donating carboxyl group (Qoand a proton
accepting amino (Ngt+) group, having a tendency of combining with tb&inorganic salt [10]. As a result good
NLO crystals such as L-Valine hydro bromide [11]\Bline cadmium acetate [12], L-Valine Potassiuniotile
[13], L-valine Zinc Sulphate [14-15], L-Valine Niek Chloride [16], L-Valine Succinate [17], L-Valin®@xalate
[18], L-Valine hydro Chloride [19], L-Valine hydrbromide [20], L-Valine Cadmium bromide [21], L-Va&
Cadmium Chloride [22] has been grown and its chiaraation studies have been already reported.

In this present investigation, L-Valine Cadmium @ide Crystal (LVCC) has been grown from its aqueou
solution by slow evaporation method. Attempt hasrbeade to characterize the crystals through ttieniques
such as powder XRD, FTIR, UV-Visible, microhardnassl NLO studies.

MATERIALS AND METHODS
CRYSTAL GROWTH

L-Valine and Cadmium Chloride monohydrate has kdisgsolved inl1:1 equimolar ratio in deionized waiseing a
magnetic stirrer. The chemical reaction which calrttie crystal growth is,
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CdCb.H,0+NH,CH;CH,CH,CHCOOH - Cd (NH,CH;CH,CH,CHCOOH) C}.H,O )

The solution was kept in undisturbed condition alidwed to crystallize by slow evaporation tech®icat room
temperature. After 25-30 days colorless transpaeystals of LVCC were harvested. The photograpthefgrown
crystal is shown in Fig 3.1.
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Fig.1. Photograph of the grown LVCC crystal

CHARACTERIZATION

The LVCC crystal was subjected to powder X-ray rdiffion studies powder X-ray diffraction patterrasw
undertaken by X-ray diffraction meter (ModeDX 8030) with CUKx (A = 1.5418A). The presence of
functional groups has been confirmed with the leélperkin EImer FTIR spectrometer in the ranged460 to 4000
cm® using KBr pellet technique. The optical transpayerange was investigated By35 model Perkin Elmer
double beam uv-visible spectrometer in the rangd3ffnm to 1100nm. The mechanical strength of thevgr
LVCC crystal was studied using Reichert MD 4000E&Microhardness Tester. In this method, micreeitdtion
is made on the surface of a specimen with the beigiamond indenter. Hardness values are measuoed the
observed size of the impression, after a loadedntat has penetrated and has been removed frosuitfaee. Thus
the observed hardness behavior in the final measmeof the residual impression is the summatioa nimber of
effects involved in the materials response to tiskeintation pressure during loading.

RESULTS AND DISCUSSION

XRD ANALYSIS

Powder X-ray diffraction study has been used fa ittentification of the synthesized crystals. Tlewvgered
sample was scanned in the range between @890 scan rate of/min. The highest intense peaks of the observed
powder XRD pattern has been compared with the at@n¥RD pattern of L-valine hydro chloride crys(ACPDS
File no -27-1899) and L-valine (JCPDS File no- 354), and is analyzed. The well defined Braggs peatk
specific B angles have shown high crystalline nature of LV@gstals. The observed powder XRD of the grown
LVCC crystal is shown in Fig. 1
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Fig. 2 Powder XRD pattern of the grown LVCC crystal
FTIR Analysis

The infrared spectral analysis has been used terstahd the chemical bonding and functional grqarpsent in the
synthesized compound. The FTIR spectrum of LVCGtaiyhas been recorded in the range of 400-400Dusing
BRUKER IFS 66V model FTIR spectrometer. The FTIR&pmm of the title compound is depicted in Fig. 3.

The O-H stretching bond of water occurs at 3786",cwhich confirms the presence of water in the @lysthe
observed peak at 3425 ¢nis due to symmetric stretching vibration of NHbf L-Valine. The peak appears at
2937cnt has been attributed to GlHsymmetric stretching vibration. The N-H-O valerstestching combination
observed at 2621 cmThe peak observed at 1589 thas been attributed to the COO asymmetric stregcimiade

of vibrations. The symmetric deformation of MHs observed at 1507 ¢m The COOsymmetric stretching bands
are observed at 1393 &m The peak of C-O stretching is assigned at 1385 €-C stretching modes are observed
at 1178 and 1138 cmThe sharp peaks at 1063 and 1033 ésrdue to C-C —N stretching mode. The band at 943
cm’ is due to CH Rocking . NH" rocking bending is positioned at 823tniNarrow peaks assigned at 823tm
and 662 cri are due to C-H out of plane bending . The preseh€eC Skeletal stretching peak is assigned atchtd

There is an intense sharp peak at 714 assigned to COQn plane deformation. The narrow sharp peak at 542
cm’ and is assigned to C-CO deformation. The C@oking is observed at 431 ¢miThe observed wave numbers
obtained from the recorded spectra of the grown Cu&ystal has been found to be in good agreemetht thée
assignments proposed for L-Valine crystal [23] arellisted in Table. 1
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Fig.3 FTIR spectrum of LVCC crystal
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Table.3.2. FTIR Spectral assignments of LVCC crysia

Wave number (cnt) Assi

L-Valine (cm™ | LVCC (cm™®) ssignments

------------ 3786 O-H stretching mode

2945 2937 NE symmetric stretching
2945 2937 CHasymmetric stretching
2629 2621 N-H-O valance stretching combination
1585 1589 CO0asymmetric stretching
1508 1507 Nk symmetric deformation
1396 1393 COQGsymmetric stretching
1329 1335 C-0O Stretching
1178 1178 C-C Stretching
1140 1138 C-C stretching
1065 1163 C-C- N stretching
1028 1033 C-C -N stretching
949 943 CH Rocking
894 893 NH" Rocking bending
824 823 C-H out of plane bending
775 770 C-C skeletal stretching
716 714 COOin plane deformation
664 662 C-H out of plane bending
542 542 C-CO deformation
428 431 COOrocking

UV -Vis Spectral Analysis

Optical transmission spectrum for the grown LVC@stal has good transmittance in the entire visibtgon and
the lower uv cut off wave length is found to be 220. High transmittance in the visible region witlver UV cut
off wavelength shows the most favourable charestiesi used as a potential candidate for NLO apipdica. UV-
visible spectrum of LVCC crystal is shown in Fig. 4
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Fig.4. UV-Visible Spectrum of LVCC Crystal

Micro Hardness Studies

Indentation hardness has been the most commonly teshnique to measure the mechanical propertieheof
materials. It has been considered as a principalnpeter for mechanical characterization of materealpecially to
understand the role of plastic deformation [24]géneral definition of hardness is the mechanicsistance of a
solid object to permanent change [25]. The hardisesstimated from the ratio of the load appliedratenter to the
area of the impression left on the specimen. Viskaicrohardness number (Hv) was determined ugiagelation,

Hv =1.8544 P#dkg/mnt )

A graph has been plotted between Vicker's microhasd number (Hv) and the applied load (P) is shHowig.5.
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Fig. 5 The variation of Hv with the applied load fa LVCC crystal

In the present study the micro hardness value &an fbund to increase with load up to 100g, afiat tracks has
been occurred, which may be due to the releasatefnial stresses generated with indentation. Ongcliccurs

above a certain load (threshold load), below thisl| the indentation leads to deformation behawbereas above
the thereshold, it shows fracture behavior [27-2830 vacancies, dislocations and strains alterhtnelness. This
behavior of increasing micro hardness with the i@gpbad is also known as reverse indentation affext (RISE)

[29]. The reverse effect is very uncommon and igallg due to softer superficial layers on the spesi surface
[30]. The reverse ISE can be caused by the relgtigdominance of nucleation and multiplication efiatations.

The relation between load and the size of indestidt given by Meyer’s law [31],

P = Kd" 3
Where K is a constant, n is the work hardening coefficient
On the basis of careful investigation on varioubssances, Onitsch [32] has been found that theevafun lies
between 1-1.6 for hard materials and more thariat.8oft ones. The value of n has been estimateth the plot of

log p versus log d (Fig.6), and has been foundasut.0725 for the grown LVCC crystals, suggess ittbelongs
to the moderately harder category. The interceph@fibove plot gives the value of Khe standard hardness.
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Fig. 6 The plot of log p vs log d for LVCC crystal

Scholars Research Library



R. Sajithaet al Arch. Phy. Res,, 2015, 6 (3):1-8

After the load is removed it has been argued thatarea may be susceptible to elastic recovery.speeimen
undergoes relaxation involving a release of theemtdtion stress away from the indentation sites Téads to a
larger indentation size and hence to a lower hasia low loads [33].When elastic recovery is assed with
indentation,

P = Ko (d+x)? 4)

Where K is load independent constant and x is the comedtictor [34].

Simplifying Egs. (3) and Eqgs.(4)
d 72 = (KolKy) = d + (KolKy) ()

Plotting 472 against d should yield the slope x{K;) and the intercept gives x (Fig.7).
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Fig. 7 Plot of d vs &? for LVCC crystal

The micro hardness parameters of LVCC crystalisted in Table. 1

n K1l(kg/m) | K2(kg/m) | X(pm)
1.0742| 0.2936 2.997 0.10038

NLO STUDIES

The NLO property of LVCC crystal has been assedsedhe Kurtz powder technique [35]. The sample was
illuminated using Q-switched Nd: YAG laser with tfiest harmonic output of 1064nm and pulse widttBak.The
emission of green radiation from the crystal canéd existence of second harmonic generation. seoend
harmonic generation signal of 8.74 mJ for LVCC taysvas obtained for an input energy of 0.68J. tBatstandard
KDP crystal has given an SHG signal of 8.8mJ lier same input energy. Thus it is noticed that SHiGiency of

the grown LVCC crystal is 0.99 times that of thenstard KDP crystal.

CONCLUSION

The title compound L-Valine Cadmium Chloride (LVCC)ystal has been grown by the conventional slow
evaporation technique. The sharp peaks from therebd powder XRD pattern of LVCC crystal confirmie
crystalline nature. The functional groups presarthe compound has been explained on the basi¥I& studies.
The UV cutoff wave length has been found out as @20 The work hardening coefficient has been foontlas
1.0725, suggests that the grown crystal belongsaderately harder one. The SHG efficiency of treagp LVCC
crystal is 0.99 times that of the standard KDP tedys
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