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ABSTRACT

Good quality single crystals of pure, zinc and cagdmdoped L- Alanine Hydrogen Chloride monohydiat#&HC)

have been grown from aqueous solution by slow eatipa method. The grown crystals were subjectepawder
X-ray diffraction studies to study their structudiaracteristics. FTIR spectral analysis was peried to identify
the presence of various functional groups in thestals. The UV-Visible—-NIR spectral analysis wasied out to

study the optical properties of the grown crystétgluctively Coupled Plasma (ICP) studies have besmied out
to confirm the presence of dopants in the growstaty

Keywords: L- Alanine Hydrogen Chloride monohydrate singlgstal, Zinc and Cadmium doped, FTIR, UV-VIS-NIRFA
OES

INTRODUCTION

Non - linear optical materials are being widelyeashed currently due to their considerable usthénfield of
optical telecommunication, space image processidgoptical computing. Among the various organicstais used
as NLO materials, amino acids are of much imposddmecause of properties such as (a) molecularlithinghich
secures acentric crystallographic structure, (lspabe of strongly conjugated bonds, which giveewidnsparency
in the UV-Vis spectral regions and (c) Zwitteriomiature of molecules, which results in good cryktaidness. [1,
2]

Among the amino acid family of NLO crystals, L- milae (molecular formula: CH3CHNH2COOH) is the siexl
molecule. L- alanine was first crystallized by Barfi3] and later by Destret al [4]. In both cases, very small
crystals were grown, unsuitable for optical chaggzation. It was found that, if L —alanine is milxeith different
organic, inorganic acids and salts to form novetemals, the so formed crystals improved NLO prdipsr[5,6].
Growth, structural, spectral, mechanical and didlecharacterization of RbCl doped LAHC monohyedratngle
crystals have been reported [6]. The crystals \yevevn by solution method with slow evaporation t@gne/X ray
diffraction, spectral and dielectric studies on thewn crystal was carried out and reported. Groattd
characterization of semi organic L-alanine acetaystals were reported by Mohan Kunaral [7]. It is reported
that L-alanine acetate crystals exhibit betterrttedrand mechanical stability with improved optipabperties.
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In the present work, L-alanine hydrogen chloridenotoydrate crystals have been grown with the dopaintsand
cadmium. Their structural, spectral and opticaperties of doped and pure LAHC monohydrate crystaise been
studied and reported.

MATERIALS AND METHODS

Crystal growth

Analytical grade (AR grade) of L-alanine and coricated hydrochloric acid were taken in the ratiolof0.05
normality. doubly deionised water was used as tiest. Single crystals of pure LAHC monohydrater@vgrown
from supersaturated solution at room temperatursidoy evaporation method. Good quality crystalsenatained
by successive recrystallization.

C3H7;NO,+HCI+H,0 = C3HgNO,"CI'H,0

The dopants, Zinc chloride and Cadmium chlorideenatded separately with the pure LAHC solution éfirdte

molecular ratio LAH:X (X is dopant) being 1:0.01nmolar weight. Each solution was stirred for thneeirs using
magnetic stirrer and filtered using Whatman filgaper. The filtered solution was transferred toobirglass
beaker. It was porously sealed and placed in afdesstatmosphere for slow evaporation. The pH efgblution
was noted as 4. The grown crystals were harvedtedaperiod of 20 days. Good quality pure andedbprystals
were obtained. All the grown crystals were colosslestable and transparent. The photographs obasigure and
doped LAHC monohydrate single crystals are showiigii and fig 2 respectively. The crystals werareltterized
using FTIR, UV-VIS-NIR spectroscopic techniques,A'/@nd powder XRD techniques.

Figl. Photograph of as grown Pure LAHC monohydratecrystal

Fig 2(a). Photograph of as grown Cadmium doped LAHGnonohydrate

Fig 2(b). Photograph of as grown Zinc doped LAHC mnoohydrate
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Characterization

The FTIR spectra of pure, zinc doped and cadmiupedd AHC crystals were recorded by KBr pellet teghe
using Perkin Elmer FTIR Spectrophotometer in theyea4000-400 cthat SAIF, IIT Madras. The optical properties
of the grown crystals were studied in the wavelenmggion 250-1100 nm at St. Peters University, @aerPowder
X-ray diffraction pattern was recorded at Universif Madras. Inductively Coupled Plasma Optical Esion
Spectroscopic studies were carried out at SAIFMHdras to reveal the presence of dopants in tysair

RESULTS AND DISCUSSION

FTIR Spectroscopic study

The FT-IR spectra of pure LAHC monohydrate crystad doped crystal were recorded in the region 4@en
using Perkin Elmer at SAIF, IIT madras, Chennaie Bample was prepared by pressing LAHC monohyavite
KBr into pellet form. The observed spectra are sihawfig 3, 4 and 5 respectively.

For CH; group frequencies, generally, nine fundamentals lsa associated with GHyroup. The asymmetric
stretching vibrations usually occur at higher wauenbers than symmetric stretching vibrations. Atganmetrical
bands are sharper than asymmetrical bands. Asyrien@t stretching mode of GHs expected around 2980¢m
and CH symmetric stretching is expected at 2870dBovindarajaret al [8] have assigned the vibrations occurring
in the 2900cnt range to Cliasymmetric stretching and bands in the 280bcagion to CH symmetric stretching.
Also, Gnananet al [9] have assigned peaks occurring at 3223emd 2733cm to symmetric stretching bands of
N-H and C-H groups. In the present work, the vibrail frequencies occurring at 2811¢mand 2730ci have
been assigned to asymmetric and symmetric stregahibrations of methyl group respectively. The bandcurring

at 1455crt and 1412cil have been assigned to €bending vibrations. The peak at 1236cthas been assigned at
O — CH; rocking vibrations, based on the vibrational baasignments done by Shettigamal [10].

The C — N stretching frequencies are rather dilffito assign since there are problems in distirtgo these
frequencies from other vibrations. For the compounder study, L- alanine hydrogen chloride, the matric C-N
stretching vibrations are assigned to frequencyl&fB, while asymmetric stretching vibration is assigrted
1236¢nT. These assignments are in good agreement withressits made by previous workers [11, 12].

If a compound contains a carbonyl group, the altewrgaused by C=0 stretching is generally amomgsthongest
present. If the nature of the carbonyl group caediablished by classical chemical tests or byrdRebsorptions
present, a great deal of structural information banderived from the exact position of the carbaostyktching
absorption peak. Generally, the C=0 absorption mscituthe range 1680ch- 1630cnt. For LAHC crystal, this
absorption is assigned the frequency 1618chhis is in correlation with assignments done bgtBgaret al [10].
The O-C-O bending mode at 772 tias been identified and assigned. The C&soring mode appears at 649
cm® in the FT-IR spectrum of the crystal. The peak3@ cm' represents the CO®ocking. The vibrational band
assignments for the absorption peaks of the FTpdttsum have been done in accordance with therdptated in
the literature [13,14,15].

The N- H group gives rise to six internal modegsibfations, i.e., symmetric and asymmetric stratghisymmetric
deformation, rocking, wagging and torsional mod&8].[ For LAHC crystal, the band occurring at 308Tcia
attributed to asymmetric Nfi stretching, and the one at 2938tris attributed to symmetric stretching. The
absorptiorpeak at 2112 crhis due to the combination band of NHlegenerate mode and BfHorsion. The bands
at 1598cnt and 1519c are due to the bending vibrations of Xigroup. This is in good agreement to the values
assigned by Subashchandra besal [17]. Bands occurring in lower wave number range§01cm' and 488crit

in LAHC are attributed to NHwagging, in correlation with vibrational analysis dlifferent compounds by
Ramalinganetal and Arjunaret al[11,12].
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Fig 3. FTIR spectrum of Pure LAHC crystal
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Fig 4. FTIR spectrum of Cadmium doped LAHC crystal
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Fig 5. FTIR spectrum of Zinc doped LAHC crystal

Powder XRD Analysis

Powder X-ray diffraction study was conducted toifyethe single phase nature of the samples. Figdresd 8
show the powder XRD patterns of pure, cadmium ddp&dC monohydrate crystals. Well defined Bragg peak
were obtained at specifi®2angles indicating that crystals were ordered. pboeder XRD studies were done at
University of Madras using GE XRD 3003 TT X-rayfdiictrometer. The X radiation used was copper (idkal 1)
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radiation §=1.54056A) operating at a voltage of 40 KV and eent of 20 mA. The scanning rate was maintained
at 1.6°/min over a®range of 10-70° employing the reflection modedoanning. The figures 6 and 7 indicate the
sharp peaks and hence the crystalline nature ajrthen crystals.

There is a slight shift in the diffracted peakstle XRD pattern of doped LAHC monohydrate crystalthen
compared to that of pure LAHC monohydrate, thensity of the diffracted peaks was found to varybwoth the
XRD patterns of doped crystals.
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Fig 6. Powder XRD spectrum of pure LAHC crystal
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Fig 7. Powder XRD spectrum of cadmium doped LAHC iystal

Optical transmission Spectral Studies

Single crystals of L-alanine are mainly used foticg) applications. The study of the optical trafssion range of
the grown crystals is thus very important. Pure¢ ziloped and cadmium doped LAHC monohydrate crystéh a
thickness of 2mm without any antireflection coatimgre cut and used for optical measurements. The/Igble-
NIR transmission spectra were recorded using Pekimer Lambda 35 UV-Vis NIR spectrophotometer at St
Peters University, Avadi, Chennai in the range @50to 1100 nm.

This spectral study is helpful in understandingitmic structure of the optical band gap of thgstal. The study
of the absorption edge is essential in connectiibth the theory of the electronic structure. Thiade to the idea of
the band structure of the crystal and to know wreithgets affected in the band extreme or not.
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Fig 8. UV-VIS—NIR spectrum of pure LAHC
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Fig 9. UV-VIS—-NIR spectrum of cadmium doped LAHC
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Fig 10. UV-VIS —NIR spectrum of Zinc doped LAHC

From the spectra presented in fig 8-10, it isrctéat both the pure LAHC monohydrate and Cd andd@ped
LAHC monohydrate crystals have transmittance in #mtire of visible —NIR region of the spectra. High
transmission in the entire visible region and skattoff wavelength facilitates the as grown crigst the present
work to be potential candidates for non linear cgitimaterials producing second harmonic and thaamionic of
Nd:YAG laser. However, absorption at around 346amd 342 nm occur in the near ultraviolet regiompime and
cadmium doped LAHC monohydrate crystals. This arthee to electronic transitions associated withengamples.
Using cut off wavelengthif detail and applying the formulg, € hc/A, the band gap energy was found to be 3.469
eV for pure LAHC monohydrate. The band gap enerfgieshe zinc and the cadmium doped LAHC monohyarat
were found to be 3.505 eV and 3.634 eV respectively

| CP-OES studies
Inductively Coupled Plasma (ICP) technique has hesd to detect the presence of dopant in theatry@erkin
Elmer Optima 5300 DV at SAIF IITM, Chennai was us$edthe study.
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The primary goal of the Inductively Coupled Plasshadies is to get the elements to emit characiersivelength
specific light, which can then be measured. Thegmee of zinc in the doped LAHC crystal is confidrzy the
ICP- optical emission spectrometry studies. Zino)(% identified with the wavelength 206.200 nmtive ICP
study. The presence of Zinc is confirmed by compmathe emitted wavelength with the characteristavelength
for Zn (213 nm) in the ICP-OES standard measuresnent

Table 1 : ICP test data of doped LAHC monohydrate

Sample weight Analyte Concentration
0.15g Zn 206.2 nm| 3.077 mg/l
0.22g Cd 228.8 3.563 mg/l

The weight percentages of Zinc and cadmium preaghte doped crystal can be calculated from theida,

Weight % = ppm (mg/l) x volume in ®10*(dilution factor)

Weight of tk@mple (g)
Weight % of Zinc and Cadmium were calculated usirggabove formula as 0.0307% and 0.0809% respéctive

From the ICP spectrometry, it is evident that Zamd cadmium are present in the doped LAHC monolgdra
crystal.

CONCLUSION

Single crystals of pure, Zinc and cadmium doped ICAkhonohydrate single crystals were grown by sotutio
method. It was observed that the grown crystalseviemsparent, colourless and had good morphologages.
The powder XRD of the grown crystals confirmed thaiystalline nature. The functional groups presenthe
crystals were confirmed by the detailed FT-IR smdcnalysis. The optical transmission study resgahe high
transparency of the crystals. The presence of depeas confirmed by the ICP optical emission spgstudies.
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