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ABSTRACT

Single crystals of Yttrium doped sulphamic acid 8A) were grown from agqueous solutions by sloaperation

technique. Structural characterization of the groewpstals has been carried out by powder and siogystal X-ray

diffraction (XRD) methods. (Y : SA) crystals criliga in tetragonal structure. Second harmonic gatien (SHG)

for the material of this work was confirmed usind NYAG laser. The UV-Visible spectrum showed thetgrown

crystals have wide optical transparency in the rentiisible region. The thermal stability of the €13l has been
indentified by thermal studies.
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INTRODUCTION

The search for materials for various device appbtica has led to discovery of many organic, inorgamd semi-
organic crystals. The responsibility for the ex@aisess of the crystal is due to their structumalpicity, symmetry
and purity. These characteristics endow crystath whique physical and chemical properties whiclsed major
transformation in the electronics industry. Nondine€Optical (NLO) materials, have potential appiiwas in
optoelectronics, Second Harmonic Generation (SH@ical storage, optical communication, photonggctro-
optic modulation, optical parametric amplifiers,tiopl image processing, etc [1-4]. Suphamic acidl és
derivatives have wide industrial applications.dstbeen noted that, when doped the rare earth eigme capable
of improving and inducing some important charast&s to the pure sample. Hence in the present veydtematic
studies on the growth and characterization of Witridoped sulphamic acid (Y : SA) is reported. Thestalline
perfection, structural, presence of funtional gugptical, thermal, behaviours and the presefitkeodopant in
(Y : SA) were revealed by X-ray diffraction, FTIRV-vis-NIR, TG/DTA, EDAX, studies respectively.

MATERIALS AND METHODS

Preparation of the solution to grow the desiredietyis an important stage in solution growth.shturated aqueous
solution of (Y : SA) has been prepared using therepand dry salts of SA and yttrium in the ratio .1. The
saturated solution is filtered using the filter paprl he filtered solution is transferred into threwgth beaker and the
growth vessel is sealed using a perforated filegsgp in order to slow down the evaporation of tbkvent. The
growth vessel should be carefully kept in a padintand disturbance free atmosphere [5]. The seextats were
obtained in a period of 10 days. The Fig.1(a) afij $how the photographs of pure SA and (Y : S&ystals
respectively.
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Fig.1(a) Pure Sulphamic acid crystals Fig. 1(b) Y : SA single crystal
RESULTS AND DISCUSSION

3.1. EDAX

EDAX is an analytical technique used for the eletakanalysis in the given sample [6]. The preseavfcearious
elements in Y : SA single crystal has been iderdiffrom the EDAX spectrum as shown in Fig.2. Theghe
percentages of Nitrogen, Oxygen, Sulphur and Mtiriare tabulated and given in table 1. This confirtims
presence of the dopant yttrium inside the crysttice of the sulphamic acid single crystal.
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Fig. 2. EDAX spectrum of Y : SA

Table 1: Elemental composition of Y : SA crystal

Element Wt.% | At.%
11.27 17.51
38.52 51.33
46.61 30.99
3.60 00.53
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3.2. X-ray diffraction

Single crystal X-ray diffraction

Single-crystal X-ray diffraction is most commonlgad for precise determination of a unit cell, idéghg cell
dimensions and positions of atoms within the lattENRAF NONIUS FR 590 single crystal X-ray difffameter
has been used to measure the cell parameters lofppot SA and Y : SA single crystals. The obsaredtice
parameters are given in table 2. While analyzirggdhta given in the table it can be seen that pedarystal ‘a”
and ‘b’ are equal with different ‘c’ value indicagj that it crystallizes in tetragonal structure veas the pure SA
crystal is orthorhombic, this clearly indicatesttlize dopant inside the crystal lattice have saffect on the
structural parameters.

Table 2. Lattice parameters of pure SA and Y : SAiggle crystals

Parameters Pure SA Y:SA
aA 8.100 8.080
bA 8.049 8.080
cA 9.220 9.550
V AS 604.8 597
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Powder X — ray diffraction

The powder X — ray diffraction patterns of purel @oped SA are shown in Fig. 3(a) and 3(b). Thestaflnity of

both pure and doped crystals is quite clear froffnagitograms because of the occurance of sharpspaiagpecific
Bragg's angles. The ‘d’ spacing and (h k I) valfmsprominent peaks in the spectrum were idemtifiehe extra
peaks indexed (413), (206) and (226) obtained m3fh) in comparison with the Fig.3(a) may be doethe

incorporation of the yttrium into the pure SA ciidfattice, from the diffractograms it is clear thie entry of the
dopants in the modified composition of SA cryslaksd to a change in the intensity of peaks whenpeoed to the
peaks of pure SA, which shows that the doping hasdht about a change in the internal structurerygdtals due to
change in bond lengtjg]
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Fig.3(a). Powder X — ray diffractogram of Pure SA
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Fig.3(b). Powder X —ray diffractogram of Y : SA

3.3. Fourier Transform Infrared Spectroscopy

The FTIR spectra of Y : SA crystal was recordechwite help of BRUKKER IFS 66v spectrometer by Keilgt
technique in the range 500-4000 tmnd is shown in Fig 4. The FTIR spectroscopy stisdgffectively used to
identify the functional groups present in the miateiThe functional group assignments for Y : $®\summarized
in Table 3.
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Fig. 4 FTIR spectrum of Y : SA
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Table 3 : Vibrational band assignment for Y : SA sgle crystal

Wavenumber (ci) Assignment
3147 Degen. Nistretching
2878 Sym. BHtretching
1549 Degen. NHeformation
1442 Sym. Mideformation
1200 Degen.;S€iretching
1078 Degen.;S@eformation

689 Ntdnd N-H Wagging
547 Degen. 2feformation

3.4. UV-vis-NIR Spectroscopy

The absorbtion spectra of Y : SA crystal is measunethe wavelength range 200-800 nm using PhHp8700
UV-visible scanning spectrometer. The recorded itim spectrum is shown in Fig 5. It is observhdttthe,
crystals have good transmission in the entire kasilmd IR region. The lower UV cut of wavelengtiai250 nm.
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Absorbtion spectra of (Y : SA)

Fig.5. UV-vis-NIR specturm of Y : SA single crystal

3.5. Thermal studies

Thermal analysis for Y : SA was performed using MBETH-STA 409 instrument in nitrogen atmosphereméha
was taken as reference material [8]. The resulliBgDTA trace is shown in Figure 6. There is no weifpss
between 100 and 180. This indicates that there is no inclusion ofavan the crystal lattice, which was used as the
solvent for crystallization. From the TG curvedtdbserved that the Y : SA exhibit three stage apasition. The
first and second minor decomposition takes placks@iC and 266C with weight losses of 2.45% and 5.10% the
third major weight loss takes place at 3Zith the weight loss of of 88.83 % of the initiaass.

Fig 6. TG - DTA thermograms of Y : SA

These stages of decompositions are well supportettidbendothermic peaks at the respective temgesata the
DTA.

3. 6. Nonlinear optical test

The SHG efficiency of Y : SA is measured by using Kurtz-Perry powder technique. A fundamental waitd a

pulse width of 8 ns, repetition frequency of 10 Hzeam diameter of 1 mm, energy of the laser prsend 300
mJ and a wave length of 1064 nm radiated from NdYlaser source was focused on the samples by anigms
focal length of 120 mm [9]. The grown single crystd Y : SA was powdered with a uniform particleesiand
densely filled into the quartz cell. A sample oftgssium dihydrogen phosphate (KDP), also powdeoethé

identical size as the experimental sample was asedreference material in the SHG measurementtraihemitted
fundamental wave was absorbed by a CuSOlution and the second harmonic signal was dedetly a
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photomultiplier tube and displayed on a storageilloscope. The generation of the second harmonies w
confirmed by the green radiation for the doped talyst was observed that its NLO efficiency is Qi®es the
standard KDP, but for the pure SA there is no geramision observed, hence it can be seen thatojhend induces
some NLO property to the grown sample.

CONCLUSION

Good quality single crystals of pure SA and Y : 8&ve been grown from slow evaporation techniquee Th
crystallinity of the grown sample has been confini®y X ray diffraction analysis. Various functiongtoups
present in the grown crystal have been identifigdFBIR spectroscopy. The optical transparency e lyevealed
by UV-vis-NIR study and thermal stability has bemmfirmed by thermal analysis. Finally it is obsshthat the
dopant induces the NLO property to the grown ctysta
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