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Abstract: Single crystals of Zinc sulphate doped L-Threonéikeydrogen phosphate (LTDP) have been
successfully grown by slow evaporation method. §h@wvn crystals were subjected to single crystalaX-r
diffraction studies to determine the cell paran®té&he structural and optical properties of theagr@rystals
were analyzed by FT-IR and UV-vis-NIR spectral g##8dThe dielectric studies were carried out toeusidnd
the dielectric behavior of the material. FESEM-EDAXd ICP-OES studies confirm the presence of ptaisph
zinc sulphate in the crystal. The second harmoemegation (SHG) of the grown crystals was testedgus
Kurtz-Perry powder technique.

Keywords: Slow evaporation method, FTIR spectral study, Wis- NIR spectral study, Dielectric study,
SHG.

1. Introduction

Non-linear optical materials have wide applications various fields like optical data storage,
photorefractive phenomenon, frequency multipliébsgoptics, optical switches, etc. Nonlinear optias been
a rapidly growing field in recent decades. It isddh on the study of effects and phenomenon retatele
interaction of intense coherent light radiationhwibatter. For the last several years, scientigtsaarking on
nonlinear optical (NLO) materials which combine thigh optical nonlinearity and chemical flexibilityf
organics with the high mechanical strength of imoigs [1-3]. Hence, new nonlinear optical mateasd
needed for photonic applications and other deabei¢ations in optoelectronics.

Amino acid compound L-Threonine dihydrogen phosph{&iTDP) has been reported as a promising
NLO material with SHG efficiency higher than that KDP, and can be used for the fabrication of
optoelectronic devices [4]. In the present stulg, titte compound L-Threonine dihydrogen phospliaiedP)
doped with zinc sulphate was successfully growrslbw evaporation technique. Characterization studieh
as single crystal XRD, FT-IR, UV-vis-NIR and diefiéc studies and FESEM-EDAX and ICP-OES analyses
have been carried out for the grown crystal. NLOpprty and second harmonic generation efficiencthef
grown crystal have also been analyzed by KurtzyReswder technique.

2. Growth of LTDP doped zinc sulphate crystal

Single crystals of LTDP doped zinc sulphate wewewgr from the aqueous solution of L-Threonine and
orthophosparic acid with 1: 2 molar ratio mixedlw& mol % zinc sulphate. The aqueous solution weed
continuously using a magnetic stirrer. The prepaadtion was filtered and kept undisturbed at raemp.
The solution gradually achieved supersaturationtdstow evaporation. After a period of 32 dayansparent
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crystals with dimensions 17x2x2 mmwere harvested. Figure 1 shows the photograph of gewn zinc

sulphate doped LTDP crystal.

3. Single crystal X-ray diffraction study

Single crystal X-ray diffraction study of the growrystal was carried out using ENRAF NONIUS CAD-4 X
ray diffractometer. XRD analysis has confirmed tie grown crystal belongs to orthorhombic crysgatem
with space group R2,2,. The space group suggests that the grown maisriancentrosymmetric which
fulfils the fundamental requirement for the matketiaexhibit NLO behavior. The lattice parametefshe pure
and doped LTDP crystals are shown in Table 1. Tdr@ations in the cell parameters and the crystsiesy
confirm the incorporation of zinc sulphate in L-rébnine dihydrogen phosphate.

Figure 1: Photograph of the as- grown zinc

sulphate doped LTDP crystal

4. FT-IR Spectroscopic Analysis

Table 1: Lattice parameters of LTDP and
ZnSO, doped LTDP

Lattice LTDP ZnSQ
parameter doped- LTDP
a (A) 5.140 5.200

b(A) 7.720 7.800

c(R) 13.580 13.710

Crystal System  Monoclinic Orthorhombic
Space group R2,2, P22.2,
Volume(&%) 540.00 555.00

The Fourier transform infrared spectrum was reabfde the sample in the range 450 tto 4000 crm

! using the instrument FT-IR 4100 type A spectromeTde functional groups are assigned from the FTIR
spectrum (Figure 2) as follows. The peak at 343P63nt indicates the presence of amide group, with N-H
stretching vibrations. The bending vibrations of &tkétch are found corresponding to the peaks %i,38031,
2970 cn. The peak due to 2927 dmeveals the presence of alkane group. The peaR22#, 1605, 1557,
1496, 1454 cm are due to Nitro bond stretching. The peak at 105 is due to C=O stretching of
carboxlicacid group. The peak at 1605 coorrespond to conjugated C=C stretch. The pedB% cntis due

to in plane bending N-H stretching. The peaks 41014337, 1299 cthcorrespond to C-H bending vibration.
The peaks at 10174, 1143, 1044, 1017, 1017, confirm the presence of phosphate group in thetakyThe
peaks at 953,893,845,799,740 tmonfirm the presence of sulphate group. Table &semts the various
functional groups present in the grown material.

Table 2: Functional groups of zinc sulphate doped TDP crystal

Wavenumber (cmi’)

Spectroscopic Assignments

3422, 3306 amide N-H stretch

3057, 3031, 2970 alkenes = CH stretch

2927, alkenes

2226, 1605, 1557, 1496, 1454 nitriles- C,N triptath Stretch
1705 carboxylic acid C=0 stretch
1605 alkenes C=C Stretch conjucated
1557 amide plane N-H bend

1410, 1337, 1299 C-H bend Plane bend

1174, 1143 phosphine oxides P = O

1078 phosphines P — H Stretch

1017, 1044 phosphines P-H bend

953, 893, 845, 799, 740 sulfonates S-O stretch

702 alkenes C-H bend dissubstituted

663, 702, 663, 548, 532

alkyl halides
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Figure 2: FTIR spectrum of zinc sulphate doped LTDPcrystal

5. UV-vis-NIR Studies

For optical device fabrications, the grown crysthbuld be highly transparent over a wide range of
wavelength. The optical transmission spectrum bin the range 190 -1100 nm is shown in Fig.8nFihe
spectrum, it is observed that the transmissiorhefdrystal is considerably high in the wavelengiion 190-

1100 nm. The UV cut off wavelength for the growgstal is found to be 248 nm which makes it a paaént
material for optical device fabrications.
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Figure 3: UV-vis — NIR transmission Spectrum of zic sulphate doped LTDP crystal

6. Dielectric Studies

The dielectric behavior of LTDP crystal was studiesing HIOKI 3532 LCR HITESTER. The
experiment was carried out for the frequencies f&@iz to 5SMHz at room temp. The dielectric constarthe
grown crystal as a function of frequency is showfrig.4. From the graph, it is seen that the dtdéleconstant
decreases with increase in frequency. The largeevaf dielectric constant at low frequency is daekhe
presence of all the polarizations, namely, spaeegeh orientation, electronic and ionic polarizatemd its low
value at higher frequencies may be due to thedbsgnificant polarizations gradually. The dielecioss was
studied as a function of frequency and it has kswmwn in Fig.5. The lower values of dielectric lassigher
frequencies suggest that the crystal contains nuimrdensity of defects.
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Figure 4: Plot of dielectric constant Vs logf
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Figure 5: Plot of dielectric loss Vs logf

7. EDAX- and ICP-OES Analyses

The grown crystal was anatlyby INCA200 energy dispersive X-ray micro analyeguipped
with LED steroscon 440 scanning electron microscdfig.6 shows the EDAX spectrum of doped LTDP
crystal which confirms the presence of elementsphorous, carbon, nitrogen, oxygen, sulphur and initthe
grown crystal. Table 3 presents the compositionalyessis of zinc sulphate doped LTDP crystal. Thesta
was then subjected to inductively coupled plasmticalpemission spectroscopy (ICP-OES) analysis gusin
Perkin Elmer optima 5300 DV Spectrometer. The alysias crushed into pieces and grounded using aie ag
mortar. The powder sample weighing 100 mg was tearexd to 200ml flask with the help of funnel for
analysis. The results of ICP- OES analysis showctteracteristic wavelengths 213.617 nm and 206260
which confirm the presence of dihydrogen phosplat zinc sulphate with concentrations of 56.38 md a
27.99 mg per liter respectively.

Table 3: Compositional analysis of ZnS@doped LTDP from EDAX Analysis

Element Weight % At %
C 36.56 42.93
N 28.13 28.33
O 30.22 26.65
P 4.01 1.83
S 0.14 0.06
Zn 0.93 0.2
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Figure 6: EDAX Spectrum of zinc sulphate doped LTDP

8. FESEM analysis

FESEM analysis was carried out in order to stsuiface features of the grown crystals. Fig.7 shows
the microstructural image of zinc sulphate dopedPTcrystal with resolution 20.0um. The surface deat
reveals the smooth and transparent nature of tifi@ceuwith different components present in the granystal.

Figure 7: FESEM image of zinc sulphate doped LTDP

9. NLO studies: Second harmonic generation efficiency

Kurtz powder SHG technique was extremslgful to test second harmonic generation [5]. Treme
was illuminated using Q- switched mode locked NAGrlaser with the fundamental beam of wavelengt410
nm and input pulse 0.68J. The emission of greemtiad in the crystal confirmed the second harmangmal
generation in the crystal. The output power ofshmple was measured as 16.3mJ and compared witbftha
(8.9mJ) reference material KDP. The SHG efficieatit TDP crystal is thus found to be 1.74 times leigthan
that of KDP.

10. Conclusion

Single crystals of zinc sulphate dopedPTwere grown by slow evaporation technique. Framls
crystal XRD analysis, it is confirmed that the ¢aysbelongs to orthorhombic crystal system. ICP-GiEd
FESEM - EDAX spectral data confirmed the presencphmsphate and zinc sulphate in the grown crystal.
From UV- vis- NIR spectrum, the transmission ramges calculated. FTIR analysis confirms the preserfice
functional groups present in the grown crystal. @ieectrics property of grown crystals was estdd@d by
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dielectric measurements. Kurtz - Perry powder t&ghe confirmed that LTDP doped zinc sulphate is ohe
the promising nonlinear optical material with SHficgency 1.74 times higher than that of KDP. THere,
zinc sulphate doped LTDP crystal can be used itgoiiwand optoelectronic industries due to improgptical
properties.
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