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ABSTRACT

Single crystal of lithium para-nitrophenolate trihydrate was grown by slow evaporation method with the
dimensions of 15 x 6 x 3 mm?3. The grown crystal was subjected to powder-XRD, UV-Vis-NIR spectrophotometer,
FTIR, hardness, dielectric studies, Impedance and SHG. Functional groups and structural analysis were confirmed
by FTIR and powder-XRD respectively. From the optical measurements, the direct band gap of the grown crystal
was estimated to be 2.51 eV, and the lower cut-off wavelength was observed at 380 nm. The mechanical behavior
of the grown crystal was studied using Vickers micro hardness tester. Dielectric constant and dielectric loss values
were also measured as a function of frequency between 5Hz and 5 MHz and temperature between room temperature
and 100°C. Electrical conductivity of the grown crystal was calculated using complex impedance analysis. By a
modified Kurtz-Perry powder technigue, the second-harmonic generation efficiency was found to be 1.7 times that
of KDP.
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1. INTRODUCTION

In the last several decades, nonlinear optical (NLO) materials have much attention due to their potential
application in many fields, such as photonics, optical switching, optical data storage, optical communication and
signal processing. Most of the organic NLO crystals have poor mechanical and thermal properties and are
susceptible for damage during processing even though they have high NLO efficiency. It is also difficult to grow
large size optical-quality crystals of these materials for device applications. Purely inorganic NLO materials have
excellent mechanical and thermal properties but possess relatively modest optical nonlinearity due to the lack of
extended n-electron delocalization. In semi-organic compounds, metal centers can act as both donors and bridging
moiety in D-n-A system. The metal-ligand bond is expected to display large molecular hyper polarizability due to
the transfer of electron density between the metal atom and the conjugated ligand system. Hence, investigations
have been made on semi-organic crystals that have both organic and inorganic properties which is more suitable
for device fabrication.

The para-nitrophenolate derivatives are the other forms of metal-organic co-ordination complexes. The
prototype organic NLO materials contain one or more delocalized bonds, typically a ring structure like benzene.
When substituted with donor and acceptor at the para position, they get align and thus have a large induced dipole
moment under the influence of electromagnetic fields. In the present work, we have grown lithium para-
nitrophenolate trihydrate (NPLi.3H,0) single crystal and the grown crystal were subjected to various
characterization studies such as powder X-ray diffraction analysis, UV-Vis-NIR spectrum, FTIR, Vickers’s
microhardness test, dielectric, complex impedance spectrum and SHG.

2. EXPERIMENTAL PROCEDURE
The NPLi.3H,O compound was synthesized using para-nitrophenol and lithium hydroxide in the
stoichiometric ratio of 1:1 and the chemical reaction is given as,

C,H,NO, + LiOH+2H,0 - NO,-C,H, —OLi —-3H,0
The purity of the synthesized salt was further increased by successive recrystallization process. The purified
salt was dissolved in water and stirred continuously to obtain a homogenous solution. The prepared solution was
filtered by Whatman filter paper and kept it is in a beaker for slow evaporation. The yellowish crystal of dimensions
15x6x3 mm?® was yielded within a period of six weeks and the photograph of as grown crystal is shown in figurel.
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Fig.1. Ph—otograph of as gfown NPLi. 3H20 crystal

3. RESULTS AND DISCUSSION
3.1.Powder X-ray diffraction: The powder X-ray diffraction pattern was performed using a Goniometer with
CuKa (A =1.5406 A) radiation and the sample was scanned over the 20 range between 10° and 90° at a scan rate

of 10°/sec. The powder XRD pattern of NPLi.3H.O is as shown in figure 2. The 20 values and corresponding X-
ray intensities diffracted by various planes are observed. The well-defined peaks reveal that the grown crystals are
of good crystalline quality. The calculated lattice parameters values, a = 10.8473 A, b = 7.5208 A, ¢ = 11.398 A,
and the grown crystals belong to monoclinic system with space group Pa, are consistent with the results reported
using the single crystal X-ray diffraction. The obtained lattice parameters are compared with reported values and
are given in table 1.
3.2. FTIR analysis: The FTIR spectrum of NPLi.3H,O single crystal was recorded between 400 - 4000 cm'!
using KBr pellet technique by a Perkin EImer spectrometer and the resultant spectrum is shown in figure 3. There
is broad envelope peak is obtained due to OH stretch at 3220cm™. The peak at 1582 cm represented NO stretching
vibration present in this compound. The presence of aromatic ring skeletal vibrations was observed at 1316 cm*
and it has a good agreement with values given in the literature. The sharp peak was observed at 854 cm™ due to C-
H stretching vibration. The presence of hydrates of lithium metal ion was confirmed by the peak at 430 cm™.
3.3. Optical Studies: The optical absorption and transmittance spectra were recorded between 200-1100 nm using
lambda—35 UV-Vis-NIR spectrometer. The absorption and transmittance spectrum of NPLi.3H.O crystal is shown
in figure 4 (a) and (b) respectively. The material posses a high transmittance in the entire visible region and has the
lower cut-off wavelength at 380 nm. The absorption in the region between 380 nm and 1100 nm shows that the
crystal is useful for the second-harmonic generation of Nd: YAG laser of wavelength A = 1064 nm, which is the
most desirable property of the crystal used for NLO applications.

The variation of optical density with wavelength is analysed to find out the nature of transistion involved
and the band gap. The nature of the transistion is determined by using classical relation,

(ahv)? = A(hv — E,)
Where « is the absorption coefficient, A is a constant, h is the Plank’s constant, v is the frequency of the

incident beam and Ej is the optical band gap the crystal. The variation of (ochv)2 verus photon energy (eV) is

plotted in figure 5. The band gap of the crystal was evaluated by extrapolation of the linear parat of the graph and
found to be 2.51 eV. The wide band gap of the NPL.i .3H2O crystals confirms the large transmittance in the visible
region.

3.4. Mechanical stability: A well-polished NPLi.3H.O crystal was placed on the platform of Vickers
microhardness tester and the loads of different magnitudes were applied over fixed interval of time. The indentation
time was kept 5 seconds for all the loads. The Vickers microhardness number is calculated using the relation Hy =
1.8544P/d? kg/mm?, where P is the applied load in g and d is the average diagonal length of the indentation. The
microhardness profile as a function of applied load is shown in figure 6. From the graph, it is observed that the
hardness values increases as load increases but at higher loads multiple cracks are initiated on the crystal surface
around the indenter. Work hardening coefficient ‘n’ is calculated as 1.44 using Meyers’ relation by plotting a graph
between log P vs. log d as shown in figure 7. This can be explained on the basis of penetration depth of the indenter
and it is due to the release of internal stress generated locally by indentation. Hence the NPLi .3H.0 crystal is
suitable material for optoelectronic device fabrication.

3.5. Dielectric characterization

3.5.1. Dielectric constant and dielectric loss: The frequency and temperature response of dielectric properties of
NPLi .3H,0 crystal are shown in figure 8. The dielectric constant (g;) decreases with increasing is frequency and
is shown in figure 8(a). At low frequency all polarization mechanisms (space charge, orientation, electronic and
ionic) are operative and hence it is found to the dielectric constant is maximum. At high frequencies the dielectric
constant is low, therefore these mechanisms cannot follow the applied electric field. The dielectric loss exhibits
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similar behavior with increasing in frequency as shown in figure 8(b). Increase of dielectric loss at low frequencies
is attributed to oscillation of dipoles. At higher frequencies all the polarization mechanisms are not operative hence
energy need not be sent to rotate dipoles, therefore dielectric loss is also minimum. At higher temperatures the
dipoles are loosely bound to the lattice and effect increases the polarization.

3.5.2. Electrical conductivity analysis: Electrical conduction in this crystal takes place as a result of electrons
jumping from the metal ions with low valence state to high valence state and also by the movement of ions. The dc
electrical conductivity at room temperature is evaluated using the relation:
d

AR dc

Where, Rqc is the total electrical resistance of the sample. A is the cross section of the electrode, d is the
thickness of the crystal. The value of Rgc is evaluated from the Cole-Cole plot shown in figure 9, between
Z'=7c0s0 (real part of impedance) and Z''=Zsin® imaginary part of impedance). The dc electrical
conductivity evaluated from the impedance spectra is found to be 4.29 x 10 mho/m. The low value of electrical
conductivity in this crystal is due to the decrease in mobility of the charge carriers by ion size, which brings changes
in the electronic band structure.
3.6. Second-Harmonic Generation: The SHG efficiency of the NPLi.3H,0 crystal was measured by Kurtz-Perry
powder technique [8]. The powdered sample with average particle size of 100-150 um was illuminated using Q-
Switched Nd:YAG laser emitting a fundamental wavelength of 1064 nm with input power of 6.2 mJ/pulse. The
SHG was confirmed by the emission of green radiation of wavelength 532 nm. Using a photo multiplier and an
oscilloscope assembly, the amplitude of the SHG output voltage was measured. The SHG efficiency was compared
with KDP and is found to be 1.7 times greater than that of the standard KDP crystal.

Gdc =

Table 1. Lattice parameters of NPLi.3H,O crystal

Lattice parameters | Calculated Values | Reported values
a (A) 10.8473 10.8620
b (A) 7.5208 7.5220
c(A) 11.3988 11.3840
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Fig.2.Powder XRD pattern of NPLi.3H,0 crystal Fig.3.FTIR spectrum of NPLi.3H,O crystal
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Fig.4. UV-Vis-NIR spectrum of NPLi.3H,O crystal Fig. 5. (ochv)2 versus Photon energy
(a) Absorbance and (b) Transmittance (hv) of NPLi.3H:0O crystal

JCHPS Special Issue 11: October 2015 www.jchps.com Page 91


http://www.jchps.com/

International Conference on Recent Advancements in Materials

(ICRAM) 2015
Journal of Chemical and Pharmaceutical Sciences ISSN: 0974-2115
/-/"\. 18 ./
= \\._ ; 15 /'
— 4
'\\. 14 /
Fig. 6. Plot of Hardness vs. load Fig. 7. log d vs. log p

Dielectric loss

40 60 80 100 120 140

4 4
log logf

Fig. 8. Frequency and temperature dependence of NPLi.3H,O Fig.9.Cole-Cole plbt between complex
crystal a)dielectric constant and (b) dielectric loss impedances for NPLi .3H;0 crystal

4. CONCLUSION

The semi organic NLO material, NPLi .3H,O was synthesized and the single crystals were grown by slow
evaporation method. The powder X-ray diffraction studies confirm the crystalline perfection of the grown single
crystal. The optical absorption study shows that grown crystal was optically transparent in the entire visible and
near IR region with a lower cut-off wavelength at 380 nm. The FTIR spectrum confirms the functional group
present in the compound. TG-DTA shows the good thermal stability of the material. The mechanical stability was
calculated by using Vickers microhardness tester. Dielectric constant and loss of the crystal increase with increasing
temperature. Electrical conductivity studies reveal that the conduction in this crystal is due to ions as well as
electrons. The SHG efficiency was found to be 1.7 times that of KDP. Thus the NPLi .3H,0 crystal is considered
as a promising material for NLO applications.
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