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Abstract:

Single crystals of undoped and rubidium chloride doped lithium sulfate were grown by solution method
with slow evaporation technique. The reactants used are AR grade lithium sulfate and rubidium chloride and
double distilled water was used as the solvent. Colourless, transparent and non-hygroscopic crystals were
harvested after a growth period of 35 days. The crystal structure was found by XRD studies. Second order NLO
studies were carried out by Kurtz-Perry powder technique. Third order NLO studies were done on the grown
crystals by Z-scan technique and nonlinear optical refractive index, nonlinear absorption coefficient and
nonlinear susceptibility were determined. The dielectric constant and dielectric loss of the samples have been
found at different frequencies and temperatures and the results are discussed.
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1. Introduction:

The design of optoelectronics and photonic devices realizes heavily in the development of nonlinear
optical materials with higher efficiency. So the materials possessing large second order nonlinear susceptibility
with favorable in thermal and mechanical stability are intensively used in many device applications [1-3].
Complex of sulfates are of great interest in industry, due to their outstanding physical properties and widely used
as nonlinear optical (NLO), ceramic, ferroelectric, electric, and catalytic materials [4-7]. Lithium sulfate is one
of the sulfates and it crystallizes in P2; space group with monoclinic structure. The structural analysis of lithium
sulfate crystal was already reported [8, 9]. Many researchers studied on various properties of lithium sulfate
crystals and reported in the literature [10-15]. In this work, single crystals of undoped and rubidium chloride
doped lithium sulfate (RCLS) crystals have been grown by the slow evaporation technique. The grown crystals
were characterized by XRD studies, second order NLO studies, third order NLO studies and dielectric studies.

2. Preparation of Samples:

Commercially available AR grade lithium sulfate and rubidium chloride were used as the reactant
materials for the growth of undoped and rubidium chloride doped lithium sulfate crystals. Saturated solution of
lithium sulfate was prepared using the double distilled water as the solvent and it was stirred well with a
magnetic stirrer for about 2 hours. Then it was filtered into the growth vessel using the Whatmann filter papers.
The growth vessel was covered with a perforated cover for occurring slow evaporation. Due to slow
evaporation, single crystals of undoped lithium sulfate were grown after growth period of 25 days. Rubidium
chloride doped lithium sulfate crystals were grown by taking lithium sulfate and rubidium chloride in molar
ratio of 1 : 0.01. Using double distilled water as the solvent, saturated solution was prepared, stirred and filtered.
Due to slow evaporation, single crystals of the doped lithium sulfate were grown. It is to be mentioned here that
the saturated solution was initially converted into supersaturated solution due to slow evaporation and the
growth process has be started. The harvested crystals of undoped and rubidium chloride doped crystals are
shown elsewhere [15].

3. Finding Crystal Structure:

X-ray diffraction (XRD) is an important method for finding the crystal structure of the grown crystals.
The condition for XRD is the Bragg’s law and it is given by nA = 2d sin 0 and this law relates the wavelength of
electromagnetic radiation (1), the Bragg’s angle (0) and the interplaner spacing (d). Using the computerized
single crystal X-ray diffractometer, the lattice parameters of the samples are obtained. Here a Bruker-Nonius
MACH3/CAD4 single crystal X-ray diffractometer with MoK, radiation (A=0.71069 A) was used collect the
XRD data of the samples. The obtained single crystal XRD data for undoped lithium sulfate crystal are a =
5.478(4) A, b = 4.875(2) A, ¢ = 8.179(3) A and o = y = 90°, B = 106.98(5). The XRD data obtained for
rubidium chloride doped lithium crystal are a = 5.527 (3) A, b = 4.892(2) A, ¢ =8.187 (6) A and a. =y = 90°,
= 106.25(5) and the results indicate that the grown crystals are found to be crystallizing in monoclinic structure.
4. Second Order NLO Studies: Second order nonlinear optical effects are second harmonic generation, sum
frequency generation, different frequency generation, optical rectification etc. Second harmonic generation
(SHG) is a nonlinear optical process that results in the conversion of an input optical wave into an output wave
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of twice the input frequency. The process of second harmonic generation by an incident wave of frequency o, is
a two step process. In the first step, a polarization wave at the second harmonic frequency 2w, is produced
which has a phase velocity and wavelength in the medium which are determined by the refractive index of the
fundamental wave (n;). The second step is the transfer of energy from the polarization wave to an
electromagnetic wave at frequency 2w;. The phase velocity and the wavelength of this electromagnetic wave are
determined by n,, the refractive index of the doubled frequency. For efficient energy transfer it is essential that
the two waves remain in phase, which means that n; = n,, Since almost all materials have normal dispersion in
the optical region, the radiation will generally lag behind the polarization wave, which leads to a phase
mismatch. The second harmonic power generation is strongly dependent on the phase mismatch produced. An
effective method of providing equal phase velocities for the fundamental and second harmonic waves in the
nonlinear medium utilizes the fact that dispersion can be offset by using the natural birefringence of nonlinear
optical uniaxial or biaxial crystals. Here the relative SHG efficiency of the samples was measured using Kurtz
and Perry powder technique [16]. Second harmonic generation efficiency of grown crystal lithium sulfate
monohydrate crystal was estimated by Kurtz and Perry powder technique with the help of Nd:YAG laser beam
of wavelength 1064 nm. The grown crystal was powdered to the particle size in the range 125-150 um.The

crystal was densely packed in a micro capillary tube. The first harmonic output of 1064 nm from Nd:YAG laser
was made to fall normally on the sample. The SHG behavior of the crystal was confirmed from the emission of
intense green radiation (A =532 nm). The SHG efficiency of undoped lithium sulfate monohydrate crystal was
found to be 0.97 times that of KDP crystal. Similarly, the SHG efficiency of rubidium chloride doped lithium
sulfate sample was found to be 1.26 times that of the reference sample KDP sample. Secondharmonic
generation is used often in devices where photons of visible frequency are desired but the available underlying
laser system is capable of producing only infrared photons.

5. Third Order NLO studies:

Third-order nonlinear optical (NLO) parameters such as nonlinear refractive index (n,), nonlinear
susceptibility and nonlinear absorption coefficient () have been determined using the Z-scan technique [17,
18]. Normalized transmittance was measured by varying the sample position (Z) in open and closed aperture
modes. Using the closed aperture curve, the thirdorder nonlinear refractive index (n,) can be found and using
the open aperture curve, the nonlinear absorption coefficient () and third order susceptibility can be found. In
the closed aperture method, an aperture is placed to prevent some of the light from reaching the detector. A lens
focuses a laser to a certain point, and after this point the beam naturally defocuses. After a further distance an
aperture is placed with a detector behind it. The aperture causes only the central region of the cone of light to
reach the detector. The detector is sensitive to any focusing or defocusing that a sample may induce. The sample
is typically placed at the focus point of the lens, and then moved along the Z-axis. Open aperture method is
similar to the above method, however the aperture is removed or enlarged to allow all the light to reach the
detector. This is used in order to measure the nonlinear absorption coefficient. The laser light intensities,
transmitted across the sample, are measured as a function of sample position in the Z-direction with respect to
the focal plane either through a closed aperture (CA) or open aperture (OA) in order to resolve the nonlinear
refraction and absorption coefficients. For an open aperture Z-scan, a lens replaces the aperture to collect the
entire laser beam transmitted through the sample. The study of nonlinear refraction by the Z-scan method
depends on the position (Z) of the thin sample under the investigation along a focused Gaussian laser beam. The
Z-scan curves are characterized by a prefocal transmittance maximum (peak) followed by a postfocal
transmittance minimum (valley) intensity. The transmission difference between peak and valley (AT, ) is
written in terms of phase shift.

AT,_, = 0.406 (1—5)**|Ag|
Linear transmittance aperture (S) is calculated using the relation

2
§ =1—exp (j;E)
g

where r, is the radius of the aperture and o, is the beam radius at the aperture. The third-order nonlinear
refractive index (n,) of the crystal was calculated by following the relation.

N2 = A/ (Ko Ler)
where |, is the intensity of the laser beam at the focus (Z = 0) and K =2n/A (XA is the wavelength of laser
beam).
The effective thickness can be calculated using the relation

Lesr = [1-exp(-al)] / a
where o is the linear absorption coefficient and L is the thickness of the
sample. The nonlinear absorption coefficient (B) can be calculated using the following relation
ZVZAT

IpLegr
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where AT is the one peak value at the open aperture Z-scan curve. The value of B will be negative for

saturable absorption and positive for two photon absortion process. The real and imaginary parts of the third
order nonlinear optical suceptibility (y ©) are defined as

Real part of ¥® =(10%,c?ny’n, )/ (esu)

Imaginary partof x® = (10%,c’n,2A )/ 4n>  (esu)

Absolute value of y ® = [{Real part of y ®}*+ {Imaginary part of y ©}?]¥? (esu). Here &, is the
vacuum permitivity, n, is the linear refractive index of the sample and c is the velocity of the light in vacuum.
Using the above equations, nonlinear refractive index, third-order susceptibility and the nonlinear absorption
coefficient of the crystals could be determined [19, 20]. Using a He-Ne laser and Z-scan experimental set up,
the normalized transmittance was measured at different values of distance (Z) and it is to be mentioned that the
thin crystalline sample was moved along the Z-direction and open and closed aperture Z-scan curved were
drawn and the diagrams are shown in the figures 1-4. The estimated third order NLO parameters for the samples
are given the table 1. It is noticed the nonlinear refractive index is negative because the closed aperture curves
for the samples are showing peak followed by valley behavior. The normalized transmittance is observed to be
more when lithium sulfate crystal is doped with rubidium chloride.
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Figure 1: Open aperture Z-scan curve for lithium sulfate crystal
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Figure 2: Closed aperture Z-scan curve for lithium sulfate crystal
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Figure 3: Open aperture Z-scan curve for rubidium chloride doped lithium sulfate crystal
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Figure 4: Closed aperture Z-scan curve for rubidium chloride doped lithium sulfate crystal
Table 1: Third order NLO parameters of undoped and rubidium chloride doped lithium sulfate crystals

Nonlinear refractive Nonlinear absorption Third order nonlinear
Sample index (ny) x 10" coefficient (8) x 10 susceptibility (x ©)
(m4/W) (m/W) x 107" (esu)
Undoped lithium sulfate 4794 3783 1.894
crystal
Ru_blc_ilum chloride doped 5,682 2986 5037
lithium sulfate crystal

6. Dielectric Analysis:

Dielectric analysis gives the information regarding the dielectric phenomena that arises from the
contributions of different polarizations namely electronic, ionic, orientational and space charge polarizations that
are developed in the material when it is subjected to the varying electric field. Space charge polarization is
active at low frequencies upto 10° Hz and orientational polarization is active in frequency region of 10° Hz to
10° Hz. The ionic and electronic polarizations are active beyond 10° Hz [21, 22]. The dielectric characteristics of
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the material are important to know the transport phenomena and the lattice dynamics in the crystal. Dielectric
properties are correlated with electro-optic properties of the crystals. The sample was electroded on either side
with graphite coating to make it behave like a parallel plate capacitor. Using NETZSCH STA 409 C/CD LCR
meter, the capacitance and dielectric loss (tan 8) were measured at the frequency of 1 kHz, 10 kHz and 1 MHz at
various temperatures. The dielectric permittivity of the crystal was calculated using the relation €, = C/C, where
C is the capacitance of the crystal and C, is the capacitance of the same dimension of air. Figures 5-6 show the
variations of dielectric constant (e;) with temperature at different frequencies for undoped lithium sulphate
monohydrate crystal and rubidium sulphate doped lithium sulphate crystal. The variations of dielectric loss with
temperature at different frequencies for the samples are presented in the figures 7-8. The results indicate that the
dielectric parameters such as dielectric constant and loss factor increase with increase of temperature but these
values are observed to be decreasing with increase of frequency. The higher values of dielectric parameters at
low frequency region are due to space charge polarization. The low value of dielectric loss (tan 8) indicates that
the grown crystals are of high quality. Low dielectric materials are needed for microelectronics industry.
Lowering the dielectric constant value of interlayer dielectric decreases the RC delay, lowers power
consumption, and reduces cross-talk between nearby connects [23,24]. The dielectric parameters are observed to
be increasing when lithium sulphate crystals are doped with rubidium chloride. AC conductivity of the samples
was determined using the relation o, = 2nfeqe, tan 8 where f is the frequency of ac signal, €, is the permittivity
of free space, €, is the dielectric constant and tan & is the dielectric loss of the sample. The plots of AC
conductivity versus temperature at different frequencies are shown in the figures 9-10. From the results, it is
noticed that the conductivity increases with increase of temperature indicating the insulating nature of the grown
crystals and there is an increasing nature of the dielectric parameters when lithium sulphate crystals are doped
with rubidium chloride.
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Figure 5: Temperature dependence of dielectric constant for undoped lithium sulfate crystal at different
frequencies
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Figure 6: Temperature dependence of dielectric constant for rubidium chloride doped lithium sulfate crystal at
different frequencies

67



International Journal of Advanced Trends in Engineering and Technology (IJATET)
Impact Factor: 5.965, ISSN (Online): 2456 - 4664
(www.dvpublication.com) Volume 3, Issue 1, 2018

1.8
1.6—-
1.4—.
1.2—-
10-

0.8

Dielectric loss factor

0.6
0.4 4

0.2 4

—=— at frequency of 10° Hz
—e— at frequency of 10* Hz
—A— at frequency of 10° Hz

—

I/.

S

Temperature (°C)

Figure 7: Plots of variations of dielectric loss factor with temperature for undoped lithium sulfate monohydrate

crystal at different frequencies
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Figure 8: Plots of variations of dielectric loss factor with temperature for rubidium chloride doped lithium
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Figure 10: Plots of AC conductivity versus temperature for rubidium chloride doped lithium sulfate crystal at
different frequencies
7. Conclusions:

Slow evaporation method was adopted to grow the crystals of undoped and rubidium chloride doped
lithium sulfate and the crystal structure was found to be monoclinic by single crystal XRD method. Kurtz
powder technique was used to find the relative second harmonic generation efficiency. Third order NLO
parameters like nonlinear refractive index, nonlinear absorption coefficient and nonlinear susceptibility were
determined by Z-scan technique. It is observed that the third order NLO parameters are enhanced when lithium
sulfate crystals are doped with rubidium chloride. The dielectric constant and loss factor were estimated at
different temperatures and the values of AC conductivity for the samples were determined and the conductivity
is found to be increased when lithium sulfate crystals are doped with rubidium chloride.
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