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Hydrothermal synthesis and characterization of LiHMgP,0-,
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Abstract: A series of LiIHMgP,0O;material was synthesized by hydrothermal method. The resultant material was
characterized by powder X-ray diffraction, FTIR, SEM and Impedance measurement The powder XRD studies
revealed that the material has tetragonal system with cell parameters a =b=7.7444,c=12.094 and a==y=90c.
Repetitive hydrothermal treatment yielded improved crystalline materials.
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I.  Introduction:

Alkali transition metal phosphates have been extensively studied owing to their wide application as
prospective electrolytes, sensors, laser materials, piezoelectric, luminescence, optoelectronics, ceramics, and as
magnetic materials [1-6]. Since the interest is focused on the preparation of polycrystalline material which
drastically enhances their physical and chemical properties. These materials are mainly dependent on the size,
shape and surface morphologies of the particles [7-9]. The hydrothermal synthesized particle size has an inverse
relationship with the temperature [10-11]. The alkaline metal phosphates have shown superconductivity at low
temperature [12-13] and also good diamagnetic, semiconductors[14-16]. Here we have reported the
hydrothermal synthesis and characterization of a group of phosphate material:LiHMgP,0O-and also discussed the
electrical impedance spectroscopy analysis of this material.

I1.  Hydrothermal Synthesis Of Lihmgp,0;:
2.1 Experimental procedure:

The phosphate material has been synthesized using hydrothermal method at moderate temperature and
pressure conditions. Synthesis of phosphate materials by hydrothermal technique is one of the best method
compared to other methods, owing to its advantages like synthesis at a relatively low temperature and it is a
closed system; hence, gaseous fugacity play an important role in the synthesis process. The chemical reagents
were used as per the annular grade of LiOH (99.5%), Mg(NOs), (99%) and HsPO, (98%) from Raghu chemicals
without further purification. A known amount of LiOH and Mg(NO3),were taken in a Teflon — lined stainless-
steel autoclave with a capacity of 50mlI(Morey type autoclaves) . Later known quantity of HsPO, were added to
it and thoroughly stirred till homogeneity was attained. The crystallization was formed by spontaneous
nucleation and rate of nucleation was controlled by the rate of heating. The experiments were carried out 3days
continuously at a temperature of 150°C and followed by sudden quenching to the ambient conditions. The
resultant product was thoroughly washed with distilled water, absolute Ethanol and dried at 80° C for 45 mints.
LiHMgP,0O-fine crystalline material was obtained under the following ratio (in grams):

LiOH: Mg(N03)2H20H3PO4
3.0-3.5:1.5-2.5:4-5ml
L|OH+Mg(NO3)2+ 2H;PO, —>L1}1MgP207+ 2H(N03)T + 2H20T

I11.  Results and discussion:
3.1 SEM:
The morphologie and size of the product was observed using Scanning Electron Microscope (SEM-
ZEISS-Mysore). crystals obtained by the hydrothermal method are of good quality and exhibited smooth
surface, sub transparent, sub vitreous luster, with a size of um (Fig:1).
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(A) Octahedral form of Polysynthetic twinning crystal ~ (B) Octahedral form of single crystal
Fig.1 SEM photograph of LiHMgP,0-,

3.2. Powder XRD:
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Fig: 2 Powder XRD patterns of LiHMgP,0,

Powder X-ray diffraction (XRD) measurements were recorded using RigakuMiniFlex 2 Diffractometer
with Ni filtered CuKa radiation of wavelength 1.5406A° and a graphite monochromator. The specifications used
for the recording were 30kVand 15mA.The product was scanned in the continuous mode in the 2theta range of
6-60 degree with scanning speed 5 degree\min.

The data analyzed using an XRD software MDI jade 5.0 represented a tetragonal system in octahedral form
(tetragonal system o=p=y=90", a=b=7.744A and ¢c=12.09A).

3.3. Fourier Transformer Infrared Radiation (FT-IR):
FTIR spectrum was measured by an Origin Jasco spectrometer with the KBr pellet technique ranging from 400-

4000cm™.
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Fig: 3 FTIR spectra of LiHMgP,0; material

FTIR spectra exhibited a number of prominent broad and narrow multiple vibration bands especially in
four frequency regions at \; = 3161 cm™, v, =2375cm™ V- 1647cm™ and V, = 1116 — 416 cm™ as shown in
figure. The vibrational band V; represent O-H molecules. The vibrational stretching of V, represent Mg-Oand
5 represent  Li-O-Li banding. The vibrational band V, represent P-O-P molecules. The multiplication and
fineness in the vibrational bands of phosphates, especially in the lower frequency region were due to the
complexity and polymerization of [PO,]* to [P,Os] tetrahedron [17, 20]. These were more prominent in the
materials containing higher concentration of phosphorus ions.

3.4 Impedance measurement:

Impedance spectroscopy has been measured using a IM6 ZAHNER electric in the frequency range of
1Hz to 1MHz, at room temperature. Pellet was prepared from the polycrystalline powder at a pressure of 7
kg/cm? pressed for 6 mints.using tungsten carbide dies, plungers, and a hydraulic press. The pellet was 1cm in
diameter and 0.12cm in thickness. Impedance spectroscopy measurement has been carried out at room
temperature in thefrequency range of 1Hz - 400 kHz using Zahner impedance analyzer (Model - IM6).
Themeasured impedance data was analyzed using Zeeman 2.0 software and equivalent circuit was obtained
along with various parameters as illustrated
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Fig:4 cole- cole plot and equivalent circuit
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Complex impedance diagram of Z’ vs Z’’ i.e. Cole- Cole plots are given in fig.4. In samples at room
temperature, the impedance at low frequencies significantly higher then at high frequencies. This behavior may
be explain the fact that LiHMgP,0O- act as an insulator at low frequencies, because of capacitance. When the low
frequency 1Hz applied to the material the impedance value is 400MQ, the main AC current flows through the
electrode to electrolyte and the material is a bypassed from the resistance and reactance as shown in a equation
or model, in this sense, the material act as an insulator.

Equivelnt circuit represent the cole-cole plot theory cole- cole plot represent on single arc these arc
represent paralell conection between resistance and capacitance(R, and C) .R; be the homic resistance(or grain
boundry effect) exibit between electrode and electrolyte, these R; series connection of R, and C,

IV.  Conclusion:

LiHMgP,O,product has been synthesized by hydrothermal method at moderate temperature and
pressure.Powder XRD result have revealed the degree of crystallinity and size of the crystallites increased
manifold due to the hydrothermal treatment and these exhibited a tetragonalsystem of octahedral form.
LiHMgP,O;material cannot be used as a good conducting material is an insulator at low frequencies because
presence of capacitance,impedance vale at low frequencies is in the order of 10°Q
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Figure Captions:

Fig.1 SEM photograph of LiHMgP,0,
Fig:2 Powder XRD patterns of LiHMgP,0-,
Fig:3 FTIR spectra of LiHMgP,0O; material
Fig:4 cole- cole plot and equivalent circuit
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