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Abstract: Manganese dioxide gains its primary driving force fmplementation in battery applications
because of its low cost. In particular, manganesaiadk in Nsutite phase has excellent electrochamic
properties and is desired for use as cathode astaterial in alkaline and lithium cells becauseitsefhigh
purity and high densit§}. Further, doped material shows good capacity tieterin comparison with virgin
manganese dioxifé Recently, it has been reported that lanthanunohs®us influence on the capabilities of
many materiald. In the present work, lanthanum in various conegions is doped into the pure material
through sol gel method and the samples are chameddoy XRD, UV vis spectroscopy, FTIR, EDAX and F
SEM. Using X ray diffraction technique the peakshe samples were indexed for its orthorhombiccstine.
The structural confirmation was further done by e Transform Infrared Spectroscopy. The UV vis
absorption spectra was used to calculate the bandfythe synthesized samples. The studies on elaien
composition were done by Energy dispersive X ralymis. The FESEM image reveals nano rod morplyolog
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1. Introduction and Experimental

Manganese dioxide is the most widely used cathaatemal in primary and secondary batteries duéstbigh
capacity and low toxicity. The-MnO, phase has particularly good electrochemical pims$t,2]. In order to
develop a high-capacity MnOdoping MnQ with foreign cations has been attempted as a meamggrade its
performance[3]. Several workers have studied thifopeance of metal-doped Mn@s cathode material[3,4].
The physicochemical properties of the loaded saml@dependent mainly on many factors such as @epar
method, the calcinations conditions, doping withtaia foreign cations and also on the extent ofliog. The
doping process may bring about some changes irltdwronic structure[5]. XUE Rong et.al.,[6]havesds
lanthanum doped manganese dioxide on multi wakedan nano tubes to increase its conductivity atng
stability. In the present work, we have made aangpt to synthesize lanthanum doped manganese dioxid
nanoparticles by sol gel method. The propertighefsynthesized samples have been studied using XIRD
FTIR, FE SEM and EDAX.

Manganese acetate (MnA¢H,O) and citric acid(gH,OgH,O) were dissolved in distilled water. Lanthanum
nitrate hexa hydrate was added into the solutiahthe pH of the solution was adjusted by adding ama
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The solution was heated up to 80&@ stirred with a magnetic stirrer and maintaiaethis temperature for
several hours until a wet gel was obtained. Thegeétvas dried at 100°C in an oven. The dried ged then
calcined at 380 °C for 12 hours in a muffle furnathe degree of oxidation of the calcined produesw
increased by acid treatment in 2M3@, solution on a magnetic stirrer for 2 hours at 80 Pe product was
rinsed with distilled water and allowed to dry 861°C in an oven. Finally the brownish black lantna doped
manganese dioxide material was obtained[7].

2. Results and Discussion
Structural Analysis

The X-ray diffractograms were recorded using Suni5@00 instrument with Cuiradiation {=1.540598 A)

in the @ range 10 - 70°. Fig.1 shows the X-ray diffractogseof 0.05, 0.1 and 0.2 mol% lanthanum doped
MnO, samples synthesized by sol gel method. The pattenreal an orthorhombic system which corresponds
to the characteristig-MnO, (Nsutite) phase with the JCPDS Card no. (14-06Ad#)the peaks are indexed
except the peak at 57.@hich is present but not indexed in the above maatl JCPDS Card. Although the
intensity of the prominent peaks is found to behhig the 0.1 mol% sample, the peak broadening, lowe
crystallite size and the reduction of peaks ofdbeondary phase is found to be better in the 0l2%rmsample.
This proves that as the dopant concentration isegged the samples tend to achieve phase purigy. Th
crystallite size calculated from the Scherrer eiquég] for the most prominent peak at (120) is fduo be
10.1, 13.9 and 10.6 nm for 0.05, 0.1 and 0.2 mafbpdes respectively.

FTIR analyses were performed on a Perkin Elmertsp@aeter using KBr pellet technique in the rangd@®-
4000 cnT. Fig.2 shows FTIR spectra for the doped samples.

Several absorption bands are observed at 3396,, Z4D, 1625, 1585, 1055, 723, 572 and 529' cm
respectively. The band at 3396 tis attributed to the —OH stretching vibration ahd bands at 1585 and
1055 cnt are attributed to the —OH bending vibrations corabi with manganese atoms. 1630cin
attributed to the adsorbed water after thermalt®gis. Mn-O vibrations in the manganese oxide echs
structure are represented by the bands at 723asd 529 cril. The two important bands at 2920 and 2850 cm
! are ascribed to the symmetric and asymmetricchlired

vibration of the aliphatic Ckgroup.
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Fig. 1: XRD patterns for doped samples Fig. 2. FTIR spectra for doped samples

Optical, Morphological and Compositional Analysis

Fig.3 shows the optical absorption spectra recordeda Perkin Elmer Lambda 25 UV-Visible
spectrometer. Powder samples dispersed in ethaerel wsed for measurements. The samples showeda bro
absorption band at wavelengths greater than 75@nail the three samples. This may be due to theling
of the plasmon modes between neighbouring parf@jle¥he band gap was calculated from the absamptio
edge using the relationy E hi and it was found to vary from 1.5 - 1.6 eV #&firthe three samples.
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The surface morphology and the elemental compaositfdhe synthesized material was recorded using
HITACHI SU6600 FESEM instrument along with energgpersive X-ray (EDX) analysis at a voltage of 30
kV. Fig. 4 shows the typical FE SEM images for @@% lanthanum doped sample and it displayed mado
morphology. The EDX spectrum given in the inseFigf.4 indicates the presence of the dopant asasethe
host material in appropriate amounts which confithesdoped material.
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Fig. 3: Wavelength versus absorbance for doped Fig.4 FE-SEM image for 0.2 mol% doped
samples (0.05, 0.1 and 0.2 mol %)

Conclusions

Based on the above results, it can be concludedthhanthanum doping concentration increases tterial
achieves phase purity and phase stability. Theesigtioping concentration of 0.2 mol% was foundddétter
as compared to the other two samples.

References

1. Hemant Malankar, Umare S S, Singh K, Room tempezatiynthesis of Li doped MnCand its
electrochemical activity, Materials Letters, 2069, 2016-2018.

2. Minakshi M, The influence of BiO doping on the racheability of aqueous cells using Mn€athode
and LiOH electrolyte, Electrochimica Acta, 2008(53), 6323-6327.

3. Valand T, The molybdenum trioxide doped manganesegidt electrode:1. Use as low temperature
battery cathodes, J Power Sources, 1976, 77(1)165

4. Kannan AM, Bhavaraju S, Characterization of theniith-modified Manganese dioxide cathodes in
rechargeable alkaline cells, J Electrochem. S@022149(4), A483-492.

5. EI-Shobaky G A, Effects of O doping on surface and catalytic properties ofO&ZnO/Al,O; system,
Colloids Surf., A. Physicochem. Eng. Aspects, 199%,(1), 17-25.

6. XUE Rong, Lanthanum doped Manganese dioxide/Carlpamotube composite electrodes for
electrochemical supercapacitors, Acta Phys.-Chim, 3011 27(10), 2340-2346.

7. Fatemeh Hashemzadeh, A comparative study of hyeinoid and sol-gel methods in the synthesis of
MnO, nanostructures, J. Sol-Gel Sci Technol., 200R)5169-174.

8. Yee-Shin Chang, Yen-Hwei Chang, Synthesis and ctexiaation of zinc titanate nano-crystal powders
by sol-gel technique, Journal of Crystal growtd02, 243(2), 319-326.

9. Joshi G P, Band gaps of nanocomposites, Indiaaré.&hd Appl. Phy., 2002, 40, 297.

*kkk*k



