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Abstract.In this paper(LaMnOs),_,/ (TiO,) , (where x = 0.0, 0.1, 0.2, 0.3 and 0.4) nanocomposite are prepared by mixing
the LaMnO; and TiO, (Sigma Chemicals, particle size ~ 21 nm) nanoparticle in appropriate ratio. These samples were
characterized by using FESEM, EDS and FTIR to study the optical properties. Field Emission Scanning Electron
Microscopy (FESEM) image of pure LaMnO; sample shows that the uniform particle size distribution is observed. The
average particle size of the LaMnO; nanoparticles is 43 nm. The crystallite size increases from 16-24 nm with increasing
the weight percentage of TiO, in LaMnO;/TiO, nanocomposite up to x=0.4. The Fourier transform infrared spectroscopy
(FTIR) spectra show that the absorption peaks appear at 450 cm™ and 491 cm™ which represent the Mn-O bending and
Ti-O stretching mode respectively. The broadening of these peaks with increasing the concentration of TiO, is also
observed. It gives an evidence for the formation of metal oxygen bond. The absorption band at 600 cm™ corresponds to
the stretching mode, which indicates the pervoskite phase present in the sample. The values of band gap are found 2.1,
1.9, 1.5, 1.3 and 1.2 eV for the x=0.0, 0.1, 0.2, 0.3, and 0.4 respectively. Thus, the decrease in band gap and increase in
refractive index with increasing concentration of TiO, has been observed. These prepared nanocomposites can be used in
the energy applications, to make the electrical devices and as a catalyst for photocatalytic processes e.g. hydrogenation.

INTRODUCTION

Pervoskite are mixed oxide having general formula (ABOs), where A is lanthanide element and B is manganese
[1].LaMnOj;contains rich and fascinating physical properties because of the strong interplay lattice distortion,
magnetic ordering and transport properties [2-3]. Pervoskites LaMnO; is a ferromagnetic compound which shows
ferromagnetic ordering at T = 250K.It is also used in environmental applications liketheoxidation of hydrocarbon,
chlorinated organic compound and H,O, reactions etc. [4-6]. Titanium oxide (band gap is ~3.2eV) is the one of the
most studied semiconductor for photocatalysis such as hydrogen production from water splitting and water and air
treatment, due to its relatively cheap cost, non-toxicity and high chemical stability. The majority of photocatalysts
are based upon wide band gap semiconductors, which are active only under UV radiation. To develop more
efficientphotocatalyst, there is an urgent requirement for photocatalytic systems,which are able to operate efficiently
under visible light irradiation.

Perovskite-typeoxides as photocatalysts have practical limitations, such asthe fast electron-hole recombination
that reduces theefficiency. To overcome this limitation we focus onnanocomposite of perovskites,which are
advanced materials having newly gained increasing attention due to their scientific and technological importance.
From a scientific point of view the composition and the atomic order of the aggregates, in addition to size, are
crucial factors in determining their properties and functionalities, while the nanoscale regime convenes to them
structural and degrees of freedom which are inaccessible to bulk materials.Nanocomposite materials composed of
oxides and conducting polymers have brought out more fields of applications such as smart windows, toners in
photocopying etc. Nanocomposites of LaMnO;enhances the optical properties depends upon the type of
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filler.Tetsuya Kida et alstudied LaMnO,/CdS nanocomposite and developed a new type of visible light sensitive
photocatalysts that can produce hydrogen from water containing electron donors due to reduction in the band gap
[7]. Hao Huanget al.examined LaMnO3;-MWCNT nanocomposite [8].

In this paper we report the synthesis of LaMnO3/TiO,nanocomposite by mixing the nanoparticles of LaMnOszand
TiO, in proper ratio.The prepared samples are characterized by FESEM, EDX and FT-IR. The structural and optical
properties are systematically investigated.

EXPERIMENTAL WORK

LaMnO; nanoparticles were synthesized by sol-gel method using lanthanum nitrate, manganese nitrate and
ethylene glycol as preparatory agents. The 0.2M of Lanthanum nitrate hexahydrate and 0.2M of Manganese nitrate
tetrahydrate were completely dissolved in 50 ml of distilled water separately. Then mixture of 100 ml were added to
the 200 ml of ethylene glycol (0.4M), stirred with a varying temperature 65-85°C for a 5 days till to form a dark
homogenous mixture in continuity. The formed mixture heated in an oven at 350°C for 5 hours. During this time
diffusion of metallic cations to take place and a homogeneous sol was obtained. The product was cooled to room
temperature and drying at oven for 12 hours at 650°C and grinding for 2 hours. Finally the gel was calcined at
1100°C for 12 hours to obtain the pure LaMnO; nanoparticles.The (LaMnOs),./ (TiO,) , (where x = 0.0, 0.1, 0.2, 0.3
and 0.4) nanocomposite are prepared by mixing the LaMnO; and TiO, (Sigma Chemicals, particle size ~ 21 nm)
nanoparticle in appropriate ratio. The prepared samples were sintered at 400 °C for 2 hours. The low temperature
was selected to avoid the reaction between the LaMnO; and TiO, phases. The powder was grinded for two hours
and pellets were made with pellet press. Then, the as-prepared pellets were sintered at 400 °C for 2 hours. At last,
the grinding of each pellet was done for 2 hours to attain the uniformity in sample [4].The field emission scanning
electron microscopy (FESEM) analysis was performed using Card Ziess Merlin Compact to investigate the
morphology of prepared samples. Fourier transform infrared spectroscopy (FTIR) Bruker Tensor-27 was used in the
range from 4000-400 cm'in transmission mode. The optical absorption spectra of samples as recorded at room
temperature in wavelength region of 200-800 nm using UV-2450, UV spectrophotometer.

RESULTS AND DISCUSSION
FESEM Analysis

Fig.1(a-b) displays the FESEM micrographs of (LaMnOs),/ (TiO,) ,with x = 0.0, and 0.4nanocomposite. In all
samples, uniform size distribution is obtained.Fig. 1(a)showsthat grains arenot perfectly spherical in shape in pure
LaMnOj; sample (Calculated grain size ~ 46 nm).However, theLaMnOj; /Ti0O, nanocomposite image shows that the
grain size is spherical in shape and highly densemorphology is observed (See Fig. 1(b)). The grain size increases
from 16 to 24 nm with the increase in the concentration of TiO, (with x=0.1 to 0.4) due to the fact that nanoparticles
of La MnOj; covered with a nanoparticles of TiO, [9].A decrease in grain size is observed as we go from bulk to
nanocomposite.It is due to interaction between filler and matrix that yield stress tends to increase with increasing
volume fraction[10]. Energy dispersive spectroscopy (EDS) analysis shows that La, Mn, Ti and O elements
arepresent in the nanocomposite in stoichiometric ratio within the experimental error.
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FIGURE 1. (a-b) FESEM micrograph of (LaMnO;),_/(TiO,) , nanocompositewith x = 0.0, and 0.4.
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FTIR Analysis

The FTIR spectra of LaMnOj;and LaMnO;/TiO,are recorded with KBr within range 400-3000 cm’ as shown in
Fig 2 (a-b). In general for pure LaMnO;the absorption bandsappear at 750-600 cm™,600-450cm™ and 450-200 cm''
signify the stretching, bending and wagging mode respectively. Peak appears at 446 cm™ and 461- 510cm™in FTIR
of pure sample represent the wagging and bending modes(See Fig 2(a)).The absorption band at 610 cm’
corresponds to the stretching mode, which indicates the pervoskite phase in the sample LaMnOs.It involves the
internal motion of a change in the Mn-O-Mn bond length related to the MnOgoctahedral[11].

In FTIR spectra of nanocomposite absorption peaks are present at 450 cm™ and 491cm™ which represent the Mn-
O bending and Ti-O stretching mode respectively (See Fig. 2(b)). The broadening of peaks with increasing the
concentration of TiO,gives an evidence for the formation of metal oxygen bond organized in MnOg and TiOg. The
intensity of absorption band increases with increase in the concentration of TiO,[12].
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FIGURE 2. (a)FTIR spectra of pure LaMnOj; and (b) LaMnO;/TiO, nanocomposite with varying concentration of TiO,.

The optical band gap has been estimated using Tuac’s equations [4]:(ahv) "=A (hv — E,),where hv is the photon
energy, o is the absorption coefficient, A is the constant relative to the material, n is both 2 for direct transition and
Y for indirect transition. Hence the optical band gap for absorption peakcan be achieved by the extrapolatingthe
linear portion of the (ahv) " —hv curve to zero. The direct band gap is calculated for LaMnOj; nanoparticles is 2.10
eV as shown in Fig. 3 (a).The variation of band gap with grain size and concentration of TiO, is shown in Fig. 3 (b).
The TiO, in these nanocompositescan act as an electron sink, help to separate the electron-hole pairs generated in

LaMnOs; and can reduce the recombination rate for the use in photocatalysis [13].
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FIGURE 3. (a)The curve of (ahv)"against hvfor the calculation of direct band gap for pure LaMnQOj; nanoparticles, (b) Variation
of band gap with particle size and concentration of nanocomposite, and(c) Variation of Refractive index with band gap.

We have also calculated the refractive index of LaMnOs;nanoparticle and LaMnO;/TiO, nanocomposite using
Moss relation [14] i.e. n* = (K/Band gap) where, K is a constant with value of 108 eV. For LaMnOsnanoparticles the
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observed refractive index is 2.7 [15].It is observed that the refractive index decreases with the increase in energy
band gapas shown in Fig. 3 (c). The observed change in refractive index is due not only to the variation in inorganic
materials but also due to the quantum size effect.In electron confinement phenomena a progressive increase in the
band gap with a decrease in grain size is reported also by others [16].

CONCLUSIONS

LaMnOsnanoparticles have been synthesized via sol-gel method. The as-prepared nanoparticles of LaMnO;
shows pure pervoskite structure. Nanocomposite of (LaMnOs);/(TiO,)«( x = 0.0, 0.1, 0.2, 0.3, 0.4) are sucessfully
synthesized with average particle size 16-24 nm. The sample exhibit a broad absorption band at 450 nm. From Tauc
model it has been concluded that product has a direct band gap valueare found 2.1, 1.9, 1.5, 1.3 and 1.2 eV with the
corresponding increase in TiO, (x=0.0, 0.1, 0.2, 0.3, and 0.4 respectively), which is in the range of effective
photocatalysts behaviors which operate efficiently under visible light irradiation. The decrease in band gap and
increase in refractive index with increasing concentration of TiO, have also been observed.
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