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Abstract

Nanocrystalline Lao.7Sro.15Cao.1sMnO3 manganite was synthesised using the Solgel-
combustion method and annealed at various temperatures (Ta). XRD patterns confirmed the
formation of a Rhombohedral structure R3c.There was a growth in crystallite size from 15.6
to 36.8 nm as Ta increased from 700 to 1300°C. The dislocation density and microstrain were
decreased as a function of annealed temperatures. The characteristic absorbance peaks were
found around 447nm in the Visible range. The refractive index, reflectance, extinction
coefficient, and real, imaginary part of dielectric constant of all samples were varied as
function of annealed temperature. The optical energy gaps of Lao7Sro.15Cag1sMn0Os
nanocrystalline were found to decrease from 3.59 to 3.41 eV with the rise in temperature.
Hence, Lao.7Sro.15Cao1sMnO3 nanocrystallites show novel optical properties as a function of
calcination temperatures.
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1.Introduction

Magneto resistance materials are an important topic in science and research because
they have more advantages than typical magnetic materials in terms of structural, physical, and
magnetic properties. Storage technologies, biomedical applications and micro electrical
devices are only a few of the applications for these materials. These materials are utilized to
create cooling systems that have a high cooling efficiency while producing minimal noise, emit
no greenhouse gases and are environmentally beneficial [1,2].Lanthanum doped perovskite
type manganite oxides substituted by divalent alkaline earth ions exhibits interesting properties
like colossal magnetoresistance (CMR), metal to insulating behaviour (MI transition)[3-
7].Doping with a divalent ion into La sites, Mn3* ions are transformed into Mn* ions, resulting
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into double exchange between Mn**and Mn** with electronic configuration, (3d*, t3,47elq1,
S=2) and (3d3t341e% 1, S=3/2),which mediates the ferromagnetic interaction. Mn-O bond
length and Mn-O-Mn bond angles, which are controlled by A and B sites ionic radii and Mn®*/
Mn** ratio and alters the double exchange interaction. These effects the strongly on magneto
resistive properties of the perovskite manganite [8]. These materials also exhibit a high Seebeck
coefficient (also known as thermos electrical power). The characteristic behaviour of these
manganite drastically changes due to the concentration of substitution at La site [9-14].
Lanthanum doped perovskite type manganite are fascinating and demanding materials because
of these characteristics. With the rapid integration and downsizing of electronic devices, these
perovskite manganites are prepared in nanoscale. The relationship among structural, orbital,
and electronic degrees of freedom can be explored further to fully comprehend the complicated
science behind rare — earth manganite features.

Manganite’s transport and magnetic properties are affected by their crystalline size
[15,16]. The sintering temperature can affect grain size, therefore increasing the sintering
temperature should increase grain growth [17,18]. Due to its intriguing properties, like huge
ratio between surface to volume and surface effect, research on perovskite manganite with
nanoscale particle sies has grown in recent years. The high bandwidth of the Ml transition in
La1xSrxMnOs and the small band width of M1 transition and colossal magneto resistance effect
in LaixCaxMnO3z were described by process of the double exchange (DE) interaction
[19,20,22].

Different physical and optical properties are obtained by combining Lai-xSrxMnOsz with
La;.xCaxMnOgz in the appropriate ratio. Calcium doped Strontium — Lanthanum manganite
exhibit remarkable properties as a high magnetocaloric material among divalent ions [21]. The
nanoscale manganites have novel characteristics which varies with particle size when
compared to those bulk materials. Because manganite nanoparticles are primarily metal
conductors, only a few prior research has been done on their optical characteristics. Among
several investigations using LaixSrxMnQOz and LaixCaxMnQOs, only a handful had revealed
coexisting Ca and Sr systems. The Solgel-combustion preparation method was used in this
research to synthesise Lao.7Sro.15Ca0.1sMnO3 nanocrystallites because of its convenience of use,
low cost, and modest sintering temperature for nanocrystallites. This method also enables the
production of Lao.7Sro.15Cao.1sMnO3 nanocrystallites on a massive scale, down to tenths of a
gram. The nanocrystallites were sintered at different temperature to better understand the
impact of temperature on Lao7Sro15Cao.1sMnOsz characteristics. XRD and UV-Vis
spectroscopes are used to characterise the optical properties of Lag7Sro15Cao1sMnOs
nanocrystallites.

2. Experiment

The Lao.7 Sro.15Cao.1sMnO3 nanocrystalline was prepared with their nitrate precursors
of La (NO3)3.6H20, Sr(NOz)2, Ca(NO3)2.4H20 and Mn(NO3)24H20 of 99.99% purity AR
grade compounds. These starting compounds with their stoichiometry were separately
dissolved in de-ionised water and mixed in a beaker to form a desired precursor solution. The
stoichiometric volume of citric acid (CsHsO7) was mixed with precursors solution and placed
on a magnetic stirrer for continuous stirring to get a white precipitate solution. The citric acid
to nitrate ions molar ratio was set to 1:3. To neutralise, Ammonia (NH3) was added to this
solution drop by drop till pH reaches to 7 and the solution becomes thick brown in colour. The
mixture was heated at 60°C with steady stirring of 400rpm for 3h and stoichiometric volume
of ethylene glycol was added. The chelating agent was citric acid solution, whereas the
jellification agent was ethylene glycol. This solution was heated continuously at 100°C until it
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changes over into gel. Then the solution was heated to 300°C until it was totally singed and
shaped a free dark powder [22]. The obtained powder was grounded fine and divided into four
parts and annealed separately at 700°C,900°C,1100°C, and 1300°C for 4 hours to get Lao.7
Sro.15Ca0.15sMn0O3 various sized nanocrystallites.

The crystalline structure, crystalline size, and crystal phase identification of Laoz
Sro.15Ca0.1sMnO3 nanocrystallites were obtained by X-ray powder diffraction (XRD) method
with incident radiation of CuKa ( A=1.5418A) using Rigaku (Miniflex-11) diffractometer with
0.02degree step size and 2theta angular range from 20° to 80°. Optical properties have been
evaluated using UV-Vis spectroscopy (SYSTRONICS DOUBLE BEAM). The optical
absorbances were acquired by ultrasonic assisted by dispersing a small quantity of sample in
distilled water, data was captured in the 200-800 nm range.

3. Result and Discussion

3.1: XRD Pattern Analysis: The room-temperature XRD pattern of Lao.7 Sro.15Cao.15sMnOs
nanocrystallites annealed at 700, 900,1100, 1300°C were shown in the Figure (1). These XRD
patterns confirmed the formation of pure and single phased Rhombohedral structure with space
group R3c .The intensity of prominent peak for 1300°C formed at 32.8° was substantially
higher than others because of the high crystallinity. The average crystallite size was measured
using Debye-Scherrer expression.
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where ‘D’is the average crystalline size, K is the shape factor 0.9, and B is the Full width half
maximum of peak.
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Figure 1: XRD Pattern of the Lao.7Sro.15Cao.1sMnO3 nanocrystallites annealed at 700, 900, 1100,
and 1300°C.
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It was observed that full width half maximum values were decreased, and average crystallite
size values were increased from 15.64 to 36.78 nm with the annealed temperature, which are
given in Table 1.

Micro strain values are calculated from the equation [23].

_ B
€= Ttng (2)

The micro strain values were observed to be in the range from 7.86x107 to 3.34x107 as a
function of annealed temperature.

Dislocation density values were calculated using the following equation [23].

1
= E e e e 3)

Dislocation density values of were changed from 4.088 x10= nm to 0.739x 10 nm™ as the
annealed temperature increased from 700°C to 1300°C.

Sp

Table-1: Structural and Optical parameters of Lag7 Sro.15Cao1sMnOz nanocrystallites at
annealed temperature 700, 900, 1100, and 1300°C.

Annealed Temperature 700°C 900°C 1100°C | 1300°C
Crystallite Size D (hm) 15.64 19.46 23.18 36.78
Dislocation density (5p) (nm?)x103 | 4.088 2.645 1.865 0.739
Micro strain (g)x10°® 7.86 6.30 5.31 3.34
Absorption peak(nm) 447.2 448.7 448.9 468.8
Band gap (eV) 3.59 3.53 3.45 341

3.2: UV-Vis spectroscopic analysis:

The main physical features that describe the optical properties of Lao.7 Sro.15Cao.1sMnQO3
nanocrystallites are the energy gap and refractive index. Figure 2(a-b) indicates the variation
of absorbance and transmittance spectra of the Lao.7 Sro.15Cao.1sMnO3 annealed at 700, 900,
1100, and 1300°C. A sharp absorption edge was identified in the range 447 - 468 nm in the
visible region for all prepared samples. The expressions (4,5,6) were used to calculate the
absorption coefficient of Lao.7 Sro.15Ca0.1sMnO3 nanocrystallites [24,25].

I = Ioe(xt ......... (4’)
Iy
A= logT ......... (5)
2.303 4
a= T s (6)

where ‘a’, ‘A’ and ‘t’ are the absorption coefficient, absorbance, and sample thickness
respectively.

The transmittance (Ts)was measured applying the relation (7).

Ts=10" % 100 ................ (7)
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Figure 2(a-b): UV-Vis Absorbance and Transmittance of the Lag.7Sro.15Cao.1sMnOsz annealed at
700,900,1100, and 1300°C.

The refractive index (n) was measured by the below relation.

.. (8)

Figure 3 shows the variation of refractive index of the Lag7Sro15Cao1sMnOs annealed at
700,900,1100, and 1300°C, it clearly reveals that refractive index value increases rapidly and
gets maximum value and then decreases in the UV region and the same variation was observed
in the visible region for all the samples.
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Figure 3: Variation of refractive index of the Lao.7Sro.15Cao.1sMnO3 annealed at 700,900,1100,
and 1300°C.
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The extinction coefficient(k) was calculated using the relation [26].

al
k= ypep )]

Figure 4 shows the variation of extinction coefficient of the Lao7Sro.15Cao.1sMnO3 annealed at
700,900,1100, and 1300°C.It has observed that extinction coefficient increases with the
annealed temperature.
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Figure 4: Variation of extinction coefficient of the Lao.7Sro.15Cag.1sMnQO3 annealed at
700,900,1100, and 1300°C.

The reflectance of all Lao.7Sro.15Can.1sMnO3 nanocrystallites was evaluated by the formula [27].

_(n—1)?

=R e (10)

Figure 5 shows the variation of reflectance of the Laop7Sro15Cao1sMnOs annealed
700,900,1100, and 1300°C. The reflectance value increases to maximum value then drops in
the ultraviolet range and then increases in the visible range.
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Figure 5: Variation of Reflectance of the Lao.7Sro.15Ca0.1sMnQO3 annealed at 700,900,1100, and
1300°C.

The real and imaginary part of dielectric constants were evaluated by the expressions [28].
E = 21K v vi i e (11)
& =n%—k?% i (12)

Figure 6(a & b) gives similarities of the real part (&,.) and the imaginary part (&;) of dielectric
constant of the Lao.7Sro.15Ca0.1sMnOs3 nanocrystallites annealed at 700,900,1100, and 1300°C.
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Figure 6 (a-b): Variation of real part and imaginary part of dielectric constant of the
Lao.7Sro.15Ca0.1sMn0O3 annealed at 700,900,1100, and 1300°C.

The Optical band gap of post annealed Lao.7Sro.15Ca0.1sMnOz nanocrystallites were measured
using Tauc’s relation (13) and obtained by Tauc plots [29].

()" =A(MV-Eg) ovoovoeeeeeei (13)
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where Eg, h, v, n are the band gap, plank’s constant, frequency, and index parameter
respectively. ‘n’ represents nature of electron band transition. There are 4 possible values of
‘n’ depending upon the nature of the transition which relates n = 1/2 (permissible indirect), n
= 1(forbidden indirect), n = 3/2(forbidden direct), and n = 2 (allowed direct) [31]. The Tauc
plots of (ahv) " versus photon energy (hv) for different ‘n’ values for Lao.7Sro.15Cao.1sMnQO3
nanocrystallites were plotted. Among all the plots (chv)? verses (hv) plot has a linear
relationship over a wide range as observed, indicates the system take the direct transition in the
broad band gap area. Figure 7(a- d) shows Tauc plots of the Lao.7Sro.15Cao.1sMnQO3 annealed at
700,900,1100, and 1300°C.

The optical energy bandgap of samples was reported by the extrapolating the
proportionality section of the graph on the ‘hv’ axis. The optical band gap values for
Lao.7Sro.15Cao.1sMnO3 post annealed nanocrystallites are provided in Table 1, suggests that
optical gap decreases from 3.59 eV to 3.41eV with raise in annealing temperature. So, because
of optical energy gap as a function of temperature (red shift) were ascribed to increase in
particle size, which was corelated to XRD results. The prepared samples are found to be great
choices for photocatalytic activities based on the band gap energy values [30].
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Figure 7 (a-d): UV-Vis absorbance -Tauc plot of variation of (ahv)? versus photon energy “hv”
of the Lag.7Sro.15Ca0.1sMn0O3 nanocrystallites annealed at 700,900,1100, and 1300°C.
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4.Conclusions

1. The Lao7Sro15Cao1sMnOs nanocrystalline was successfully synthesised using the
method of Solgel-combustion method and annealed at 700,900,1100, and 1300°C to get
various crystalline sizes.

2. The X ray diffraction confirmed the establishes the rhombohedral structure with space
group R3c without any impurity peaks. This method of synthesis was produced
nanocrystallites with average crystallite size from 15.64 to 36.78nm.

3. For all Lag7Sro.15Can1sMnO3z samples, the dislocation densities were reduced from
4.088x10° nm to 0.739x10° nm, and micro strain values were also decreased from
7.86x107 to 3.34x1072 as the annealed temperature increases from 700 to 1300°C.

4. The characteristic absorbance peaks were obtained in the range 447.2nm- 468.8nm.

UV-vis spectroscopic studies showed that the optical band gap values decreased from

3.59 t0 3.41 eV as annealed temperature increased from 700 to 1300°C.

o

Hence, the optical characteristics of prepared Lao7Sro.15Cao1sMnO3z nanocrystallites were
influence strongly by the sintering temperature and crystallite size.
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