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Abstract. Perovskite compounds show great potential in a variety of applications due to their
diverse and unique properties and can be modified. Nanomaterial LaCrgg9Fej ;03 has been
prepared using sol-gel and freeze drying methods. The nanomaterial was then calcined at
700°C for 10 hours and characterized by the analysis techniques of X-Ray Diffraction (XRD),
Fourier Transform Infrared (FTIR), Diffuse Reflectance UV-Vis Spectroscopy (DRS UV-Vis),
and Transmission Electron Microscopy (TEM). The result of XRD analysis showed that two
main crystal phases were formed from the ABO; perovskite structure, namely LaCrO; and
LaFeO; which were superimpossed and the crystalline phase size based on the Scherrer method
was 23.5 nm. Furthermore, the TEM analysis result shows that there are various forms and
hollows. Then, the FTIR spectrum states that there is an interaction between transition metals,
and the band gap energy is 2.71 eV.
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1. Introduction

Perovskite material is well known as a material with many benefits [1-4], and each year researchers
publish more than 2000 articles in various applications [5] related to perovskite material. The
uniqueness of perovskite compounds, especially the type of oxide, is due to the ease of controlling the
valence of the cations at A and B sites through partial substitution as well as non-stoichiometry control
through cationic or anionic vacancies in their oxide structure based on an electroneutralite point of
view [6]. This control leads to the existence of various cationic oxidation states which have
characteristics as catalysts [7-9], ferroelectricity [10, 11], piezzoelectricity [12, 13], pyroelectricity
[14, 15], thermolectricity [16], magnetism [17, 18], superconductivity [19, 20], sensors [21-23], optics
[24, 25], and fuel cells [26] so that the application of oxide-type perovskite materials has proven to be
very wide [27].

Oxide-type perovskites can be prepared from transition metal oxides or their salts using a variety of
preparation methods such as hydrothermal [28-30], co-precipitation [31-33], and sol-gel [34, 35]. In
general, the perovskite structure is ABO; although the cations at sites A and B can be modified such as
A1A;BO; or AB|B,0;. It can even be more complex A;A,B;B,0; and the structural model can be
presented in Figure 1 below.
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Figure 1. (a) normal dan (b) inverted Perovkite Structure

The success of preparing perovskite compounds depends also on the selection of cations for sites A
and B, which generally follow the following rules,

(ratro)

N V2(rg+710)

Where t is the Goldschmidt tolerance factor, r,, s, and ro are the radii of A, B, and oxygen ions,
respectively. The value of the Goldschmidt tolerance factor must be in the range from 0.75 to 1.00 in
order to obtain the perovskite structure [36]. Several combinations of A- and B-site cations can form a
stable perovskite-like structure. Additionally, A- and B-site cations, as well as oxygen anions can be
partially substituted by other suitable elements [37, 38].

Based on the unique characteristics and flexibility of its structure [39, 40], where the A cation and the
B cation that fill the octahedral and tetrahedral positions can exchange even be replaced by other
inorganic cations or organic molecules. So that the modified perovskite material provides the desired
characteristics for its application [41, 42]. One of the most commonly known perovskite oxide types is
lanthanum chromite, LaCrO; with a wide range of applications such as electronics, opto-electronics,
energy storage, thermal catalysis, sensors and photocatalysts [43-46].

In the field of photocatalysis, one of the characteristics of the LaCrO; perovskite as a reference is the
ease of promoting electrons from the valence band (HOMO) to the conductance band (LUMO). The
smaller the energy required to move electrons from the valence band to the conductance band, the
greater the chance that the electrons will initiate the target reaction. Based on the obtained references,
the perovskite gap energy of LaCrO; and its modification is in the < 3.0 eV range [47, 48] so that the
perovskite of this type of oxide can function as a photocatalyst because it is semiconductor [49].

On this occasion, we reported the preparation and characteristics of perovskite oxide types of
lanthanum chromites doped with Fe cation, LaCrg g9Fe; 9105 using the sol gel method and its possible
application in photocatalytic reaction by analyzing the material using X-Ray Diffraction, Fourier
Transform Infrared, Diffuse Reflectance UV-Vis Spectroscopy, and Transmission Electron
Microscopy.

2. Experimental

2.1. Material
The materials used in this study include La(NO;), . 6 H,O (Merck, 99%), Cr(NO3), . 9 H,O (Merck,
99%), Fe(NO3), . 9 H,O (Merck, 99%), NH; (Merck, 99%), pectin and distilled water.
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2.2. Instruments

The instruments used for characterization include X-Ray Diffractometer (XRD) model PW 1710 with
Cu-Ka radiation for structure identification, Fourier Transform Infrared (FTIR) type Shimadzu
Prestige-21 for functional group identification, Diffuse Reflectance UV-Vis Spectroscopy (Agilent
Cary 60) to determine the band-gap energy, and Transmission Electron Microscopy (TEM) JEOL JEM
1400 for identifying grain size distribution and crystallite morphology.

2.3. Preparation of LaCrygoFey ;03
The LaCrgg9Feg ;O3 nanocatalyst was prepared by the sol-gel method. The procedure was described in
the previous work [50].

2.4. Characterization of LaCrggoFey ;03

2.4.1. X-Ray Diffraction Analysis. The X-ray diffraction pattern LaCrg ¢9Fej ;03 was recorded at 26 =
10-90° using a Philips diffractometer model PW 1710 Cu-Ka radiation. Phase identification was
carried out by matching the diffractogram of the sample to the standard diffractogram using the
JCPDF published by ICCD PDF. The particle size was determined by the Scherrer method [51].

2.4.2. FTIR Analysis. After heating at 90°C, the samples were analyzed using FTIR spectroscopy.
Spectroscopic analysis is performed by grinding the sample with KBr and scanning it at a wave
number 4000-400 cm™ [52].

2.4.3. UV-Vis DR Spectroscopy Analysis. Determination of the LaCrj gFe; ;O3 band-gap energy, a
number of samples were analyzed using UV-Vis Diffuse Reflectance Spectroscopy and scanned at a
wavelength of 200-800 nm [53].

2.4.4. Transmission Electron Microscope Analysis. To evaluate the surface morphology, the samples
were characterized using TEM. The analysis was conducted on polished and thermally etched samples
with different magnifications [54].

3. Results and Discussion

3.1. Structural Analysis of X-Ray Diffractogram
Based on the diffractogram shown in Figure 2, the diffraction pattern of LaCrggoFe o103 was
compared with the standard using the JCPDF program. The results showed that two main crystalline
phases were formed which is superimpossed with each other, namely LaCrO; (PDF-24-1016) and
LaFeO; (PDF-37-1493) with the highest intensity at 20 = 32°. The crystal size of the sample is
determined by the following Scherrer equation:

D KA
"~ Bcosb

Where K is the crystallite form factor, A is the X-ray wavelength (1.5406 nm for CuKa),  is the width
of the diffraction peaks, and 0 is the Bragg angle. The average size of the crystalline phase of
LaCrjg9Feo ;03 was 23.5 nm.
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Figure 2. Diffractogram of LaCrggoFej 9103 nanomaterial

3.2. Analysis of FTIR Spectrum

Figure 3 shows the FTIR spectra of the LaCrygoFeqo1O3 nanomaterial prepared at a calcination
temperature of 700°C in the wave number range 4000-400 cm’. The FTIR spectrum of
LaCrjg9Feg ;03 is shown in Figure 4. The broad band observed at 3445 cm” and 1636 cm’
corresponds to the stretching vibration and bending vibration of O-H groups respectively. The
symmetric stretching of carboxyl C=0 bond was not observed at 2356 cm™ due to the adsorption of
atmospheric carbon dioxide, as the measurement was recorded with pretreatment. The weaker intense
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Figure 3. FTIR Spectrum of LaCrygoFeg ;O3 nanomaterial

peak as a shoulder observed at around 500 cm™ due to the presence of stretching vibration of Fe-O
confirms the octahedral FeO¢ present in the LaCrggoFey 103 [55]. At the wave number 601 em™, it
shows the presence of Fe-O stretching vibrations [56] and La-O-La bending vibrations [57]. The
presence of Cr-O and O-Cr-O stretching vibrations at 884 cm™ absorption [58].
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3.3. Analysis of DRS Spectrum

Optical absorption bands were detected on perovskite LaCr¢9Feg0;O; through the % reflectance and
absorbance spectra of the wavelength in Figure 4 above, where the four basins in Figure 4A at
wavelengths of about 380, 450, 620, and 740 nm show absorption peaks in Figure 4B. The peaks
indicate that there is an interaction between the 3d Fe’* orbital and the 3d Cr’" orbitals with the 2p O*
orbitals, respectively, which are shown at the 380 and 450 nm wavelengths of absorption, respectively.
Most probably week absorption bands at 630 and 740 nm belongs to d-d transition in Fe’" and Cr’" ion
in an octahedral symmetry [58], which is influenced by replacing Cr with Fe in LaCrqgFe0,0;
perovskite structure. Intra-atomic d-d transitions are of much lower intensity comparison to the inter-
atomic transitions at region of fundamental absorption edge, which are mainly determining the color
of iron-rich oxides [59].
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Figure 4. UV-Vis DR Spectra of LaCr, Fe, O3

Figure 4C shows the bandgap energy obtained graphically through extrapolation when {F(R).h.J) }* 710
to bandgap energy (E;) on the X-axis of 2.71 eV. Order 2 in the equation (F(R).h) }* denotes an
electronic transition that occurs indirectly. Based on the E, value obtained, it can be said that the
LaCrg g9Feg ;O3 nanomaterial can function as a photocatalyst.

3.4. Morphological Analysis

Characterization of the samples using TEM produced the micrographs as presented in Figure 5 below.
In general, there are several structural shapes identified such as cubic (brown arrow), circular (yellow
arrow) and pipe (blue arrow). If focusing on perovskite structure, it displays, the existence of
LaCrjg9Feg 103 crystalline phase as a unit cell since LaCrO; and LaFeOs; is superimpossed. However,
in a certain area, the presence of a bigger perovskite structure can be observed, which confirms the
existence of layers (red arrow) and hollow cubes (green arrow).
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Figure 5. TEM Micrograph of LaCrg ggoFeg.0,0;

Although various forms of perovskite appear to exist, the resulting sizes are mostly in the nano
category. It seems that further analysis is needed regarding the hallow form. Based on the 50 nm scale
(right-micrograph), it can be said that the grains are 50-100 nm in size. Few grains appeared to be in
the planar connection so that they seem to be greater than 100 nm, and a few appear as circular with a
size less than 50 nm. In addition, there was a tube with a diameter of 98 nm and its length of 163.3
nm. Overall result proved that the material prepared is nano size and hollow. The size result is smaller
than that of LaCrO; modified by Fe and Co which is 168 nm [60].

4. Conclusion

Based on the analysis of LaCr¢9Feg ;O3 material characteristics, it can be concluded that the prepared
materials have the perovskite structure consisting of LaFeO; and LaCrO; which is superimpossed and
formed into layers or piles that stick together. In fact, the structure formed is various. It has
nanopipes, nanocubes, nanocircular and hollow structures. So that the perovskites are nano hollow
material. Furthermore, since its band-gap energy is around 3.0 eV, it is implied that this material could
be used in photonic applications.
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