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Abstract: A spongy black powder of LaCu0.25Mn0.75O3-δ was synthesized by a modified Pechini method in this study. 
Properties of LaCu0.25Mn0.75O3-δ perovskite were investigated via in situ Fourier transform infrared (FTIR) spectroscopy. 
X-ray diffraction results indicated obtaining highly crystalline LaCu0.25Mn0.75O3-δ sample with crystallite size was 37 nm. 
FTIR results confirmed the formation of LaCu0.25Mn0.75O3-δnanoparticles. High-Resolution Transmission Electronic 
Microscope HRTEM image illustrates that the prepared sample is in the nanoscale with d-spacing equal to 0.13 nm 
matching the [440] plane of cubic LaCu0.25Mn0.75O3-δ.The optical properties of the obtained samples were investigated 
and indicated that the prepared sample is in the nanoscale. 
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1. INTRODUCTION  

Perovskite oxides appear to be among the most 
promising candidates for many applications [1]. In the 
ABO3 structure of perovskite, the B cation is typically a 
smaller transition metal species coordinated with 
oxygen in octahedral position, while A is the larger 
cation with 12-fold coordination, and is often a rare-
earth, alkaline earth, or an alkali metal [2]. 

Compared to stoichiometric perovskite LaMnO3, 
oxygen deficiency-related (LaMnO3-δ) exhibited some 
specific properties, such as active oxygen mobility [3] 
and ion vacancy defects [4]. Indeed, this perovskite 
showed very promising magnetic activity and 
electromagnetic applications due to oxygen vacancies 
and cation excess which were created for LaMnOx 
compounds [5]. These properties can be related to 
different oxidation numbers of manganese (Mn3+and 
Mn2+) which exist in the crystalline structure [6]. 

Several previous works have been devoted to the 
study of electrical and magnetic properties of bulk 
LaMnO3 materials [7-11]. The present work aims to 
achieve the synthesis of the novel Mn-rich perovskite 
oxides with La as A-site ions and Cu for B-site ions 
LaCu0.25Mn0.75O3-δ. These nanoparticles have been 
investigated by using XRD and FTIR spectroscopy. On 
the other hand, an attempt, regarding their optical 
properties has been carried out by means of 
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absorbance spectra measurements in terms of the 
optical bandgap.  

2. MATERIALS AND METHOD  

2.1. Synthesis of LaCu0.25Mn0.75O3-δ Samples 

The LaCu0.25Mn0.75O3-δ polycrystalline powder was 
synthesized by a modified Pechini method [12]. La 
(NO3)3 .H2O (Alfa Aesar), Cu.H2O (CH3COO)2 (Oxford 
Laboratory reagent) andC4H6MnO4.4H2O (Sigma 
Aldrich) were used as starting materials. Citric acid and 
polyethylene glycol were used as chelating agents. 
Lanthanum nitrate and copper acetate were preheated 
at 1000 οC and 200οC respectively for 10hours to 
eliminate moisture. Stoichiometric quantities of the 
above row materials were dissolved in concentrated 
nitric acid. Citric acid was added to the above clear 
solution in a molar ratio of 1:1 of citric acid: metal ions. 
(2g) of polyethylene glycol was dissolved in the clear 
solution. The obtained clear solution was kept under 
constant heat and vigorous stirring. Then the solution 
was slowly vaporized in a water bath at 85 οC 
overnight. Blue spongy ashes were obtained and were 
dried on the hot plate. The obtained black spongy 
ashes were put in a furnace at 900 οC for 20h to 
eliminate the organic matter. The resultant black 
powder was dry pressed using a hydraulic press, then 
annealed for 15h at 950οC to form pure phase, which 
was used for further measurements. 

2.2. Characterizations 

X-ray diffraction (XRD) pattern data were obtained 
at room temperature for powder samples of 
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LaCu0.25Mn0.75O3-δ using PANalytical diffractometer with 
a graphite monochromated CuKα radiation ( !  = 
1.54056 Å). Operating conditions were 40 kV/30 mA 
with an interval from 4 to 90 with step 0.06 and a scan 
rate of 2.5°/min. A typical Transmission Electronic 
Microscope (TEM) model EM-2100 High-Resolution at 
magnification 25 X and voltage 200 kV is employed to 
study the structural morphology and crystalline 
properties of the as-prepared powder. The functional 
groups that comprise the structure of the 
LaCu0.25Mn0.75O3-δ are evaluated using Fourier 
Transform Infrared (FT-IR) Spectroscopy. A typical 
Jasco Model 4100 – Japan with a wave number range 
from 400 to 4000 cm-1 and a resolution of 4.0 cm-1 is 
used for the current work at room temperature. A 
computerized SPECORD 200 PLUS analytic Jena 
spectrophotometer with 1 nm steps is utilized to 
measure the absorbance of light passing through 
LaCu0.25Mn0.75O3-δ nanoparticles at a wavelength (200–
1100 nm). 0.001 M of LaCu0.25Mn0.75O3-δ nanoparticles 
was dissolved in diluted HF and was put in quarts covet 
for optical properties measurement. 

3. RESULTS AND DISCUSSION 

3.1. Phase Structure and Composition 

3.1.1. X-Ray Analysis 

Phase identification for the prepared 
LaCu0.25Mn0.75O3-δ can be obtained from the XRD 
pattern, which observed clearly in Figure 1. The 
patterns displayed seven main peaks (200), (220), 
(222), (400), (422), (440), and (620) indicating that the 
sample was single phase LaCu0.25Mn0.75O3-δ which 
have a Cubic structure as reported in card No. (00-049-
0807) [13]. 

It is obvious that the crystallites have a preferential 
orientation along (220) direction. It is also noteworthy 

that no peaks related to lanthanum oxide or 
manganese oxide are found in this spectrum, which 
indicates the formation of LaCu0.25Mn0.75O3-δ. 

Crystallite size (D) of the obtained powder was 
calculated from the Debye–Scherrer’s formula: 

! =
0.94"
D cos(# )

            (1) 

Where !  is the full width at half-maximum, D is the 
crystallite size, !  and θ are the wavelength of X-ray 
and the diffraction angle, respectively [14, 15]. From 
the full width at half-maximum (FWHM) ( ! ) of the 
peaks, the mean square microstrain £ and the 
dislocation density ¥ [16, 17] of the as-prepared sample 
can be estimated using Eq. (2) and (3) respectively as 
shown in table 2 

£ = ! cot" / 4            (2) 

¥=1/D2             (3) 

Table 1 presents the comparison between dhkl for 
the obtained LaCu0.25Mn0.75O3-δ nanoparticles and dhkl 
for the standard Cubic LaCu0.25Mn0.75O3-δ crystals [13]. 
The comparison showed a good agreement with the 
standard crystals. 

It is noted that there is a good agreement between 
the lattice parameters calculated values of present 
work and those reported elsewhere [18]. The small 
difference can be related to some structural defects 
and probably some interstitials Lanthanum or 
Manganese elements. 

3.2. Fourier Transform Infrared (FTIR) 
Spectroscopy 

Figure 2 shows the infrared spectra of the 
synthesized LaCu0.25Mn0.75O3-δ precursor powder heat-
treated at 950 °C for 15 hours. The broadband in the 
region of 3500 cm-1 is related to the O-H group, which 
is associated with citrates and/or water molecules 
coordinated with the metal ions. The band positioned 
between 2500 and 2250 cm-1 was referred to the 
intramolecular hydrogen with C=O. A band observed at 
1600 cm-1 is related to the C=O of acid with axial 
deformation. The bands observed between 1250 and 
1000 cm-1 are ascribed to the stretching vibrations of 
the carboxylate (COO-) groups or C-H bonds.  

The spectrum did not show any characteristic band 
of organic compounds in a range from 4000 to  

 
Figure 1: XRD of LaCu0.25Mn0.75O3-δ. 
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500 cm-1. Accordingly, the strong band observed at 600 
cm-1, which was ascribed to the metal-oxygen bond, 
indicates the formation of the corresponding oxides. 

 
Figure 2: FTIR spectra for the different molar ratio of 
LaCu0.25Mn0.75O3-δ. 

 

3.3. Morphology 

HRTEM was utilized to obtain direct information 
about the shape and the size of the produced 
LaCu0.25Mn0.75O3-δ nanoparticles. Figure 3a) presents a 
typical HRTEM image for the prepared sample, from 
the figures it is obvious that the prepared sample is on 
the nanoscale. The visible lattice fringes with a d-
spacing of 0.13 nm matching the [440] plane of cubic 
LaCu0.25Mn0.75O3-δ Figure 3b) 

 

 
Figure 3: HRTEM of LaCu0.25Mn0.75O3-δ. 

4. OPTICAL PROPERTIES 

Studying the absorption spectra is considering as 
the simplest and direct method for investigating the 
band structure of the material. Figure 4 shows the 

Table 1: Relative Intensity and Comparison between dhkl for the Obtained LaCu0.25Mn0.75O3-δ Nanocrystals and dhkl for 
the Standard Cubic LaCu0.25Mn0.75O3-δ Crystals 

Hkl dhkl(nm) calculated dhkl(nm) for standard LaCu0.25Mn0.75O3-δ Relative intensity (%) 

200 0.388332 0.3892 13 

220 0.27382 0.2752 100 

222 0.224852 0.2247 16 

400 0.19398 0.19455 30 

422 0.158796 0.15891 40 

440 0.137857 0.13758 15 

620 0.12318 0.12307 14 

 

Table 2: Microstructural and Optical Parameters for the Prepared LaCu0.25Mn0.75O3-δ 

Crystal 
size(D) (nm) 

dislocation density ¥ 
(× 10^4 nm^2) 

Microstrain (£) 
X10^-3 

Lattice Parameters 
measured (a) (Å) 

Standard Lattice 
Parameters (Å) 

Crystal 
system 

Energy band gap 
(eV) 

37.1 7.27 4.454 7.77 7.7837 Cubic 3.43 
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absorbance as a function of the wavelength for the 
prepared LaCu0.25Mn0.75O3-δ nanoparticles. It is obvious 
that the perovskite interacts with the incident light and 
show a maximum absorption at 272 nm, which confirm 
the nanoscale size for the prepared sample. 

 The direct optical band gap (Eg) can be determined 
by the Tauc equation [19]. 

!hv = B(hv " Eg)1/2           (4) 

Where !  is the absorption coefficient, hv  is the 
energy of the incident photon and B is a constant 
depends on the transition probability. 

As shown in Figure 5 the obtained optical band gap 
for LaCu0.25Mn0.75O3-δ nanoparticles is 3.43 eV. 

 
Figure 4: Absorbance spectra for the different molar ratio of 
LaCu0.25Mn0.75O3-δ. 

 

 
Figure 5: The plots of !hv2  versus ( hv ) of LaCu0.25Mn0.75O3-δ. 

CONCLUSION 

LaCu0.25Mn0.75O3-δ nanoparticles were synthesized 
using a facile and effective method. The crystallinity, 
crystallite size and the morphology of the prepared 
samples are confirmed by obtaining high-quality 
LaCu0.25Mn0.75O3-δ samples. The blue shift of the optical 
band gap confirms the nano size for the prepared 
LaCu0.25Mn0.75O3-δ samples. 

For future work we plan to prepare 
LaCu0.25Mn0.75O3-δ nanoparticles using the same 
approach, but with changing the Cu/Mn ratio to 
investigate the effect of that on the different properties 
of the prepared samples. Also, we will examine the 
suitability of the obtained samples to work as cathode 
for fuel cell applications. 
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