
 
Research Article | DOI: 10.5281/zenodo.15652339 
www.jnanosam.com  

 

1School of Sciences, Noida International University, Greater Noida, Uttar Pradesh-201308, India, 2Department of Physics, Central 
University of Rajasthan, Bandarsindri, Ajmer-305817, Rajasthan, India 
 
#Corresponding author: kuldeepsingh.bsc@gmail.com ,  kuldeep.singh@niu.edu.in  

Keywords: Energy bandgap; DRS; Pyrochlore; Optical properties 

Received: 02 May 2025   |  Accepted: 17 May 2025  |  Published online: 26 June 2025 

J.NanoSci.Adv.Mater. 2025, 4 (1), 19 

 

Optical Properties of Ga₂Mn₂O₇ Pyrochlore Ceramic   

Kuldeep Singh1,2#  

We present the first investigation into the optical properties of the Ga2Mn2O7 pyrochlore compound, 
synthesized via solid-state reaction. The optical band gap, derived from reflectance spectra, was determined 
to be 1.97 eV, indicating its semiconductor behavior. Further optical characterization revealed key 
parameters including the extinction coefficient (k), skin depth, and refractive index (n) across a broad 
wavelength spectrum (200 – 800 nm). Additionally, the optical conductivity was systematically evaluated 
and analyzed. These findings underscore the compound’s functional relevance in optoelectronic and 
protective coating applications. 

 

1. Introduction

Pyrochlore oxides have received significant 
attention over the last several decades because of 
their display of a vast array of practically useful 
properties, including dielectric, photocatalytic, 
optical, piezoelectric, ferromagnetism, giant 
magnetoresistance, metal, and ionic conductivity 
[1–8]. Because of their remarkable physical 
properties, pyrochlores are used for numerous 
technological and innovative applications such as 
luminescence, thermal barrier coatings, sensors, 
catalysts, and solid oxide fuel cells [9–14]. Their 
general chemical formula is A2B2O7, wherein a 
trivalent rare-earth/transition metal ion with eight-
fold oxygen coordination resides at A-site, and a 
tetravalent transition metal ion with six-fold oxygen 
coordination resides at B-site. The sublattice of each 
of the two metal ions forms infinite, 
interpenetrating, networks of corner-sharing 
tetrahedra. Various pyrochlores such as Bi2Sn2O7, 

Ce2Sn2O7, La2Zr2O7, etc., have been reported to 
exhibit a high degree of photoactivity [15–17]. 
Gavrichev et al. found that Sm2ScTaO7 is an excellent 
thermal barrier coating material due to its low 
thermal conductivity [18]. Coronado et al. prepared 
Bi2RuMnO7 and observed that it is a potential 
cathode material for solid-oxide fuel cells [19]. 
Among various pyrochlore compounds, manganese-
based pyrochlore oxides are prominent functional 
materials. The scientific as well as industrial 
communities are interested in these materials due 

to their low cost, abundance in nature, and vast 
applications in areas such as optical, electrical, 
magnetic, magnetic refrigeration, etc. [20–23]. For 
example, Al2Mn2O7 was reported to exhibit a 
ferromagnetic transition and magnetocaloric effect 
near hydrogen liquefaction temperature [21], 
whereas the La2Mn2O7−δ compound demonstrated a 
Griffith-like phase [24]. Khachnaoui et al. 
synthesized Fe2Mn2O7 and studied its magnetic and 
magnetocaloric properties [25]. The pyrochlore 
compound Ga₂Mn₂O₇ stands out as a promising 
material due to the combined influence of Ga3⁺ and 
Mn⁴⁺ ions on its electronic and optical behavior. Tin, 
as a post-transition metal, contributes to a wide 
band structure, whereas manganese’s partially 
occupied d-orbitals modulate its light-interaction 
properties. Their synergistic effects within the 
pyrochlore lattice give rise to complex electronic 
transitions, drawing significant interest in optical 
materials research.  

To our knowledge, this is the first study to 
systematically examine the optical properties of 
Ga₂Mn₂O₇ ceramics. This study focuses on the 
synthesis and detailed analysis of the optical 
properties of Ga₂Mn₂O₇ pyrochlore ceramic, using 
techniques such as UV–Vis spectroscopy. The goal is 
to explore how its unique crystal structure and 
composition influence light–matter interactions, 
thereby contributing to the growing body of 
knowledge in pyrochlore oxide research and paving 
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the way for their integration into advanced optical 
systems. 

 2. Results and Discussion 

Since the structural characterization of GMO 
pyrochlore ceramic has already been reported 
previously, the present study focuses on the 
detailed analysis of their optical behavior [26]. The 
optical behavior of the synthesized GMO pyrochlore 
ceramic was investigated using UV–Visible diffuse 
reflectance spectroscopy (DRS). The reflectance 
spectrum is shown in Fig.1. It is observed that the 
reflectance is relatively low in the ultraviolet (UV) 
region, indicating strong absorption of high-energy 
photons. As the wavelength increases towards the 
visible region, the reflectance gradually increases, 
suggesting reduced photon absorption at lower 
energies. 
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Figure 1. Reflectance spectrum of GMO compound. 
 

The energy band gap was derived using the 
Kubelka-Munk (K-M) function, where the diffuse 
reflectance data was transformed into the K-M 
function via the given equation: 

 

    
𝐾

𝑆
=  

(1−𝑅)2

2𝑅
= 𝐹(𝑅)            (1) 

 
Here, K (molar absorption coefficient), S (scattering 
coefficient), and F(R) (Kubelka-Munk function) are 
the key parameters in the equation. The band gap 
was determined by plotting [𝐹(𝑅)ℎ]2 against 
incident photon energy, and the results presented in 
Fig. 2. The band gap was found to be 3.06 eV. The 
nature of the optical transition was determined 
using the following relation: 
 

ln[𝐹(𝑅)ℎ] = 𝑝 𝑙𝑛(ℎ − 𝐸𝑔)            (2) 

 
Figure 3 portrays the plot of ln(𝐹(𝑅)ℎ) vs. 𝑙𝑛(ℎ −
𝐸𝑔). The fitted straight line's slope (𝑝) yields a value 

about 0.5. The analysis conclusively demonstrates 

the direct band gap nature of the studied 
semiconductor material. 
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Figure 2. (F(R)h)2 vs. incident photon energy for 
GMO compound. 
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Figure 3. The variation of (F(R)h) versus ln(h - 
Eg). 
 

When a conductive material is subjected to high-
intensity radiation, the incident electromagnetic 
waves diminish exponentially as they penetrate the 
material. This attenuation is measured by the skin 
depth (δ), which represents the depth at which the 
wave's intensity drops to 1/e (approximately 37%) 
of its initial surface value. The skin depth and 
absorption coefficient (α) are inversely related, 
expressed by the equation: δ = 1/. Figure 4 
illustrates how the skin depth (δ) of the GMO 
compound changes with increasing incident photon 
energy. The graph shows that skin depth decreases 
as photon energy rises. This occurs because higher-
energy electromagnetic waves interact more 
intensely with the material, enhancing absorption 
and scattering effects. As a result, the incident 
energy dissipates more quickly, reducing the wave's 
penetration depth. Thus, the skin depth becomes 
smaller at higher photon energies due to the 
material's stronger attenuation of the 
electromagnetic waves. 
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The extinction coefficient (k) measures a 
material's ability to absorb or reflect 
electromagnetic radiation at a given wavelength 
and is determined by the equation: 𝑘 =  /4. 
where α is the absorption coefficient and λ is the 
wavelength. Figure 4 shows the variation of the 
extinction coefficient with incident photon energy. 
The graph reveals that k reaches its highest value at 
lower energies and gradually declines as energy 
increases. The peak extinction coefficient in this 
study was found to be 72.1 × 10⁻⁵, indicating weak 
absorption. These low k values confirm the 
material's high transparency. This trend aligns with 
observations in other materials, where the 
extinction coefficient similarly decreases with rising 
photon energy [27,28]. The extinction coefficient 
value for GMO was found to be in the range of ~10⁻⁵, 
which is significantly lower than those reported for 
other oxide materials such as TiO₂ (~10⁻²) or Fe₂O₃ 
(~10⁻³ to 10⁻²) in the visible region. This 
substantial difference in k values confirms that GMO 
exhibits superior optical transparency, making it a 
suitable candidate for applications in transparent 
coatings, optoelectronic devices, and UV sensors. 
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Figure 4. Skin depth and extinction coefficient 
variation with energy for GMO compound. 
 

The complex refractive index, denoted as �̃� (= 
n+ik), serves as a fundamental optical parameter 
characterizing a material's interaction with light. 
The real part (n), representing the standard 
refractive index, quantifies the reduction in light's 
phase velocity within the material compared to a 
vacuum. The imaginary part (k), termed the 
extinction coefficient, measures energy loss due to 
absorption or scattering per unit propagation 
distance. This behavior arises from electronic 
polarization of ions and the local electric 
field within the material. The reflection coefficient 
at normal incidence can be calculated using the 
relation [29]: 

𝑅 =  
(𝑛−1)2+𝑘2

(𝑛+1)2+𝑘2                                                       (3) 

 

The value of k is very low (10-5) for the present 
sample; therefore, Eq. (3) may be written as: 
 

𝑛 =  
(1+𝑅

1
2)

(1−𝑅
1
2)

                                                              (4) 

 
Figure 5 presents the variation of refractive index 
(n) with incident wavelength. The refractive index 
spectrum of GMO reveals a distinct trend where n is 
relatively low in the UV region but increases 
gradually with wavelength. This behavior contrasts 
with typical normal dispersion observed in many 
dielectric materials. The observed trend may be 
attributed to the large band gap of the material, 
which minimizes electronic absorption in the UV 
range. As the wavelength increases, increased 
polarizability due to lattice contributions or 
possible defect-related states may enhance light–
matter interaction, leading to a rising refractive 
index. The observed refractive index behavior 
positions GMO as an interesting candidate for 
further optical studies and potential applications 
where unconventional dispersion characteristics 
are advantageous. 
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Figure 5. Refractive index variation with 
wavelength for GMO compound. 
 
Optical conductivity () describes how a material 
responds to an oscillating electric field (like light) 
and how it conducts electricity as a function of 
frequency or photon energy. It strongly depends on 
several optical parameters such as refractive index, 
absorption coefficient, and the frequency of incident 
photons. It has been calculated using the following 
formula 
 

 =  
𝑛𝑐

4
                                                                  (5) 

 
Figure 6 shows the variation of optical 

conductivity as a function of wavelength for the 
synthesized GMO pyrochlore ceramic. It is observed 
that the optical conductivity is relatively high in the 
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ultraviolet region and decreases progressively with 
increasing wavelength. This trend indicates strong 
interaction between high-energy UV photons and 
the electronic states of the material, facilitating 
interband transitions. The elevated optical 
conductivity in this region is attributed to enhanced 
charge carrier excitation across the band gap or to 
higher defect states. As the wavelength increases 
(i.e., photon energy decreases), the likelihood of 
such transitions reduces, resulting in lower optical 
conductivity in the visible regions. These 
observations are consistent with the reflectance 
behavior, further confirming the material’s 
semiconducting nature and wide band gap 
characteristics. Owing to these optical 
characteristics, GMO shows promise for 
applications in UV photodetectors, solar-blind 
sensors, and other optoelectronic devices requiring 
strong UV sensitivity. 
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Figure 6. Optical conductivity as a function of 
wavelength. 

 
 
3. Conclusion 

The polycrystalline Ga2Mn2O7 compound was 
successfully synthesized via the solid-state reaction 
route. Optical characterization confirmed a direct 
bandgap transition, as determined from Tauc’s plot. 
In-depth analysis of the extinction coefficient and 
skin depth as functions of photon energy revealed 
that the material exhibits low extinction in the 
visible region, indicating high optical transparency. 
Furthermore, critical optical parameters, including 
refractive index and optical conductivity, were 
systematically investigated as functions of 
wavelength. These results provide valuable insight 
into the optical behavior of Ga2Mn2O7 and highlight 
its potential for applications in optoelectronic and 
UV-responsive devices. 

 

Method 

Ga2Mn2O7 [GMO] pyrochlore ceramic was 
prepared by conventional solid-state reaction route 
from Ga2O3 and MnO2 precursors. Stoichiometric 
amounts of high purity (99.99%, Sigma Aldrich, 
USA) powders were mixed and ground by agate 
mortar pestle. The mixed powder underwent heat 
treatment ranging from 700, 900, and 1000 °C for 
12 hours each time, followed by intermediate 
grindings after each temperature step. Ultimately, 
the calcined powder was re-ground and compacted 
into uniform cylindrical pellets with a diameter of 
10 mm, which were then sintered at 1100 °C for 24 
hours. To examine the phase purity and structural 
properties of the material, X-ray diffraction patterns 
were obtained using an X-ray diffractometer 
(PANalytical-Empyrean, Netherlands) equipped 
with Cu Kα radiation (λ = 1.5404 Å) and a scan step 
of 0.01° per second. In order to measure the optical 
properties, UV/visible spectrophotometer (Cary 
series spectrophotometer, Agilent Technologies) 
was used to obtain the diffuse reflectance spectra 
(DRS) of the material at room temperature from 200 
– 800 nm wavelength range. Barium Sulphate 
(BaSO4) was utilized as a reference material. 
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