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Abstract: An ideal cathode coating material must exhibit excellent chemical stability, 
adequate electronic and ionic conductivity, a wide electrochemical stability window, and 
strong mechanical integrity to protect the electrode from degradation while ensuring efficient 
battery performance. Li2MnO3 has previously been used as a coating material due to its 
stabilizing effect on the core, but other beneficial properties it may offer as a coating material 
are still underexplored. In this study, these ideal coating properties of Li2MnO3 were 
investigated using Density Functional Theory (DFT). To enhance accuracy, spin 
configurations were also considered, and calculations were performed using the GGA+U 
functional. The findings show that Li2MnO3 is thermodynamically stable, mechanically robust, 
and a semiconductor with a band gap of 2.17 eV. These results affirm Li2MnO3 as a promising 
cathode coating material, possessing the key attributes which are thermodynamic, electronic, 
and mechanical stability needed to enable durable, high-performance lithium-ion battery 
systems. 

1 Introduction 

LiMn2O4 is a sustainable, affordable, and thermally stable alternative to cobalt-rich cathodes [1]. Its ability to 

accommodate extra lithium in octahedral sites makes it particularly attractive as a pre-lithiation agent. Pre-

lithiation, which involves indirectly adding extra active lithium to the anode via the cathode, has emerged as a 

key solution to mitigate initial capacity losses in lithium-ion batteries [2]. Pre-lithiating pristine spinel LiMn2O4 

(with an initial theoretical capacity of 147 mAh/g) can raise its capacity to 284 mAh/g [3]. However, this is still 

lower than that of layered oxides. The main limitations of LiMn2O4 arises from capacity loss caused by 

manganese (Mn) dissolution, the Jahn–Teller effect, and other degradation mechanisms [4]. Addressing these 

issues is essential before LiMn2O4 can be fully utilized as an effective pre-lithiation agent. Various strategies 

have been proposed to enhance the stability and performance of LiMn2O4. These include doping, surface 

coatings, and other surface modification techniques aimed at improving its structural integrity and 

electrochemical properties [5-7]. Among these, core–shell designs have shown particular promise. These designs 

retain the high-rate capability and capacity of the core while introducing a protective shell to improve structural 

stability [8]. For example, Tomon et al. developed a LiMn2O4@C core–shell structure that significantly 

improved battery performance [9]. The carbon shell helped minimize Mn loss, stabilized phase transitions, and 

maintained structural integrity during cycling, leading to enhanced cycling stability and longer lifespan 

compared to pristine LiMn2O4 [9]. However, despite these improvements, the incompatibility between the 

carbon shell and the oxide core causes interfacial phase separation over extended cycling, which eventually 

 
 



degrades the electrode’s performance. To overcome such compatibility issues, a more chemically and 

structurally compatible shell material is needed. Layered Li2MnO3 is a promising candidate due to its high 

lithium content, good thermal stability, and its ability to co-exist with LiMn2O4 [10]. These features make 

Li2MnO3 a suitable shell material for enhancing both the stability and capacity of spinel-based core–shell 

cathodes. In this study, we use density functional theory (DFT) to systematically evaluate the structural and 

electronic compatibility of Li2MnO3 as a shell for LiMn2O4. By analyzing oxidation states, electronic density of 

states, and lithium-ion pathways, we aim to determine whether Li2MnO3 can effectively stabilize LiMn2O4 and 

support its application as a high-capacity cathode material. 

2 Method 

First-principles calculations based on Density Functional Theory (DFT) were performed using the Vienna Ab 

Initio Simulation Package (VASP 6.0) [11, 12]. The Generalized Gradient Approximation (GGA) with the 

Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional [13] was used, along with the DFT+U approach 

[14] to correct for strong on-site Coulomb interactions in the Mn 3d orbitals. The Hubbard U parameter was set 

to 4 eV for LiMn2O4 and 5 eV for Li2MnO3, determined by testing for the lowest ground-state energies [14]. The 

Brillouin zone was sampled with a 5×5×5 k-point grid for LiMn2O4 and 4×4×4 for Li2MnO3, based on 

convergence tests. A plane-wave energy cut-off of 500 eV was used for all calculations. Convergence criteria 

were set to 1×10⁻⁶ eV for electronic self-consistent calculations and 0.01 eV/Å for ionic relaxation forces to 

ensure accuracy. An antiferromagnetic (AFM) spin configuration was applied, with the magnetic moments of 

Mn atoms initialised in alternating spin orientations. Structural optimisation was performed for all materials, 

allowing full relaxation of lattice parameters and atomic positions. And single-point energy calculations were 

conducted to obtain structural and electronic properties. The computed results were validated against available 

experimental data to ensure reliability. Additionally, Li+ diffusion pathways were explored using the bond 

valence method implemented in the pyAbstantia program. 

3 Results 

3.1 Optimized ground-state Structures 

The calculated lattice parameters using the GGA+U method show strong agreement with experimental values, 

demonstrating the reliability of the approach. For LiMn2O4, the calculated lattice constant of 8.33 Å slightly 

overestimates the experimental value of 8.24 Å, resulting in a difference of approximately 1.09%, which falls 

within the expected range for GGA-based methods. In the case of Li2MnO3, the computed parameters (a = 4.95 

Å, b = 8.54 Å, c = 5.03 Å) closely match the experimental values (a = 4.94 Å, b = 8.53 Å, c = 5.05 Å), with 

percentage deviations of 0.20%, 0.12%, and 0.40%, respectively. The agreement of the lattice parameter of both 

spinel and layered structures confirms that GGA+U is well-suited for modeling lithium manganese oxides and 

provides a solid foundation for further property analysis. 

System 

  

Lattice parameters (Å) 

GGA+U Experimental 

LiMn2O4 

Fd-3m 

8.33 8.24 [15] 

Li2MnO3 

C/2m 

a=4.95 

b=8.54 

c=5.03  

a=4.94 [16] 

b=8.53 

c=5.05 

Table 1: Calculated lattice parameters for LiMn2O4 and Li2MnO3 using GGA+U 

3.2 Mn–O Bond Lengths 

Figure 2 shows the Mn–O bond environments in LiMn2O4 and Li2MnO3. In LiMn2O4, two types of Mn are 

identified: Mn3+ with longer, distorted Mn–O bonds (up to 2.18 Å), and Mn4+ with shorter, more uniform bonds. 

The distortion around Mn3+ is a result of the Jahn–Teller effect, which contributes to structural instability during 

cycling. In contrast, Li2MnO3 displays uniform Mn–O bond lengths (~1.91–1.93 Å) consistent with literature 

values (1.932-1.939 Å) [7], indicating the presence of Mn4+ and the absence of distortion. This structural stability 

suggests that Li2MnO3 can act as a stabilizing shell, helping to suppress distortion driven degradation in the 

LiMn2O4 core. 



 

Figure 1: Optimized Mn–O bond environments showing (a) distorted Mn3+ and Mn⁴⁺ octahedra in LiMn2O4 due 

to Jahn–Teller effects, and (b) uniform Mn⁴⁺ coordination in Li2MnO3. 

3.3 Magnetic Moments 

Table 2 presents the magnetic moments of Mn in both materials to confirm the oxidation states present in 

LiMn2O4 and Li2MnO3. In LiMn2O4, Mn3+ exhibits a higher magnetic moment (~3.8 μB) than Mn4+ (~3.0 μB), 

confirming the presence of mixed-valent states. This mixture contributes to structural issues, as Mn3+ is known 

to cause Jahn–Teller distortion and dissolve into the electrolyte, leading to capacity fading. In contrast, Li2MnO3 

shows consistent magnetic moments around 3.1 μB for all Mn atoms, indicating a uniform Mn4+ state. This stable 

electronic environment enhances Li2MnO3’s role as an ideal shell material, as it can help suppress the 

instabilities of LiMn2O4 and improve the structural and electrochemical performance of the core. 

Material Valence State Magnetic Moments (µB) 

LiMn2O4 Mn3+  3.8 

Mn4+ 3.0 

Li2MnO3 Mn4+ 3.1 

Table 2:  The calculated magnetic moments of Mn in LiMn2O4 and Li2MnO3. 

3.4 Density of states 

The Mn partial density of states (PDOS) for LiMn2O4 and Li2MnO3 are shown in Figure 2. In LiMn2O4, the Mn 

d states approach the Fermi level, resulting in a narrow band gap of approximately 0.5 eV, displaying a 

semiconducting behaviour. Li2MnO3 shows a band gap of around 2.1 eV, with no Mn d states at the Fermi level. 

This indicates semiconducting behavior and aMn4+ state. Although its conductivity is low compared to LiMn2O4, 

this electronic stability demonstrated by a wider band gap is beneficial in a core–shell configuration. As a shell 

material, Li2MnO3 will still allow for conductivity under certain conditions. These band gap values are consistent 

with experimental reports, validating the accuracy of the electronic structure calculations [17, 18]. These PDOS 

results support the complementary nature of the two materials: LiMn2O4 offers electrochemical activity, while 

Li2MnO3 provides structural and electronic stability. This balance supports the justification for combining them 

in a core–shell architecture to enhance overall battery performance. 

 



 

Figure 2: Partial density of states (PDOS) of Mn d-orbitals in LiMn2O4 and Li2MnO3, showing electronic 

structure and band gap differences. 

3.5 Lithium-ion diffusion pathways 

Figure 3 displays the Li+ diffusion pathways in LiMn2O4 and Li2MnO3. In LiMn2O4, lithium ions migrate through 

a 3D network of channels, enabling fast diffusion and high-rate performance. Li2MnO3, however, supports 

lithium transport through a 2D layered pathway. While less open than the 3D framework, this more confined 

structure offers better control over lithium movement, helping to maintain structural integrity over time. The 

diffusion pathway analysis helps guide the choice of shell thickness, since the 2D transport in Li2MnO3 may 

work better with a thinner shell that matches the faster 3D diffusion in the LiMn2O4 core, allowing smoother 

lithium exchange at the interface The well-ordered layers and uniform Mn4+ oxidation state contribute to a more 

stable and predictable diffusion environment, which is less susceptible to collapse or stress-induced degradation. 

In the context of a core–shell structure, this makes Li2MnO3 a valuable shell material. Its 2D diffusion pathway 

acts as a stabilizing barrier, regulating lithium flow and protecting the high-capacity LiMn2O4 core from surface 

degradation.  

 

Figure 3: The lithium-ion diffusion pathways: 3D network in spinel LiMn2O4 vs 2D layered pathways in 

Li2MnO3. 

4 Conclusion 



The structural and electronic properties confirm that LiMn2O4 and Li2MnO3 have complementary properties that 

support their use in a core–shell configuration. LiMn2O4 shows a mixed-valent Mn3+/ Mn4+ state, a narrow band 

gap, and a 3D lithium diffusion network — features that contribute to good conductivity and capacity but also 

cause structural instability due to Jahn–Teller distortion and Mn dissolution. In contrast, Li2MnO3 is 

characterized by a stable Mn4+ state, a wider semiconducting band gap, and a layered 2D lithium-ion pathway. 

While its own electronic conductivity and lithium mobility are limited, its structural uniformity and electronic 

stability make it ideal for surface protection. Together, the results demonstrate that Li2MnO3 can serve as a 

stabilizing shell for the LiMn2O4 core, suppressing surface degradation, enhancing structural durability, and 

enabling long-term performance. This core–shell combination might offer a strategic balance between 

electrochemical activity and stability, showing the benefit of LiMn2O4@ Li2MnO3 as a promising architecture 

for advanced lithium-ion battery cathodes. 
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