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1. Introduction 

Fig.S1 The Jahn-Teller distortion induces changes in the splitting pattern and occupation of the d-

orbital set of Mn3+. Initially in an octahedral coordination environment, and subsequently in a 

tetragonally elongated complex resulting from the Jahn-Teller effect, alterations occur in the 

arrangement and occupancy of the Mn3+ d orbitals.

2. Experimental details

Using previous research findings, it demonstrated a decrease in capacity when replacing Ti with 

active Mn ions at levels exceedingly approximately 0.5, and there is still a loss of capacity in cycle 

life at excessively low levels 1-3. Given the limited research on contents of Ti, we have examined 

the synergistic cation and anion substitution at contents of Ti that were previously unexplored.  

Therefore, to precisely optimize the substitution ions in the study, particles with 2 types of Ti ion 

content were prepared. The preparation of the particles follows the identical sol-gel method 

employed in the LiMn2O4, Ti substituted LiMn2O4, and Ti-S substituted LiMn2O4 nanoparticles 

section (Fig. 1). The molar ratios of oxygen (O), manganese (Mn), and titanium (Ti) are determined 



through EDS analysis, utilizing their respective atomic percentages (at. %). This analysis yields 

the molar ratio calculation for LiMn1.85Ti0.15O4 (Ti-0.15) and LiMn1.78Ti0.22O4 (Ti-0.22). The 

prepared cathodes contained the zero amount of S, differing only in the content of Ti ions, and 

were named T-0.15 and Ti-0.22 based on content of Ti. Fig. S2 shows the cycling performance of 

cathodes at 1C for 100 cycles. The initial discharge capacity of both cathodes was 121 and 134 

mAh/g for Ti-0.15 and Ti-0.22, along with corresponding Coulombic efficiencies are 96.3% and 

96.9%, respectively. The capacity retention of cathodes was 84.4% and 83.5% for Ti-0.15 and Ti-

0.22. As a result, the content of Ti-0.22 was a more suitable value (higher initial capacity and 

similar capacity retention) for stabilizing the structure and was chosen further in the study.

Fig. S2. Charge/discharge capacity profiles of (black curve) LiMn2-xTixO4 x < 0.15, and (red curve) 

LiMn2-xTixO4 x < 0.22 upon 100 cycles over a cut-off voltage range of 4.3-3.1 V at 0.5 C.



3. Characteristics of the particle

Fig. S3 Illustrated in (a) is a schematic representation of the crystalline structure of spinel 

LiMn2O4, showcasing the unit cell with atomic bonds and metal sites. Within this representation, 

Mn1 positioned at 16d is denoted by a pink atom, Li1 at 8a is represented by a green atom, and 

oxygen is indicated by small (red) atoms, providing insight into the cubic spinel LiMn2O4 crystal 

structure. The ratios of (b) peak intensities, specifically and  from the 𝐼(111)/𝐼(311) 𝐼(400)/𝐼(111)

(a) (b)



XRD patterns depicting crystal facets, were extracted for the synthesized particles. The 

comparison cylinder uses the highest ratio, LMO particle, as the basis for calculating the 

 ratios, while for , the highest peak intensity ratio of LMTOS particle used 𝐼(111)/𝐼(311) 𝐼(400)/𝐼(111)

to compare peak intensity ratio of particles.



4. Electrochemical result

  

  

  

Fig. S4 Cyclic voltammetry (CV) curves for LMO (a), LMTO (c), and LMTOS (e) at different 

scan rates in the voltage range of 3.1- 4.3 V. The scan rates vary from 0.025 to 0.30 mV s-1. 

(a) (b)

(c) (d)

(e) (e)



The oxidation peaks are noted O1 and O2 while the reduction peaks are noted R1 and R2. The 

linear relationship of peak current (Ip) vs square root of the scan rate (v1/2) for LMO (b), LMTO 

(d), and LMTOS (f). The linear fitting is according to Eq. 2

Fig. S5 Charge/discharge capacity profiles of cathodes in 1st cycle at cut-off voltages of 4.3−3.1 V 
(5C).



Table. S1 Lithium Diffusion Coefficients  calculated from the CV test for the three cathodes.(𝐷𝐿𝑖)

Samples O1 O2 R1 R2 Average  (cm2 s−1)𝐷𝐿𝑖

LMO 1.95 10-9× 2.17 10-9× 1.95 10-9× 1.93 10-9× 8.1 10-10×

LMTO 7.3 10-100 × 7.41 10-10× 6.34 10-10× 6.72 10-10× 6.4 10-10×

LMTOS 8.12 10-10× 8.5 10-10× 5.45 10-10× 8.11 10-10× 7.9 10-10×
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