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Fig. S1: Typical SEM images of LiMn2O4 (LMO) and LiAl0.3Mn1.7O4 (LMOA) powders at 

high magnifications (1 m). The abbreviations are as described in the main text; where 

symbols “a” means the materials was obtained by conventional high-temperature annealing 

process; “am” means that the material was subjected to microwave irradiation after obtaining 
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the powder by high-temperature annealing; and “ma” means the material was subjected to 

microwave irradiation prior to annealing. 

(b) LMO-Com m(a) LMO-Com m

Fig. S2: SEM images of the standard commercial LMO material (LMO-comm, CAS No.: 

39457-42-6, MTI Corporation, Richmond, CA., USA)
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Fig. S3: Typical TEM and HRTEM images of LMOA-based powders. The abbreviations are 

the same as described in the main text and in Figure S1. 
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Fig. S4: Raman (a, b) and IR (c, d) spectra of the LMO- and LMOA-based spinels.

The Raman and IR spectral data (Supporting Information, Figure S4) are consistent 

with literature for LMO based spinels.1 From the Raman spectra, the LMO samples showed 

pronounced peaks around 625 cm-1 while the LMOA samples showed a positive shifts in the 

632 – 642 cm-1 range. The peaks around the 600 – 650 cm-¹ are due to the symmetric Mn-O 

stretching vibration of the MnO6 groups, assigned to the A1g species in the Oh
7 spectroscopic 
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space group. 2 The broadening of these peaks can be attributed to the cation-anion bond 

lengths and polyhedral distortion occurring in LMO (i.e., the stretching vibrations of Mn3+O6 

and Mn4+O6 octahedra). The positive shift of the peaks for the LMOA-based peak samples 

compared to the un-doped LMO is due to the existence of Al3+ ions in some of the octahedral 

sites. Mn4+ has a large spin orbital constant of ca. 138 cm-1 compared to Mn3+ with spin 

orbital splitting of ca. 90 cm-1, thus the bond strength of Mn4+-O increases after doping with 

Al3+ ions and thus result in the peak shifts. On the other hand, the IR spectra of the samples 

were dominated by two intense absorption bands in the finger print regions due the presence 

of the F1u species, with the high frequency bands (≥ 600 cm-1) relating to the asymmetric 

stretching modes of MnO6 group. The bands appeared at ca. 613/515, 616/514 and 612/507 

cm-1 for LMO-A, LMO-AM and LMO-MA, respectively, and at higher wavenumbers of ca. 

635/523, 632/523, and 635/522 cm−1 for LMOA-A, LMOA-AM and LMOA-MA, 

respectively. The LMOA samples showed positive shift in the peak positions (≥ 20 cm-1) 

positive shift in the peaks for the LMOA-based spinels is related to the which indicates a 

relatively stronger bonding in the Mn(Al)O6 octahedra due to Al-doping and the microwave 

irradiation. The Al-O bond (512 kJmol-1) is stronger than the Mn-O bond (402 kJ mol-1) in 

the octahedron. Interestingly, it was the microwave-treated samples with nMn ≈ 3.5+ (i.e., 

LMO-ma and LMOA-am) that gave the strongest Raman and IR peaks, clearly confirming 

the effect of the microwave irradiation in strengthening the Mn-O bonding for enhanced 

electrochemistry. 
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Fig. S5: Typical plots of discharge capacity vs cycle number vs coulombic efficiency for (a) 

LMO and (b) LMOA-based coin cell batteries.
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Table S1: Cyclic voltammetric data for the redox couples shown by the LMO and LMOA-

based coin cell batteries.

Ipa/Ipc Ep (V) E1/2 (V)Material

Redox 
couple 1/1’

Redox 
couple 
2/2’

Redox 
couple 
1/1’

Redox 
couple 
2/2’

Redox 
couple 
1/1’

Redox 
couple 
2/2’

LMO-a 1.06 1.22 0.16 0.12 4.00 4.13

LMO-am 1.17 1.14 0.09 0.07 4.01 4.13

LMO-ma 1.18 1.09 0.08 0.07 4.01 4.13

LMOA-a 1.07 1.50 0.10 0.13 4.00 4.14

LMOA-am 1.12 1.22 0.11 0.08 4.05 4.15

LMOA-ma 1.05 1.25 0.10 0.09 4.05 4.15
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