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Fig. S1 TEM image of the ZnMn-glycolate-1 spheres. 
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Fig. S2 TEM image of the ZnMn-glycolate-2 sphere. 
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Fig. S3 XRD patterns of ZnMn-glycolate-1 and ZnMn-glycolate-2. 
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Fig. S4 TG-MS analysis of the ZnMn-glycolate-2 precursor under air flow with a 

temperature ramp of 10 ºC min-1. 
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Fig. S5 Raman spectra of the hollow ZZMO microsphere. 
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Fig. S6 XRD patterns of the sample for the radio of Zn to Mn for 1 : 2. 
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Fig. S7 (a) Full scan XPS spectrum and high-resolution elemental (b) Mn 2p3/2 and 

(c) C 1s spectra along with the fitted profiles for the ZZMO specimen.  
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Fig. S8 TG analysis of the ZZMO under O2 flow with a temperature ramp of 10 ºC 

min-1. 
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Table S1 The C 1s XPS data of ZZMO sample. 

Element Binding/eV Function Ratio (%) 

C 

284.9 C-C 66.1 

286.4 C-O 17.0 

288.7 C=O 16.9 
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Fig. S9 (a, b) FESEM images of ZZMO electrode, and schematic illustration for (c) 

uneven size distribution and (d) the uniform size distribution of the electrodes. 
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Fig. S10 EDX spectra of (a) ZZMO and (b) ZMO. 
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Fig. S11 (a-d) FESEM images and elemental (e-h, Zn and i-l, Mn) mapping images 

for the ratio of Zn to Mn as (a, e, i) 1 : 3, (b, f, j) 3 : 2, (c, g, k) 1.5 : 2 and (d, h, l) 1 : 

1  
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Table S2 The EDX data of the different ratio of Zn to Mn samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The molar ratio of 

zinc acetate to 

manganese acetate 

Content (at.%) of 

Zn in the 

polymer spheres 

Content (at.%) of 

Mn in the 

polymer spheres 

The atomic Zn/Mn 

ratio in the polymer 

spheres 

Zn : Mn = 1 : 3 3.79 10.41 Zn : Mn = 1 : 2.75 

Zn : Mn = 3 : 2 6.57 4.01 Zn : Mn = 1.64 : 1 

Zn : Mn =1.5 : 2 5.14 6.28 Zn : Mn = 1 : 1.22 

Zn : Mn = 1 : 1 6.63 5.93 Zn : Mn = 1.12 : 1 
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Table S3 BET results for the ZZMO and ZMO samples. 

ZZMO ZMO 

SSA (m2 g-1) 115.9 SSA (m2 g-1) 132.7 

Pore volume (cm3 g-1) 0.29 Pore volume (cm3 g-1) 0.35 

Average pore diameter (nm) 4.5 Average pore diameter (nm) 9.2 
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Fig. S12 Cycling behaviors of the ZZMO-0, ZZMO-10, ZZMO-20 and ZZMO-40 

anodes measured at current density of 0.5 A g-1  

 

 

 

 

 

 

 

 

 

 

 

Table S4 Comparison of electrochemical performance reported previously and in this 

work. 
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Matrials Cycling Stability (mAh g-1) Ref. 

no 

Porous ZMO spherulites ~ 879 at 0.5 A g-1 (150 cycles) 1 

ZMO nanotube arrays ~ 815 at 0.5 A g-1 (550 cycles) 2 

Triple-shelled ZMO ~ 290 at 0.4 A g-1 (150 cycles) 3 

ZnMn2O4 hollow microspheres ~ 607 at 0.4 A g-1 (100 cycles) 4 

Triple-shelled ZnMn2O4 ~ 537 at 0.4 A g-1 (150 cycles) 3 

ZnMn2O4 ball in ball hollow microspheres ~ 750 at 0.4 A g-1 (120 cycles) 5 

ZnMn2O4-ZnO-C nanohybrids ~ 620 at 0.1 A g-1 (100 cycles) 6 

ZZMO ~ 695 at 1 A g-1 (100 cycles) In 

this 

work 

ZZMO ~ 1045 at 0.5 A g-1 (350 cycles) 

ZMO ~ 743 at 0.5 A g-1 (350 cycles) 

Reference: 

[1] X. R. Liu, C. H. Zhao, H. Zhang and Q. Shen, Electrochim. Acta, 2015, 151, 

56-62. 

[2] H. B. Chen, L. X. Ding, K. Xiao, S. Dai, S. Q. Wang and H. H. Wang, J. Mater. 

Chem. A, 2016, 4, 16318-16323. 

[3] J. Y. Xu, H. Zhang, R. F. Wang, P. B. Xu, Y. L. Tong, Q. Y. Lu and F. Gao, 

Langmuir, 2018, 34, 1-24.  

[4] L. Zhou, H. B. Wu, T. Zhu and X.W. Lou, J. Mater. Chem., 2012, 22, 827-829. 

[5] F. M. Courtel, H. Duncan, Y. A. Lebdeh and I. J. Davidson, J. Mater. Chem., 

2011, 21, 10206-10218. 

[6] G. D. Li, Y. Y. Wang, L. S. Yang, W. Y. Ma and M. Wang, Eur. J. Inorg. 

Chem., 2014, 2014, 845-851. 
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Fig. S13 The TEM image of bulk ZZMO material. 
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Fig. S14 (a) Electrochemical Impedance Spectra (EIS) of ZZMO and ZMO 

electrodes before cycling, (b) EIS of ZZMO electrode measured after total cycles 

of 50, 100, 200 respectively and (c) fitting mode for EIS data of ZZMO after 

cycling.  
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Table S5 The Rs and Rct values for the ZZMO and ZMO electrodes before cycling, 

and the cycled ZZMO electrode after the 50th, 100th and 200th cycles as indicated. 

Electrodes Cycle number Rs (Ω) Rct (Ω) 

ZMO 0 3.01 338.5 

ZZMO 

0 5.8 115.8 

50th  6.8 97.3 

100th  10.7 82.4 

200th  32.6 72.5 

 

 

 

 

 


