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Figure S-1: The XRD patterns of the SCM precursors before calcination at 500oC. (A) 

The patterns of the SCM-100 precursor prepared at 100oC, showing a single phase 

corresponding to CoOOH-like structure (JCPDS-07-169). (B) The patterns of the 

SCM-200 precursors prepared at 200oC. More than one phase was shown in the 

sample. In addition to the CoOOH-like structure, reflections labeled by the start marks 

correspond to a γ-MnO2 Phase.1  

 

 

 

 

 

  

Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013



Figure S-2. The XPS spectra of Co 2p and Mn 2p in the calcined SCM products and 

uncalcined hydroxide precursors. (a) The binding energy (BE) values of Co 2p3/2, Co 

2p1/2, and the satellite peak in the uncalcined precursors are 781.1, 796.2, and 790.8 

eV, respectively, corresponding to Co(III).2 In SCM products, the BE of Co 2p3/2 and 

Co 2p1/2 are 779.8 and 795.0 eV, respectively. Together with the absence of satellite 

peak at 790.8 eV, the spectra of SCM show a good agreement with the mixed valence 

of Co(II) and Co(III) in spinel Co3O4.
3, 4 (b) The Mn species in the uncalcined 

precursors show Mn 2p3/2 and Mn 2p1/2 with values of 642.5 and 654.2 eV, 

respectively. These values correspond well to the Mn (IV) in the literature.5 The Mn 

spectra of SCM products after calcination are similar to these of the uncalcined 

precursors, showing the difficulty to determine the mixed-valence systems of 

manganese due to the line-broadening effect.6  
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Figure S-3. The SEM images of the SCM samples prepared at different temperatures: 

(a) 60oC, (b) 80oC, (c) 150oC, and (d) 200oC. The SEM results show that the 3D 

nanostructures in the samples prepared at 60oC (SCM-60) are not completely 

developed. However, the interconnection network features, plausibly to be the "seeds" 

of nanoflakes, were already observed on the surface. The samples generated at 80oC 

(SCM-80) are starting to form the flower-like nanostructures. The surface of 

nanoflakes in the samples produced at 150oC (SCM-150) was further expanded, 

leading to the size enlargement of the voids surrounded by the expanded nanoflakes. 

With the increase of reaction temperatures to 200oC (SCM-200), additional nanowire 

features were observed with the presence of nanoflaked microspheres together (Fig. 

S-2d). The white and yellow arrows in (d) indicate the presence of nanoflakes and 

nanowires, respectively.  
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Figure S-4. The pore size distribution comparison of (a) SCM-100 and (b) SCM-150. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S-5. The baseline stabilization of SCM-100 before performing H2O2 

measurement. The required stabilization time is less than 10 seconds.  

 

  

(a) (b)

Electronic Supplementary Material (ESI) for Nanoscale
This journal is © The Royal Society of Chemistry 2013



0

20

40

60

80

100

1 2 3 4 5 6 7

Time/day

%
 o

f 
in

it
ia

l r
es

p
on

se

 

 

Figure S-6. The sensitivity comparison of SCM-100 and commercial-available Co3O4 

materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure S-7. The amperometric current responses of SCM-100 at -0.65 V towards 1 

mM H2O2 in PBS solution (a), and the long-term stability of continuous H2O2 sensing 

for 7 days (b).   
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Figure S-8. The CV results of different electrocatalysts in PBS with the presence of 1 

mM H2O2: bare GCE (red dot-dash line), commercial Co3O4 (black dash line) and 

SCM-100 (blue solid line). The H2O2 oxidation signals above 0.80 V of SCM-100 

and commercial Co3O4 were similar to each other.  
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Figure S-9. The SEM studies of formation processes in SCM-200. (a) The bulk MnO2 

nanowire bundles. The inset of EDXS results shows that the manganese is the 

majority in the nanowire bundles with a small amount of cobalt. (b), (c) The 

formation of nanoflakes (white solid-line arrows) was observed on both the terminals 

and centers of bulk MnO2 nanowire bundles, respectively. The yellow dash-line 

arrows indicate the separated nanowires in MnO2 bulk bundles. The red box in (c) 

shows the growth interfaces of MnO2 bundles and SCM nanoflakes. (d) The 

completed separation of nanowires from the bundles (yellow dash-line arrows), and 

their wrapping/covering on the SCM microspheres (white solid-line arrows) were 

observed. This image is identical to that in Fig. S-3d. 
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Table S-1. The comparison of electrochemical sensing of H2O2 with noble metal 

materials 

Electrode Materials Electrolyte 
Applied Potentials 

(V vs. Ag/AgCl) 

Linear 

Range 

(mM) 

Sensitivity  
Detection 

limit (µM)
Ref 

Au Nanoplates 
0.2M PBS 

pH 6.5 
-0.3 0.1-50 N.A. 4 7 

SiO2@Au 
0.1M PBS 

pH 6.5 
-0.4 0.005-1 N.A. 2 8 

Porous Au-Pt NPs 

Electrode 

PBS 

pH=7.4 
0.4 0.01-3 

381.8 

(µA/mM-cm2) 
10 9 

Roughed Ag 

Electrode 

0.2M PBS 

pH=7.0 
-0.3 0.01-22.5 N.A. 6 10 

Au 

NPs/MWCNT/PANI/

Au 

0.1M PBS 

pH=7.0 
0.6 0.003-0.6

3.3  

(µA/mM) 
0.3 11 

Ag NP/TiO2 NW 
0.2M PBS 

(pH=7.4) 
-0.3 0.1-60 N.A. 1.7 12 

Spinel Cobalt 

manganese oxides 

(SCM-100) 

0.1M PBS 

(pH = 7.4) 
-0.65 0.1-25 

2.9 

(µA/mM) 
15 

This 

work
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Table S-2. The comparison of electrochemical sensing of H2O2 with metal oxide 

related materials 

 

Electrode Materials Electrolyte 
Applied Potentials 

(V vs. Ag/AgCl) 

Linear 

Range 

(mM) 

Sensitivity  
Detection 

limit (µM)
Ref 

rGO-Fe3O4 
PBS 

 pH 7.0 
-0.3 0.1-6 

688 

(µA/mM-cm2) 
3.2 13 

MnOx 
0.1M PBS 

pH 7.0 
-0.4 0.02-1.26

2.72 

(µA/mM) 
20 14 

CuO 
0.1M 

NaOH 
-0.25 0.1-36 N.A. 2 15 

CoOOH 
0.1M 

NaOH 
0.1 0.01-1.2

79 

(µA/mM) 
40 16 

Cu2S 
0.1M PBS 

pH 7.4 
-0.35 0.01-3.75 N.A. 1.1 17 

Co3O4 
0.05M PBS 

pH 7.4 
-0.77 0-1.7 N.A. N.A. 18 

AgNP/F-SiO2/GO 
0.2M PBS 

pH 6.5 
-0.3 0.1-260 N.A. 4 19 

Spinel Cobalt 

manganese oxides 

(SCM-100) 

0.1M PBS 

(pH = 7.4) 
-0.65 0.1-25 

2.9 

(µA/mM) 
15 

This 

work
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Table S-3. The elemental analyses of a series of cobalt manganese oxide materials 

Initial Co:Mn 

ratiosa 

 

 

Co/Mn ratios of the hydroxide 

precursorsb 

 

 

Co/Mn ratios of the SCM 

products 

  ICP-MS EDXS  ICP-MS EDXS 

3:1  2.39 2.33  - - 

4:1  2.66 2.68  2.71 2.62 

6:1  2.78 2.74  - - 

10:1  2.99 2.95  - - 

aThe mole ratios of Co:Mn in the initial preparation mixtures 
bThe data were adopted from Ref. 2 
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