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Table S1. Refinement data for XRD patterns of Na-Mn1−xCoxO2. 
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Table S2. Valence, Ionic Radii, and Interatomic Distance for the Obtained Layered Crystals of 
Na-Mn1−xCoxO2. 

 
 a Valence of Co, ZCo, is assumed to be 3 on the basis of XANES data. b Values obtained from Zmean = 

x×ZCo + (1−x)×ZMn. c Mean ionic radius of Mn4+ and Mn3+ (high spin state), rMn, is calculated as rMn = (ZMn

−3)×rMn(IV) + (4−ZMn)×rMn(III, HS). rMn(IV) = 0.53 Å and rMn(III, HS) = 0.645 Å.S1 d Mean ionic radius of Mn and 
Co, rmean, is calculated as rmean = x×rCo(III, LS) + (1−x)×rMn. rCo(III, LS) = 0.545 Å.S1 e Interatomic distance 
between metal ions and oxygen, RM−O, is obtained as RM−O = rmean + rO. rO = 1.36 Å.S1 f Values from Fig. 2. 
g Lattice constant a for K0.45MnO2 from ref. S2. 
 
 
Table S3. Refinement data for XRD patterns of H-Mn1−xCoxO2. 
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Table S4. Valence, Ionic Radii, and Interatomic Distance for the Obtained Layered Crystals of 
H-Mn1−xCoxO2. 

 
 a Valence of Co, ZCo, is assumed to be 3 on the basis of XANES data. b Values obtained from 

Zmean=x×ZCo+(1−x)×ZMn. c Mean ionic radius of Mn4+ and Mn3+ (high spin state), rMn, is calculated as 
rMn=(ZMn−3)×rMn(IV)+(4−ZMn)×rMn(III, HS). rMn(IV) = 0.53 Å and rMn(III, HS) = 0.645 Å.S1 d Mean ionic radius of 
Mn and Co, rmean, is calculated as rmean=x×rCo(III, LS)+(1−x)×rMn. rCo(III, LS) = 0.545 Å.S1 e Interatomic distance 
between metal ions and oxygen, RM−O, is obtained as RM−O=rmean+rO. rO = 1.36 Å.S1 f Values from Fig. 2. g 

Lattice constant a for H0.13MnO2 from ref. S3. 
 
 
Table S5. Comparison of the values of Mn valence after protonation deduced from the dissolved 
amount of Co2+ ions and the investigation by titration and XANES. 

 
 a Values from Table S1. b Values from Fig. S4. c Valence for Mn deduced from the dissolved amount 
of Co2+ and ZMn before protonation on the assumption that the same amount of Mn2+ is also dissolved as 
Co2+, and Co4+ takes one electron from Mn3+ forming of Co3+ and Mn4+. d Values from Table S2, which 
is estimated from the titration and XANES studies. 
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Table S6. Atomic concentration of Mn1−xCoxO2 nanosheets revealed by XPS survey spectra. 

 
 
 

 
Figure S1. Mean valence of metal ions in the Na-Mn1−xCoxO2 (open symbols) and H-Mn1−xCoxO2 
(closed symbols) powders estimated by chemical titration (circles) or Na content revealed by ICP 
measurement (triangles). 
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Figure S2. Calculated lattice constant a of (a) Na-Mn1−xCoxO2 and (b) H-Mn1−xCoxO2 on the basis of the 
bond length of (Mn/Co)−O estimated from Mn/Co ratio, ZMn, and ionic radii of O2−, Mn4+, Mn3+ and 
Co3+ in high spin state (HS) or low spin state (LS). The ratio of the lattice constant a to the bond length 
is assumed to be the same as that for (a) K0.45MnO2 (Table S1) or (b) H0.13MnO2 (Table S2). The plots of 
red in color are well consistent to the experimental data, suggesting that it is reasonable to assume high 
spin Mn3+ and low spin Co3+ ions in both samples, Na-Mn1−xCoxO2 and H-Mn1−xCoxO2. The plots of blue, 
green, and purple in color are obtained by considering other combinations including 
Mn3+(HS)-Co3+(HS), Mn3+(LS)-Co3+(HS), and Mn3+(LS)-Co3+(LS). The radii of Mn3+(LS) and Co3+(HS) 
are 0.58 Å and 0.61 Å, respectively.S1 
 
 

 

Figure S3. Typical SEM images of (a) Na-Mn1−xCoxO2 and (b) H-Mn1−xCoxO2 (x = 0.2) powders. 
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Figure S4. UV−vis absorption spectra of used 0.1 M HCl solution collected after the protonation 
process of Na-Mn1−xCoxO2 (x = 0.2, red line) and fresh 0.1 M HCl containing 0.01 M CoCl2 (green line). 

On the basis of absorption peak at 510 nm (e = 5.1 mol−1 dm3 cm−1 for Co2+), it was estimated that 11.6 
mol% of Co in the Na-Mn1−xCoxO2 (x = 0.2) was dissolved as Co2+ ions. In a similar way, it was found 
that 7.5 mol%, 2.6 mol%, 0.6 mol% of Co in the Na-Mn1−xCoxO2 (x = 0.3, 0.4, 0.5) was dissolved 
during the protonation process. 
 
 

 
Figure S5. XPS spectra of nanosheets deposited on Si substrates coated with 
poly(diallyldimethylammonium) ions. The spectra were calibrated relative to the C 1s binding energy 
at 285.0 eV. 
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Figure S6. AFM images of Mn1−xCoxO2 nanosheets deposited on flat ITO substrates (Kuramoto Co., 
Ltd.) pre-coated with PEI: (a) x = 0.2, (b) x = 0.3, (c) x = 0.4, (d) x = 0.5. 
 
 

 

Figure S7. Changes of cyclic voltammogram of monolayer films of Mn1−xCoxO2 nanosheet electrodes 
as a function of number of cycles in a propylene carbonate solution containing 0.1 mol dm−3 LiClO4 at 
a sweep rate of 50 mV s−1: (a) x = 0.2, (b) x = 0.3, (c) x = 0.4, (d) x = 0.5. 
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Figure S8. In-plane XRD patterns of monolayer films of Mn1−xCoxO2 (x = 0.2, 0.3, 0.4, 0.5) nanosheet 
electrodes after 200 cycles of potential sweeps. The arrow indicates the peak corresponding to 10 
reflection of the nanosheets. All other peaks are ascribable to ITO substrates. 
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