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Fig. S1 XRD patterns of different samples. (a) 1:2CoO powder; (b) 1:0, 1:2, 1:5 and 1:10Co0O; (c)
1:0, 1:2, 1:5, 1:10CoO@MnO, (1represented the diffraction peaks of CoO, 2 represented the
diffraction peaks of MnO5).
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Fig. S2 XPS spectrum of 1:2Co0O (a) total survey; (b) Co 2p; (c) O 1s.

As shown in Fig. S2(a), total survey of 1:2CoO mainly consists of Cls, Ols and Co
2p (Co 2py/2, Co 2p3s). The element signal of NH4F weren't detected in the total XPS
spectrum, which indicated that NH4F added during the preparation process had been
removed from the following washing steps. As showed in Fig. S2(b), the Co 2p of
1:2Co0O exhibited two main peaks and two weaker half peaks (marked as satellite
peaks), which can be fitted four Gaussian peaks, pl-p4, respectively. The binding
energy of pl and p2 were 780.6 and 796.3 eV, corresponding to the peak of Co 2p;,,
and Co 2py,, respectively.! 2 The O 1s spectra (Fig. S2(c)) exhibited two strong peaks,
which can be fitted two Gaussian peaks, pl-p2, respectively. The binding energy of

pl and p2 were 529.9 eV and 531.6 ¢V, corresponding to lattice oxygen of CoO.?
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Fig. S3 (a) CV curves of 1:2Co0 and 1:2CoO@MnO; hybrid at 20 mV/s, (b) GCD curves of
1:2C00 and 1:2CoO@MnO, hybrid at 1A/g, (c) GCD curves of 1:2Co0 at different current
densities, (d) Three-dimensional discharge curves of 1:0Co0, 1:5C00 and 1:10CoO at 1A/g.

Fig. S3(a) shows the CV curves of 1:2Co0 and 1:2CoO@MnO; hybrid at 20 mV/s.
The strong redox peaks were shown in the CV curve of 1:2CoO demonstrated that the
capacitance acquisition of CoO electrode was mainly originated by Faradaic redox
reaction, which corresponded to the conversion reactions of Co?"/Co*" associated with
anions OH™. %5 The CV of 1:2CoO@MnO; hybrid array exhibited similar peaks to
CoO, meanwhile, the curve drastically expands and become approximately
rectangular. Similar peaks of CoO were shown in hybrid array, indicating the
effective utilization of the underlying CoO despite the massive MnO, nanosheet
covering.® The significant increase in the CV integrated area reflected that a much
larger capacitance was obtained after the massive MnO, nanosheet covering. The
shape change to approximately rectangular can be attributed to the presence of MnO,,
which can adsorb electrolyte cations on the electrode surface and suffer from possible

intercalation /deintercalation of electrolyte cations.’
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Fig.S4 EIS spectra of (2)1:0, 1:2, 1:5, 1:10Co0; (b) 1:0, 1:2, 1:5, 1:10CoO@MnO, hybrids (Insert
in (a), (b) show the enlarge-area of the EIS spectra) and (c) EIS spectra of 1:2Co0O and the fitting
curve (Insert shows the equivalent circuit).

The Nyquist plots and the fitted charge transfer resistance (Rct) of as-prepared CoO
and CoO@MnO, by adding different concentrations of NH4F were investigated, as
illustrated in Fig.S4, and Tab. S1, respectively. Compared with the pristine CoO
electrode, the Nyquist plots of CoO@MnO, consisted of a tiny approximate
semicircle at the high frequency and followed by a straight line of 45 degree and a
vertical straight line at the low frequency. As shown in Tab.S1, compared with CoO
electrodes, the CoO@MnO, showed a slightly higher charge transfer resistance,

causing by the intercalation and deintercalation of cations® °.



Tab.S1 Summary the electrochemical results of different samples.

Charge transfer

Sample Specific capacitance (F/g) resistance Ret ()
1:0CoO 550.2 0.361
1:2Co0O 668.5 0.303
1:5Co0O 609.6 0.226
1:10Co0O 558.9 0.485
1:0CoO@MnO, 1154.2 0.610
1:2CoO@MnO, 1505.7 0.533
1:5CoO@MnO, 1363.1 0.217

1:10CoO@MnO, 1089.2 0.303




Tab.S2 Supercapacitor performances of Mn-based or Co-based core-shell electrode materials

reported in recent literatures.

Electrode material Specific capacitance Retention Electrolyte ref.

C0304 @MnO, 480 F/g (2.67 A/g) 97.3% 1 M LiOH 10
(5000 cycles)

NiO@NiO 456 F/g (5 mA/cm?) 84% 6 M KOH 1
(2000 cycles)

MnCo,04@MnO, 858 F/g (1 A/g) 88% 3 M KOH 12
(5000 cycles)

MnO,@Ni(OH), 843 F/g (1 A/g) 81% 0.5MNa,SO, B
(2000 cycles)

Co@Co304 1049 F/g 2mV/s) 98% 6 M KOH 14
(1500 cycles)
(5000 cycles)

NiC0,04@MnO, 816 F/g (5 mA/cm?) 81% 6 M KOH 16
(5000 cycles)

CoO@NiHON 789.3 F/g (1.67 A/g) 95% 1 M NaOH 17
(2000 cycles)

NiMn@Co304 607.9F/g (0.5 A/g) 97% 6 M KOH 18
(1000 cycles)

CuCo0,04@MnO, 850 F/g (1 A/g) 94.2% 2 M KOH 19
(3000 cycles)

MnO,/NiCo,04@N- 543 F/g (0.5 A/g) 88% 6 M KOH 20

MWCNT (5000 cycles)

CoO@MnO, 1505.7 F/g (1 A/g) 91.7% 6 M KOH This work

(5000 cycles)
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Fig. S5 SEM image of 1:2Co0 precursor scraped down from Ni foam obtained during the

hydrothermal process.
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