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Figure S1. STEM images and diffraction patterns of A) NiO, B) NiFeO, C) FeO, D)
NiO@MnO,, E) NiFeO@MnO, and F) FeO@MnO,.

Figure S1 show the STEM image and the diffraction patterns of NiO, NiFeO,
FeO, NiO@MnO,, NiFeO@MnO, and FeO@MnO,. In the case of NiO and
NiO@MnOQO,, four diffraction pattern were obtained which is likely attributed to ~
0.24 nm spacing, ~ 0.21 nm spacing, ~ 0.15 nm spacing and ~ 0.12 nm spacing, which
is might corresponded to the NiO(111), NiO(002), NiO(220) and NiO(113). On the
other hand, the multilayer graphene mixture might also show some diffraction
patterns that are corresponding to graphite(100) (~0.21nm), graphite(110) (~0.12nm)
and graphite interlayer (~0.34 nm).! Hence, the diffraction pattern of NiO and
NiO@MnO, is likely the overlying of the diffraction pattern from both NiO and
multilayer graphene. NiFeO and NiFeO@MnO, exhibits similar diffraction patterns,
the diffraction pattern is corresponding to graphite(100) (~0.21nm) and graphite(110)
(~0.12nm),! disclosing the metal oxide are amorphous for both NiFeO and
NiFeO@MnO,. For FeO, the diffraction pattern is corresponding to graphite(100)
(~0.21nm), graphite(110) (~0.12nm), indicating that FeO is amorphous. While
FeO@MnO,, except the diffraction ring for graphite(100) (~0.21nm) and

graphite(110) (~0.12nm) that originated from the multilayer graphene, there are two



independent spot or ring that corresponding to the ~0.185 nm spacing and ~0.267 nm
spacing is likely originated from the crystallized Fe;03.% 3 These results are consistent
with the XRD results. However, no diffraction pattern was obtained that was origin

from the MnO,, indicating that the amorphous nature of the MnO,.

Figure 2. the TEM images and the STEM-EDS mapping of NiO core-MnO, shell structure
synthesized using large NiO particles.

The H,0, yield and the electron transfer number are calculated according to the

formulas:*
20014?
H,0,% = ]—N (1)
(ERHD)
_ 41D
n= I (2)
(ﬁ + ID)

where I is the disk current, Iy is the ring current, N is the collection efficiency and n

1s the electron transfer number.
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Figure S3. The LSV curves for ORR at different rotating speed for A) FeO, B)
NiFeO, C) NiO, D) NiO@MnO,, E) NiFeO@MnO, and F) FeO@MnO, obtained in
O,-saturated 0.1 M KOH at scan rate of 10 mV s-! with catalysts loading of 0.1 mg
cm2,

RDE voltammetry measurements were also carried out to gain further insight on
the ORR performance of the NiO, NiFeO, FeO, NiO@MnO,, NiFeO@MnO, and
FeO@MnO, electrodes. Figure S3A-F shows RDE current-potential curves at
different rotation rates for various electrodes. As can be seen, the limiting current
density increases with increasing rotation rate. The transferred electron number per
oxygen molecule involved in the oxygen reduction at electrode was determined by the

Koutechy—Levich equation given below:
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where ji is the kinetic current and ® is the electrode rotating rate. B could be
determined from the slope of K—L plots based on Levich equation as follows:
B=0.2nF(D,)"*v'"°C, (2)

where n represents the number of electrons transferred per oxygen molecule, F is the
Faraday constant (F = 96485 C mol™!), Doy, is the diffusion coefficient of O, in 0.1 M
KOH (1.9 x 1073 cm? s7!), v is the kinetic viscosity (0.01 cm? s7!), and Cq, is the bulk
concentration of O, (1.2 x 107 mol cm™3). The constant 0.2 is adopted when the

rotation speed is expressed in rpm.
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Figure S4. The plots of ring and disk current of ORR on NiO, NiFeO and FeO
electrode measured with a rotating ring-disk electrode.
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Figure S5. A) NiO before and after reversible OER and ORR cycling, and B) The
schematic shows the aggregation of NiO nanoparticles.
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