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Fig. S1 (a,b) FE-SEM images of the carbon spheres.
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Fig. S2 XRD patterns of V,0s HSs and VN HSs in a narrow range of degrees.
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Fig. S3 (a) Survey XPS spectra of VN HSs, V,05 HSs and bulk VN. (b) XPS spectra
of O 1s and V 2p for VN HSs.

Fig. S3a shows typical survey XPS spectra of VN HSs, V,0s HSs and bulk VN, all
of which involve three distinct peaks at 515.3 (V 2p), 286.1 (C 1s), and 531.8 (O 1s)
eV, characteristic of vanadium oxide, indicating the presence of an oxide layer on the
surface of VN. In addition, it is also clearly observed that VN HSs and bulk VN have
principal peak at 397.5 eV compared with that of V,0s HSs, which indicates the
presence of VN.5I-53 The peak at 512.3 eV probably belongs to V%" in VN structure.S?
The Ols core level signals in V2p spectra (Fig. S3b) confirm the presence of an oxide
layer on the surface of VN. The principal peak (530.4 eV) is assigned to oxygen in a
metal oxide.S? In addition, the weak peak at the binding energy of 528.7 ¢V is the crystal
lattice oxygen (Oyy) of vanadium oxide, which plays an important role in catalysis.5*
The third peak at about 532 eV can be attributed to -OH groups chemisorbed on the

surface or carbon-oxygen bond.5!%3

References

S1. A. M. Glushenkov, D. Hulicova-Jurcakova, D. Llewellyn, G. Q. Lu, Y. Chen, Chem Mater.,
2010, 22, 914.

S2. G. Silversmit, D. Depla, H. Poelman, G. B. Marin, R. De Gryse, J. Electron Spectrosc.
Relat.Phenom., 2004, 135, 167.

S3. C. M. Ghimbeu, E. Raymundo-Pifiero, P. Fioux, F. Béguin, C. Vix-Guterl, J. Mater. Chem.,
2011, 21, 13268.

S4. H. Su, L. Jing, K. Shi, C. Yao, H. Fu, J. Nanopart. Res., 2009, 12, 967.

S5. V. Bondarenka, Z. Martunas, S. Kaciulis, L. Pandolfi, J. Electron Spectrosc. Relat.Phenom.,

2003, 131-132, 99.



VN HSs
A

V205 HSs
A
500

1000

Intensity (a.u.)

Raman shift (cm1)

Fig. S4 Raman spectra of VN HSs and V,05 HSs. VN HSs exhibit silimar peaks to
V,05 HSs, which is consistent with other reported literatures.SS7
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Fig. S5 TG curve of C@VOy spheres.



150

E (a)]
501204 ]
E %0, Sper = 18.63 m? ¢! ]
E J
5 60- Ad .
2 -eo- Adsorption
é 30- -o— Desorption |
=
S oo
00 02 04 06 08 10
Relative pressure (P/Py)
(b)

g

=

< i\

E \

S \—/ .\0\.

= Te—,

=

{ 100 150 200
Pore diameter (nm)

Fig. S6 Nitrogen adsorption-desorption isotherms of V,05 HSs and corresponding pore
size distribution.
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Fig. S7 XRD pattern and FE-SEM image of bulk VN.
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Fig. S8 (a) CV curves of bulk VN in the voltage range of 0.01-3.5 V with a scan rate

of 0.5 mV s!. (b) Comparison of CV curves using the same full scale for the y axes.
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Fig. S9 Cycling performance of VN HSs electrode at 0.2 A g! (a) and 2.0 A g! (b) in
the voltage range of 0.01-3.5 V.
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Fig. S10 Cycling performance of VN HSs electrode at 2 A g ! after activation at 50 mA

g'! for the initial ten cycles.
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Fig. S11 Electrochemical ORR catalytic performance of Pt/C: CV curves in N,- and
O,-saturated 0.1 M KOH at a sweep rate of 10 mV s
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Fig. S12 (a) Rotating ring-disk electrode (RRDE) voltammograms of VN HSs in O,-
saturated 0.1 M KOH at 1600 rpm. (b) HO, yield and the corresponding electron-

transfer number (n) of VN HSs based on the corresponding RRDE data.



