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Fig. S1 Large area SEM image of Nio.47C00.53Se2 micro-nanosphere.
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Fig. S2 Energy dispersive spectrometer (EDS) analysis of Nig47C0o53Se2

micro-nanosphere.



Fig. S3 SEM images of NixCoixSe> with different ratios of Ni and Co. (A1-As)
Nio.72C0028Se2,  (B1-Bz)  Nioe7C0033Se2,  (C1-C3)  Nio31CooeeSe2,  (D1-D3)
Nio.79C00.21Se2 and (E1-E3) Nio.17C00.83Se>.



Fig. S4 TEM images of NixCoi1.xSe; with different ratios of Ni and Co. (A1-Aas)
Nio.72C0028Se2,  (B1-Bz)  Nioe7C0033Se2,  (C1-C3)  Nio31CooeeSe2,  (D1-D3)
Nio.79C00.21Se2 and (E1-E3) Nio.17C00.83S€>.
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Fig. S5 Energy dispersive spectrometer (EDS) analysis of (a) Nige7C0033Se2, (b)
Nio.79C00.21S€2, (€) Nio.17C00.83S€2 and (d) Nio23C0o.77S€x.

Table S1. The ICP-OES analysis results of NixCo1-xSe2 with different ratios of Ni/Co.

Samples Contents of Co (mg/L) Contents of Ni (mg/L)
Nio.17C00.835€2 4.071 0.859
Nio.23C00.77S€2 4.087 1.212
Nio.31C00.695€2 6.125 2.727
Nio.47C00.535€2 4.915 4.345
Nio.72C00.285€2 2.063 5.187

Nio.79C00.21S€e2 1.303 4.761
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Fig. S6 (a-c) TEM images of Ni-Co based precursor. (d-f) SEM images, (g, h) TEM

image and (i) Elemental mappings and EDS spectrum of hierarchical NiSe;

micro-nanospheres.
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Fig. S7 Energy dispersive spectrometer (EDS) analysis of NiSe> micro-nanosphere.

Fig. S6 (a-c) show the TEM images of Ni based precursor, it presents
micro-nanosphere morphology with size of 3~4 um, which is composed of thin
nanosheet structures. The SEM images (Fig. S6d-f) indicate the micro-nanostructure
still preserves its integrated nature (3~4 um), however, the nanosheets in the precursor
have transformed to nanoparticles after selenization process, and the size of
nanoparticles are ~100 nm. Fig. S6g and Fig. S6h shows the TEM images of the
nanoparticles dropped from the micro-nanosphere, which further deliver the size of
nanoparticles are ~100 nm. In addition, the Elemental mapping (Fig. S6i) indicates
the coexistence of Ni and Se in the micro-nanosphere and the EDS analysis (Fig. S7)

presents a Ni/Se mole ratio of ~1:2 for hierarchical NiSe2 micro-nanosphere.
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Fig. S8 Rate performances of Nio.47C00535e2 and NiSez materials. The units of the

current densities are (a) C-rate and (b) A cm, respectively.



Fig. S9 (a, b) SEM images and (c) elemental mapping of Nio.47C0053Se, material after

50 cycles at a current density of 1 Ag™.



Table S2. The comparison of electrochemical performances between the hierarchical
Nio.47C0053Se2 micro-nanosphere electrodes with the reported nickel/cobalt selenide

related electrodes when applied as anode materials for SIBs.

Specific capacity, Specific capacity,
Materials mAh g1/Cycle numbers, mAh g¥/High current Ref.
(Current density, Ag?) density, Ag?
Graphene-wrapped 269/2 [1]

468/100", (0.2)

NiSe./C nanofiber 243/3
_ _ " 34712 [2]
NiSe>/rGO hybrid 346/1000", (1)
318/5
< 200/15 3
NiSe2 nanooctahedra 313/4000%", (5) [3]
175/20
Square NiSe; " 249/5
311/100", (1) [4]
nanoplates 213/10
MoSe,-NiSe-C 386/80", (0.5) [5]
composite 301/3
microsphere
Nio.g5sSe/C hollow 219/2.1 6
08591 390/100, (0.83) [6]
nanowires 172/4.2
core-shell NiSe/C " 235/0.2 [7]
280/50™, (0.1)
nanospheres 186/0.5
Hollow Cobalt
Selenide Microspheres ~425/40™, (0.5) 466/0.9 [8]
CoSex-rGO " 357/1 [9]
_ ~336/50™, (0.3)
Composite
Yolk—Shell-Structured
CoSe/C 536/50", (0.5) 361.9/16 [10]
Ultrathin Co0eSes/rGO
Hybrid Nanosheets 406/100™, (0.05) 295/5 [11]
CoSe2/(NiCo)Se;
hollow nanocubes 497/80", (0.2) 456/5 [12]
Our work 360.2/5
(hierarchical " 324.5/10
_ 321/2000", (2)
Nio.47C00535€2 277/15

micro-nanosphere)
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Fig. S10 The cycle performances of NixCo1.xSe. with different ratios of Ni/Co at
current density of 1 A gt in ether-based electrolyte (1M CF3sNaSQOsz in DEGDME).
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Fig. S11 (a) Cycle performances at current densities of 0.5 and 1 A g2, and (b) rate
performance of hierarchical Nio.47C0053Se2 micro-nanospheres electrode in

carbonate-based electrolyte (1M NaClO4 in EC/DEC).
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Fig. S12 CV curves of the hierarchical NiSe, micro-nanosphere electrode with scan
rate of 0.1 mV s for SIBs. (The insert one is the first cycle curve).

During the first discharge process, the reduction peaks located at 1.23 VV and 0.99 V,
might correspond to the insertion of Na* into NiSe> and resulting the conversion
reaction to form Na,Se and metallic Ni nanocrystals (NiSe; + 4Na* + 4e™— Ni+
2Na,Se) 127, During the first charge process, the weak oxidation peak located at 1.83
V and the sharp oxidation peaks located at 1.91 V might be attributed to the
deintercalation of Na“ and the recovery of NiSe; from Na,Se and metallic Ni
nanocrystals (Ni + 2Na;Se—NiSez) 2. In the second cycle, the position of reduction
peaks shifted to higher potentials, which might be related to the formation of ultrafine
nanocrystals during the first cycle.
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