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Figure S1. SEM images of (a) ES-Zn(CH3COO)2, (b) PAN@ZIF-8, and (c) PAN@ZIF-8@ZIF-67, 
respectively.

Figure S2. SEM and TEM images of (a, c) ZIF-8@ZIF-67 and (b, d) ZnSe@CoSe.

Figure S3. HRTEM images of ZnSe@CoSe@CN.
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Figure S4. SEM and TEM images of (a, d) ZnSe@CN, (b, e) CoSe@CN, and (c, f) Zn@Co@CN, 
respectively. 

Figure S5. (a) Powder XRD patterns, (b) TGA curves, and  (c) Raman spectra of the samples, 
respectively.

The TGA curves were characterized under the air atmosphere with the temperature 
ranging from 30 to 800 oC at a heating rate of 10 oC min-1. It can be observed that when the 
temperature range was between 30 and 200 oC, the samples have initial marginal weight 
loss, which is due to the evaporation of free water and physically adsorbed water in the 
material during the temperature rise, resulting in the quality reduction. Besides, there is a 
slight mass increase at about 270 oC, which is due to the presence of SeO2 during the phase 
transition from selenide to oxide in the material, as shown below:

2ZnSe(s) + O2(g) = 2ZnO(s) + SeO2(g)

3CoSe2(s) + 8O2(g) = Co3O4(s) + 6SeO2(g)

Finally, the severe mass loss of materials from 300 °C to 600 °C can be attributed to 
the reaction of N-doped carbonaceous components with oxygen, the generation of carbon 
dioxide gas, and the evaporation of the formed SeO2 at lower temperatures. According to 
the above formula and the mass loss, the contents of the N-doped carbon in the samples 
of ZnSe@CoSe@CN, ZnSe@CN, CoSe@CN, Zn@Co@CN, and ZnSe@CoSe were 70.91%, 
74.19%, 72.44%, 56.66%, and 61.76%, respectively.
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Figure S6. XPS survey spectra of (a) ZnSe@CN, (b) CoSe@CN, (c) Zn@Co@CN, and (d) 
ZnSe@CoSe, respectively. High-resolution XPS spectra of (e) Zn 2p of ZnSe@CN and (f) Co 2p 
of CoSe@CN.
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Figure S7. N2 sorption isotherms of (a) ZnSe@CN, (b) CoSe@CN, (c) Zn@Co@CN, and (d) 
ZnSe@CoSe, respectively. Inset is the corresponding pore size distribution.
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Figure S8. CV profiles of the anodes with a scanning rate of 0.1 mV s-1 for lithium-ion storage.

Figure S9. GDC profiles of the contrast anodes at 1.0 A g-1 for lithium-ion storage.
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Figure S10. Cycling performance of the anodes at (a) 1.0 A g-1 and (b) 2.0 A g-1 for lithium-ion 
storage.

Figure S11. (a) Rate performance, (b) cycling performance, and (c) Nyquist plots of the 
ZnSe@CoSe@CN anodes prepared at different pyrolysis temperatures for lithium-ion storage. 
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Figure S12. (a) SEM, (b) TEM, (c) HRTEM, (d) elemental mapping images, (e) XRD pattern, and 
(f) EDS pattern of the ZnSe@CoSe@CN anode after 200 cycles at 1.0 A g-1, respectively.

Figure S13. CV profiles of the anodes with a scanning rate of 0.1 mV s-1 for sodium-ion storage.
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Figure S14. GDC profiles of (a) ZnSe@CN, (b) CoSe@CN, (c) Zn@Co@CN, and (d) ZnSe@CoSe 
for sodium-ion storage, respectively.

Figure S15. Cycling performance of the anodes at (a) 1.0 A g-1 and (b) 2.0 A g-1 for sodium-ion 
storage.



10

Table S1. XPS measured element contents of the samples.
Samples C[atomic%] N[atomic%] O[atomic%] Co[atomic%] Zn[atomic%] Se[atomic%]

ZnSe@CN 68.98 9.64 16.46 — 2.26 2.74

CoSe@CN 68.47 8.05 19.31 1.69 — 2.47

Zn@Co@CN 75.82 9.4 12.57 1.06 1.11 —

ZnSe@CoSe 68.99 11.06 13.06 1.8 1.68 3.41

ZnSe@CoSe@CN 72 10.55 11.87 1.14 1.15 3.29

Table S2. The specific surface area and total pore volume of the samples.

Samples
Surface area 

(m2·g-1)

Total pore volume 

(cm3·g-1)

ZnSe@CN 120.61 2.892

CoSe@CN 143.89 3.555

Zn@Co@CN 275.49 5.693

ZnSe@CoSe 191.267 4.724

ZnSe@CoSe@CN 168.81 4.454
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Table S3. Electrochemical performances of the anode materials for lithium-ion storage.
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Table S4. Electrochemical performances of the anode materials for sodium-ion storage.
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