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Fig. S1. SEM images of the cracked (a) CoS-C@CoS, (b) CoS/CoS,-C, (c)
Co0S>-C@CoS; after ultrasonic treatment, and (d) tungsten light scanning electron
microscopy (TLSEM) image of CoS-C@CoS.

S2



1600

— CoS,-C@CosS,
1 S
Element Atom percent (%)
1200+ Co 8.15
1 S 17.46
ﬂ 800+ C 74.39
c
g _CCO Co
400- Cu
© of Si
1 Co]l Cu
0- ot

0 2500 5000 7500 10000
Energy (eV)
Fig. S2. EDX spectra image of CoS,-C@CoS..
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Fig. S3. XRD spectra of ZIF-67.
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Fig. S4. Pore-size distribution of Co0S;-C@CoS;, a-CoS, CoS/CoS,-C and
CoS-C@CoS.
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Table S1. Pore-structure parameters derived from the BET curves.

samoles Pore Specific area
P volume(cm® g 1) (m?2g™
Co0S2-C@CoS; 0.322 161
CoS/CoS,-C 0.109 13.9
CoS-C@CoS 0.081 12.3
a-CoS 0.153 43.9
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Fig. S5. Thermogravimetric (TGA) curves of Co0S;-C@CoS;, CoS/CoS,-C and
CoS-C@CoS samples.

Thermogravimetric analysis (TGA) of these samples was performed in air
atmosphere to investigate the compositions of CoS>-C@CoS;, CoS/CoS>-C and
CoS-C@CoS (Figure S5, ESI). A weight loss below 200 °C was measured for the
samples, which was ascribed to the disappearance of adsorbed water. The observed
weight loss between 200 and 500 °C was mainly attributed to the combustion of the C
element.! An increase in weight, followed by a decrease in weight, which was
observed between 500 and 735 °C, was ascribed to an initial oxidation of CoS,/CoS
transforming to CoSQOa4. Then, the subsequent decomposition of CoSQO4 transformed to
Co0304 between 735 °C and 890 °C. During this temperature, the mass content of the
residual CosO4 of the samples CoS>-C@CoS,, CoS/CoS,-C and CoS-C@CoS was
50.6%, 57.4% and 67.4%, respectively. At the end, the stable mass content of CoO
which was transformed by Co304 from 890 to 910 °C has been recorded as 47.2%,
53.6% and 62.9%, respectively. By calculations, the roughly estimated mass loading
of CoS2/CoS in CoS2-C@CoS2, CoS/CoS,-C (the main component can be observed as
CoS,, according to the XRD result) and CoS-C@CoS were 77.4%, 87.9% and 76.3%,
respectively.
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Fig. S6. J-V curves of CoS>-C@CoS; before and after 2000 times CV cycles.
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Fig. S7. (a) SEM image and (b, c) TEM images of CoS,-C@CoS; after the HER test.
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Fig. S8. Calculated (solid line) and measured (red dot) amount of hydrogen at
different times for CoS;-C@Co0S; at a constant current density of 20 mA cm2in 0.5
M H2SOa.
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Table S2. Comparisons of DSSC performances for as-obtained samples with other
non-noble metal-based catalysts.

catalyst n (%) npt (%) nl npt References

CoS,-C@CoS; 9.32 8.24 1.13 This work
MOF-525/s-PT 8.91 8.21 1.08 2
C0S2-C 8.20 7.88 1.04 3
oo 1 703 6.45 1.09 4
CoS2/RGO 7.69 7.38 1.04 5
CoS; 6.13 6.04 1.01 6
CSG 5.43 5.84 0.93 7
C0Sez/C-NCW 8.92 8.25 1.08 8
CoSez 8.38 7.83 1.07 9
ngr']igﬁsgt 7.22 6.89 1.04 10
nig(';'g';es;t 3.72 4.67 0.80 11
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Table S3. Comparison of HER performance in acidic medium for as-obtained

samples with other non-noble metal-based catalysts.

Onset potential Tafel slope (mV
Catalysts (mV) n10 (MV) decade ) References
Co0S2-C@CoS; 19.0 79.1 51.9 This work
CoS2-MW — 158 58.0 12
C09Ss/CNFs — 186 83 13
CoP/CNs 55 135 58 14
CoMoS/CoM00O4 80 — 58 15
Co-CN 181 266 112 16
CoP NPs — 100 ~60 17
CoP CPHs — 133 51 18
Mo0S2/C03S4 — 175 55.6 19
NPPC 51 159 74 20
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