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Fig. S1 Typical FESEM image of the as-prepared ZIF-67 crystals.
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Fig. S2 XRD pattern of the as-prepared ZIF-67 crystals.
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Fig. S3 (a-e) Additional TEM images of the CoySg@NMCN nanocomposites, (f) size

distribution histogram of CosSg nanoparticles.
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Fig. S4 EDX pattern of the CoySg@NMCN nanocomposites.
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Fig. S5 XPS survey spectrum of the CosSg@NMCN nanocomposites.
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Fig. S6 Thermogravimetric TGA and DTA curves of the CosSs@NMCN nanocomposites
measured by using TG 2050 thermogravimetric analyzer under an air atmosphere at the

temperature range of 25-600 °C with a heating rate of 10 °C min-'.

The CoySs@NMCN nanocomposites show a three-step mass-loss process. Ex-situ XRD
(Fig. S7) was performed to determine the phase of the products from TGA experiments
at temperatures of 250, 350, and 550 °C. A small weight loss (8.1%) from room
temperature to 200 °C can be attributed to the removal of physically adsorbed water. The
second weight loss (~24.4%) step between 200 °C and 450 °C is ascribed to the oxidation
of CoySg into Cos0,, the re-crystallization of Co;04 and partial combustion of carbon,
which can be expressed as the following reaction: CogSe+ 14 O, =3 Co0;04 + 8 SO,

The final weight change (~6.1%) observed from 450 °C to 600 °C is owing to the burning
of carbon in the composite and the partial transformation of Co;0, to CoSQO, phase:
C030,+ 3 SO, + 0,=3 CoSO;,

It is difficult to determine the exact phase content of CoSO, phase, since complex
structural related factors (k factor) for both the Co;0, and CoSO, phases should be
calculated in advance. Here we use the ratio of integrated intensity to estimate the phase
content of CoSO, phase (~50%) in the composites (Fig. S7c¢).

Based on the above reaction equations, the weight fraction of carbon in the
CoySg@NMCN nanocomposites is calculated to be ca. 47%. The high ratio of carbon is
likely to contribute to the advantage of constructing conductive network for enhanced

lithium storage properties.
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Fig. S7 Ex-situ XRD patterns of the products from TGA experiments at different temperatures.

(a) 250 °C, (b) 350 °C, (c) 550 °C. The pattern of the as prepared CoySg is also shown

for comparison.
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Fig. S8 Charge/discharge curves of the first three cycles for the CooSs@NMCN

nanocomposites electrode between 0.01 and 3 V versus Li/Li" at a current density of

100 mAg™.



Fig. S9 (a) SEM and (b) TEM images of the CogSg@NMCN nanocomposites electrode after

cycling performance testing (80 cycles, current rate 100 mAg-', 0.01-3 V versus Li/Li").
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