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Fig. S1. XRD patterns of samples collected at different temperatures: (a) comparison with Se standard card data, (b) comparison with S standard card data.
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[bookmark: _Hlk121596428][bookmark: _Hlk115955679]Fig. S2. Structures of (a) Na2Se0.75S0.25 and (b) Na2Se after geometry optimization [1].
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[bookmark: _Hlk121596465]Fig. S3 Initial and final structures of (a, b) MoNa4Se2 and (c, d) GR@MoNa4Se2@CNT upon geometry optimization, respectively [1].
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Fig. S4 Diffusion energy barrier for Na atoms in MoSe2 and GR@MoSe2@CNT: top view and side view of Na atoms migration in (a,b) MoSe2 and (d,e) GR@MoSe2@CNT, respectively; (c) and (f) is the energy barrier for Na atoms migration in MoSe2 and GR@MoSe2@CNT, respectively [1]. 
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[bookmark: _Hlk115875684][bookmark: _Hlk99118313]Fig. S5. (a) SEM, (b) TEM and (c) HRTEM images of C@MoSe2, (d) TEM image and the corresponding EDS elemental mappings (e) C, (f) Mo and (g) Se [1].

[image: ]
[bookmark: _Hlk115876892]Fig. S6. Corresponding TEM-EDX profile of PEG-200-2-C@MoSe2(1-x)S2x@MWCNT.
Table S1. Corresponding TEM-EDX table of PEG-200-2-C@MoSe2(1-x)S2x@MWCNT.
	General spectrogram
	Atomic percentage

	C
	72.36

	S
	1.82

	Se
	13.73

	Mo
	12.10

	Total
	100.00


[bookmark: _Hlk118276895]According to atomic percentage of sulfur and selenium, the ratio between sulfur atoms and selenium atoms is 1.82/13.73, then the x in PEG-200-2-C@MoSe2(1-x)S2x@MWCNT is 0.12, giving the chemical formula PEG-200-2-C@MoSe1.76S0.24@MWCNT.
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Fig. S7. XPS analysis of PEG-200-2-C@MoSe2(1-x)S2x@MWCNT anode materials: (a) Survey scan and (b) high-resolution C 1s spectrum.
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[bookmark: _Hlk99118348][bookmark: _Hlk131972294][bookmark: _Hlk114304757][bookmark: _Hlk115864048][bookmark: _Hlk115947727][bookmark: _Hlk114304716][bookmark: _Hlk115337610]Fig. S8. TG analysis of C@MoSe2, C@MoSe2(1-x)S2x@MWCNT, PEG200-2-C@ MoSe2(1-x)S2x@MWCNT and PEG200-4-C@MoSe2(1-x)S2x @MWCNT. According to Mo element conservation, the following equation (Eq. S1) is obtained, 
               Eq. S1
[bookmark: _Hlk118276294][bookmark: _Hlk114148255][bookmark: _Hlk118276316][bookmark: _Hlk114148138][bookmark: _Hlk114148348][bookmark: _Hlk116978632][bookmark: _Hlk118276430][bookmark: _Hlk133058691][bookmark: _Hlk118276461][bookmark: _Hlk118276697][bookmark: _Hlk115337585][bookmark: _Hlk114148651][bookmark: _Hlk132103188]where  and  stands for the average molecular weight of MoSe2(1-x)S2x and MoO3, respectively, and  represents the percentage content of MoSe2(1-x)S2x and MoO3 in the system, respectively. ,  and . According to Table S1 (high-resolution S 2p spectrum), x is 0.12 (0.16), and then 242.59 (238.86),  equals 39.3%, 30.8%, 22.7% and 12.1% for C@MoSe2, C@MoSe2(1-x)S2x@MWCNT, PEG200-2-C@MoSe2(1-x)S2x@CNT and PEG200-4-C@MoSe2(1-x)S2x@MWCNT, respectively. Therefore, the estimated MoSe2 mass loading in C@MoSe2 is 69.3%, while the MoSe2(1-x)S2x mass loading in C@MoSe2(1-x)S2x@MWCNT, PEG-200-2-C@MoSe2(1-x)S2x@MWCNT and PEG-200-4-C@MoSe2(1-x)S2x@MWCNT is 51.9% (51.1%), 38.3% (37.7%) and 20.3% (20.1%), respectively. 
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Fig. S9. SEM of PEG200-2-C@MoSe2(1-x)S2x@MWCNT electrode (a, b) after smeared and (c, d) after 200 cycles with decomposition.
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