Ordered porous structure of nitrogen-self-doped carbon supporting Co3O4 nanoparticles as anode for improving cycle stability in lithium-ion batteries
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Fig. S1 SEM micrographs of NPC-800 (a), NPC-900 (b), NPC-1000 (c), and NPC-1100 (d).
Table 1. Textural properties of NPCs.

	Sample
	SSA 1 (m2·g-1)
	TPV 2 (cm3·g-1)
	V 3 micro (cm3·g-1)

	NPC-800
	1044
	0.49
	0.27

	NPC-900
	1257
	0.64
	0.35

	NPC-1000
	1799
	1.01
	0.52

	NPC-1100
	1785
	0.98
	0.56


1 Specific surface area (SSA) was calculated by the Brunauer-Emmett-Teller (BET) method.

2 TPV is the total pore volume, measured at P/P0 = 0.99.

3 Vmicro is the micropore volume, calculated by the Barret, Joyner, and Halenda (BJH) method.
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Fig. S2 Cycling performance of Co3O4/NPC-1000 composites with different mass ratio. Although the Sample 2 (2:3) shows the highest specific capacity, it begins to decayed significantly after 40 cycles. In contrast, it is obvious that Sample 3 (1:1) exhibits the most stable specific capacity. For other three samples, neither of their specific capacity is higher than that of Sample 3. And they present a trend of decreasing with the increase of cycling numbers. Therefore, only with the optimal weight ratio of Co3O4/NPC-1000 (1:1), the composite electrode material can exhibit the best performance.
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Fig. S3 SEM images of the Co3O4/NPC-1000 composite anode before (a) and after (b) 100 cycles. Insets are the corresponding optical images of the materials. After cycling, a rough and gray layer, which could be observed by the naked eye, formed on the surface of the Co3O4/NPC-1000 composite anode. However, the electrode maintained good structural integrity, featuring negligible cracking, during the repeated Li+ insertion and extraction processes. The porous structure is believed to limit lithium-driven volume swings, and prevent the aggregation of Co3O4 nanoparticles. Thus, the magnified SEM image shows that the interconnected networks of porous carbon remains visible, which could further confirm that the porous carbon scaffold can preserve the structural integrity of Co3O4 nanoparticles.
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Fig. S4 Cycling performance of pure Co3O4 nanoparticles and Co3O4/NPC-1000 composites. Remarkably, pure Co3O4 nanoparticles show a high specific capacity, though it is fading gradually from the beginning of cycling test, showing a poor stability. It can be concluded that the cycling performance of the Co3O4/NPC-1000 composite is superior to that of pure spinel Co3O4 nanoparticles, which could be attributed to a strong synergistic effect between Co3O4 nanoparticles and porous carbon in the composite. The NPC-1000 is consider as a conductive skeleton to hold Co3O4 nanoparticles and inhibits the agglomeration of the nanoparticles during cycling.
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Fig. S5 Graphical abstract
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