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Figure S1. Schematic illustration of the coaxial electrospinning technique used to prepare the

PAN/Ni(Ac),/PMMA composite nanofibers.

Table S1 shows various materials from different calcining treatments

Precursor Vacuum Pumping Speed at T ~ Heating time at T
Sample 1 PAN/Ni(Ac), — (Ar) — 6 h, 700°C
Sample 2 NCNNs ~-750 Torr Quick or slow, room T 0.5 h, 700°C
Sample 3 NCNNs ~-750 Torr Slow (0.5 h), 700°C —
Sample 4 NCNNs ~-375 Torr Quick, 700°C 0.5 h, 700°C
Sample 5 PAN/Ni(Ac), ~-750 Torr Quick, 700°C 6 h, 700°C
Sample 6 PAN/Ni(Ac),/PMMA ~-750 Torr Quick, 700°C 6 h, 700°C




Figure S2. (A, B) TEM and HRTEM images of amorphous carbon naofibers (ACNFs) by
calcining PAN nanofibers in Ar at 700 °C for 6 h. (C, D) TEM images of porous amorphous
carbon nanofibers (PACNs) by calcining PAN/PMMA composite nanofibers in Ar at 700 °C for
6 h at low- and high- magnification, respectively. (E) HRTEM image of PACNSs.

In Figure S2A, TEM image of a single carbon nanofibre shows a smooth surface. The
HRTEM image of the sample reveals that the carbon is amorphous (Figure S2B). It is clear that
some pores exist in carbonaceous materials by calcining PAN/PMMA composite nanofibers

(Figure S2C, D). The prepared porous carbonaceous materials are amorphous carbon (Figure
S2E).
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Figure S3. TEM and HRTEM images of various typical nanofibers: (A, B) by adjusting the
vacuum of tube furnace to ~ -750 Torr by pumping at room temperature and then calcining the
N-doped carbon/Ni nanofibers (NCNNs) at 700 °C for 0.5 h; (C, D) by calcining NCNNs at 700
°C with subsequent slow (0.5 h) pumping to a final vacuum of ~ -750 Torr; (E, F) by calcining
NCNNs at 700 °C with subsequent rapid pumping to a final of ~ -375 Torr, which was then
maintained for 0.5 h; by directly calcining (G) PAN/Ni(Ac), composite nanofibers or (H)
PAN/Ni(Ac),/PMMA composite nanofibers at 700 °C with sudden pumping to a final vacuum of
~ =750 Torr, maintained for 6 h and controlled by rapidly switching pumping valve on and off.



Figure S4. TEM and HRTEM images of NHTGCNN by calcining NCNN at 700 °C with
subsequent sudden pumping to a final vacuum of ~ -750 Torr and maintained for 0.5 (A,B), 4 (C),
and 6 h (D), respectively.



Figure S5. TEM and HRTEM images of NHTGCNs from NHTGCNNs treated with HNO;.
NHTGCNNs were from PAN/Ni(Ac), composite nanofibers (A) or PAN/Ni(Ac),/PMMA
composite nanofibers (B), respectively.



>

Intensity (a.u.)

vo)

Intensity (a.u.)

Binding Energy (eV)

394 396 398 400 402 404 282 284 286 288 290

Binding Energy (eV)

2

Figure S6 (A) N1 XPS spectra of ACNFs. (B) Cls XPS spectra of ANHTGCNS .

As shown in Figure S6A, the N1 peak of ACNFs can be split into three Lorentzian peaks at ~
398.6, 400.1 and 401.4 eV, representing pyridinic (N1), pyrrolic (N2), and graphitic (N3) type of
N atoms.! The N binding configuration includes 49.9 % pyridinic N (N1), 42.4 % pyrrolic N
(N2) and 7.7 % graphitic N (N3). Figure S6B shows the Cls XPS spectra of ANHTGCNSs. The
Cls core can be resolved into four peaks at ~284.6, 285.8, 286.7, and 288.7 eV, which are
attributed to sp”C-sp°C, N-sp°C, N-sp’C, and C=0 bonds, respectively.” The small C=0 peak is

due to the oxidation by HNOs.
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Figure S7. Pore size distribution of sample B by calcining PAN/PMMA/Ni(Ac), composite
nanofibers and sample C from sample B after Ni diffusion.
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Figure S8 (A) Nitrogen adsorption-desorption isotherms and (B) cumulative pore volume of
ANHTGCN:E.

Figure S8A shows that the adsorption-desorption isotherm curves of ANHTGCNs possess type
IV isotherms with distinct hysteresis loops, which are characteristics of the porous adsorption-
desorption processes.” The cumulative pore volume of ANHTGCNs from pores smaller than 2
nm reaches ~42.4 % of the total pore volume. Pores larger than 2 nm account for 57.6 % of the
total volume of ANHTGCNs (see Figure S8B).
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Figure S9. Characterization of ANHTGCNs after full lithiation. (A) TEM image of
ANHTGCNSs. (B) HRTEM image of the hollow structure, showing a little disorder. (C) HRTEM
image of the wall of the hollow structure, indicating more disordered graphene sheets and
defects. (D) HRTEM image of enlarged d-spacing distribution of the (002) plane of carbon and
line profiles (inset) extracted from the image. (E) Raman of the ANHTGCNs after lithiation.

Figure S9 shows the morphology and structure of ANHTGCNs after full lithiation. It can be
seen that the morphology of the hollow graphitic carbon structure becomes a little vague after
full lithiation (Figure S9A, B). The R value decreases from ~1.84 to 1.1, indicating a decrease of
crystallinity of ANHTGCNss after lithiation (Figure S9E). The wall of the hollow structure shows
more disordered graphene sheets and defects (Figure S9C). Figure S9D shows the increased d-
spacing distance of the (002) plane of the inter-wall carbon. These show that the lithium ions
have diffused from the outer space of ANHTGCNs into the inner space of the ANHTGCNs
through the defects.
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Figure S10. (A) Charge-discharge voltage profiles of the ANHTGCN electrode at 0.1 A g and
(B) capacity of the ANHTGCN electrode at various rates from 0.5 A g to 10 A g, tested
between 2 and 0 V versus Li'/Li.
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