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into carbon- or metal-based nanostructured materials.20 Such
porous carbons possess the following advantages: (i) hierar-
chical porous structures with abundant interior mesopores and
large volume for loading sulfur species as well as the unique
surface micropores for the physical connement of LiPS; (ii)
interconnected conductive networks for an improved sulfur
utilization and lower inner resistance.21 When compared with
heteroatom-doped porous carbons, somematerials with unique
polar functional groups such as metal oxides (MnO2,22–24 TiO2,25

Ti4O7,26,27 TiO,28,29 ZrO2,30 and Mg0.8Cu0.2O31), polymers (poly-
pyrrole,32 polyaniline,33,34 and PEDOT35), transition-metal
disuldes (TiS2,36 WS2,37,38 Co9S8,39 and Co3S4 (ref. 40)), metal-
carbides (MXene phases),41,42 and MOFs43 show much stronger
binding with polysuldes but inferior electronic conductivity.
Most recently, graphitic carbon nitride (g-C3N4) has been
identied as a new concept for chemically conned LiPSs in Li–
S batteries, suggesting an enhanced cycling performance. The
intrinsic high charge polarity of g-C3N4 endows enriched LiPS
binding sites (pyridinic N) as demonstrated by rst-principles
calculations.44 So far, there are only few reports on embedding
nanosized g-C3N4 in porous carbon for high-performance Li–S
batteries. Therefore, combining doped porous carbons with
high-adsorption g-C3N4 can be an effective strategy to boost Li–S
battery performance.

Herein, via a double-solvent strategy, we have successfully
embedded g-C3N4 nanodots into a MOF-derived N, S co-doped
hollow porous carbon shell (CN@NSHPC). The pores of NH2-
MIL-101(Al) play a crucial role in retarding the growth of g-C3N4

nanodots through the pore connement effect. Lithium poly-
sulde adsorption tests indicate a remarkably strong adsorp-
tion of the CN@NSHPC composites when compared with that of
the single g-C3N4 and doped porous carbon shells, suggesting
a synergistically boosted polysulde adsorption. Aer loading
sulfur, the as-obtained S/CN@NSHPC composites are employed
in Li–S batteries and exhibit a high coulombic efficiency, good
rate capability in addition to outstanding cycling stability. The
excellent battery performance can be ascribed to our rational
material design, which simultaneously endows S/CN@NSHPC
with high sulfur content, enhanced conductivity, and poly-
sulde binding.
2. Experimental
2.1 Synthesis of NH2-MIL-101(Al)

NH2-MIL-101(Al) was synthesized using the reported method
with modied procedures.45 2-Aminoterephthalic acid (2.077g,
11.5 mmol) was dissolved in N,N-dimethylformamide (DMF,
500 mL) and heated to 110 �C in an oil bath. Then, AlCl3$6H2O
(5.53 g, 23 mmol) was added in seven equal portions with a time
interval of 15 min between two additions. Aer the last portion
was added, the reaction was kept at 110 �C for 3 h under stirring
and le for an additional 16 h without stirring. Aer cooling to
room temperature, a faint yellow solid was obtained and sepa-
rated by centrifugation at 9000 rpm for 5 min; it was then
washed with ethanol and DMF, nally puried in ethanol at
90 �
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Fig. 5 (a and b) a digital photograph and UV-vis absorption results of
the Li2S6 solution before and after the addition of g-C3N4, NPC and
CN-5@NSHPC.
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plateaus and a charging plateau, which was consistent with the
results of CV curves. Furthermore, the electrochemical imped-
ance spectroscopy (EIS) measurements of S/CN-5@NSHPC, S/
NPC, S/g-C3N4, S/CN-3@NSHPC and S/CN-9@NSHPC were
studied to explore their electrochemical dynamics in freshly
assembled batteries. The spectra were tted using an equivalent
circuit shown in the inset of Fig. 4c and 6c, in which Rs repre-
sents the ohmic resistance including electron and ion conduc-
tivity, Rct is the charge-transfer resistance of the electrochemical
reaction, and CPE arises from the double-layer capacitance.
Impressively, Rct of S/CN-5@NSHPC was lower than those of S/
NPC, S/g-C3N4, S/CN-3@NSHPC and S/CN-9@NSHPC, indi-
cating that the CN@NSHPC composite structures offered faster
ion diffusion and higher electrical conductivity.57

Fig. 4d shows the rate capability of S/CN-5@NSHPC at
different current densities. The average discharge specic
capacity was 1447 mA h g�1 at 0.2C. When the current rates
increased to 0.5, 1, 2, 3, 4 and 5C, the electrode exhibited
Fig. 4 (a) Cyclic voltammograms (CV) of S/CN-5@NSHPC obtained at a s
voltage profiles of S/CN-5@NSHPC. (c) EIS plots of S/CN-5@NSHPC, S
capabilities of S/CN-5@NSHPC, S/NPC and S/g-C3N4 tested at various cu
CN-5@NSHPC, S/NPC and S/g-C3N4 tested at a current density of 1C.
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reversible capacities of 1072, 739, 583, 488, 456 and
387 mA h g�1, respectively. When the current density was
switched from 5C back to 0.2C, S/CN-5@NSHPC still exhibited
a high capacity of 1005 mA h g�1. When compared with the S/
can rate of 0.1 mV s�1 between 1.5 and 3.0 V. (b) Charge and discharge
/NPC and S/g-C3N4 (the inset is the equivalent circuit used). (d) Rate
rrent densities ranging from 0.2C to 5C. (e) Cycling performances of S/
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