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Figure S1. (a, b) SEM and (c, d) TEM images of the pure ReS..
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Figure S2. The typical TEM image of GO.
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Figure S3. (a, b) SEM and (c, d) TEM images of the v-ReS,/rGO. The ultrathin ReS> nanosheets

are observed to be ultra-uniformly distributed on rGO.
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Figure S4. (a) The supplementary HRTEM image and (b) the layer number-distribution
histogram of the v-ReS2/rGO. The average number of ReS; layers in the v-ReS,/rGO is
statistically observed to be 632.
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Figure S5. (a-d) SEM and (e, f) TEM images of the v-ReS,/rGO nanocomposites synthesized
without addition of hydroxylamine hydrochloride (HAH).



Figure S6. TEM images of the v-ReS»/rGO synthesized via a two-step hydrothermal process.
In the first step, 1.00 mmol of HAH, 3 mL of GO suspension and 12 mL of deionized water
were hydrothermally treated at 240 <€ for 8 h. The as-prepared powder (i.e., rGO) was then
collected by centrifugation and wash. In the second step, a mixture of the as-obtained rGO
powders, 0.35 mmol of NH4sReO4, 1.50 mmol of NH2CSNH., and 15 mL of deionized water
was hydrothermally treated at 240 <€ for 8 h.
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Figure S7. TG analysis curves of the pure ReSz, GO, and v-ReS2/rGO under air atmosphere at
a heating rate of 10 € min. For the GO, the weight loss below 227 <€ is attributed to the
removal of the labile oxygen-containing functional groups and the moisture. In contrast, the v-
ReS,/rGO exhibits an increased thermal stability below 227 <€ due to the removal of the labile
oxygen-containing functional groups by chemical reduction of the GO. A significant drop in
mass above ~326 <€ can be ascribed to the oxidation/sublimation of ReS,. Therefore, the weight
loss between 227 and 326 <€ can be considered as the pyrolysis of graphene sheets. That is, the
content of graphene in the v-ReS2/rGO is estimated to be ~9 wt.%.
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Figure S8. (a) the typical N. adsorption-desorption isotherm and (b) the corresponding BJH
pore size distribution of the v-ReS>/rGO. The BET specific surface area, total pore volume and
BJH average pore size of the v-ReS,/rGO are 49.6 m? g*, 0.23 cm® g?, and 3.5 nm,
respectively. The porous nature of our v-ReS2/rGO composite accommodates the volume
change during intercalation/de-intercalation and favors electrolyte penetration, which

resulting in the superior cycling and rate capacities of the v-ReS2/rGO.



Table S1. Comparison of cycling performances for ReS-based LI1B anode materials.

Initial

Current ) Reversible capacity
) ) ) charging
Active material  density ) (mAh g?) Reference
capacity
(mAg?) /Cycle number
(mAh g)
100 871 915/100t )
Our v-ReS2/rGO This study
1000 613 342/500t"
v-ReS2/3DGF 1000 ~680 200/500t [1]
ReS:z spheres 86 843 421/30t [2]
ReS2/rGO 86 885 745/50t [3]
ReS2/CNTs 215 847 793/100t [4]
ReS2/N-CNFs 100 630 440/400t [5]
ReS2/CMK-3 500 663 620/200t [6]
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Figure S9. LIBs: Nyquist impedance plots of the pure ReS», rGO, and v-ReS2/rGO (a) in newly
assembled cells and (b) after rate capability tests. SIBs: Nyquist impedance plots of the pure
ReS,, rGO, and v-ReS2/rGO (c) in newly assembled cells and (d) after rate capability tests. ()
The equivalent circuit model for fitting Nyquist impedance plots. Herein, Rs, R, Ret, Zw and
CPE denote the electrolyte resistance, the contact resistance across SEI films, the charge-
transfer resistance, the impedance related to the diffusion of lithium ions within the electrode,
and a constant phase element of the electrode/electrolyte interface, respectively. The Nyquist
impedance plots combine two depressed semicircle in the high and medium frequency region
and a straight line in the low-frequency region. The semicircle in medium frequencies is usually
associated to the charge-transfer resistance (Rct) across the electrode-electrolyte interface. For
LIBs and SIBs, Rt of the v-ReS»/rGO electrode is significantly smaller than that of the pure
ReS; and rGO electrodes, manifesting that the intimate contact between rGO and the few
layered ReS, nanosheets can greatly promote the charge transfer kinetics at the electrodes
during the electrochemical process, thereby leading to an excellence rate capability and
cyclability.
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Figure S10. The typical TEM images of the v-ReS,/rGO after 100 cycles at a current density
of 100 mA g*. The sandwich structure is well kept without any restacks and breaks, indicating
the excellent stability of the v-ReS2/rGO electrode. Figure S12b further reveals that the ReS;
nanosheets for the v-ReS,/rGO have been pulverized into tiny nanoparticles (~2 nm), which
still ultra-uniformly and closely attached on the surfaces of rGO. These results demonstrate that
the sandwich-like structure of v-ReS,/rGO can efficiently prevent restacking or aggregation of

both ReS; and rGO during cycling.
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Figure S11. CV curves for SIBs during the first five cycles at 0.1 mV s*: (a) the v-ReS2/rGO,
(b) ReS; and (c) rGO electrodes. As observed, the CV curves of the v-ReS2/rGO (Figure S11a)
are nearly an superposed result of ReS; (Figure S11b) and rGO (Figure S11c), clearly indicative
of the significant synergistic effect between the few-layered ReS; and graphene substrate with

the sandwich-like structure.
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Figure S12. The relaxed structures of ReS2/GO by DFT calculations and the ralative adsorption
energies. The dark gray, green, blue, yellow, red and white spheres represent C, N, Re, and S
atoms, respectively. We define the adsorption energies of the perpendicular (a) C-O-Re and (c)
C-O-H structure and the parallel () C-O-H structure as 0 eV. As a sresult, the relative
adsorption energies of the parallel (b) C-O-S and (d) C-O structure and the perpendicular (f) C-
Re structure are 0.55, 1.23 and 3.31 eV, respectively. According to the definition, a more

positive value of the relative adsorption energy corresponds to more endothermic and weeker

adsorption.
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