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EXPERIMENTAL SECTION

General Considerations All reagents were purchased from Scientific Resources Pte Ltd. and
used as received. Electrolytes were purchased from Zhangjiagang Guotai-Huarong New
Chemical Materials Co., Ltd. Battery capacities and C-rates were calculated based on the
mass of active material in the cathode.

Material synthesis
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Synthesis of BrHATN Cyclohexaneketone octahydrate (0.193 g, 0.6 mmol) and 4-
bromobenzene-1,2-diamine (0.336 g, 1.8 mmol) were charged in a 20 mL two-necked flask
under argon. AcOH (10 mL) was slowly added. The reaction mixture was refluxed overnight.
The solid precipitate was collected by centrifugation, and further washed with water, ethanol
and acetone to give the BrHATN with near quantitative yield. BrHATN: 'H NMR (CDCl;):
5=8.87 (3H, Ar-H), 8.53 (3H, Ar-H), 8.13 (3H, Ar-H). 3C NMR (CDCl;): 6= 143.9, 142.3,
136.4, 132.8, 131.7, 127.5. MS-(m/z): 617.

Synthesis of NSHATN BrHATN (0.103 g, 0.17 mmol) and Li,S (18 mg 0.25 mmol) were
added in a 20 mL two-necked flask with deoxygenated NMP (5 mL) under argon. The
mixture was heated at 160 °C for 12 hours under stirring under nitrogen atmosphere. The
flask was subsequently cooled to room temperature and water was added. The solid
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precipitate was collected by centrifugation. The resultant dark solid underwent further Soxhlet
extraction with methanol, and was dried at 60 °C under vacuum for 12 h to give NSHATN in
quantitative yield.

Characterization Solid-'3C NMR experiments were conducted in a Bruker Advance 400
(DRX400) with CP/MAS. N, sorption analysis was performed on a Micromeritics ASAP
2020 (77 and 273 K, respectively). The SEM experiment was conducted using a field
emission SEM (JEOL JSM-7400F) operated at an accelerating voltage of 5 keV. Thermal
gravimetric analysis (TGA) was performed on a Perkin-Elmer Pyris-1 thermogravimetric
analyzer. Powder X-ray diffraction (PXRD) experiments were conducted on a Bruker D8
advance. XPS data were taken on Kratos Axis Ultra DLD (Kratos Analytical Ltd., UK), the
data were converted into VAMAS file format and imported into CasaXPS software package,
calibrated by the C 1s signal (284.8 eV) and further processed. Cyclic voltammograms (CVs)
were taken using a CHI 760C electrochemical workstation (CH Instruments, Inc.). The battery
testing system (CT2001A, Wuhan LAND electronics Co., Ltd) was used to evaluate the
electrochemical performance. The UV experiment was conducted in a SHIMADZU UV-3600,
and the band gap was calculated using E;=h ¢ / A.

Coin Cell Assembly The synthesized polymer materials were evaluated as cathode material
for lithium batteries. Cathodes were prepared by mixing active material with graphene oxide
(sheet, from Strem Chemicals, made by the Staudenmaier method) and polyvinylidene
fluoride (PVDF) as a binder (ratio of 5:4:1 in weight). These materials were mixed with NMP
(N-methyl-2-pyrrolidone) solvent, and the thus-obtained paste was coated on aluminum foil
using a coater. NMP was then removed under vacuum at 80 °C for 12 h. Hermetically sealed
two-electrode cells (CR2032) were used for electro-chemical experiments. The cathode was
separated from the lithium anode by a polyethylene porous film (Celgard) wetted with an
equimolar LiCF;SO3/G4 (tetraglyme) salt. The three layers were pressed between two current
collectors, one in contact with the cathodic material and the other in contact with the lithium
disk. All cells were assembled in an argon-filled glovebox. The cathode had a diameter of
12.7 mm and an active material loading of ~0.4 mg/cm?. The capacity contributions of GO
was around 25 mA h/g, as found from tests using a control under current conditions at 50
mA/g (Figure S9).

Density Functional Theory (DFT) calculation The DFT calculation was performed by
using the B3PWO91functional and the 6-31G (d) basis set as implemented in Gaussian 09
program package. Vibrational frequency calculations, from which the zero-point energies
were derived, were performed for each optimized structure at the same level to identify the
natures of all stationary points.
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Fig. S1 The reduction potentials and the LUMO and HOMO energy levels and gaps of
NSHATN, HATNPF12! and HATNPF 12!,
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Fig. S2 Solid *C NMR spectrum of NSHATN.
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Fig. S3 13C NMR spectrum of HATN.
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Fig. S4 XPS spectra (N 1s) of HATN and NSHATN.
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Fig. S5 SEM image and EDX mapping profile of C, S, N and Br elements of NSHATN.
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Fig. S6 SEM-EDX analyzer results of C, S, N and Br elements of NSHATN.
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Fig. S7 Stability of NSHATN under N, gas by TGA
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Fig. S8 XRD results of NSHATN.
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Fig. S9 The GO blank experiment (GO: PVDF = 5:1, current = 50 mA/g)
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Fig. S10 SEM image of NSHATN and GO composite.
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Fig. S11 the Nyquist plots,(a) NSHATN, (b) single bond-linked HATN porous materials, (c)
methylene-linked HATN porous materials.
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Fig. S12 Cycling performance at 8 A/g with NSHATN content of 50%.
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Fig. S13 The FT-IR spectra of the NSHATN materials before and after cycling.
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Fig. S14 Cycling performance of NSHATN/HATN at 0.5 A g-1: (a) NSHATN/GO; (b)
HATN/GO.
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Fig. S15 Cycling performances at 0.05 A/g and 0.5 A/g with NSHATN content of 60%.
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Figure S16 The UV-vis absorption spectra of the NSHATN and HATN.

Table S1 A comparison of HATN based electrodes.

Materials Ratio®  Electrolyte Capacity ( mAh/g) (cycles, %o°) Ref
183-152 at 0.5 A/g (1500, 0.11)

NSHATN 5:4:1 LiTFSI-DOL/DME  122-106 at 4 A/g (1000, 0.13) This work
98-93 at 8 A/g (1500, 0.03)

HATNPF1 4:5:1 LiTFSI-DOL/DME 180-105 at 0.5 A/g (1500, 0.28) 19

HATN/GO 5:4:1 LiPF¢/EC+DMC 152-122 at 0.5 A/g (1500, 0.13) 21

‘HATN/RGO  3:6:1  LiTFSI-DOL/DME 318-263 at 0.8 A/g (1000, 0.17) 18
215-147 at 8 A/g (10000, 0.03)

Poly-HATN 6:3:2 LiPF¢/EC+DMC 147-95 at 0.1 A/g (50) 20

HATN 5:4:1 Solid electrolyte 250-190 at 0.2C and 323 K (30) 17

aRatio = active material : conductive material : binder. ® Capacity decrease rate. Voltage range: 1.5~4 V, ¢1.2~4.0V.

Computational Details

The calculations were carried out by performing DFT by use of the B3PW91functional with
the 6-31G (d) basis set as implemented in Gaussian 09 program package. Vibrational
frequency calculations, from which the zero-point energies were derived, have been
performed for each optimized structure at the same level to identify the natures of all the

stationary points.

Cartesian coordinates for the optimized geometry
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