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Experiment section
Materials.

Pyrene,  1,3,5-tris(4,4,5,5-tetramethyl-1,2-dioxaborolan-2-yl)benzene,  sodium
periodate (NalOy), tetrakis(triphenylphosphine)palladium(0), sodium bicarbonate
(NaHCOs;), potassium carbonate (K,COj;), N-bromosuccinimide (NBS),
trifluoroacetic acid (CF;COOH) and 1-Methyl-2-pyrrolidinone (NMP) were
purchased from Aladdin Chemical Reagent Co. Ltd. Ruthenium (III) chloride hydrate
(RuCl5.xH,0) was purchased from J&K Scientific Co. Ltd. N, N-dimethylformamide
(DMF, AR), dichloromethane (CH,Cl,, AR), dimethyl sulfoxide (DMSO, AR),
acetonitrile (CH;CN, AR), tetrahydrofuran (THF, AR), ethanol (AR) and methanol
(AR) were purchased from Tianjin Fuyu Fine Chemical Co. Ltd. Sulfuric acid (H,SO,)
was purchased from Beijing Chemicals Co. Ltd. All the materials were used without
further purification. Water used in our experiments was deionized.

Synthesis of pyrene-4,5,9,10-tetraone (PT)

Pyrene-4,5,9,10-tetraone (PT) was synthesized according to the reported
method.S!S2 In brief, pyrene (10 mmol, 2.02 g) was first dissolved in a mixture of 40
mL CH,Cl, and 40 mL CH;CN. Then, NalO,4 (82 mmol, 17.5 g), 50 mL H,0 and
RuCl;xH,0 (0.12 mmol, 0.25 g) were successively added to the mixture. The reaction
mixture was stirred at 35-40 °C overnight. After reaction, the obtained mixture was
poured into 500 mL deionized H,O and then extracted by CH,Cl,, saturated NaHCO3
solution and deionized H,O, respectively. A dark yellow solid was obtained by
condensing the organic solution, then, the crude product was recrystallized from
DMSO to give 458 mg PT (17.5%, yield). 1H NMR (500 MHz, DMSO-d¢, ppm):
8.32 (d, 2H), 7.74 (t, 1H). FT-IR (KBr, cm): 1673, 1561, 1443, 1341, 1281, 1054,

1030, 911, 821, 708. UV-Vis (DMF, nm): 267, 293, 373.
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Scheme S1. Synthesize route of PT.
Synthesis of 2,7-dibromopyrene-4,5,9,10-tetraone (PT-2Br)

PT-2Br was synthesized according to the previous work.S!S3 Briefly, the
recrystallized PT (1 mM, 262 mg) was dissolved in a mixture of 2 mL CF;COOH and
5 mL H,SOy, then 1 mL H,SO, solution with NBS (3 mM, 534 mg) was added into
the obtained mixture drop by drop. Then, the mixture was kept at 40 °C for 2 days
with stirring. After reaction, the product was poured into 20 mL H,0O and stirred for
another 1 h. Finally, the crude product was collected by filtration and washed with
saturated NaHCOj3; and H,O until the filtrate reaches neutral. After recrystallized from
DMSO, 240 mg yellow PT-2Br was obtained (58%, yield). IH NMR (500 MHz,
DMSO-d6, ppm): 8.36 (s). FT-IR (KBr, cm): 1679, 1548, 1274, 1087, 1030, 900,
721. UV-Vis (DMF, nm): 271, 381.
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Scheme S2. Synthesize routes of PT-2Br.
Material Characterization.

Scanning electron micrograph (SEM) was performed by JEM-6701F (JEOL Ltd.).
Powder X-ray diffraction (XRD) measurements were tested on Bruker D8 Focus
Powder X-ray diffractometer using Cu Ko radiation (40 kV, 20 mA). Fourier

transform infrared (FT-IR) spectra were determined by PerkinElmer Frontier
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equipment using the KBr pellet technique and Raman spectra were collected with a
Renishaw 2000 model confocal microscopy Raman spectrometer. 'H NMR spectra
were recorded in DMSO-dys on Bruker AV-500 ('"H 500 MHz). Thermal gravimetric
(TG) analysis were carried out on TA SDT 2960 simultaneous thermal analyzer
between 45 and 1000 °C at a heating rate of 10 °C min! under N,.
Theory Calculation

All the calculations were performed with the Gaussian 09 package. The geometrical
structures of the ground states were optimized at B3LYP/6-31 G(d) level in gas phase
by the Density functional theory (DFT).5455 All calculated results of MESP were
performed with Multiwfn 3.3.9 programs and the cubman utility provided by the
Gaussian 09 program package.S¢ All visualization of MESP plots are carried out by

Visual Molecule Dynamics (VMD) software.S’
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Figure S1. XRD spectra of PT and PT-BTA.
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Figure S2. SEM images of (a) PT and (b) PT-BTA.
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Figure S3. CV curves of PT at 0.1 mV s
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Figure S4. GDC profiles of PT at 0.05 A g™'.
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Figure SS. GDC profiles of PT-BTA at different current densities.
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Figure S6. Ragone plots of PT and PT-BTA.
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Figure S7. Nyquist plots of pristine PT-BTA cathode and after 1, 5, 10, 50 and 100

cycles.
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Table S1. Summary of the electrochemical properties for organic electrode materials.

Rate
Initial capacity
Discharge
Electrode Discharge @ (mAhg™)
Composition Electrolytes Voltage (V
Materials Capacity current
vs Li/Li*)
(mAh g) density
[mAg1/C]
Active: IM LiPFs in
P(PyDI-T2)S8 MWCNT EC/DEC/DMC / 40.6 7.5/0.2C
=1:1 (v/viv 1:1:1)
1 M LiTFSI in
Active: KB:
NTAQS? DOL/DME 2.25 130 62.4/5C
PVDF=6:3:1
(v/v 1:1)
1 M LiTFSI in
Active: SP:
2D-PI@CNTS!0 DOL/DME 2.4 104.4 94/2A ¢!
Alg-Na= 8:1:1
(v/v 1:1)
1 M LiTFSI in
Active: MWCNT
IEP-11-E128!! DME/DOL 22V 104 23/5C
: PVDF=5:4:1
(1:1 v/v)
1 M LiTFSI in
Active: CNTs 120.6/1
PPTCS3 DOL/DME 2.58 146.3
=1:2 Agl
(v/v 1:1)
IM LiPFg in
Active: AB:
PTCDASS!? EC/DMC 2.4 120-130 /
PTFE=80:15:5
(v/vl:l)
IM LiPFg in
Active: KB: 133.5/0.5
NOPS3 EC/DMC 2.52/2.48 175.4
PVDF = 6:3:1 Ag!
(v/vl:l)
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Table S2. MESP value of different atoms in PT-BTA calculated by DFT.

Molecular structure of PT-BTA

Atom All Positive Negative Atom All Positive Negative
-17.826 25.978 -43.804 31.894 31.894
1 20 NaN
32 11 43 72 72
-17.832 25.973 -43.806 31.881 31.881
2 21 NaN
44 88 32 99 99
27.708 27.708 31.889 31.889
3 NaN 22 NaN
68 68 48 48
27.708 27.708 31.874 31.874
4 NaN 23 NaN
19 19 00 00
31.893 31.893 9.404 9.404
5 NaN 24 NaN
05 05 28 28
31.891 31.891 -34.368 9414 -43.782
6 NaN 25
73 73 54 30 84
31.902 31.902 -13.365 30.419 -43.785
7 NaN 26
86 86 73 42 15
31.887 31.887 30.419 30.419
8 NaN 27 NaN
86 86 95 95
25.966 25.966 16.416 16.416
9 NaN 28 NaN
31 31 28 28
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NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

NaN

29

30

31

32

33

34

35

36

37

38

16.423

16

31.886

56

31.884

47

31.887

89

-11.894

61

-29.075

59

14.688

19

25.985

80

25.985

67

27.706

56

16.423

16

31.886

56

31.884

47

31.887

&9

31.886

54

14.683

80

14.688

19

25.985

80

25.985

67

27.706

56

NaN

NaN

NaN

NaN

-43.781

15

-43.759

39

NaN

NaN

NaN

NaN

Note: NaN represents no value.
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