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Experimental Section

Material characterizations. 'H nuclear magnetic resonance (NMR) and '3C NMR
spectra were collected using a Bruker DRX400 spectrometer operating at 400 MHz at
298 K. High resolution mass spectra (HRMS) were performed using a Bruker solanX 70
FT-MS. Thermal gravimetric analysis (TGA) measurements were performed on a
Discovery TGA under air and argon at a heating rate of 10 °C/min. The single-crystal X-
ray diffraction (XRD) was performed on a Bruker smart Apex. The powder X-ray
diffraction (PXRD) was measured on an Ultima IV Powder X-ray diffractometer. The
scanning electron microscopy (SEM) images were collected using a JSM-6380LV. The
transmission electron microscopy (TEM) images were collected using a TALOS F200S.
The Fourier-transform infrared (FT-IR) spectra were measured with Nicoletis50. The
Raman spectra were measured with LABRAM. The X-ray photoelectron spectroscopy
(XPS) was performed using a Thermo Scientific K-lpha. The in-situ FTIR was measured

with Nicolet 6700. The in-situ Raman was measured with LabRAM HR Evolution.

Preparation of electrodes and electrochemical test. The working electrodes
were prepared by c-HBC-80@G or c-OBCB-80@G samples (80 wt%) with Super P (10
wt%) and poly(vinylidene fluoride) (PVDF) (10 wt%) in N-methyl-2-pyrrolidone (NMP)
to form a homogenous slurry. Then, they were casted onto a Cu film with an areal
active material loading of 1 mg cm™. After drying at 100 °C for 12 hours in a vacuum
oven, the electrodes were cut into disks with dimeters of 12 mm. CR2032-type coin
cells were assembled in an Ar-filled glove box with Celgard 2400 membrane as
separator and lithium chips as counter/reference electrodes. The electrolyte used at
25 °C was 1.0 M LiPF¢ in ethylene carbonate (EC) and dimethyl carbonate (DMC)
mixture (1: 1 in volume) with 5% FEC. The electrolyte at -20 °C was 1.0 M LiTFSI in DOL
and DME mixture (1: 1 in volume) with 1% LiNOs. The c-HBC-80@G anodes was first
pre-cycled to form the SEl in advance before the full cell was prepared. The

negative/positive electrode capacity ratio of the full cell was 1.1. The full cell was

1



cycled between 1.1V and 3.8 V. Galvanostatic tests were performed by Wuhan Land
Test System (CT3002A, LAND) at various current densities with voltage cutoff of 0.01-
3.00 V. Besides, cycling test at 5 A g'* of ¢c-HBC-80@G and ¢c-OBCB-80@G electrodes
were first activated at the current density of 125 mA g for 20 cycles. The electrodes
for in situ FT-IR test and in situ Raman test were consisted of 90 wt% c-HBC-80 and 10
wt% PVDF binder. Cyclic voltammetry (CV) and electrochemical impedance

spectroscopy (EIS) were conducted by BioLogic (VSP-300).

Computational Details. The theoretical calculations were performed via the
Gaussian 16 suite! of programs. Geometry optimization of the molecules were
performed by the B3LYP functional and 6-31G(d) basis set?. The free energy of the
molecules and these molecules with Li atoms were estimated at B3LYP /6-311+G(d, p)
level of theory. The vibrational frequencies of the optimized structures were carried
out at B3LYP / 6-311+G(d, p) level. Computed structures were illustrated using
CYLView3. The Visual Molecular Dynamics (VMD)* program was used to plot the color-

filled isosurfaces graphs to visualize the ESP of c-HBC-80 with Li atoms.

Synthesis of c-HBC-80 and c-OBCB-80
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Figure S1. Synthetic routes of c-HBC-80 and c-OBCB-80.
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Compound 1 and compound 2 were synthesized according to the reported
procedure> ©, Other reagents were obtained from commercial suppliers such as
Adamas’ and Aladdin Reagent Inc. without further purification.

Synthesis  of  octamethoxy  uncyclized @ HBC  (u-HBC-8-OMe):6,13-
bis(dibromomethylene)-6,13-dihydropentacene (compound 1) (1 g, 1.61 mmol), (3,4-
dimethoxyphenyl) boronic acid (1.76 g, 9.68 mmol), Na,COs (1.37 g, 12.90 mmol) and
Pd (PPhs3)s (11.32 mg, 0.016 mmol) were accurately weighed into a 50 mL Shrek flask,
toluene (20 mL), CH3OH (5 mL) and H,0 (5 mL) were added, and the reaction was
heated to 90 °C for 24 hours in a nitrogen environment. After the reaction was over,
it was cooled to room temperature and distilled at reduced pressure to remove
organic solvent. The residue was extracted with dichloromethane for three times, and
the organic phase was combined. The organic phase was dried with anhydrous sodium
sulfate, and the solvent was removed by vacuum distillation. u-HBC-8-OMe was
isolated via column chromatography using dichloromethane: petroleum ether = 4: 1
as the eluent to yield a white solid 1.1 g (yield 81%). 'H NMR (400 MHz, Chloroform-
d) 6=7.64 (s, 4H), 7.42 (dd, J = 6.2, 3.3 Hz, 4H), 7.24 (dd, J = 6.2, 3.2 Hz, 4H), 6.97 (d, J
= 7.3 Hz, 4H), 6.74 (d, J = 8.3 Hz, 4H), 3.83 (s, 12H), 3.63 (s, 12H). 13C NMR (100 MHz,
Chloroform-d) 6=148.42, 147.95, 139.63, 136.37, 135.14, 134.76, 131.46, 127.70,
126.70, 125.68, 122.65, 113.97, 110.79, 77.37, 77.06, 76.74, 56.03, 55.82. HRMS
(APCI) calculated m/z for [CsgHagOs + H]*: 849.3421, found: 849.3423.

Synthesis of octamethoxy contorted HBC (c-HBC-80Me): u-HBC-8-OMe (500 mg,
0.59 mmol) was weighed and dissolved in anhydrous toluene (250 mL), then iodine
(717.49 mg, 2.83 mmol) and epoxy-propane (5 mL) were added. After purging with
nitrogen for 30 min, the solution was subjected to a medium pressure mercury UV
lamp for 12 h in nitrogen environment. A large amount of yellow solid was produced
after 12 h, and the solvent was removed by vacuum pumping. Filtration and washing
with small amounts of methanol and hexanes to obtain a yellow solid, 455.4 mg (yield

92%). 'H NMR (400 MHz, Chloroform-d) =9.34 (dd, J = 6.3, 3.4 Hz, 4H), 8.75 (d, J =
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10.5 Hz, 8H), 7.81 (dd, J = 6.4, 3.3 Hz, 4H), 4.27 — 4.16 (m, 24H). 13C NMR (100 MHz,
Chloroform-d) 6=148.61, 148.43, 129.75, 128.14, 126.01, 125.26, 125.05, 124.87,
124.25, 120.98, 119.98, 109.75, 108.69, 77.36, 77.04, 76.73, 56.21, 56.16. HRMS
(APCI) calculated m/z for [CsgHaoOs + H]*: 841.2796, found: 847.2791.

Synthesis of octahydroxy contorted HBC (c-HBC-80H): A mixture of c-HBC-80Me
(1g,1.19 mmol) and DCM (100 mL) was cooled to 0 °C. BBr3 (5.96 g, 23.78 mol) was
then added dropwise, and the mixture was refluxed for 2 h. Excess boron tribromide
was quenched by the slow addition of ice water. The mixture was filtered to yield a
green solid, 0.77 g (yield 89%). *H NMR (400 MHz, DMSO-ds) §=9.97 (s, 4H), 9.87 (s,
4H), 9.19 (dd, J = 6.3, 3.5 Hz, 4H), 8.57 (d, J = 9.9 Hz, 8H), 7.84 (dd, J = 6.4, 3.3 Hz, 4H).
13C NMR (100 MHz, DMSO-ds) 6=146.86, 146.71, 146.47, 129.31, 128.41, 126.39,
124.81, 124.55, 124.50, 123.07, 120.06, 118.13, 113.06, 112.84, 56.51, 56.01, 40.63,
40.58, 40.42, 40.37, 40.17, 39.95, 39.75, 39.54, 39.33, 19.04. HRMS (APCI) calculated
m/z for [CagH240s + H]*: 729.1544, found: 729.1535.

Synthesis of contorted HBC octa-ketone (c-HBC-80). c-HBC-80OH (0.5 g) was
weighed in a quartz boat and was heated to 150 °C in air for 15 h. After the reaction,
dichloromethane, methanol and tetrahydrofuran were used to wash the solid material
through a Soxhlet extractor to obtain c-HBC-80, 0.41 g (yield 82%). HRMS (APCI)
calculated m/z for [CagH160s + H]*: 721.0918, found: 721.0396.

Synthesis of octamethoxy uncyclized OBCB (u-OBCB-8-OMe): compound 2 (1 g,
1.12 mmol), (3,4-dimethoxyphenyl) boronic acid (0.97 g, 5.36 mmol), Na,COs3 (0.95 g,
8.93 mmol) and Pd (PPhs)s (78.31 mg, 0.011 mmol) were accurately weighed into a 50
mL Shrek flask, toluene (30 mL), CH3OH (6 mL) and H;0 (6 mL) were added, and the
reaction was heated to 90 °C for 24 hours in a nitrogen environment. After the
reaction was over, it was cooled to room temperature and distilled at reduced
pressure to remove organic solvent. Dichloromethane was used to extract the organic
phase for three times, and the organic phase was combined. The organic phase was

dried with anhydrous sodium sulfate, and the solvent was removed by vacuum
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distillation. u-OBCB-8-OMe was isolated via column chromatography as a white solid,
0.81 g (yield 64%). 'H NMR (400 MHz, DMSO-ds) 6=7.88 (s, 4H), 7.67 (s, 4H), 7.63 (d, J
= 8.2 Hz, 4H), 7.45 (d, ) = 2.0 Hz, 4H), 7.40 (t, ) = 7.5 Hz, 4H), 7.34 - 7.22 (m, 12H), 7.10
(d, J = 8.3 Hz, 4H), 3.84 (s, 24H). 3C NMR (100 MHz, Chloroform-d) 6=148.94, 148.91,
148.28, 148.23, 140.03, 136.93, 136.91, 135.47, 135.16, 135.14, 133.51, 131.87,
131.17, 127.86, 127.67, 127.46, 126.79, 125.88, 125.83, 122.69, 122.66, 113.74,
113.62, 111.09, 111.03, 77.35, 77.03, 76.71, 56.44, 56.42, 55.94, 1.03. HRMS (APCI)
calculated m/z for [C7sHe0Os + H]*: 1125.4361, found: 1125.4365.

Synthesis of octamethoxy contorted OBCB (c-OBCB-80Me): u-OBCB-8-OMe (500
mg, 0.44 mmol) was weighed and dissolved in 250 mL of anhydrous toluene, then
iodine (789.40 mg, 3.11 mmol) and epoxy-propane (5 mL) were added. After purging
with nitrogen for 30 min, the solution was subjected to a medium pressure mercury
UV lamp for 12 h in nitrogen environment. A large amount of yellow solid was
produced after 12 h light, and the solvent was removed by vacuum pumping. Filtration
and washing small amounts of methanol hexanes to obtain a red solid, 310 mg (yield
63%). 'H NMR (400 MHz, Chloroform-d) 6=9.39 (d, J = 8.3 Hz, 4H), 9.19 (d, J = 8.4 Hz,
4H), 8.99 (d, J =22.2 Hz, 8H), 7.77 (t, ) = 7.6 Hz, 4H), 7.57 (t, ) = 7.6 Hz, 4H), 4.32 (d, ) =
24.5 Hz, 24H). 3C NMR (100 MHz, Chloroform-d) 6=148.85, 148.70, 131.47, 130.65,
128.43, 128.08, 126.20, 125.39, 125.36, 125.18, 125.13, 123.56, 123.30, 121.00,
120.82, 120.73, 110.13, 108.89, 77.37, 77.05, 76.73, 56.43, 56.27. HRMS (APCI)
calculated m/z for [C7sHe0Os + H]*: 1113.3422, found: 1113.3420.

Synthesis of octahydroxy contorted OBCB (c-OBCB-8-OH): A mixture of c-OBCB-
80Me (1 g, 1.19 mmol), and DCM (150 mL) was cooled to 0 °C. BBr3(4.5 g (17.97 mol)
was then added dropwise, and the mixture was refluxed for 2 h. Excess boron
tribromide was quenched by the slow addition of ice water. The mixture was filtered
to yield a deep red solid, 0.81 g (yield 90%). *H NMR (400 MHz, DMSO-ds) 6=10.17 (s,
4H), 10.11 (s, 4H), 9.28 (d, J = 8.3 Hz, 4H), 8.95 (d, J = 8.4 Hz, 4H), 8.82 (d, ) = 16.7 Hz,

8H), 7.84 (t, J = 7.7 Hz, 4H), 7.61 (t, J = 7.7 Hz, 4H). 3C NMR (100 MHz, DMSO-ds)
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6=147.25, 147.10, 130.89, 129.94, 128.79, 128.27, 127.14, 125.91, 125.09, 125.03,
124.69, 124.46, 123.12, 122.54, 120.43, 119.48, 118.63, 113.48, 113.02, 40.65, 40.60,
40.44, 40.39, 40.18, 39.97, 39.76, 39.55, 39.35. HRMS (APCI) calculated m/z for
[C78H600s + H]*: 1001.2170, found: 1001.2158.

Synthesis of contorted OBCB octa-ketone (c-OBCB-80): c-OBCB-80H (0.5 g) was
weighed in a quartz boat and was heated to 220 °C in air for 12 h. After the reaction,
dichloromethane, methanol and tetrahydrofuran were used to wash the solid material
through a Soxhlet extractor to obtain c-OBCB-80, 0.44 g (yield 80%). HRMS (APCl)
calculated m/z for [C70H240s + Na]*: 1015.1369, found: 1015.1282.

Synthesis of c-HBC-80@G: c-HBC-80H (0.8 g) was weighed and dissolved it in
DMF (100 mL). Next, graphene (0.2 g) was added to the solution and was dispersed
evenly. After achieving a homogeneous dispersion, the organic solvent was removed
by vacuum distillation to obtain c-HBC-80OH@G. Heating c-HBC-80H@G in air at 150 °C
for 15 hours yielded c-HBC-80@G as the final sample.

Synthesis of c-OBCB-80@G: c-OBCB-80H (0.8 g) was weighed and dissolved in
DMF (100 mL). Next, graphene (0.2 g) was added to the solution and was dispersed
evenly. After achieving a homogeneous dispersion, the organic solvent was removed
by vacuum distillation to obtain c-OBCB-8OH@G. Heating c-OBCB-80H@G in air at

220 °C for 12 hours yielded c-OBCB-80@G as the final sample.



Material characterizations.
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Figure S2. 'H NMR spectrum of u-HBC-8-OMe (400 MHz, CDCls, 298 K).
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Figure S14. TGA plots of (a) c-HBC-80H and (b) c-OBCB-80H with a heating rate of

10 °C min! under air atmosphere.
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Figure S15. FT-IR spectra of c-OBCB-80H and ¢c-OBCB-80.

C1s ¢c-HBC-80OH O1s c-HBC-80OH
Cc-0

Intensity (a.u.)
Intensity (a.u.)

———

202 290 288 286 284 282 540 537 534 531 528
Binding Energy (eV) Binding Energy (eV)

Figure S16. (a) C 1s and (b) O 1s XPS spectra of c-HBC-80H.
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Figure S17. (a) C 1s and (b) O 1s XPS spectra of c-OBCB-8OH.
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Figure S18. (a) C 1s and (b) O 1s XPS spectra of c-OBCB-80.
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mint under argon atmosphere.
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Figure S20. The Raman spectra of the c-HBC-80 and c-OBCB-80.

Figure S21. SEM images of c-OBCB-80.

Figure S22. TEM image of c-OBCB-80.
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Figure $23. Distribution of ESP of c-HBC-80 in different states.
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Figure S24. The charge and discharge curves of the second circle of c-HBC-80 at 50

mAh g1,

Figure $25. SEM image of c-HBC-80@G.
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Figure $26. TEM image of c-HBC-80@G.
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Figure S27. PXRD patterns of c-HBC-80 and ¢c-HBC-80@G.
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Figure $28. Cycling performance of c-HBC-80@G and c-OBCB-80@G at 1 Agtat 25 °C.
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Figure S29 The initial discharge and charge plots of c-HBC-80@G at 1 A g-1
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Figure S30. UV-vis spectra of c-HBC-80 and c-OBCB-80 saturated in EC: DMC= 1:1

mixed solution.
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Figure S31. Cycling performance of graphene.
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Figure $32. Rate performance of graphite anode at 25 °C.
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Figure S33. Comparisons of cycling performances and specific capacities between c-

HBC-80@G and other typical anode materials.

Table S1. Comparisons of the electrochemical performance between ¢c-HBC-80@G

anodes and various other advanced anodes.

Current  Specific
Cycle Temperature
Samples density capacity Ref.
number (°C)
(Ag?)  (mAhg)
c-HBC-80 1 808.0 1000 25 This work
c-HBC-80 5 298.3 3000 25 This work
c-HBC-80 0.2 270 1000 -20 This work
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Figure S$34. Charge and discharge curves of c-HBC-80@G | | LiFePOa full cell at 1 C.

Figure S35. SEM image of the initial c-HBC-80 electrode.
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Figure S37. Cross section SEM images of c-HBC-80@G electrode (a) before and (b)

after rate test.

Figure S38. (a) SEM and (b) TEM images of c-HBC-80@G after 100 cycles at 100 mAh

gl under-20°C.
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Figure $39. SEM image of c-OBCB-80@G.
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Figure S41. Nyquist pots of c-HBC-80 electrodes taken at different charge states.
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Figure S42. Nyquist pots of c-OBCB-80 electrodes taken at different charge states.
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Figure S43. F1s XPS spectra of the SEI of c-HBC-80@G anodes.
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Figure S44. Li 1s XPS spectra of the SEIl of c-HBC-80@G anodes.
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Figure S45. C1s XPS spectra of the SEI of c-HBC-80@G anodes.

O 1s

Intensity (a.u.)

536 534 532 530 528
Binding Energy (eV)

Figure $46. O1s XPS spectra of the SEl of c-HBC-80@G anodes.
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Figure S47. CV curves of c-OBCB-80 electrode at 0.5 mV s,
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Figure S48. Charge and discharge curves of c-HBC-80 at various current densities.
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Figure S49. Electrochemical impedance spectroscopy (ESI) plots of c-HBC-80@G and

c-OBCB-80@G.

d b s

2.5 ¢-HBC-80@G c-OBCB-80@G

” A
- K — 2" AE=0.10 V
2 2.3 AE¢=0.24 V S
Q (] ~
£ 22 g 231
2 = AE=0.24 V
= 01 AE=0.35V =

201 T=10 min t=10 min

T T T T 21 T T T T
396.5k 397.0k 397.5k 398.0k 40k 45k 50k 55k
Time (S) Time (s)

Figure S50. The single titration during GITT measurement of (a) c-HBC-80 and (b) c-

OBCB-80 with representation of different parameters.
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Figure S51. CV profiles of (a) c-HBC-80 and (b) c-OBCB-80 at different scan rates.
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Figure S52. Corresponding relationship between the square root of the scan rate V2

and the peak current jp.
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Figure S53. Capacitive contribution and diffusion currents of (a) c-HBC-80@G and (b)
c-OBCB-80@G at different scan rates.
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