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Methods
[bookmark: _Hlk213251644]
1. Synthetic procedures

a. General synthetic methods and materials
All reagents and solvents were used without further purification, unless otherwise stated. Anhydrous benzene, ethyl acetate, and hexane were purchased from Fujifilm Wako Pure Chemical Corporation. Potassium tert-butoxide, 1M HCl solution in Et2O, NaBH4, and p-xylene were purchased from Tokyo Chemical Industry Co., Ltd. EtOH, CH₂Cl₂, Et₂O, and sodium sulfate were purchased from Nacalai Tesque, Inc. 1-(Dichloromethyl)-4-fluorobenzene was purchased from BLD Pharmatech Ltd. CDCl₃ was purchased from Eurisotop. 1,2-Bis(4-fluorophenyl)ethyne,[S1] tetrakis(4-fluorophenyl)cyclopentadienone[S2] and heptaphenylcyclo-heptatriene[S3] (1) were prepared according to literature procedures. Silica gel column chromatography and thin-layer (TLC) chromatography were performed using CHROMATOREX PSQ 100B and Merck silica gel 60 (F254) TLC plates, respectively. 1H and 13C NMR spectra were recorded on a JEOL JNM-ECX400P (400 MHz for 1H; 151 MHz for 13C and 19F-NMR spectra were recorded on a JEOL JNM-ECX500 (470 MHz) at a constant temperature of 293 K unless otherwise specified. Tetramethylsilane (TMS) was used as an internal reference for 1H and 13C NMR measurements in CDCl₃. A residual solvent peak was used as an internal reference for 1H NMR measurements in CDCl₃. Chemical shifts (δ) are reported in ppm. Coupling constants (J) are given in Hz and the following abbreviations have been used to describe the signals: singlet (s); broad singlet (br. s); doublet (d); triplet (t); doublet of doublet (dd); multiplet (m). EI mass spectrometry was performed using JEOL JMS-700. MALDI-TOF mass spectrometry was performed using JEOL JMS-S300 spectrometer. Elemental analysis was conducted using Perkin-Elmer 2400 II CHNS/O. High-resolution mass spectrometry was conducted using JEOL JMS S-3000 MALDI-TOF MS spectrometer. 

b. Tris(4-fluorophenyl)cyclopropenylium hydrogen dichloride


[bookmark: _Hlk228287628][bookmark: _Hlk228286626]Anhydrous benzene (15.5 mL) was added to 1,2-bis(4-fluorophenyl)ethyne[S1] (1.71 g, 8.00 mmol) and potassium tert-butoxide (2.10 g, 18.7 mmol) in an dried up two-necked 50 mL round-bottomed flask fitted with a reflux condenser and a septum under a nitrogen atmosphere. 1-(dichloromethyl)-4-fluorobenzene (1.6 mL, 11.9 mmol) was added dropwise over a period of 5 min and the reaction mixture was then heated to reflux for 3h. After cooling, water (26 mL) was added to dissolve the inorganic salts. The layers were separated and the aqueous layer extracted with Et2O (2 x 30 mL). The combined organic extracts were dried over Na2SO4, filtered, and the solvent was evaporated to give a brown residue. The residue was dissolved in CH2Cl2 (6 mL), cooled in an ice-water bath, and ca. 1M HCl solution in Et2O (35 mL) was added. The precipitate was collected by filtration, and the solid was washed with a minimum amount of Et2O and dried under vacuum to yield a cream-colored powder (2.05 g, 5.19 mmol, 65%). The product was used in the next step without further purification.

1H-NMR (400 MHz, CD3CN): δ 8.61 (dd, J = 8.2, 5.5 Hz, 6H), 7.63 (dd, J = 8.7, 8.2 Hz, 6H). 
HR-MS (EI, positive): m/z calculated for [C21H12F3]+ 321.0886; 321.0893 (found).

c. Tris(4-fluorophenyl)cyclopropene


In a 200 mL round-bottomed flask in an ice-water bath, NaBH4 (0.683 g, 18.1 mmol) was added to a solution of tris(4-fluorophenyl)cyclopropenylium hydrogen dichloride (1.78 g, 4.49 mmol) in EtOH (40 mL). The mixture was allowed to stir overnight at room temperature. The reaction was quenched with water (60 mL) then extracted with Et2O for three times (200 mL in all). The combined organic extracts were washed with water (50 mL), then brine (50 mL), and dried over Na2SO4. The solvent was evaporated, and the residue was purified by silica gel column chromatography (CH2Cl2: hexane = 3: 2) to yield a white solid (1.17 g, 3.63 mmol, 81%).

1H-NMR (400 MHz, CDCl3): δ 7.61 (ddd, J = 8.7, 5.5, 2.8 Hz, 4H), 7.13 (t, J = 8.7 Hz, 6H), 6.92 (t, J = 8.7 Hz, 2H), 3.21 (s, 1H).
19F-NMR (470 MHz, CDCl3): δ −114.1 (tt, J = 8.5, 5.3 Hz, 2F), -121.2 (tt, J = 8.8, 5.4 Hz, 1F).
13C-NMR (151 MHz, CDCl3): δ 163.0 (d, |J| = 250 Hz), 161.5 (d, |J| = 243 Hz), 139.6 (d, |J| = 2.9 Hz), 131.7 (d, |J| = 8.8 Hz), 127.0 (d, |J| = 7.2 Hz), 124.7 (d, |J| = 2.9 Hz), 116.2 (d, |J| = 21.7 Hz), 115.2 (d, |J| = 20.2 Hz), 111.1, 23.8.
Elemental analysis calcd for C21H13F3: C 78.25, H 4.07, N 0.00, found: C 78.27, H 3.90, N 0.03.
HR-MS (EI, positive): m/z calculated for [C21H13F3]+ 322.0964; 322.0962 (found).



d. Hepta(4-fluorophenyl)cycloheptatriene (4)


In a Schlenk tube, tris(4-fluorophenyl)cyclopropene (322 mg, 1.00 mmol) and tetrakis(4-fluorophenyl)cyclopentadienone[S2] (456 mg, 1.00 mmol) were dissolved in p-xylene (3 mL) under an argon atmosphere, and stirred at 140 ℃ for 40 h. The reaction mixture was purified by silica gel column chromatography (AcOEt: hexane = 1: 9). The desired compound was recrystallized from AcOEt-hexane to give a white solid (591 mg, 0.787 mmol, 79%).

1H-NMR (400 MHz, acetone-d6): δ 8.09 (dd, J = 7.5, 5.3 Hz, 2H), 7.35-7.20 (m, 10H), 6.83 (t, J = 8.9 Hz, 8H), 6.48-6.38 (m, 8H), 5.32 (s, 1H). 
19F-NMR (470 MHz, CDCl3): δ −117.3 (tt, J = 8.5, 5.3 Hz, 2F), −118.3 (tt, J = 8.5, 5.7 Hz, 2F), −118.6 (m, 1F), −119.5 (tt, J = 8.6, 5.5 Hz, 2F).
13C-NMR (151 MHz, acetone-d6): δ 163.0 (d, |J| = 243 Hz), 162.2 (d, |J| = 243 Hz), 162.1 (d, |J| = 246 Hz), 161.4 (d, |J| = 243 Hz), 143.7, 140.3, 139.2, 137.5 (d, |J| = 2.9 Hz), 137.3 (d, |J| = 3.0 Hz), 137.1, 134.4 (d, |J| = 8.6 Hz), 133.8 (d, |J| = 7.2 Hz), 132.7 (d, |J| = 8.8 Hz), 129.4 (d, |J| = 7.2 Hz), 116.1 (d, |J| = 20.2 Hz), 115.4 (d, |J| = 21.7 Hz), 115.0 (d, |J| = 21.7 Hz), 113.9 (d, |J| = 20.2 Hz), 57.9.
Elemental analysis calcd for C49H29F7: C 78.39, H 3.89, N 0.00, found: C 78.43, H 4.07, N 0.09.
HR-MS (MALDI-TOF-MS, positive): m/z calculated for [C49H29F7]+ 750.21520; 750.21535 (found).


2. NMR and Mass spectra
a. Tris(4-fluorophenyl)cyclopropenylium hydrogen dichloride 

[image: ][image: ]
Figure S1. 1H-NMR spectrum (400 MHz, CD3CN) of tris(4-fluorophenyl)cyclopropenylium hydrogen dichloride.
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Figure S2. EI mass spectrum (positive mode) of tris(4-fluorophenyl)cyclopropenylium hydrogen dichloride. 
b. Tris(4-fluorophenyl)cyclopropene
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Figure S3. 1H-NMR spectrum (400 MHz, CDCl3) of tris(4-fluorophenyl)cyclopropene.
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Figure S4. 13C-NMR spectrum (151 MHz, CDCl3) of tris(4-fluorophenyl)cyclopropene.
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Figure S5. 19F-NMR spectrum (470 MHz, CDCl3) of tris(4-fluorophenyl)cyclopropene. 
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Figure S6. EI mass spectrum (positive mode) of tris(4-fluorophenyl)cyclopropene. 

c. Hepta(4-fluorophenyl)cycloheptatriene (4) 
[image: ][image: ]
Figure S7. 1H-NMR spectrum (400 MHz, acetone-d6) of hepta(4-fluorophenyl)cycloheptatriene.
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Figure S8. 13C-NMR spectrum (151 MHz, acetone-d6) of hepta(4-fluorophenyl)cycloheptatriene.

[image: ][image: ]
Figure S9. 19F-NMR spectrum (470 MHz, CDCl3) of hepta(4-fluorophenyl)cycloheptatriene.
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Figure S10. HR-MALDI-TOF mass spectrum of hepta(4-fluorophenyl)cycloheptatriene (positive mode), full spectrum (bottom) and isotopic pattern of the molecular peak. 


3. STM experiments
A homemade low-temperature scanning tunneling microscope (STM)/atomic force microscopy system equipped with a specially designed UNISOKU microscope head was used, operating at 4.5 K under ultrahigh vacuum conditions (P < 3×10-10 mbar). The Au(111) substrates were cleaned through multiple cycles of sputtering with Ar+ ions and annealing at 500 °C for 15 minutes. The sample temperature was monitored using a thermocouple. Heptaphenylcycloheptatriene (1) and hepta(p-fluorophenyl)cycloheptatriene (4) as precursors were deposited on clean Au(111) surfaces. Knudsen cells were used to evaporate precursor molecules. The sublimation temperatures of 1 and 4 were 160 °C and 150 °C, respectively.  STM images were obtained with a chemically etched tungsten tip. Bond-resolved STM (BR-STM) images were conducted using a CO-functionalized tip in constant-height mode. 

[image: ]
Figure S11. Large-scale STM topography of as-deposited heptaphenylcycloheptatriene (1) with a narrow Z scale contrast. The herringbone structure of the Au(111) substrate can be seen on the molecular file as indicated by blue lines. Scanning parameter: V = 0.2 V and I = 5 pA. 
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Figure S12. Defect of hexabenzocoronene (HBC, 3). (A) Large-scale constant-height bond-resolved image, showing individual HBCs and fused HBCs. (B) Dimerized HBC. (C) HBC with an additional benzene ring. (D-F) Randomly fused HBC and defected HBCs. Scanning parameter: (A) V = 10 mV. (B) V = 10 mV. (C) V = 4 mV. (D) V = 5 mV. (E) V = 10 mV. (F) V = 10 mV.


[image: ]
Figure S13. (A) Close-up view of Figure 2D to clarify the tilt direction of the phenyl units, and (B) the corresponding image with superimposed arrows. The green and blue arrows indicate the clockwise and anticlockwise directions of the title, respectively.
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Figure S14. Defects of 6F-HBCs. (A) 6F-HBC with an additional benzene ring. (B) One phenyl ring was eliminated before the cyclodehydrogenation. Scanning parameter: (A, B) V = 5 mV.
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Figure S15. Bond-resolved image of the self-assembled 6F-HBCs. The defects (five on this image) were indicated by blue arrows. Scanning parameter: V = 5 mV. Number of image pixels: 2048 × 2048.
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Figure S16. (A) Large-scale STM topography of HBC and 6F-HBC synthesized by co-deposition of precursors 1 and 4 on a Au(111) surface kept at 300 °C. (B-D) Bond-resolved images taken at the areas indicated by blue (B), red (C) and green (D) squares in A. Scanning parameter: (A) V = 100 mV and I = 50 pA. (B,C,D) V = 5 mV. 
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Figure S17. Energy levels and electron density distributions of the frontier orbitals of HBC and 6F-HBC. The theoretical calculations were performed at the B3LYP/6-311+G(d,p) level of theory with the Gaussian 16[S4] package.
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Figure S18. Chemical structures (top) and their electrostatic potential surfaces (bottom) of HBC and 6F-HBC (Isovalue for density: 0.001).
[image: ]
Figure S19. Hydrodefluorination of 6F-HBC. (A) Bond-resolved image taken around the edge of the self-assembled molecular film. (B) Superimposed chemical structure, indicating the hydrodefluorination sites by blue arrows. The C-F bond points towards the H-C bond of the neighboring 6F-HBC, indicating that the self-assembled structure is condensed by the hydrogen bonding. Scanning parameter: V = 4 mV.

Table S1. Cartesian coordinates (Å) of HBC at the B3LYP/6-311+G(d,p) level of theory. The calculated structure shows a small remaining imaginary frequency (f = −3.80 cm−1).
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Table S2. Cartesian coordinates (Å) of 6F-HBC at the B3LYP/6-311+G(d,p) level of theory.
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