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1. Experimental and computational methods

[bookmark: OLE_LINK31]All STM experiments were conducted in a two-chamber UHV system with a base pressure better than 2×10−10 mbar. The single crystal Au(111) was purchased from MaTeck, Germany, with an alignment better than 0.1° with respect to the surface normal. The Au(111) was cleaned with several cycles of Ar+ sputtering and annealing at 800 K. For sample preparation, the TBBFY precursor was evaporated from a Kentax cell at 523 K. Note that the Kentax evaporator was located in a chamber separated from the preparation chamber by a gate valve. STM measurements were obtained at 9.2 K using SPM-INFINITY (Omicron GmbH). STS measurements were conducted at 9.8 K using the same instrument, lock-in amplitude, 20 mV; oscillation frequency, 713.3 Hz; current for dI/dV maps: 1 nA. SRPES experiments were conducted at the Catalysis and Surface Science Endstation of the National Synchrotron Radiation Laboratory, Hefei, China. The SRPE spectra were acquired at an emission angle of 50° with respect to the surface normal. Br 3d and C 1s spectra were collected with photon energies of 180 and 380 eV, respectively. The chosen emission angle and photon energy aim to render the SRPES surface-sensitive.
[bookmark: OLE_LINK6]2,7-Dibromo-9-(2,7-dibromo-9H-fluoren-9-ylidene)-9H-fluorene (TBBFY) precursor was purchased from Jilin Chinese Academy of Sciences - Yanshen Technology Co., Ltd. with a nominal purity of 98+%.

Structural optimization and electronic properties calculations were performed using ab initio density functional theory (DFT) plane-wave package VASP1. The projected-augmented wave (PAW)2,3 and the general gradient approximation (GGA)4,5 in PBE form and vdW-optB886 for exchange-correlation energy were used. The K-point mesh of 2 × 3 × 1 was employed. A plane-wave cutoff of 400 eV was used to expand the wave function. Spin polarization was also considered in all calculations. All atoms were allowed to relax until the forces on each atom converge to less than 0.02 eV/Å for isolated molecule and 0.04 eV/Å for molecule on Au(111) surface.

The transition-state calculations were carried out with the climbing image nudge elastic band (CINEB) method by finding the saddle points and minimum energy paths7,8. A number of intermediate images were optimized along the reaction pathway, with the constraints implemented by adding spring forces along the band between images and projecting out the component of the force because of the potential perpendicular to the band. The number of images was adjusted specifically for transition-state calculation such that the tangent along the path was well described. Typically, three to four images were used in these calculations.



2. Schematic of reaction pathway of dissymmetric dehalogenation and non-selective dehalogenation

After the dissymmetric dehalogenation of molecules, C−C coupling exhibits regioselectivity, resulting in a singular coupling mode during lateral fusion. This pathway facilitates the high-quality synthesis of the targeted two-dimensional nanoporous graphene. In contrast, non-selective dehalogenation engenders multiple equivalent C−C coupling modes, ultimately yielding defective products. 
[image: ]
Figure S1. Schematic of reaction pathway of dissymmetric dehalogenation and non-selective dehalogenation. 


3. Scanning probe microscopy and spectroscopy data, synchrotron radiation photoemission spectroscopy data, and theoretical calculations

[bookmark: OLE_LINK40]1) Structural model of self-assembly structure of intact TBBFY on Au(111)
[image: ]
Figure S2. DFT-optimized front (a) and side (b) views of the adsorption model of self-assembly structure of intact TBBFY on Au(111). Color code: C, black; surface Au, golden; H, pink; Br, green.


[bookmark: OLE_LINK5]2) STM images of chiral polymer chains overlaid with the corresponding chemical structures
[image: ]
Figure S3. High-resolution STM images of chiral polymer chains obtained after depositing TBBFY onto Au(111) at RT and subsequently annealing to 390 K. Tunneling parameters: U= −420.1 mV, I= 180 pA. Corresponding molecular models are attached in STM image, where the golden balls represent Au adatoms. 





[bookmark: OLE_LINK79]3) STM images and the reaction pathway of chiral oligomer chains after depositing TBBFY onto Au(111) at RT and subsequent annealing to 350 K
[image: ]
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Hlk171972460]Figure S4. a) High-resolution STM images of chiral oligomer chains after depositing TBBFY at RT and subsequent annealing to 350 K. Tunneling parameters: U= −410.1 mV, I= 190 pA. b) Detailed reaction pathway of the formation of chiral oligomer chains.


4) Zoom-in dI/dV spectra measured on porous [32]annulene graphene nanosheet
[image: ]
Figure S5. zoom-in dI/dV spectra measured on porous [32]annulene graphene nanosheet at the positions as marked with blue point in the inset STM image (−1126.0 mV, 3000 pA). 


5) Additional dI/dV maps of porous [32]annulene graphene nanosheet
[image: ]
Figure S6. Constant-current dI/dV maps at different energies of porous [32]annulene graphene nanosheet on Au(111). (a) STM image of porous [32]annulene graphene networks. Tunneling parameters: U= −1126.0 mV, I= 3000 pA. (b-t) Bias-dependent conduction maps at different energies. 




6) DFT optimized structural model of porous [32]annulene graphene nanosheet on Au(111)
[image: ]
Figure S7. DFT-optimized top, side and front views of the adsorption model of porous [32]annulene graphene nanosheet on Au(111). Color code: C, purple; surface Au, golden; H, white. 


[bookmark: OLE_LINK3]

7) Phase transformation from chiral polymer chain to porous [32]annulene graphene nanosheet and from porous [32]annulene graphene nanosheet to porous [46]annulene graphene nanosheet

At 470 K, while chiral polymer chains are still the major product, a few porous [32]annulene graphene networks start appearing which becomes dominating at 480 K.  

At 500 K, the transformation from porous [32]annulene graphene networks to porous [46]annulene graphene networks occurs, where both structures coexist within a same domain. Further annealing at 510 K leads to full transformation. 

Therefore, because of the strong inherent strain of porous [32]annulene graphene network, the temperature window for its high-quality production is only from 480-490 K. 
[image: ]
Figure S8. (a,b) Overview and zoom-in STM images of products after depositing TBBFY at RT and subsequent annealing to 470 K. Tunneling parameters: U= −735.0 mV, I= 120 pA. (c,d) Overview and zoom-in STM images of products after annealing the sample of in Fig. S8a to 500 K. Tunneling parameters: U= −912.1 mV, I= 150 pA.



8) Electronic structures of porous [46]annulene graphene networks.
[image: ]
Figure S9. (a) Point dI/dV spectra of porous [46]annulene graphene networks taken at the positions marked with corresponding-colored dots in the inset STM image (−1100.0 mV, 2000 pA). (b-e) Constant-current dI/dV maps taken at −2070 (b), +1010 (c), +1640 (d), and +2062 mV (e) using a metallic tip. Corresponding molecular models are attached in dI/dV maps. All scale bars, 10 Å.
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