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Figure S1 Calculated GW HOMO, LUMO and band gap energies of AGNR-NH2 with 

the number of graphene rings 8 versus cutoff energy of unoccupied orbitals in the 

screening calculation(a) and self-energy calculation (b). The cutoff energy is relative to 

the CBM energy. 

 
Figure S2 The first excited state S1 obtained by BSE method and TDDFT at the 

B3LYP/TZVP level, and △S is the energy difference between the two methods.  

 

Figure S3 (a) and (b) are the structures for ZGNR and AGNR. (c) is the width and 

length for GNRs. 



 

Figure S4 (a) is an axisymmetric structure for 5-ZGNR-OH as shown in Fig. 1. (d) is 

another axisymmetric 5-ZGNR-OH. (b) and (c) are two asymmetric structures for 5-

ZGNR-OH. The excited states are obtained from TDDFT method, while the orbital 

energy from GW method. 

 

 

Figure S5 The difference of band energy between AGNRs and ZGNRs in GW method 

(a) and DFT method (b).  

 

Figure S6 The dipole moment for AGNRs (a) and ZGNRs (b), and the delta dipole 

moment between them(c), where the unit is electrons x Angstroem.  



 

Figure S7 (a) is the band gap for ZGNRs and AGNRs, whose structures are shown in 

Figure 1, with N from 1 to 8. (b), (c), (d), (e) and (f) are the energies of HOMO and 

LUMO for GNRs, where the R presents H, OH, NH2, CHO and COOH, respectively. 

All data are obtained by DFT method. The vacuum energies (Ev) of all GNRs are set to 

0. 
 

 
Figure S8 (a) Structure, (b) electrostatic potential and (c) orbital energies of CN-H-

dot with n=4. 

As shown in Fig. S8a, the planar CN-dot is placed on the XY plane and the direction of 

the vacuum layer is Z. The electrostatic potential in Fig. S8b changes with Z, and the 

highest steady electrostatic potential is set to be vacuum energy level. When the 

energies of orbitals are adjusted with respect to the vacuum energy level (set to zero), 

energy levels in DFT for different CN-dots become comparable. 



 
Figure S9 The structures for ZGNRs (a) and AGNRs (b) with N=4, where the C atom, 

H atom and R are shown in brown, pink and black. The number of charge for the C 

atoms in brown in (a) and (b) is shown in (c) while R are CHO, COOH, H, NH2 and 

OH.  

 

 

Figure S10 The orbital distributions for AGNR-H, AGNR-OH and AGNR-NH2. 



 

Figure S11 The orbital distributions for ZGNR-H, ZGNR-CHO and ZGNR-COOH. 

 
Figure S12 (a) The structure of GNR in the x, y plane. (b) The bule line indicates the 

direction of incident light. 

 

Figure S13 The structures for AGNRs dimer (a) and ZGNRs dimer (b) with N=4. 



 

Figure S14 The energy difference between S1 and T1 (△EST).   

 

Table S1 The values of S1, T1 and T2 for ZGNRs by TDDFT. 

 

Table S2 The values of S1, T1 and T2 for AGNRs by TDDFT. 



 

Figure S15 The structures for GNRs-H/BN with N=5 and N=8. 

 

Figure S16 The electron (blue) and hole (red) distributions for AGNRs/BN. 

 

Figure S17 The electron (blue) and hole (red) distributions for ZGNRs/BN-N. 



 

Figure S18 The electron (blue) and hole (red) distributions for ZGNRs/BN-C. 

 

 

 


