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Figure S1 Calculated GW HOMO, LUMO and band gap energies of AGNR-NH> 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.
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Figure S2 The first excited state S; obtained by BSE method and TDDFT at the
B3LYP/TZVP level, and AS is the energy difference between the two methods.
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ZGNRs Width (A) Length (A) AGNRs Width (A) Length (4)
37-COOH 928 13.04 3A-COOH 10.28 9.33
3Z-CHO 7.34 11.69 3A-CHO 8.33 9.71
37-NH2 8.14 9.12 3A-NH2 6.93 11.48
37-OH 722 11.21 3A-OH 7.15 9.25
ZGNR-H (N=1) 4.97 431 AGNR-H (N=1) 5.55 431
ZGNR-H (N=2) 4.97 6.74 AGNR-H (N=2) 5.55 6.74
ZGNR-H (N=3) 4.97 9.20 AGNR-H (N=3) 5.55 9.27
ZGNR-H (N=4) 4.97 11.65 AGNR-H (N=4) 5.55 11.48
ZGNR-H (N=5) 4.97 14.11 AGNR-H (N=5) 5.55 13.59
ZGNR-H (N=6) 4.97 16.56 AGNR-H (N=6) 5.55 15.78
( C) ZGNR-H (N=7) 4.97 19.01 AGNR-H (N=7) 5.55 17.90
ZGNR-H (N=8) 4.97 2147 AGNR-H (N=8) 5.55 20.08

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



Energy S1 T1 T2 VBM (GW) | CBM (GW) | dipole moment (electrons
(eV) €&V) | (eV) X Angstroem)
a 178 | 0.64 | 1.75 | -5.31 -0.62 0.000032
b 1.74 | 059 | 1.78 | -5.09 -0.50 0.106091
G 179 | 064 | 179 | -5.06 -0.52 0.379262
(e) [d 169 | 059 | 172 | -5.14 0.55 0.000004

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.
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Figure S5 The difference of band energy between AGNRs and ZGNRs in GW method
(a) and DFT method (b).
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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.
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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), (¢), (d), (e) and (f) are the energies of HOMO and
LUMO for GNRs, where the R presents H, OH, NH,, CHO and COOH, respectively.

All data are obtained by DFT method. The vacuum energies (Ev) of all GNRs are set to
0.
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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.



(b)

Number of charge CHO COOH NH, OH
ZGNRs 05388 | 03208 | 22109 | 2.7600
(c) AGNRs 05004 | 02240 | 21139 | 25848

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, NH; and
OH.
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Figure S10 The orbital distributions for AGNR-H, AGNR-OH and AGNR-NHo.



ZGNR-CHO ZGNR-COOH

Figure S12 (a) The structure of GNR in the x, y plane. (b) The bule line indicates the
direction of incident light.
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Figure S13 The structures for AGNRs dimer (a) and ZGNRs dimer (b) with N=4.



Figure S14 The energy difference between S; and T1 (A Esr).
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ZGNRs OH CHO COOH NH2 H
N Sl T2 Tl S1 T2 Tl S1 T2 i | 51 T2 Tl 51 T2 Tl
1 513 | 453 | 3.80 | 342 | 243 | 291 | 450 | 4.01 | 3.27 | 477 | 429 | 372 | 537 | 4.68 | 3.75
2 3.83 | 355 | 267 | 290 | 2,55 | 2.04 | 3.6l 327 | 238 | 334 | 321 236 | 441 398 | 2.77
3 3.02 | 303 | 1.83 | 2,63 | 246 | 147 | 281 | 276 | 1.61 | 274 | 2,68 | 178 | 3.26 | 3.32 1.86
4 2,19 | 230 | 1.05 | 199 | 1.89 | 086 | 2.19 | 2,17 | 1.05 | 2,08 | 221 1.09 | 2.50 | 2,54 | 1.20
5 1.78 1.75 | 0.64 1.66 1.54 0.58 1.76 1.73 0.64 1.59 1.58 0.60 1.96 1.94 | 0.68
6 1.37 1.32 | 0.30 1.17 1.24 | 027 1.45 1.33 | 0.37 1.35 1.31 033 1.56 146 | 0.38
7 1.20 1.22 | 0.57 1.07 1.06 0.61 1.17 311 0.54 1.16 1.09 042 1.38 1.34 | 0.69
8 1.07 | 1.16 | 0.76 1.07 | 1.01 074 | 1.07 | 1.03 | 0.72 1.07 | 099 | 0.62 127 | 125 | 0.87
Table S1 The values of S1, T1 and T2 for ZGNRs by TDDFT.
AGNRs OH CHO COOH NH2 H
N S1 T2 T1 S1 T2 Tl S1 T2 Tl S1 T2 T1 S1 T2 Tl
1 5.13 | 453 | 380 | 342 | 243 | 291 | 450 | 4.01 327 | 477 | 429 | 3.72 | 537 | 468 | 3.75
2 383 | 3.55 | 2.67 | 290 | 255 | 2.04 | 3.6l 3.27 | 238 | 3.34 | 321 | 236 | 441 | 398 | 2.77
3 342 | 279 | 262 | 277 | 259 | 217 | 339 | 293 | 239 | 3.18 | 258 | 251 399 | 349 | 2.79
4 3.11 292 | 223 | 269 | 243 199 | 3.08 | 268 | 221 2.69 | 2.47 198 | 3.78 | 3.24 | 256
5 296 | 248 | 224 | 263 | 227 1.97 | 3.05 | 257 | 214 | 273 | 229 | 2,09 | 3.60 | 297 | 2.55
6 331 | 258 | 213 | 242 | 220 | 193 | 272 | 243 | 2,10 | 247 | 224 | 185 | 3.52 | 2.86 | 248
7 278 | 238 | 2,14 | 269 | 220 | 2.06 | 2.85 | 236 | 2.11 | 248 | 2.18 | 190 | 345 | 275 | 246
8 272 | 239 | 2.09 | 242 | 213 1.90 | 247 | 2.26 193 | 232 | 2.02 1.76 | 3.41 269 | 244

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



