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1. Optimal conformations of C,H, (2 <n < 8)

Figure S1 Optimal conformations of C,H, (2 < n < 8) based on the B3LYP/6-311G(d,p).

2. Stiffness tensor matrixes for L-2Gy and L-3Gy

Table S1 Stiffness tensor C; in GPa matrixes for L-2Gy and L-3Gy.

L-2Gy
C, C C Ca Cs Ce
Ci 25.029 23.359 0.445 0.000 0.000 0.000
C, 23.359 25.029 0.445 0.000 0.000 0.000
Cs 0.445 0.445 1.557 0.000 0.000 0.000
Cy 0.000 0.000 0.000 0.835 0.000 0.000
Cs 0.000 0.000 0.000 0.000 0.523 0.000
Ce 0.000 0.000 0.000 0.000 0.000 0.523
L-3Gy
Cy G, C3 Cy Cs Cs
Ci 18.615 18.209 0.336 0.000 0.000 0.000
C, 18.209 18.615 0.336 0.000 0.000 0.000
Cs 0.336 0.336 1.161 0.000 0.000 0.000
Cy 0.000 0.000 0.000 0.203 0.000 0.000
Cs 0.000 0.000 0.000 0.000 0.331 0.000
Ce 0.000 0.000 0.000 0.000 0.000 0.331
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3. Crystal structures and Localized orbital locator (LOL) maps for graphene and aGy (L-1Gy)

Figure S2 Crystal structures of a) graphene and c) aGy (L-1Gy). The marginal
threefold carbon atoms are saturated by hydrogen atoms and their primitive cells
are marked by a red box. Localized orbital locator (LOL) maps for b) graphene and d)
oGy (L-1Gy) with isovalue of 0.05.
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4. Molecular AANDP orbitals for the optimized benzene (C¢Hg)
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Figure S3 Molecular orbitals for the optimized benzene (CgHg) based on the AANDP
method.
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5. Molecular AANDP orbitals for the optimized C,gH,
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Figure S4 Molecular orbitals for the optimized C,gHg based on the AANDP
method.
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6. Partial Molecular AANDP orbitals for the optimized C3;Hg
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Figure S5 Molecular orbitals of 2c-2e o bonds for the optimized C3yHg based on the
AdNDP method.
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7. Band structure of L-2Gy based on the HSE06
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Figure S6 Band structure of L-2Gy based on the
HSEO6 level.
8. Stiffness tensor matrixes for graphene and aGy (L-1Gy)
Table S2 Stiffness tensor C; in GPa matrixes for graphene and oGy (L-1Gy).

Graphene

C, G, Cs Cs Cs Ce
C: 145.979 27.143 1.287 0.000 0.000 0.000
() 27.143 145.979 1.287 0.000 0.000 0.000
G 1.287 1.287 4.467 0.000 0.000 0.000
Cs 0.000 0.000 0.000 59.418 0.000 0.000
Cs 0.000 0.000 0.000 0.000 1.327 0.000
Ce 0.000 0.000 0.000 0.000 0.000 1.327
aGy

C, C, G Cy Cs Ce
C: 40.194 34.574 0.685 0.000 0.000 0.000
G, 34.574 40.194 0.685 0.000 0.000 0.000
(65 0.685 0.685 2.380 0.000 0.000 0.000
Cs 0.000 0.000 0.000 2.810 0.000 0.000
Cs 0.000 0.000 0.000 0.000 0.754 0.000
Ce 0.000 0.000 0.000 0.000 0.000 0.754
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9. Possible absorbed configurations of H atom on L-2Gy
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Figure S7 Possible absorbed configurations of H atom on L-2Gy including their
relative energies marked in pink shown in brackets. H atoms are on the top of
corresponding carbon atoms for configurations in 1, 2, and 3. The configurations of
4,5, and 6 are that H atoms in the plane of L-2Gy.

10 Calculational Details

The hydrogen evolution reaction (HER) performance is evaluated with the free energy of absorbed
hydrogen atom under equilibrium conditions, which is defined as(*4

AGy= E_ ;. + AZPE -TAS

where E,4 is the adsorption energy of the hydrogen atom, AZPE is the change of zero-point energy of
absorbed H and that of free H,(g), TAS is the difference of entropy of absorbed H and that of H,(g). We
employ the ZPE and TS of free H;, gas molecule from previous work, while for the adsorbed H, the free
energy corrections were calculated using the corresponding formula including ZPE and S obtained

from T. Vegge’s work using vibrational frequency based on the harmonic approximation. The E,qs, AZPE,
and TAS are calculated with the following equations!®!

E 4= E*H— Es- 1/2EH2

AZPE = ZPE*H— 1/ZZPEH2

TAS=TS . -1/2TS
vi—* g / H2
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E *
where  Hand Es represent the total energy of L-2Gy with and without adsorbed H, respectively, and

E ZPE

. ZPE
H and

H2 is the energy of the hydrogen molecule in the gas phase. H2 are on behalf of the

TS

zero-point energy of absorbed H and that of free H,(g), respectively. "' H is the vibrational entropy

TS

of absorbed H while "2 is the entropy of Hy(g) of 0.41 eV. The previous report shows that the

vibrational entropy in the absorbed state is small meaning that the entropy of adsorption of 1/2H, is

AS, = —1/2S
H 0 Thus, the TAS here is calculated to be -0.205 eV.

11 Fractional coordinates for 14 and 20 independent carbon atoms for optimized primitive cell of L-2Gy and

L-3Gy, respectively.

L-2Gy
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0.8582658082912938

0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
0.5000000000000000
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0.5000000000000000
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0.8582657942912928 0.4291329041456434 0.5000000000000000
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