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S1. Phonon group velocities for nitrogenated holey graphene

Besides phonon scattering rates, another important factor determining thermal transport
is phonon group velocity v, = dw, /dq, where v represents the vth branch within the whole
first Brillouin zone. The phonon group velocity of all phonon modes within the first Bril-
louin zone as a function of frequency for nitrogenated holey graphene is plotted in Fig. S1.
The maximum group velocities for three acoustic branches are about 2.50, 17.76, and 18.48
km/s, respectively. For most of optical modes, the maximum group velocities are in the
range of 1.55 to 13.16 km/s. These values are much higher than those of CoSbs and IrSb.
In view of Ky, ~ vg in RTA, these relatively high group velocities support that the values
of the re-scaled kj for nitrogenated holey graphene are two or three times higher than
those of CoSbz and IrSbhs, although the larger anharmonic three-phonon scattering rates are

observed in nitrogenated holey graphene.
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FIG.S1. (Color online). Phonon group velocities of all phonon modes within the first

Brillouin zone as a function of frequency for nitrogenated holey graphene.



S2. The doping concentration n, average electron-electron distance d, electron

velocity v, and scattering time 7 for nitrogenated holey graphene
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FIG.S2. (Color online). The doping concentration n, average electron-electron distance d,
electron velocity v, and scattering time 7 as a function of doping electron e for nitrogenated

holey graphene.

The model 7 ~ d/v is used to assess the amplitude of scattering time 7 for nitrogenated

holey graphene, where d is the average electron-electron distance estimated by the doping

concentration n and the effective thickness h ~ 3.30 A, v = %ag](f) represents the corre-

sponding electron velocity. As shown in Fig.S2, in the n-type doping range of 0.05 to 0.43 e
in each primitive cell, n ~ 8.33 x 10" to 7.17x 10" cm =2, d ~ 16.13 to 7.87 A, v ~ 7.30 x 10*
to 11.25 x 10* m/s, and 7 ~ 23 to 6 fs. At n ~ 2.00 x 10" cm™2, d ~ 12 A, v ~ 9.30 x 10*
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m/s, and thus 7 ~ 13 fs. Therefore, it suitable to select the value of 7 = 13 fs to calculate
the electrical conductivity o and electronic thermal conductivity k.. The values calculated

with 7 = 6 and 23 fs can be taken as the lower and upper limits of these parameters.

S3. Structural stabilities of nitrogenated holey graphene

In order to study the structural stabilities of nitrogenated holey graphene with n-type
doping at high temperature, ab initio molecular dynamics (MD) calculations are carried
out. After 5000 steps (10 ps) MD at 1500 K, the nitrogenated holey graphene with doping
concentration n ~ 2.00 x 10 em™2 keeps quite intact and have no any lattice destruc-
tion. In Fig.S3, we show the bond length evolution of nitrogenated holey graphene with
n ~ 2.00 x 10 ecm~? at 1500 K. The C-N, C-C1, and C-C2 bonds keep small fluctuations

around their balanceable bond lengths.
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FIG.S3. (Color online). Bond length evolution at 1500 K for nitrogenated holey graphene

with n-type doping concentration n ~ 2.00 x 10 cm™2. Inset shows the primitive cell

labeled the C-N, C-C1, and C-C2 bonds.
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