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Table S1 Lattice constants of qTP and qHP C24 monolayers

materials
Lattice parameters (A)

DFT NEP NEP-Reference [1]

2D qTP a = 6.089, b = 6.089 a = 6.105, b = 6.105 a = 6.103, b = 6.103

2D qHP a = 11.472, b = 6.168 a = 11.479, b = 6.178 a = 11.500, b = 6.180
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Table S2 Hyperparameters for the NEP model.

parameter value parameter value

rcR 7 A rcA 4 A
nmaxR 10 nmaxA 8
Nbas
R 10 Nbas

A 8

lmax3b 4 lmax4b 2
Nneu 30 �1 0.044
�2 0.044 �e 1
�f 1 �v 0.5

Nbat 1000 Npop 50
Ngen 2×105



S-4

Table S3 Thermal conductivity κ (W m−1 K−1) of various 2D materials at 300 K.

phase Method Functional Type Energy cutoff κx κy

qTP C24

HNEMD (This work) PBEsol 800 eV 234 234

HNEMD [2] PBE 650 eV 272 272

qHP C24

HNEMD (This work) PBEsol 800 eV 130 216

HNEMD [2] PBE 650 eV 233 341

qHP C60 HNEMD [3] PBE 650 eV 102 137

graphene
DFT [4] PBEsol 110 Ry 3552 3552

DFT [4] PBE 110 Ry 3850 3850

black
phosphorene

DFT [5] PBEsol 700 eV 5.91 1.06

DFT [5] PBE 700 eV 14.89 2.42
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Table S4 Elastic constants Cij (N/m) of monolayer carbon allotropes.

phase Method Functional Type C11 C22 C12 C66

qTP C24

DFT (This work) PBEsol 248.6 248.6 -11.9 80.8

DFT [2] PBE 251.3 251.3 −4.4 79.9

NEP (This work) PBEsol 236.1 236.1 -11.1 84.3

NEP [2] PBE 248.8 248.8 −15.8 81.6

qHP C24

DFT (This work) PBEsol 225.2 274.0 21.3 105.0

DFT [2] PBE 225.1 275.7 23.6 106.0

NEP (This work) PBEsol 216.7 266.2 26.0 108.5

NEP [2] PBE 236.5 295.4 24.4 110.3

qTP2 C60 DFT [6] PBEsol 149.9 148.7 22.9 53.4

qHP C60 DFT [6] PBEsol 150.8 186.8 22.5 60.6

graphene DFT [7] PBE 351.4 351.4 61.6 144.9
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Figure S1 Simulation of total energy fluctuations in the qTP and qHP phases via AIMD, conducted for 10 ps with a

1 fs time step at 300, 500, and 700 K. The subfigures show the corresponding atomic structures at the end of each

simulation.
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Figure S2 Convergence of the thermal conductivity with the nearest neighbor and the Q-grid. The value within the

gray box represents the converged result.
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Figure S3 Frequency-resolved contributions of individual phonon modes to the lattice thermal conductivity of qTP

and qHP C24 monolayers. The inset shows the relative contributions from acoustic, low-frequency optical, and

mid-to-high-frequency optical modes.
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Figure S4 Atomic bonding configurations and COHP analysis of qTP and qHP C24 monolayers.

(a) Top view of the qTP C24 structure, with the representative inter-cage C–C bonds along the x- and y-directions

highlighted by dashed boxes. (b) Top view of the qHP C24 structure, showing the characteristic x-short, x-diagonal,

y-short, and y-long inter-cage bonding configurations. (c) Energy-resolved −COHP curves for the x-short, y-short,

x-long, and y-long bonds of qTP C24. (d) Energy-resolved −COHP curves for the x-short, x-diagonal, y-short, and

y-long bonds of qHP C24. The corresponding C–C atom pairs are labeled in the upper-right corner of each panel,

while the ICOHP values at the Fermi level are given in the lower-left corner. For bond classes containing multiple

symmetry-equivalent C–C pairs, the displayed −COHP curves and ICOHP values are averaged over the listed

bonds.
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Figure S5 Convergence of the thermal conductivity with correlation time under different external driving forces for

qTP and qHP in the x- and y-directions.
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