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Section S1. Computational methods

Vienna ab initio simulation package (VASP)1, 2 is employed to perform the DFT 

calculations. The ion-electron interactions were described by projector-augmented 

plane wave (PAW)3 potential. The electron exchange-correlation energy was treated by 

the generalized gradient approximation (GGA) with Perdew-Burle-Ernzerhof (PBE) 

functional4. The energy cutoff of plane waves was set to 600 eV and the energy 

convergence criterion between two steps was set at 10-8 eV. The atomic structures were 

fully relaxed using the conjugate gradients (CG) method until the maximum force on 

each atom was less than 10−2 eVÅ−1. The Brillouin zone (BZ) was sampled with a 

spacing of 2π × 0.00667 Å−1 for self-consistent calculations and of 2π × 0.02 Å−1 for 

geometry optimization, band structures, density of states, and charge density.

The phonon dispersion analysis was performed by using the Phonopy5. The ab 

initio molecular dynamics (AIMD) simulations were carried out to evaluate the thermal 

stability of all newly designed CHC structures. AIMD simulation under constant 

temperature and volume (NVT) ensemble lasts for 5 ps with a time step of 1.0 fs. The 

temperature was controlled by using the Nosé-Hoover method6. 

The atomic positions can be fully relaxed under the condition of tensile or 

compressive strain. The lattice constants are fixed in the tensile or compressive strain 

direction, while the other directions can relax. 
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Table S1. Elastic constants Cij (GPa) of Cmcm-CHC-1, Cmmm-CHC-1, Cmcm-CHC-

2, Cmmm-CHC-2, Graphene, and Diamond.

Cmcm- Cmmm-
CHC-1 CHC-2 CHC-1 CHC-2

Graphene Diamond

C11 507 253 318 208 1053a 1049b

C22 378 132 213 91 1053a

C33 1203 541 740 426
C12 242 97 137 76 178a 124b

C13 69 39 46 35
C23 55 27 36 24
C44 266 94 140 70
C55 298 141 182 116

Elastic 
constants

C66 306 104 149 80 561b

a DFT calculations in Ref.7
b DFT calculations in Ref.8
c Ref.9
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Figure S1. The geometries of 3D carbon honeycomb (CHC) networks: (a) Pmm2-

CHC-1, (b) Pmmm-CHC-1, (c) Pmma-CHC-1, and (d) Amm2-CHC-1
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Figure S2. Phonon dispersion of Cmcm-CHC-1 (a), Cmcm-CHC-2 (b), Cmmm-CHC-

1 (c) and Cmmm-CHC-2 (d).
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Figure S3. Phonon dispersion of 3D carbon honeycomb networks: (a) Pmm2-

CHC-1, (b) Pmmm-CHC-1, (c) Pmma-CHC-1, and (d) Amm2-CHC-1
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Figure S4. Thermal stability. The snapshots of (a-c) Cmcm-CHC-1 and (d-f) Cmmm-

CHC-1 at (a,d) 300 K, (b,e) 1000 K, and (c,f) 1500 K at the end of 5 fs, and the 

fluctuations of total potential energy as functions of time for Cmcm-CHC-1 (g) and 

Cmmm-CHC-1 (h).
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Figure S5. Band structures and projected DOS. (a) Cmcm-CHC-2, (b) Cmmm-

CHC-2, (c) Cmcm-CHC-3, and (d) Cmmm-CHC-3.
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Figure S6. Tight binding parameters. The hopping energy parameters of Cmcm-

CHC-1 (a) and Cmmm-CHC-1 (b) at the strain of -15% along the armchair direction.
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Figure S7. Band structures with SOC of Cmcm-CHC-1 (a) and Cmmm-CHC-1 (b).
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Figure S8. Band structures along Z and XU lines of Cmcm-CHC-1 at strain ±5% 

along x, y, and z axis, respectively. Fermi level has been set to zero.
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Figure S9. Band structures along Z and XU lines of Cmmm-CHC-1 at strain 

±5% along x, y, and z axis, respectively. Fermi level has been set to zero.
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Figure S10. Phonon dispersion. (a) Cmcm-CHC-1 and (b) Cmmm-CHC-1 at the strain 
of -15% (compression), (c) Cmmm-CHC-1 at the strain of -35% (compression), (d) 
Cmmm-CHC-1 at the strain of -36% (compression) along the armchair direction, and 
(e) the structure of Cmmm-CHC-1 at strain of -35% (compression).
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Figure S11. The projected DOS. (a)Cmcm-CHC-1 and (b) Cmmm-CHC-1 at the 

strain of -15% (compression) along the armchair direction. 

(a)

(b)
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Figure S12. The band structure (a) of Cmmm-CHC-1 at the strain of -27%, -32%, 

and -35% (compression) along the armchair direction and the projected DOS (b) at 

the strain of -32%. 
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