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Computational Details
Electronic structure calculation:

The electronic structure of graphdiyne was computed by the plane-wave basis VASP code' implementing the projector augmented wave
method®. The calculations used the hybrid exchange-correlation functional HSE06® which is able to predict experimentally measured
band gaps with high accuracy.

Gas transmission calculation on configurations:

The calculations of gas transmission were performed with Dmol’® software package® using the PBE® exchange-correlation functional plus
vdW correction adopting Grimme’s scheme® to better describe the non-bonding interaction. The lattice parameter of the cell in Figure 1
was optimized to 9.462 A. 3D periodic boundary conditions were applied to simulate the infinitely large system; a 20 A vacuum space
in-between two sheets were set to prevent the interaction between two layers. During the calculation process, the positions of all the
atoms were fully relaxed until met the following convergence criterion: 5x10” Ha for total energy, 1x10™ Ha/A for force and 1x10™ A
for displacement. The self-consistent field computations criterion was chosen to be 10 Ha. The cut-off value was chosen to be 5.1 A.
The Brillouin zone for calculation was sampled by 3%3x1 k-points. The adsorption energies of each configuration were calculated by
equation:

Ead = Egraphdiyne+gas - (Egraphdiyne + Egas) (S 1)

where Egppndiyne+gas 18 the total energy of the graphdiyne with adsorbed gas, Egpphaiyne is the energy of pure graphdiyne, and E,; is the
total energy of isolated gas molecule.

Gas transmission calculation on diffusion rate and selectivity:

The hydrogen purification behaviour by graphdiyne was quantitatively described by calculating gas diffusion rate and selectivities of H,
to CH4/CO using transition state theory (TST). According to TST, the rate coefficient of a reaction is given by the ratio of the flux of
species through the transition state to the relative population of reactants:

k= kB_T. 0" . o EolksT

h QRmct

(S2)

in which Q™ and Q"*“ are partition functions for the transition state (7S, gas in the pore center of graphdiyne) and reactant state(React,
gas molecule at the most stable position above pores on graphdiyne), % is the plank constant, £y is the energy barrier value, 7 is the
purification temperature, and kz is the Boltzmann constant. Here to calculate the partition functions, energy levels need to be obtained
first. All the translational, rotational and vibrational motions of the investigated states were treated as harmonic oscillations because their
frequency could be derived by calculating the hessian matrix of the appropriate stationary states. The frequencies at these two states are
summarized in Table S1.
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Table S1 Adsorption energy E,q and frequencies of H,, CH4 and CO at React and TS.

Gas Position E.a(eV) Frequencies (cm™)*
H, React -0.07 130.08 135.13 148.49 164.29 185.10 4328.13
TS 0.03 189.78i 318.84 329.31 433.74 459.98 4310.08
70.73 72.67 90.18 204.10 238.68 297.10
React -0.14 1306.27 1316.11 1324.35 1528.52 1530.82 2988.90
CH 3099.20 3108.04 3131.49
¢ 148.45i 210.59 218.62 304.49 319.03 402.81
TS 0.58 1300.27 1318.84 1331.80 1536.03 1540.53 3043.01
3139.19 3219.92 3255.56
co React -0.11 53.42 55.64 57.25 168.17 182.92 2129.10
TS 0.22 64.26i 107.56 109.54 189.11 190.30 2089.64

“ The imaginary frequencies are denoted by i after values.

The next step to obtain the partition functions is to calculate the energy levels corresponding to the frequencies v; (i=1-6 for H, and
CO, and i=1-15 for CH,) in Table S1 as:

5 Efv)=(+1/2)hv;, =0, 1,2 ...) (S3)
The partition functions were obtained in standard fashion as:
- - 1 , ,
Q=HQi=HW,(n=6forH2 and CO,n=15 for CH,) (S4)
i=1 i=l1

with Eq.4 as defined, £, in Eq.2 becomes more specifically the zero-point energy difference between reactant and transition states. The
diffusive selectivities of H, over CH,/CO can then be derived by dividing the corresponding rate coefficients.

10 Large graphdiyne supercell model and corresponding gas adsorption energy

To confirm the adsorption energies and equilibrium configurations in the main text, large supercell model (a 2x2 one) as shown in Figure
S1 were adopted.

Fig. S1 Geometry structure of graphdiyne, and single cell in the large cell model calculation.

15 The adsorption energies and distances to the graphdiyne plane of each gas molecule at their most stable configuration are listed in the
following Table S2. The values derived by small unit cell are almost the same with those listed here and are reliable.

Table S2 Adsorption energy Ead and distance of H,, CH, and CO to the graphdiyne plane.

Gas H, CH, CO
Eu (eV) -0.07 -0.13 -0.10
Distance to the graphdiyne plane (A) 1.75 2.52 2.78
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