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Figure. S1 The adsorption energy of CF4 doped with different elements at the 1Al;¢ site. The red
dotted line is the CF, adsorption energy of the pure Al,O; at the 1Al;c site.
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Figure. S2 The adsorption energy of CF4 doped with different elements at the 2Al4¢ site but with

the active center at 1Alsc. The red dotted line is the CF, adsorption energy of the pure Al,O; at the
1A13C site.
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Figure. S3 Molecular dynamics stability of pure Al,O; at 650 °C calculated by AIMD simulation.
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Figure. S4 Molecular dynamics stability of Zr-Al,O; at 650C calculated by AIMD simulation for
the best active site (3Al,c).



Figure. S5 Molecular dynamics stability of Hf-Al,0; at 650C calculated by AIMD simulation for
the best active site (3Alyc).
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Figure S6. The activation energy barrier for the decomposition of CF4 to F+CFj; at the 1Al;c site
on the pure Al,O5 surface.
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Figure S7. The activation energy barrier for the decomposition of CF4 to F+CFj at the Zr site
(3Alyc) on the Zr-Al, O3 surface.

1
_ TS
- ’
M "3 \0:28eV)
7]
= IS
]
-]
]
E"
= —1-
=
FS
-2

Reaction path

Figure S8. The activation energy barrier for the decomposition of CF,4 to F+CFj at the Hf site (3Alsc)
on the Hf-Al,0O3 surface.
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Figure. S9 The formation energy of different metal dopings at the 1Al site.
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Figure. S10 The formation energy of different metal dopings at the 2Aly, site.
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Figure. S11 The formation energy of different metal dopings at the 3Aly, site.



Table. S1 Bader charge analysis of the C atom, different F atoms, and CF, molecule. F4 is the F
atom closest to the adsorption site.

Site C F1 F2 F3 F4 CF,4
Al(2Aly,) 1.595 7.599 7.610 7.601 7.611 32.016
Zr(2Aly) 1.634 7.575 7.583 7.581 7.609 31.981
Hf(2Aly) 1.590 7.572 7.637 7.580 7.584 31.962
Al(3Aly,) 1.600 7.599 7.612 7.601 7.606 32.018
Zr(3Aly) 1.621 7.565 7.614 7.588 7.592 31.981

Hf(3Aly) 1.622 7.567 7.601 7.579 7.590 31.959
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Figure. S12 TEM images of nanosheet morphology for Al,O;, Zr-Al,O3, Hf-Al,O5 catalysts
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Figure. S13 X-ray photo electron spectroscopy (XPS) spectra of catalysts. (a) Al 2p of fresh. (b)
Zr 3d of fresh. (c) Hf 4f of fresh.
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Figure. S14 XPS spectra of O 1s for Al,O3, Zr-Al,O;, Hf-Al,O5 catalysts.
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Fig. S15 (a) N, adsorption-desorption curve and (b) pore diameter distribution of Al,O3, Zr-Al,O;

and Hf-Al,0O; catalysts.

Table 2. BET results of Al,Os, Zr-Al,0O; and Hf-A,0; catalysts.

SA(m?g PV (em’g APR (nm)

Sample N 1
Al,O3 136.7 0.49 11.9
Zr-Al,O3 53.12 0.38 5.69

Hf-Al,04 86.96 0.42 9.76




