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Fig. S1 Variations of temperature and energy versus the MD simulation time at (a) 300
K and (b) 500 K for pristine 2D Ga,0;. Atomic structures of 2D Ga,0O; after 10 ps
AIMD simulation at (¢) 300 K and (d) 500 K and (e-f) further geometry relaxation.
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Fig. S2 Optimized atomic structures of (a) CF4, (b) C,F¢, (c) CsFg, (d) C,F4, () CsFg,
() CoNy, (g) CoF3N, (h) G3FsN, (1) C4F5N, () COF».
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Fig. S3 Band structures of (a) pristine Ga,03, and Ga,03 adsorbed by (b) CF4, (¢) C,Fg,
(d) C3F85 (e) C2F4’ (f) C3F67 (g) C2N2a (h) C2F3N5 (1) C3F5N’ (J) C4F7N5 and (k) COFZ
The black dashed lines represent the Er.



o
oo
—

Potential (¢V)

Vs
(e
S’

Potential (eV)

Potential (¢V)

4 F vaccum Vaccum (b)
0 >
ko)
4t =
E,=271eV %
g fEsssev e
B=8.59 eV A~
-12 B 1 L 1
0 5 10 15 20
Distance (A)
4 - Vaccum Czll?4 Vaccum (d)
o} | S
' &,
4} I =
E, =291 &V i %
_Q L E—458eV ! o
D=7.49 &V ! A
A2F o
0 g 10 15 20
Distance (A)
4t Vaccum (‘:F3CT:N Vaccum (f)
o} Mo =
t )
4l (o =
E =294 ¢V E E g
_8 | E=s66ev Lo °
D=8.60 eV Lo A
12} , R
0 5 10 15 20
Distance (A)

N

<

™ Vaccum

E,,~2.89 eV

CF,

1
Vaccum

E,~3.00 ¢V
| E=5.60 eV
@=8.60 ¢V

| E=-572¢eV
@P=8.61 eV
0 5 10 15 20
Distance (A)
[ Vaccum ECZF 6: Vaccum

8 10
Distance (A)

15

20

1
" Vaccum {%kﬁ:

E, =3.04eV
| E,=—5.16 eV
@=8.20 ¢V

Vaccum

5 10
Distance (A)

20

Fig. S4 Work function of (a) pristine Ga,0;, and Ga,0O5 adsorbed by (b) CF4, (¢) C,F4,
(d) CoFs, (e) CF5N, () CiFs.
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Fig. S5 Work function of Ga,O3 adsorbed by (a) C;Fg, (b) C5FsN, (¢) COF,, (d) C;N,
and (e) C4F7N.
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Fig. S6 Variations of temperature and energy versus the AIMD simulation time at (a)
300 K and (b) 500 K for C,F4@Ga,05. Atomic structures of C,F4@Ga,05 after 10 ps
AIMD simulation at (c) 300 K and (d) 500 K and (e-f) further geometry relaxation.
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Fig. S7 Variations of temperature and energy versus the AIMD simulation time at (a)
300 K and (b) 500 K for C3F¢@Ga,05. Atomic structures of C3F¢@Ga, 05 after 10 ps
AIMD simulation at (c) 300 K and (d) 500 K and (e-f) further geometry relaxation.
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Fig. S8 The highest occupied orbital (HOMO) and lowest unoccupied orbital (LUMO)
of (a) CoF4, (b) CsFg, (¢) CaFs, (d) CsFo.
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Fig. S9 Orbital-resolved band structures of C.F,@Ga,05. The black dashed lines
represent the EF.
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Fig. S10 Atomic structures of (a) C4Fgand (b) CsFo. PDOS of (c) C4Fs@Ga,0; and (d)
CsF9o@Ga, 05 contributed by C and N atoms. The black dashed lines represent the Ef.



Fig. S11 Schematic illustration of applying compressive and tensile biaxial strain to
pristine Ga,03 and gas@Ga,0s;.
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Fig. S12 Band structures of pristine Ga,O; under biaxial strain. The black dashed lines
represent the EF.
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Fig. S13 Strain-induced work function of pristine Ga,03 and C;F¢@Ga,0s.
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Fig. S14 Work function of pristine Ga,0; under biaxial strain.
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Fig. S15 PDOS of pristine C;F¢@Ga,05 under biaxial strain. The black dashed lines
represent the EF.
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Fig. S16 Band structures of C;F¢@Ga,0O5 under biaxial strain. The black dashed lines
represent the EF.
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Fig. S17 Local atomic configuration of the C;F¢@Ga,05 with lattice strain from -6%
to +6%. The atoms are color-coded by the displacement in z direction with the reference
of the unstrained C;F¢@Ga,0; systems. The -6% and +6% cases are the same in Fig. 6
in the main paper.
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Fig. S18 Work function of C;F¢@Ga,O3 under biaxial strain.
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Fig. S19 Adsorption energy versus the applied biaxial strain for C,F4@Ga,0s5.
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. S20 Work function of (a) O,, (b) CO,, (¢) H,0 and (d) N, adsorbed Ga,Os;.




(a)6 | — ~ & (b)e / = &

o~
T

Energy (eV)
o

Energy (eV)

o Mo

Energy (eV)
o

o

Fig. S21 Band structures of (a) O,, (b) CO,, (¢) H,O and (d) N, adsorbed Ga,Os. The
black dashed lines represent the EF.



Table S1 Calculated adsorption energy (E.q), adsorption height (H), charge
transfer (AQ), recovery time (7), and work function (@) of all adsorption systems.

System E,q (eV) H (A) AQ (e) 7 (s) @ (eV)
O, -1.25 2.66 0.0157 9.83x10% 7.54
CO, -0.15 2.95 -0.0008 3.30x1010 8.60
H,O -0.32  1.82 0.0112 2.37x107 8.64
N, -0.16 2.79 0.0096 4.86x1010 8.60




