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Supplementary Fig. 1 Disproportionation and dimerization of *CO2 (*LiCO2 *Li2CO2). Energy barriers and related geometric structures of the disproportionation of (a) *CO2, (b) *LiCO2, and (c) *Li2CO2 on Ru(0001).
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Supplementary Fig. 2 Disproportionation and dimerization of *CO2 (*LiCO2 *Li2CO2). Energy barriers and related geometric structures of the disproportionation of (a) *CO2, (b) *LiCO2, and (c) *Li2CO2 on Ir(111).
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Supplementary Fig. 3 Explicit DMSO model. (a,b) Simulation box of the (a) Ru(0001), and (b) Ir(111) systems with explicit DMSO molecules.
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Supplementary Fig. 4 Dimerization of LiCO2 and CO2. Free energy profile for the reduction of *CO2 and *Li2CO2 on the Ru(0001) surface.
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Supplementary Fig. 5 Constant-potential energy profiles. (a-h) Total energy of absorbed intermediates of Ru(0001) as a function of potential.
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Supplementary Fig. 6 Constant-potential energy profiles. (a-h) Total energy of absorbed intermediates of Ir(111) as a function of potential.
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[bookmark: _Hlk146702110]Supplementary Fig. 7 Decomposition of C clusters. Energy barriers of removing a C atom from (a) C6 cluster, (b) C5 cluster, and (c) C13 cluster on Ru(0001) and Ir(111).



[image: ]
Supplementary Fig. 8 Oxidative decomposition of *C6. Energy barriers for the oxidative decomposition of *C6 to form *C5 and *CO on Ru(0001) and Ir(111).
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Supplementary Fig. 9 The local integral curve of electron density difference along the Z direction. The difference in charge density of C adsorbed on (a) Ru(0001) and (b) Ir(111). The yellow and cyan represent the increase and decrease of electron density, respectively. The isosurface is 0.003 a.u.



Supplementary Table 1. Free energy computations. Free energy changes (ΔG) of each reaction step on the Ru (0001) and Ir (111) surfaces (corresponding to Figure 2).

	Reaction Step
	∆G for Ru (0001) (eV)
	∆G for Ir (111) (eV)

	* + CO2 → *+ CO2
* CO2+ CO2 →*CO3+ *CO
*CO3+ *CO+ Li+ + e-→ *LiCO3+ *CO
*LiCO3+ *CO+ Li+ + e-→ *Li2CO3+ *CO
*Li2CO3+ *CO →Li2CO3+ *CO
*CO+ Li+ + e-→*LiOC
*LiOC+ Li+ + e- →*Li2OC
*Li2OC+ CO2 → *Li2C2O3
*Li2C2O3 →*Li2CO3+ *C
*CO+ CO→* CO2+ *C
*CO+ CO2→* CO3+ *C
	0.02
‒0.97
‒2.06
‒1.87
‒1.13
‒1.43
‒1.89
‒0.64
0.07
‒0.41
0.42
	0.23
‒0.34
‒2.28
‒2.51
‒1.13
‒1.54
‒1.69
‒0.65
0.66
0.37
1.33





Supplementary Table 2. Free energy computations. Free energy changes (ΔG) of the reaction steps on the Ru (0001) surface (corresponding to Figure 4).

	[bookmark: _Hlk114577835]
	Reaction step
	∆G for Ru (0001) (eV)

	S2-Ⅰ
	C+*Li2CO3→C+*CO3 + 2Li+ +2e-
C+*CO3 →*CO2 +*O +C
C+*CO2 +*O→CO2 +*O+C
*O+C → *CO
*CO +*O →*CO2
	3.94
‒0.53
‒0.02
‒0.52
1.49

	S2-Ⅱ
	*O +*O→ *O2 
	3.90



Supplementary Table 3. Free energy computations. Free energy changes (ΔG) of the reaction steps on the Ir (111) surface (corresponding to Figure 4).

	
	Reaction step
	∆G for Ru (0001) (eV)

	S2-Ⅰ
	*Li2CO3→*CO3 + 2Li+ +2e-
*CO3 →*CO2 +*O 
*CO2 +*O→CO2 +*O
*O+C → *CO
	4.78
0.32
‒0.23
‒1.60

	S2-Ⅱ
	*O +*O→ *O2 
	0.43





PAGE  2

S7

image2.tiff
Energy (eV)

C0,+°CO

Energy (eV)

o

'CO,+*LICO,

“LICOg+*C

Energy (eV)

o

1i,CO5+'CO




image3.tiff




image4.tiff
Free energy (eV)

36

32 28 24 20
Collective variable




image5.tiff
a c
RS ] s
- s )

g _el T *CO4+*CO a0 - *Li,COz+*CO
Lo £ s - Lo ~
g g 8oz -
5 5 s
H 5 a0 s
3o H F

-a04.85. R 5375.

Py
U(Vvs. Lilli*) U(Vvs. Lilli*)

e %
UV s LiLiv)

| Q.
ST T 62945
s 055, aso] =i *Li *
. N - _ "
Lioc 5 s g - LiC20s § e __LiCOg+C
h § oo B o ~ § a0 ~
ol § eanes. 8 amss
8 ez £ sano © e
s s
cnss.
(" e T W 2 T W o e
U(Vs. LilLi¥) U(Vs. LilLi¥) U(Vs. LilLi¥)

D)
U(Vs. LilLi¥)




image6.tiff
Tota energy (6V)

b d
- 4823%0. o Rk
o 46235 = ATz ~ .
B T *CO4+*CO B ~*Li,CO4+*CO
EP. £ L
g 3 s
46255 " e
h 46260.
U(Vvs. Lilli*) U(Vvs. Lilli*) U(Vvs. Lilli*)
Rl 48370.
~ e awsrs] - aesoo]
” $ oo 5 s ~7LiZCZ05 om
3 > 46385 > 463.10-
2 ] 5 ]
§ w2 fon f s
- ion o
- s -

Y

Te 20 2z Ts 7o 2z
UV vs. Lili) U Vs, LiLir)





image7.tiff
Energy (eV)

—r (111)
—— Ru (0001)

Ru (0001)

Ir (1)

Energy (eV)

—r(111)
——Ru (0001)

Ru (0001)

Ir(111)

o

Energy (eV)

5
H

o

°
o

°

o

—r (111)
—— Ru (0001)

Ru (0001)

e (111)




image8.tif
TS

—Ir (111)

|=Ru (0001) Ru (0001) Ir (111)




image9.tiff
Z distances (A)

b

204
<

154 >
o}
o
<
I}

104 2
©
N

5]

0

-1.5





image1.tiff
Energy (eV)

b 2

1
$ 7 adilaee’,
‘m; ‘»&“'/ TSLCO, L,
2 0 kco,vucoz |
c
i

-1

-2

Energy (eV)





