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Supplement of experimental facility and details

For the gas chromatography (GC) measurements, the CO,/N, is used as the
equilibrium gas fed into the home-made quartz reactor from a cylinder via a mass
flow meter until the solution is saturated. For the mass spectrometry (MS)
characterization, He and CO,/'3CO, are used in the carrier gases fed into the home-
made quartz reactor. Afterwards, the four-way valve is closed, and the gas products
were detected by the gas chromatography or mass spectrometry after the illumination.

The schematic diagram of the reaction device is shown in Fig. S1.
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Fig. S1 Schematic diagram of photocatalytic reaction device.
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Fig. S2 The left side displays the experimental measured ultraviolet-visible spectrum with its
predicted absorption colors and their complementary colors, while the right side shows the
theoretically computed ultraviolet-visible spectrum with its predicted absorption colors and

their complementary colors.



Fig. S3 The color of MgChlNaj, dissolved in water.
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Fig. S4 The UV-visible spectrum of MgChlNa, is compared with the corresponding calculated

UV-visible spectrum, along with the individual excited states contributions.
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Fig. S5 The molecular orbital isosurfaces mentioned in Table S1, the positive and negative phase

of the orbital wave function are shown in red and blue, respectively.
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Fig. S6 Structural models of different hydrogen bonding complexes.



Table S1 Orbital component contributions for So—S;, So—S, and Sy— S¢

nm oscillator Contribute
strength

Sy—S, 602.3 0.33 HOMO LUMO 88.47%
HOMO-1 LUMO+1 10.69%

Sy—S, 420.0 0.35 HOMO LUMO+1 56.21%
HOMO-3 LUMO 11.17%

Sy—Sq 397.6 0.67 HOMO-1 LUMO+1 49.43%
HOMO-3 LUMO 16.13%

HOMO LUMO+1 12.15%

Se—Sp, 341.2 0.28 HOMO-1 LUMO+2 59.07%
HOMO-7 LUMO 11.72%

HOMO-2 LUMO+1 10.36%

Table S2 Energy comparison of the system after protonation of the two different carboxyl

groups in the system.

Relative energy (kcal/mol)

Site (1) 3.04

Site (2) 0

The carboxyl group at site (2) has the lowest energy after protonation, so the carboxyl
group at site (2) has first priority of hydrolysis.




Table S3 The relative energies of the different hydrogen-bonded complexes

Structures Relative energies (kal/mol )

A 0

B 1.0
C 2.8
D 3.4
E 5.1
F 8.3
G 12.8
H 13.2

The reaction order is derived as follows:

The total reaction rate is determined by the rate of the rate-limiting step:
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de(H,0,)/dt=ksc2(OH)-kgc(Ho04) g 2(0,)c(H,0)=0
krX(OH)=kgc(Hy04)-k_g¢'(0,)c(H,0)
Kg=c"2(0,)c(H,0)/c(H,0,)

c(H,0,)=c"*(0,)c(H,0)/Ky
krcHOH)=(kg/ K-k ) *(0)c(H,0)

A(OH)=1/kr(kg/Kg-k_g)c*(0)c(H,0) (11)

Substitute(3)(10)(11)into(1)
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The concentration of the catalyst is constant,

-d(CO,)/dt=k'c(CO)c*(0,)
The CO,RR is a first order reaction for the product CO.



