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Figures

(b)

central-layer Pd

bottom-layer Pd

Figure S1. (a) The structure and (b) related classification of Pd atoms in the Pd;3 nanocluster supported
on the TiO2(101) surface. The top layer has one Pd atom (purple), the central layer has five Pd atoms

(gray), the inner layer has one Pd atom (yellow), and the bottom layer has six Pd atoms (cyan).
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Figure S2. The location of the two Cu atoms (red circles) within the Pdis nanocluster. For ISO-1 to
ISO-4, the two Cu atoms are isolated spatially without any Cu-Cu bond formed; while, for NEI-1 to

NEI-7, the two Cu atoms are spatially close to each other forming a Cu-Cu bond.
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Figure S3. The eleven interface models of Pd;iCux@TiO2 with the two Cu atoms located at the
different positions of Pdi3. For ISO-1 to ISO-4, the two Cu atoms are isolated spatially, and for NEI-1

to NEI-7, the two Cu atoms are spatially close to each other forming a Cu-Cu bond.
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Figure S4. The DOSs of the eleven models of Pd1:Cu2@TiO2(101), TiO2(101), and CO: gas. The Fermi

level is set to the zero point.
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Figure S5. (a) The reaction pathways for *O*CO to *C*O related to the four interface models (ISO-1,
ISO-2, NEI-1, and NEI-2) of Pd11Cu@TiO>, in which O1 of *O*CO is consecutively hydrogenated,
followed by a dehydration reaction. Relevant transition states and intermediates related to these four
models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H

atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S6. (a) The reaction pathways for *O*CO to *CO related to the four interface models (ISO-1,
ISO-2, NEI-1, and NEI-2) of Pd11Cu.@TiOz, in which *CO, dissociates its C-O2 bond and O2* is
hydrogenated to H>O. Relevant transition states and intermediates related to these four models are also
shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H atoms are in gray,

red, cyan, orange, dark grey, and white, respectively.
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Figure S7. (a) The reaction pathways for *O*CO to CH*OOH (or *OCHO%) related to the four
interface models (ISO-1, ISO-2, NEI-1, and NEI-2) of Pd11Cu@TiO». Relevant transition states and
intermediates related to these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1,
and NEI-2). Ti, O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark grey, and white,

respectively.
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Figure S8. (a) The reaction pathways for *C*O to H*C*OH related to the four interface models (ISO-
1, ISO-2, NEI-1, and NEI-2) of Pd11Cu.@TiO3, in which *C and *O are hydrogenated sequentially.
Relevant transition states and intermediates related to these four models are also shown in panels a
(ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange,

dark grey, and white, respectively.
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Figure S9. (a) The reaction pathways for *C*O to *C*OH related to the ISO-1 and NEI-1 models of
Pd11Cu2@TiO2, in which *O is first hydrogenated. Also shown are transition state and intermediate
configurations related to ISO-1 and NEI-1 in panels a (ISO-1) and b (NEI-1). ISO-2 and NEI-2 cannot
stabilize the *C*OH intermediate. Ti, O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark

grey, and white, respectively.
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Figure S10. (a) The reaction pathways for *C*O to *CH>O* related to the four interface models (ISO-
1, ISO-2, NEI-1, and NEI-2) of Pd11Cu.@TiOz, in which *C is consecutively hydrogenated. Relevant
transition states and intermediates related to these four models are also shown in panels a (ISO-1) and
b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark grey,

and white, respectively.
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Figure S11. (a) The reaction pathways for H*C*OH to *CH, related to the four interface models (ISO-

1, ISO-2, NEI-1, and NEI-2) of Pd11Cu2@TiO>, in which H*C*OH dissociates its C-O bond, and *CH

and *OH are hydrogenated to *CH> and H>O*. Relevant transition states and intermediates related to

these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu,

C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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1, ISO-2, NEI-1, and NEI-2) of Pd1iCu>@TiO2, in which H*C*OH is hydrogenated to produce

*CH2O*H, followed by the cleavage of the C-O bond. Relevant transition states and intermediates

related to these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti,

O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S13. (a) The reaction pathways for H*C*OH to CH3O*H related to the four interface models

(ISO-1, ISO-2, NEI-1, and NEI-2) of Pd11Cu>@TiO>. Relevant transition states and intermediates

related to these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti,

O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S14. (a) The reaction pathways for *CH,O* to *CH2 related to the four interface models (ISO-
1, ISO-2, NEI-1, and NEI-2) of Pdu1Cu.@TiO2, in which *CH,O* is hydrogenated to produce
*CH2O*H, followed by the cleavage of the C-O bond. Relevant transition states and intermediates
related to these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti,

O, Pd, Cu, C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S15. (a) The reaction pathways for *CH,O* to CH3O*H related to the four interface models
(ISO-1, ISO-2, NEI-1, and NEI-2) of Pd11Cu2@TiO>, in which *CH,O* is sequentially hydrogenated
to produce *CH>O*H and CH30*H. Relevant transition states and intermediates related to these four
models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H

atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S16. (a) The reaction pathways for *CH,O* to CH3O*H related to the four interface models
(ISO-1, ISO-2, NEI-1, and NEI-2) of Pd11Cu2@TiO>, in which *CH,O* is sequentially hydrogenated
to produce *CH30* and CH30*H. Relevant transition states and intermediates related to these four
models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu, C, and H

atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S17. (a) The reaction pathways for *CH> to CHj related to the four interface models (ISO-1,
ISO-2, NEI-1, and NEI-2) of Pdi1Cu2@TiO». Relevant transition states and intermediates related to
these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu,

C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S18. (a) The reaction pathways for CH3O*H to *CHj related to the four interface models (ISO-

1, ISO-2, NEI-1, and NEI-2) of Pd11Cu2@TiO>. Relevant transition states and intermediates related to

these four models are also shown in panels a (ISO-1) and b (ISO-2, NEI-1, and NEI-2). Ti, O, Pd, Cu,

C, and H atoms are in gray, red, cyan, orange, dark grey, and white, respectively.
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Figure S19. The transition states and intermediates along the most efficient pathway for the CH4

formation related to the ISO-2 model of Pd11Cu@TiO..
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Figure S20. The transition states and intermediates along the most efficient pathway for the CH4
formation related to the NEI-1 model of Pd11Cu.@TiO».
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Figure S21. The transition states and intermediates along the most efficient pathway for the CH4

formation related to the NEI-2 model of Pd11Cu.@TiO».
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Figure S22. The transition states and intermediates along the most efficient pathway for the CH;0OH

formation related to the ISO-2 model of Pd11Cu.@TiO..
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Figure S23. The transition states and intermediates along the most efficient pathway for the CH;0H
formation related to the NEI-1 model of Pd11Cu.@TiOx.
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Figure S24. The transition states and intermediates along the most efficient pathway for the CH3;0OH
formation related to the NEI-2 model of Pd11Cu.@TiOx.
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Figure S25. The *C*O adsorbed configurations related to the eleven models of Pd11Cu>@TiO> (ISO-
1 to ISO-3, and NEI-1 to NEI-7). The *C*O structures in a valence-bond saturated state are highlighted.
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Figure S26. The most efficient reaction pathways for CO» reduction to (a) CH4 and (b) CH3OH related

to the ISO-3 and NEI-3 models of Pd1:Cu.@TiO». Also shown are transition states and intermediates.
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conclusions.
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Section I: Microkinetic Simulation Details

The net rate for elementary step i in term of the forward rate constant, ki , the coverage of reactant

on two different sites, @(]), and the reversibility, Z., can be written as'

r=k 100" (1-2) i

where Z; :& , which approaches 0 as step i becomes irreversible and approaches 1 as step i
ieq

becomes quasi-equilibrated. KLeq is the equilibrium constant of step i, determined by the standard

C. G606

. . AG,
Gibbs free energy change (—AG; ) of the elementary reaction, K_ . =exp(——21). Q =
gy g ( I ) y eq,l p( RT ) QI C1+C2+€l+€2+

is the reaction quotient of step i. The rate constant, ki , for the elementary step can be determined by

the transition state theory:

k. T AG . kT
k =2 exp(——)=-E8
' h ( RT) h

LI -
)= 0 exp( RT) [2]

AS E
exp(- ) expl=

where k; and h are the Boltzmann and Planck constants, respectively. The standard equilibrium

constant K, ; and rate constant ki can be calculated with DFT data including entropy and zero-point
energy effects. Under the steady-state approximation, we can solve a set of kinetic equations with the
condition that the coverages on each adsorption site are equal to 1.

To evaluate the relative significance of each elementary step in influencing the overall catalytic

activity, the "degree of rate control" (X ) is utilized?>. This technique provides a quantitative
assessment of the sensitivity of each step within the comprehensive reaction framework. X _for step

i can be expressed in term of the standard Gibbs free energy of the transition state as

ki oOr 2inr
X =2 —
RC,i r (0’>kl )J'#i,Keq,i (5 In ki j#i Keg i [3]

The value of X for step 7 is larger, the influence of this step on the overall reaction rate is bigger.
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Here we used the collision theory to handle the kinetics of molecular adsorption process and to

derive the equivalent barriers ( E, ). According to the transition state and collision theories, the reaction

rate on a per-site basis can be written as:

kT E,\ P PA,
— _ a 1 ~ S | 4

where kB , h, T,P and m are the Boltzmann constant, Planck constant, reaction temperature,
pressure, and mass of gas molecule, respectively. Ay is the area of the atom which is described as
A= 7r? , in which 7 is the VDW radius of the atom. Herein, we have assumed that the gas molecule
behaves ideally, S;(T), the sticking coefficient, is seen as 1. Hence, we could get an equation about

E -

a -

P°Ah
E, = —kgT In( A
KeT \/27komT

In the present microkinetic simulation, we followed the experimental condition*, 2 atm COs,
6*10” atm CHa, 5.7%10° atm CO, 4.5*10°° atm H», and T = 300 K. Also, the concentration of liquid
H>0 was set as 55.6 mol/L (pure water), and the concentration of liquid products HCOOH and CH3;0H

were assumed to be 1 and 1 mol/L. C," and Ce- are set as 10™ mol/L>.
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Section II: Water Photolysis

To account for the microkinetic simulation requirements of intermediates of H" and H, we also
explored the photocatalytic H>O splitting, including water oxidation to produce O> and water reduction
to generate H», which is considered one of the major competitors to the CO» reduction.

In the first step, water dissociates to form OH/H*, or OH/H (H" withdrawing an e from Pd;;Cuy).
The production of H* or H depends on the adsorption site of the dissociated H species. If it is adsorbed
on Oz, H* is formed (as shown by path I in Figure S28); if it is adsorbed on the Pd;1Cu; cluster, an H
atom is formed (as indicated by path II in Figure S28). From a thermodynamic standpoint, the two
product formation pathways are competitive, as both are endothermic by ca. 0.2 eV. However, the
pathway for H* is more favorable due to its lower energy barrier (0.70 eV compared to 1.00 eV for H).
According to our calculations, the first step of water dissociation involving holes is non-competitive,
as it requires an endothermic energy input of 0.76 eV, similar to the previously reported dissociation
of water on the TiO- surface’”’.

The two adsorption configurations of OH™ produced in the first step undergo a subsequent H
dissociation step. Similar to the initial step, depending on the adsorption structure of OH-, the
dissociated H may be adsorbed on Ozp, resulting in H*, or onto the Pdi1Cuz cluster, leading to H. A key
question remains whether holes are involved in this dissociation process. If OH™ dissociation occurs
without the involvement of a hole, and the dissociated H atom is adsorbed on the Pd;;Cu; cluster, the
reaction must overcome an energy barrier of 1.36 eV and absorb 0.47 eV energy to form the O~
intermediate (as shown by path I in Figure S29). Alternatively, if the dissociated H" is adsorbed on the
Oap site, the process requires an energy barrier of 0.99 eV and the energy absorption of 0.08 eV,
resulting in the formation of the O* intermediate (path II in Figure S29). If a hole participates in the
reaction, transferring the hole from the bulk to OH™ producing OH is endothermic, requiring ca. 0.2
eV (Figure S30) and an associated energy barrier of around 0.5 eV®. Based on this OH, when H* is
adsorbed on the Oy site, forming O /H*, the dissociation process needs to overcome an energy barrier
of 0.33 eV and releases 0.10 eV energy. In contrast, for the formation of O/H with H adsorbed on the
Pd;1Cuz cluster, the process requires overcoming a higher barrier of 0.89 eV and releases 0.17 eV

energy (Figure S31). Comparatively, the involvement of a hole in the second step of the H.O
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dissociation is more favorable for facilitating the reaction. Subsequently, O™ can react with a hole to
form O (Figure S32), and then two O atoms form O (Figure S33). To identify the generated radicals,
we analyze their geometric structures, spin densities, Bader charge and magnetic moments. The
corresponding data are provided in Table S6 and Figure S29-33.

The H and H* produced from water dissociation can couple to form H». The formation of H> from
H* is a major competing pathway in the CO reduction. However, as shown in Figure S34, the H*
reduction does not offer a competitive advantage over the CO» reduction, due to a high energy barrier

of 2.24 eV for the H" reduction.
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Figure S28. The reaction pathways for water dissociation yielding OH/H (path I) and OH /H* (path

II) without hole involvement.
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Figure S29. The reaction pathways for OH- dissociation yielding O/H (path I) and O*/H* (path II)

without hole involvement.
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Figure S30. The process in which OH™ combines with a hole to form OH is endothermic (~0.2 eV),

and the hole transfer barrier is taken from the literature®.
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Figure S31. The reaction pathways for OH dissociation yielding O/H (path I) and O /H* (path II) with
hole involvement. Reactions involving hole are more favorable both kinetically and

thermodynamically compared to those without hole involvement.
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Figure S32. The process in which O~ combines with a hole to form O is exothermic (0.15 eV), and the

hole transfer barrier is taken from the literature®.
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Figure S33. The reaction pathway for O, formation via forming a bond between two O atoms.
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Figure S34. The reaction routes for H> formation from H (path I) and H* (path II) resulting from water

dissociation.
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Figure S35. The two Pd>Cu; adsorption sites. (1) adsorbs the H atom and (2) adsorbs the *CO molecule.
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Tables

Table S1. HSE06 + D3 Calculated the Adsorption Energies of the Pd;1Cux Clusters with Different

Positions of Two Doped Cu atoms on the TiO2(101) Surface.

Model ISO-1 ISO-2 ISO-3 ISO-4
Eaas (eV) 5.92 5.55 5.67 5.86

Model NEI-1 NEI-2 NEI-3 NEI-4 NEI-5 NEI-6 NEI-7
Eaqgs (eV) 5.92 5.62 5.86 5.83 5.30 5.48 5.51

Table S2. The -ICOHP Values and Enthalpy Changes of the *C*0O <-> H*C*O Process Related to the

Eleven Models of Pdi1Cu@TiO; as well as Selected Energy Barriers.

Model ISO-1 ISO-2 ISO-3 I1SO-4 ISO-5 ISO-6
-ICOHP (a/p) | 1.64/1.76 | 2.20/2.24 | 2.19/2.17 | 3.04/4.32 | 2.22/2.71 | 3.47/3.49
AE (eV)
-0.60 +0.67 -0.43 +0.47 +0.48 +0.45
EpcoEuceo)
Ets (eV) 0.11 1.42 0.15 /
Model 1ISO-7 1ISO-8 NEI-1 NEI-2 NEI-3 NEI-4
-ICOHP (a/p) | 2.27/2.63 | 3.07/3.03 | 2.59/2.53 | 4.70/5.58 | 2.21/2.88 | 3.66/3.26
AE (eV)
+1.23 +0.50 +0.16 +0.71 +0.21 +0.58
EpcoEuceo)
Ets (eV) 0.32 1.21 0.39 /
Model NEI-5 NEI-6 NEI-7 NEI-8
-ICOHP (o/B) | 4.09/5.00 | 1.66/2.24 | 2.76/3.01 | 1.95/2.23
AE (eV)
(E E ) +0.71 +1.2 +1.04 +0.73
H*C*0  *C*O
ETts (eV) / / /
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Table S3. List about Reversibility (Z;), Forward Reaction Rate Constants (k*), Net Reaction Rates (7er),

Gibbs Free Energy Changes (4G), and Gibbs Energy Barriers (Es) for all Elementary Reactions

Considered in the Microkinetic Simulation. 4G and E, are Corrected with Entropy Effects and Zero-

Point Energy (ZPE) Included. Adsorption or Desorption Process of Gas Molecule is Calculated with

the Collision Theory (see Section I). #1, #2, #3, #4, #5 and #6 represent Tisc, Oz, Pd2Cu; (adsorbing

H), interface, Pd>Cu; (adsorbing *CO) and Pdj; sites.

Step i Z; k* Mnet AG Ea

R1 HoO()+#1<->H,0#1 0.99 5.01e+08 | 4.05e-14 -0.71 -

R2 HoO#1+#2<->H*#2+0H #1 0.99 1.13e+03 | 2.06e-04 0.12 0.58
R3 HoO#1+#3<->H#3+OH#1+e 1.0 2.45¢+03 | -2.06e-04 | -0.06 0.56
R4 OH #1+h*<->0H#1 0.99 2.49¢+04 | 4.05e-14 0.17 0.50
R5 OH#1+#3<->0#1+H#3 6.55e-03 | 3.17e-04 | 9.64e-13 | -0.34 0.97
R6 OH#1+#2<->0" #1+H*#2 1.0 2.58e+06 | -9.24¢-13 0.12 0.38
R7 O #1+h*<->0#1 1.0 2.49¢+04 | -9.24e-13 | -0.15 0.50
R8 20#1<->0,+2#1 1.11e-11 1.89¢-04 | 2.02e-14 0.68 0.75
R9 2H#3<->H,+2#3 1.22 1.03e¢-03 | -2.24e-04 0.72 0.77
R10 2H*#2+2e" <->H,+2#2 9.59e-14 | 2.50e-17 1.12e-17 | -0.42 1.75
R11 CO+#4<->COx#4 3.68e-03 | 9.56et08 | 3.69¢-05 | -1.08 -

R12 CO#4+H* #2+e<->OCHO#4+#2 3.44e+05 | 4.84¢-02 | -1.81e-05 0.18 0.84
R13 OCHO#4+H*#2+e<->HCOOH#4+#2 1.0 2.83e+11 | -1.81e-05 | -0.04 0.08
R14 HCOOH#4<->HCOOH()+#4 8.86e+12 | 1.99¢-13 | -1.81e-05 | 1.29 -

R15 COx#4 + H#2 <->OCOH#4+#2 0.99 2.88e+12 | 5.51e-05 -0.04 0.02
R16 CO#4 + #5<-> CO#5 + O#4 1.88e+14 | 2.23e-02 | -2.39¢-24 | -0.66 0.86
R17 O#4+H_p#2+e<-> OH#4 + #2 1.00 9.04e+11 | -2.39e-24 | -0.48 0.05
R18 CO#5<->CO(q)+#5 6.50e+11 | 3.62e-36 | -2.39e-24 | 2.65 -

R19 OCOH#4+H#2<->CO#4+H,0+#2 1.48e-22 | 5.30et03 | 5.51e-05 | -0.99 0.54
R20 CO#4+H#3<->HCO#4+#3 449e-01 | 2.78e+10 | 5.51e-05 -0.6 0.14
R21 CO#4+ H#2<->COH#4+#2 1.22e+15 | 1.86e-12 | -5.44¢-12 1.22 1.46
R22 COH#4 + H#3<->HCOH#4+ #3 2.50e+05 | 7.66e+02 | -5.44e-12 | -0.03 0.59
R23 HCO#4 + H#2<->HCOH#4 + #2 0.99 1.13e+03 | 5.51e-05 0.55 0.58
R24 HCO#4 + H#3<->CH,O#4 + #3 0.99 2.23e-02 1.54e-14 0.70 0.86
R25 HCOH#4+H#3<->CH,OH#4+#3 1.69e+02 | 3.54e+02 | -2.89¢-06 0.31 0.61
R26 HCOH#4+#6<->CH#6+0OH#4 4.22e-10 | 1.19¢+06 | 5.79e-05 -0.78 0.40
R27 CH,0#4+H#2<->CH,OH#4+#2 3.73e+03 | 3.29e-23 | -1.28e-29 0.24 2.10
R28 CH0#4+H#3<->CH30#4+#3 4.77e-04 | 9.92¢-05 1.54e-14 0.40 1.00
R29 CH30#4+H#2<->CH3;OH#4+#2 1.13e-02 | 7.66e+02 | 1.54e-14 -0.46 0.59
R30 OH#4 + H#2<->H,0#4+#2 0.99 1.33e+12 | 7.68e-05 -0.13 0.04
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R31 HoO#4<->H,0(l)+#4 0.95 1.77e-03 7.68e-05 0.71 -
R32 CH#6+H#3<->CH2#6 + #3 0.91 7.39e+00 | 5.79e-05 0.46 0.71
R33 CH,OH#4+#3<->CH.#6+0H#4 2.07e-17 | 1.72e+05 1.88e-05 -0.93 0.45
R34 CH#6+H#3<->CH3#6+#3 1.91e-04 | 2.49e+04 | 7.68e-05 0.14 0.50
R35 CHs#6+H#3<->CHs+#3+#6 0.99 425e+12 | 7.68e-05 | -0.22 0.01
R36 CH,OH#4+H#3<->CH3;OH#4+#3 5.63e+02 | 3.54e+02 | -2.17e-05 0.39 0.61
R37 CH30OH#4<->CH3OH()+#4 1.11e+17 | 5.28e-12 | -2.17e-05 1.04 -
R38 CH;OH#4+#6<->CH3#6+0OH#4 1.24e-13 | 3.17e-04 1.18e-14 -0.57 0.97
Table S4. Computed Coverages of Surface Species at #1, #2, #3, #4, #5, and #6.
#1 (Tisc site)
H.O O OH OH- O #1
0.99 1.03e-05 6.58e-06 4,72e-03 3.12e-08 2.12e-14
#2 (Oab site) #3 (Pd2Cus site)
H* #2 H #3
067 0.33 0.99 4.66e-04
#4 (interface site)
CH;O CH,OH CHs0 CHsOH HCOOH CcoO
1.55e-10 1.09e-10 3.03e-17 3.71e-11 1.03e-05 3.59%e-15
CO; COH H.O HCO HCOH O
1.62e-09 2.84e-20 0.96 4.15e-02 4.86e-11 1.31e-11
OCHO OCOH OH #4
1.08e-06 1.55e-08 3.08e-03 1.94e-14
#5 (Pd2Cus site) #6 (Pds site)
CcoO #5 CH CH; CHs #6
1 0 8.46e-05 | 3.08e-09 | 5.63e-12 0.99
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Table S5. Reaction Rates of R14 and R37 at Different Concentrations (mol/L) of HCOOH and CH30H,

along with X of Key Steps.

R14: R37: Kev Rate St X
HCOOH#4<->HCOOH(I)+#4 | CHzOH#4<->CH3OH(l)+#4 ¢y Rate Steps Re
ChcooH = 10, CcHzon =10

HCOOH#4<->HCOOH(c)+#4 0.22
HCOH#4+#6<->CH#6+0OH#4 0.15

-1.32e-04 -1.58e-04
H,0#4<->H,0(c)+#4 0.17
CH30OH#4<->CH30H(c)+#4 0.39

CHcooH =1, CcHzon =1
CO+#4<->CO#4 0.43
-1.81e-05 -2.17e-05 HCOOH#4<->HCOOH(c)+#4 0.21
CH3OH#4<->CH30H(c)+#4 0.27
ChcooH = 0.1, CcHzon = 0.1
CO+#4<->CO#4 0.85
-1.886-06 -2.25¢-06 HCOOH#4<->HCOOH(c)+#4 0.04
CH3OH#4<->CH30H(c)+#4 0.05
ChcooH = 0.01, Cchson = 0.01
-1.88e-07 -2.26e-07 CO,+#4<->CO#4 0.94
Chcoon = 0.001, Cchson = 0.001

-1.88e-08 -2.26e-08 CO+#4<->COx#t4 0.95

Table S6. Key Radicals Involved in Photocatalytic Splitting of Water, Including Bader Charges,

Distances to Ti, and Magnetic Moments.

Radicals Bader Charge (e-) Ti-O (A) Magnetic moment
OH 7.05 (6.7[0]+0.35[H]) 2.30 0.81
OH- 7.54 (7.23[0]+0.31[H]) 1.79 0
0 6.03 2.48 1.62
O 6.58 1.89 0.89
o~ 6.93 1.69 0.08
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