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Fig. S1 Phase diagram of Rh and Cu.
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Fig. S2 Time course in the hydrogen production from the AB hydrolysis over
Rh, Cu and RhCu supported catalysts on (a) TiO, (R), (b) TiO, (A), (c) Al,Og,
(d) MgO and (e) ZrO,. Catalytic conditions; catalyst 20 mg, 10 mL of AB

aqueous solution (0.2 M) at 323 K.
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Fig. S3 TEM image and size distribution of Rh or RhCu NPs of the (a)
Rh/TiO, and (b) RhCu/TiO, catalysts.
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Fig. S4 Pre-calcination effect of Rh and RhCu supported TiO, catalysts
before hydrogen reduction toward AB hydrolysis. Treatment conditions:
calcined at 500 °C for 3h and reduced at 350 °C for 2 h under H,
atmosphere (catalytic conditions: catalyst 20 mg, 10 mL 0.2 M aqueous AB
solution, 30 °C).
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Fig. S5 Rh 3d XPS spectra of Rh/TiO, and RhCu/TiO, catalysts.
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Fig. S6 Cu 2p XPS spectra of Cu/TiO, and RhCu/TiO, catalysts.
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Fig. S7 Calculated model for the rate-limiting step in the AB hydrolysis on
the (A) Rh,, and (B) Rh,,Cu,, clusters.
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Fig. S8 (a) HAADF-STEM image of small RhCu NPs around 2-3 nm on the
RhCu/TiO, and (b) EDX line analysis.

S9



(a) TI0:(R) (b) ALO,
Rh+—>Rh0 Rh
- Rslisbe U B Rh_
© C n C 0 I /\
> frmtxea] 3 x 2Cu
£ RhCu E RhCu
50 100 150 200 250 300 50 100 150 200 250 300 350
Temperature / °C Temperature / °C
(c) MgO (d) TiO,(A)
. /\ Rh
5 //\ Rh =
%‘ x 2 Cu 3 x 5Cu
G RhCu @
= = RhCu
50 100 150 200 250 300 50 100 150 200 250
Temperature / °C Temperature / °C
(e) ZrO,
i\ wh
c
2 &Y
-
2
= RhCu

50 100 150 200 250 300 350 400

Temperature / °C

Fig. S9 H,-TPR profiles for Rh, Cu or RhCu-supported (a) TiO,(R), (b)
Al,Og, (c) MgO, (d) TiO,(A) and (e) ZrO, catalysts.
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Fig. S10 In situ XANES spectra for the (A) Rh K-edge Rh/TiO,, (B) Cu K-edge

Cu/TiO,, (C) Rh K-edge RhCu/TiO, and (D) Cu K-edge RhCu/TiO, acquired
during reduction under H, at elevated temperature.
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Fig. S11 In situ FT-EXAFS spectra for the (A) Rh K-edge Rh/TiO,, (B) Cu K-
edge Cu/TiO,, (C) Rh K-edge RhCu/TiO, and (D) Cu K-edge RhCu/TiO,
acquired during reduction under H, at elevated temperature.
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Fig. S12 In situ XANES spectra for the (A) Rh K-edge Rh/Al,O;, (B) Cu K-edge

Cu/ALLO4, (C) Rh K-edge RhCu/Al,O; and (D) Cu K-edge RhCu/Al,O; acquired
during reduction under H, at elevated temperature.
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Fig. S13 In situ FT-EXAFS spectra for the (A) Rh K-edge Rh/Al,O3, (B) Cu K-
edge Cu/Al,O;, (C) Rh K-edge RhCu/Al,O; and (D) Cu K-edge RhCu/Al,O4
acquired during reduction under H, at elevated temperature.
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Fig. S14 In situ XANES spectra for the (A) Rh K-edge Rh/MgO, (B) Cu K-edge
Cu/MgO, (C) Rh K-edge RhCu/MgO and (D) Cu K-edge RhCu/MgO acquired
during reduction under H, at elevated temperature.
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Fig. S15 In situ FT-EXAFS spectra for the (A) Rh K-edge Rh/MgO, (B) Cu K-
edge Cu/MgO, (C) Rh K-edge RhCu/MgO and (D) Cu K-edge RhCu/MgO
acquired during reduction under H, at elevated temperature.
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Fig. S16 Variations in the intensities of peaks shown in Fig. S8 attributed to Rh-
O, Rh-Rh, Cu-O or Cu-Cu bond during the reduction progress of (A) Rh K-edge
Rh/TiO,, (B) Cu K-edge Cu/TiO,, (C) Rh K-edge RhCu/TiO, and (D) Cu K-edge
RhCu/TiO,. Vertical axis shows relative intensity compared to that of initial data
(before H, reduction) attributed to Rh-O bond and compared to that of final data
(after H, reduction) attributed to Rh-Metal(M) bond.
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Fig. S17 Variations in the intensities of peaks shown in Fig. S10 attributed to
Rh-O, Rh-Rh, Cu-O or Cu-Cu bond during the reduction progress of (A) Rh K-
edge Rh/AL,O;, (B) Cu K-edge Cu/Al,O;, (C) Rh K-edge RhCu/Al,O5 and (D)

Cu K-edge RhCu/Al,O,. Vertical axis shows relative intensity compared to that

of initial data (before H, reduction) attributed to Rh-O bond and compared to
that of final data (after H, reduction) attributed to Rh-Metal(M) bond.
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Fig. S18 Variations in the intensities of peaks shown in Fig. S12 attributed to
Rh-O, Rh-Rh, Cu-O or Cu-Cu bond during the reduction progress of (A) Rh K-
edge Rh/MgO, (B) Cu K-edge Cu/MgO, (C) Rh K-edge RhCu/MgO and (D) Cu
K-edge RhCu/MgO. Vertical axis shows relative intensity compared to that of
initial data (before H, reduction) attributed to Rh-O bond and compared to that
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Fig. S19 time courses of the changes in the intensity of the peak at 1200 cm! attributed to
the d,__p Stretching vibration as obtained from in situ FTIR spectra acquired during the H,
and D2 gas exchange sequence over Rh supported (a) TiO,, (b) Al,O; and (c) MgO.
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Fig. S20 Difference of activity improvement of RhCu/TiO, compared to Rh/TiO,
depending on the reduction temperature of each catalyst (catalytic conditions:
catalyst 20 mg, 10 mL 0.2 M aqueous AB solution, 30 °C).

S21



=
(6]
1

S0 | 9.3

. i ’ \

S 7 \

O 5 t P A

= 7 227 B9 NN

é O i 4 \\ \\

Pt AN

S | N -6.4
Lj'j -5 i - A|203(100) \\\ )
> i \

= - - — TiO0,(101

% 10 | 2( ) _9.1
* 5 L

Reactant Product

Fig. S21 Energy profiles and calculated model for the H, cleavage on Rhg
cluster (Step 1) on the TiO, and Al,O,.
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Fig. S22 Energy profiles and calculated model for the Hatom transfer from Rh;
cluster to each support (Step 2) on the TiO, and Al,O,.
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Fig. S24 Energy profiles and calculated model for the reduction of Cu
species by spilled H atom (Step 4) on the TiO, and Al,O.
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Fig. S25 Energy profiles and calculated model for the reduction of Cu
species by vapor H, on the TiO, and Al,O.
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Fig. S26 Energy profiles and calculated model for the H, cleavage on
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Table S1. Activation energies for various steps during the reduction of Cu2*
species assisted by Hydrogen spillover on y-Al,O5 (100).
Activation Energy / kcal-mol™
H, cleavage H atom transfer from H atom migration Cu?* reduction
on Rhs cluster Rhs cluster to support on support by spilled H atom

y-Al,03 (100) 7.5 30.9 38.9 11.7
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