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Section 1

XRD patterns of the original TisAlC:2 and enlarged XRD patterns of series of
Aupre/TisAL:C:Ty catalysts to identify the characteristic peaks of Au NPs: Au(111), Au(200),

and Au(220).
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Figure S1. XRD patterns of (a) original TisAlCz; (b) 0.25wt%Au/TisAlxC2Ty;(c) 0.5wt%Au/TisAlxC2Ty;
(d) Twt%Au/TizAlxCzTy; (e) 1.5wt%Au/TisAlxC2Ty; and (f) 2wt%Au/TisAlC2Ty.
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Section 2

XRD patterns of the TisAL:C2Ty support and its calcined samples in air at 200°C, 400°C
and 600°C. To confirm the formation of surface TiO:z species on TisAL:C2Ty-Air600.
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Figure S2. XRD patterns of TisAlxC2Ty support and the calcined samples in air: TisAlxC2Ty-Air200,
TisAlxC2Ty-Air400, and TisAlkC2Ty-Air600.

XPS analysis of control catalyst (1wt%Aue/TisAlC2Ty) prepared by traditional chem-

ical reduction method.
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Figure S3. High-resolution XPS analyses of Au4f over 1wt%Auc/TisAlxCzTy.

Section 4

XPS analysis results of Au4f, Cls, Ols, and Ti2p from literature and the quantified
proportions of formed species associated with Cls, Ols and Ti2p.
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Table S1. Summarized binding energies of the metallic gold (Au), the positively-charged gold (Au®)
and the negatively-charged gold (Au®) obtained from literature reports.

; Au’ Au Au®
Material (4f72) | eV (4f72) eV (4f72) eV Ref
Aupre/TisAlxCaTy 83.5 -- This work
Auc/TisAlCaTy 83.7 - This work
Au@TiO2~/ZnO - 83.5 83.1 [s1]
TiOx@Au/TiO2 - 83.5 83.1 [s2]
Au@Ti/SiO2-wcSMSI - 83.8 834 [s3]
Au-BiOCl - 83.4 - [s4]
Au/TiC - 84 - [s5]
Au/Ti02-800 - 83.2 - [s5]
Au/HAP-800 - 83.8 - [s6]
Au/CeO2 85.5 (Au*) 83.8 - [s7]
Au/CeO2 85.9 (Au*) 84 - [s8]
84.6 (Au*)
Au-CeO2@SBA-15 86 (Au¥) 84 - [s9]
Au/FeOx-TiO2 86.3 (Au3) 84 - [s10]

Note: —refers to unavailable or undetectable.

Table S2. Detailed binding energies and fractions of sub-species deconvoluted from high-resolution
XPS spectra of Cls and Ols.

Aupre/ TisAlxC2Ty Aupre/ TisAlxCoTy-Air600  Aupre/ TisAlxC2Ty-Ar600 Aupre/TisAlxC2Ty-H600
ltems ]/3;/ fﬁZCtlon ?e]if Fraction / % ]/3e]i/ Fraction / % ]/3;/ Fraction / %
Ti-C 2819 95 281.9 0.5 281.6 2.4 281.6 3.1
Cls C-C 2848 63.1 284.8 72.8 284.8 74.8 284.8 73.6
C-O 286.5 16.8 286.3 18.1 286.4 14.1 286.4 13.7
0-C=0 288.8  10.7 288.8 8.6 288.9 8.8 288.9 9.6
Ti-O/Ti=O 5294 77.6 529.2 74.2 529.2 59.7 528.9 65.6
O1ls Ovacancy 5309 129 530.9 12.5 530.8 20.0 530.6 214
O-H/Na 5323 64 532.5 7.3 532.0 13.9 532.0 9.5
Oadsorbed 5346 3.2 534.5 2.0 533.3 6.4 534.1 3.6
Ti2p  Ti3/Ti* 0.23 Undetectable 0.12 0.21
Section 5

Particle size distribution analysis by TEM analysis and strong metal-support interac-

tion (SMSI) observation by HR-TEM analysis.
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Figure S4. TEM images of (a) 1wt%Au/TisAlxC2Ty-Air200; (b) 1wt%Au/TisAlxC2Ty-Air400.

Section 6
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Figure S5. SEM images of (a) 1wt%Aupre/TisAlC2Ty; (b) 1wt%Aupre/TisAlC2Ty-Air600; (c)
1Wt%AuPre/Ti3AGC2Ty-Ar600,' (d) 1Wt%AuPre/TiBAGCZTy-H600.

Section 7

Optimization work on catalyst mass, reaction temperatures and comparison of reac-
tion atmospheres (O, air or N2) and reaction time.

Catalyst dosage: The effect of different catalyst dosages was conducted using
1wt%Aupre/TisAlxC2Ty-Air600 and the results were given in Figure s6. It showed that in-
creasing the catalyst dosage significantly enhanced the conversion of benzyl alcohol. In
particular, the conversion of benzyl alcohol increased from 25% to 73% when the amount
of catalyst increased from 0.1g to 0.2g, whereas the conversion of benzyl alcohol improved
little when the catalyst mass increased from 0.2g to 0.3g, showing that 0.2g in this reaction
system was the optimum amount.
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Figure S6. Effect of different catalyst dosages using 1wt%Aupre/TisAlxC2Ty-Air600. Reaction condi-
tions: catalyst mass (variant), benzyl alcohol (4 mmol), sodium hydroxide (0.4 mmol), solvent of
toluene (20 ml), reaction temperature (90°C), atomosphere (Oz), reaction time (6 h).

Effect of atmosphere: Since Oz plays a unique role in the selective oxidation of benzyl
alcohol to benzaldehyde, in order to confirm the role of Oz, we conducted three sets of
experiments using 1wt% Aupre/TisAlxC2Ty-Air600 in the atmosphere of N2, Air and O, re-
spectively. As shown in Figure S7, the selective oxidation of benzyl alcohol over
1wt% Aupre/TisAlC2Ty-Air600 greatly depended on the content of Oz, in which the conver-
sion of benzyl alcohol reached 73% in Oz atmosphere. In the atmosphere of N2 and air, the
conversion of benzyl alcohol was only 0.6% and 38.5%. It showed that Oz played an im-
portant role in the oxidation of benzyl alcohol.
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Figure S7. Effect of atmospheres using 1wt% Aupre/TisAlxC2Ty-Air600. Reaction conditions: catalyst
mass (200 mg), benzyl alcohol (4 mmol), sodium hydroxide (0.4 mmol), solvent of toluene (20 ml),
reaction temperature: (90°C), atmosphere (variant), reaction time (6 h).

Effect of temperatures: we also studied the thermal effect on the selective oxidation
of benzyl alcohol catalyzed over 1wt% Aupre/TisAl«C2Ty-Air600. As shown in Figure S8, at
room temperature (25 °C) and 60 °C, the conversion of benzyl alcohol was 0.9% and 38.5%,
respectively, which was much lower than the 73% conversion at 90 °C. It showed that the
reaction temperature also plays an important role in the oxidation of benzyl alcohol. Con-
sidering the volatile properties of toluene, 60°C was selected as the typical reaction in this
study.
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Figure S8. Effect of different reaction temperatures using 1wt%Aupre/TisAlxC2Ty-Air600. Reaction
conditions: catalyst mass (200 mg), benzyl alcohol (4 mmol), sodium hydroxide (0.4 mmol), solvent
of toluene (20 ml), reaction temperature: (variant), atmosphere (Oz), reaction time (6 h).

Effect of reaction time: Results in Table 1 only showed the catalytic performances at
6h. To further understand the reaction as the function of time. Figure S9 showed the con-
version and selectivity of series of catalysts calcined in air, Ar and Ho>, respectively, and
exhibiting that the catalytic conversions went up as the reaction time increased. The air-
calcined samples outperformed their counterparts treated by Ar or Ho.
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Figure S9. The conversion of benzyl alcohol and selectivity of benzaldehyde over series of
1wt%Au/TisAlxC2Ty-Air catalysts (a, b), 1wt%Au/TisAlxC2Ty-Ar (¢, d), and 1wt%Au/TisAlxC2Ty-H (e,
f). Reaction conditions: Catalyst (200 mg), reactant (4 mmol), sodium hydroxide (0.4 mmol), sol-
vent: toluene (20 mL), temperature (60°C), atmosphere (Oz), reaction time (variant).

Section 8

Confirmation of synergistic effect between surface TiO: species and Au NPs



8 of 9

—~
Q
~
w S [$))
o o o

N
o

1

Conversion (%)

-
o

1

0

Reaction time (h)

-@-1wt% AUTi;ALC,T,+TiO, (b)100 - 8 e o
A-1Wt% AWTi,AXC,T, -Air600) "
A—-—"""__A 80 -
3
>60 -
¢ =
2 /°/ %3 401
& )
./ 20- ®—1wt% Au/Ti;ALC,T,+TiO,
/ A—1wt% Au/Ti;ALC,T, -Air600
‘ T T T T T O T T T T T T
1 2 3 4 5 6 0 1 2 3 4 5 6

Reaction time (h)

Figure S10. Synergistic effect between surface TiOz species and Au NPs. (a) The conversion of benzyl
alcohol over 1wt%Au/TisAlxC2Ty-Air600 and 1wt%Au/TisAlC2Ty+TiOz catalysts, (b) The selectivity
of benzaldehyde over 1wt%Au/TisAlxC2Ty-Air600 and 1wt%Au/TisAlC2Ty 4 TiO2 catalysts. Reac-
tion conditions: Catalyst (200 mg), reactant (4 mmol), sodium hydroxide (0.4 mmol), solvent: tolu-
ene (20 mL), temperature (60°C), atmosphere (Oz), reaction time (6h).

Section 9

Table S3. Summary of selective oxidation of benzyl alcohol to benzaldehyde in liquid phase system

by supported gold catalyst.

Catalysts Oxidant Reaction time Reaction Conversion/ % Selectivity Yield / % References
temperature ! %
Aupre/TisAlC2Ty O 6h 60C 25.2 88.2 222 This work
Aups/ TOANGT- 6h 60°C 385 94.7 365  This work
Air600

Au/S5i0: O 3h 100°C 56 29 16.2 [s11]
Au/TiOz Oz 3h 100°C 63 32 20.2 [s11]
Au/ALOs O 3h 100°C 76 22 16.7 [s11]
Au/UiO-66 O 10h 80°C 53.8 53.7 28.9 [s12]
Au/NPC Oz 8h 60°C 98.9 >99 98.9 [s13]
Au/PC Oz 8h 60C 51.4 >99 51.4 [s13]
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Section 11

Ilustration of the catalyst preparation process and reaction mechanism.
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Figure S11. The schematic illustration of catalyst preparation process and reaction mechanism for
the selective oxidation of benzyl alcohol to benzaldehyde.
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