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Supplementary Figure 1. TEM images and particle size distribution. a TEM image of
AU/TiO.. b Particle size distribution of Au/TiO,. ¢ TEM image of Au/TiO.@M. d Particle size
distribution of Au/TiO.@M. e TEM image of Au/TiIO,@M-N. f Particle size distribution of
AU/TiIO.@M-N. g TEM image of AU/TIO@M-N-800. h Particle size distribution of

AU/TiO.@M-N-800. The scale bar in a and ¢ corresponds to 20 nm, and in e and g corresponds to
50 nm.



Supplementary Figure 2. HRTEM analysis. a, b, ¢ and d HRTEM images of
AU/TiO,@M-N-800, in which all Au NPs were encapsulated by TiOy overlayer. The scale bars are
all 5 nm.



Supplementary Figure 3. HRTEM analysis. a, b, ¢ and d HRTEM images of
AU/TiO,@M-N-800, in which all small Au NPs were encapsulated by TiOx overlayer. The scale
bars are all 5 nm.
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Supplementary Figure 4. Electron microscopy images and particle size distribution of
Au/TiO2-800. a TEM image of Au/TiO.-800. b Particle size distribution of Au/TiO»-800. c and d
HRTEM images of Au/TiO»-800, in which Au NPs sintered seriously. The scale bar in a
corresponds to 200 nm, and in ¢ and d corresponds to 20 nm.
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Supplementary Figure 5. XRD characterization. a XRD patterns of Au/TiO,, Au/TiO,@M,
AU/TIO>@M-N, Au/TiO,@M-N-800 and Au/TiO»-800. b The enlargement of the box in a.
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Supplementary Figure 6. Electron energy loss spectroscopy analysis. a HRTEM image of
AU/TIO,@M-N-800. b EELS spectra of Au/TiO,@M-N-800. The spectra were

background-subtracted. ¢ Fitted EELS spectra of Au/TiO,@M-N-800 from 450 to 480 eV. The
scale bar in a corresponds to 2 nm.
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Supplementary Figure 7. Electron energy loss spectroscopy analysis. a HRTEM image of
Au/TIO>@M-N-800. b EELS spectra of carbon film. ¢ EELS spectra of Au/TiO,@M-N-800 from
250 to 700 eV. The spectra were background-subtracted. The scale bar in a corresponds to 5 nm.
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Supplementary Figure 8. Electron energy loss spectroscopy analysis. a HRTEM image of
AU/TiO,@M-N-800. b EELS spectra of carbon film. ¢ EELS spectra of Au/TiO.@M-N-800 from
250 to 700 eV. The spectra were background-subtracted. The scale bar in a corresponds to 5 nm.
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Supplementary Figure 9. N 1s XPS analysis. N 1s XPS spectra of Au/TiO.@M, Au/TiO.@M-N

and Au/TiO,@M-N-800.
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Supplementary Figure 10. Ti 2p XPS analysis. Ti 2p XPS spectra of Au/TiO2, Au/TiO,@M,
AU/TiIO2@M-N, Au/TiO.@M-N-800, Au/TiO,-800.
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Supplementary Figure 11. DRIFTS analysis. In-situ DRIFT spectra of CO desorption on a
AU/TiO, b Au/TiIO.@M-N, ¢ Au/TiO.@M-N-800 and d The enlargement of ¢, e The blank test, f
The enlargement of f under the purge of He at room temperature.
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Supplementary Figure 12. Au 4f XPS analysis. Au 4f XPS spectra of Au/TiO2, Au/TiO,@M,
AU/TiIO2@M-N, Au/TiO2@M-N-800, and Au/TiO,-800.
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Supplementary Figure 13. EXAFS characterization. a Fitting Au L,, edge EXAFS spectra in
k-space of Au foil. b Fitting Au L,, edge EXAFS spectra in k-space of Au/TiO.. ¢ Fitting Au L,
edge EXAFS spectra in k-space of Au/TiO,@M. d Fitting Au L,, edge EXAFS spectra in k-space
of Au/TiIO.@M-N. e Fitting Au L, edge EXAFS spectra in k-space of Au/TiO,@M-N-800. f
Fitting Au L., edge EXAFS spectra in k-space of Au/TiO»-800, where the blue and red lines
correspond to the experimental and curve-fitting results, respectively.
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Supplementary Figure 14. Catalytic CO oxidation on Au/TiO2 nanocatalysts before and after
calcination. CO oxidation curves of Au/TiO.-H500, Au/TiO>-H500-0400, Au/TiO,-H500-800

and Au/TiO2-H500-0400-800 with a feed gas comprising 1 vol% CO/ 1 vol% Oy/ 98 vol% He at
33.3 mL min'.
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Supplementary Figure 15. Electron microscopy images and particle size distribution of
Au/TiO,-H500. a TEM image of Au/TiO.-H500. b Particle size distribution of Au/TiO2-H500. ¢
and d HRTEM images of Au/TiO»-H500, in which Au NPs were covered by TiOx overlayer. The
scale bar in a corresponds to 20 nm, and in ¢ and d corresponds to 5 nm.
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Supplementary Figure 16. Electron microscopy images and particle size distribution of
AuU/TiO,-H500-0400. a TEM image of Au/TiO»-H500-0400. b Particle size distribution of
Au/TiO»-H500-0400. ¢ and d HRTEM images of Au/TiO,-H500-0400, in which the overlayer
retreated and Au NPs were bare. The scale bar in a corresponds to 20 nm, and in ¢ and d
corresponds to 5 nm.
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Supplementary Figure 17. Electron microscopy images and particle size distribution of
AuU/TiO,-H500-800. a TEM image of Au/TiO»-H500-800. b Particle size distribution of
Au/TiO,-H500-800. ¢ and d HRTEM images of Au/TiO2-H500-800, in which Au NPs sintered
seriously. The scale bar in a corresponds to 200 nm, and in ¢ and d corresponds to 10 nm.
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Supplementary Figure 18. Electron microscopy images and particle size distribution of
Au/TiO,-H500-0400-800. a TEM image of Au/TiO,-H500-0400-800. b Particle size distribution
of Au/TiO2-H500-0400-800. ¢ and d HRTEM images of Au/TiO,-H500-0400-800, in which Au
NPs sintered seriously. The scale bar in a corresponds to 200 nm, and in ¢ and d corresponds to 20
nm.
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Supplementary Figure 19. Catalytic CO oxidation on Au/TiO.@M-N-800 nanocatalyst. Long
—term CO oxidation at 400 °C on Au/TiO.@M-N-800 with a feed gas comprising 1 vol% CO/ 1
vol% O/ 98 vol% He at 33.3 mL min, 4.2 mg catalyst, space velocity (SV) =500 L h gear™.
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Supplementary Figure 20. Electron microscopy images and particle size distribution of
Au/TiO.@M-N-800. a TEM image of Au/TiO,@M-N-800 after catalyzing CO oxidation at 400
°C for 100 h. b Particle size distribution of Au/TiO.@M-N-800 after catalyzing CO oxidation at
400 °C for 100 h. c and d HRTEM images of Au/TiO.@M-N-800 after catalyzing CO oxidation at
400 °C for 100 h, in which Au NPs were still covered by TiOyx overlayer. e and f HRTEM images
of Au/TiO.@M-N-800 after catalyzing CO oxidation at 400 °C for 100 h, in which the TiOx
overlayer was not dense as that of the fresh catalyst. The scale bar in a corresponds to 100 nm, and
in ¢, d, e and f corresponds to 5 nm.
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Supplementary Figure 21. Electron microscopy images and particle size distribution of
Au/TiO.@M-N-800 after 10th ignition-extinction cycles. a TEM image of Au/TiO.@M-N-800
after 10th ignition-extinction cycles. b Particle size distribution of Au/TiO.@M-N-800 after 10th
ignition-extinction cycles. ¢ and d HRTEM images of Au/TiO>@M-N-800 after 10th
ignition-extinction cycles, in which TiOx overlayer still existed on the Au NPs. The scale bar in a
corresponds to 50 nm, and in ¢ and d corresponds to 10 nm.

22



10 30 50 70 90 h
80 —

70 |
60 |-

50 |

40 | /

30 | /

ot/

10 |-

Conversion (%)

—eo— Au/TiO,@M-N-800

0 I 1 1 i 1 1 1 1 1 1 1

300 400 500 =« ~ » 500
Temperature (C)

Supplementary Figure 22. Water-gas shift (WGS) reaction on Au/TiO,@M-N-800
nanocatalyst. Long-term WGS reaction at 500 °C on Au/TiO.@M-N-800 with a feed gas
comprising 2 vol% CO/ 10 vol% H2O/ 88 vol% He at 30 mL min™, 0.1 g catalyst, space velocity
(SV) =18 L h'! gear'™.
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Supplementary Figure 23. Electron microscopy images and particle size distribution of
AU/TiO.@M-N-800. a TEM image of Au/TiO.@M-N-800 after WGS reaction at 500 °C for 90 h.
b Particle size distribution of Au/TiO.@M-N-800 after WGS reaction at 500 °C for 90 h. ¢, d, e
and f HRTEM images of Au/TiO.@M-N-800 after WGS reaction at 500 °C for 90 h, in which Au
NPs were still covered by TiOx overlayer. The scale bar in a corresponds to 100 nm, and inc, d, e
and f corresponds to 5 nm.
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Supplementary Figure 24. Electron microscopy images and particle size distribution of
AUu/TiO,@M-N-800 after simulated CO emission control reaction at 400 °C for 10 days. a
TEM image of Au/TiO,@M-N-800 after simulated CO emission control reaction at 400 °C for 10
days. b Particle size distribution of Au/TiO.@M-N-800 after simulated CO emission control
reaction at 400 °C for 10 days. ¢ HRTEM image of Au/TiO,@M-N-800 after simulated CO
emission control reaction at 400 °C for 10 days, in which Au NPs were still encapsulted by TiOx
overlayer. d, e and f HRTEM images of Au/TiO,@M-N-800 after simulated CO emission control
reaction at 400 °C for 10 days, in which the TiOx overlayer was not dense as that of the fresh
catalyst. The scale bar in a corresponds to 50 nm, and in c, d, e and f corresponds to 5 nm.

25



b 6.7 £ 2.8nm

pe s
o
A

Frequency (%
nN
o

7

"

7
0 5 10 15 20 25
Particle Size (nm)

Supplementary Figure 25. Electron microscopy images and particle size distribution of
Au/TiO.@M-N-800-400. a TEM image of Au/TiO,@M-N-800-400. b Particle size distribution
of Au/TiO,@M-N-800-400. c and d HRTEM images of Au/TiO,@M-N-800-400, in which TiOx

overlayer did not retreat. The scale bar in a corresponds to 50 nm, and in ¢ and d corresponds to 5
nm.
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Supplementary Figure 26. Electron microscopy images and particle size distribution of
Au/TiO.@M-N-800-500. a TEM image of Au/TiO,@M-N-800-500. b Particle size distribution
of Au/TiO,@M-N-800-500. ¢ and d HRTEM images of Au/TiO,@M-N-800-500, in which TiOx

overlayer did not retreat. The scale bar in a corresponds to 50 nm, and in ¢ and d corresponds to 5
nm.
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Supplementary Figure 27. Electron microscopy images and particle size distribution of
Au/TiO.@M-N-800-600. a TEM image of Au/TiO,@M-N-800-600. b Particle size distribution
of Au/TiO,@M-N-800-600. ¢ and d HRTEM images of Au/TiO.@M-N-800-600, in which TiOx
overlayer did not retreat. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to
5 nm.
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Supplementary Figure 28. HRTEM analysis. a and b HRTEM images of Au/TiO.@M-N, in
which Au NPs were bare. The scale bars are all 5 nm.
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Supplementary Figure 29. Electron microscopy images and particle size distribution of
AU/TIO.@M-N800. a TEM image of AuU/TiO@M-N800. b Particle size distribution of
AU/TiO,@M-N800. ¢ and d HRTEM images of Au/TiO.@M-N800, in which Au NPs sintered
seriously. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to 20 nm.
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Supplementary Figure 30. Electron microscopy images and particle size distribution of
AU/TIO.@M-600. a TEM image of AU/TiO@M-600. b Particle size distribution of
AU/TiO,@M-600. ¢ and d HRTEM images of Au/TiO.@M-600, in which no overlayer was
observed. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to 5 nm.
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Supplementary Figure 31. Electron microscopy images and particle size distribution of
AU/TIO.@M-800. a TEM image of AU/TiO,@M-800. b Particle size distribution of
AU/TiO,@M-800. ¢ and d HRTEM images of Au/TiO.@M-800, in which no overlayer was
observed. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to 10 nm.
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Supplementary Figure 32. Electron microscopy images and particle size distribution of
AU/TIO.@M-N-500. a TEM image of Au/TiO.@M-N-500. b Particle size distribution of
AU/TiO,@M-N-500. ¢ and d HRTEM images of Au/TiO.@M-N-500, in which no overlayer was
observed. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to 5 nm.
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Supplementary Figure 33. Electron microscopy images and particle size distribution of
AU/TiIO.@M-N-600. a TEM image of Au/TiO.@M-N-600. b Particle size distribution of
AU/TiO,@M-N-600. ¢ and d HRTEM images of Au/TiO.@M-N-600, in which no overlayer was
observed. The scale bar in a corresponds to 100 nm, and in ¢ and d corresponds to 5 nm.
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Supplementary Figure 34. Electron microscopy images and particle size distribution of
Au/TiO,-N-800. a TEM image of Au/TiO.-N-800. b Particle size distribution of Au/TiO2-N-800.
¢ and d HRTEM images of Au/TiO,-N-800, in which Au NPs sintered seriously and no overlayer
was observed. The scale bar in a corresponds to 200 nm, and in ¢ and d corresponds to 20 nm.
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Supplementary Figure 35. Electron microscopy images and particle size distribution of
Au/anatase@M-N-800. a TEM image of Au/anatase@M-N-800. b Particle size distribution of
Au/anatase@M-N-800. ¢ and d HRTEM images of Au/anatase@M-N-800, in which all Au NPs

were encapsulated by TiOx overlayer. The scale bar in a corresponds to 100 nm, and in ¢ and d
corresponds to 5 nm.
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Supplementary Figure 36. Electron microscopy images and particle size distribution of
Au/rutile@M-N-800. a TEM image of Au/rutile@M-N-800. b Particle size distribution of
Au/rutile@M-N-800. ¢ and d HRTEM images of Au/rutile@M-N-800, in which all Au NPs were
encapsulated by TiOy overlayer. The scale bar in a corresponds to 100 nm, and in ¢ and d
corresponds to 10 nm.
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Supplementary Figure 37. Electron microscopy images and particle size distribution of
C-Au/TiO,@M-N-800. a TEM image of C-Au/TiO.@M-N-800. b Particle size distribution of
C-Au/TiO,@M-N-800. ¢ and d HRTEM images of C-Au/TiO.@M-N-800, in which all Au NPs

were encapsulated by TiOx overlayer. The scale bar in a corresponds to 100 nm, and in ¢ and d
corresponds to 5 nm.
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Supplementary Figure 38. Electron microscopy images and particle size distribution of
RR2Ti@M-N-800. a TEM image of RR2Ti@M-N-800. b Particle size distribution of
RR2Ti@M-N-800. ¢ and d HRTEM images of RR2Ti@M-N-800, in which all Au NPs were

encapsulated by TiOy overlayer. The scale bar in a corresponds to 100 nm, and in ¢ and d
corresponds to 5 nm.
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Supplementary Tables
Supplementary Table 1. Composition ratio of TiOz in a series of samples.

Samples TiO2

Anatase (Wt %) Rutile (wt %)
AU/TiO2 78 22
Au/TIO@M 78 22
Au/TiO2@M-N 54 36
Au/TiO2@M-N-800 12 88

Au/TiO2-800 0 100




Supplementary Table 2. Analysis results of the EXAFS data at Au L,j-edge.

Samples Shell N R(A) 62103 (A?) AEo (eV) r-factor

Au foil Au-Au 12 2.86 7.8 4.5 0.008
Au-Au 6 4.07 11.8 4.5

AU/TiO2 Au-Aul 5.9 2.82 8.52 1.65 0.022
Au-Au?2 0.04 4.00 3.37 1.65

Au/TiIO@M Au-Aul 7 2.83 8.83 3.22 0.017
Au-Au?2 14 4.05 9.77 3.22

AU/TiIO2@M-N Au-Aul 1.7 2.84 7.93 4 0.018
Au-Au?2 3.5 4.06 11.1 4

Au/TiO2@M-N-800 Au-Aul 8.4 2.85 7.81 3.24 0.012
Au-Au?2 4.2 4.06 11.9 3.24
Au-Ti 5.6 2.79 73.42 3.74

Au/TiO2-800 Au-Aul 9.8 2.86 7.92 4.0 0.006
Au-Au?2 4.2 4.06 10.09 4.0

N, the coordination number for the absorber-backscatter pair; R, the average distance between absorber and

backscatter, 6%, Debye-Waller factor; AEo, inner potential correction.
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Supplementary Table 3. Catalytic performances of Au nanocatalysts compared with the
other well-known sintering-resistant Au catalysts reported in literatures.

Catalysts Loading Dau® T50°¢ Specific TOFx102 9 Test
awt.% nm °C ratex10? st temperature  Ref®
molco
hl gAu-l
AU/TiO2 3.8 3508 -2.1 53.6 12 25 This
work
Au/TiO2@M-N-800 3.8 75=x16 32 18.6 8.5 25 This
work
Au/TiO2-800 3.8 32.6 +£10.3 245 0.6 11 25 This
work
Au/TiO2-H500-SMSI 3.8 3.2x038 -195 66.1 129 25 This
work
RR2Ti 1.0 4122 N.D. 153 38.1 25 1
Au/TiO2-WGC 1.47 3.8x0.8 N.D. 179 39.3 25 1
Au/Fe03-WGC 4.4 22 4.8 27 1
Au/(TiO2-HAP)-800 2.9 8.6 x2.3 27 16 8.6 25 1
AU/TiO2-wcSMSI 0.77 2.0 100 68 25 2
Au/HAP-500 2.8 3.0 18 20 11 25 3
Au/(Fe203-HAP)-600 3.2 4.5 7.1 1.94 24 4
Au/TiO2-500 1.0 3.8%0.38 -6 27 102 5
Au/Zn0-600 1.94 6.3 18 6.9 100 6
Au/Al203-700 2.3 208 92 111 0 7
Au/(TiO2-Si02)-700 2.2 6.5 45 17.8 64 8
Au/(TiO2-Si02)-800 21 3.5%16 83.3 17.7 20 9
Au/(ZrO2-Si02)-800 5.7 8.7 x3.9 4.6 24 20 9

2 Au loading.

b Particle size of Au NPs.

¢The temperature required for 50 % CO conversion (T50).

dThe TOF is calculated according to equation: TOF = rcoMau/D, D=0.9/dau, where D is the dispersion of Au and
dau is the diameter of Au NPs.

¢ References.
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