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Fig. S1 The particle diameters distribution of Pt NPs. (a) UV-Pt@TONC/GN, (b) 
UV-Pt@TONC&R/GN, (c) UV-Pt@TONR/GN, (d) UV-Pt/GN and (e) UV-Pt@TiO2.

Fig. S2 TEM images of (a,b) UV-Pt/GN and (c,d) UV-Pt@TiO2 catalysts synthesized 
with the same procedure.
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Table S1 Surface compositions and oxidation states of Pt species derived from XPS 
analyses.

Pt species (%)

Pt0 Pt2+

UV-Pt@TONR/GN 68.08 31.92

UV-Pt@TONC&R/GN 61.07 38.93

UV-Pt@TONC/GN 48.51 51.49

UV-Pt /GN 33.21 66.79

UV-Pt@TiO2 42.30 57.70

Fig. S3 (a) CV curves, (b) MOR measurements and (c) 2000s current−time (i−t) 
measurements of UV-Pt@TONR/GN, UV-Pt/GN and UV-Pt@TiO2 catalysts in acid 
media.

Table S2 The electrochemical parameters of the designed catalysts in alkaline and acid 
media, respectively. 
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Table S3 The performance of various MOR electrocatalysts in alkaline / acid 
electrolytes in recent years.

Catalyst Electrolyte ECSA
(m2 g-1)

Mass activity
(mA mg-1

Pt)
Ref.

UV-Pt@TONR/GN 1 M KOH + 1 M 
CH3OH

51.55 3165 This work

Pt–Ce(CO3)OH/rGO 1 M KOH + 1 M 
CH3OH

60.36 1447.5     1

Pd59Cu33Ru8 NSs 1 M KOH + 1 M 
CH3OH

35.3 1660.8     2

Pt/g-C3N4/MoS2 1 M KOH + 1 M 
CH3OH

-- 1618     3

PtCu NFs 0.5 M KOH + 1 M 
CH3OH

12.4 2110 4

Pt-NiO 1 M KOH + 1 M 
CH3OH

26.0 880 5

Pt/Ni(OH)2/rGO 1 M KOH + 1 M 
CH3OH

64.1 1200 6

UV-Pt@TONR/GN 0.5 M H2SO4 + 1 M 
CH3OH

60.69 1945.63 This work

Pt/NiCoPx@NCNT-
NG

0.5 M H2SO4 + 1 M 
CH3OH

54.2 867 7

Pt-Ag DSNCs 0.5 M H2SO4 + 1 M 
CH3OH

17.8 566.8 8

p-Pt/TNR@GC 0.5 M HClO4 + 0.5 
M CH3OH

62.6 1120 9

PtRu NWs 0.5 M H2SO4 + 0.5 
M CH3OH

12.4 820 10

PtNi/ceria 0.1 M HClO4 + 0.5 
M CH3OH

36.9 1500 11
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Pt/TiO2/rGO 0.5 M H2SO4 + 0.5 
M CH3OH

81.7 698.9 12

Equation S1:

 𝐽𝑝= 0.4463 × (𝐹3/𝑅𝑇)1/2 × 𝑛3/2 × 𝐴 × 𝐷1/20 × 𝐶 ∗0 × 𝑣
1/2

Where F is the Faraday constant, R is the gas constant, T is the temperature of the 

electrooxidation reaction, n is the number of electrons transferred in the reaction, A is  

the surface area of the electrode, D0 is diffusion coefficient;, C0* is the initial 

concentration of electrolyte and v is the potential scan rate. The parameter values of F, 

R, T, A, D0, C0* are constant in the same experimental media, and the slope is 

determined by n3/2.
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Fig. S4 CV curves of (a) UV-Pt@TONR/GN, (b) UV-Pt@TONC&R/GN, (c) UV-
Pt@TONC/GN, (d) JM Pt/C, (e) UV-Pt/GN and (g) UV-Pt@TiO2 at various scan rates. 
The corresponding linear relationship between peak current density and the square root 
of sweep rate of (f) UV-Pt/GN and (h) UV-Pt@TiO2 in 0.5 M H2SO4 + 1 M CH3OH 
solution.

Fig. S5 CV curves of variously prepared catalysts before and after 2000 s i-t test in 0.5 
M H2SO4 + 1 M CH3OH solution.

Fig. S6 MOR CV curves of (a) UV-Pt@TONR/GN, (b) UV-Pt@TONC&R/GN, (c) 



s-7

UV-Pt@TONC/GN, (d) UV-Pt/GN, (e) UV-Pt@TiO2 and (f) JM Pt/C sweep for 1000 
cycles in 0.5 M H2SO4 + 1 M CH3OH solution.

Fig. S7 CO-stripping voltammetry measurements of (a) UV-Pt/GN and (b) UV-
Pt@TiO2.

Fig. S8 CV curves of methanol oxidation without or with UV irradiation in (a) 0.5 M 
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H2SO4+ 1 M CH3OH solution and (b) 1 M KOH+ 1 M CH3OH solution. Typical GC 
spectra of methanol electrolyte before and after UV irradiation : (c) acid electrolyte and 
(d) alkaline electrolyte.

Fig. S9 (a) CV curves, (b) MOR measurements and (c,d) 2000s current−time (i−t) 
measurements of the synthesized catalysts in alkaline media.
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Fig. S10 CV curves of (a) UV-Pt@TONR/GN, (b) UV-Pt@TONC&R/GN, (c) UV-
Pt@TONC/GN, (d) JM Pt/C, (e) UV-Pt/GN and (f) UV-Pt@TiO2 at various scan rates 
and (g-i) corresponding linear relationship between peak current density and the square 
root of sweep rate in 1 M KOH + 1 M CH3OH solution.
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Fig. S11 CV curves of variously prepared catalysts before and after 2000 s i-t test in 1 
M KOH + 1 M CH3OH solution.

Fig. S12 MOR CV curves of (a) UV-Pt@TONR/GN, (b) UV-Pt@TONC&R/GN, (c) 
UV-Pt@TONC/GN, (d) UV-Pt/GN, (e) UV-Pt@TiO2 and (f) JM Pt/C sweep for 1000 
cycles in 1 M KOH + 1 M CH3OH solution.

Fig. S13 CO-stripping voltammetry measurements of (a) UV-Pt/GN and (b) UV-
Pt@TiO2 in 1 M KOH.
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Fig. S14 Structures of adsorbed CH3OH on (a) Pt/TiO2(101), (b) Pt/TiO2(001), (c) 
Pt/TiO2(110) and CO on (d) Pt/TiO2(101), (e) Pt/TiO2(001), and (f) Pt/TiO2 (110) 
surfaces and corresponding adsorption energies.

Fig. S15 Calculated formation energies obtained from the difference of the binding 
energies of CH3OH and CO on Pt/TiO2(101), Pt/TiO2(001) and Pt/TiO2(110) surfaces.
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