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Figure S1. (A) Illustration of a new ‘probe-type’ on-line DEMS system; (B) Designing drawing of the
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Figure S2. CO stripping curves of JM Pt/C (A) and Pt-SnO> /rGO (B), also shown are the
corresponding MSCVs of CO> (m/z = 44)
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Figure S3. (A-D)TEM images of the as-prepared Pt-SnO /rGO composites, (E) HR-TEM images of Pt-
SnO; /rGO, (F) Atomically resolved HAADF-STEM image of Pt-SnO,. Left inset is the FFT of the
image (F). From the HR-TEM images, the lattice distance of Pt overlayer on SnO> was found to be 2.33
A. This is slightly larger than that of the Pt (111) (2.26 A), which could be ascribed to the tensile strain
effect from the SnO, substrate. The Pt-SnO; nanoflakes in HAADF-STEM image (Figure S1F) were
founded to be oriented along the [011] direction with (111) and(002) facets being the abundant
truncating lattice planes, which were further confirmed by the corresponding fast Fourier transform

image.
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Figure S4. SnO> nanoslices characterization. (A-C) Bright field (HR-)TEM images, (D) size

distribution, (E) AFM image with marked white line and number showing the height of certain SnO»

nanoslices, (F) corresponding height distribution and (G) height profiles.

Figure S5. Schematic illustration of ultrathin SnO; nanoslices.
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Figure S6. Additional TEM images of SnOz nanoslices.
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Figure S7. N sorption isotherms of ultrathin SnO> nanoslices. The special surface area of ultrathin

SnO; nanoslices was estimated to be about 151.95 m? g'! from the N, sorption isotherms.
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Figure S8. XRD patterns of reduced graphene oxide (rGO), SnO> powder, SnO>/rGO and Pt-SnO»/rGO

composites. The bule lines are indexed to the tetragonal structure of SnO», corresponding to JCPDS No.

88-0287.
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Figure S9. (A) CV curves of Pt-SnO,/rGO and JM Pt/C in 1.0 M HCIO4 at a scan rate of 50 mV/s, (B)
The CO stripping curves of Pt-SnO2/rGO in 1.0 M HCIO4 before and after the chronoamperometric test.
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Figure S10. (A) Pt/rGO vs. JM Pt/C, CVs were recorded in 1 M HC1O4 + 1 M CH3OH at a scan rate
of 50 mV/s, (B) The CO stripping curves of Pt-SnO>/rGO and Pt/rGO in 1.0 M HCIlOs, (C) Pt-
SnO,/rGO vs. JM PtRu/C, CVs were recorded in 1 M HCIO4 + 1 M CH3OH at a scan rate of 50
mV/s, (D) Chronoamperometric curves of Pt-SnO>/rGO and JM PtRu/C recorded at 0.70 V (vs.

RHE) in 1 M HCIO4 + 1 M CH;OH.
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Figure S11. In situ ATR-SEIRAS spectra for (A) Pt/rGO in 1 M HCIO4 + 1 M CH30H with a time
resolution of 5 s, using a single-beam spectrum at open circuit potential in 1 M HClO4 as the reference
spectrum, (B) Corresponding CVs of (C) Pt/rGO at a scan rate of 10 mV/s with the integrated band
intensities of COr and HCOOg. Current densities were normalized by geometric electrode area of 0.785
cm?, and a constant catalyst loading was used for ATR-SEIRAS measurement, leading to an actual Pt

mass loading of 0.55 mgp/cm? for Pt/rGO.
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Figure S12. (A) Simultaneously recorded CVs and MSCVs for m/z = 44 and m/z = 60 on Pt/rGO and
Pt-SnO2/rGO in 1 M HCIO4 + 1 M CH30H at scan rate 5 mV/s; (B) the corresponding potential-

dependent plot of the relative ratio /us,s0/Ims 44 as measured from 0.60 V to 1.20 V.
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Figure S13. (A) Top view and (B) side view of the simulated Pt-SnO; structure.

Table S1. Pt L3 edge EXAFS Fitting Results

Sample Bond CN R/A o’ /(x103A%) AE/eV R factor
Pt foil Pt-Pt 12 2.75 - - -

JM Pt/C? Pt-Pt 5.08+0.95 2.71+0.027 7.3 4.8 0.47%
Pt-O  2.06+0.32 1.97+0.036 3.6 6.8 '

SnO,@Pt/rGO® Pt-Pt 6.46£0.94 2.72+0.02 7.5 3.2 0.23%

Pt-O  1.61+0.19 2.03+0.09 9.5 9.1 e

[a] k-range = 3.349 - 13.808, [b] k-range = 3.226 — 12.449
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Table S2. Comparison of MOR performances of Pt-SnO2/rGO, other Pt-MOx, and PtRu

nanocatalysts from this work and recent published data.

Methangl Scan rate Ma§s Sp.ec.iﬁc Peak
Samples concentNiatlon / N \; o agl;;ll;yl / acAt1'VH11t_}2/ / Potential / V Ref.
P-Sn02/rGO 1.00 50 131 2176 (VS9££IE) This work
M PtRU/C 1.00 50 0.43 432 (VS9£E) This work
Pt-CeOs 0.50 50 275 (VS9££IE) (1]
m-20PYWO3 0.50 50 0.59 - A?gﬁgcn 2]
7.5 wi% PYW2C 1.00 50 0.72 15.6 (Vs.;(;./ifgCl) 3]
PUNi(OH),/rGO 1.00 50 1.07 15.0 (V'S%%)E) (4]
P{Sn0,/C 1.00 20 0.50 (VS9£;E) (5]
(lf:fgi P;'f;) 1.00 50 126 22.10 (VS9§§E) (6]
fltg\g‘j/of\ﬁgg 0.50 50 061 565 (Vgg gE) 7]
Pt/RuO»/CNTs 1.00 50 0.60 423 (vs.;g}fg a8
PYTIOx-C 1.00 50 0.42 5.76 (vs.;gklog a
PtRu c-s 1.00 50 129 17.80 (VgﬁE) [10]
P{Ru NWs /C 0.50 50 082 1L60 o ,A?ézggCl) (1]
nanocll)éiclllerites 1.00 >0 1.08 27.00 (VS.;(;ZA?gCI) [12]
PtRu-CoP/C-40% 1.00 50 1.01 8.65 (sz(.)'sng) [13]
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Table S3. IR Peak Assignments during MOR in this work

Wavernumber (cm™) Assignment
~1325 symmetric COO stretching mode of formate (HCOOg)[14-17]
~1610 0(HOH) of interfacial water[18, 19]
~1675 multi-bonded CO or interfacial hydronium[20]
1790 - 1900 Bridge-bonded CO band (COg)[20-22]
2010 - 2060 Linear-bonded CO band (COy)[20-22]

Table S4. Calculated reaction barriers (E,, in eV) and reaction energies (AE, in eV) of the
elementary steps in methanol dehydrogenation to surface CO* and formic acid over Pt-SnQO:

Surfaces Pt-SnO»

Reactions E, AE

CH30H — CH3OH* — -0.97
CH3;0H* — CH3;O* + H* 0.34 -0.48
CH3;0* — CH,O* + H* 0.33 -0.87
CH,O* — CHO* + H* 0.44 -0.80
CHO* + OH* — HCOOH* 0.39 -0.49
CHO* — CO* + H* 0.62 -1.42

Table S5. Calculated reaction barriers (Ea, in eV) and reaction energies (AE, in eV) of the
elementary steps in methanol dehydrogenation to surface CO* and formic acid over Pt (111)

Surfaces Pt (111)

Reactions E, AE
CH30H — CH30H* — -0.28
CH30H* — CH,OH* + H* 0.72 -0.11
CH,OH* — CHOH* + H* 0.61 -0.17
CHOH* — CHO* + H* 0.60 0.04
CHO* + OH* — HCOOH* 0.49 -0.53
CHO* — CO* + H* 0.42 -0.98
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