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Supplementary Figures
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Fig. S1. Electron microscopy analysis of 75ALD(SnO,)-Pt/C. a,b, HAADF-STEM
images (upper) and corresponding EDS elemental mapping (lower) of the composite of
Pt and Sn for 75ALD(SnO,)-Pt/C (a) and 75ALD(SnO,)-Pt/C (HT) (b).
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Fig. S2. Electron microscopy analysis of 150ALD(SnO,)-Pt/C. a,b, HAADF-STEM
images (upper) and corresponding EDS elemental mapping (lower) of the composite of
Pt and Sn for 150ALD(SnO,)-Pt/C (a) and 150ALD(SnO,)-Pt/C (HT) (b).
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Fig. S3. Electron microscopy and elemental analyses of Pt/C and ALD(SnO,)-Pt/C. a,c, SEM images for pristine

Pt/C and ALD(SnO,)-Pt/C with various ALD cycles before (a) and after (c) heat treatment. b,d, Corresponding EDS

spectra demonstrating the existence of Sn for pristine Pt/C and ALD(SnO,)-Pt/C with various ALD cycles before (b) and

after (d) heat treatment.
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Fig. S4. Morphological, particle size, and particle size distribution analyses of
ALD(SnO,)-Pt/C before and after heat treatment. a,b,c,d, TEM images (a,c) and
corresponding Pt particle size distribution (b,d) for ALD(SnO,)-Pt/C with various ALD
cycles before (a,b) and after (c,d) heat treatment. Note that estimated Pt particle length-

number mean diameter (d_n) values are presented for each specimen.
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Fig. S5. XRD characteristics of Pt/C and ALD(SnO,)-Pt/C. a,b, XRD spectra for pristine
Pt/C and ALD(SnO,)-Pt/C with various ALD cycles before (a) and after (b) heat treatment.
For comparison, the reference crystallographic data for Pt (JCPDS No. 04-0802) are
displayed.

S6



| —— Experiment
5 Fitting
A 6r

= AN \an /= |
ER CAVAVAUAVEY I S
x =l ] / [\/ \

| —— Experiment /\

\
ol Fiting 0 AN OAALDA~—]
2 4 6 8 10 12 0 1 2 3 4 5 6
Wavenumber (A™) Radial distance (A)
c 10 d 10
—~ 5F —~ 5}
< <t
$ | s 1\ 1 A
—_ A | ey 1} .
& o~ {1 WA Ao & O/l 4\l 2/\\/\’\\/\/\/\/»-
= YW i = TR R
T v =4 v
@ .51 = .5
| —— Experiment | —— Experiment
Fitting Fitting
-10 e S S -10 e S S
0 1 2 3 4 5 6 0 1 2 3 4 5 6
Radial distance (A) Radial distance (A)

Fig. S6. Pt L;-edge EXAFS fitting for Pt/C. a,b,c,d, k3-weighted EXAFS function (a), the
magnitude of k3-weighted FT-EXAFS spectrum (b), and the real (c) and imaginary (d)
parts of corresponding k3-weighted FT-EXAFS spectrum from Pt Ls-edge of pristine Pt/C.
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Fig. S7. Pt L;-edge EXAFS fitting for 150ALD(Sn0O,)-Pt/C. a,b,c,d, k3-weighted EXAFS
function (a), the magnitude of k3-weighted FT-EXAFS spectrum (b), and the real (c) and
imaginary (d) parts of corresponding k3-weighted FT-EXAFS spectrum from Pt L;-edge

of 150ALD(S

Radial distance (A)

nO,)-Pt/C.
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Fig. S8. Pt L;-edge EXAFS fitting for 150ALD(Sn0,)-Pt/C (HT). a,b,c,d, k3>-weighted
EXAFS function (a), the magnitude of k3-weighted FT-EXAFS spectrum (b), and the real
(c) and imaginary (d) parts of corresponding k3-weighted FT-EXAFS spectrum from Pt
Ls-edge of 150ALD(SnO,)-Pt/C (HT).
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Fig. S9. Supplementary electrochemical performance analysis in an
electrochemical half-cell system for Pt/C and heat-treated ALD(SnO,)-Pt/C
catalysts for the electrocatalytic GOR. CV curves corresponding to current density for
the electrocatalytic GOR over pristine Pt/C and heat-treated ALD(SnO,)-Pt/C with various
ALD cycles in 2 M glycerol/0.5 M H,SO, solution at room temperature.
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Fig. $10. Supplementary electrochemical performance analysis of Pt/C and heat-
treated 150ALD(Sn0O,)-Pt/C catalysts for the electrocatalytic GOR in an
electrochemical batch reactor system. Chronoamperometry corresponding to specific
activity for the electrocatalytic GOR over pristine Pt/C and 150ALD(SnO,)-Pt/C (HT)

catalysts.
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Fig. S11. Computational surface models. a,b, Optimized model of SnO,-Pt(111)
surface in top (a) and side (b) views. As the initial SnO, structure is extracted from the
SnO,(110) surface, the optimized SnO, structure shows characteristics of the SnO, (110)
surface.
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Fig. S12. Optimized atomistic structures (top view) of a possible reaction pathway
for the electrocatalytic oxidation from glycerol to GLA via GAD, on the Pt(111)

surface.
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Supplementary Scheme
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Scheme S1. Schematic illustration of an electrolysis cell system for electrocatalytic
GOR technology to co-produce renewable chemicals and hydrogen.
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Supplementary Tables

Table S1. Summary of the length-number mean diameter (d ) of Pt particles for ALD(SnO,)-Pt/C with various ALD cycles

before and after heat treatment. Note that the changes in dyy after heat treatment are depicted.

75ALD(Sn0O,)-Pt/C 150ALD(SnO,)-Pt/C 300ALD(SnO,)-Pt/C
Before HT (nm) 2.610.5 2.7+0.5 2.910.5
After HT (nm) 3.6+0.8 3.5+0.9 3.240.7
Change (nm) 1.0 0.8 0.3
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Table S2. Summary of the obtained electrochemical Pt surface area and Pt metal dispersion (Dechem) Via H, desorption
for pristine Pt/C and heat-treated ALD(SnO,)-Pt/C with various ALD cycles.

Pt/C 75ALD(Sn0O,)-Pt/C (HT) 150ALD(Sn0,)-Pt/C (HT) 300ALD(Sn0O,)-Pt/C (HT)
Electrochemical
) 2.55 1.98 2.04 2.20
Pt surface area (cm”)
Electrochemical
Pt surface area 82.38 65.88 70.59 80.48
per Pt loading (m2/gPt)
0.33 0.26 0.28 0.32

echem
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Table S3. Comparison of the catalytic activity for electrocatalytic GOR with the reported Pt-based catalysts.

Electrocatalytic GOR
Catalyst Reaction Solution Scan Rate (mV/s) Specific Activity Reference
(mA/cm?,)?
PtNi/C 2 M glycerol + 0.5 M H,SO, 50 0.27 S1
Co@Pt/CCE 0.5 M glycerol + 0.5 M H,SO, 50 0.25 S2
PtAu@Ag 1 M glycerol + 0.1 M HCIO, 10 0.27 S3
Pt nanoflowers 1 M glycerol + 0.5 M H,SO, 50 0.32 S4
75ALD(Sn0,)-Pt/C (HT) 2 M glycerol + 0.5 M H,SO, 50 0.43 This work

a Current density normalized by the electrochemically active surface area. Some values were calculated by information given in the reference.
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