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Experimental section:

Chemicals.

Platinum(II) acetylacetonate (Pt(acac),, 98%) and nickel(Il) acetylacetonate (Ni(acac)s,
98%) were purchased from Energy Chemical. Oleylamine (OAm, 70%) and
hexadecyltrimethylammonium bromide (CTAB, >99.0%) were purchased from Sigma-
Aldrich. Tin chloride dihydrate (SnCl,-2H,0O, 98.0%) and ruthenium(III)
acetylacetonate (Ru(acac);, 97%) were purchased from Aladdin. Rhodium(III)
acetylacetonate (Rh(acac)s;, 97%) was purchased from Macklin. Hexacarbonyl tungsten
(W(CO)g, 97%) was purchased from Alfa Aesar. N-hexane (97%) and ethanol absolute
(299.7%) were purchased from Yonghua Chemical Technology Co., Ltd. (Jiangsu,
China). All the chemicals were used as received without further purification. The water
(18.2 MQ/cm) used in all experiments was prepared by passing through an ultra-pure
purification system (Master-Q 15UT, HHitech).

Synthesis of SnO, patched ultrathin PtRh nanowires (PtRh@SnO, NWs).

In a typical synthesis of ultrathin PtRh@SnO, NWs, SnCl,-2H,0 (11.5 mg) was first
dissolved into 2 mL of OAm by sonication. Pt(acac), (20.0 mg), Rh(acac); (5.0 mg),
CTAB (185.0 mg) and 8 mL of OAm were added into a three-neck flask. The mixture
was heated up to 130 °C with vigorous stirring under an argon stream. Subsequently,
50.0 mg of W(CO)s was introduced into the homogeneous solution, and the reaction
temperature was then raised to 240 °C quickly. When the temperature reached 240 °C,
the stock solution of Sn precursors was injected into three-neck flask quickly, and the
mixed solution was kept at 240 °C for 3 h. The cooled product was collected by
centrifugation and washed twice with an ethanol/n-hexane (volume ratio, 1:4) mixture.
The final NWs were re-dispersed in n-hexane. The SnO, content can be tuned by
changing the amount of Sn precursor. Keeping the other conditions unchanged,
PtRh@SnO, NWs with 26.8 at.% and 48.6 at.% Sn were synthesized by adding 5.8 mg
and 17.3 mg of SnCl,-2H,0, respectively.

Synthesis of SnO, patched ultrathin Pt NWs (Pt@SnO, NWs), PtNi NWs
(PtNi@SnO, NWs) and PtRu NWs (PtRu@SnO, NWs).

The preparations of ultrathin Pt@SnO,, PtNi@SnO, and PtRu@SnO, NWs were
similar to that of ultrathin PtRh@SnO, NWs except adding different acetylacetonate
compounds [Ni(acac), (13.1 mg) or Ru(acac); (10.0 mg)].

Synthesis of ultrathin Pt NWs.

Ultrathin Pt NWs were prepared by the one-pot synthesis method we reported recently.!



The annealing treatment of ultrathin NWs.

The as-synthesized ultrathin NWs were first loaded onto commercial carbon (Vulcan
XC72 carbon) by sonication for 2 h to avoid the aggregation of NWs during the
annealing. Subsequently, the products were collected by centrifugation and washed
twice with 10 mL of ethanol. These products were re-dispersed in 10 mL of ethanol and
dried in vacuum at 60 °C for 5 h; the resulting pulverized samples were annealed at 200
°C for 1 h in air. This approach could also remove the remaining ligands on the surface
of NWs, and the as-prepared products can be used as the catalyst for the final ethanol
oxidation reaction (EOR) tests directly.

Characterizations

The transmission electron microscope (TEM) images of different NWs were obtained
by Hitachi HT7700 (100 kV) and FEI Talos F200X TEM (200 kV). Aberration-
corrected high-angle annular dark-field scanning transmission electron microscopy
(HAADF-STEM) were conducted on a FEI Titan Cubed Themis G2 (300 kV) equipped
with a spherical aberration corrector for the objective lens. X-ray diffraction (XRD)
patterns were recorded by an X-ray diffractometer (Rigaku SmartLab) with Cu Ka
radiation (A = 0.15418 nm). X-ray photoelectron spectroscopy (XPS) was performed
on a PHI 5000 Versaprobe III XPS spectrometer with Al Ka as the excitation source.
The composition of NWs and concentration of catalysts were measured by energy-
dispersive X-ray spectroscopy (EDX, FEI Talos F200X) and inductively coupled
plasma mass spectrometry (ICP-MS, Agilent 7700x).

Electrochemical Tests

Before the electrochemical tests, 1 mg of the as-prepared catalysts were re-dispersed in
1 mL of mixture solvent containing ultrapure water, isopropanol and Nafion (5%)
(volume ratio, 1:1:0.008) to obtain a homogeneous catalyst ink by sonication for 1 h. A
typical three-electrode electrochemical cell was used to perform the EOR
measurements. A glassy-carbon electrode (diameter: 5 mm) was used as the working

electrode, a platinum foil (1 cm * 1 cm) as the counter electrode, and a saturated calomel
electrode (SCE) as the reference electrode. Electrochemical measurements were
conducted via a biopotentiostat (AFCBPI1E, Pine Instrument Co., USA) at room
temperature. The Pt loadings of catalysts on the glassy-carbon electrode were controlled
to be 0.1 mgp, mL! based on ICP-MS analysis. 10 uL of the catalyst ink was dropped
onto the GC-RDE and dried under ambient condition. As a standard, 10 pL of the
commercial Pt/C (20 wt.% Pt, HISPEC3000, JM) ink was also dispersed on glassy-
carbon electrode with a loading amount of 10.2 ug cm=. The electrochemical active
surface areas (ECSAs) were estimated by integrating the hydrogen adsorption charge
on the cyclic voltammetry (CV) in an Ar-saturated 1 M NaOH solution at a scan rate
of 50 mV s! between -1.0-0.1 V vs SCE. EOR activities were measured in an Ar-
saturated 1 M NaOH + 1 M ethanol at a scan rate of 50 mV s*! between -1.0-0.1 V vs
SCE when the CV cycles were stable (normally 20 cycles). For the EOR stability tests,
chronoamperometry experiments were carried out at a constant potential of -0.60 V vs



SCE for 1000 s.
CO-stripping tests were performed in a 1 M NaOH solution. Before the tests, to

saturate the surface of catalysts, CO was bubbled into the cell for 15 min while the
potential of the working electrode was held at a constant potential of -0.88 V vs SCE,
and then Ar was bubbled into the solution for 15 min to remove the remaining CO gas.
Afterwards, the CO-stripping curves were recorded by sweeping from -1.0 to 0.1 V vs
SCE at a scan rate of 50 mV sl



STEM, and (c) aberration-corrected

STEM images of ultrathin PtRh@SnO, NWs. (d) XRD pattern and (e) TEM

images of ultrathin PtRh@SnO, NWs on commercial carbon after annealing treatment.
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(b) HAADF-

Additional (a) TEM,

NWs. (d) and (e) indicate the annealing treatment have little influence on the

(c) demonstrates that the darker atoms randomly spread around the surface of inner
morphology and crystal structure as-prepared NWs.

Figure S1.
HAADF
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Figure S3. (a) XPS survey spectrum of ultrathin PtRh@SnO, NWs on commercial
carbon before annealing treatment. Corresponding high-resolution XPS spectra of (b)
Pt 41, (c) Rh 3d, and (d) Sn 3d. These results indicate Sn atoms have been oxidized to
Sn*" completely before annealing, which is probably for the residual air in the synthesis

system.
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Figure S4. (a) XPS survey spectrum of ultrathin PtRh@SnO, NWs on commercial
carbon after annealing treatment. Corresponding high-resolution XPS spectra of (b) Pt

4f, (c) Rh 3d, and (d) Sn 3d.
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Figure S5. The O 1s XPS spectra of commercial Pt/C and PtRh@SnO, NW/C before
and after annealing. The O 1s XPS results of PtRh@SnO, NWs before and after
annealing can be divided into two parts. The first one at ~532.2 eV originates from the
absorbed H,0, O, and CO, on the carbon and catalyst surface, which is also observed
in the O 1s spectrum of commercial Pt/C.%3 The second one at ~531.1 eV is attributed
to the O 1s peak of SnO, patches.* 5 After the PtRh@SnO, NW/C are annealed, a

certain percentage of absorbed H,O, O, and CO, molecules are removed, resulting in
the lower intensity of the first O 1s peak.
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Figure S6. Additional TEM images of ultrathin Pt@SnO,, PtNi@SnO, and
PtRu@SnO, NWs (a, c, e) before and (b, d, f) after annealing treatment, respectively.
The insets in (a), (c) and (e) are the diameter histograms of different NWs, which are
collected by manually measuring around 200 randomly selected NWs.
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Figure S7. EDX spectra of ultrathin (a) Pt@SnQO,, (b) PtNi@SnO, and (¢) PtRu@SnO,
NWs.
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Figure S8. High-resolution Sn 3d XPS spectra of ultrathin (a) Pt@SnO,, (b)
PtNi@SnO; and (¢) PtRu@SnO, NWs.



2) Shape-Directed Nanoparticle Attachment in Soft-Templates
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Figure S9. The schematic illustration of the growth process of ultrathin PtRh@SnO,
NWs.

Figure S10. TEM imags of (a) ulthin Pt Ws b) Pt NW/C and (c¢) commercial
Pt/C.
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Figure S11. (a) CV curves of different catalysts in an Ar-saturated 1 M NaOH solution
at a scan rate of 50 mV s!. (b) Mass-normalized CV curves of different catalysts in an
Ar-saturated 1 M NaOH + 1 M ethanol solution at a scan rate of 50 mV s!. (c¢) Local
magnified CV curves from (b). (d) ECSA-normalized CV curves of different catalysts.
(e) The histograms of mass and specific activities of different catalysts. (f) CO-stripping
curves of different catalysts in an Ar-saturated 1 M NaOH solution at a scan rate of 50
mV s!. Note that the peak potential of CO oxidation on PtRu@SnO, NW/C (-495.20
mV) is more negative than that of PtRh@SnO, NW/C, which is probably for the
unusual catalytic behavior of Ru for CO oxidation.® However, due to the low C—C bond
breaking ability, the EOR activities of PtRu@SnO, NW/C is still lower than that of
PtRh@SnO, NW/C.
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Figure S12. The Tafel plots of different catalysts including PtM@SnO, NWs, Pt NWs
and commercial Pt/C.
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Figure S13. The chronoamperometry curves of different catalysts recorded at -0.60 V
vs SCE.
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Figure S14. TEM images of different catalysts after chronoamperometry measurement.
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Figure S15. The EDX spectrum of PtRh@SnO, NW/C after chronoamperometry

measurement.
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Figure S16. (a, b) Typical TEM images and (c, d) EDX spectra of PtRh@SnO, NWs
with 26.8 at.% and 48.6 at.% Sn, respectively.



Table S1. The atomic ratios of ultrathin PtIM@SnO, NWs characterized by EDX and

ICP-MS.

Samples EDX ICP-MS
Pt@SnO, NW (Pt:Sn) 0.52:0.48 0.47:0.53
PINi@SnO, NW (Pt:Sn:Ni) - 0.33:0.37:0.30 0.28:0.39:0.33
PtRu@SnO_ NW (Pt:Sn:Ru)  0.35:0.39:0.26 0.33:0.41:0.26
PtRh@SnO_NW (Pt:Sn:Rh)  0.46:0.41:0.13 0.46:0.39:0.15

Table S2. The EOR activities of different catalysts.

Samples I EcSA@m'g) MA(Amg) SA(mAcm )
Pt/C 1.28 46.3 0.60 1.31
Pt NW 1.13 66.2 1.37 2.07
Pt@SnO, NW 1.14 47.0 1.33 2.83
PINi@SnO_ NW 1.43 49.6 1.83 3.69
PtRu@SnO_NW 1.62 51.7 1.62 3.14
PtRh@SnO_NW 4.01 56.1 3.16 5.63




Table S3. The EOR activities of some representative Pt-based and Pd-based NWs.

Mass Specific
Catalysts Electrolyte Activity Activity I¢/1,, Ref.
(A mg) (mA cm™)

O N s o
PlooRuieRhns 1M IICI0s £ 5 2.18 119
PtRh NWs Od.lslfaliglﬁi ;r 1.55 2.08 1.17 8
WNWe  01Mehanot 0% NAL NA
Pt;Co NWs 06.121\1/\[/111511512 N 0.81 1.55 NA 10
Pt#\ff'sNi 0'5 1\1\//[[ gﬁ%ﬁ 0.87 2.57 NA 1l
PACUNWs |\ e 3.47 NA 11 2
PteSn; NWs Oo'_lsl\lf/lHetChﬁ‘; N 1.08 1.40 NA B3
PtCus, NWs Od.lzlfaliglﬁi ;r 1.02 2.16 NA 14
Pt-skin Pt;Fe 0.1 M HCIO,4 + 1.95 3.94 NA 15

NWs

0.5 M ethanol

NA: not available.
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