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1. Chemicals and materials

The glassy-carbon electrode (99.99%, ® = 3 mm) was purchased from Takai Carbon
Co., LTD. (Tokyo, Japan). Commercial Pd/C (20 wt.%), Pt/C (20 wt.%) and Nafion
(5% w/w solution) were purchased from Alfa Aesar (Tianjin, China). NaOH, methanol,
ethylene glycol and PdCl, were purchased from Sinopharm Chemical Reagent Co.,
LTD. (Shanghai, China). K,PtCls was purchased from Adamas-Reagent Co., LTD.
(Shanghai, China). Sulfuric acid (EMSURE® ACS) was purchased from Merck. Argon
(99.999%) and CO (99.99%) were purchased from Xinhang gas Co., LTD (Fuzhou).
All the chemicals were used as received without further purification. The ultra-pure
water (18 MQ cm) for cleaning glassware and solution preparation was produced from

the Millipore system.

2. The schemes of square-wave potential program applied for preparation of PdPt

NWs and Pt THHs
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Fig. S1 Scheme of pulse waveform applied for preparation of PdPt NWs.
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Fig. S2 Scheme of pulse waveform applied for preparation of THH Pt NCs.

3. Influences of electrodeposition conditions on the PdPt nanostructure

The formation of the unique structure of PdPt NWs was affected by several factors.
Firstly, the applied potentials are important parameters to control the synthesis of PdPt
NWs. In order to obtain PdPt NWs, the potential step region (from -0.24 to 0.9, 1.0, 1.1
V) used in the SWP procedure was wider than that for PAPt THHs (from 0.3 to 0.7 V)
as reported in elsewhere.! This suggests that a higher growth rate of Pd, Pt and deeper
surface oxygen adsorption is required to prepare PdPt NWs.2 On the other hand, the
variation of step potential could also affect the ratio of Pd:Pt in the alloys as mentioned
in this paper. Secondly, the ratio of Pd** and Pt*" in the precursor solution could also
affect the shape and composition of PdPt alloys. For example, when the potential step
region was fixed at -0.24 ~ 1 V and the deposition solution only content Pd** or Pt*',
Pd tends to grow into irregular branch like nanostructure, Pt tends to grow into
aggregated irregular nanoparticle (see Fig. S3a and d). In Pd** and Pt* containing
solution, when the content of Pd?* in the precursor solution is lower than 50% or higher
than 90%, PdPt NWs could not be achieved successfully (see Fig. S3b and c). Finally,
the deposition time is also important to prepare the perfect PAPt NWs. The growing
process of PdPt was monitored by SEM with varying growth time (see details in Fig.

S4). At the initial nucleation stage, the PdPt nuclei could not be observed clearly except



some bigger nanoparticles limited by the resolution of SEM. After 5 min of growth, a
few PdPt nanowires with much branches appeared. With the growth time increasing,
part of the small branches may be dissolved at the high oxidation potential step, and
part of them grew longer. And after 30 min, the electrode surface was covered by well-

defined PdPt screw thread like nanowire networks.
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Fig. S3 SEM images of catalysts synthesized from different precursor solutions. (a) 1.5
mM K,PtClg + 0.1 M H,SOy; (b) 1.2 mM K,PtClg + 0.3 mM H,PdCl, + 0.1 M H,SOy;
(¢) 0.15 mM K,PtClg + 1.35 mM H,PdCl, + 0.1 M H,SOy; (d) 1.5 mM H,PdCl, + 0.1
M H,SO,. Electrochemical deposition parameters are the same to that used for PdPt

NWs.



Fig. S4 SEM images of PdPt NWs catalysts with different growth time. (a) nucleation
stage; (b) 5 min; (¢) 10 min; (d) 20 min; (e) 30 min; (f) 60 min.



4. EDS analysis of PdPt NWs
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Fig. S5 EDS spectrum of PdPt NWs catalysts. (a) Pd,Pt; NWs; (b) Pd,Pt; NWs; (c)

Pd3Pt1 NWs.



5. Atomic model of {hk0} and {hkk} facets

Fig. S6 Atomic model of {310} and {211} as representative of {hkO} and {hkk} facets,

respectively.

6. Comparison of TRFTIR spectra of EGOR on Pd,Pt; NWs and Pt THHs

TRFTIR spectra of EG oxidation on Pd;Pt; NWs and Pt THHs are shown in Fig. S5
recorded successively at different reaction time (f) with Er =-0.75 V and Es =0 V in
0.5 M EG + 0.5 M NaOH solution. The acquisition time was approximately 8.6 s per
spectrum. However, to simplify the figure, the spectra with an interval of 17.2 s are
displayed in Fig. S5. With the increase of ¢, different variation trends can be clearly
observed for EGOR on Pd,Pt; NWs and Pt THHs. The most obvious differences

involve in the bands related to CO,, HCO3™ and oxalate species.
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Fig. S7 TRFTIR Spectra of Pd;Pt; NSNWs (a) and Pt THHs (b) in 0.5 M EG + 0.5 M
NaOH solution, Es=0V, Eg =-0.75 V.



7. Estimation of mass activity of Pd;Pt; NWs
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Fig. S8 A zigzag cylinder model for nanowire (a) and the smooth cylinder model (b).

The screw-like Pd;Pt; NWs could be roughly simplified as the above zigzag model, its
surface area and volume is compared to those of the corresponding cylinder model and

has the ratio as follows:
b Anw/ Aa= A/ Ay = (1 x 273 a x 42— x A3 a x 2a)/ 2n x/3a x a) =3

B Viw / Va= (1 x 24/3 2)2x 2a) /3 — (1 x (V3 a) x a) /3) / (1 x (V3 a)? x a)) =7/3

The mass specific surface area can be calculated as follows:
3Su=Ag/mg=A/(Vp)=2mnrl/(nr?lp)=2/(rp) = 15.94 m?/g  (the average
diameter of PPt NWs is ca. 30 nm, r = 7.5 nm, p = 16.73 g/cm?)

4 SNW: Scl x (ANW/ mNW) / (Acl/ 1'ncl) = Scl X (ANW / Acl) X (Vcl/ VNW) =15.94 x3x3/
7 =20.49 m?/g

The Pt THHs could be simplified as a spherical model,? thus the mass specific surface



area can be calculated as follows:

5 Spitus=A /m= A/ (Vp) =4nr? / (4/3)nr’p) =3/ (rp) = 0.69 m?/g  (the average
size of THHs is ca. 500 nm, r = 250 nm, p = 21.45 g/cm?)

According to the area specific activity (j¢) in the forward scan, the mass activity (j,, = j¢
x Syw) of Pd;Pt; NWs for MOR and EGOR were estimated to be 2604 and 3469 A/g,
respectively. The mass activity is about 2.9 and 1.9 times higher than that of MOR
(889A/g) and EGOR (1821 A/g) on Pt/C, respectively. Because of the relative large
diameter of Pt THHs, the mass activity of Pt THHs is much lower for MOR (35.8 A/g)
and EGOR (110.7 A/g).

8. Supplementary tables

Table S1 Atomic ratio of Pd and Pt acquired respectively from EDS and XPS analysis
of various catalysts; Onset and peak potential of CO stripping and ECSA of different
catalysts for MOR and EGOR.

Catalyst (Pd:Pt)gps (Pd:Pt)xps  Eonset/ Eycol/ V ECSA/ ECSA/
\4 cm?, MOR cm?, EGOR
Pd;Pt, 50.3:49.7 41.4:58.6 -0.58 -0.27 0.37 0.32
Pd,Pt;  66.2:33.8 58.3:41.7 -0.58 -0.26 0.64 0.56
Pd;Pt; 75.4:24.6  60.5:39.5 -0.56 -0.25 0.68 0.68
Pt THHs 0:1 0:1 -0.55 -0.37,-0.33 0.15 0.15
Pt/C 0:1 0:1 -0.55 -0.30, -0.18 1.52 1.16

Pd/C 1:0 1:0 -047  -0.19,-0.14 0.42 0.34




Table S2 Binding energy (BE) and relative intensity obtained from Pd 3d XPS spectra

of different catalysts.
Pd,Pt, Pd,Pt, Pd;Pt, Pd/C
Species B.E. Relative B.E. Relative B.E. Relative B.E. Relative
V) intensity (eV) intensity (eV) intensity (eV) intensity
(%) (%) (%) (%)
Pd(0) 335.8 36.6 3359 39.4 336.0 40.0 3354 46.7
Pd(OH), 336.3 17.5 336.5 17.0 336.5 25.0 336.0 27.8
PdO 336.9 36.9 337.1 36.3 337.1 20.2 336.8 13.1
PdO, 338.2 9.0 338.6 7.3 338.0 14.8 338.5 12.4

Table S3 Binding energy (BE) and relative intensity obtained from Pt 4f XPS spectra

of different catalysts.
Pd]Ptl szPtl Pd3Pt1 Pt THHs Pt/C
Species B.E. Relative B.E. Relative B.E. Relative B.E. Relative B.E. Relative
(eV) intensity (eV) intensity (eV) intensity (eV) intensity (eV) intensity
(%) (%) (%) (%) (%)
Pt(0) 715 39.1 71.6 46.2 71.7 47.0 71.4 40.7 71.5 50.7
PtIn  72.1 46.0 723 40.4 72.4 34.2 72.0 46.3 72.4 34.2
Pt(IV) 735 14.9 73.7 13.4 73.6 18.8 73.3 13.0 73.7 15.1




Table S4 Comparison of catalytic performance for MOR and EGOR on different

catalysts.

MOR EGOR

Catalyst  Eoner  Epr Jt qr Qv g Eonset  Ept Jt qr qv qr
/gy /gy
Pd,Pt; -0.56 -0.17 1271 1.88 1.03 1.83 -0.52 -0.08 1693 507 1.98 256
Pd,Pt; -0.52 -0.14 10.01 144 0.68 2.12 -0.52 -0.03 1522 4,50 1.40 3.21
Pd;Pt; -0.52 -0.14 991 1.13 0.51 222 -0.52 -0.002 1436 392 097 4.04
PtTHHs -0.53 -0.25 5.19 0.78 0.63 124 -0.52 -0.19 16.05 2.66 128 2.08
Pt/C -0.53 -0.15 233 049 025 196 -0.51 -0.06 6.28 1.77 0.79 2.24
Pd/C -043 -0.19 091 0.16 0.09 1.78 -047 -0.15 4.18 0.67 0.30 2.23

Eonset (V): onset potential; Ey¢ (V), jr (MA cm2) and gr (mC cm2): the peak potential,

peak current density and coulombic charge in the forward scan; g, (mC cm?):

coulombic charge in the backward scan; ¢¢qy: the ratio of forward and backward

coulombic charges.



Table S5 MOR activities of various catalysts.

Scan rate / Jg/
Catalysts Electrolyte Ref.
mV s! mA cm™
0.5 M CH;0H )
PdPt; 50 12.71 This work
+0.5 M NaOH
0.5 M CH;0OH )
Pd,Pt, 50 10.01 This work
+0.5 M NaOH
0.5 M CH;0H )
Pd;Pt, 50 991 This work
+0.5 M NaOH
0.5 M CH;0H )
Pt THHs 50 5.19 This work
+0.5 M NaOH
0.2 M CH;0H
PtCuy ; NWs 50 3.31 4
+0.1 M HCIO,4
0.2 M CH;0H
Pt;Co NWs 50 1.95 5
+0.1 M HCI1O,4
0.1 M CH;0OH
Co@Pt 50 1.79 6
+0.1 M NaOH
PdPt 1.0 M CH;0H
. 50 3.34 7
nanodendrites | + 1.0 M KOH
0.1 M CH;0H
Pd16Ptg4 1.96 8
+0.1 M HCIO,
0.1 M CH;0H
COSPt95 1.6 8
+0.1 M HCIO,
0.1 M CH;0OH
Pd;4Ptgs 50 0.7 9
+0.1 M HCIO,
IM CH;OH +
Pd4;Pts3; NCs 50 1.49 10
0.1 M HCIO,
IM CH;OH +
Porous Pt NTs 1.62 11
0.5 M H,SO,

J: specific activity.




Table S6 EGOR activities of various catalysts.

Scan rate / Je/
Catalysts Electrolyte Ref.
mV s! mA cm?
0.5MEG+0.5 .
Pd,Pt, 50 16.93 This work
M NaOH
0.5MEG+0.5 .
Pd,Pt, 50 15.22 This work
M NaOH
0.5MEG+0.5 .
PdsPt; 50 14.36 This work
M NaOH
0.5MEG+0.5 .
Pt THHs 50 16.05 This work
M NaOH
0.5M EG +
PdssPt3q 50 15.22 12
0.5M KOH
. 0.5 M EG +
Pd62Au21N117 50 12/7 13
0.5M KOH.
PdPt 1.0M EG +
. 50 5.2 7
nanodendrites | 1.0M KOH
) 1.OMEG+1.0
PdPt multipods 50 8.42 14
M KOH
PtPdCo 0SMEG+1.0
50 7.22 15
nanoflowers M KOH
PtPd@Pt 0.5MEG+0.5
50 1.87 16
NCs/rGO) M H,SOy4
0.IM EG +
Ptg4RU16 10 2.11 17
1.0M KOH
0.IM EG +
PtogSny 10 1.41 17
1.0M KOH

ji: specific activity.




Table S7 IR bands and their assignment appeared in the IR spectra of MOR and EGOR
on Pd;Pt; NSNWs and Pt THHs.

MOR EGOR

Species  Band center/ cm'! Species  Band center/cm’!

COL 1984, 1995 118, 191 CO. 2018, 2025 [18,19]

COg 1842 [18.19] COg 1857 [18,19]

COm 1794 16.20] COy 1827 16.20]

HCOO- 1580, 1381, 1351, 1318 %211 golycolate, 1580, 1410, 1326, 1234, 1075 [17:22.23]
COy> 1381 [18.24] CO42> 1381 [23.24]

HCO; 1357 [18.24] C,04> 1308 [22,25]

CH;0H 1016 [2¢] HCOy 1357 [6.22]

CO, 2343 [22.23]
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