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Fig. S1 (a) SEM image, (b) size distribution and (c) high-magnification TEM image of PdAuCu 

NPs-1, (d) corresponding HRTEM image in (c).

Fig. S2 EDX spectra of trimetallic PdAuCu NPs -1 and the table of corresponding element content 

of Pd, Au and Cu (inset).
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Fig. S3 (a) XPS survey spectra, (b) high-resolution Pd 3d and (c) Au 4f XPS spectra of PdAu NPs, 

the ratio of Pd0/Pd2+ is 0.89.

Fig. S4 (a) Low-magnification TEM image and corresponding size distributions (inset), (b) Low-

magnification TEM image, (c) HRTEM image of red area in (b) and (d) the corresponding EDX 

mapping of PdAu NPs. 

The morphology of PdAu NPs is similar to that of PdAuCu NPs-1, with a flower-like shape and 

a particle size of about 48 nm. And the lattice fringe is about 2.34 Å, which corresponds to the 

plane of (111) PdAu NPs alloy. Element mapping detected Pd and Au and they are evenly 

distributed over the nanoparticles, which further illustrated the alloy structure.
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Fig. S5 (a) Low-magnification TEM image and corresponding size distributions (inset), (b) high-

magnification TEM image , (c) HRTEM image of red area in (b) and (d) the corresponding EDX 

mapping of AuCu NPs. 

The morphology of AuCu NPs is quasi-spherical with edges and corners and its size is about 40 

nm. The lattice fringe of AuCu NPs with 2.30 Å, between that of Au(2.36Å) and Cu(2.08 Å), 

indicating Cu atoms incorporating into Au lattice, which illustrated the formation of the alloy 

structure. And the signal of Au and Cu were evenly distributed in the element mapping image, 

indicating that an alloy structure was formed.
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Fig. S6 (a) Low-magnification TEM image and corresponding size distributions (inset), (b) 

HRTEM image, (c) selected area electron diffraction (SAED) and (d) spectra of wide-angle XRD 

pattern of PdCu NPs. 

The PdCu NPs were small size and spherical morphology. The lattice fringe of 2.13 Å and 2.23 

Å were observed, which between Pd(2.24 Å) and Cu (2.08 Å) could be attributed to the (111) 

plane of PdCu NPs. The SAED image and XRD spectra clearly presented the planes of (111), 

(200), (220) and (311) revealing the alloy structure, and the XRD typical sharp diffraction peaks 

were shifted between Pd(PDF#46-1043) and Cu(PDF#89-2838), further confirmed the formation 

of bimetallic PdCu NPs.
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Fig. S7 CV curve of AuCu NPs in 1.0 M KOH and 1.0 M ethanol solution.

Fig. S8 (a) XPS survey spectra, (b) high-resolution Pd 3d and (c) Cu 2p XPS spectra of PdCu 

NPs, the ratio of Pd0/Pd2+ is 0.48.
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Fig. S9 SEM images of (a) PdAuCu NPs-0.1, (b) PdAuCu NPs-0.5, (c) PdAuCu NPs-2, and (d) 
PdAuCu NFs-3 NPs.

Fig. S10 The size distributions of (a) PdAuCu NPs-0.1, (b) PdAuCu NPs-0.5, (c) PdAuCu NPs-2, 

and (d) PdAuCu NPs-3
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Fig. S11 EDX spectrum of (a) PdAuCu NPs-0.1, (b) PdAuCu NPs-0.5, (c) PdAuCu NPs-2, and 

(d) PdAuCu NPs-3, the table in each spectrum was the element content of Pd, Au and Cu.
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Fig. S12 Low-magnification (a, d, g and j) and high-magnification (b, c, e, f, h, I, k and l) TEM 

images of PdAuCu NPs-0.1 (a, b and c), PdAuCu NPs-0.5 (d, e and f), PdAuCu NPs-2 (g, h and i) 

and PdAuCu NPs-3 (j, k and l)
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Fig. S13 The CVs before and after 1300 sweeps of (a) PdAuNPs-0.1, (b) PdAuNPs-0.1, (c) 

PdAuNPs-0.1, (d) PdAuNPs-0.1, (e) PdAuNPs-0.1, and (f) commercial Pd/C were recorded in 1 

M KOH with 1.0 M ethanol solution at a scan rate of 50 mV/s.

Fig. S14 The plots of forward peak current density from Fig. S13.
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Table S1 Element content of as-prepared catalysts according to ICP-AES analysis.

Table S2 The ratio of Pd0 and Pd2+ in trimetallic PdAuCu NFs-(0.1, 0.5, 1, 2 and 3) and bimetallic 

PdAu and PdCu NPs catalysts according to XPS analysis.

Nanoparticles Pd (mg/L) Au (mg/L) Cu (mg/L) Pd (%)

PdAuCu NPs-0.1 26.2 1574 0.48 1.64

PdAuCu NPs-0.5 51.4 1981.6 2.2 2.52

PdAuCu NPs-1 133.4 1683.4 13.8 7.29

PdAuCu NPs-2 280 1313 26.8 17.29

PdAuCu NPs-3 345 1179.6 20.6 22.33

PdAu NPs 406.6 1691.8 - 19.38

PdCu NPs 62.4 - 68.5 47.67

Nanoparticles Pd0 (At. %) Pd2+ (At. %) Pd0/Pd2+

PdAuCu NPs-0.1 100 0 -

PdAuCu NPs-0.5 66.46 33.64 1.98

PdAuCu NPs-1 67.94 32.06 2.12

PdAuCu NPs-2 68.93 31.07 2.22

PdAuCu NPs-3 76.77 23.23 3.30

PdAu NPs 47.16 52.84 0.89

PdCu NPs 32.62 67.38 0.48

Commercial Pd/C 21.59 78.41 0.28
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Table S3 Comparison of the electrochemical performance of various Pd-based nanomaterials for 

EOR in alkaline media.

Catalyst Electrolyte
Mass activity

(mA/mgPd)

ECSA

(m2/gPd)
Stability Ref.

PdAgCu
1.0 M KOH and 1.0 

M ethanol
4640 49.8 NA 1

Au@PdAuCu
1.0 M KOH and 1.0 

M ethanol
3990 41.2 1200 mA mgPd

-1 after5000s 2

Au@AgPd
0.3M KOH and 0.50 

M ethanol
1160 77.5 NA 3

PdPtCu
1.0 M KOH and 1.0 

M ethanol
3790 46.3

1310 mA mgPd+Pt
-1 after 

2000 cycles
4

Pd4Au1P/CNT
1.0 M KOH and 1.0 

M ethanol
2296 74.3 83.4 mA mgPd

-1 after 7200 s 5

PdSnNi/CNT
1.0 M NaOH and 

1.0 M ethanol
3.5 267 1.3 A/mgPd after 4000 s 6

PdCuP
1.0 M KOH and 1.0 

M ethanol.
6670 69.2 NA 7

Pd75Cu8Co3
1.0 M NaOH and 

1.0 M ethanol
3948 57.0 4.2 A/mgPd after 10000 s 8

Au2Cu@Pd
1.0 M KOH and 1.0 

M ethanol.
2210 89.2

0.906 A/mg after 4 hours’ 

test
9

Cu1Pd1/Ir0.03 

/NPGs

1.0 M KOH and 1.0 

M ethanol
7105 75.96 51% after 500 cycle 10

Au@PdNi
1.0 M KOH and 1.0 

M ethanol
5891 38.5 578 mA mgPd -1 after 3600s 11

Pd31Cu61Co8
1.0 M KOH and 1.0 

M ethanol
7450 88.3 6.77 A mg-1 after 100 cycle 12

PdRhTe NTs/C
1.0 M KOH and 1.0 

M ethanol
2039 34.15

remained at 80.48% after 

500 cycle
13

Pd3NiP/N-rGO
1.0 M KOH and 1.0 

M ethanol
2223 83.9 39 mA mg-1 after 6 h 14

PdCuB@N-G
1.0 M KOH and 1.0 

M ethanol
5830 ~83

3.62Amg−1 after 5000 

cycles.
15

PdBP 

NWs@N-G

1.0 M KOH and 1.0 

M ethanol
4150 ~34

1870 mAmgPd
-1 after 5000 

cycles
16

PdRuCu
0.5 M KOH and 0.5 

M ethanol
1160 30.78 4.08 mA cm-2 after 4000 s 17

c-Pd-Ni-P@a-

Pd-Ni-P 170 °C

1.0 M KOH and 1.0 

M ethanol.
3050 27 .5 0.38AmgPd

−1 After 1800 s 18
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Pd7Ag
0.5 M KOH and 1.0 

M ethanol
7080 49.6 2.35 A mgPd

−1 after 3600s 19

Pd/AG-BP
1.0 M NaOH and 

1.0 M ethanol
1972 276.98

712.03 mA mgPd -1 after at 

20, 000 s
20

Pt55Pd38Bi7/R

GO

1.0 M KOH and 1.0 

M ethanol

14550 

mA/mgPd

5410 mA/mgPt

136.6
54% of the initial value 

after 1000cycle
21

CoP/RGO-

Pd10

1.0 M KOH and 1.0 

M ethanol
4597 45.9

78.3% of its initial activity 

after 250 cycles
22

Pd7Ag3 NS/C
1.0 M KOH and 1.0 

M ethanol
9365.9 97.6

111.0 mA mgPd
-1 after 

4,000s
23

9.0-nm-
Pd61Pt22Cu17 

TNRs/C

1.0 M KOH and 1.0 

M ethanol

12420 

mA/mg(Pd+pt)
93.7 NA 24

Pd/a-SrRuO
1.0 M KOH and 1.0 

M ethanol
4000 77.29 570 mA mgPd

-1 after 60000s 25

Ag@Pd2P0.2
1.0 M KOH and 1.0 

M ethanol
7240 6.68 289 mA mgPd

-1 after 7200s 26

NA: not available.
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