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Part I: Materials and Methods
Reagents and Chemicals

Potassium palladium chloride (K;PdCl,), Rhodium Chloride Hydrate (RhCl;-3H,0), urea,
polyvinylpyrrolidone (PVP, Mw = 30 000) and ethanol (CH;CH,OH) were purchased from
Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China). Commercial Pd black was
purchased from Johnson Matthey Corporation. All reagents were of analytical reagent grade
and used without further purification.

Synthesis

Typically, 1.5 mL of 0.05 M K,PdCl, solution, 0.5 mL of 0.05 M RhCl;-3H,0 solution and 1.0
mL of 0.1 M urea were added into 7.0 ml deionized water with continuous ultrasonic for 30
minutes at room temperature. Then, 50 mg PVP polymer was added into above mixture solution
with another continuous ultrasonic for 30 minutes. After adjusting solution pH to 12.0 using
NaOH solution, the solution was transferred to a 20 mL Teflon-lined stainless-steel autoclave.
The stainless-steel autoclave was heated at 140 °C for 4 h. After cooling to room temperature,
the products were separated by centrifugation at 15000 rpm for 5 min and further purified by
washing with ethanol three times. For comparation, PARh NPs were also prepared using the
same process except that the pH is 3.0. The Pd NBs were also prepared using the same process
while using K,PdCl, as metal precursor.

Electrochemical Measurements

All electrochemical experiments were performed using a CHI 600 D electrochemical analyser
at 30 =1 °C. A standard three-electrode system was used for all electrochemical experiments,
which consisted of a platinum wire as the auxiliary electrode, a saturated calomel reference

electrode (SCE) and a catalyst modified glassy carbon electrode as the working electrode.
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Potentials in this study were reported with respect to the SCE. The catalyst ink was prepared
by ultrasonic the mixture of 10 mg catalyst and 5 mL H,O for 30 min, and 6 pL of the resulting
suspension was drop-cast onto the surface of the glassy carbon electrode. After drying at room
temperature, 3 pL of nafion solution (5 wt. %) was covered on the modified electrode surface
and allowed drying again. Thus, the working electrode was obtained, and the specific loading
of metal on the electrode surface was about 170 ug cm. Electrochemical measurements were
conducted in N,-saturated 1 M KOH solution or N,-saturated 1 M KOH solution with 1 M
CH;CH,0H. The electrochemically active surface areas (ECSA) of catalysts was calculated
from the following equation (ECSA=Q/mC, m was the loading amount of Pd metal) by
integrating the reduction charge (Q) of surface Pd(OH), and assuming a value of 420 uC cm™
(C) for the reduction charge of a Pd(OH), monolayer on the Pd surface, because ECSA of Pd
catalysts could not be precisely assessed by coulometry in the “hydrogen region” due to the
interference of hydrogen absorption in bulk Pd.

Characterization

X-ray diffraction (XRD) patterns were obtained with a Model D/max-rC X-ray diffractometer
using Cu Ka radiation source (A=1.5406 A) and operating at 40 kV and 100 mA. X-ray
photoelectron spectroscopy (XPS) measurements were carried out on a Thermo VG Scientific
ESCALAB 250 spectrometer. The binding energy was calibrated by means of the C 1s peak
energy of 284.6 eV. Transmission electron microscopy (TEM) images were taken using a JEOL
JEM-2100F transmission electron microscopy operated at 200 kV. High-resolution TEM
(HRTEM) and Scanning TEM (STEM) measurements were performed on FEI Tecnai G2 F20

microscope equipped with an EDAX X-ray detector.



Part II: Figures and Tables
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Fig. S1 EDX spectrum of (a) PdARh nanobowls and (b) the corresponding atomic ratio of Pd and
Rh.
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Fig. S2 Full XPS spectrum of (a) PARh nanobowls and (b) the corresponding atomic ratio of
Pd and Rh.



Fig. S3 TEM images of different PARh nanobowls. The width of hollow center is calculated to
be about 7.95 nm.



Fig. S4 (b) HRTEM image of an individual PARh NBs; (b) The corresponding FFT pattern of

the HRTEM image.
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Fig. S5 TEM images of PARh NPs prepared using the standard procedure except for the absence
of urea.



Fig. S6 (a-b) TEM images of PdRh nanocrystals prepared using the standard procedure except
for the absence of PVP.



Fig. S7 TEM images of different PARh nanocages. The width of pore is calculated to be about
3.92 nm.
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Fig. S8 TEM images of Pd NBs at different magnification.

Fig. S9 TEM images of the recovered catalyst.
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Table S1. Activity comparisons of PARh NBs with the previous reported catalysts for the EOR.

Catalyst Mass activity Specific activity Electrolyte solution Ref
(mA mg ") (mA ¢m 2)
PdRh NBs 682 48 1 M KOH + 1 M CH;CH,OH this work
Pd NBs 386.7 3.6 1 M KOH + 1 M CH;CH,0H this work
Pd black 172.8 1.7 1 M KOH + 1 M CH;CH,OH this work
Ni@PdAg nanowires 622 0.97 1 M KOH + 0.5 M CH;CH,0OH 1
Pd-PEDOT/GE 458.5 33 1 MKOH + 1 M CH;CH,OH 2
PdAg/CNT 305 ~ 1 MKOH + 1 M CH;CH,0H 3
Pd/PANI/Pd SNTAs ~50 ~ 1 MKOH + 1 M CH;CH,OH 4
Pds;Agg; 570 245 1 MKOH + 1 M CH;CH,0H 5
Pd/B-N-doped graphene 464.5 ~ 1 M KOH + 1 M CH;CH,OH 6
Pd/TiO, 33.06 125 1 M KOH + 0.1 M CH;CH,0OH 7
Au@Pd CNBs 222 ~ 1 M KOH + 0.5 M CH;CH,OH 8
Pd;Ru, 613 ~ 1 MKOH + 1 M CH;CH,0H 9
Pd/carbon fiber cloth 495.8 1.84 1 MKOH + 1 M CH;CH,OH 10
Pd nanowire arrays 291.7 ~ 1 M KOH + 1 M CH;CH,OH 11
PdRK/C ~ about 0.5 1 MKOH + 1 M CH;CH,OH 12
50% Rh/Pd(poly) ~ 6.5 0.1 M KOH + 0.4 M CH;CH,OH 13
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