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Materials and chemical reagents

Graphene oxide was purchased from Hangzhou Gaonen Technology Co., Ltd.
(GO, 10 mg g), 2, 2-bipyridine (C;oHgN,, 98%) and ammonium tetrachloropalladate
((NHy),PdCly) were purchased from Beijing InnoChem Science & Technology Co.,
Ltd., sodium borohydride (NaBH,;) and chloroplatinic acid hexahydrate
(H,PtCls.6H,0) were purchased from Shanghai Aladdin Biochemical Technology Co.,
Ltd, Nafion (5 wt%) was purchased from Shanghai Chulu Industry Co., Ltd.,
commercial Pt/C (20 wt%) and commercial Pd/C (20 wt%). Absolute methanol
(CH;0H) and absolute ethanol (C,HsOH) were purchased from Sinopharm Chemical
Reagent Co., Ltd. The chemicals and reagents used are analytically pure without any
further purification. Ultrapure water was used in all the experiments. All experiments

were performed at room temperature.

Materials characterization

X-ray powder diffraction (XRD) of the samples were analyzed by using a
Panalytical X'Pert diffractometer with Cu Ka (A=0.154187 nm) radiation in the scan
range of 20 = 5-90°. X-ray photoelectron spectroscopy (XPS) was applied by the PHI
Quantum 2000 (1486.6 eV monochromatic Al Ko X-ray source). Transmission electron
microscope (TEM), high-resolution transmission electron microscope (HRTEM),
scanning transmission electron microscope (STEM) images and STEM-energy
dispersive X-ray spectroscopy (STEM-EDS) were obtained by using electron
microscope (TECNAI F30) with 300 kV accelerating voltage. Inductively coupled
plasma optical emission spectrometry (ICP-OES) was performed by Agilent 730.

Electrochemical testing

HER and MOR electrochemical measurements were used by three-electrode

system at the CHI 760E electrochemical workstation (Chenhua, Shanghai, China). All



potentials in this work have been corrected to reversible hydrogen electrode (RHE) on
the basis of Nernst equation (Eryg = Egcpt0.0591 pH+0.2415). The graphite rod was
used as the counter electrode in the HER, saturated calomel electrode (SCE) as the
reference electrode and carbon paper coated with catalyst ink as the working electrode
in 1.0 M KOH solution. 2.0 mg sample was dispersed in a 1.0 mL of mixed solution
(Vabsolute ethanol: Vwater = 1:1) and sonicated treatment for 30 minutes. The catalyst ink
was evenly dropped onto 1 * 1 cm™ carbon paper, 30 uL 5 wt% nafion was dropped in
after the catalyst ink being dried. All HER measurements were performed in N,-
saturated 1.0 M KOH solution. The CV curves were obtained in the non-faradic range
of 20-100 mV s-!. The LSV polarization curves were tested at the sweep rate of 5 mV
s'! and have been corrected by iR compensation. The Nyquist plots were obtained in
the frequency range of 0.01-100 kHz.

Pt foil was used as the counter electrode in the MOR, saturated calomel electrode
(SCE) as the reference electrode and glass carbon electrode with catalyst ink as the
working electrode. 2.0 mg sample was dispersed in a 1.0 mL of mixed solution (V zpsolute
ethanol: Ywater= 1:1) and sonicated treatment for 30 minutes. 10 pL catalyst ink was added
in two drops to the pre-polished glassy carbon, and being dried, then 5 pL 0.25 wt%
Nafion and being dried at room temperature. Firstly, the CV activation step was
performed in 1.0 M KOH (N,-saturation) solution at the potential range of 0.05-1.2 V
(vs. RHE). The performance testing was carried out in 1.0 M KOH + 1.0 M CH;0OH
solution at the sweep rate of 50 mV s’'. The Nyquist plots were obtained in the
frequency range of 0.01-100 kHz in 1.0 M KOH + 1.0 M CH;O0H solution.

The CO-stripping measurements were performed in 1.0 M KOH solution, the
solution was purified with N, for 30 minutes before testing and then the CV curves
were measured within the potential range of 0.05-1.2 V (vs. RHE). In the CO stripping
measurement, the CO gas was bubbled into 1.0 M KOH solution at 0.109 V (vs. RHE)
for 50 minutes to reach the maximum coverage of the platinum active center CO. Then
N, was bubbled for 10 minutes at the same voltage to eliminate residual CO in the
solution, and the CV curves were also measured at a scan rate of 50 mV s! over a

potential range of 0-1.25 V (vs. RHE).



In overall water splitting testing, both the anode solution and the cathode solution
were 1.0 M KOH. In the HER and MOR coupling test, the anode solution was 1.0 M
KOH+1.0 M CH;0H, the cathode solution was 1.0 M KOH, and the anion exchange

membrane was used as the membrane.
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Fig. S1. (a) XRD patterns of PtPd/rGO-2 initial and after stability testing, (b) Pt 4f XPS
spectra of PtPd/rGO-2 after stability testing, (c) Pd 3d XPS spectra of PtPd/rGO-2 after

stability testing, (d) C 1s XPS spectra of PtPd/rGO-2 after stability testing.
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Fig. S2. (a) Pd 3d and (b) C 1s XPS spectra of Pd/rGO.
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Fig. S3. (a) Pt 4f and (b) C 1s XPS spectra of Pt/rGO.



Fig. S4. (a) STEM image of Pd/rGO, STEM-EDS elemental mapping of Pd/rGO (b) C
(red), (c) O (orange) and (d) Pd (yellow).
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Fig. SS. (a-c) TEM and (d) HRTEM images of Pd/rGO.



Fig. S6. (a) STEM image of Pt/rGO, STEM-EDS mapping of Pt/rGO (b) Pt (yellow),
(c) C (red) and (d) O (orange).
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Fig. S7. (a-c) TEM and (d) HRTEM images of Pt/rGO.
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Fig. S8. (a) Nyquist plots of PtPd/rGO-1, PtPd/rGO-2, PtPd/rGO-3, (b) Nyquist plots
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Fig. S9. (a-e¢) CV curves for the as-synthesized catalysts in the region of 0.2~0.4 V (vs.

RHE) with various scanning rates at 20 mV s!-100 mV s™! for the HER.
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Fig. S10. (a) Cdl of the PtPd/rGO-1, PtPd/rGO-2, PtPd/rGO-3 obtained from CV curves
at different scan rates of 20 mV s'-100 mV s!. (b) Cdl of the PtPd/rGO-2, Pt/rGO,
Pd/rGO obtained from CV curves at different scan rates of 20 mV s'-100 mV s
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Fig. S11. (a) HER polarization curves of PtPd/rGO-2 initial and after 48 h for

chronopotentiometry at 100 mA cm in a N,-saturated 1.0 M KOH solution, (b) CV

curves for PtPd/rGO-2 after 48 h for chronopotentiometry at 100 mA ¢cm in the region

of 0.2~0.4 V (vs. RHE) with various scan rates of 20 mV s-!-100 mV s! for the HER,

(c) Cdl of PtPd/rGO-2 initial and after 48 h of chronopotentiometry at 100 mA c¢m-

obtained from CV curves at different scanning rates of 20 mV s'-100 mV s, (e)

Nyquist plots of PtPd/rGO-2 initial and after 48 h of chronopotentiometry at 100 mA

cm2.
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Fig. S12. (a) HER polarization curves of PtPd/rGO-2 initial and after 15000 cycles at
5mV s ! in a Ny-saturated 1.0 M KOH solution, (b) CV curves for PtPd/rGO-2 in the
region of 0.2~0.4 V (vs. RHE) with various scan rates of 20 mV s'-100 mV s-! for the
HER, (c) Cdl of PtPd/rGO-2 initial and after 15000 cycles obtained from CV curves at
different scan rates of 20 mV s'-100 mV s!, (¢) Nyquist plots of PtPd/rGO-2 initial
and after 15000 cycles.
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Fig. S13. Nyquist plots of PtPd/rGO-2 initial and after 4000 s chronoamperometry

testing in 1.0 M KOH + 1.0 M CH;0H solution.




Table S1. Comparison of the HER performance of the reported catalysts.

Overpotential (mV) Tafel slope
Catalyst Electrolyte Nio N100 (mV dec)
PtPd/rGO-2 1.0 M KOH 9.38 87.16 18.9
Ni@Ni(OH),/Pd/rGO! 1.0 M KOH 76 70
Pt-rGO-300/NiF? 1.0 M KOH 34.6 51.58
PtPd@NLS3 1.0 M KOH 46 124
SA In-Pt NWs/C* 1.0 M KOH 46 32.4
Pt-CoFe@NCNT/CFC? 1.0 M KOH 17 93 64.22
Pt@Ni,—rGO° 1.0 M KOH 37 43.0
Pd-Pt-S7 1.0 M KOH 71 31
AC Pt-NG/C? 1.0 M KOH 35.28 27
Pd-nanodendrites/GNS® 1.0 M KOH 39.6 29.7
Pd;,Ru3/Ni(OH),/C!0 1.0 M KOH 16.1 97 21.8
Ni-HG,-rGO/NF!! 1.0 M KOH 50 132 48
CS-Pdpt!? 1.0 M KOH 46 88
Pt-PdO/C"3 1.0 M KOH 29 36
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Table S2. Comparison of MOR performance of the catalysts reported in

recent years.

Catalyat electrolyte A mg!
PtPd/rGO-2 1.0 M KOH+1.0 M CH;0H 10.75
PTSG-2! 1.0 M KOH+1.0 M CH;0H 2.921
PdIn bimetallene? 1.0 M KOH+1.0 M CH;0OH 2.27
Au@Pt;—Pd; H-Ss? 1.0 M KOH+1.0 M CH;0H 4.38
SANi-PtINWs* 1.0 M KOH+1.0 M CH;0OH 7.93
3D Pt/2D-NiMOF/rGO-4> 1.0 M KOH+1.0 M CH;0H 3.49
PdPtCu MHS@N-G® 1.0 M KOH+1.0 M CH;0H 3.01
Cu@Pt,; 3Pd;g 1’ 1.0 M KOH+1.0 M CH;0H 2.387
Pt-Fe,P/NIR® 1.0 M KOH+1.0 M CH;0H 2.43
IL/Pd;Cu,° 1.0 M KOH+1.0 M CH;0OH 2.96
Pd-Ir-O/NGS!0 1.0 M KOH+1.0 M CH;0H 1.375
PtgNiy/NH,-rGO!! 1.0 M KOH+1.0 M CH;0H 1.57
Pd-Pd-S!2 1.0 M KOH+1.0 M CH;0H 10.2
Pt;Pd;-N NFs/CP!3 1.0 M KOH+1.0 M CH;0H 9.25
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