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Experimental
1. Chemicals

Cetyltrimethylammonium chloride (CTAC), Pt(acac),, Co(acac);, L-glutamic
acid, oleylamine (OAm), commercial Pt/C (20 wt.%) and Pt black (>99.9%) were
supplied from Aladdin Chemical Reagent Company (Shanghai, China). The other
chemicals were of analytical grade and used without further purification. All of the
aqueous solutions were prepared with twice-distilled water throughout the whole

experiments.

2. Characterization

The morphology of the samples was characterized by transmission electron
microscopy (TEM), high-resolution transmission electron microscopy (HRTEM),
high-angle annular dark-field scanning transmission electron microscopy (HAADF-
STEM) and energy-dispersive X-ray spectroscopy (EDS) on a JEM-2100F
microscope operated at an acceleration voltage of 200 kV. X-ray photoelectron
spectroscopy (XPS) measurements were performed on a Thermo VG ESCALAB 250
spectrometer attached with an Al Ka X-ray radiation (1486.6 eV photons) for
excitation at 120 W. X-ray diffraction (XRD) spectra were acquired on a Philips

PW3040/60 diffractometer using Cu Ka radiation source (1 %4 0.15405 nm).

3. Electrochemical experiments

All the electrochemical measurements were carried out with a conventional



three-electrode cell at room temperature, where a saturated calomel electrode (SCE)
was used as the reference electrode, a platinum wire as the counter electrode, and a
modified glassy carbon electrode (GCE, 3 mm in diameter) or a glassy carbon rotating
disk electrode (RDE, 3 mm in diameter) as the working electrode.

Meanwhile, oxygen reduction reaction (ORR) measurements were performed by
linear sweep voltammetry (LSV) in O,-saturated 0.1 M HCIO, with a Model 616
RDE. The electrolyte was bubbled with oxygen for 0.5 h before each experiment and
maintained over the electrolyte during the whole measurements. The hydrogen
evolution reaction (HER) measurements were recorded in N,-saturated 0.5 M H,SO,
and the whole experiments were operated in the nitrogen-saturated electrolyte. All of

the experiments were performed at room temperature if not stated otherwise.
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Fig. S1. The size distributions of the (A) whole particle length and (B) foot length.
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Fig. S2. The TEM images of the PtCo products prepared with different ratios of Pt

against Co: (A) Pt4oCos; NPs and (C) PtgyCo,9 NPs. The EDS spectra of (B) Pt;9Cos;

NPs and (D) PtgyCoy NPs.
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Fig. S3. The XRD pattern of Pt;Coys NMs. Standard XRD spectra of bulk Pt

(JCPDS-04-0802) and Co (JCPDS-05-0727) were provided for comparison.
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Fig. S4. High-resolution Pt 4f (A, C) and Co 2p (B, D) XPS spectra of Pty49Cos; NPs,

and PtgyCo,o NPs, respectively.



Fig. S5. TEM images of the PtCo products prepared with 5 mM (A) and 35 mM (B)

CTAC.



Fig. S6. TEM images of the PtCo products fabricated with 10 mM (A) and 35 mM (B)

L-glutamic acid.



Fig. S7. TEM images of the PtCo products constructed at the reaction temperature of

(A) 160 °C and (B) 200 °C.
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Fig. S8. The LSV curves of (A) Pt76C024 NMS, (B) Pt49C051 NPS, (C) PtgoCOz() NPS,
and (D) Pt black catalysts in O,-saturated 0.1 M HC 10,4 at a scan rate of 5 mV s’!

with different rotating rates: 100, 400, 900, 1600, and 2500 rpm.
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Fig. S9. TEM image of Pt;Co,4 NMs after 1000 scanning cycles in O,-saturated 0.1

M HCIO, at a scan rate of 5 mV s

12



Fig. S10. TEM image of Pt;sCo,4 NMs after 1000 scanning cycles in Nj-saturated 0.1

M H,SO, at a scan rate of 5 mV s 1.
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Fig. S11. The chronoamperometric curves of Pt;sCoy4 NMs, Pt49Cos; NPs, PtgyCoy

NPs and Pt/C catalysts at —0.1 V in 0.5 M H,SO,.
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Table S1. Comparison of the HER performances in the acid electrolytes with

different catalysts.
Catalysts (mVZf/ZI.ISEHE) ”lef:/l ;:;If)s References
Pt-TiS, - 40.6 !
Au-MoS, -220 86 2
Au NPs-CN, -120 72 3
Au-aerogel-CNy -30 53 3
Ni,P - 134 4
FeCo@NCNTs-NH -70 74 >
NiAu/Au core/shell -70 36 6
Pt/CFs - 97.8 7
Pt/MoS,/CFs - 53.6 7
PtNiCu - 28 8
Pd; ;,Te NWs/rGO - 63 ?
Pt;6Co0,4 NMs -31 32 This work
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