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Experimental section

Chemicals and Reagents

Palladium (Pd) powders (99.999%) and tellurium (Te) powders (99.95%) were purchased from
Alfa Aesar. Tetramethylammonium tetrafluoroborate (BF,TMA, 98%), propylene carbonate (PC,
98%), methanol (CH30H, 98%), ethanol (CH;CH,0H, 98%) and potassium hydroxide (KOH, 99.5%)
were provided from Macklin. Commercial Pd/C (10 wt%) were got from Innochem (Beijing)

Technology Co., Ltd.. Nafion solution (5 wt%) was supplied by Sigma Aldrich.

Synthesis of PdTe, nanosheets (PTNS)

The PdTe, bulk was grown via the conventional chemical vapor transport (CVT) method
mentioned in our previous work 1. Then, the cathodic exfoliation procedure was operated under
a two-electrode system with direct voltage of —20 V, in which PdTe, bulk, Pt wire and 0.25 M
BF,TMA solution in PC was employed as working electrode, counter electrode and electrolyte,

respectively. After intercalation and washing, black PdTe, nanosheets were obtained.

Preparation of catalyst inks

All the as-obtained catalysts were used without additional conductive carbon. 2 mg of catalyst
was dispersed in a mixed solution consisted 400 pL of ethanol and 30 pL of Nafion. The final ink

was obtained after violent sonication for 30 min.

Characterizations

The phase information of samples was characterized on a Rikagu SmartLab X-ray diffractometer
(XRD) using Cu Ka radiation (A = 1.5406 A). The high-angle annular dark-field scanning
transmission electron microscopy (HAADF-STEM), high-resolution transmission electron
microscope (HRTEM) and energy dispersive X-ray spectrometry (EDS) mapping images were
carried out on a Titan Cubed Themis G2 300 FEI with an acceleration voltage of 300 kV. The
chemical states on the surface of samples were investigated via the Thermo Scientific K-Alpha+
with Al Ka microfocus monochromatic source. The total binding energies were calibrated with

Cls peak (284.8 eV) as the standard. The molecular vibration and rotation of samples were



recorded by the HORIBA Scientific LabRAM HR Evolution with laser excitation of 532 nm at room
temperature. The element content of Pd and Te were measured through inductively coupled
plasma mass spectrometry (ICP-MS). AFM characterization was carried out with Bruker

Multimode 8 system.
Electrochemical Measurements

The methanol oxidation reaction (MOR) performance of as-obtained PdTe, nanosheets was
investigated using a typical three-electrode system with rotating disk electrode on a CHI760e
electrochemical workstation (Chenhua Co., Shanghai, China). A glass carbon electrode (GCE, 5
mm diameter), a platinum wire and an Ag/AgCl electrode were applied as the working electrode,
the counter electrode and the reference electrode, respectively. 5 uL of the catalyst ink was
deposited on the working electrode for electrochemical measurement. Prior to MOR
measurement, all the electrolytes were flushed with nitrogen (N,) for 20 min to remove oxygen
and other gases. Cyclic voltammograms (CVs) were performed in 1 M KOH solution and 1 M KOH
+ 1M CH3O0H solution with a scan rate of 50 mV s in the potential window of -0.63 and 0.33 V (vs.
Ag/AgCl) at room temperature. Electrochemical active surface area (ECSA) was calculated based
on the equation of ECSA =0/(m * C) jn 1 M KOH electrolyte, where Q is the amount of charge
needed to reduce PdO to Pd on the surface of catalyst, m is the Pd atomic mass of catalyst
deposited on the surface of GCE, and C is the theoretical amount of charge needed to reduce a
layer of PdO to Pd (420 puC cm2). CVs in 1 M KOH containing 1M CH3OH solution at various scan
rates were also recorded to further analyze the dynamic process. The electrocatalytic activities of
these as-obtained catalysts were evaluated by their mass activities and specific activities that
normalized the current to the loading amount of Pd and ECSA, respectively. The stability of these
catalysts was estimated by chronoamperometry (CA) experiment in 1 M KOH + 1 M CH;OH
solution at -0.3 V vs. Ag/AgCl for 7200 s. The Tafel plots were obtained by the equation of
n=a+blog(j), where n is the overpotential, j is the current density, a is a constant and b is the
slope of the plot. The electrochemical impedance spectra (EIS) were performed at a frequency
range between 100 kHz and 0.1 Hz with an amplitude of 5 mV. The CO-stripping tests were
executed by holding the working electrode at -0.8 V vs Ag/AgCl for 15 min in the CO-saturated 1

M KOH solution. Subsequently, the excess CO in the electrolyte was purged out with N, for 15



min. Then the CO stripping CVs were recorded for two cycles between -0.8 and 0.3 V vs Ag/AgCl
at a scan rate of 50 mV s1. Converted potentials were used in all figures referred to the

reversible hydrogen electrode (RHE) by the equation of E(RHE) - E(Ag/AgCI) +0.1976 +0.0596 x 14.

Computational methods

All the density functional theory (DFT) calculations were performed by the Vienna Ab Initio
Package (VASP) % 3 within the generalized gradient approximation (GGA) using the PBE
formulation 4. The ionic cores were described by the projected augmented wave (PAW)
potentials > 6. The valence electrons were taken into account by the means of the plane wave
basis with a kinetic energy cutoff of 450 eV. Partial occupancies of the Kohn-Sham orbitals were
allowed using the Gaussian smearing method and a width of 0.05 eV. The electronic energy was
considered self-consistent when the energy change was smaller than 10 eV. Geometry
optimization was considered convergent when the force change was smaller than 0.03 eV/A.
Grimme’s DFT-D3 methodology was used to describe the dispersion interactions 7. The vacuum
spacing perpendicular to the plane of the structure is 15 A. The Brillouin zone integral uses the
surfaces structures of 2x2x1 monkhorst pack K point sampling. Finally, the adsorption energies
=E

E

(E.qs) are calculated by the equation of Eods = Eaisub = Eaa - sub, where E,g/sub, Eaq @nd Egyp are the

optimized adsorbate / substrate system, the adsorbate in the structure and the clean substrate,

respectively.



Fig. S1 AFM image of PTNS (a) before and (b) after electrooxidation reaction.
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Fig. S2 Energy dispersive X-ray spectrometry (EDS) analysis date of PTNS.
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Fig. S3 ECSAs of PTNS, bulk PdTe,, and commercial Pd/C.
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Fig. S4 CO stripping curves of PTNS, bulk PdTe,, and commercial Pd/C in 1 M KOH solution at a scan

rate of 50 mV s1.
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Fig. S5 Comparison between PTNS and the reported catalysts toward MOR in alkaline solution.



Fig. S6 TEM image of PTNS after electrooxidation reaction.
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Fig. S7 CV curves of (a) PTNS, (b) bulk PdTe, and (c) commercial Pd/C in 1 M KOH containing of 1 M

CH;OH solution at 10, 25, 50, 75, and 100 mV s,
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Fig. S8 The total density of states (TDOS) of PTNS and bulk PdTe,.
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Fig. S9 (a) The FTIR absorption spectrum of PTNS and (b) the ESR spectrum of electrolyte after

electrooxidation process.
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Fig. S10 The potential energy profiles of methanol oxidation for PTNS and bulk PdTe,.

Table S1 The ratios of forward and backward current density of PTNS, bulk PdTe, and Pd/C
catalysts.

Forward Backward
current density current density
Catalysts Ji/dy
) (o)
(mA mgpq) (mA mgpq)
Commercial Pd/C 783.8 494.9 1.6
Bulk PdTe, 470.9 137.1 3.4
PTNS 1566.4 347.8 4.5
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