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Fig. S1 Schematic illustration for synthesis of I- PdSex.
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Fig. S2 TEM images (a) PdSe:z (b) I- PdSea.
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Fig. S3 LSV curves of (a) PdSez, (b) I- PdSe2-25, (c) I-PdSe: ,(d) [-PdSe2-100 and (e)

Pt/C catalysts in O2-saturated 0.1 M KOH solution at different rotation speeds with a

sweep rate of 10 mV s, Inset: Koutecky-Levich plots (i—1 Vs w—1/2) relationship.
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Fig. S4 CV curves in the region of 1.06-1.17 V at scan rates from 40 to 100 mV s

and corresponding linear fitting of capacitive current: (a) and (b) for PdSez; (c) and

(d) for I-

PdSez; (e) and (f) for Pt/C.
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Fig. S5 LSV after 28800s Chronoamperometric test for I-PdSea.
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Fig. S6 Bulk structures of PdSez and I-PdSe.
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Fig. S7 COHP of the bond between Se and Pd on the surface for PdSe: (black) and I-
PdSe: (blue). The Fermi energy is set to 0 eV.



m)yfgfg g;;fﬁ

Pristine L1 L2

Fig. S8 Top view of the second layer (2L) for pristine and defective I-PdSe2 with
adsorbed intermediates (a) O, (b) OH and (c) OOH.
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Fig. S9 XPS Carbon 1s Spectra.
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4Gy 4G, AG; AG,

PdSe, 0.353 eV -2.582 eV -0.718 eV -1.973 eV
I-PdSe, 0.482 eV -2.697 eV -0.007 eV -2.698 eV
I-PdSe, (L1) -1.075 eV -2.892 eV -0.246 eV -0.707 eV
I-PdSe, (L2) 0.419 eV -2.629 eV -0.008 eV -2.702 eV
I-PdSe, (2L) 0.318 eV -2.524 eV -0.347 eV -2.366 eV
I-PdSe, (L1 _2L) 0.300 eV -2.536 eV -0.103 eV -2.581 eV
I-PdSe, (L2_2L) -1.249 eV -2.717 eV -0.090 eV -0.865 eV

Table. S1 Free energy change for each reaction steps of pristine and defective models
with different active sites.
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XRD Characterisation

The interlayer distance was estimated via the lattice’s 002 peak. There is very minute
change in the XRD spectrum, i.e., 0.1 degree peak shift. Hence overall, there is small
change in the structure of the material. There is a noticeable decrease in the total area
of the peak which may suggest less planar like structure is present, consistent with the
less crystalline structure observed in TEM characterization. This phenomenon is
expected from the incurrence of Se vacancies because of the invasive nature of the

intercalation process.

Table. S2: fitting of 002 peak on XRD spectrum.

I-PDSE2 PDSE2
FWHM 0.1686 0.1385
Peak Position 23.22 23.09449
Area 150.06131 16399.5184
Interlayer distance 0.38275 nm 0.3848 nm
Est. # layers 2.19344 2.655
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Element At% Se:Pd Ratio

PdSe2 Pd 37.74 1.6497
Se 62.26

[-PdSe2 Pd 38.66 1.5867
Se 61.34

Table. S3 Atomic% of Pd and Se and Se:Pd Ratio in PdSe2 and I-PdSe: calculated from

XPS spectrum.
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Half-wave Mass activities Electron Transfer

Catalyst Potentials (V) (mA Mg-lpd) Number (n)
PdSe, 0.58 0.030 2.58
I- PdSe,-25 0.74 0.042 2.69
I- PdSe,-50 0.76 0.054 3.67
I- PdSe,-100 0.71 0.040 2.89
Pt/C 0.79 0.063 3.97

Table. S4 Half-wave potentials, mass activities and electron transfer number of as

prepared catalysts.
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Half- Mass o
. Stability
wave activities
Catalyst - i Reft
VS potentials 1 Ahalf-wave,] AE (mV) (after x clerence
(mAmg ) (mA cm-2) (after
V) Pd cycles)
x cycles)
I- PdSe, 0.76 0.112 +0.2 -20 This work
Pd3Fe
0.79 0.298 +0.1 (1500) +40 (1500) 1
NPs/CB
MoS,/Pd 0.75 0.553 -0.2 (4000) 0 (4000) 2
Ni@Pd, 0.75 0.098 +0.1 (3000) -1 (3000) 3
Pd/FePt 0.7 0.067 +1.0 (10000) 0 (10000) 4
PdNiSn/NG  0.75 0.164 0 (5000) +0.1 (5000) 5
8% activity loss
Pd-g- C3N4 0.7 0.072 (400005) - 6
Pd-Pt/C 0.75 0.224 +0.2 (10000) -20 (10000) 7
Pd-Fe 0.77 0.085 undetermined undetermined 8
Pd-Co/C 0.75 0.063 undetermined undetermined 9
Pd,-Co ) )
0.71 0.041 undetermined undetermined 10
alloy
Cu-Pd 0.81 0.0423 +0 (1000) -6 (1000) 11
. 60% loss in
Pd/Ni 0.65 0.141 ECSA (400) 12

Table. S5 Performance of I- PdSe: catalyst and several representative results about Pd

compound from recent published works.
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ICOHP PdSe, I-PdSe,

Se-Pd1 -1.027 -1.048

Table. S6 ICOHP value of the bond between Se and Pd on the surface.
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Bond length PdSe, I-PdSe,

Se-Pd1 2.46 A 245 A
Se- 248 A 247 A

Table. S7 Bond length between Se and adjacent Pd.
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