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Table S1. Porosity properties of the representative catalysts derived from N2 sorption.

Catalysts
SBET

a

/ cm2 g-1
Vt

b

/ cm3 g-1

Pd2.2 1007 0.45

Pd3.0 993 0.44

Pd11.4 1051 0.47

Ag14.6 1025 0.46

PdAg2.7 1021 0.46

PdAg3.1 1087 0.49

PdAg10.8 1081 0.49

PdAg76.7 1075 0.48

aSpecific surface area;

bTotal pore volume.
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Table S2. Elemental analysis of Pd and PdAg catalysts based on the XPS.

Catalysts
Element content / at%

Atomic ratio of Pd
species / -

Atomic ratio of Ag
Species / -

C O Pd Ag Pd4+ Pd2+ Pd0 Ag+ Ag0

Pd2.2 88.74 10.8 0.46 - 0.16 0.25 0.59 - -

Pd3.0 87.87 11.74 0.39 - 0.13 0.23 0.64 - -

Pd11.4 89.4 10.34 0.26 - 0.12 0.22 0.66 - -

PdAg2.7 88.27 11.39 0.17 0.17 0.36 0.21 0.43 0.10 0.90

PdAg3.1 91.34 8.18 0.24 0.24 0.24 0.28 0.48 0.13 0.87

PdAg10.8 92.20 7.38 0.23 0.19 - 0.32 0.68 0.28 0.72

PdAg76.7 92.78 6.91 0.17 0.14 - 0.27 0.73 0.30 0.70

PdAg3.6’ 90.49 8.96 0.15 0.40 - 0.39 0.61 1.00 0.00

PdAg4.2’ 89.87 9.64 0.22 0.27 - 0.31 0.69 0.82 0.18

PdAg11.7’ 80.71 19.13 0.01 0.15 - 0.24 0.76 0.55 0.45
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Table S3. Representative works in the literature on 1,3-butadiene hydrogenation.

Catalysts
Ma

wt.%

T

K
H2:BD

GHSV

cm3 gcat
-1

h-1

XBD

%

Sbutenes

%

S1B

%

TOS

h
refs.

Pd1/graphene 0.25 323 2.5:1 33,333 99 95 71 50 [1]

Pd@ZIF-67 1 328 2:1 36,000 100 98.6 62.1 40 [2]

Pd-Cu/Mn2O3 1 323 2:1 36,000 99.1 92 58.5 10 [3]

PdNi/SiO2 0.91 343 4:1 - 95 98 55 - [4]

Pd-Ag/ES 0.5 318 2:1 36,000 95 95.8 55 30 [5]

30Al/Pd/Al2O3 1 373 2.5:1 30,000 99 100 51 62 [6]

Ag1Pd3/γ-Al2O3 0.5 308 2:1 16,200 100 84.9 42 12 [7]

30Fe/Pd/Al2O3 1 311 2.5:1 30,000 99 95 25 - [8]

PdCuG-523 1.8 293 5:1 - 98 90 23 - [9]

Pd-Sn/mixed
θ/α-Al2O3

0.5 343 1;1 120,000 80 100 58 - [10]

Pd/carbon 0.25 323 2.5:1 33,333 81 85 39 10 [1]

Au/TiO2 0.96 456 49:1 8000 98 99.7 67 - [11]

Au/Carbon 1.62 443 73:1 81000 100 100 34 - [12]

Au/Al2O3 1 393 67:1 20,000 100 100 40 - [13]

PdAg/AC 1 338 10:1 150,000 100 98.7 66 50 this
work

aM is Pd or Au.



5

Fig. S1. PXRD of PdAgx′ catalysts.
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Fig. S2. CO chemisorption on PdAgx catalysts. D is the estimated percentage metal dispersion.
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Fig. S3. TEM images of PdAgx′ catalysts.
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Fig. S4. Elemental mapping images accompanied with the EDX spectrum of the PdAg2.7 catalyst.
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Fig. S5. Elemental mapping images accompanied with the EDX spectrum of the PdAg76.7 catalyst.
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Fig. S6. The core-level Pd 3d and Ag 3d XPS spectra of PdAgx′ catalysts.
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Fig. S7. Conditions : Wcat = 30 mg, Ftota = 75 cm3 min-1, GHSV = 150000 cm3 gcat-1 h-1
，PdAg2.7 (left),

PdAg76.7(right).
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Fig. S8. Comparison on the product distributions at near complete conversion at different H2:BD

ratios on PdAg2.7 and PdAg76.7.
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Fig. S9. The reaction kinetics of butadiene hydrogenation on PdAgx. a, The apparent activation

energies, and the reaction orders of b, butadiene, c, H2.
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Fig. S10. The side and top views of the DFT models for the Pd and PdAg catalysts. The model of Pd-s

uses three layers with thirteen Pd atoms, the model of PdAg-s uses three layers with seven Pd atoms and

six Ag atoms, the model of Pd-l uses six layers on the Pd(111), and the model of PdAg-l uses six layers

on the Pd1Ag1.
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Fig. S11. Illustrations of the catalyst models of BD hydrogenation through BD→trans-2B→butane

on small Pd ensembles Pd-s.
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Fig. S12. Illustrations of the catalyst models of BD hydrogenation through BD→1B→butane on

small Pd ensembles Pd-s.
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Fig. S13. Illustrations of the catalyst models of BD hydrogenation through BD→trans-2B→butane

on large Pd ensembles Pd-l.
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Fig. S14. Illustrations of the catalyst models of BD hydrogenation through BD→1B→butane on

large Pd ensembles Pd-l.
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Fig. S15. Illustrations of the catalyst models of BD hydrogenation through BD→trans-2B→butane

on small Pd-Ag ensembles PdAg-s.
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Fig. S16. Illustrations of the catalyst models of BD hydrogenation through BD→1B→butane on

small Pd-Ag ensembles PdAg-s.
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Fig. S17. Illustrations of the catalyst models of BD hydrogenation through BD→trans-2B→butane

on large Pd-Ag ensembles PdAg-l..
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Fig. S18. Illustrations of the catalyst models of BD hydrogenation through BD→1B→butane on

large Pd-Ag ensembles PdAg-l.
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