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Fig. S1. Differential scanning calorimetry thermograms of PPS and c-PPS. The pristine PPS shows

clear melting and crystallization behaviors at 569 K and 524 K, respectively, whereas c-PPS does not.
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Fig. S2. Fourier transforms of k’-weighted Pd K-edge EXAFS of the catalysts. (A and B) Pd
catalysts before (A) and after (B) 200 h acetylene hydrogenation in an ethylene-rich stream. Solid line:

experimental data, dashed line: fitted data.



Lattice parameter

X Y 7
Exp(d) 8670 5610 10.260
DFT(A) 8271 5548 10.376
RMSE (%) 4604 1104  1.132
FF (A) 8519 5578  10.506
RMSE (%) 1.742 0566  2.399

Fig. S3. Models of PPS for simulation. (A and B) The front view (A) and the side view (B) of the PPS
monomeric unit cell. (C) Lattice parameters for PPS monomeric unit cell. Experimental values were
obtained from a previous study (38). Force field was abbreviated as “FF”. (D) Chain interaction energies

calculated by DFT and FF. They were calculated by the difference between the monomeric unit cell

energy and twice the energy of a single chain.

Chain interaction energy

DFT (kcal/mol)

FF (kcal/mol)
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vdW parameters

D, (keal/mol) R, (A)

Carbon 2.853E-02 3.808
Hydrogen 4.560E-03 3.195
Sulfur 1.032E-01 4.030

Fig. S4. Force field values for MD simulation. (A) The volume of a single polymer chain was
calculated using Voronoi tessellation during MD simulation in the green region (39). (B) Averaged
volume of the PPS chain as a function of temperature. The glass transition temperature calculated by
MD is indicated using a light blue arrow (359 K); a black arrow indicates an experimental value (358
K). (C) vdW parameters for PPS chains. (D) Point charges for PPS chains. Carbon is shown in grey and
purple. By symmetry, their charges are different: -0.1 and 0.12, respectively. Sulfur and hydrogen are

shown in yellow and white with -0.52 and 0.17 as point charges, respectively.



vdW parameters Binding energy

D, (keal/mol) R, (A)

DFT (keal/mol) -22.452
Pd-C 3.701E-02 3.362
FF (kcal/mol) -22.788
Pd-H 1.479E-02 3.043
Pd-S 3.100E+00 3.700
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Fig. S5. vdW force field parameters between Pd and PPS. (A) Pairwise vdW parameters between
Pd and atoms of PPS. (B) Binding energy of diphenyl sulfide on Pd (111). This energy is defined as
Ebind = Evotal - Epd (11) = Ediphenyl suifige- (C) Optimized geometry of diphenyl sulfide on Pd (111) calculated
using DFT. (D) Optimized geometry based on force field values. Distance between the top layer of Pd

(111) surface and sulfur atom of molecule is figured out.



0.0 ns at 300 K 1.0 ns at 300 K 2.0 ns at 300 K

2.0 ns at 360 K
& 20.0 ns at 300 K

Fig. S6. MD snapshots of Pd particles supported on PPS surface. (A and B) The side view (A) and
the top view (B) of the dynamics at 300 K. (C and D) The side view (C) and the top view (D) of the

dynamics at 300 K after treating the system at 360 K for 2.0 ns. Pd, C, H, and S atoms are shown in

dark cyan, grey, white, and yellow, respectively.
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Fig. S7. Thermochemical stabilities of PPS and Pd/PPS. Weight loss and HS evolution of PPS (red)
and Pd/PPS (black) during a temperature ramp (10 K min™!) under H, atmosphere. Solid lines indicate
weight loss detected by TGA and dotted lines indicate H>S evolution detected by online quadrupole

mass spectrometer (m/z = 34).
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Fig. S8. DFT models to study the adsorption thermodynamics. (A) Diphenyl sulfide. (B) Acetylene.
(C) Ethylene. (D) Associative hydrogen. (E) Dissociative hydrogen. The size of atoms in Pd (111)

surface with three layers are shown differently, depending on the relative position of layers.



A B
Ar H.+D; H+D,+ Ar H,+D. H.+D,+
Acetylene Ethy
Ethane Ethane
; Ethylene 7 -;
& 21 e "
5 Nl B :
% Acetylene f §
= =
o o
HD 1 HD
T T

LA | T T T
0 5§ 10 15 20 25 230

Time (min)

| Sp o | T T
@ & 10 16 20 26 20
Time (min)

Fig. S9. Adsorption behaviors of H», acetylene, and ethylene on diphenyl sulfide-modified Pd/SiO..

(A) H»-D; isotope exchange at 373 K with and without co-injection of acetylene. (B) H»-D; isotope

exchange at 373 K with and without co-injection of ethylene.
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Fig. S10. vdW force field parameters between Pd and C:H.. (A) Pairwise vdW parameters between
Pd and the atoms of C;H,. (B) Binding energy of acetylene on Pd (111). This energy is defined as Ebina
= Eiotal - Epd (111) = Eacetylene. (C) Optimized geometry of acetylene on Pd (111) calculated by DFT. (D)
Optimized geometry based on force field values. Distance between the top layer of Pd (111) surface

and carbon atom of molecule is figured out.



Fig. S11. HAADF-STEM image of Pd/PPS after 200 h acetylene hydrogenation in an ethylene-

rich stream.
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Fig. S12. Acetylene hydrogenation in an ethylene-rich stream over diphenyl sulfide-modified
Pd/SiO;. (A) Acetylene/hydrogen conversions and product selectivities as a function of 1/WHSV
(reaction conditions: 373 K; 0.9 kPa H», 0.6 kPa acetylene, 49.3 kPa ethylene, 0.6 kPa propane, 48.6

kPa No; WHSV = 0.031-0.63 gacetylene Zeatatyst' h'). (B) Long-term reaction data at the 1/WHSV of 4.83
h.
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Fig. S13. Thermogravimetric analysis of diphenyl sulfide. Temperature was increased in a ramping

rate of 2 K min"' under H, atmosphere.



Table S1. EXAFS fitting results of the catalysts.

sample (reaction time?)  shell CN°® R (A)© o®(A»?  AEyp(eV)  R-factor
9.24 2.758 0.0087 -5.19
PA/PPS (0 h) Pd-Pd 0.0076
(£041)  (£0.004) (£0.0005 (= 0.43)
9.28 2.756 0.0085 -5.49
Pd/PPS (200 h) Pd—Pd 0.0142
(£043)  (£0.004) (£0.0005) (& 0.44)
9.41 2.751 0.0082 -7.5
PA/SiO; (0 h) Pd—Pd 0.0151
(£041)  (£0.004) (£0.0003) (& 0.44)
9.56 2.754 0.0080 -6.31
Pd/SiO; (200 h) Pd-Pd 0.0098
(037)  (£0.004) (£0.0004)  (+0.37)
9.30 2.770 0.0096 -7.78
Pd/c-PPS (0 h) Pd-Pd 0.0169
(£0.52)  (£0.005)  (£0.0004)  (0.55)
9.32 2.758 0.0083 -7.75
Pd/c-PPS (200 h) Pd-Pd 0.0096

(£039)  (20.003)  (£0.0002)  (0.41)

“Acetylene hydrogenation reaction time in ethylene-rich stream for each catalyst. “Coordination number.

“Interatomic distance. “Debye-Waller factor (o).
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