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Chemicals

Zinc nitrate hexahydrate and Lindlar catalyst were obtained from Aladdin Co., Ltd.
(Shanghai, China). 2-Methylimidazole (MeIM), commercial Pd/C, phenylacetylene (PA),
styrene (ST), ethylbenzene (EB), 3-methylphenylacetylene, 4-methoxystyrene, 4-
vinylbiphenyl, 1,3,5-trimethylbenzene  (mesitylene), ammonia borane (AB), 4-
pentylphenylacetylene, 4-phenyl-1-butyne, 3-chlorophenylacetylene, 4-bromophenylacetylene,
3-ethynylthiophene, 2-ethynylnaphthalene, and 4-ethynylbiphenyl were purchased from
Macklin Biotech Co., Ltd. (Shanghai, China). N, N-dimethylformamide (DMF), anhydrous
methanol, ethanol, and isopropanol (IPA) were acquired from Beijing Chemical Works
(Beijing, China). Polyacrylonitrile (PAN, Mw = 150000) was procured from Sigma-Aldrich
Co., Ltd. (USA). Palladium (II) bis(hexafluoroacetylacetonate) [Pd(CsHF¢O,),] and
formaldehyde solution were sourced from Strem Chemicals, Inc. (USA). All reagents were

analytical grade and used without further purification.
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Figure S1. (a, b) The SEM image and particle size distribution of ZIF-8; (c, d) The SEM image
and diameter distribution of Pd;/PCNF; (e, f) The SEM image and diameter distribution of
Pd;/CNF. The average particle size of ZIF-8 is about 62 nm. For the electrospun nanofibrous
catalysts, the average diameter of Pd;/PCNF is approximately 648 nm, while that of Pd;/CNF
is around 381 nm. The larger fiber diameter of Pd;/PCNF is attributed to the introduction of
ZIF-8 nanoparticles, which alters the rheological properties of the precursor solution, leading

to thicker fibers during electrospinning.



Figure S2. The TEM image of ZIF-8. ZIF-8 exhibits polyhedral nanoparticle morphology with

well-defined edges and uniform geometric shapes.



Figure S3. (a) The SEM image of Pd;/CNF; (b) The TEM image of Pd;/CNF; (c) The HAADF-
STEM image of Pd,/CNF; (d-f) Element mapping images of C, N, Pd in Pd,/CNF. Pd,;/CNF
exhibits a well-defined fibrous morphology with a smooth surface, and the C, N, and Pd

elements are uniformly distributed throughout the fibers.



Figure S4. The TEM images of (a) PdA/PCNF-6, (b) Pd/PCNF-14 and (c) Pd/PCNF-30. As the

number of ALD cycles increases, the particle size of Pd demonstrates a gradual increasing trend.
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Figure S5. UV-vis-NIR absorption spectra of Pd;/PCNF, Pd;/CNF, PCNF and CNF. All four
materials exhibit light absorption properties across the entire solar spectral range. Among them,
the PCNF system, due to its high specific surface area and porous structure, shows a

significantly superior light-harvesting ability compared to the CNF system.
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Figure S6. (a) Phenylacetylene conversion and (b) styrene selectivity on various Pd catalysts
under different conditions. In the photothermal catalytic selective hydrogenation system of
phenylacetylene, the catalytic activities of the four catalysts under light irradiation are all higher
than those under dark environment, indicating that light assistance exerts an enhancing effect
on the hydrogenation reaction activity. Among them, the Pd;/PCNF catalyst exhibits the most
excellent comprehensive performance: under light irradiation, this catalyst can not only achieve
the complete conversion of phenylacetylene within a relatively short time, but also maintain a
relatively high styrene selectivity throughout the process, effectively suppressing the side
reaction of over-hydrogenation to form ethylbenzene. Its comprehensive catalytic performance
is significantly superior to those of the Pd/C, Lindlar catalysts, and the Pd;/CNF catalyst.
Specifically, although the Pd/C catalyst shows relatively high initial activity under light
irradiation, its styrene selectivity decreases significantly with the extension of reaction time,
and the over-hydrogenation problem is rather prominent; in contrast, the Lindlar catalyst and
the Pd;/CNF catalyst display relatively low catalytic activities, and it is difficult to achieve the

desired conversion rate within the same reaction time.
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Figure S7. Conversion and selectivity of phenylacetylene hydrogenation on (a) Pd/PCNF-6,
(b) Pd/PCNF-10, (c) Pd/PCNF-14, (d) Pd/PCNF-30. For the series of PA/PCNF-N (N = 6, 10,
14, 30) catalysts in the selective hydrogenation reaction of phenylacetylene, the catalytic
activity first increases rapidly and then its growth rate slows down as the number of ALD cycles

increases. When the number of ALD cycles is excessively high, the catalytic activity decreases.



(a) (b)

450

400 394
350 -

300 4

c —.c
o = 250 4
o E
] L 200
£ o
s =
) 150 -
100 -
50
T T T T 0 T T T T
0.5 1.0 1.5 2.0 0.5 1.0 1.5 20
Feed Ratio Feed Ratio

Figure S8. (a) Conversion, selectivity and (b) TOF of phenylacetylene hydrogenation under
different AB/PA molar ratios. In the selective hydrogenation of phenylacetylene, the molar ratio
of the reducing agent (AB) to the substrate (PA) exerts a regulatory effect on the catalytic
performance. With the increase in the AB/PA molar ratio, both the reaction conversion and
TOF show a positively correlated growth trend, indicating that the sufficiency of the reducing
agent is a key factor influencing the reaction efficiency. The 2:1 ratio, which is widely adopted
in the literature, has been verified as the optimal balance point between activity and practicality.

Thus, this ratio was selected as the reaction condition in this study.
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Figure S9. Conversion and selectivity of phenylacetylene hydrogenation over Pd;/PCNF in
different solvents. In the photothermal catalytic selective hydrogenation of phenylacetylene, the
performance of the Pd;/PCNF catalyst exhibits remarkable solvent dependence. When
methanol (CH30H) or tetrahydrofuran (THF) is used as the solvent, the catalyst can achieve
high conversion and excellent selectivity. Conversely, when isopropanol (IPA) or N, N-
dimethylformamide (DMF) is used as the solvent, the catalytic performance is significantly

reduced.
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Figure S10. Catalytic performance of Pd;/PCNF for the selective hydrogenation of
phenylacetylene in the presence of different sulfur impurities. 10 ppm: Represents a low sulfur
content commonly found in deeply desulfurized industrial feedstocks. 50 ppm: Represents a
typical sulfur content after conventional hydrodesulfurization. 100 ppm: Represents a high-
sulfur scenario or insufficiently purified streams. 105 ppm: This concentration far exceeds
typical industrial levels and is employed as an extreme test condition to probe the intrinsic

tolerance limit of the catalyst and the nature of its poisoning mechanisms.

The Pd,/PCNF catalyst exhibits excellent tolerance toward reversibly poisoning sulfur
impurities such as thiophene and benzothiophene. At a sulfur concentration of 100 ppm, the
catalyst retains over 95% of its initial activity, with slightly better tolerance observed for
benzothiophene than for thiophene. This is likely attributed to the hierarchical porous structure
of the carbon nanofiber support, which hinders the diffusion of bulkier benzothiophene
molecules and partially shields the Pd single-atom sites from deactivation. In contrast, the
catalyst 1s more sensitive to ethanethiol, a strongly coordinating small-molecule sulfur
compound. At 100 ppm, the conversion decreases to 89.5%, and further increases to 103 ppm
result in a sharp drop to 20.9%, confirming an irreversible poisoning mechanism via the
formation of strong Pd-S bonds. Overall, although the catalytic performance of Pd;/PCNF
experienced a slight decrease with increasing concentrations of sulfur-containing impurities, it

still demonstrates promising potential for practical applications within industrial feedstocks.
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Figure S11. The (a) SEM image, (b) TEM image, (c) AC-HAADF-STEM image and (d)

element mapping images of C, N, Pd in Pd,/PCNF after the selective hydrogenation of
phenylacetylene. After 5 reaction cycles, the pore structure of the catalyst remains intact, and

no aggregation of single atoms occurs, demonstrating good structural stability.
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Figure S12. Pd 3d XPS spectra of Pd;/PCNF after 5 reaction cycles. The Pd species retained

their electron-deficient state (Pd®") and no characteristic peaks corresponding to metallic Pd®

are detected.
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Figure S13. The EPR spectra of Pd;/PCNF and Pd;/CNF. Under dark conditions, the Pd;/PCNF
catalyst exhibits a distinct EPR signal at g~ 2.003, which can be attributed to localized unpaired
electrons associated with carbon defects or nitrogen-doped sites within the porous carbon
framework. Upon simulated solar irradiation, the intensity of this EPR signal increases,
indicating effective separation of photogenerated electrons and holes. In contrast, the non-
porous Pd;/CNF catalyst displays a significantly weaker EPR signal under identical conditions,

and the photoinduced enhancement is considerably less pronounced.
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Figure S14. Conversion of phenylacetylene selective hydrogenation over Pd;/PCNF under
different reaction conditions. Performance enhancement under light is due to synergistic

photonic-thermal contributions, where thermal dominates and photonic assists.
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Supporting Tables

Table S1. Pd loading amounts on different catalysts determined by ICP-MS.

Samples PA/CNF  p4 /pCNF Pd/PCNF-6 Pd/PCNF-10 Pd/PCNF-14 Pd/PCNF-30

Pd loadings (wt%) 0.11 0.18 0.27 0.48 0.70 1.58
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Table S2. Catalytic Performance Comparison: Pd;/PCNF vs. Reported Metal Catalysts in

Phenylacetylene Semi-Hydrogenation.

Catalytic Hydrogen TOF/min-
Entry Catalyst Con./% Sel./% Ref.
type source
This
1 Pd,/PCNF Photothermal = NH;BH; >99 97.4 586
work
2 CuPd@ZIF-8  Photothermal NH;BH; 99 96 6799 [1]
3 Pd/DCN Photo NH;BH; 100 >99 2002 [2]
4 Au/BT Photo H, >99 99 16.9 [3]
5 Pd/TiO,-ICT Photo CH;0H 99 98 14.2 [4]
6 Pd-SrTiOs Photo CH;0H 100 >99 N.R. [5]
L-
7 Photo H, >99 95.8 N.R. [6]
lysine/Ni/Nb,Os
8 Pd/mNCNFs Thermal NH;BH; 100 96 10.2 [7]
Pd@UiO-66
9 Thermal NH;BH; 100 93.2 2.4 [8]
(Hf)
NiZns/AISBA-
10 s Thermal H, 99.6 90.3 653.4 [9]
11 Pd,@ZSM-5 Thermal H, 100 96 559.7 [10]
12 Pd@PPy-600 Thermal H, 99 96 81.9 [11]
13 Pto,@ZSM-22 Thermal H, >99 91 97.7 [12]
14 Pd/NTs Thermal H, 100 97.4 57.6 [13]
15 Ni/Pd Thermal H, 100 97.3 59.4 [14]
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