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Abstract

Graphical abstract
Supported N-modified Pd nanoparticles selectively catalyze 1-hexyne hydrogenation to 1-hexene,
demonstrating a remarkable increase of the selectivity through a site-blocking effect and

complete hindering of the over-hydrogenation to 1-hexane.

Keywords:

1 Introduction

About 20% of the reactions used to produce fine chemicals and pharmaceuticals are
hydrogenations [1]. Supported Pd nanoparticles (NPs) are known to selectively catalyze the
hydrogenation of alkynes to alkenes [2]. The yield of the alkene hydrogenation product increases
considerably when modifiers are added to the reaction mixture.

In the studies reported herein, an in-house synthesized imidazolium tagged bipy ligand and bipy
itself were used in the synthesis of monodispersed Pd NPs with a dual aim: stabilizing the
nanoparticles by anchoring them to the support and inducing a permanent modification of the
surface. To the best of our knowledge, the combination of a functionalized structured support and
a tailored-made ligand capable of strongly interacting in order to minimize leaching while
increasing selectivity has not been previously reported. The resulting catalysts were tested in the
liquid-phase hydrogenation of 1-hexyne in n-heptane and their performance was compared to that
of a reference Pd/CNF/SMF catalyst, prepared by a conventional ion-exchange method [25], in
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the absence of modifiers. The catalysts were further characterized by Scanning and Transmission
Electron Microscopy (SEM and TEM), X-Ray Photoelectron Spectroscopy (XPS) and CO-

chemisorption in order to rationalize the catalytic response observed.
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3 Results and discussion

3.1 Catalysts used in this work



4. Conclusions

N-modified Pd NPs immobilized on CNF/SMF supports were synthesized and studied in the
selective hydrogenation of 1-hexyne. Compared to a reference catalyst, selectivity to 1-hexene
increased from 83% to 98% near full conversion. Furthermore, the over-hydrogenation to n-
hexane was largely suppressed in the presence of N-modified Pd NPs.

A Langmuir-Hinshelwood model was found to be consistent with the observed reaction kinetics
and showed that the N-contained ligands permanently adsorb on the Pd surface “blocking” the
active sites for 1-hexene adsorption. Nonetheless, an electronic effect from the N-coordinated
Pd*" species resulting in a change in the adsorption strengths and kinetic constants also
contributes to the change in the catalytic performance. Moreover, the imidazolium functionalized
ligand was found to reduce Pd leaching from the catalyst presumably due to a stronger ionic

interaction with the oxygenated surface groups present on the CNF.
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Table 1. Catalysts used during this work.

Catalyst Stabilizer | NP synthesis in IL coating %Pd® % IL
Reference - - - 0.6° -
Reference - - [bmim][PFg] 0.82° 4.2
Reference - - [C,OHmim][BE4] 0.48° 5.4
Reference - - [C,CNmim][TEN] | 0.62° 4.2
SILC(Bip) Bipy [bmim][PF] [bmim][PF¢] 4.0 3.0
SILC(Bih) | [BIHB]Br, | [bmim][PFe] [bmim][PF] 3.9 3.7

SC(Bip) Bipy H,O - 3.2 -

SC(Bih) [BIHB]Br; H,O - 2.0 -

* Percentage expressed per mass of CNFs.

b Percentage express per total mass of the catalyst.
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Table 2. Adsorption and kinetic constants found for the reference catalyst and SILC(Bih)."

Adsorption constants [L mol']

Kinetic constants [mol gpq 5]

Reference SILC(Bih) Reference SILC(Bih)
Ky 23.1 35.9 ki 2486.1 2503.3
KN - 9.6 k2 1162.3 54.1
Kg 0.8 0.1 ks 208.8 154.4
K 8.3 4.7 k4 11.1 10.1
Ky 1107 2107

* Reaction conditions: 4.1 g of 1-hexyne, 2.82 g of octane as internal standard, 0.3 g of catalyst,

303 K and 1.05 MPa of H, in 200 mL of n-heptane.

® Dimensionless

¢ This constant is the product Ky,Cppz and is dimensionless.
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Table 3. Performance of the various catalysts tested in the hydrogenation of hexyne.”
Catalyst S° [%] R [mol molps” s7'] TOF [s™]
Reference 88.0 47.0 223.8
SILC(Bip) 97.0 4.3 29.5
SILC(Bih) 94.0 11.0 60.8
SC(Bip) 98.4 1.7 11.5
SC(Bih) 97.8 1.4 7.6

* Reaction conditions: 4.1 g of 1-hexyne, 2.82 g of octane as internal standard, 0.3 g of catalyst,

303 K and 1.05 MPa of H, in 200 mL of n-heptane.

b Selectivity towards 1-hexene at 25% conversion
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Table 4. Determination of 1-hexyne, 2-hexene, n-hexane and H; solubility in [bmim][PF],

[C,OHmim][BF,] and [C;CNmim][Tf;N] by "H NMR spectroscopy.

Concentration [M]
Ionic Liquid
1-hexyne 1-hexene n-hexane H, [mM]*
[bmim][PF] 1.24 0.23 0.07 0.97°
[C;CNmim][Tf,N] 0.85 0.18 0.06 0.47
[C,OHmim][BF,] 0.17 <0.01 0.06 1.28°¢

* measured at 10.1 MPa and adjusted for 0.101 MPa.
® from ref [32].

¢ from ref [29].
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Table 5. Binding energies of Pd 3 5/2

Pd 3d 5/2 (eV)
Catalyst Pd(0) Pd(II) Reference
Reference 3354 337.2
SC(Bip) 3353 338.1
SC(Bih) 335.2 337.9
Pd(0) 335.4 [53]
PdO 337.1 [54]
PdCl,(bipy) 338.1 [55]
Pd(C;H30,), 338.8 [56]
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