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Abstract

Light-driven approaches for the selective semi-hydrogenation of acetylene to ethylene are 
emerging as sustainable alternatives to conventional thermochemical purification methods. The 
realization of a highly selective, robust, and recyclable photocatalyst that avoids noble metals, 
operates under visible light, and uses water as the proton source remains a major challenge. Here, 
we report the first demonstration of a supramolecular crystalline material as photocatalyst for the 
visible-light powered conversion of acetylene to ethylene. The catalyst is a copper-loaded 
hydrogen-bonded organic framework 1,3,6,8-tetrakis(p-benzoic acid) pyrene (Cu@HOF), which 
integrates light-harvesting and catalytic function within a single material and uses water as the 
proton source. Under a pure acetylene atmosphere, Cu@HOF achieves an overall ethylene 
production of 3.01 mol per gram of Cu with ≥99.9% selectivity after 16 h of irradiation. Under the 
industrially relevant conditions with a mixed acetylene/ethylene atmosphere, Cu@HOF enables 
near 100% acetylene conversion within only 75 minutes and without over-hydrogenation of 
ethane. The heterogeneous nature of the catalyst allows straightforward recovery and reusability, 
retaining catalytic activity under industrial mixture conditions over at least four consecutive cycles.
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Introduction

Ethylene (C2H4) is one of the most valuable commodity chemicals underpinning the production of 
polyethylene and a wide range of other plastics. It is mainly produced via steam cracking of 
hydrocarbon feedstocks,1,2 a process that inevitably generates small amounts of acetylene as a by-
product.3 Even trace levels of acetylene, typically 0.5−2 vol.%, act as poisons for Ziegler-Natta 
polymerization catalyst,4 making acetylene removal a critical purification step at the very 
beginning of the supply chain. Industrial purification of crude ethylene is traditionally achieved 
via thermocatalytic hydrogenation of acetylene. This process is economically and energetically 
demanding, as it requires high temperatures and pressures, the use of Pd-based catalysts,  and a 
continuous co-feed of H2 gas.3,4 Moreover, over-hydrogenation to ethane, which is itself 
detrimental to polyethylene production, commonly occurs, limiting the overall selectivity of the 
acetylene to ethylene conversion.3–5

To address these challenges, an ideal acetylene purification strategy should simultaneously (i) 
replace noble metals with earth-abundant transition metals, (ii) avoid the use of molecular H2 by 
relying on alternative and safer hydrogen sources, with water representing the most attractive 
option, and (iii) exploit electrochemical and, ideally, photocatalytic processes that enable acetylene 
semi-hydrogenation under mild conditions using electrical or solar energy as the driving force, 
with photocatalysis being particularly attractive because it enables the use of abundant photon 
energy. In this context, especially over the past three years, our groups and others have established 
homogeneous and heterogeneous photocatalytic systems that fulfil the design criteria outlined 
above, yet remain largely confined only to cobalt-based photoredox catalysis with noble metals as 
photosensitizers.6–19 Building on these advances, heterogeneous photocatalysts offer additional 
advantages in terms of stability, recyclability, and potential for practical and industrial 
implementation. To date, most heterogeneous photocatalytic systems developed for acetylene 
semi-hydrogenation rely exclusively on cobalt active sites that are embedded within metal-organic 
frameworks (MOFs)7,8,10,18 and covalent organic frameworks (COFs)14. While these materials 
benefit from structural definition and modularity, they often operate in tandem with an external 
noble metal-based photosensitizer, such as Ru(bpy)3

2+, and typically require organic solvents, 
including acetonitrile or dimethylformamide, to achieve optimal performance.

Framework materials are attractive for photocatalytic applications due to their well-defined and 
synthetically tailorable architectures, which facilitate the establishment of structure–performance 
relationships.20,21 While these features are also shared by hydrogen-bonded organic frameworks 
(HOFs),22 which have recently emerged as promising platforms for photocatalysis owing to a 
number of distinctive advantages (see below), HOF are yet to be explored in photocatalytic 
conversion of acetylene to ethylene to generate purified ethylene streams. Compared to other 
framework-based materials, HOFs can be synthesized using more straightforward preparation 
protocols and under milder conditions, and owe their structural stability to the combination of H-
bonding and π-π stacking interactions. Their modular and flexible architectures enable the 
combination of light absorption efficiency, electron delivery efficiency and catalytic efficiency of 
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active sites within a single material.23–26 Important figures of merit for their use in photochemistry 
include their facile modification, which is particularly advantageous given that HOFs usually lack 
catalytic metal centers in their pristine skeletons, while their flexible structural tailorability 
provides great opportunity to anchor catalytic metal sites. The post-synthetic modification by 
immobilizing of metal ions into the skeleton of HOF via coordination interaction is indeed a simple 
yet effective method to introduce metal sites. In addition, hydrogen-bonding interactions are 
relatively weaker than the coordination and covalent bonds found in MOFs and COFs, allowing 
reversible bond formation and dissociation between monomers, which can improve recyclability. 
Furthermore, the choice of monomeric precursors is crucial in determining not only the porosity 
but also chemical properties, enabling the rational design of tailor-made HOFs. For example, 
incorporation of conjugated aromatic molecular units can impart strong light-harvesting 
capability.27–29 A prominent example is the hydrogen-bonded organic framework 1,3,6,8-
tetrakis(p-benzoic acid)pyrene (HOF-H4TBAPy), a pyrene-based HOF that has recently 
demonstrated strong light-harvesting ability for UV and visible light and photocatalytic efficiency 
for the H2 evolution reaction when incorporating both noble and non-noble metal sites.30–38

Here, we sought to explore a HOF-based photocatalyst for the light-driven semi-hydrogenation of 
acetylene to ethylene, targeting three main features that represent advances over the current state 
of the art of framework-based catalysts for this important chemical reaction. Specifically, our 
design aims to deliver (i) an all-in-one photocatalytic system that integrates light absorption and 
catalysis within a single material, (ii) operation in water as both solvent and proton source, and 
(iii) stabilization of earth-abundant 3d transition metals beyond cobalt as catalytically active sites. 
The latter point is particularly relevant as it enables expansion of the palette of transition metals 
available for this reaction, which is important in light of increasing concerns associated with cobalt 
supply,39 and is further motivated by the documented ability of other 3d transition metals, 
including Mn, Fe, Ni, and Cu, to mediate alkyne reduction reactions.40 Cu-based materials have 
emerged as excellent catalysts for the selective and efficient electrocatalytic conversion of 
acetylene to ethylene, a behavior often attributed to the favorable balance between acetylene 
adsorption and ethylene desorption on copper catalytic sites.41–45 In addition, HOFs are 
characterized by a porous structure that enables high surface active area while also exhibiting high 
water stability, ideally allowing water as both solvent and proton source for catalytic transfer 
hydrogenation. Building on this knowledge and recent efforts from our groups,6–8,10,11,14,18,46 we 
envisioned an integrated heterogeneous system based on copper-functionalized HOF-H4TBAPy 
(Cu@HOF) for the reduction of acetylene to ethylene via photocatalytic water-donating transfer 
hydrogenation, efficiently integrating the photocatalytic water splitting capability demonstrated 
for HOF-H4TBAPy30–38 with the electrocatalytic alkyne (including acetylene) hydrogenation 
activity of copper catalysts47–52,41,42,53,45,54–59 (Figure 1).
In this work, we report ethylene production powered by visible light at room temperature using 
water as the proton source. We demonstrate acetylene conversion to ethylene with 99.9% 
selectivity for ethylene and an overall production of 3.01 mol ethylene per gram of Cu under a 
pure acetylene feed. The Cu@HOF photocatalyst is also highly competent under the industrially 
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relevant conditions for ethylene purification, i.e. in the presence of excess ethylene, achieving near 
100% conversion of acetylene to ethylene within just 75 minutes, with no evidence of 
overhydrogenation to ethane, such that the selectivity for ethylene versus ethane is 99.8%. 
Importantly, the photocatalyst demonstrates reusability under industrial mixture conditions, 
retaining catalytic activity over at least four consecutive cycles. Finally, our study reveals a 
catalytic route in which the CuI active species are protonated to form Cu–H intermediates, and the 
protons added to make the ethylene product originate from water.

Figure 1. a) This work uses an all-in-one photocatalyst of Cu active sites anchored to a hydrogen-bonded organic 
framework (Cu@HOF) and water as the proton source at room temperature for the 99.9% selective semi-
hydrogenation of acetylene to ethylene. b) The Cu@HOF laid out in this study is obtained by post-synthetic 
functionalization of a hydrogen-bonded organic framework 1,3,6,8-tetrakis(p-benzoic acid)pyrene (HOF-H4TBAPy) 
with Cu active sites.

Results and Discussion

The preparation of the hydrogen-bonded organic framework and its subsequent Cu(II) 
incorporation were carried out using previously published procedures (for details see the 
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Supporting Information).32,33 We prepared bulk microcrystalline HOF-H4TBAPy, in which 
H4TBAPy assembles into a hydrogen-bonded organic framework via antisolvent-induced 
crystallization, followed by solvent-exchange and activation to open the one-dimensional 
micropore channels through soaking in acetone. Precipitation of H4TBAPy under these solvent 
conditions provides better control over morphology and dispersion in aqueous media than the 
crystallization-solvent method,30 ultimately yielding more catalytically active materials with a 
reported Brunauer-Emmett-Teller surface area of ∼1,530 m2 g−1.32,33 Activated HOF-H4TBAPy 
was suspended in methanol and treated with an aqueous Cu(NO3)2 solution, followed by filtration 
and washing to afford Cu@HOF. The pores of the material were activated by drying the Cu@HOF 
powder in oven. The powder X-ray diffraction (PXRD) pattern of HOF-H4TBAPy shows 
characteristic diffraction peaks at 2θ = 4.4° and 6.2°, which are consistent with the typical eclipsed 
(i.e. AA) stacking mode (Figure 2a) and in agreement with literature.32,60,61 Broader diffraction 
features in the 2θ = 23−28° range are attributed to π-π interaction between the H4TBAPy units.32  
The Fourier transformed infrared (FTIR) spectrum of the HOF shows peaks between 3371 to 2478 
cm−1, which are attributed to the vibrational stretching of the –COOH groups connected via 
hydrogen bonding (Figure S1),33 further confirming the formation of the supramolecular structure. 
Transmission electron microscopy (TEM) of HOF-H4TBAPy (Figure 2b-d) revealed a fringe 
distribution of 2.02 nm nm, in good agreement with literature.32 Both TEM (Figure 2e-f) and 
PXRD (Figure 2a) analyses of Cu@HOF show no significant differences compared to that of the 
metal-free HOF, indicating preservation of the framework and its crystalline lattice after copper 
incorporation and pointing at an ideally atomic dispersion of Cu atoms. The homogenous 
distribution of Cu throughout the framework was further confirmed by energy-dispersive X-ray 
spectroscopy (EDXS, Figure 2e-g). We quantified the amount of incorporated copper as 0.45% 
w/w by inductively coupled plasma (ICP-MS) analysis. X-ray photoelectron spectroscopy (XPS) 
analysis identifies copper predominantly as Cu2+ species, as evidenced by the characteristic 2p3/2 
peak at 933.6 eV, together with the presence of weak final state satellites features in the range 
940−950 eV and 958−965 eV, respectively (Figure S2).62 The optical properties of HOF and 
Cu@HOF were investigated using diffuse reflectance UV–vis ((DR)UV–vis) spectroscopy (Figure 
S3a). The corresponding Tauc plots yield optical bandgaps of 2.55 eV for Cu@HOF and 2.59 eV 
for HOF (Figure S3b). Electrochemical measurements place the first reduction event of Cu@HOF 
at −1.15 V vs Fc+/Fc (Figure S4).

We then investigated the photocatalytic activity of Cu@HOF for the semi-hydrogenation of 
acetylene using ascorbic acid (HAsc) as a sacrificial donor in ultrapure water. The reaction mixture 
was first placed under 1 atm of C2H2 and then illuminated with a 450 nm light-emitting diode 
(LED, 140 mW∙cm−2). Details of purging and photocatalytic setups are published elsewhere.6 The 
composition of the headspace after irradiation was assessed by a gas chromatograph equipped with 
both a thermal conductivity detector (TCD) and a flame ionization detector (FID), more details are 
provided in the Supporting Information. A typical gas chromatogram of the reaction mixture after 
irradiation shows conversion of acetylene to ethylene with no appreciable over-hydrogenation to 
ethane (Figures S5-S6).
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Figure 2. a) PXRD patterns of Cu@HOF (red), HOF-H4TBAPy (blue), and simulated pattern of HOF-H4TBAPy 
(black, from CCDC: 1826763).63 b) TEM image of 1D micropore channel structures of HOF-H4TBAPy. c) and d) 
TEM images of HOF-H4TBAPy. e) and f) TEM images of Cu@HOF.  g) EDXS mapping of Cu@HOF elements.

Under optimized conditions, a catalytic mixture containing 1.0 mg of Cu@HOF and 0.1 M of 
HAsc at pH = 4 produced 2.86 ± 0.26 mol g−1 Cu of C2H4 after 4 hours of irradiation, with ≥99.9% 
selectivity over C2H6. A minor amount of H2 was detected (0.33 ± 0.02 mol g−1 Cu). Control 
experiments performed in the absence of light, sacrificial donor, catalyst, or C2H2 feedstock 
showed no detectable acetylene conversion (Figure 3a), confirming the photocatalytic nature of 
the process. In addition, negligible C2H4 formation was observed when using the metal-free 
H4TBAPy-HOF, indicating that the organic framework alone is insufficient to drive acetylene 
reduction and further highlighting the essential role of the Cu sites. Overall, these results 
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demonstrate the first example of an all-in-one Cu-based photocatalyst for highly selective 
acetylene semi-hydrogenation.
The optimized conditions for the photocatalytic semi-hydrogenation of acetylene were established 
through a series of screening experiments assessing the influence of pH, sacrificial donor 
concentration, and catalyst loading on ethylene production. The formation of our catalytic HOF-
based material relies on hydrogen bonding between carboxylic acid groups, which have a reported 
pKa of 6.9;64 the structural stability of the framework was therefore evaluated under acidic 
conditions (pH <6.0), as operation at higher pH values would compromise the crystalline structure. 
The semi-hydrogenation of C2H2 to C2H4 was examined across a range of pH values, revealing the 
activity trend pH 4.0 > pH 5.0 > pH 3.0 (Figure S7), which reflects the combined influence of 
proton availability and the pH-dependent speciation and reducing ability of ascorbic acid as 
sacrificial donor. At pH 4.0, evaluating the influence of HAsc concentration on the semi-
hydrogenation of acetylene showed that increasing the HAsc concentration led to enhanced C₂H₄ 
production up to a concentration of 0.25 M (Figure S8). Finally, variation of the catalyst amount 
showed that increasing the Cu@HOF loading resulted in a gradual decrease in ethylene production 
normalized per gram of Cu, with the highest activity obtained using 1.0 mg of Cu@HOF (Figure 
S9).
The kinetic of ethylene production by the Cu@HOF-based photocatalytic system is shown in 
Figure 3b. Illumination for 16 h of the photocatalytic mixture containing Cu@HOF produced 3.01 
mol∙gCu

–1 of ethylene, which is a 2–100-fold improvement over previously reported framework-
based catalysts, which work in tandem with a Ru(bpy)3

2+, whereas Cu@HOF operates as an all-
in-one system.7,8,10,14,18 We detected no ethane, such that the selectivity for ethylene remains 
≥99.9% (Figure 3b).
We investigated the saturation in ethylene production after 16 h of irradiation. Re-addition 
experiments were carried out by first irradiating the sample for 16 h and then selectively re-adding 
the initial amount of either HAsc or Cu@HOF, followed by further illumination. These 
experiments show that it is possible to restart catalysis only upon addition of Cu@HOF (Figure 
S10), suggesting that cessation of catalysis is primarily due to catalyst deactivation. Following 
catalysis, both the PXRD pattern and the TEM images of Cu@HOF indicate a loss of crystallinity 
in the framework (Figures S11-S12), while elemental analysis by ICP-MS detects Cu leaching 
from the catalyst (Table S1), and XPS and electron paramagnetic resonance (EPR) analyses reveal 
partial reduction of the copper to the Cu0 species (Figure S13). We stress, however, that catalysis 
originates from Cu@HOF rather than from Cu species leached into solution. This conclusion is 
corroborated by “hot filtration” experiments, in which the full reaction mixture was irradiated for 
4 h, the HOF was then removed by centrifugation and syringe filtration, and the supernatant was 
subsequently irradiated. Under these conditions, we observe no additional conversion of C2H2 to 
C2H4, which confirms that catalysis proceeds exclusively at Cu sites embedded within the HOF 
framework (Figure S14).

Critically for potential industrial application, Cu@HOF selectively reduces acetylene to ethylene 
even in the presence of excess ethylene (1 vol.% C2H2, 30 vol.% C2H4, N2 balance). This C2H4/ 
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C2H2 mixture represents a typical industrial ethylene feed and requires a catalyst that is not only 
highly active but also highly selective to suppress over-hydrogenation to ethane. Under these 
competitive conditions, Cu@HOF reduces the acetylene concentration from 10,000 ppm to 
undetectable levels while maintaining ≥99.8% selectivity toward ethylene over ethane (Figure 3c). 
Notably, complete acetylene removal is achieved within 75 min, corresponding to a 3–77-fold 
improvement over previously reported Ru(bpy)3

2+-sensitized framework catalysts (Table 
S2).7,8,10,14,18 Importantly, the possibility that the framework promotes the C2H2 removal through 
adsorption rather than photocatalytic semi-hydrogenation was ruled out. This conclusion is 
supported by the unchanged C2H2 content measured in presence of both Cu@HOF and HOF-
H4TBAPy framework, either prior to irradiation or after being kept in the dark for 75 minutes 
(Figure S15). The heterogeneous nature of Cu@HOF enables straightforward recovery of the 
photocatalyst by centrifugation. Upon replenishment of the HAsc solution (0.25 M) and 
C2H4/C2H2 gas feed, the catalyst can be reused over four consecutive cycles while maintaining 
complete conversion of acetylene to ethylene in the headspace (Figure 3d).

Figure 3. a) Total C2H4 production for the optimized reaction mixture containing 1.00 ± 0.05 mg Cu@HOF, 0.1 M of 
HAsc in 2.0 mL H2O irradiated (450 nm, 140 mW·cm–2) for 4 h at pH = 4.0 ± 0.1 under C2H2 (≥99.5 vol.%), and for 
reaction mixtures that differ from the optimized conditions as indicated by the axis labels. b) Total ethylene production 
(red) and selectivity (black) as a function of irradiation time (450 nm, 140 mW·cm−2) for the system containing 1.00 
± 0.05 mg of Cu@HOF and 2.0 mL of 0.1 M aqueous solution of HAsc at pH = 4.0 ± 0.1 under C2H2 (≥99.5 vol.%). 
c) Plot of C2H2 conversion (%, red), residual C2H2 (ppm, blue), and C2H4 selectivity vs C2H6 (%, black) as a function 
of irradiation time under industrially relevant conditions (1 vol.% C2H2, 30 vol.% C2H4, N2 balance) for the 
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photocatalytic system containing 3.50 ± 0.05 mg of Cu@HOF and 2.0 mL of 0.25 M aqueous solution of HAsc at pH 
= 4.0 ± 0.1. d) Recyclability tests under industrial mixture conditions for the system containing 3.50 ± 0.05 mg of 
Cu@HOF and 2.0 mL of 0.25 M aqueous solution of HAsc at pH = 4.0 ± 0.1. Error bars represent the standard 
deviations for at least three separated experiments; uncertainty is ≤10%.

We propose a mechanism for the photocatalytic semi-hydrogenation of C2H2 by Cu@HOF (Figure 
4a) based on experimental observations and on mechanistic models reported for Cu-mediated 
systems and transition-metal-catalyzed acetylene reduction reactions.59,49,50,65,66 EPR analysis of 
the Cu@HOF powder confirms the presence of isolated CuII species with g|| = 2.32 and g⊥ = 2.04 
(Figure 4b), consistent with previous reports that attribute these values to coordination by 
carboxylic acid groups.33,37 Upon visible-light irradiation, the EPR signal intensity decreased 
significantly (Figure 4b), indicating efficient photoreduction of CuII to EPR-silent CuI species via 
transfer of photogenerated electrons. This conclusion is further corroborated by wavelength-
dependent photocatalytic experiments (Figure 4c). Ethylene production closely follows the 
absorption profile of Cu@HOF, confirming that the framework operates as a genuine all-in-one 
photocatalyst, acting simultaneously as light absorber and catalytic platform within the visible 
region. As the excitation wavelength is progressively shifted toward longer wavelengths, the 
ethylene production decreases, mirroring the reduced optical absorption of the HOF scaffold. 
Together with the EPR results, these data demonstrate that visible-light excitation of Cu@HOF 
generates electron–hole pairs within the framework, and that the photogenerated electrons are 
responsible for reducing CuII to catalytically active CuI species.
The Cu@HOF photocatalyst evolves only a small amount of H2 during acetylene semi-
hydrogenation, and H2 evolution is substantially suppressed when the reaction is conducted under 
a C2H2 atmosphere compared to an Ar atmosphere (Figure 4d). This behavior indicates that H2 
evolution and acetylene reduction proceed through a common intermediate and that, under 
competitive conditions, acetylene reduction outcompetes proton reduction. It is well established 
that electro- and photo-catalytic hydrogen evolution mediated by Cu complexes proceed through 
the formation of Cu–hydride species generated upon reduction of CuII in the presence of a proton 
donor,59,67,68  and that Cu–hydride intermediates can also participate in alkyne semi-hydrogenation 
reactions.40,49,50 On this basis, we suggest that acetylene reduction in the Cu@HOF system 
proceeds through a Cu–H intermediate.
A major advantage of the Cu@HOF system with respect to sustainability is that it does not require 
an external feed of H2, prompting investigation of the origin of the hydrogen atoms incorporated 
into the ethylene product. To further identify the proton source, isotope-labelling experiments were 
performed (Figure 4e). When the reaction was carried out in H2O using C2H2 as feedstock, gas 
chromatography–mass spectrometry analysis identified C2H4 as the reaction product. In contrast, 
the reaction of C2H4 in D2O lead to the C2H2D2 product. These experiments demonstrate 
unambiguously that acetylene is the precursor to the observed ethylene and that the protons 
incorporated into the C2H4 product originate from the aqueous solvent, confirming that water acts 
as the proton source in the Cu@HOF photocatalytic cycle.
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Following Cu–H formation, acetylene activation is proposed to occur via hydrogen atom transfer, 
leading to the formation of a vinyl–Cu intermediate. This mechanistic assignment is supported by 
catalytic experiments performed in the presence of the radical scavenger TEMPO, which result in 
a marked suppression of ethylene formation (Figure S16), indicating the possible involvement of 
radical intermediates in HAT pathways. Such a mechanism provides a plausible explanation for 
the high activity observed for Cu@HOF. By contrast, an alternative pathway involving a π-
complexation mechanism for alkyne reduction,6 would require a rate-determining protonation step 
and would not involve radical intermediates.69,70 In such cases, ethylene formation is insensitive 
to the presence of TEMPO, and hydrogen evolution and alkyne reduction do not proceed through 
a shared intermediate. The TEMPO sensitivity observed here, together with the competition 
between hydrogen evolution and acetylene reduction, therefore rules out a π-complexation 
pathway and supports a Cu-hydride-mediated hydrogen atom transfer mechanism for acetylene 
semi-hydrogenation in Cu@HOF. The catalytic cycle is completed by a second protonation step, 
releasing ethylene and regenerating the CuII species, thereby closing the photocatalytic cycle.

Page 10 of 17Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

9 
A

pr
il 

20
26

. D
ow

nl
oa

de
d 

on
 4

/1
0/

20
26

 1
0:

51
:2

9 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
DOI: 10.1039/D6TA00654J

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d6ta00654j


11

Figure 4. a) Proposed mechanism for the photoreduction of acetylene to ethylene by the Cu species anchored to the 
HOF via coordination interaction. b) EPR spectra of Cu@HOF powder before (red) and after (blue) irradiation at 450 
nm recorded at 77 K. c) Ethylene production by the Cu@HOF optimized system (mol∙gCu

–1, left axis, red dots) 
containing 1.00 ± 0.05 mg Cu@HOF in 2.0 mL of 0.1 M aqueous solution of HAsc at pH = 4.0 ± 0.1 under C2H2 and 
irradiated for 4 h as a function of irradiation wavelength (415, 450, 470, and 530 nm; 140 mW∙cm−2) overlaid on the 
absorption spectrum of Cu@HOF (right axis, black line). d) Photocatalytic H2 evolution by the Cu@HOF-based 
system under N2 vs C2H2. e) MS of acetylene feedstock (left) and of ethylene product (right) for the irradiated (450 nm) 
Cu@HOF system under C2H2 in MilliQ H2O (red) or in D2O (blue). The shift m/z + 2 in H2O corresponds to 
incorporation of two hydrogens to produce C2H4 when starting with C2H2. The shifts m/z + 4 in D2O correspond to 
incorporation of two deuterium to produce C2H2D2 when starting with C2H2.

Conclusions 
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In conclusion, we have reported the first example of a copper-based photocatalyst for the selective 
semi-hydrogenation of acetylene to ethylene and the first demonstration of a hydrogen-bonded 
organic framework (HOF) operating as an all-in-one photocatalyst for this industrially relevant 
transformation. Overall, this work represents an important step toward making the reduction of 
acetylene to ethylene more selective, energy-efficient, and sustainable by offering a light-driven 
strategy that uses water as the proton source. Beyond this general advance, the present study 
establishes two key conceptual contributions: the introduction of copper as an active metal for 
photocatalytic acetylene purification and the validation of hydrogen-bonded organic frameworks 
as a viable and powerful platform for light-driven acetylene hydrogenation chemistry.
The use of copper is particularly significant from both a scientific and technological perspective. 
Copper is earth-abundant, inexpensive, and widely employed in industrial catalysis, yet it has 
remained essentially unexplored for photocatalytic acetylene semi-hydrogenation. At the same 
time, the use of a HOF scaffold introduces distinct advantages over more established framework 
materials such as MOFs and COFs, including mild synthetic accessibility, high modularity, and 
facile post-synthetic metalation. In Cu@HOF, these features enable the integration of light 
absorption, charge separation, and catalysis within a single material, eliminating the need for 
external photosensitizers. Moreover, operation in water, which serves simultaneously as solvent 
and proton source, represents a major practical advantage over previously reported framework-
based photocatalytic systems.

Beyond these conceptual advances, Cu@HOF exhibits striking catalytic performance. Under a 
pure acetylene feed, the photocatalyst achieves an overall ethylene production of 3.01 mol g−1 Cu, 
corresponding to a 2–100-fold improvement over previously reported framework-based catalysts, 
which work in tandem with a Ru(bpy)3

2+, whereas Cu@HOF operates as an all-in-one 
system.7,8,10,14,18 Importantly, this high activity is coupled with a ≥99.9% selectivity and achieved 
without the use of molecular hydrogen or organic solvents. The Cu@HOF photocatalyst is also 
highly competent under industrially relevant ethylene purification conditions, namely in the 
presence of excess ethylene. Under these competitive conditions, near-quantitative conversion of 
acetylene to ethylene is achieved within 75 min, representing a 3–77-fold improvement over 
previously reported Ru(bpy)3

2+-sensitized framework catalysts.7,8,10,14,18 The photocatalyst can be 
readily recovered and reused, retaining catalytic activity over at least four consecutive cycles. An 
attractive future opportunity would be to merge the acetylene adsorption capacity of HOF materials 
with the photocatalytic properties reported here. Mechanistic investigations reveal that visible-
light excitation of the HOF generates photogenerated electrons that reduce Cu(II) to Cu(I), 
enabling formation of Cu–H intermediates that mediate acetylene reduction via a hydrogen atom 
transfer pathway. Isotope-labelling experiments unambiguously demonstrate that the hydrogen 
atoms incorporated into the ethylene product originate from water.

Taken together, this work establishes copper-functionalized HOFs as a compelling and versatile 
platform for sustainable acetylene purification and sets the stage for future developments that 
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exploit the synergy between earth-abundant metal catalysis and hydrogen-bonded frameworks for 
light-driven chemical transformations.
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The data supporting this article have been included as part of the Supplementary Information. 
Supplementary information: Figures S1-S14 and Table S1 and further experimental details. See 
DOI: [URL – format https://doi.org/DOI]
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