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Abstract: Utilizing clean and renewable energy for electrochemical
conversion of CO: to fuels and chemical products is a promising
pathway towards zero emissions. While Cu metal catalysts have
received substantial attention due to their distinct capabilities to
catalyze CO: electroreduction to hydrocarbons, they still suffer from
fast deactivation. Developing a Cu electrocatalyst with long-term
catalytic durability for CO: reduction remains a big challenge. In this
work, we report a surface-restructuring strategy for realizing self-
cleaning Cu catalyst electrodes with unprecedented catalytic stability
toward CO: reduction. Under the working conditions, the Pd atoms
pre-deposited on Cu surface induce continuous morphological and
compositional restructuring of the Cu surface, which constantly
refreshes the catalyst surface and thus maintains the catalytic
properties for CO2 reduction to hydrocarbons. Our Pd-decorated Cu
electrode can catalyze CO: reduction with relatively stable selectivity
and current density for up to 16 h, representing one of the best
catalytic durability performances among all Cu electrocatalysts for
effective CO: conversion to hydrocarbons. The generality of this
approach of utilizing foreign metal atoms to induce surface
restructuring toward stabilizing Cu catalyst electrodes for CO:
reduction is further demonstrated by replacing Pd with Rh.

The rise in CO2 emissions caused by burning fossil fuels poses
considerable risks to the environment and climate as well as all living
creatures on the earth.!'! Utilizing clean and renewable energy for
electrochemical conversion of CO> to fuels and chemical products is
considered a promising pathway toward zero emissions.!'* 2 Many
electrocatalysts including solid-state materials and molecular
complexes have been extensively investigated for CO2 reduction
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reactions.!”® 3 Among all the materials studied, Cu metal has received
substantial attention due to its distinct ability to generate reasonable
amounts of hydrocarbon products,” which requires addition of
multiple electrons and protons to a CO2 molecule and C-C bond
formation. In the past several decades, a number of strategies have
been developed to increase the activity and selectivity of Cu catalysts,
including shape control,l’! alloying,® surface modification!” and
oxidative treatment.®] However, fast deactivation remains as a major
problem for metallic Cu catalysts.[>" !

While there have been numerous reports on observation of fast
decay in COz2 reduction to hydrocarbons and simultaneous rapid
dominance by Hz evolution for Cu electrodes,*!?) the deactivation
mechanism is still under debate. One perspective is that the
deactivation is caused by cathodic deposition of metal ion impurities
in the electrolyte.l!%l It has been suggested that the metal ion
impurities can be removed by purifying the electrolyte solution via
pre-electrolysis!'® or metal ion complexation,[®® which is able to
maintain the product selectivity for up to 2 h. Nevertheless, other
studies find that pre-treatment of electrolyte has little improvement in
suppressing Cu catalyst deactivation. [1% 104 111 ngtead, surface
analysis reveals that accumulation of carbonaceous species may be
the main reason for catalyst poisoning.[°» % 100-dl Possible approaches
to tackle this problem include controlling reaction pathways of
electrochemical CO2 reduction to avoid decomposition of reaction
intermediates and thus carbon accumulation on Cu surface, or
applying a periodic carbon-removing method to clean the catalyst
surface. The former has been demonstrated by altering local pH to
lower selectivity for methane,[®» 2] although challenges still remain
because the mechanisms of CO:z electroreduction on Cu are not yet
well understood. The latter has been practically enabled by applying
oxidative pulses but requires considerable modification and
intervention on the reactor level.['% 191 Developing a Cu
electrocatalyst with long-term catalytic durability for CO2 reduction
remains a big challenge.

Here we report the discovery of a general strategy for creating
self-cleaning Cu electrocatalysts with substantially improved stability
for COz reduction. We first verify that plain Cu surface deactivates
quickly under the working conditions. The Faradaic efficiency (FE)
for COz reduction to hydrocarbons (methane and ethylene) decreases
from 56% to 13% within 2 h, while that for H> evolution increases
from 30% to 80%. The deactivation process is accompanied with
increasing coverage of carbonaceous species on the catalyst surface.
We then find that the selectivity for CO2 reduction can be stabilized
by pre-decorating the Cu surface with Pd atoms. Our Pd-decorated
Cu electrode retains FE (H2) below 40% and FE (CH4+C2H4) above
50% during 4 h of continuous electrolysis, achieving one of the most
durable Cu-metal-based electrocatalysts with high efficiency for CO2
conversion to hydrocarbons. Under the working conditions, the Pd
decoration induces morphological and compositional restructuring of
the catalyst surface to form nanoparticles with Cu-rich surface, which
refreshes the Cu surface and thus maintains stable electrocatalytic
COz reduction. We further find that other noble metals such as Rh can



perform similar functionalities as Pd. This work presents foreign-
metal-induced surface restructuring as an effective approach to
stabilizing Cu for electrocatalytic COz reduction.
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Figure 1. Distributions of gas products as the CO, reduction electrocatalysis
proceeds on (A) Cu electrode and (B) Pd-decorated Cu electrode, and (C)
their time-dependent total current densities at —0.96 V vs RHE in CO,-
saturated 0.5 M KHCO:s.

Pre-cleaned Cu mesh electrodes were first examined for
electrocatalytic CO2 reduction in pre-purified 0.5 M aqueous KHCO3
electrolyte under a constant electrode potential of —-0.96 V vs the
reversible hydrogen electrode (RHE). While the gas products were
measured by an on-line gas chromatograph (GC) with an interval of
9 min during electrolysis, the products in the liquid phase were
analyzed by 'H nuclear magnetic resonance (NMR) spectroscopy
after the entire electrolysis (Figure S1). Since the liquid products can
only be quantified in a time-averaged format and the electrodes
exhibit highest hydrocarbon selectivity at —0.96 V vs RHE (Figure
S2), our discussion of catalyst deactivation will be based on gas
products generated at —0.96 V. The initial gas products generated on
the Cu electrode are CHs, CO, C2H4 and Hz (Figure 1A). All the
gaseous CO2 reduction products account for a total FE of ~50%,
among which CHy is the dominant product. The initial FE for Hz
evolution is ~30%. Similar to the previous studies,®® 100-¢: 11 we
observe fast deactivation for the Cu electrode. The CH4 yield starts to
drop rapidly while the FE for Hz drastically increases after 24 min.
After 2 h, FE (CH4) and FE (C2H4) have decreased to 11% and 2%
respectively, while FE (H2) has increased to 80%. The Cu catalyst
loses almost all of its catalytic activity for CO2 reduction after 4 h,
with the Hz evolution reaction consuming ~100% of the current
density. Figure 1C shows the evolution of current density as the
electrolysis proceeds. The decrease in current density during the first
hour is ascribed to loss of electrochemical active surface area (Figure
S3 and Table S1). After that, the current density starts to increase
depite that the surface area continues to decrease, likely due to
increased catalytic activity for H2 evolution.
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Figure 2. SEM images of (A) a fresh Cu electrode and Cu electrodes having
performed electrocatalysis for (B) 15 min, (C) 1 h and (D) 4 h. (E) Surface
C/Cu atomic ratios and (F) further breakdown of the C content for the fresh
and used Cu electrodes.

We employ scanning electron microscopy (SEM) to image the
surface morphology of the Cu electrodes after they experience
different amounts of time of electrolysis (Figure 2A-D, S4). The fresh
Cu electrode has a relatively smooth surface with an average particle
size of ~10 nm (Figures 2A, S4A). After performing electrocatalysis

for 15 min, the surface exhibits larger particle sizes together with
cavities (Figures 2B, S4B), which is caused by restructuring under the
electrochemical conditions. The surface coalescing continues as the
electrolysis proceeds (Figure 2C, D, and S4C, D). X-ray
photoelectron spectroscopy (XPS) analysis detects no signal of metal
elements other than Cu on the surface of the used Cu electrodes
(Figure S5), indicating that the observed deactivation is not a direct
result of metal impurity deposition. The corresponding Cu 2p and C
1s core-level XPS spectra are plotted in Figure S6. The Cu 2p spectra
all exhibit the 2pi2 and 2ps2 components at 952.5 and 932.7 eV,
respectively, characteristic of metallic Cu surfaces. It is noted that the
surface C/Cu ratio of the electrode increases as the electrolysis
proceeds (Figure 2E). Deconvolution of the C 1s spectra (Figure S7)
reveals that C—C is the major component of the spectrum and
responsible for the observed increase in C/Cu ratio over time (Figure
2F). This excludes possible contributions from adsorbed HCOs™ or
CO2 species, and alludes to deposited carbonaceous species
containing C—C bonds as a major cause of the drastic decay of CO2
reduction and rise of Hz evolution, agreeing well with the previous
studies.[% 10-d. 11 Since the carbonaceous species is formed on the Cu
surface during the COz electroreduction process and particularly in
the pathway of CO: conversion to CHa,1*» %I the deposition rate
should be roughly proportional to the catalytic current density and
thus the deactivation cannot be mitigated by simply increasing the
electrochemically active surface area of the electrode.

In pursuit of modifying the catalytic properties of Cu, we
deposited Pd on Cu mesh electrodes via a galvanic replacement
reaction (see SI for experimental details). While the Pd decoration
does not alter the initial product distribution (Figure 1B), it turns out
to be highly effective in suppressing growth of Hz evolution. The FE
(Hy) for the Pd-decorated Cu electrode remains below 40% during the
first 4 h of electrolysis (Figure 1B). FE (CHa4) slightly decreases from
46% to 40%, while FE (C:H4) slightly increases from 7% to 11%.
Even after performing electrocatalysis for 16 h, the Pd-decorated Cu
electrode can keep more than 50 % of the current density devoted to
CO2 reduction (Figure S8). These results reflect that catalytic
deactivation of Cu for electrochemical CO: reduction can be
effectively mitigated by surface Pd decoration. We note that the
distribution of the CO:2 reduction products slightly changes as the
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Figure 3. SEM images of (A) a fresh Pd-decorated Cu electrode and Pd-
decorated Cu electrodes having performed electrocatalysis for (B) 15 min, (C)
1 h, (D)4 hand (E) 16 h. (F) Size distributions of the nanoparticles formed on
the used Pd-decorated Cu electrodes. (G) Surface Pd/(Cu+Pd) atomic ratios,
(H) surface C/(Cu+Pd) atomic ratios and (I) further breakdown of the C
content for the fresh and used Pd-decorated Cu electrodes.



electrolysis proceeds (Figure 1B), although the total FE for CO2
reduction keeps stable. Compared with the plain Cu electrode, the Pd-
decorated Cu electrode shows a much higher initial current density of
57 mA cm?, which decreases by only 18% during the 4 h of
electrolysis (Figure 1C). Taken together, these represent one of the
most stable catalytic performances among all reported Cu metal
electrocatalysts with high efficiency for CO:z conversion to
hydrocarbons (Table S2). Note that similar electrocatalytic results can
also be obtained using polycrystalline Cu foil in place of Cu mesh
(Figure S9).

SEM images of the fresh and used Pd-decorated Cu electrodes
are shown in Figures 3A-E and S10. Compared with the fresh plain
Cu electrode, the fresh Pd-decorated Cu electrode manifests a rougher
surface with voids (Figure 3A, S10A), which is a result of the
galvanic etching and deposition processes and agrees with the
observed higher initial current density (Figure 1C) and larger surface
roughness factor (Table S1). Energy dispersive X-ray spectroscopy
(EDS) mapping shows that Pd is uniformly distributed as a thin layer
on the Cu surface (Figure S11). No X-ray diffraction (XRD) signals
other than those associated with Cu metal are detected (Figure S12),
indicating that the deposited Pd is likely in the form of small clusters
or even single atoms. Interestingly, the Pd-decorated Cu electrode
exhibits obviously different surface morphological evolution than the
plain Cu electrode during electrolysis. After 15 min of electrolysis,
nanoparticles with an average size of ~15 nm have appeared on the
electrode surface (Figure 3B, F). As the electrolysis proceeds, the size
of the nanoparticles continues to grow and their shape becomes more
and more spherical (Figure 3C-F). Only the Cu metal phase is
detected by XRD for the Pd-decorated Cu electrode after 16 h of
electrolysis (Figure S12), indicating that the formed nanoparticles are
metallic Cu.

Surface composition and chemical states of the fresh and used
Pd-decorated Cu electrodes were analyzed by XPS (Figure S13). The
fresh Pd-decorated Cu electrode contains ~12% of Pd on its surface
and the percentage decreases as the electrolysis proceeds (Figure 3G),
implying a restructuring process resulting in Cu enrichment. After 4
h of electrolysis, the Pd-decorated Cu electrode contains only ~3% of
Pd atoms on its surface. The XPS depth profile reveals that a
maximum Pd concentration exists several nanometers underneath the
surface (Figure S14B), in contrast to the fresh Pd-decorated Cu
electrode for which the maximum Pd concentration is found on the
surface (Figure S14A). The C 1s core-level XPS spectra show that the
C concentration on the electrode surface remains almost unchanged
during the first 4h of electrolysis (Figure 3H, I). Only a minor increase
in surface C concentration is observed after the electrode performing
electrocatalysis for 16 h. The evolution of surface C concentration
correlates very well with the progression of the electrode’s catalytic
selectivity for COz reduction, suggesting that the Pd decoration on Cu
and the consequent surface restructuring limit accumulation of
carbonaceous species on the electrode surface and thus stabilize
electrocatalytic COz reduction.
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Figure 4. Schematic illustration of Pd-induced surface restructuring that can
avoids the accumulation of carbonaceous species on Cu surface.

Taking the results together, we can conclude that deactivation of
Cu electrode for electrochemical COz reduction is strongly correlated
with and likely due to accumulation of carbonaceous species on the
catalyst surface (Figure 4). By decorating Cu surface with Pd, we can
induce morphological and compositional restructuring and thus
impart the catalyst electrode self-cleaning capability against carbon
accumulation, which effectively stabilizes the catalytic selectivity for
COz reduction. We speculate that the surface restructuring starts from
the Pd atoms acting as nucleating agents for Cu deposition. Under the
working conditions, there is a dynamic equilibrium between Cu ions
in the solution and the solid Cu electrode. In the presence of surface
Pd species, Cu ions will preferentially deposit on the Pd sites due to
their stronger affinity with Pd.['3 After the initial nucleation, Cu ions
will continue to preferentially deposit on smaller or irregularly shaped
nanoparticles as a result of their high surface energy, leading to
nanoparticle growth and re-shaping toward a more spherical
morphology. During this process, the electrode keeps refreshing its
surface and thus prevents deactivation by incorporating or desorbing
the surface carbonaceous species (Figure 4). Since the Pd-decorated
Cu eletrode possesses almost the same catalytic selectivity as the Cu
electrode and the surface is nearly free of Pd after electrocatalysis, it
can be confirmed that Pd does not directly participate in the CO2
reduction catalysis but only triggers the reconstruction and refreshing
of the Cu surface. This restructuring-induced self-cleaning
mechanism fundamentally distinguishes from those reported for Cu-
Pd bimetallic catalysts where Pd directly participates in catalysis and
often alters product selectivity.[0c-f 14]

It is worth noting that this Pd decoration approach can
effectively suppress deactivation of Cu electrodes even in electrolyte
without pre-purification (Figure S15). Further, we demonstrate that
this approach of utilizing foreign metal atoms to induce surface
restructuring is a general strategy for stabilizing the electrocatalytic
properties of Cu electrodes for CO2 reduction. For example, similar
surface restructuring and catalytic selectivity stabilization can be
observed for Rh-decorated Cu electrodes (Figure S16).

In summary, we have developed a general strategy for achieving
stable electrocatalysts for CO: reduction to hydrocarbons by
decorating Cu electrode surface with foreign noble atoms. Under the
working conditions, the foreign atoms induce continuous
restructuring of the Cu surface and thus render a self-cleaning catalyst
electrode showing unprecedented long-term catalytic stability. This
strategy will open up new opportunities for design and development
of robust catalysts for a wide range of electrochemical applications.

Acknowledgement

The work is supported by the Doctoral New Investigator grant from
the ACS Petroleum Research Fund and the Global Innovation
Initiative from Institute of International Education. X.Z. and Y.L.
acknowledge financial supports from "The Recruitment Program of
Global Youth Experts of China", Shenzhen fundamental research
funding (JCYJ20160608140827794), Shenzhen Key Lab funding
(ZDSYS201505291525382) and Peacock Plan
(KQTD20140630160825828).

Received: ((will be filled in by the editorial staff))
Published online on ((will be filled in by the editorial staff))

Keywords: carbon dioxide reduction- electrocatalysis - surface
restructuring - copper - palladium



[1]a) S. Chu, Y. Cui, N. Liu, Nat. Mater. 2017, 16, 16-22; b) Z. Weng, W.
Liu, L. C. Yin, R. P. Fang, M. Lo, E. L. Altman, Q. Fan, F. Li, H. M. Cheng,
H. L. Wang, Nano Lett. 2015, 15, 7704-7710.

[2] a) Q. Lu, F. Jiao, Nano Energy 2016, 29, 439—456; b) Z. W. Seh, J.
Kibsgaard, C. F. Dickens, I. Chorkendorff, J. K. Nerskov, T. F. Jaramillo,
Science 2017, 355, 146; ¢) J. J. Wu, X. D. Zhou, Chinese J. Catal. 2016, 37,
999-1015.

[3] a) M. Asadi, B. Kumar, A. Behranginia, B. A. Rosen, A. Baskin, N.
Repnin, D. Pisasale, P. Phillips, W. Zhu, R. Haasch, R. F. Klie, P. Kral, J.
Abiade, A. Salehi-Khojin, Nat. Commun. 2014, 5, 4470; b) S. Gao, Y. Lin, X.
C. Jiao, Y. F. Sun, Q. Q. Luo, W. H. Zhang, D. Q. Li, J. L. Yang, Y. Xie,
Nature 2016, 529, 68-71; ¢) B. Kumar, M. Asadi, D. Pisasale, S. Sinha-Ray,
B. A. Rosen, R. Haasch, J. Abiade, A. L. Yarin, A. Salehi-Khojin, Nat.
Commun. 2013, 4, 2819; d) Q. Lu, J. Rosen, F. Jiao, Chemcatchem 2015, 7,
38-47; e) A. S. Varela, N. R. Sahraie, J. Steinberg, W. Ju, H. S. Oh, P.
Strasser, Angew. Chem. Int. Ed. 2015, 54, 10758-10762; Angew. Chem.
2015, 127, 10908-10912; f) Z. Weng, J. Jiang, Y. Wu, Z. Wu, X. Guo, K. L.
Materna, W. Liu, V. S. Batista, G. W. Brudvig, H. Wang, J. Am. Chem. Soc.
2016, 138, 8076-8079; g) X. Zhang, Z. Wu, X. Zhang, L. Li, Y. Li, H. Xu,
X. Li, X. Yu, Z. Zhang, Y. Liang, H. Wang, Nat. Commun. 2017, 8, 14675; h)
W. L. Zhu, R. Michalsky, O. Metin, H. F. Lv, S. J. Guo, C. J. Wright, X. L.
Sun, A. A. Peterson, S. H. Sun, J. Am. Chem. Soc. 2013, 135, 16833-16836;
i) Y. Wu, J. Jiang, Z. Weng, M. Wang, D. L. J. Broere, Y. Zhong, G. W.
Brudvig, Z. Feng, H. Wang, ACS Cent. Sci., DOI
10.1021/acscentsci.7b00160; j) S.-J. Huo, Z. Weng, Z. Wu, Y. Zhong, Y. Wu,
J. Fang, H. Wang, ACS Appl. Mater. Interfaces, DOI
10.1021/acsami.7b07707.

[4] a) M. Gattrell, N. Gupta, A. Co, J. Electroanal. Chem. 2006, 594, 1-19;
b) K. P. Kuhl, E. R. Cave, D. N. Abram, T. F. Jaramillo, Energy Environ. Sci.
2012, 5, 7050-7059; ¢) Y. Hori, Electrochemical CO; Reduction on Metal
Electrodes, Vol. 42, Springer, New York, 2008.

[5]a) Y. F. Li, F. Cui, M. B. Ross, D. Kim, Y. Sun, P. D. Yang, Nano Lett.
2017, 17, 1312-1317; b) A. Loiudice, P. Lobaccaro, E. A. Kamali, T. Thao,
B. H. Huang, J. W. Ager, R. Buonsanti, Angew. Chem. Int. Ed. 2016, 55,
5789-5792; Angew. Chem. 2016, 128, 5883-5886; c) F. S. Roberts, K. P.
Kuhl, A. Nilsson, Angew. Chem. Int. Ed. 2015, 54, 5179-5182; Angew.
Chem. 2015, 127, 5268-5271; d) K. Manthiram, B. J. Beberwyck, A. P.
Aivisatos, J. Am. Chem. Soc. 2014, 136, 13319-13325; ¢) R. Reske, H.

Mistry, F. Behafarid, B. R. Cuenya, P. Strasser, J. Am. Chem. Soc. 2014, 136,
6978-6986; f) D. Raciti, K. J. Livi, C. Wang, Nano Lett. 2015, 15, 6829—
6835.

[6] a) D. Kim, J. Resasco, Y. Yu, A. M. Asiri, P. D. Yang, Nat. Commun.
2014, 5, 4948; b) S. Rasul, D. H. Anjum, A. Jedidi, Y. Minenkov, L. Cavallo,
K. Takanabe, Angew. Chem. Int. Ed. 2015, 54, 2146-2150; Angew. Chem.
2015, 127,2174-2178; ¢) S. Zhang, P. Kang, M. Bakir, A. M. Lapides, C. J.
Dares, T. J. Meyer, Proc. Natl. Acad. Sci. U.S.A. 2015, 112, 15809-15814; d)
Z.Yin, D. F. Gao, S.Y. Yao, B. Zhao, F. Cai, L. L. Lin, P. Tang, P. Zhai, G.
X. Wang, D. Ma, X. H. Bao, Nano Energy 2016, 27, 35-43; ¢) S. Ma, M.
Sadakiyo, M. Heima, R. Luo, R. T. Haasch, J. I. Gold, M. Yamauchi, P. J. A.
Kenis, J. Am. Chem. Soc. 2017, 139, 47-50; f) M. Li, J. J. Wang, P. Li, K.
Chang, C. L. Li, T. Wang, B. Jiang, H. B. Zhang, H. M. Liu, Y. Yamauchi, N.
Umezawa, J. H. Ye, J. Mater. Chem. A 2016, 4, 4776-4782.

[7IM. S. Xie, B. Y. Xia, Y. W. Li, Y. Yan, Y. H. Yang, Q. Sun, S. H. Chan, A.
Fisher, X. Wang, Energy Environ. Sci. 2016, 9, 1687-1695.

[8] a) C. W. Li, M. W. Kanan, J. Am. Chem. Soc. 2012, 134, 7231-7234; b)
H. Mistry, A. S. Varela, C. S. Bonifacio, I. Zegkinoglou, I. Sinev, Y. W. Choi,
K. Kisslinger, E. A. Stach, J. C. Yang, P. Strasser, B. R. Cuenya, Nat.
Commun. 2016, 7, 12123.

[9] a) R. Kas, R. Kortlever, H. Yilmaz, M. T. M. Koper, G. Mul,
Chemelectrochem 2015, 2, 354-358; b) A. Wuttig, Y. Surendranath, ACS
Catal. 2015, 5, 4479-4484; c) J. F. Xie, Y. X. Huang, W. W. Li, X. N. Song,
L. Xiong, H. Q. Yu, Electrochim. Acta 2014, 139, 137-144.

[10] a) Y. Hori, H. Konishi, T. Futamura, A. Murata, O. Koga, H. Sakurai, K.
Oguma, Electrochim. Acta 2005, 50, 5354-5369; b) D. W. Dewulf, T. Jin, A.
J. Bard, J. Electrochem. Soc. 1989, 136, 1686—1691; c¢) R. Shiratsuchi, Y.
Aikoh, G. Nogami, J. Electrochem. Soc. 1993, 140, 3479-3482; d) B.
Jermann, J. Augustynski, Electrochim. Acta. 1994, 39, 1891-1896.

[11] a) G. Kyriacou, A. Anagnostopoulos, J. Electroanal. Chem. 1992, 322,
233-246; b) H. Yano, F. Shirai, M. Nakayama, K. Ogura, J. Electroanal.
Chem. 2002, 519, 93-100.

[12] A. S. Varela, M. Kroschel, T. Reier, P. Strasser, Catal. Today 2016, 260,
8-13.

[13] a) A. Kumar, D. A. Buttry, J. Phys. Chem. C 2015, 119, 16927-16933;
b) P. P. Lau, C. C. Wong, L. Chan, 4ppl. Surf. Sci. 2006, 253, 2357-2361.
[14] C. S. Chen, J. H. Wan, B. S. Yeo, J. Phys. Chem. C 2015, 119, 26875—
26882.




Carbon

®c
) ra R i gl
®c Cu surface
Pd deposition

Pd-decorated Restructuring induced

Cu surface by Pd
We report a surface-restructuring
strategy for realizing self-cleaning Cu
catalyst electrodes with unprecedented
catalytic stability toward CO2 reduction.
Under the working conditions, the Pd
atoms pre-deposited on Cu surface

Carbon accumulation

CH,

Deactivation avoided by

continued restructuring

induce continuous morphological and
compositional restructuring of the Cu
surface, which constantly refreshes the
catalyst surface and thus avoid
deactivation for COz reduction to
hydrocarbons.

Hz _
&
: —

Z.Weng, X. Zhang, Y. Wu, S. Huo, J.
Jiang, W. Liu, G. He, Y. Liang,* H.
Wang* Page — Page

Self-Cleaning Catalyst Electrodes for
Stabilized CO2 Reduction to
Hydrocarbons


https://www.researchgate.net/publication/319116129

