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Fig. 2 (A) Alkali metal ions adjusting surface pH and local concentration of CO, (Reprinted with permission from Ref.F4. Copy-
right (2016) American Chemical Society). (B) Surface electric field induced by alkali metal ions in normal distribution
(Reprinted with permission from Ref. B4, Copyright (2017) American Chemical Society). (C), (D) Adsorption energy of
CO, reduction intermediates tailored by alkali metal ions (Reprinted with permission from Ref.[*!, Copyright (2018)
American Chemical Society). (E) Specific adsorption of halides (Reprinted with permission from Ref.®d, Copyright (2018)

American Chemical Society).
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Fig. 3 (A) Tailoring CO, reduction selectivity by bicarbon-
ate concentration (Reprinted with permission from
Ref.®. Copyright (2015) Wiley-VCH Verlag GmbH
& Co. KGaA). (B) Pourbaix diagrams of EMIM* on
Ag(111) surface (Reprinted with permission from
Ref.[!, Copyright (2015) American Chemical Soci-
ety). (C) lonic liquids used for N, reduction (Reprint-
ed with permission from Ref.®. Copyright (2017)
Royal Society of Chemistry).
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of the surface of Cu nanocube catalysts (Reprinted with permission

from Ref.B¥. Copyright (2018) Wiley-VCH Verlag GmbH & Co. KGaA). (B) The effects of anion and cation co-adsorption
on the morphology and performance of catalysts (Reprinted with permission from Ref.®!. Copyright (2018) American

Chemical Society). (C) Electrochemical oxidation to prepare Cu(OH), hanowires in concentrated KOH electrolyte (Reprint-
ed with permission from Ref.[2. Copyright (2018) American Chemical Society). (D), (E) Surface maturation mechanism

of cubic Cu catalyst under operating conditions!®.
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Electrolyte Tailoring for Electrocatalytic Reduction of
Stable Molecules

LI Jin-han, CHENG Fang-yi"
(Key Laboratory of Advanced Energy Materials Chemistry (Minisiry of Education), Renewable Energy
Conversion and Storage Center (ReCast), College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract: Reduction of stable molecules such as CO, and N, is important process in electrochemical energy conversion and
storage technologies for electrofuels production. However, for the inert nature of CO,/N, molecule and competitive proton reduction
in conventional aqueous electrolytes, selective electrochemical carbon/nitrogen fixation suffers from high overpotential, low
reaction rate and low selectivity. While addressing these issues has witnessed substantial advances in electrocatalysts, much less
attention has been placed on the electrolytes, which play an important role in regulating the local environment and thus the
performance of catalysts under operating conditions. Rational design of electrolytes has received increasing interest to boost the
activity and selectivity of stable molecule electrocatalysis. In this review, we overview recent progress in mechanistic understanding
and strategies development in tailoring electrolytes for electrocatalytic CO, and N, reduction. We highlight the ion effect, local
environment, and interface structure of electrocatalysts and electrolytes based on experimental and computational studies on
representative examples. Particular discussion is provided on the effect of local pH modulation, electrolyte concentrating, selective
ionic adsorption and nonaqueous electrolyte.

Key words: carbon dioxide reduction; nitrogen reduction; electrolyte; electrocatalysis
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