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Electrocatalysis

Densely Packed, Ultra Small SnO Nanoparticles for Enhanced Activity
and Selectivity in Electrochemical CO2 Reduction
Jun Gu, Florent H8roguel, Jeremy Luterbacher, and Xile Hu*
Abstract: Controlling the selectivity in electrochemical CO2
reduction is an unsolved challenge. While tin (Sn) has emerged
as a promising non-precious catalyst for CO2 electroreduction,
most Sn-based catalysts produce formate as the major product,
which is less desirable than CO in terms of separation and
further use. Tin monoxide (SnO) nanoparticles supported on
carbon black were synthesized and assembled and their
application in CO2 reduction was studied. Remarkably high
selectivity and partial current densities for CO formation were
obtained using these SnO nanoparticles compared to other Sn
catalysts. The high activity is attributed to the ultra-small size of
the nanoparticles (2.6 nm), while the high selectivity is
attributed to a local pH effect arising from the dense packing
of nanoparticles in the conductive carbon black matrix.

Electrochemical reduction of CO

2 to form carbon-based
fuels and chemicals has been widely proposed for the storage
and utilization of intermittent renewable energies such as
solar and wind.[1] However, two major deficiencies have
prevented CO2 electroreduction from becoming a viable
technology: energy inefficiency owing to large overpotentials,
and poor selectivity leading to separation issues. Therefore,
there is tremendous interest in developing active and selective
electrocatalysts for CO2 reduction. In terms of electrochemical activity, noble-metal catalysts rank the best.[2] Among
non-noble metal catalysts, Sn-based catalysts stand out.[3, 4]
However, the major CO2 reduction product using Sn catalysts
is formate (HCOO@), and CO is generated only in a small
amount.[5] Unlike its acidic form, formic acid which is a highvalue chemical, formate has no obvious usage and is difficult
to separate and convert into other high-value products
without adding costly processes. CO, on the other hand, is
a highly desirable product as it is a gas that can be easily
separated and further converted into fuels and bulk chemicals
at a large scale through existing chemical technologies.
Achieving high activity and selectivity for CO formation on
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a non-precious catalyst such as Sn is therefore a notable goal
with practical relevance.
The CO2 electroreduction performance of Sn based
catalysts developed recent years is summarized in the
Supporting Information, Figure S4. Modulation of size,
shape, and composition (metal, oxide, or sulfide) of monometallic Sn catalysts is effective to achieve high formate
formation activity, but these approaches cannot improve CO
formation performance.[5a–d] Until now, cooperative promotion is required to enhance CO formation on Sn-based
catalysts. For example, Cu-Sn bimetallic catalysts are reported
to favor CO formation;[6] however, Cu also acts as possible
catalytic sites. Herein we report a new strategy that leads to
unprecedented activity and selectivity for CO formation
among monometallic Sn catalysts. Key to this performance
are the ultra-small size of catalyst nanoparticles and their
dense packing in a conductive matrix, which lead to a high
density of active site and a local pH effect that favors the
formation of CO over formate.
To prepare densely packed ultra-small Sn nanoparticles,
we considered to derive them from a suitable tin oxide. Sn is
a low melting-point metal, and thus many synthetic methods
for nanoparticles that involve thermal treatments are more
adapted for tin oxides than for Sn.[7] Moreover, previous work
showed that oxide-derived metal catalysts can have higher
roughness and surface areas, which is beneficial for CO2
reduction.[8] We chose SnO because unlike SnO2, it has not
been explored as precursors for catalysts for CO2 electroreduction. Figure 1 a shows the synthetic strategy of carbonblack-supported SnO (SnO/C) as the precatalyst. A composite of carbon black and SnII oxalate (SnC2O4/C; Supporting
Information, Figure S5) was first prepared by co-precipitation. Pyrolysis of SnC2O4/C at 400 8C in an N2 atmosphere
then yielded SnO/C. For comparison purpose, precatalysts
based on SnO2 (SnO2/C) and Sn nanoparticles (Sn/C) were
also fabricated. SnO2/C was prepared similarly to SnO/C,
except that the pyrolysis was conducted in air (Figure 1 a). Sn/
C was prepared by reducing SnCl2 with NaBH4 in the
presence of carbon black.
The X-ray diffraction (XRD) patterns confirm the
crystallographic phase of SnO/C (Figure 1 b), SnO2/C and
Sn/C (Supporting Information, Figure S6), and the broad
diffraction peaks of SnO/C and SnO2/C indicate the nanosized
features of SnO and SnO2. The loadings of SnO, SnO2, and Sn
in the composites determined by thermal gravity analysis
(TGA) in air were 46.0 %, 49.2 %, and 49.3 %, respectively
(Supporting Information, Figure S7). X-ray photoelectron
spectroscopy (XPS) analyses (Supporting Information, Figure S8 and Table S2) show that the surfaces of Sn and SnO
were partially oxidized to form SnO2 species when exposed to
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