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Electrochemical reduction of CO2 to methanol using various electrodes and electrolytes



Introduction

 A facile solvothermal synthesis of Cu2−xSe(y) nanocatalysts in diethylenetriamine
and H2O binary solution, where y represents the volume ratio of DETA and water
(VDETA/VH2O).

 The value of x is in the range of 0.3 to 0.4, depending on the atom ratio of Cu and
Se in the catalysts.

 The properties of the catalysts, such as size and morphology, are solvent-
dependent.

 The catalysts synthesized in the mixed solvent with VDETA/VH2O of 1:3 can convert
CO2 into methanol with a current density of 41.5 mA cm−2 at FE of 77.6%.

 The current density is higher than those reported up to date with very high
methanol selectivity.



Synthesis of Cu2-xSe(y)
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Scanning electron microscopy images of Cu2-xSe(y)Thermogravimetry curve of Cu2-xSe(y)

Fig: SEM and DLS images of various Cu2-xSe(y) nanocatalysts. (a) Cu1.61Se(1/0); (b) Cu1.60Se(3/1);
(c) Cu1.63Se(1/1); (d) Cu1.63Se(1/3); (e) Cu1.62Se(1/5); (f) Cu1.64Se(0/1). Scale bar = 200 nm.



Fig. 1 Characterization of Cu1.63Se(1/3) nanocatalysts. a SEM image of the Cu1.63Se(1/3) nanocatalysts and the inset is size
distribution determined by DLS, scale bar =200 nm; b TEM image of the Cu1.63Se(1/3) nanocatalysts and the inset is the
corresponding elemental mappings, scale bar = 100 nm; c HRTEM image of the Cu1.63Se(1/3) nanocatalysts, scale bar = 10
nm; XPS spectra of the Cu1.63Se(1/3) nanocatalysts: d Cu 2p, e Cu LMM, and f Se 3d; g XRD patterns of the Cu1.63Se(1/3)
nanocatalysts

Characterization of Cu1.63Se(1/3)



Fig. 2 CO2 reduction performance on Cu2−xSe(y) nanocatalysts. a LSV traces on different electrodes in CO2-saturated or N2-
saturated electrolyte at scan rate of 20 mV s−1; b Total current density and c FE over Cu1.63Se(1/3) catalyst at different
applied potentials; d Plots of particle size vs. FE of methanol on different catalysts (1) Cu1.61Se(1/0); (2) Cu1.60Se(3/1); (3)
Cu1.63Se(1/1); (4) Cu1.63Se(1/3); (5) Cu1.62Se(1/5); (6) Cu1.64Se(0/1).

Electrochemical studies



Fig: Partial current densities of methanol
under different potentials.

Cell potential = 2.67 V (2.2-3.7 V) 

Electrochemical studies

Fig: The long-term stability of the Cu1.63Se(1/3)
catalyst at the applied potentials of −2.1 V vs.
Ag/Ag+

Reported



Electrochemical studies

Fig: Tafel plot for CH3OH production over various Cu2-xSe(y)
nanocatalysts: 1) Cu1.61Se(1/0); 2) Cu1.60Se(3/1); 3) Cu1.63Se(1/1); 4)
Cu1.63Se(1/3); 5) Cu1.62Se(1/5) and 6) Cu1.64Se(0/1).

Fig: LSV traces recorded using Cu1.63Se(1/3) electrodes in various
electrolytes. (1) [Bmim]PF6 (30 wt%)/CH3CN/H2O (5 wt%); (2)
[Bmim]TF2N (30 wt%)/CH3CN/H2O (5 wt%); (3) [Bmim]BF4 (30
wt%)/CH3CN/H2O (5 wt%); (4) [Bmim]OAc (30 wt%)/CH3CN/H2O (5
wt%); (5) [Bmim]NO3 (30 wt%)/CH3CN/H2O (5 wt%); (6) [Bmim]ClO4

(30 wt%)/CH3CN/H2O (5 wt%) and (7) 0.5 M TEAPF6 in the CH3CN
(92.86 wt%) and H2O (7.14 wt%) mixture solution



Fig. 3 Partial current density and FE of methanol over various catalysts at −2.1 V vs. Ag/Ag+.

Catalytic activity of various Cu-based catalysts



Mechanism study of CO2 reduction to methanol

Fig: a Proposed mechanism on Cu2−xSe(y) electrode; b free energy diagrams on Cu1.63Se(1/3)
electrode



 A series of Cu2−xSe(y) nanocatalysts were synthesized for selective
electroreduction of CO2 to methanol.

 The Cu and Se in the catalysts had excellent cooperative effect for catalysing the
reaction. The size and morphology were crucial for the performance of the
catalysts, which could be controlled by the VDETA/VH2O ratios.

 The Cu1.63Se(1/3) nanocatalysts yielded outstanding current density of 41.5 mA
cm−2 with FE of 77.6% at −2.1 V vs. Ag/Ag+.

 Some other transition metal selenides can be designed as efficient
electrocatalysts for CO2 reduction.

Conclusion


