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Pulsed electrolysis can minimize hydrogen evolution and maximize C2+ production even though it is consisting of potentials incapable of
Abstract: surface reconstruction of Cu catalyst. The temporal analysis using differential electrochemical mass spectroscopy (DEMS) reveals that
product concentrations near the cathode stays in phase at the initial but out of phase with extended time, increasing the concentration
of C2H4 at the expense of CO and H2. We attribute these trends to an increased ratio of adsorbed CO to H on the Cu surface. Simulation
of pulsed electrolysis also shows that the local concentration of CO2 near the cathode builds up during anodic period that allows
electrolysis with a higher CO2 concentration during the cathodic period than could be achieved for static electrolysis.
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Potential for cathodic and anodic polarization: Hysteresis in DEMS analysis during CV.
Local concentration of C,H, & CO T while H, | during anodic sweep.
- Ea:on-setE for hysteresis of CO, Ec:E with maximum A(anodic-cathodic) of C,H,

Derivative of mass signal (d{m/z,)dt, /sec)
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Simulation of pulsed electrolysis

The pulsed CO2RR can Ec =115V v RHE n
mlnlmlze hyd rogen eVO|Ut|On | | | Time for anodic polarization (sec) | |

L. . Product distribution at bulk electrolyte (GC and HPLC) after pulsed electrolysis with
and maximize C2+ production

_ ~differentta: Forta<iosec, HER | ,CO2RR 1,C2+ 1,Ca | (optimum at 10 sec)in
when duration at each pOtent|a|comparison with static electrolysis

0(Static) 5 10 60

1 v 1 v 1 N 1 N 1 N 1 N 1 N 1 i
12 0 100 200 300 400 500 600 700 800
Time (sec)

-0.2

was shorter than that requires I ~ o used in simulation - measured
§1.2_t|:=255&1:.'ta_=_1{_]jec' ' NEU e I T T TS S S o T O nnn T NN nnnnnnnn
to reach the steady state. : -
ED.E— % -1[1-_
This study provides an insight £ L. aNINIRIGINIRINN RIEIRINIBIFIRIDIRIRIINS
. N 3 T A s A L i ! o
for the unsteady state behavior Y hintededalniiietesaiasniioiiaiuiniiahtitng
Z 00 0 100 200 300 400 200 600 700 600
during CO2RR Time (sec)
3 B ——simulated oo DEMS result
g S T T O O (Y O (I
= O AR TR TR PR PR TR PR PR PR TR P TR TR PR PR TR FE PR TR fR bR
: SUUUUUUYUUYUUWUUYUUUY UYL
-

T 1 T 1 T 1 T 1 T 1 | T 1 T 1 T 1 T 1 T 1
0 20 40 &0 &0 100 1630 1700 1720 1740 1760 1780
Time (sec)

This material is based upon work
performed by the Joint Center for
Artificial Photosynthesis, a DOE
Energy Innovation Hub, supported
through the Office of Science of the

Local concentration during pulsed electrolysis with 25 sec of tc and 10 sec of ta - Atthe end of each anodic pulse, local Cp, Tto 31mM (13mM for static electrolysis).
- Cathodic polarization: local Cc.,,, & Ceq, T, but C,\, & Coq 4 Consequently, next cathodic polarization begins with an elevated local C.,.
e e 1. L - Ifthe tc < required time for steady state electrolysis, the average C., near the

- Anodic polarization: local C, > local C,,, Initiating subsequent reaction at Ec with S <
cathode is higher than that present under steady-state condition.

higher & C5 and lower C,,,.

U.S. Department of Energy under - Since the rate of CO2 reduction & C,,,, it will be higher under conditions of pulsed
Award Number DE-SC0004993. Temporal analysis of local concentration during cathodic polarization rather than static electrolysis.

- Peak shift and reduction of time derivative of local CO concentration - It then follows rate of CO formation 1 and correspondingly, concentration of

- Reduction of CO desorption : (CO_,4 — CO) < (CO_4, — Y2 C2) adsorbed CO 1 atthe surface
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