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Abstract Due to the excessive exploitation and utilization of fossil fuels, we are faced with severe energy and environmen-
tal problems. Therefore, it's significant to develop electrocatalytic energy conversion, chemical synthesis and pollutant deg-
radation technologies. In order to achieve high activity, selectivity and stability of electrocatalytic reactions, researchers have
made a lot of efforts in catalyst design, interface microenvironment regulation and reactor structure optimization. In fact,
there is still a wide space on the power supply side for the regulation of electrocatalytic system. Although most researchers
choose to use potentiostatic or galvanostatic power supply strategy, some studies have proven that the pulsed power supply
strategy by implementing altering potential periodically can improve electrocatalytic performance to a great extent. Com-
pared with traditional regulating methods mentioned above, the pulsed electrocatalysis is much simpler, efficient and repeata-
ble because it just needs to modulate the output potential or current mode. In addition, it is more favorable to be coupled with
smart energy in the future. Therefore, the pulsed electrocatalysis has broad development prospects. In this review, we sum-
marized the application and recent progress of the pulsed power supply strategy in classical electrocatalytic systems include
electrochemical advanced oxidation processes, electrochemical carbon dioxide reduction, organic electrochemical synthesis,
hydrogen production through water electrolysis. Besides, we analyzed the enhancement mechanisms of pulsed electrocataly-
sis. These enhancement mechanisms can be generalized as follows: (1) By updating the concentration of substance in Nernst
diffusion layer during the implementation of switching potential periodically, the concentration polarization can be prevented.
Thus, the electrocatalytic activity can be enhanced. Besides, some side reactions caused by mass transfer restriction can also
be suppressed. (2) Through altering the adsorption energy of the reaction intermediate and adjusting the coverage of interme-
diate on the catalyst surface under oscillating potential periodically, the electrocatalytic selectivity of target reaction can be
increased. Furthermore, because the active site of catalyst can be modulated to alternate between ideal states for adsorption of
intermediate and desorption of product, the Sabatier's theoretical limit on static catalytic site may be breached and the turno-
ver frequency (TOF) of the catalyst can increase by several orders of magnitude during the pulsed dynamic electrocatalysis
process. (3) The catalyst surface can be kept in a non-equilibrium state to avoid the inactivation caused by excessive oxida-
tion or reduction of active site or the deposition of some toxic substances on the surface of a catalyst. Thus, the electrocata-
lytic stability will be improved. Besides, the dynamic reconfiguration of catalysts during pulsed electrocatalysis will influence
the activity and selectivity of reaction. Finally, we prospect for the challenges and opportunities of pulsed electrocatalysis in
the future.
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Figure 1 The overall frame diagram of this paper
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Figure 2 Pulse power supply mode with periodic switching potential: (a) anode single pulse power supply mode with alternating anodic potential and rest
potential; (b) cathode single pulse power supply mode with alternating cathode potential and rest potential; (c) double pulse power supply mode with alter-

nating anodic and cathodic potentials
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Figure 3 Surface oxidation state and product selectivity of Cu NCs catalyst at different combinations of anode pulse time #, and cathode pulse time ¢,
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low ¢, and intermediate 7, values, the balance between oxidized and reduced copper species on the catalyst surface results in an enhanced ethanol formation

Adapted with permission from Ref. [29]. Copyright 2022, Nature Publishing Group.
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Figure 4 SEM images of copper sheet electrode surfaces after 16 h electrolysis with t.=25s, £,=5 s, E.=—1.6 V, and E, as noted in each image (mag-
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Adapted with permission from Ref. [78]. Copyright 2018, IOP Publishing Ltd.
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Adapted with permission from Ref. [27]. Copyright 2020, American Chemical Society

WIRGATA,  H R OHES 20t 70w K A ) 77 2k
SRR R I ) PR FEME B, X AT RS B SR A7AE
ZE5t. Rk, R SEIGRAET BUIR Uk A A 18]
A% % THT B30 90 o A PR B 2 e A o 0 SRR (ELAS — 211
&, Bl Xin S0 T it 5 OL PR LR A
RS G, W LAE A (8] 3 F A T S F A VAR
MR AL MR, YHEEEER, ¥ i2
2 T RN )T FE A= 1) ' A T AE F AR VR AT
TE R FEE A0 P 17 24 o Jk b B B, D) T DA ot {12 3
S 9 HORA At B UZ. X DR E IR E
HbyFEE 7R T R R K e E R KA TR R 2 A A 1 S
FE A R AR — Y VT T 420 o R B 3 A DL S e 9 Jik o F
A ) R AL PR T 3 A S e
324 EAAARMMEZFOER

£ P-ECO,RR e, — 771, MM R 2514
(1) 78 A4 K 2 5| e JHG 3 T R B o T4 (41 COuas bridge 1
CO0uds atop) B P E FIARALISS. 53 — 51T, 5% ] AL FE A%
BRI B, EARIR R pH A s, X
X HEAR Haas 1 OHags FRIWRB = 2R REMR. AL, LE Rk
JEHGE R Bkep i AR, T AR N
RS AR I R, 2 BRI H AT E 1R
TR, 20k H A AR BRI B S R B B ) A A R
M 1O7), 1 1L [R] 35 2 5 S50 1T W B 470 1) 7 i 26 Ok AR AR A
5 2R PR G B P A K RS ).

H AT, BF70H BN ECORR Ak M i gt v ]
A4 COuds 2 Fo 354+ [ )8 HER 145 A% 1) 1 1) 44 Hags JB& T35
WL OWF I E AT B BRI R SRR, BN R E
P-ECO,RR I FEH COuq 1M 55 2 221N, T 56 5+
P Haas W22 7E Ed SRR SR AR, 24815 HER
52 B 2728811031 A BTSN OHags 78 75 28 1)
B AR E C—C ABIBEATE FH ) 3G 52428841041 JEA§115 C,

Acta Chim. Sinica 2022, 80, 1555—1568

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

FEPE PR R

Kimura Z52895 S AR B £,(0.4 V vs. RHE) T, 1
HEA X LIRS (XANES) i fR7E P-ECO.RR
WlE Cu RFFRGMEIRRE, REFHEEK
Langmuir 25 288 (R 25 F8 Hagss OHadss COuds pridge A
CO0uds atop) K HIF 7T A4 14 751 S THT Ak W B v 1) 445 1) B 785 38
ML g5 SR anPE 6 s, 16 Ed 18], 5 1E L far (0 (AL
RN H P L HE R AR, Hags #2 OHugs B 2. [HI, 5
lijima SEUSIIRE S L5 AU, MATEKIN OHags T LLIE
LI ARHE A RSB IR 2R COuds prigge TG VERIHE, {23
COuds,atop FITAL R B, £t 2% 55X HER 52 2 40111], ECO,RR
I FEIE 5. Casebolt 25831535 L KHCOs A1 KC1 A A Hfi
JFiE{T P-ECO,RR S5, RIUAERIREE KCl B,
BT KCl AHE% KHCOs ZZMRE ), At UAREHE Bt
FEHp AR R TH 538 OH MR BE 3G N, OHags 178 76 %3
fn, Bk TSR COudspriage IITE AR, FIES, HT KCI
WICIEAE R R F A, X AAAFAHAI COus TERE R Tk
ZHTHER S RE C—C BEE. TR Co 7.

4 FRRBHNEER

AHLERAEA AT AR KL E, (AR5 T
MR AR, BN 2 . TG YL, I, BERRA “ 4k
AR LT Z A N H & B (organic electrochemical
synthesis, OES)H% A% #i 52 2 AT HEARIO107 5 7,
CEAH DA HIA A B NS T TGRS, 5
15 20 20 60 FFAX, o LL#RA B 5 FI FH B AR L S5 T 0 I
ML BT ESEIL T B Tolktk A2 725 J5 2K, 3M.
Clariant %524 7] 52 T 2wl 4k G910 Tk A4 7=,
BT SR 2 R FH OGS LA ) SR, ST T8 SRR AL,
B DL B R TR ) Tl A B 1081, B AR O A LA Ak
RN C AR, R IRTAL SRR R PE

http://sioc-journal.cn 1561



(a) i ’1’""’»"""",;)'-;": (b) —8—H, =—8—CO,R products
e ioid Rl T —— — T —
| Pulsed Potential Constant Potential Pulsed Potential
' \ H OH ‘/ ; i 100 Eluzs-msv,os,e::w E=-1.05V ' lE =105V, E, = +0.4v
’ Cu X t, =1, = 50ms It, =1, =50ms
_— ____If’»losmveiy cp{a_r_g_e,d, c’.:' 80 4 |
T il T
s
E . 8
g o L 604
g Time E
% 0.4+ .
= ‘S 40 4
S 0.8 g
g e s
1.2- Neighbor coupling  H ! I.E 201 I
O | . ! |
! Cu 0 50 100 150 200 250

Negatively charged Time (min)

Bl6 P-ECO,RR (] Cu K Ifi OHags "t [F) {4078 55 22 (RIG IXT Cy P ade M B B 5 AR FH8): (a) 2 FEBR K 0IIR], Cu 2T 5T 152 B HE R 1E H
I A B, R iR AN 5L CO AAEMEER, AR TR C7=¥; (b) SeElkh AL (E.=—1.05 V, E,=+04 V, t.=1,=
50 ms) T HUAF, FRVIENE AL(E=—1.05 V)FFEEHUE 1.5 h, &5 VI nlE 4R Bk A RUR I, CO, 1 J5 1 22 7™ W) (M () Rl Ho(£L () FE B ]
A AL L

Figure 6 The increased coverage of OH,g adsorption intermediates on Cu surface during P-ECO,RR enhanced the selectivity of C, products: (a) the
surface protons will be repelled and displaced by hydroxides during the anodic pulse and the remaining surface hydroxides will induce near neighbor cou-

pling with CO, favoring C, products during the cathodic potential; (b) FE of major ECO,RR reduction products (blue) and H, (red) over time, starting with
a pulsed potential (E.=—1.05 V, E,=+0.4 V, t.=1,=50 ms), then switching to a constant potential (E=—1.05 V) for 1.5 h and finally switching back
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Adapted with permission from Ref. [28]. Copyright 2020, American Chemical Society

PEVEAC, Wbl 2 Bl A 1) R, BRIEAT Tl B FH ) S B 3
FEOGE 3 A 061 3 4k, ik ivh A AL L & % (Pulsed-OES,
P-OES)H A A F 1 HURE ) F11631-35,109-113] - 330 e
F = BLALRE GRS B T Bt e H R VS 7 5 T
It HAE R Y & M AT 2 kOB uE B2 A AL
(1) 32341100 TR A X6 3 R AN A R AL R AT BAR 4y
r

4.1 P-OES & Rid 28052 (A&

Har, Bkeb e SRng (e OES A i) — ™ 5 24E
e B S B AL SRR, — T, R M oG
PRI, AT CAREHT SO AR TE) AR R P2 ) S A A B
PR EE 1A, B BRAR T B SR AE IR . $i
HAR =PI s rt. o —J7 1, 8 ss B il e o7
3, T DL S — e 75 iy A (AR AE (8] PR K I F AN (]
FE TR, (R T Hr AR R B e k.

4.1.1 FEAEIF X s

B IR A BT O B 1R ik o g 06331, \T DATE
FELA67 < P A )% e T ARe 3 B30 A VR B AT S 3, A
RAERALTT B Z B, RSV RE S 3 F AR 2R T R
P 7RGV, [RIE PE e B T BB AR AT,
WEGIE— P AN R, S TR BLOEREE.

Wattanakit 25515 H 5P b i LA B AR A ik o
AL N SEIL TR IR e A . Wl 7 B, 18
SRR, 2R O (8 ) R Y BRI A TS R
PIAFL Pt BB N, AR5 PRt ST AR IR B A (S )it
AT R R B A . SR, TETERAL T R MR, 52

1562 http://sioc-journal.cn

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

T HOPIRBIRS, 7R LK 2 EA B GBI kAR
THIR 38 JiR AL 25 (S) B 2K (AL 1) FI(R) T 2K LT (1)
AN BEPRIRA D). T 24K Bk R SRS B, 2K 2B 27
120 s [ 2 A B R 78 200 BRI FLIN T, 6T 2 s
I SR LA R S R M B 0 R O (S) B K U, iR
AT HE B R 13% KRR TF 4 91%.

Blanco SR FH kb ke, S Db S B AL
A R L E— WG (AN) R R A 2 5 (ADN)
HEAT THETE. 456 N AR M4 (ANN), fif15 kb2
BOHAT TACAL, BRAAE 1.=120 ms, =5 ms, E.=—3.5
V,E=0V &M, STEBEAMML, ¥ ADN f7=542
T 30%, FXTERRERE T 325%

4.1.2  FEHAbE AR

Bk 7 TR E 0 R A T OG s A I ik b 7 K, T
P-OES A0tk &5 —Ffr i FH 19 ok vvh 5 542 J) 00 1 52 5 Pl A
W, R NAZ I HLfE 7 2B 10020 56— e B R A
FSSNESRe5E (An TR FELR S L), WA 8a TR, JIEA) e
16—ty AR B AR AB TR, SR 5 AR i b a4 FE A2
B 55— iy BB - PR R A AL, A RE AR R E AR
el s AN 8b B, WA v FEAR (R EAT AT
I P A e T, 3K R A R R AR T4 BE RS 2
TN R, AR5 46 2R A B AR g2,

ANEXTT FRBFR 7 3, ER P K B AR 2 8 1%
JOSHE, IR RK AR R BE A, peAh, iR rp (e
Fasg, WIHARZS 5 1EAL it A2 R #4k AmI P29, M %
IS N PRI R 1. TSR F A A FRL R 7 2, T e DA e

Acta Chim. Sinica 2022, 80, 1555—1568



o F F R

X

Conventional
Electrosynthesis

(R)-Form
Low-selectivity product

(S)-Form

e
Phenylethanol
Pulsed
Electrosynthesis
. - A
l’ 33 p
' - (R)-Form

!

% Reaction cycle

Y emmmm-- (.. ..................

_+" High-selectivity product

.....( .................. .( uuuuuuuu

Bl 7 AT a S o T f A i) EERBS): A A T P g i 4 R AR (KA Gt 5 B AN B & o R o, 38 S p sk S I S (kB 1)
FETHEA C B )AL (R)-FI(S)-PE(HE (B sURN AL (7 1)
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Figure 8 Effect of pulsed strategy by alternating electrode polarity on mass transfer in OES!'!%!12l: (a) paired electrolysis (left) and pulsed electrolysis of
alternating electrode polarity for a sequential reaction that includes two redox-opposite steps (right); (b) normal electrolysis dependent on mass transport
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(a) Adapted with permission from Ref. [110]. Copyright 2020, American Chemical Society. (b) Adapted with permission from Ref. [112]. Copyright 2021, the Royal
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Figure 9 Reaction energies and pathways of dynamic formic acid electrocatalytic decomposition on Pt*!: (a) the decomposition of formic acid on Pt
proceeds thermodynamically downhill through an initial nonfaradic decomposition to water and adsorbed CO* (AE=—2 eV). The subsequent faradaic
oxidation of CO* to CO,(g) proceeds via exergonic or endergonic pathways with tunable activation energy dependent on the applied potential; (b) the
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acid decomposition, and 0.8 V, which is favorable for electrocatalytic oxidation of adsorbed CO*

Adapted with permission from Ref. [31]. Copyright 2020, American Chemical Society
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JEAPE S, (1A R I AL T AR PATIRES, 8 b fi
AT BT P A7 R I B 3o R R R A AN AT I ) R A
[F) B 1A 57 1 — A 25470 5 K R [ b 0 A SR B T f
IR, MImEEm TR e M. Bhah, 75— Mk
ML, AT A 2 RN 45 M A B 75 A IR el AR
SN PR3 1 A

EAR Ik b B AL LR TE 2 AN T — 2 pl IR,
{EAE ML BF 72 A0 S B R FH 5 AT SR A 1R %2 1] i il 75 fif
Y TR, AREEIRTRH DLW A

() BRIk v e A4 A 397 1) e AR T B 30 0 J AR 1)
I} 25 3 AT e BRI, X ] LA BhATE 90 2 B 4 B A I
R B AR B AL M RE RS2 ML, E AR o
A 50 308 SR PR ASE AU 140 7 = S B P M 3 T 110 90 I R A5
B, ATReE B AAEZE . ik, Wil iR f e A 5l
R SIS T B AR A5 B LB, S 4b, Alkek
it H SN 5 I B F TR SR BUE RS O A R
B G AL UL FE 2 B AR S A, 2RI sk e
B BERAPCR, B HELLE AT — D0

(2) R J& J& BV U4 FaASL R I8l 77 2 A B e i B
M. BRARIX TR Y S N R Ak 3 b LA BRAR 1, (H
XS T FRUIU e 4751 THD G B D R 7 5 e I B Ak T
fife Fik b L L SR B R SO B AR R P IR BRI AR AL e
FENI. BeAk, H 0 R kR AT BE R =, BT LA
5 L R JRE N 1) R RS B e 1) R R R A T B, DA%
S I R e R A7) 3 T W BRI PR AR A

)R RAEF AT TS HERfHE 7= ki i 1k 1
V) {8 A R 2H B RD 25 R PR AR A A L B2 1. SRR BR A SR AE
FESRHBNE R, FHARAREIKI NS E AL AR A1k
FIRPIRAS. Bk, #9567 XAS JFAL XRD. JEAL K
MRk R AR SRS 61 . DEMS. EQCM
SRR T 2 b 5 ) N ik B AL R T R
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(4) WS ok v FEL AR A 5 7 ) AL Al A B 2.
BRIk KA R ZHUN 5N 95 T R R AR, (2
TR A A I £ AL A1) A A R AR 45 R M. f ok, AT DL
o A PR SRR BT R S — SE PR K A5, i
A% 5 T BOR HI 55 kb ot 9 o s el R R i, i i
AL A B BRI IR AR PR R A B AR, 55
Sb, XTI M AR R &R, T AR
PLE 22 ST A R AT OO, T8 T el Sk .

E=TER

IeH, &, AREILXFHRRMAFE IRLFHEML
R, 2R 6 A ROF A A R AL A

JA4E, 2019 £ Foa/RE Tk K FHEAM LS4, HEF
2016~2018 F 2 ERXEF AL RZF A LR R KFHITH
SR AESREILXFFSFERIBR, LT
ERHE N TIRBIAEE R BB B A Bt B R
HEASREETAEOH LAY SEEMNBEREFAR. £ Appl
Catal. B-environ., J. Mater. Chem. A, Chem. Eng. J., Adv. Mater.
Interfaces %5 KA EZ kL 60 2%, /EFTHEIA
900 4k, EHBERAARAHFEALFLAR. AR LEASL
HRFEYRB. FPEHLEALRLERA. ZALAHERL
2(—HF L HAMTAR.

Fledk, B, ARELLXFREMAFS TRFRME
BRGUE, EBAT R T 6 A KRR A 4 B AR KR &
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TR, &, WEARAE, ARETLRELLRFZRR
HFELIRFR. TR G QAT HE L. ORR F
WAL R AR B SRS AR TS s SRR T R R
HREAEK. AF—1EH R FEH T Appl. Catal
B-environ., J. Mater. Chem. A, Adv. Mater. Interfaces, Chem.
Eng. J.5 1) £ & & SCI it X 10 404, # 31 A k4% 300 4%

SHE AREIL KPR, HFHRCFHE LK F
FERAER, FEARBRAKALB5L2R. B LR
39 EHARALLABRAERALD SHA. ARAELALT
SRR A& E 10 £, AAFREL 160 &4, FiFAIM
FEE4) 60 47,
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