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Potential/confinement	effect	can	play	an	important	role	on	electrochemical	
steps	 by	 changing	 the	 (electro)chemical	 potential	 of	 electron.	 As	 a	 result,	
potential‐dependent	 energetics	 and	TS	 structures	are	essential	 for	a	more	
accurate	description	of	reaction	mechanism	and	activity.	
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This	 review	 emphasizes	 challenges	 in	 applying	 surface‐enhanced	 Raman	
spectroscopy	 (SERS)	 and	 surface‐enhanced	 infrared	 absorption	 spectros‐
copy	 (SEIRAS)	 and	 future	 directions	 to	 further	 unlock	 their	 potential	 in	
electrocatalytic	research.	

	

Chin.	J.	Catal.,	2022,	43:	2772–2791	 	 	 doi:	10.1016/S1872‐2067(22)64095‐6	

Fundamental	aspects	in	CO2	electroreduction	reaction	and	solutions	
from	in	situ	vibrational	spectroscopies	

Hong	Li,	Kun	Jiang,	Shou‐Zhong	Zou	*,	Wen‐Bin	Cai	*	
Fudan	University,	China;	Shanghai	Jiao	Tong	University,	China;	 	
American	University,	USA	

	
	
	
	
	
	
	
	
	

This	 review	 summarizes	 representative	 results	 of	 in	 situ	 vibrational	 spec‐
troscopic	 studies	on	key	 fundamental	 issues	 in	CO2	electroreduction	 reac‐
tion	and	gives	an	outlook	for	future	investigations.	 	
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With	the	advancement	of	 in	situ	characterization	techniques,	 tiny	surface	restructurings	are	detected	on	the	well‐defined	Pt	electrode	
surfaces	 even	under	mild	 electrochemical	 conditions.	 Careful	 examination	of	 in	 situ	 real‐space	 structures	 at	 the	 electrode‐electrolyte	
interface	under	benign	conditions	is	emphasized	for	the	accurate	deduction	of	reaction	mechanism(s)	as	well	as	structure‐performance	
relationship	in	electrocatalytic	systems.	
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In	this	review,	we	present	the	advances	on	metallenes	in	their	structurally	
regulating	strategies	and	promising	applications	in	electrocatalysis.	

2D Metallenes
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Enhancement	 of	 single‐nanoparticle	 collisions	 for	 the	 hydrogen	 evolution	
reaction	in	a	confined	microchannel,	offering	a	possibility	for	the	application	
of	stochastic	collision	electrochemistry	in	energy	conversion.	 	
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An	in‐situ	electrochemical	surface‐enhanced	Raman	spectroscopy	is	developed	towards	investigating	the	electrode/polyelectrolyte	interfac‐
es	in	electrocatalysis.	
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The	modification	of	Pt(111)	surfaces	with	iron	adatoms	has	been	studied	with	cyclic	voltammetry	and	the	laser	induced	temperature	jump	
technique.	Changes	 in	 the	oxidation	state	of	 iron	are	 identified	with	a	coulometric	analysis.	The	catalytic	effect	has	been	correlated	with	
changes	in	the	magnitude	of	the	electric	field.	
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The	activation	barrier	of	breaking	the	oxygen‐oxygen	bond	of	the	hydrogen	peroxide	molecule	is	higher	at	negatively	charged	surface,	re‐
sulting	in	the	abnormal	experimental	observation	that	the	reduction	current	is	suppressed	with	decreasing	the	electrode	potential.	
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Performing	ab	initio	molecular	dynamics	simulations	within	the	Blue	Moon	
ensemble,	 it	 is	 demonstrated	 that	 the	 oxygen	 reduction	 reaction	 in	
non‐aqueous	Li+	electrolytes	occurs	spontaneously	which	is	relevant	for	the	
understanding	of	Li‐air	batteries.	 	
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A	new	lab‐based	ambient	pressure	X‐ray	photoelectron	spectroscopy	(APXPS)	technique	was	used	to	probe	liquid/solid	and	gas/solid	inter‐
faces	in	electrochemical	systems.	
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Application	of	the	activity	descriptor	Gmax(η)	allows	deriving	a	kinetic	volcano	plot	to	study	electrocatalytic	nitrogen	reduction	reaction	in	a	
class	of	materials,	thereby	moving	beyond	the	thermodynamic	volcano	picture	and	the	potential‐determining	step.	
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We	proposed	ΔG*NH2+ΔG*NNH	as	a	combinatorial	descriptor	for	scaling	relationship	of	eNRR,	which	shows	better	predictive	power	than	single	
descriptors.	Its	value	corresponding	to	the	volcano	peak	is	fixed	as	the	reaction	energy	of	eNRR	(‒0.17	eV).	
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Schematic	representation	of	 the	benefits	of	 the	cocktail	effect	and	the	scaling‐relation‐breaking	effect	 for	electrocatalytic	activity	on	high	
entropy	alloys.	kP	and	kR	are	the	scaling	factors.	ε‒ and	σ2	are	the	mean	value	and	variance	of	the	adsorption	energy.	
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Tunable	activity	of	electrocatalytic	CO	dimerization	on	strained	Cu	
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Ab	 initio	molecular	dynamics	 simulation	associated	with	 free	energy	 sam‐
pling	technology	were	performed	to	study	the	energetics	of	the	electrocata‐
lytic	CO	dimerization	on	strained	Cu(100)	with	an	explicit	aqueous	solvent	
model.	

strain strain

CO C2
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The	simple	2‐in‐1	strategy	to	design	the	metal	oxyhydroxide	supported	on	N‐doped	porous	carbons	as	ORR	and	OER	bifunctional	electrocat‐
alysts	for	rechargeable	Zn‐air	battery.	
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Surface	chemistry	of	MXene	quantum	dots:	Virus	mechanism‐inspired	
mini‐lab	for	catalysis	
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This	 review	 focuses	 on	 the	 surface	 chemistry	 of	 0D	 MQDs,	 proposes	 the	
surface	 functional	 groups	 of	MQDs	 as	 virus	mechanism‐inspired	mini‐lab,	
followed	 with	 exploration	 of	 their	 different	 roles	 in	 catalysis	 via	 surface	
modification,	 including	 electrocatalysis,	 photocatalysis,	 photoelectrocataly‐
sis.	
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