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Figure 1. The electrochemical system can be divided into three parts: electrocatalysts, local envi- 
ronment, and bulk electrolyte. The electronic structure of electrocatalysts affect the kinetics process 
at the electrolyte-electrode interface, while the electrolyte system influences the diffusion rate of 
species. Meanwhile, the changes in electrocatalysts and electrolyte will result in the dynamic evo- 
lution of the local environment. The structure of the local environment is composed of a Stern layer 
and Diffuse layer. The Stern layer can be subdivided into IHP (inner Helmholtz plane) and OHP (outer 
Helmholtz plane). The reactants will interface with electrodes and evolve in this region. 

to approach the electrode. Therefore, 
the surface states, such as interfacial field 
distribution, significantly affect the IHP, 
while the OHP is more sensitive to the 
change in solvent properties. During the 
electrocatalytic reaction process, inter- 

and migration processes within the Stern 
layer. Simultaneously, reactants and 
products diffuse through the diffuse layer 
to access the catalyst surface and bulk 
electrolyte. Therefore, the structure of 
the local environment significantly influ- 
ences the internal reaction and transfer 
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he core of electrolysis is utilizing 
lectrocatalysts to reduce the activation 
nergy and enhance the rate of electrocat- 
lytic reactions. Nowadays, quantitative 
fforts are being conducted towards 
odifying catalysts to tune the electronic 
tructure because an ideal electronic 
tructure can change the reaction path- 
ays and improve the conversion rate. 
esides, the electrode–electrolyte inter- 
ace (EEI), where electron and charge 
ransfer processes occur, is another key 
actor affecting the surface electrochem- 
cal reaction’s rate [1 ]. Delving into the 
nterface is imperative for deepening our 
nderstanding and expediting the indus- 
rial integration of electrocatalytic reac- 
ions. The nanoscale space at/near the 
EI is known as the local environment, 
lso known as the microenvironment 
2 ]. The local environment directly inter- 
aces with electrocatalysts. Therefore, the 
inetic process at the interface is greatly 
etermined by the electronic structure 
f the electrocatalyst, while the diffusion 
nd transport processes in the local en- 
ironment are primarily affected by the 
lectrolyte. With changes in electrocata- 
yst’s electronic structure and electrolyte 
ystems, the inner of the local envi- 
onment undergoes intricate dynamic 
volution. Its structure can be subdivided 
nto Stern layer (it is composed of the 
nner Helmholtz plane (IHP) and outer 
elmholtz plane (OHP)) and Diffuse 
ayer (Fig. 1 ). The IHP is composed of 
ons specifically adsorbed on the elec- 
rode surface, mainly solvent molecules. 
n the OHP, the solvated ions from the 

lectrolyte are distributed in this region mediates primarily undergo evolution 
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rocess. Studying the molecular-scale 
tructure of the local environment and its 
ynamic response to external conditions 
s crucial for achieving efficient match- 
ng between the electrocatalyst and the 
lectrolyte. 
The influence of electrocatalysts 

n the local environment primarily 
anifests in their electronic structure. 
lectronic structure refers to the distri- 
ution of electron energy levels, and it is 
elated to the binding energy of adsorbed 
pecies, which directly determines over- 
ll activity and selectivity (Fig. 1 ) [3 ]. 
he catalytic activity exhibits a volcano 
elationship with the binding energy 
f adsorbed species, where moderate 
inding energy can achieve the highest 
atalytic performance [4 ]. Therefore, 
he challenge in catalysis research lies 
n precisely controlling the electronic 
ffects to achieve the most suitable ad- 
orption strength for key intermediates. 
ince Markovic and Nørskov proposed 
he concept of the ‘metal d-band cen- 
er’, altering the interfacial structure to 
odify electronic structure has become a 
ocal point in electrocatalyst engineering. 
owadays, various strategies, such as 
oping, defect/morphology engineer- 
ng, valence state regulation, etc., have 
een employed to modulate surface 
tructure for improving catalytic activ- 
ty [5 ,6 ]. These modification methods 
ffer effective ways to adjust the elec- 
ronic structure, consequently leading to 
hanges in the Fermi-level of catalysts. 
uch alterations in the Fermi level exert 
nfluence over the local electric field, 
hereby driving the dynamics evolution 
f the local environment and affecting 
dsorption of the intermediates. 
The electrolyte plays a crucial role in 

he local environment through its impact 
n the electric double layer (EDL) struc- 
ure. The compositions in the local envi- 
onment are derived from the electrolyte 
olution, while its structure differs signifi- 
antly from that of bulk solution (Fig. 1 ). 
The Author(s) 2024. Published by Oxford University Press on
ommons Attribution License ( https://creativecommons.org/l
ork is properly cited. 
or example, in reactions involving the 
onsumption of protons/hydroxide ions, 
he local environment adjacent to the 
lectrode accumulates hydroxide ions/ 
rotons, leading to the formation of a lo- 
al pH in the local environment. General 
trategies for modifying electrolyte in- 
lude solvents, ions (cations and anions) 
nd additives. Solvents act as carriers and 
etermine the solubility and ionic con- 
uctivity of electrolyte salts. The aprotic 
olvents feature for various functional 
roups and physicochemical properties. 
he introduction of aprotic solvents can 
ffectively confine water into strong hy- 
rogen bond networks [7 ]. The anions 
nd cations are essential parts in the 
lectrolyte. The absence of cations in the 
olution wi l l lead to a rapid decline in the 
lectric conductivity [8 ]. The introduc- 
ion of cations can enhance the local elec- 
ric field in the local environment, which 
inders the transport of hydroxonium 

ons and improves local pH. Moreover, it 
s generally recognized that the presence 
f solvated cations is beneficial for the sta- 
ilization and activation of key intermedi- 
tes. The anions (e.g. halides) can buffer 
he solution or induce the reconstruction 
f the surface. The additive strategy is 
lso an effective way to modify the elec- 
rolyte solution. The inner mechanism is 
roposed as abundant functional groups 
n the additive that can enhance/weaken 
nteractions between key intermediates 
nd the interface [9 ]. Further studies sug- 
est that additives affected the solvated 
tructures of cations, thereby enhancing 
he electric field at the EEI. 
The special position of the local 

nvironment underscores the profound 
nfluence of both catalyst’s electronic 
tructure and electrolyte composition. 
owever, two key problems need be ad- 
ressed for further developments in this 
eld: (i) deepening our understanding 
f how electronic structure can impact 
he local environment; (ii) studying 
he mechanism about the influence of 
 behalf of China Science Publishing & Media Ltd. This is an Ope
icenses/by/4.0/), which permits unrestricted reuse, distributio
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lectrolyte on the dynamic’s evolution 
n the local environment. We hold a 
elief that deep understanding about 
he local environment wi l l be beneficial 
or the enhancement of electrocatalyst 
nd electrolyser’s durability. Creating a 
oderate local environment wi l l be of 
reat significance for the commercial 
evelopment of electrocatalysis. 
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. Gomes RJ, Kumar R, Fejzić H et al. Nat Catal 2024; 
7 : 689–701. 

. Lu X, Tu W, Zhou Y et al. Adv Energy Mater 2023; 
13 : 2300628. 

. Lv J-J, Yin R, Zhou L et al. AngewChem Int Ed 2022; 
61 : e202207252. 
n Access article distributed under the terms of the Creative 
n, and reproduction in any medium, provided the original 

mailto:yao.zheng01@adelaide.edu.au
mailto:s.qiao@adelaide.edu.au
http://dx.doi.org/10.1039/D3CS00669G
http://dx.doi.org/10.1038/s41570-024-00575-5
http://dx.doi.org/10.1002/anie.201810104
http://dx.doi.org/10.1002/anie.202217265
http://dx.doi.org/10.1002/aenm.201902844
http://dx.doi.org/10.1038/s41467-024-46750-6
http://dx.doi.org/10.1038/s41929-024-01162-z
http://dx.doi.org/10.1002/aenm.202300628
http://dx.doi.org/10.1002/anie.202207252
https://creativecommons.org/licenses/by/4.0/

	FUNDING
	REFERENCES

