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✓ Electrolytic cell ：a non-spontaneous reaction is driven by an external 
source of current.

✓ The electrode at which oxidation occurs is called the anode; the 
electrode at which reduction occurs is called the cathode

◼ Introduction of electrolytic cell

φa ：Being oxidized first；

Background



明德、厚学、求实、笃行 The Xiao Group

◼ Introduction of electrolytic cell

Background

◆ Undivided cell: a starting material, intermediate, or product is unable to undesired 

reaction at the opposite electrode

◆ Adsorption and desorption are essential for selectivity 

The type of Electrolytic cell Heterogeneous electrocatalysis
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Background

◼ Introduction of electrolytic cell- the current density

For example:

Anode: M → Mz+ + z+e-

Cathode: A + z-e
- → Mz-

取得失电子数为z，通入的电量为Q，发生反应的物质的
量为n, 电流为 i

Surface area (A) needs to be taken into account

◆ The current density represents the rate of reaction

◆ The potential indicates the difficulty of reaction
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Background

◼ Two types of electrolysis

➢ Redox potential of the substrate

➢ Limited substrate range

➢ Difficult compatibility of sensitive 

groups

➢ Avoid excessive oxidation/reduction

➢ The selectivity of the product is 

controllable

➢ Easy recyclability

J.-B. Chen et al. Chinese Chemical Letters. 2023, 34, 107735-107753

Homogeneous electrolysis: diffusion of the electrocatalyst, unrecyclable 

Heterogeneous electrolysis: increased active surface area and electron 
transfer, recyclability.
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Background

◼ The representation of heterogeneous catalysts modified electrodes

J.-B. Chen et al. Chinese Chemical Letters. 2023, 34, 107735-107753
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◼ Two-Dimensional Metal−Organic Layers to Conductivity Constraint

C. Wang et al. ACS Appl. Mater. Interfaces. 2018, 10, 36290-36296

◆ CNT/MOL Assembly endowed the selectivity for 
primary versus secondary alcohols 

Anodic oxidation reaction

◆ Enhancing conductivity by 
decreasing the transport 
distance of the electron 
and the hole
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◼ Two-Dimensional Metal−Organic Layers to Conductivity Constraint

Anodic oxidation reaction

◆ Selectivity

C. Wang et al. ACS Appl. Mater. Interfaces. 2018, 10, 36290-36296
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 High selectivity             high-purity hydrogen  high-value-added product

◼ Architecture–Performance Relationship in Bifunctional Multilayer 

Electrodes

Anodic oxidation reaction

J.-L. Shi et al. Chem Catalysis. 2021,1, 941–955

◆ Lower than that of the 
oxygen evolution reaction
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◼ Architecture–Performance Relationship in Bifunctional Multilayer 

Electrodes

Anodic oxidation reaction

◆ How to prevent further oxidation?

◆ 费米能级以下填充电子,以上
不填充。

◆ 反键态填充电子，则不利于
吸附

◆ 反键态高于费米能级不填充
电子

◆ d能带中心靠近费米能级，利
于吸附

◆ Ag的加入(PdAg/NF)导致表Pd的d能带中心偏离费米

能级，从1.39 eV到1.44 eV

◆ 导致表面钯对产物的吸附能降低，易于解离

◆ 避免产物被进一步氧化为乙二酸

J.-L. Shi et al. Chem Catalysis. 2021,1, 941–955
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◼ Synergetic catalytic effect between Pd and Ag

Anodic oxidation reaction

J.-L. Shi et al. Chem Catalysis. 2021,1, 941–955
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◼ Architecture–Performance Relationship in Bifunctional Multilayer 

Electrodes

B. U. Kim et al. ACS Nano. 2020, 14, 6812–6822

Anodic oxidation reaction
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◼ Architecture–Performance Relationship in Bifunctional Multilayer 

Electrodes

Anodic oxidation reaction

B. U. Kim et al. ACS Nano. 2020, 14, 6812–6822
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◼ 2D MOFs catalyst for electrocatalytic HMF oxidation

G.-Q. Li et al. J. Mater. Chem. A. 2020, 8, 20386–20392

◆ Best catalyst: 
NiCoBDC-NF

Co
Ni

Ph

O

◆ The formation of 
high valence nickel 
species

Anodic oxidation reaction
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B. Zhang et al. Cell Reports Physical Science. 2021, 2,100462-100479

Anodic oxidation reaction

◼ Ni2P Hollow nanocubes modified electrode for selective thioether 

electrooxidation
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◼ Ni2P Hollow nanocubes modified electrode for selective thioether 

electrooxidation

19

◆ Ni2P is used as both cathode 
and anode material

◆ The selective oxidation is realized by 
adjusting the working voltage

Anodic oxidation reaction

B. Zhang et al. Cell Reports Physical Science. 2021, 2,100462-100479
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B. Zhang et al. Angew.Chem.Int.Ed. 2018, 57, 13163-13166

◼ NiSe nanorod modified electrode for primary amines electrooxidation.

Proposed mechanism:

Anodic oxidation reaction
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◼ NiSe NAs modified electrode for electrochemical self-coupling 

reaction

B. Zhang et al. Angew.Chem.Int.Ed.2021,60,22010–22016

Anodic oxidation reaction
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◼ NiSe NAs modified electrode for electrochemical self-coupling 

reaction

B. Zhang et al. Angew.Chem.Int.Ed.2021,60,22010–22016

Anodic oxidation reaction

◆ Z- 和 E-nitroethene are similar

Gibbs free energies

◆ The preferential adsorption of two 

–NO2 groups on electrode surface 

can dominate the E-isomer product
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◼ Mn3O4 NPs modified electrode for epoxidation of olefins

Proposed mechanism:

D.-T. Yang et al. J.Am.Chem.Soc. 2019, 141, 6413−6418

Anodic oxidation reaction
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◼ Pd-P NNs modified electrode for electrocatalytic semihydrogenation 

of alkynes. 

Cathodic reduction reaction

B. Zhang et al. Angew.Chem.Int.Ed. 2020, 59, 21170–21175
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◼ Asymmetric Cyclopropanation and Cyclopropenation

Cathodic reduction reaction

B. Zhang et al. Angew.Chem.Int.Ed. 2020, 59, 21170–21175

The incorporation of P into Pd

◆ Over hydrogenation : decrease the 

number of H atoms

◆ Adsorption of alkyne: more preferential 

adsorption of the Pd-P to C≡C π bond 

than C＝C

◆ Hydrogenation of alkynes: the stronger 

bonding of H*
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◼ CoS2 and CoS2-x NCs modified electrodes for selective electrocata

-lytic hydrogenation of α, β-unsaturated aldehydes.

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353. 

Cathodic reduction reaction
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◼ CoS2 and CoS2-x NCs modified electrodes for selective electrocata

-lytic hydrogenation of α, β-unsaturated aldehydes.

Cathodic reduction reaction

P

P: Due to the dominant

HER

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353. 
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Cathodic reduction reaction

◼ CoS2 and CoS2-x NCs modified electrodes for selective electrocata

-lytic hydrogenation of α, β-unsaturated aldehydes.

CAL→ HCAL CAL→ COL →HCOL H and C radical

◆ Sulfur vacancies: Different groups have different adsorption energy

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353. 
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◼ CoS2 and CoS2-x NCs modified electrodes for selective electrocata

-lytic hydrogenation of α, β-unsaturated aldehydes.

Cathodic reduction reaction

B. Zhang et al. Cell Reports Physical Science. 2021, 2, 100337-100353. 
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◼ Cu NWAs modified electrode for radicals coupled reaction

B. Zhang et al. Angew. Chem. Int. Ed. 2020, 59, 18527 – 18531. 

Cathodic reduction reaction
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◼ Cu NWAs modified electrode for radicals coupled reaction

Cathodic reduction reaction

B. Zhang et al. Angew. Chem. Int. Ed. 2020, 59, 18527 – 18531. 
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Summary

◆ Integrating heterogeneous electrocatalysts into electrode surfaces expands the 

range of traditional organic electrosynthesis

◆ Heterogeneous electrocatalysts can be specifically and rationally designed to 

incorporate catalytic sites and have broad application prospects

◆ Despite there are some difficulties to overcome, heterogeneous electrocatalysts 

provide a promising platform for advancing electrocatalytic conversions of 

organic molecules to value-added products
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Thanks for your kind attention ！



明德、厚学、求实、笃行 The Xiao Group36

Xuefeng Qian et al. Org. Chem. Front. 2022,9, 436-444

◼ GF-CoS2 /CoS anode for electrocatalytic epoxidation

Proposed mechanism:

Anodic oxidation reaction
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Background

◼ Application of electrochemical technology

电催化反应特点：简单、清洁、无需添加额外的氧化还原试剂

降碳
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