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一、教学目的：

Electrochemistry is one of important components of physical chemistry, it is not only associated with inorganic chemistry, organic chemistry, analytical chemistry and chemical engineering, and other related disciplines, but also penetrate into environmental science, energy, science, biology and the metal industry and other fields. Electrochemistry mainly investigates the conversation between the electric energy and chemical energy as well as the relevant fundamentals during the process of transformation. The electrochemical studies include electrolyte solution theory, the electrochemical thermodynamics, electrochemical kinetics and electrochemical applications. Electrolyte solution and knowledge of electrochemical thermodynamics was introduced in physical chemistry textbook, the course mainly aims to introduce electrode electrochemical system and kinetic theory of electrode processes, on this basis, the electrochemical application in all related fields was introduced, such as the electrocatalysis, chemical battery, finishing and electroplating, metal corrosion and inhibition, and so on. 

    电化学是物理化学的一个重要组成部分，它不仅与无机化学、有机化学、分析化学和化学工程等学科相关，还渗透到环境科学、能源科学、生物学和金属工业等领域。电化学主要是研究电能和化学能之间的相互转化及转化过程当中有关规律的科学。电化学所研究的内容有：电解质溶液理论、电化学热力学、电化学动力学和电化学应用。电解质溶液和电化学热力学的有关知识已在物理化学教材中作了介绍，本课程旨在于重点介绍电化学体系和电极过程动力学基础理论，并在此基础上介绍电化学在各有关领域的应用，如电催化(燃料电池)、化学电源(如铅酸蓄电池，锂离子电池等)、电镀精饰、金属腐蚀与防护等。
二、课程内容
Chapter I Introduction
1、Teaching content：Section I The definition of electrochemistry

Electrochemistry and modern electrochemistry

Section II A Brief history of the development of electrochemistry

Volta pile electrochemistry; development electrochemical; Development in domestic and overseas
2、Key points: description on the development of electrochemistry, connotation of modern electrochemistry and the present development of electrochemistry
Chapter II The structure and nature of the charged interface
1、Teaching content：the basic knowledge of electrochemistry on electrode system; the component of electrochemical cell and the electrode reaction. The interface and interfacial phase involving the solid/liquid interface; electrochemical double-layer and interfacial electric field. The development of interfacial double-layer models. The electrode potential: for example the external potential; surface potential; inner potential; electrochemical potential; image charge; external potential difference; inner potential difference; electrochemical potential difference; relative electrode potential; absolute electrode potential; electrode potential. The introduction to the experimental methods for measuring parameters at electrode/electrolyte interface and its major results ideal polarization electrode. The adsorption phenomenon on the electrode/solution interface. 

2、Key points: description on the component of a basic electrochemical system. The concept of over potential and polarization. The electrode potential and its measurement. The development of electrochemical double-layer model and components. The electrochemical interfacial adsorption and the measurements.

Chapter III The kinetics of the electrode processes 

1、Teaching content: The types of mass transfer in liquid phase and the basic equation 
The Section II steady diffusion of mass transfer on the plane electrode 
The formula of concentration polarization curve for mass transfer by diffusion
The influence of electric field in diffusion layer on the steady-state current 
The electrochemical polarization, the definition; over potential of electrochemical polarization; and the dynamics and thermodynamics treatments
The kinetic equation and parameters of basic electrochemical processes

The Electrochemical equilibrium and dynamic analysis of the electrochemical polarization

The kinetic analysis of the co-existence of concentration polarization and electrochemical polarization

2、Key points:

The definition of ideal polarization electrode. How to determine the parameters at the electrode/solution interface by the electro-capillary curves and differential capacitance method.
The mass transfer mode of convection; diffusion; electromigration  the basic equation of Fick first law; the basic equation of mass transfer in liquid phase  the diffusion types of steady diffusion; non-steady diffusion The over potential of concentration difference and concentration polarization curve formula

The influence of electric field in diffusion layer on the steady-state current; the influence of concentration of the inert electrolyte. The definition of electrochemical polarization  The basic kinetic equation of electrochemical processes

Electrochemical parameters of potential of zero charge; net current; inner and external current; anodic and cathodic electrochemical polarization and over potential; exchange current density The standard system of electrode reaction   First, the electrochemical equilibrium and electrode potential

the dynamic equations of electrode reaction rate and dynamic analysis of mixed-control of concentration polarization and electrochemical polarization.
The basic kinetic parameters of the electrochemical processes and their physical meaning. 
Chapter IV Electrochemical measurement techniques 

1、Teaching content: 
The steady state and transient state, equilibrium techniques, and the corresponding steady and transient states techniques

The classific electrochemical methods involving equilibrium technique, the steady state and  transient technique. Different electrochemical methods for investigation on the interfacial structures of electrode/solution.

The modern electrochemical methods such as the ex-situ and in-situ techniques, spectroelectrochemical method and other modern electrochemical methods with high sensitivity and resolution. 
2、Key points:

The definition of steady state and transient state together with the steady and transient states techniques.
The classific electrochemical methods as potential analysis; differential capacitance; non Faraday impedance determination, measurements on steady-state polarization curve; polarography,  Coulomb's law, potential and current step, linear scanning potential, cyclic voltammetry, peak current, peak potential.

Introduction on potential step; constant current electrolysis; chronoamperimetry; chronocoulometry; impedance spectroscopy and electrocapillary curves.

Modern electrochemical methods including the ex-situ and in-situ techniques, such as Infrared spectroscopy; UV; Raman spectroscopy; fluorescence; electron spin spectroscopy and Quartz crystal microbalance (QCM); Scanning probe microscopy (SPM).
Chapter V Electrocatalytic process
1、Teaching content: 
The principle of electrocatalysis. The effects on electrocatalytic performance, the evaluation of the electrocatalytic activities. 

The electrocatalytic of the hydrogen reaction

The electrocatalytic of the oxygen reaction on electrode

The electriccatalytic oxidation of small organic molecules

The introduction of fuel cell including fundmental, history, development and application  

The present status and development of fuel cell and fuel cell industrial and applications in China
The development trends of fuel cells
2、Key points:

The types of electrocatalysis and the general principles, the effects of electrode materials, the structure and composition; the redox potential; carriers; surface microstructure; chemical environment in the solution on electrocatalysis performance. The evaluation of the electrocatalytic activities by electrochemical and spectroscopic techniques.
The basic electrocatalysis of the hydrogen and oxygen reaction on metal electrode, consideration the effect of  electrode materials; electrolyte; hydrogen evolution mechanism(s). Resolve the basic steps of hydrogen evolution containing complex desorption; electrochemical desorption; evolution over potential; electrode materials; the exchange current density and the metal-H bond strength. The mechanism(s) of oxygen reduction in acidic and alkaline medium on non-metal, noble metal electrode, the electrocatalytic reduction of oxygen on transition metal oxides; transitional metal macrocyclic complex surface.
Electriccatalytic oxidation of small organic molecules including the oxidation of small organic molecules on the pure metal catalyst, mechanism; sequence of metal catalytic activity. Oxidation on the dual or multiple metal electrocatalyst. The preparation of electrocatalyst by considering the metal distribution; roughness; surface area; dispersion method and carrier.
The introduction to fuel cells on fundamental, history, development and application. The characteristics of fuel cell. The basic components and the classification of fuel cells. The proton exchange membrane fuel cell and direct methanol fuel cell. The basic electrochemical problem concerned to the fuel cells. The present and potential application of fuel cell in China and the development trends of fuel cells.
Chapter VI Chemical battery 
1、Teaching content: 
The definition of chemical battery and its classification, the characteristics of electrolyte, the main performance.

The history, development and applications of chemical battery.
The types and principle of the battery including alkaline zinc manganese battery; zinc and lithium batteries and so on.

General nature and application of second battery. The definition, type and the principle of rechargeable battery.
The history, principle and application of lead-acid battery Li ion battery. The environmental problem of the lead-acid battery. The recycle of electrode materials of Pb and PbO2.

The tips for the usage of lead acid battery and Li ion battery in daily life. 
2、Key points:

primary battery; rechargeable battery; storage battery

the characteristics of electrolyte in the chemical battery including aqueous system; organic solvent system; solid electrolyte. 

The main performance of chemical battery: working voltage; inner resistance; capacity; discharge rate; energy; power; self-discharge; over charge; the selection and application of chemical battery. 

The introduction on the Carbon-Znic battery, alkaline zinc manganese battery, zinc and Lithium batteries, alkaline Ni/Cd batteries; nickel hydrogen; hydrogen storage materials; Lit ion battery; secondary Zinc battery and the corresponding charging and discharging electrode reaction.
The charging and discharging curve of rechargeable battery; active materials for the electrodes; self-discharge; electrode corrosion; electrolyte. 
Calculate the capacity and battery voltage of alkaline zinc-air battery based on the thermodynamics data. Describing the main parameters to determine the battery performance. The electrode reactions of chemical battery.
Chapter VII Electroplating on the metal surface
1、Teaching content: 
The principle of metal electrodeposition and codeposition

The electroplating process and application
The techniques for metal coating on plastic surface, principle and application 

The anode oxidation metal electrode involving the processes; polarization curves; anode oxide film; potential range for the passive film formation.
The electrophoresis coating: principle, processes, the cathodic coating and anodic coating.

2、Key points:

The reduction of a simple metal ion reduction steps and the relevant electrochemical treatments.
The reduction of metal complex ions: mechanism of reduction processes; reduction potential. The principle of metal codeposition 

The metal electric crystallization kinetic steps; growth; electrocrystallization; differences with precipitation; nucleation formation mechanism. The factors on the quality of plating layer.
Surface surfactants in electrodeposition including definition; flatness; finishing; principle for selecting additives. 

The details about electroplating process, bath performance, crystal particle size; electrical conductivity; adhesion; deposition rate, effect of the plating process on coating layers, influence of hydrogen evolution; factors that affect the electrodeposition. the typical electroplating process of single metal plating, alloy plating; composite plating and molten salt plating.
Nickel deposition recipe for metal coating on plastic surface

The examples of metal anode oxidation: the anodic oxidation of aluminum (AAO) and the anodic oxidation of titanium.
Anodic and cathodic electrophoresis coating technology: process; electrode reaction; anion resin; cation resin.
Chapter VIII, Electrochemical corrosion and inhibition
1、Teaching content: 
The importance of metal corrosion and inhibition and the electrochemical corrosion process of metals. The typical metal passivation I-E curve

The types of corrosion and the formation of corrosion battery and potential-pH diagram and its application in the metal inhibition 

Electrochemical inhibition of metals , processes and mechanisms. The selection rules and evaluation techniques of inhibitor
2、Key points:

The metal corrosion and inhibition, the electrochemical corrosion reaction anodic and cathodic reactions; definition; reaction mechanisms.
The type of corrosion including uniform corrosion; pitting corrosion; intergranular stress corrosion and so on. The formation of corrosion battery involving the metal dissolution, hydrogen evolution and voltage of corrosion battery.
The usage of potential-pH diagram in the metal inhibition, example: potential-pH diagram of Fe-H2O system, conditions and steps for construction; classified region; thermodynamic stable region, corrosion region; passive region; cathodic protection.
Electrochemical inhibition of metals including metal coating; anodic and cathodic protection; inhibitor 
The selection rules and evaluation techniques of inhibitor based on the electrochemical and modern techniques investigation. 
三、各章课时分配表
	  章序号
	章内容
	学时数

	1
	Introduction
	2

	2
	The structure and nature of the charged interface
	4

	3
	The kinetics of the electrode processes
	6

	4
	Electrochemical measurement techniques
	4

	5
	Electrocatalytic process
	8

	6
	Chemical battery
	4

	7
	Electroplating on the metal surface
	4

	8
	Electrochemical corrosion and inhibition
	4

	总        计
	36
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