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一、教学目的：

Physical chemistry is a demanding but richly rewarding subject. It underlies all chemistry, and is becoming increasingly important as the investigative and computational aspects of chemistry become more sophisticated. This course will give you an introduction to the wide range of topics that constitute physical chemistry. This course focused on three parts of equilibrium, structure and change. It begins with the introduction of gases, thermodynamics, phase diagram, chemical equilibrium and electrochemistry. The second part includes the historical development of quantum theory, molecular structure and symmetry, spectroscopy and statistical thermodynamics. In the last part, the kinetics, processes at solid surface and dynamics of electron transfer will be presented. This course will provide a fundamental grounding in thermodynamics, kinetics, quantum theory, spectroscopy, electrochemistry, surface chemistry and that can be applied to any field of chemistry. 
物理化学是一门要求很高但非常有用的学科。是所有化学专业的主干基础学科，并当化学的研究以及计算方向变得更复杂时起着越来越重要的作用。课程介绍了组成物理化学的宽范围的主题，主要集中在平衡，结构和变化三部分。本课程首先介绍气体，热力学，相图，化学平衡以及电化学相关知识。第而部分主要包括量子理论的发展历史，分子结构及对称性，光谱学和统计热力学。最后一部分主要介绍动力学，固体表面结构和电子转移动力学。总之通过该改课程的学习主要获得有关热力学，动力学，量子理论，光谱学，电化学以及表面化学等基础知识，并可应用化学学科的所有分支领域。

二、课程内容
Part 1 Equilibrium 
10 Equilibrium electrochemistry 

The thermodynamic properties of ions in solution 

10.1 Thermodynamic functions of formation 

10.2 Ion activities 

Electrochemical cells 

10.3 Half-reactions and electrodes 

10.4 Varieties of cells 

10.5 Standard potentials 

Applications of standard potentials 

10.6 The electrochemical series 

10.7 The measurement of pH and pKa 

10.8 Thermodynamic functions 
Part 2 Structure 
11 Quantum theory: introduction and principles 

The origins of quantum mechanics 

11.1 The failures of classical physics 

11.2 Wave-particle duality 

The dynamics of microscopic systems 

11.3 The Schr6dinger equation 

11.4 The Born interpretation of the wavefunction 

Quantum mechanical principles 

11.5 The information in a wavefunction 

11.6 The uncertainty principle 

12 Quantum theory: techniques and applications 

Translational motion 

12.1 A particle in a box 

12.2 Motion in two and more dimensions 

12.3 Tunnelling

Vibrational motion 

12.4 The energy levels 

12.5 The wavefunctions 

Rotational motion 

12.6 Rotation in two dimensions: the particle on a ring 

12.7 Rotation in three dimensions: the particle on a sphere 

12.8 Spin 

Techniques of approximation 

12.9 Time-independent perturbation theory 

12.10 Time-dependent perturbation theory 

13 Atomic structure and atomic spectra 

The structure and spectra of hydrogenic atoms 

13.1 The structure of hydrogenic atoms 

13.2 Atomic orbitals and their energies 

13.3 Spectroscopic transitions and selection rules 

The structures of many-electron atoms 

13.4 The orbital approximation 

13.5 Self-consistent field orbitals

The spectra of complex atoms 

13.6 Quantum defects and ionization limits 

13.7 Singlet and triplet states 

13.8 Spin-orbit coupling 

13.9 Term symbols and selection rules 

14 Molecular structure 

The Born-Oppenheimer approximation 

Valence-bond theory 

14.1 The hydrogen molecule 

14.2 Homonuclear diatomic molecules 

14.3 Polyatomic molecules 

Molecular orbital theory 

14.4 The hydrogen molecule-ion 

14.5 The structures of diatomic molecules 

14.6 Heteronuclear diatomic molecules 

Molecular orbitals for polyatomic systems 

14.7 The Huckel approximation 

14.8 Extended Huckel theory 

14.9 Self-consistent field calculations 
16 Spectroscopy 1: rotational and vibrational spectra 

General features of spectroscopy 

16.1 Experimental techniques 

16.2 The intensities of spectral lines 

16.3 Linewidths 

Pure rotation spectra 

16.4 Moments of inertia 

16.5 The rotational energy levels 

10.6 Rotational transitions 

16.7 Rotational Raman spectra 

16.8 Nuclear statistics and rotational states 

The vibrations of diatomic molecules 

16. 9 Molecular vibrations 

16.10 Selection rules 

16.11 Anharmonicity 

16.12 Vibration-rotation spectra 

16.13 Vibrational Raman spectra of diatomic molecules 

The vibrations of polyatomic molecules 

16.14 Normal modes 

16.15 Infrared absorption spectra of poly atomic molecules 

16.16 Vibrational Raman spectra of poly atomic molecules 

16.17 Symmetry aspects of molecular vibrations 

17 Spectroscopy 2: electronic transitions 

The characteristics of electronic transitions 

17.1 The electronic spectra of diatomic molecules 

17.2 The electronic spectra of poly atomic molecules 

The fates of electronically excited states 

17.3Fluorescence and phosphorescence 

17.4 Dissociation and predissociation 

Lasers

17.5 General principles of laser action 

17.6 Practical lasers 

17.7 Applications of lasers in chemistry

Photoelectron spectroscopy 

17.8 The technique 

17.9 Ultraviolet photoelectron spectroscopy 

17.10 X-ray photoelectron spectroscopy 

18 Spectroscopy 3: magnetic resonance 

The effect of magnetic fields on electrons and nuclei 

18.1 The energies of electrons in magnetic fields 

18.2 The energies of nuclei in magnetic fields 

18.3 Magnetic resonance spectroscopy 

Nuclear magnetic resonance 

18.4 The NMR spectrometer 

18.5 The chemical shift 

18.6 The fine structure 

Pulse techniques in NMR 

18.7 The magnetization vector 

18.8 Linewidths and rate processes 

18.9 Spin decoupling 

18.10 The nuclear Overhauser effect
18.11 Two-dimensional NMR 

18.12 Solid-state NMR 

Electron spin resonance 

18.13 The ESR spectrometer 

18.14 The g-value 
18.15 Hyperfine structure 

19 Statistical thermodynamics: the concepts 

The distribution of molecular states 

19.1 Configurations and weights 

19.2 The molecular partition function 

The internal energy and the entropy 

19.3 The internal energy 

19.4 The statistical entropy 

The canonical partition function 

19.5 The canonical ensemble 

19.6 The thermodynamic information in the partition function

19.7 Independent molecules 

20 Statistical thermodynamics: the machinery 

Fundamental relations 

20.1 The thermodynamic functions 

20.2 The molecular partition function 

Using statistical thermodynamics 

20.3 Mean energies 

20.4 Heat capacities 

20.5 Equations of state 

20.6 Residual entropies 

20.7 Equilibrium constants 

三、各章课时分配表
	  章序号
	章内容
	学时数

	10
	Equilibrium electrochemistry
	6

	11
	Quantum theory: introduction and principles
	8

	12
	Quantum theory: techniques and applications
	8

	13
	Atomic structure and atomic spectra
	8

	14
	Molecular structure
	6

	16
	Spectroscopy 1: rotational and vibrational spectra
	8

	17
	Spectroscopy 2: electronic transitions 
	8

	18
	Spectroscopy 3: magnetic resonance 
	6

	19
	Statistical thermodynamics: the concepts 
	8

	20
	Statistical thermodynamics: the machinery 
	6
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