《结构化学（全英文）》课程教学大纲

课程代码：09040001
课程类别：学科基础课程

授课对象：化学专业
开课学期：春季
学    分：3学分

主讲教师：樊建芬、李淑瑾、白同春等

指定教材：孙墨珑编著，《Structural Chemistry》，东北林业大学出版社，2003年。
一、教学目的： 

本课程旨在介绍“物质结构”的基本概念、基本理论及基本方法，探讨原子、分子和晶体的微观结构及其与性能之间的关系，以能较系统地阐明元素周期律的本质及较深入地、定性地阐明化学键的本质为主要目标。本课程主要介绍量子力学基础和原子结构以及对简单体系的应用、电子自旋及多电子原子结构、分子的对称性原理以及双原子分子、共轭分子和多原子分子的分子轨道理论、配位场理论和晶体结构等有关内容。通过学习，培养学生用微观结构的观点和方法来分析、解决化学问题。

二、课程内容

Introduction

1、Teaching content
I. The task of《Structural Chemistry》course
II. A brief history of the research and development of matter structure

III. The content arrangements of the course
IV. The features of this course and the corresponding learning requirements

V. Major references of this curse works
2、Teaching Points
Brief history of the research and development of matter structure; Features of this course, Arrangements of the teaching content.
Chapter 1 Quantum Theory

1、Teaching content
1.1  The Origins of Quantum Mechanics 

1.1.1 The Failures Classical Physics

1.1.2 Wave-Particle Duality

1.1.3 The Uncertainty Principle 

1.2  The Schrödinger Equation

1.2.1 The Schrödinger Equation

1.2.2 Wavefunction

1.2.3 Operators

1.2.4 Wavefunction Superposition

1.3  Particle in a Box

1.3.1 Particle in a One-dimensional Box

1.3.2 Particle in a Three-dimensional Box

1.4  Vibrational Motion and Rotational Motion

1.4.1 Vibrational Motion

1.4.2 Rotation in Three Dimensions

1.4.3 Angular Momentum

1.5  Postulates of Quantum Mechanics 

2、Teaching Points
Wave-particle duality and uncertainty principle；Wavefunction and operators; Schrödinger equation and its application for the particle in a box; Vibration, rotation and angular momentum; Postulates of quantum mechanics.
Chapter 2 Atomic Structure

1、Teaching content
2.1  Hydrogenic Atoms

2.1.1 The Spectra of Hydrogenic Atoms

2.1.2 The Schrödinger Equation for Hydrogenic Atoms

2.1.3 The Radial Solutions

2.2  Atomic Orbitals and Their Energies

2.2.1 Atomic Orbitals

2.2.2 The Energy Levels

2.2.3 Shells and Subshells

2.3  Eigenfunctions and Probability Densities for Hydrogenic Atoms

2.3.1 Radial Probability Density

2.3.2 Electron Density

2.4  The Structures of Many-Electron Atoms

2.4.1 The Orbital Approximation

2.4.2 Electron Spin

2.4.3 The Pauli Principle 

2.4.4 Self-Consistent Field Method

2.4.5 Penetration and Shielding

2.4.6 The Building-up Principle 

2.5  Atomic Term Symbols

2.5.1 Spin-Orbit Coupling

2.5.2 Atomic Term Symbols

2、Teaching Points
Schrödinger equation and its solution for hydrogenic atoms; Quantum number and wavefunction; Graphical representation of electron cloud; Structural theory of many-electron atoms; Electron spin and pauli principle; Atomic term symbols.
Chapter 3 Molecular Structure 

1、Teaching content
3.1  The Hydrogen Molecule Ion

3.1.1 The Born-Oppenheimer Approximation

3.1.2 The Hydrogen Molecule Ion

3.1.3 Variational Method

3.1.4 Calculation of the Energy of the Hydrogen Molecule Ion

3.2  Molecular Orbital Theory

3.3  The Structures of Diatomic Molecules 

3.3.1 Homonuclear diatomic Molecules 

3.3.2 Heteronuclear diatomic Molecules

3.4  Electronic Structures of Polyatomic Molecules

3.5  Hückel Molecular Orbital Theory

3.5.1 Ethylene and π Orbitals

3.5.2 Butadiene and π-Electron Binding Energy

3.5.3 Benzene and Aromatic Stability

3.6  Symmetry of Molecules

3.6.1 Operations and Symmetry Elements

3.6.2 The Symmetry Classification of Molecules

2、Teaching Points
Structure of hydrogen molecule ion and molecular orbital theory; Structures of diatomic and polyatomic molecules; Hückel molecular orbital theory; Molecular symmetry and point group.
Chapter  4  Coordination Compounds

1、Teaching content
4.1  The Crystal Field Theory

4.1.1 Splitting of d Orbitals in an Octahedral Field of Ligands

4.1.2 Spectrum of Complexes

4.1.3 Electron Configurations in Octahedral Complexes

4.1.4 Crystal Field Stabilization Energy

4.1.5 Tetrahedral and Square-Planar Complexes

4.2  The Molecular Orbital Theory 

4.2.1 σ Covalent Bonding

4.2.2 π Covalent Bonding

2、Teaching Points
Crystal field theory；Splitting of d orbitals；d electron configurations; Crystal field stabilization energy; Molecular orbital theory of coordination compounds.
Chapter  6  Crystal Structure 

1、Teaching content
6.1  Classification of Crystal Structure 

6.1.1Structural Pattern

6.1.2 Crystallographic Point Groups

6.2  Designation of Crystal Planes

6.3  Diffraction Methods

6.3.1 X-ray Diffraction

6.3.2 Some Examples
6.4  The Packing of Identical Spheres: Metal Crystals

6.4.1 Close Packing

6.4.2 Less Closely Packed Structures

6.5  Ionic Crystals and Other Crystals

6.5.1 Ionic Crystals

6.5.2 Information from X-ray Analysis

2、Teaching Points
Crystallographic point groups；Designation of crystal planes；X-ray diffraction analysis；Packing of identical spheres；Ionic crystals and other crystals.

三、The class allocation table of various chapters
	No. of Chapter
	Content
	Number of hours

	Introduction
	/
	1

	Chapter 1
	Quantum Theory
	5

	Chapter 2
	Atomic Structure
	10

	Chapter 3
	Molecular Structure
	10

	Chapter 4
	Coordination Compounds
	6

	Chapter 6
	Crystal Structure
	4

	Total
	
	36
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