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The course information as follows may be subject to change, either during the session because of unforeseen
circumstances, or following review of the course at the end of the session. Queries about the course should be
directed to the course instructor.
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The goal of Physical Chemistry Il is to enable students to grasp the basic principles (the universal law of chemical
movement as well as spectrum production and the application) of intermediate level and the advanced Physical
Chemistry systematically, to help students establish a broad and deep thinking mode, and to train them to use the
principles and methods of physical chemistry to analyze and solve practical problems in future research work.
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Through the study of Physical Chemistry Il, students should understand the basic principles, laws and methods that
govern the chemical behaviours of a chemical system from macroscopic to microscopic levels, which includes:

* Basic knowledge of quantum mechanics and understand the important role of Schrodinger's equation in the study of
microscopic systems;

* Solution of the Schrodinger equation of a simple system;

* Molecular orbital theory for describing the structure and property of molecules;

* Group theory of molecules and the symmetry in chemistry;

* Crystal theory and the principle of X-ray diffraction, some typical crystal structures;

* Basic principles of rotation, vibration, electron spectroscopy, magnetic resonance spectroscopy and energy spectrum
and their chemical applications;

* Concepts of intermolecular interactions, dipole moments, polarization, and etc.;
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* Interaction of molecules in gas phase and liquid phase;

* Rate and mechanism of chemical reactions.
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Course Contents (in Parts/Chapters/Sections/Weeks. Please notify name of instructor for course section(s), if
this is a team teaching or module course.)

PR | R BN R, DR RBIEN1% . BRI FIRR TAIRE: BT R RN, 57
SR SRR R GBS SRS UTER S X SHRATH R (2R A ERMEE, BEEUT
WA

Physical Chemistry Il mainly discusses structural chemistry as well as reaction kinetics. It includes the basic principle of
quantum mechanics and its application in chemistry, the relationship between molecular structure and its properties, the
generation and application of spectra, the geometric theory of crystal structure and the principle of X-ray diffraction, the
rate and mechanism of chemical reactions, and etc. The detailed contents are as the following:

Lecture 1: The origins of quantum mechanics (2 units)

1. BF 1%l (ntroduction to quantum mechanics)

1.1 B 1122 1#2Y5 (The origins of quantum mechanics )

1.1.1 Bi4E S5Hc R R 171k (Black-body radiation and energy quantization)

—_

1.2 N 56 &1k (Photoelectric effect and photons)

—_

A3 E TS HE MBS ERE T4 (Atomic spectra and orbital angular momentum quantization)
1.2 BT J1%# 1%L (Establishment of quantum mechanics)
1.2.1 sSEWpRL PRI — 2P (Wave-particle duality of physical particles)
MFRICE 1.1 BT 258 (BOX 1.1: Electron microscopy)
1.2.2 Schrodinger Ji 2 (The Schrodinger equation )
Lecture 2: Quantum mechanical principles (2 units)
1.2.3 s #¥) Born % (The Born Interpretation of the wave function)
1.2.4 Aifi5E i # (The uncertainty principle)
1.2.5 mF /1% /AW (The postulates of quantum mechanics)
(1) B %L (Wavefunctions)
(2) H7F (Operators)
(3) AMEH 5AMER % (Eigenvalues and eigenfunctions)
(4) &5 5 HIE{H (Superpositions and expectation values)

(5) Pauli J5i# (The Pauli principle)
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Lecture 3: A particle in a box (2 units)
1.3 Pk 7 ET4E (Quantum characteristics of particle in wells)
1.3.1 —4TLBRIRFB B IR T (A particle in a box)
(1) A #%f# (Acceptable solutions)
(2) IH—1k (Normalization)
(3) fRHIMEFR (The properties of the solutions)
(4) IEX 15 Dirac #55 (Orthogonality and the bracket notation)
1.3.2 Z4ELIRIE AP KT (Motion in three-dimensions)
(1) &/ # (Separation of variables)
(2) @it (Degeneracy)
FRCE 1.2 BT AR KRSHEE (BOX 1.2: The emission spectrum of quantum dots)
1.4 BEERN SH#EFRE EHEA (Tunneling and scanning microscopy)
Lecture 4: Atomic structure (2 units)
2. JRTF45K) (Atomic structure)
2.1 BHE TR R4S (The structure of hydrogenic atoms)
2.1.1 ¥.H, T J& 7 Schrédinger 752 (The Schrédinger equation for hydrogenic atoms)
2.1.2 MbrAr i 535 840 B (Transformation of coordinates and separation of variables)
2.1.3 FIERIRAR: R THIE 5664 (The solution of the equation: Atomic orbitals and their energies)
(1) i&Z% (The energy levels)
(2) )2 5% 5% )2 (Shells and subshells)
(3) JA-F#HLE ( Atomic orbitals)
2.1.4 Virial ¥ 5% 556 (The virial theorem and zero point energy)
FHIESCEL 2.1 Rydberg 7 (BOX 2.1 Rydberg atoms)
2.2 FETHUER BT ZEEE R (Graphics of atomic orbits and electron density)
2.2.1 2R 5 A B H4 R6 E B (Painting of the radial and the angular wavefunctions)
222 %HHESFIE: BESHL

(The contour and the boundary surfaces: Parameterization for wavefunction )
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2.2.3 Mi%E: 325k (The network graphics: Parameterization for coordinate)
224 B 7= 25K (The black dot map of electron density)
2.2.5 JRFHUERFHR (Parity of atomic orbitals)
Lecture 5: The structures of many-electron atoms (2 units)
2.3 B 5AY)EE (Operators and physical quantities)
2.3.1 fizhE 58 7% (The angular momentum and quantum numbers)
2.3.2 fish B4 & 714 (Space quantization of angular momentum)
2.4 ZHTIRTHIEH (The structures of many-electron atoms)
2.4.1 Schrédinger 7772 (The Schrédinger equation)
2.4.2 il s R0 J335iE 8L (Single electron approximation and central field approximation)
2.4.3 B (SCF)  (Self-consistent field method, SCF)
2.4.4 iR 5743 (The building-up principle and the configurations)
2.4.5 Slater 1745 (The Slater determinant)
2.5 F T 4825 (Atomic structure parameters)
2.5.1 g fE (lonization energies)
2.5.2 HF3EM# (Electron affinities)
2.5.3 it (Electronegativity)
2.5.4 (K220 (Chemical hardness)
Lecture 6: Term symbols (2 units)
2.6 AT (Term symbols)
2.6.1 AF5MRE (The configuration and the states)
2.6.2 KEMAEA (Vector model)
2.6.3 {5 T (Terms and levels)
(1) B3iEfMABhE (The total orbital angular momentum)
(2) HiEZ EE (The multiplicity)
(3) fiz-5h 484 (Spin—orbit coupling)

(4) B MzhE (The total angular momentum)
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2.6.4 Hund #tJ (The Hund rules)
2.6.5 BKiTikfd: (Spectroscopic transitions and selection rules)
MIKECBE 2.2 WhaA5HE (BOX 2.2 Metastable states and laser)
2.6.6 Zeeman (5. (Zeeman effects)
Lecture 7: Molecular orbital theory (2 units)
3. T HEk 514118 (Molecular structures and theory of chemical bonds)
3.1 Born-Oppenheimer it ftl (The Born—Oppenheimer approximation)
3.2 434y Ji 3 (The variation principle)
3.3 S TFHIEHE (Molecular orbital theory)
3.3.1 Ho* ] Schrodinger S FEHISRf# (The solution of the Schrédinger equation of Hy*)
3.3.2 LA T I#R1T (Discussion on the essence of covalent bond)
3.3.3 A FHUEHFE IR E &S (Molecular orbital theory)
3.3.4 THUERZA (Types of molecular orbitals)
3.3.5 FE AR T4 T4 (Configuration of period 2 diatomic molecules)
(1) [FRZ MR F4F (Homonuclear diatomic molecules)
(2) #ZWEF4rF (Heteronuclear diatomic molecules)
AR 3.1 AbEBAEMIE % (BOX 3.1 Chemical modeling of biological nitrogen fixation)
MIRCE 3.2 0, Ny, and NO Ak 2215 (BOX 3.2 The biochemical reactivity of Oy, No, and NO)
Lecture 8: Valence bond theory (2 units)
3.4 #irEE#ie (Valence bond theory)
3.4.1 H, 1) Schradinger J5FEISKf# (The solution of the Schrédinger equation of Hy)
3.4.2 ®FIExT%: (Electron-pairing method)
(1) 2SI K ¥ (Spatial wavefunction)
(2) HESM=EL (Singlet and triplet states)
(3) B4 % (Total wavefunction)
3.4.3 ETHERZ41L (Hybridization of atomic orbitals)

3.5 XWE T THEI (Terms symbols of diatomic molecules)
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3.5.1 /- Tk 530 (Terms and levels)
3.5.2 RN HAREI (Terms from non-equivalent configuration)
3.5.3 ZA AR (Terms from equivalent configuration)
Lecture 9: Molecular symmetry and group theory (2 units)
4. 7y TR 5 S92 (Molecular symmetry and group theory)
4.1 SFHEMEE (The concept on symmetry)
4.2 MFARVE SR TE (Operations and symmetry elements)
4.2.1 gkt 554 (Rotation and rotation axis)
4.2.2 kW51 (Reflection and mirror plane)
4.2.3 [ 55X FRH (nversion and center of inversion)
4.2 .4 g ek 5wk (Improper rotation and improper-rotation axis)
4.3 715 # (The point groups of molecules )
4.3.1 HELEE (Uniaxial groups)
4.3.2 X[H# (Dihedral groups)
4.3.3 = #t (Higher order groups)
4.3.4 LligkkshEt (No rotating axis group)
4.3.5 e o Fa B2 E (Flow charts for determining point groups of molecules)
Lecture 10: Group representation theory r and applications (2 units)
4.4 TSR TOGHERER
(Relation between molecular symmetry with the dipole moment and the opticity )
4.4.1 3RS (Molecular symmetry and the dipole moment)
4.4.2 SRS iEEM (Molecular symmetry and the opticity)
FMIRCBE 4.1 FHEIEZ 3 (The mystery of the origin of chirality)
4.5 BEIFRR 5N AYIE (Group representation theory r and applications )
4.5.1 #E1%E X (Definition of group)
4.5.2 A 535E35 (Similarity transform and conjugate classes)

453 BRI 5 EARR (Representations and character tables)
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(1) XFrARVE T M 545 Eh% (Symmetrical Operating Matrix and character)
(2) AaJZ)% 7 (rreducible representation)
(3) HfEtrE 5XFrAric (Character tables and symmetry labels)
(4) EMEZ1k (Direct product and reduction)
(5) ¥EZHESF (Projection operators)
4.5.4 FELAELL AR RN S5 (Chemical applications of group theory )
Lecture 11: The structures of non-conjugated and conjugated molecules (2 units)
5. L T FRISH 5 (The structures and properties of polyatomic molecules)
51 A& 8-N LN (Structural chemistry of single nonmetals: 8-N rule)
5.2 VSEPR #tll] (VSEPR rules)
5.3 #5715 HMO 7% (Conjugated molecules and the HMO method)
5.3.1 T Z/%# HMO 4t (The HMO treatment of butadiene)
5.3.2 EHEA BRI ILHIAR R ANE A 1K B 5
(Graphic solutions of eigenvalues for straight chain and single-ring conjugated systems)
533 7 1H: n W THEE, a8, A (Molecular graph: = electron density, m bond order, 1 free valence)
5.3.4 JLHIN (Conjugation effect)
5.4 ENFE S EEEE (CMO and LMO)
Lecture 12: The structures of electron-deficient molecules (2 units)
5.5 BT THIZEH (The structures of electron-deficient molecules)
5.5.1 B TR AL SR =Fh2R (Three ttypes of the compounds with electron-deficient atoms )
5.5.2 ik 2 0o (Multicenter bonds in borane)
5.5.3 &JE kLAY % F 08 (Multicenter bonds in metal alkyl compounds)
Lecture 13: Chemical bond theory of complexes (2 units)
5.6 EAYRIILE4E P (Chemical bond theory of complexes)
5.6.1 fifAI% L (Crystal field theory)
5.6.2 i/ (Ligand field theory)

5.6.3 T-S K5 # -7l (Tanabe-Sugano diagrams and the electronic spectra)
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Lecture 14: The Conservation of orbital symmetry (2 units)
5.7 S FHuE AR ERFE (Conservation of orbital symmetry)
5.7.1 FiZkHIEH S (Frontier orbitals theory)
5.7.2 1< B ¥ (Relevance graph theory)
Lecture 15: Rotational spectra (2 units)
6. L5t >HTEH (The principles of structural analysis)
6.1 S FHIEFILAES (Quantized energy levels of molecules)
6.2 7Tt (Molecular spectroscopy)
6.2.1 SR T T3t (Rotational spectra of diatomic molecules)
(1) ¥zhi5E  (Moments of inertia)
(2) ¥ zh#Ee s (The rotational energy levels)
(3) kit (Microwave spectra)
(4) B8 (Caleulation of bond length from Microwave spectra)
(5) #2) Raman J¢i% (Rotational Raman spectra)
(6) 1 Raman Jif i+ 548K (Calculation of bond length from Raman spectra)
6.2.2 ZJEF0 FRIESEEE (Rotational spectra of polyatomic molecules)
(1) HEMIR S5 X HH0ES: (Ellipsoid of inertia and selection of principal axis)
(2) WIlT:#:7 2% (Types of Rigid Rotors)
(3) HAFEIZHIFE SN E (Moments of inertiab of various gyroscopes)
(4) %3557 HIREL AL (Energy levels and terms of various rotors)
Lecture 16: Vibrational spectra and Electronic spectra (2 units)
6.2.3 WE T4 FHR3LiE (Vibrational spectra of diatomic molecules )
(1) IR T EEH AN B (The energy levels and the wavefunctions of harmonic oscillator)
(2) IR T RT R 5IRE6iE (Selection rules and vibrational spectra of harmonic oscillator)
(3) AR ML PRI 5IR3NGE (Selection rules and vibrational spectra of anharmonic oscillator)
(4) PR-$E 4046 (Vibration—rotation Infrared absorption spectra)

(5) ¥&-* Raman Ytit (Vibration—rotation Raman spectra)
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6.2.4 Z R T4 TR (Vibrational Spectra of polyatomic molecules)
(1) IEM#3 (Normal modes)
(2) EFHN (Exclusive rule)
(3) &AMt ( Infrared absorption spectra)
FHRSCER 6.1 B BRI s AR B
(BOX 6.1: Rotational and vbrational spectroscopy of interstellar species)
6.2.5 B¢ (Electronic spectra)
6.2.6 M8 (Fluorescence and phosphorescence)
MFRCB 6.2 G tE A (Green fluorescent protein)
Lecture 17: Nuclear magnetic resonance spectra
6.3 #ZHEHLIRIE (Nuclear magnetic resonance spectra)
6.3.1 IZHiREY: (The energies of nuclei in magnetic fields)
6.3.2 9% (Nuclear magnetic resonance)
6.3.3 {¥fi# (The chemical shift)
6.3.4 Atk & 5 HE%¢ (Spin coupling and spin splitting)
6.3.5 — itk ffa AL EEYE (Simple regularity of first-order spectra)
Lecture 18: Electron paramagnetic resonance spectra and Electron spectroscopy
7.4 HFIRESEIRRE (Electron paramagnetic resonance spectra)
7.41 WY HEHGES (The energies of electrons in magnetic fields )
7.4.2 kIR (Electron paramagnetic resonance)
7.4.3 gfi (The g-value)
7.4.4 FBIEANSEM (Hyperfine structure)
7.4.5 EPR KN A (Application of EPR)
FARSCB 7.2 BEiR%E (Spin probes)
7.5 H-FHERE (Electron spectroscopy)
7.5.1 A JFEH (The basic principles)

7.5.2 {X#% (The spectrometer)

(2 units)

(2 units)

10
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7.5.3 &4 HETFREWE (The Ultraviolet photoelectron spectra)
7.5.4 X HHEEEHT-REWE (The X-ray photoelectron spectra)
7.5.5 Auger fitit (The Auger spectra)
Lecture 19: The periodicity and lattices of crystals (2 units)
8. WM E LR S X ST ATENE (Crystal lattices and X-ray crystallography)
8.1 MMM R 545 K4FE (The properties and structural characteristics of crystals)
8.2 WAL &Kl (Crystal materials in modern science and technology)
8.3 MR IR % (The periodicity and lattices of crystals)
8.3.1 £ty o5 AFE (Structural motif and lattices)
8.3.2 Al A AN (Lattice units and lattices)
8.3.3 ‘£ # (Translation group)
8.3.4 ffile (CelD
Lecture 20: Symmetry of crystals (2 units)
8.4 FARLEMIIXIFRIE (Symmetry of crystals)
8.4.1 MHREAEFXIFRICE (Symmetry operations and symmetry elements)
8.4.2 32 Fhihik2: S (32 Crystallographic point groups)
8.4.3 7 R &A1 6 Pk (7 Crystal systems and 6 crystal families)
8.4.4 14 Fhsw] H[5ERIX (The fourteen Bravais lattices)
8.4.5 fifEs. B AR, P AFEMIENR (Indices of points, lines and planes in lattice)
Lecture 21: The Laue equation set and the Bragg equation (2 units)
8.4.6 Z[Alff (space group)
8.4.7 FARII A TN FRIEI K & (Relations of various symmetries of crystals)
8.5 X H£&fiihtik (X-ray diffraction)
8.5.1 ffExt X Sk T8 (Coherent scattering of X-ray by crystal)
8.5.2 fiTJ 1A 5 i 4L (Diffraction directions and cell parameters)
(1) Laue 7% (The Laue equation set)

(2) Bragg 777 (The Bragg equation)

11
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Lecture 22: Powder X-ray diffraction and four-circle diffraction (2 units)
8.5.3 AT RE 5l rh R T/3 4 (Diffraction intensity and atomic distribution in unit cell)
8.5.4 ¥ Kfii4+ (Powder X-ray diffraction)
8.5.6 18 7 Al 5 U RIA7 4 ¥ (Reciprocal lattice and four-circle diffraction)
(1) 1815 % (Reciprocal lattice)
(2) Ewald J5f% (The Ewald equation)
(3) T4 (Four-circle diffraction)
Lecture 23: The structures of metallic solids (2 units)
9. &R Mk S E RN (The structures of metallic and ionic solids)
9.1 &JRHARARARLEH (The structures of single metal)
9.1.1 SR E B EHERIZER) . Ay Al A; (Closest packing of equal diameter spheres: A; and A3)
9.1.2 HEHER T KRS (Holes in closest-packed structures)
9.1.3 JEHEFEHERI 5 (Nonclosest-packed structures)
9.1.4 F=MFIFZ (The spatial utilization rate)
9.1.5 &BJET¥1% (Atomic radii of metals)
Lecture 24: The structures of ionic solids (2 units)
9.2 BT RAKISEHIFITER (Structures and properties of ionic solids)
9.2.1 BT FEIK AL (lonic bonds and lattice enthalpy)
9.2.2 T4t (Radii of ions)
9.2.3 B4 5L (The ratio of ionic radii and coordination numbers)
9.2.4 B THERN 5 A 45Fy (lonic packing and crystal structures)
9.2.5 ZIuE TR IS Rk (Crystallization chemistry of binary lonic solids)
Lecture 25: Crystallochemistry of multicomponent ionic solids (2 units)
9.2.6 Z JUE T A IRIM 4 S 2R Pauling U
(Crystallochemistry of multicomponent ionic solids: Pauling rules)
9.2.7 MR #h 45 HIfAi A (The introduction to the structures of silicates)

9.2.8 54kl AI45H) (The structures of perovskite type)

12
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9.2.9 Bk R (The ionic polarization effects)
9.2.10 & b e i 5 A AR 7 53 (Crystal chemical law and bond-type variation principle)

Lecture 26-30: The rates of chemical reactions

Empirical chemical kinetics

10.1 The rates of reactions

10.2 Integrated rate laws

10.3 Reactions approaching equilibrium

10.4 The temperature dependence of reaction rates

Accounting for the rate laws

10.5 Elementary reactions

10.6 Complex reactions

The kinetics of complex reactions

10.7 Chain reactions

10.7.1 The rate laws of chain reactions

10.7.2 Explosions

10.8 Polymerization kinetics

10.9 Enzyme Catalysis

10.10 Photochemistry: kinetics of photophysical and photochemical processes
Lecture 31-32: Molecular reaction dynamics

11.1 Collision theory

11.2 Transition state theory

11.2.1 The Eyring equation

11.2.2 Thermodynamic aspects

11.2.3 Potential energy surfaces

(11 units)

(3 units)

it REE 2 %%k Textbook and Supplementary Readings

¥+t (Textbook):
1. Physical Chemistry, P.W. Atkins, Seventh Edition (required)
2. ik, AEWiEG, 5 3 IREEE 2 i, mSE A it

%% 4 (Reference):

13
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1. Solutions Manual for Physical Chemistry, 7th edition, Atkins et al.(recommended)

iR R 5 LR, RN, RS HCE R

3. Survival Guide for Physical Chemistry, M. Francl (recommended)
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Quiz

PR E Projects
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R ##t REVIEW AND APPROVAL
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This Course has been approved by the following person or committee of authority

WHRHFRIRAR

Teaching committee of the chemistry department
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