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Course Title

Introductory Chemistry

General Chemistry A: Reactions, Thermodynamics, and Kinetics

General Chemistry B: Atomic Structure, Molecules, and Bonding Theories
Laboratory for General Chemistry A

Organic Chemistry |

Fundamentals of Organic Chemistry

Inorganic Chemistry |

Fundamentals of Analytical Chemistry

Mathematical Methods for Physical Chemistry

Physical Chemistry I: Equilibrium Thermodynamics and Statistical Mechanics
Synthetic Chemistry Laboratory |

Molecular Characterization Chemistry Laboratory |

Great Ideas in Chemistry

Structural Elucidation in Organic Chemistry

Biomolecular Chemistry

Intermediate Organic Chemistry

Biomolecular Synthesis Laboratory

Biomolecular Characterization Laboratory



The Hong Kong University of Science and Technology
Department of Chemistry

CHEM 1008 — Introductory Chemistry (3-credits) Fall 2025 - 2026
Instructors:

Prof. Jinging HUANG Prof. Emily M.W. TSANG

Office: Rm 4544 (lift 25/26) Office: Rm 4536 (lift 25/26)

E-mail*: jghuang@ust.hk E-mail*: chetsang@ust.hk

*Instructor office hour by email appointment

Course Description:

This course targets science or engineering students with very little to no chemistry background. It
provides a general introduction to basic principles of chemistry. Key topics include state of matters,
atoms and elements, molecules and compounds, atomic structures and periodicity, molecular
structures, quantities in chemical reactions, bonding theories, acids and bases, and solution

chemistry.

Exclusions: Level 3 or above in HKDSE 1/2x Chemistry OR HKDSE 1x Chemistry, a passing grade in
AL/AS Chemistry, any CHEM courses at or above 1004-level

Class Schedule and Venue:

L1 Mon 3:00 - 4:20 pm
Fri 10:30-11:50 am Rm 2464 (Lift 25/26)

L2 Tues, Thurs 4:30 - 5:50 pm

Course Content/Topics:

Chapter 1: Matter and Energy Chapter 7: Electrons in Atom and the Periodic Table
Chapter 2: Atoms and Elements Chapter 8: Chemical Bonding

Chapter 3: Molecules and Compounds Chapter 9: Solids, Liguids, and Intermolecular Forces
Chapter 4: Chemical Composition Chapter 10: Properties of Solutions

Chapter 5: Chemical Reactions Chapter 11: Acids and Bases

Chapter 6: Reaction Stoichiometry Chapter 12: Chemical Equilibrium

Intended Learning Outcomes:
Upon successful completion of this course, students are expected to be able to:
1. Develop a microscopic view of the worlds in terms of atoms and molecules
2. Recognize physical/chemical properties, physical/chemical changes
3. Apply knowledge of states of matter, chemical reactions, stoichiometry, atomic structure,
chemical bonding, molecular structure, and intermolecular interactions.
4. QObtain a basic knowledge of solution chemistry, acid-base chemistry, chemical equilibrium.
5. Recognize and appreciate the impact and significance of chemistry to our society.

Course Grading Scheme

Online Quizzes (2 x 10% each) 20%
In-class Midterm Exam 40 %
In-class Final Exam 40 %




The Hong Kong University of Science and Techonology

UG Course Syllabus

General Chemistry A: Reactions, Thermodynamics, and Reaction Kinetics
CHEM 1011

3 Credits

Instructor:
Name: Dr. Frederick Fu Kit SHEONG (1* half of the course)
Email: chemfksheong@ust.hk

Name: Prof. Zhenyang LIN (2™ half of the course)
Email: chzlin@ust.hk

Instructional Assistant:
Name: Dr. Long Yiu TSANG
Email: lytsangchem(@ust.hk

Office Hours: Every Thursday, 12:30pm — 3:00pm, at Room 4507

Course Description

This course targets at students who have acquired prior knowledge in fundamental Chemistry
in high school. Key topics include stoichiometry, chemical energy, propetties of aqueous
solutions, acids and bases, thermodynamics and equilibrium, reaction Kkinetics, and
electrochemistry.

Intended Learning Outcomes (ILOs)

By the end of this course, students will be able to:

1
2
3.
4
5

. Analyze properties of solutions and determine stoichiometry of chemical transformations.
. Describe different definitions of acids and bases theories and understand acid-base

equilibrium.
Apply the laws of thermodynamics and account for the factors that lead to spontaneous
physical and chemical changes.

. Describe redox reactions, use electrochemical data to predict the spontaneity of redox

reactions, and comprehend the structures of electrochemical cells.

Understand the fundamental chemical properties of organic and biological molecules at a
molecular level, differentiate between synthetic and natural polymers while appreciating
the diverse roles played by biological molecules such as starch, cellulose, proteins, DNA,
and RNA in living systems.

Recognize the impact of chemistry to society.



Course Topics

Chapter 10: | Properties of Solutions

Chapter 12: Chemical Equilibrium

Chapter 13: | Acids and Bases

Chapter 14: Acid-Base Equilibria

Midterm Exam (Chapters 10, 12-14)

Chapter 15: Solubility and Complex Ion Equilibria
Chapter 16: Spontaneity, Entropy, and Free Energy
Chapter 17: Electrochemistry - -
Chapter 11: Chemical Kinetics

Chapter 18: The Nucleus: A Chemist’s View
Chapter 21: Organic and Biological Molecules
Final Exam (Chapters 11, 15-18, 21)

Assessment and Grading

Assessment

Contribution

Due date

Assignment 1 4%

Week7

Mid-term exam 36%

Week8
6:30pm — 8:30pm October 19
(Sun)

Assignment 2 6%

Week14

Final exam 54%

Weekl5
8:30am — 11:30am December
10 (Wed)

Mapping of Course ILOs to Assessment Tasks

Assessment

Course ILOs

Explanation

Assignment 1 1,2

Assignment is designed to
assess students’
foundational understanding
of the properties of
solutions (ILO 1) and
definitions of acids and
bases theories (ILO 2)

Midterm exam

12,6

This midterm assesses
students®  ability  to
analyze properties of
solutions, determine
stoichiometry of chemical
transformations (ILO 1),
determine acid-base
equilibrium (ILO 2), and
recognize the impact of
chemistry to society (ILO
6).

Assignment 2

3,4,5

Assignment is designed to




assess students’
foundational understanding
of thermodynamics in
chemical reaction (ILO 3),
electrochemistry (ILO 4),
and chemical properties of
organic and biological
molecules (ILO 5)

Final exam 3,4,5,6 This final exam assesses
students’ ability to apply
the laws of
thermodynamics to
determine  spontaneous
physical and chemical
changes. (ILO 3),
describe redox reactions
and  comprehend the
structures of
electrochemical cells
(ILO  4), determine
chemical properties of
organic, biological
molecules, and polymers
(ILO 5), and recognize
the impact of chemistry to
society (ILO 6).

Participation 1,2,3,4,5,6 Students can achieve all
ILOs via participation.

Communication and Feedback
Assessment marks for individual assessed tasks will be communicated via Canvas within one
week of submission. Paper checking sessions are provided for midterm and final exams.

Required Texts and Materials

Textbook: Chemistry — an atoms first approach (3e)
Authors: Steven S. Zumdahl, Susan A. Zumdahl and Donald J. Decoste

Academic Integrity

Students are expected to adhere to the university's academic integrity policy. Students are
expected to uphold HKUST’s Academic Honor Code and to maintain the highest standards of
academic integrity. The University has zero tolerance of academic misconduct. Please refer to
Academic Integrity | HKUST - Academic Registry for the University’s definition of
plagiarism and ways to avoid cheating and plagiarism.




The Hong Kong University of Science and Technology
Department of Chemistry

Fall 2025 -2026

CHEM 1012 - General Chemistry B: Atomic Structure, Molecules, and Bonding Theories
(3-credits)

Instructors:

Prof. Guocheng JIA Prof. Emily M.W. TSANG
Office: CYT-6009 Office: Rm 4536 (lift 25/26)
E-mail*: chjiag@ust.hk E-mail*: chetsang@ust.hk

*Instructor office hour by email appointment

Course Description:

This course targets students who have acquired prior knowledge in fundamental Chemistry in high
school. Key topics include atomic structure and periodicity, molecules, bonding theories, and
properties of gases, liquids and solids. Other topics such as transition metals and coordination
compounds, and organic molecules will be briefly reviewed.

Pre-requsites: Level 3 or above in HKDSE 1/2x Chemistry OR Level 3 or above in HKDSE 1x Chemistry
CHEM 1004 or CHEM 1008
Exclusions: CHEM 1010

Class Schedule and Venue:

L1 Tues, Thurs 10:30 - 11:50 am LT-C

L2 Tues, Thurs 3:00-4:20 pm LT-E

Textbook: Chemistry: An Atoms First Approach, 3™ Asian Ed. S.S. Zumdahl; S. A. Zumdahl; D.
DeCoste @ Cengage Learning. ISBN: 9789814896993

Course Content/Topics:

Chapter 1: Chemical Foundations

Chapter 2: Atomic Structure and Periodicity

Chapter 3: Bonding: General Concepts

Chapter 4: Molecular Structure and Orbitals

Chapter 8: Gases

Chapter 9: Liquids and Solids

Chapter 19: The Representative Elements

Chapter 20: Transition Metals and Coordination Chemistry (Guest Lecturer)

I W 6 R



Intended Learning Outcomes:
Upon successful completion of this course, students are expected to be able to:

1. Describe and apply fundamental principles and terminologies of chemistry.
2. Develop a microscopic view of the world in terms of atoms and molecules and their change
3. Describe and apply concepts of mass conservation and energy conversation in chemical

changes.
4. Describe the atoms and ions in terms of atomic structure, atomic orbitals, electron

configuration, and periodicity of chemical properties
5. Describe molecules in terms of bonding theory, energy, molecular geometry and

interactions.
Describe the physical states of matters: gases, liquids and solids.
7. Recognize and appreciate the impact of chemistry to our society.

Course Grading Scheme

Online Quizzes (2 x 10% each) 20%
In-class Midterm Exam 40 %
In-class Final Exam 40 %



CHEM 1051 Laboratory for General Chemistry A

2025-26 Fall

Course Qutline

Instructor
Dr. CHEUNG Man Sing (sing(@ust.hk

Instructional Assistants (LAs)
Ms. CHENG Cathy H. Y. (cathychy@ust.hk)

Mr. MAN Tim T. P. (takpm(@ust.hk)

Technical Officer
Dr. KONG Jacky L. C. (Ickongchem(@ust.hk)

Class Schedule
Section Date Time Venue
LAl 10:30AM — 01:20PM
Tuesday
LA2 01:30PM — 04:20PM
LA3 10:30AM — 01:20PM o
Wednesday UGO001, CYT Building
LA4 01:30PM — 04:20PM
LAS 10:30AM — 01:20PM
Thursday
LA6 01:30PM — 04:20PM

Course Information
Credit Units: 1
Pre-requisite: Nil

Co-requisite: CHEM 1011

Exclusion: Nil
Grade: P/F
Description:

This course is the laboratory class designed for students who are enrolled in CHEM 1011. With
laboratory experience acquired in this course, students will be able to relate the physical and chemical
principles and theories learned in the corresponding lecture course, perform basic chemical laboratory
techniques, and develop their data analyzing skills.



Intended Learning Outcomes (ILOs)
On successful completion of the course, students will be able to:

Knowledge/Content Related:
1. recognize various kinds of equipment in chemistry laboratory
2. conduct standard laboratory procedures involved in basic chemistry experiments

Academic Skills/Competencies Related:

3. conduct risk assessments concerning the use of chemical substances in basic chemistry experiments
4. keep records of experimental work in basic chemistry experiments

5. interpret experimental results for physical and chemical phenomena in basic chemistry experiments

Assessment Scheme

Assessment Assessing Course 11.Os
Pre-course Tests 1,2,3
Lab Attendance and Performance 1,2,3,4,5
Lab Reports 4,5

To pass the course, students have to get satisfactory performances in all abovementioned assessment
tasks/activities.

Student Learning Resources

e Reference Book: James Hall, Experimental Chemistry: An Atoms First Approach, Brooks/Cole,
Cengage Learning, 2012.

e Reference Book: I. A. Beran and Mark Lassiter, Laboratory Manual for Principles of General
Chemistry (11" edition), Wiley, 2022.

e Other learning resources can be accessed through Canvas.

Teaching and Learning Activities
Laboratory: focus on experiments related to co-requisite course

Course Schedule
Keyword Syllabus:
e Laboratory safety
e Common laboratory apparatus
e Basic techniques for measurements in chemistry laboratory
o Solution stoichiometry and volumetric titration
Acids and bases
Acid-base equilibria
Solubility and complex ion equilibria
e Spontaneity, entropy, and free energy
¢ Electrochemistry



CHEM 2110 ORGANIC CHEMISTRY I
Syllabus- Fall 2025

. Instructor

Name: Hugh NAKAMURA, Ph.D.

Contact Details: Room 6143, 6 floor, (Lift 22)
Email: hnakamura@ust.hk

Tel: 3469-2552

. TAs

LIN, Jie (jlincv@connect.ust.hk)
OGAWA, Hiroshige (hogawa@connect.ust.hk)
ZHANG, Jie (jzhangin@connect.ust.hk)

. Lecture Time and Venue

Date/Time: Monday (15:00-16:20) and Friday (10:30-11:50)
Venue: 2502 (Lift 25/26)

. Course description

This is the Part [ of a two-semester, introductory level organic chemistry course designed for
chemistry/biochemistry major undergraduates. Topics covered include: Structure and bonding; regio-,
geometric, and stereoisomerism; polar and radical reactions of alkenes and alkynes; substitution and

elimination reactions; synthesis and reactions of alcohols and epoxides.

. Intended Learning Qutcomes

Upon successful completion of this course, students should be able to:

No. | ILOs
1 | Recognize fundamentals of organic chemistry including structures, reaction
mechanisms, and transformations of carbon-derived compounds.

2 | Explain the essential facts, principles, and theories of organic chemistry.

3 | Demonstrate awareness of organic chemistry topics relevance to social and
daily life.

4 | Formulate and analyze mechanisms and products of organic transformations
by applying organic chemistry principles.

. Assessment Scheme

40% Midterm exam (mid of Oct)
60% Final exam (mid of Dec)

. Student Learning Resources

Recommended Reading:



Text(s): John E. McMurry, “Organic Chemistry, 8" edition, international edition”, Brooks/Cole, Cengage

Learning
Francis A. Carey, Robert M. Giuliano, “Organic Chemistry, 9" edition, international edition”, McGraw-

Hill.
William H. Brown, Brent L. Iverson, Eric V. Anslyn, Christopher S. Foote, “ Organic Chemistry, 7th

edition, international edition” Brooks/Cole, Cengage Learning.

8. Course Schedule
Keyword Syllabus:

Structure and bonding

Polar covalent bonds and acids and bases

Organic compounds: alkanes and their stereochemistry
Organic compounds: cycloalkanes and their stereochemistry
Stereochemistry at tetrahedral centers

An overview of organic reactions

Alkenes: structure and reactivity

Alkenes: reactions and synthesis

Alkynes: Organic synthesis

Organohalides

Reactions of alkyl halides: nucleophilic substitution and eliminations
Alcohols and phenols

Fthers and Epoxides: Thiols and Sulf

9. Schedule”

I Sep
5 Sep
& Sep
12 Sep
15 Sep
19 Sep
22 Sep
26 Sep
29 Sep
3 Oct
6 Oct
10 Oct
13 Oct
17 Oct
20 Oct

LT-1: Introduction to Organic Chemistry, Structure
LT-2: Atomic Bonding

L T-3: Polar Covalent Bonds, Lewis Acids and bases
LT-4: Polar Covalent Bonds, Lewis Acids and bases
LT-5: Alkanes and their stereochemistry

LT-6: Cycloalkanes and their stereochemistry

LT-7: Stereochemistry at tetrahedral centers

LT-8: Stereochemistry at tetrahedral centers

LT-9: Overview of organic reaction

LT-10: Alkenes—structure and reactivity

Tutorial (1) by TAs (Explanation of the past exam)
Tutorial (2) ORQ (Open Round Questions)”
Mid-Term Exam, 15:00 —16:20 am (2502), closed book

LT-11: Alkenes—structure and reactivity

L.T-12: Alkenes—reaction and synthesis



24 Oct LT-13: Alkenes—reaction and synthesis

27 Oct LT-14: Alkyne—Introduction to Organic Synthesis
31 Oct LT-15: Alkyne—Introduction to Organic Synthesis
3 Nov LT-16: Organic Halides

7 Nov LT-17: Reactions of Alkyl halides

10 Nov LT-18: Reactions of Alkyl halides

14 Nov LT-19: Alcohol and Phenols

17 Nov LT-20: Ethers and Epoxide, Thiol and sulfides

21 Nov Tutorial (3) by TAs (Explanation of the past exam)
24 Nov Tutorial (4) ORQ (Open Round Questions)”

xx Dec Final Exam, 16:30-19:30 (3 hours), closed book

“The lecture schedule may change depending on the progress of the lecture, the typhoon, and other

circumstances. Please pay attention to announcements during the lecture.

0RO may be cancelled or postponed depending on the progress of the course.



CHEM 2111 Fundamental of Organic Chemistry
Fall Semester 2025 (Sept 1 — Nov 29)

Venue: LTL, CYT Bldg
Lecture hours: Tuesday and Thursday, 9:00 — 10:20 PM

Credits: 3
Pre-requisite; CHEM 1010 or CHEM 1012
Exclusion; CHEM 2110

INSTRUCTOR
Prof. Kenward VONG
Office: 4521 (lifts 25/26)
E-mail: kvong@ust.hk

COURSE DESCRIPTION
Various classes of organic compounds, emphasizing organic chemical reactions and
mechanisms of major functionalities and their importance in the area of biological
chemistry. For engineering students under the four-year degrees who prefer to learn
organic chemistry in a single term.

The course will treat selected topics from a mechanistic viewpoint and illustrate their
usefulness in the wider body of organic chemistry. Examples of concepts in organic
synthesis will be given. The course does not aim to provide a comprehensive coverage
of organic reactions, rather it will seek to encourage students to think about organic
chemical reactions, and to apply key concepts to other reactions not covered in the
course.

INTENDED LEARNING OUTCOMES

Upon successful completion of the course, students should be able to:

1. Recognize fundamentals of organic chemistry including structures, reaction
mechanisms, and some transformations of carbon-derived compounds.

2. Explain the essential facts and principles of organic chemistry.

3. Demonstrate awareness of organic chemistry topics relevance to social and
daily life.

4. Formulate and analyze mechanisms and products of some general organic
transformations by applying organic chemistry principles.

ASSESSMENT SCHEME
Midterm 1 (open book): 20%
Midterm 2 (open book): 30%
Final Exam (one A4 size cheat sheet allowed): 50%



SCHEDULE

Sept 2 Chemical Bonding (chap 1)
Week 1
Sept 4 Break
Sept 9 Chemical Bonding (chap 1)
Week 2 ;
Sept 11 Chemical Bonding/Reactions (chap 1+2)
Sept 16 Chemical Reactions (chap 2)
Week 3
Sept 18 Stereochemistry (chap 3)
Sept 23 Alkanes and Cycloalkanes (chap 4)
Week 4
Sept 25 Alkanes and Cycloalkanes (chap 4)
Sept 30 Alkenes and Alkynes | (chap 5)
Week 5
Oct2 Review session
Oct 7 Holiday
Week 6 Oct 9 Break or Q&A section
Midterm | (open book) — Date TBD
Oct 14 Alkenes + Alkynes Il (chap 6)
Week 7
Oct 16 Aromatics (chap 7)
Oct 21 Alkyl halides (chap 8)
Week 8
Oct 23 Nucleophilic substitution (chap 9)
Oct 28 Alcohols (chap 10) and Amines (chap 14)
Week 9
Oct 30 Aldehydes and Ketones (chap 11)
Nov 4 Carboxylic Acids (chap 12)
Week 10
Nov 6 Carboxylic Acid Derivatives (chap 13)
Nov 11 Review session
Week 11 Nov 13 Break or Q&A section
Midterm Il (open book) — Date TBD
Nov 18 Retrosynthesis
Week 12
Nov 20 Retrosynthesis
Nov 25 Q&A section
Week 13
Nov 27 Q&A section
Exam . .
period Dec8—Dec 19 Final Exam (1-page A4 sized cheat sheet)




STUDENT LEARNING RESOURCES
Textbook:
"Organic Chemistry, A Brief Course” by Robert C. Atkins, Francis A. Carey, and Chi
Wi Ong, McGraw-Hill Education (Asia), 2013

or

"Organic Chemistry, A Brief Course, 3rd Edition” by Robert C. Atkins and Francis
A. Carey, McGraw-Hill Education, International Edition, 2007

Solutions Manual:

"Student Solutions Manual to accompany Organic Chemistry, A Brief Course,
3rd Edition" by Robert C. Atkins and Francis A. Carey, McGraw-Hill Education,
International Edition, 2007

RESERVE ITEMS IN LIBRARY

CALL NUMBER

QD253.2 .A74 2002

AUTHOR Atkins, Robert C. (Robert Charles)
TITLE Organic chemistry, a brief course

EDITION 3rd ed.

IMPRINT Boston : McGraw-Hill, c2002.

# Copies: 3 copies

CALL NUMBER

QD251.2 .A82 2002

AUTHOR Atkins, Robert C. (Robert Charles)
TITLE Organic chemistry, a brief course: student solutions manual
EDITION 3rd ed.
IMPRINT Boston : McGraw-Hill, c2002.
# Copies: 2 copies



The Hong Kong University of Science and Technology
UG Course Syllabus

Inorganic Chemistry I
CHEM 2210

3 Credits

Prerequisites: CHEM 1012

Name: Prof. Wa-Hung Leung
Email: chleung@ust.hk, Rm 4538, ext.7360

Course Description

This course is designed for students who have taken CHEM 1011 under the four-year degree. Key
topics include atomic structure, molecular structure and bonding, structures of simple solids, physical
techniques in inorganic chemistry, molecular symmetry, acids and bases, introduction to coordination
chemistry, electronic structures and spectra of coordination compounds. ~ For students in the program
under the four-year degree that designate the course as required course/specified elective, or students

with approval from the instructor.

Intended Learning Outcomes (ILOs)

By the end of this course, students should be able to:

I. Demonstrate a comprehensive and well-founded knowledge of structure and

bonding theories that are relevant to inorganic molecular compounds.

2. Rationalize the stability of inorganic compounds using concepts of acids and
bases.

3. Describe and rationalize structures of simple solids.

4,  Appreciate the importance of molecular symmetry in the field of chemistry and
assign molecular point groups.

5. Understand structures of coordination compounds.



Teaching Assistant(s)

Miss JIANG, Xinxin email: xjiangbd@connect.ust.hk
Mr. HO, Chun Yin email: cyhobj@connect.ust.hk

Mr. YAN, Xuyang email: xyanbc@connect.ust.hk

Meeting Time and Venue

Lectures:
Date/Time:  Wednesday, Friday (16:30-17:50)

Venue: LT-K

Tutorials:

Date/Time: N.A.

Venue: N.A.

Assessment Scheme

a. Examination duration: 2 hours
b. Percentage of coursework, examination, etc.:

Assessment Assessing Course ILOs
6% by assignment 1,2,3,4

10% by quizzes 1,2,3,4

38% by mid-term test 1,2,3,4,5

46% by final exam 1,2,3,4,5

c. The grading is assigned based on students’ performance in assessment tasks/activities.

Student Learning Resources
Recommended Reading:
Text(s):

“Inorganic Chemistry,” international edition, by M. Weller et al., OUP (2018)

Teaching and Learning Activities
Scheduled activities: 3 hrs (lecture)



Course Schedule

Keyword Syllabus:

Molecular orbital theory: bonding and antibonding molecular orbitals, bond order and energy,
homo- and heteronuclear diatomic molecules, polynuclear molecules, ligand group orbitals, Walsh
diagram.

Acids and bases: definition and examples of Lewis acids, relative Lewis acidity, acid-base reactions
hard-soft acid-base theory and its application.

Structures of simple solids: unit cell and crystal structure description, close packing of spheres and
holes, characteristic structures of ionic solids and their rationalization, energetics of ionic bonding
and consequences of lattice enthalpies, electronic structures of solids, band formation,
semiconductors

Molecular symmetry: symmetry elements and operations, classification of point groups,
applications of molecular symmetry

Coordination chemistry: coordination geometry of metal complexes, classification of ligands,
isomerism and chirality



The Hong Kong University of Science and Technology

UG Course Syllabus

Fundamentals of Analytical Chemistry
CHEM 2310

3 Credits

Pre-requisite(s): CHEM 1012
Exclusion(s): CHEM 2311

Name: Xioajiang Xie
Email: xiexj@ust.hk, Rm4520
Office Hours: by appointment

Course Description

Fundamental and practical aspects of chemical analysis, including titrimetric, electrochemical

and spectroscopic methods, analytical separations by GLC and HPLC.

Intended Learning Outcomes (ILOs)

By the end of this course, students should be able to:

1. Recognize fundamentals of analytical chemistry including various concentration units,
statistics for analytical chemistry, acid-base titrations, complexometric titrations,
redox titrations, basics of spectroscopy, basics of chromatography and mass
spectrometry.

2. Explain the essential facts, principles and theories for analytical chemistry.

3. Demonstrate awareness of topics of analytical chemistry relevant to social and daily
life, such as environmental issues.

4. Formulate and analyze a wide range of analytical chemical problems by applying
chemical principles.

5. Show appreciation of analytical chemistry and its interface with social and daily life

such as environmental issues, and arouse audience’s interest in chemistry.



Teaching Assistant(s)

Ms. Kaiting Xiao <kxiaoac@connect.ust.hk>

Mr. Hei Tak Tse <httseaa@connect.ust.hk>

Mr. King He Chengi <khchengag@connect.ust.hk>

Lecture Time and Venue

Date/Time: Tues & Thurs (16:30 — 17:50)

Assessment Scheme

Venue: LG3009

Class attendance (10%), 3 x Assignment (30% total), 1x Final closed-book exam (60%)

Student Learning Resources

Textbook: Exploring Chemical Analysis (5% Edition), Daniel Harris, Freeman, 2013

Reference: Quantity Chemical Analysis, Daniel C. Harris, Freeman

Teaching and Learning Activities

Scheduled activities: 3 hrs (lecture)

Course Schedule

Keyword Syllabus:

Measurements and tools of analytical

chemist

Acids and Bases

Math Tool-kit, significant figures and

Buffers and Indicators

errors

Statistics Acid-Base Titrations & N-Analysis
Titrations Polyprotic Acids and Bases
Gravimetry EDTA Titrations

Introduction to Electrochemistry

UV-Vis absorption spectroscopy

Potentials and Potentiometry: Electrode

Measurements

FT-IR

Redox Titrations

Fluorescence

Introduction to Optical Spectroscopy

Atomic Spectroscopy

Chromatography

Mass Spectrometry




&5 CHEM 2409

lT.["B Mathematical Methods in Physical Chemistry

‘3 Fall 2025

Instructor:
Dr. Haibin Su (Professor)
Room: 4540, Lift 25/26
Tel; 2358-7388
E-mail: haibinsu@ust.hk

Teaching Crew:

Chi Ming KAN Rm 4207

Shan Qi YAP Rm 4207

Imanual RAVA Rm 4207

Wentao XU Rm 4207

Yingtong ZHU Rm 4207

Jingyuan ZHU Rm 4207

Japhert CHANG Rm 4207

Ka Hei CHOY PG Hub (level 1)
Lectures:

Monday 1:30 pm —2:50 pm 2407 (Lift 17/18)

Friday 9 am — 10:20 am 2407 (Lift 17/18)
Tutorials:

Wednesday 9 am—10:20 am 2464 (Lift 25/26)
Course Website:

https://canvas.ust.hk/courses/64772

COURSE DESCRIPTION

Chem2409: Mathematical Methods in Physical Chemistry covers numerical and
mathematical methods for solving undergraduate-level problems in physical chemistry. The
purpose of the course is to supplement the mathematical and computational background of
chemistry students and build on skills learned in year-1 calculus courses by teaching them
methods for quickly solving typical complex problems found in upper level chemistry
courses. This course is a prerequisite to the Physical Chemistry I and II courses.

LEARNING OUTCOMES

Upon the study of this course, students are expected to understand how to interpret and
classify integral/ordinary differential equations, to acquire basic skills to solve partial



differential equations in quantum mechanics using computational, numeric and analytical
methods, to have a skill set needed to learn theory of physical chemistry at a high level, and
to be able to quickly and efficiently classify problems in physical chemistry and solve by any
means.

Upon successful completion of this course, students will be able to:

(1) Analyze and interpret experimental data, critically assess data from literature sources
and extract and apply useful data from those sources.

(2) Communicate effectively both orally and in writing to a professional and/or lay
audience.

(3) Demonstrate self-awareness and the ability to work independently and collaborate
effectively with other people in a team.

TEXTBOOK

“Mathematics for Physical Chemistry — Opening Doors”, by Donald A.
McQuarrie, University Science Books

Donald A McQuarric

STUDENT REQUIREMENT

e Students need to be familiar with the syllabus and the class schedule and be aware of
the course requirements and progtess.

e Students need to check the course website (https:/canvas.ust.hk/courses/38900) and
their UST e-mails on regular basis. All assignments, slides and any other course
materials will be posted on the course website. Furthermore, course announcements
will also be made on the course website and/or via UST e-mail.

e Students are required to be familiar with HKUST Academic Integrity Policy
(http://www.ust.hk/vpaao/integritv/). These policies will be strictly enforced in this
course to keep academic honesty.

e Students need to follow proper classroom ethics, so that we can make a comfortable
learning environment to each and every student in the class.




GRADING

Midterm Exam 40%

Final Exam 40%

Assignments 20%
Notes:

e Midterm Exam and Final Exam are in the mixed mode closed-book examinations.
e Assignments: There will be four sets of homework assignments in total.

COURSE SCHEDULE
wk 1 Mon. Lecture 1  Introduction &
01 Sep Functions of a Single Variable: Differentiation
Textbook: Chapters I
Fri. Lecture 2 Functions of a Single Variable: Integration
05 Sep (cont’d.)
Textbook: Chapters 2
wk 2 Mon. Lecture 3  Functions of a Single Variable: Integration
8 Sep (cont’d.)
Textbook: Chapters 2
Fri. Lecture 4 Functions of a Single Variable: Integration
12 Sept (cont’d.)
Texthbook: Chapters 2
wk 3 Mon. Lecture 5 Ordinary Differential Equations
15 Sep Texthook: Chapters 6
Fri. Lecture 6 Ordinary Differential Equations (cont’d.)
19 Sep Textbook: Chapters 6
wk 4 Mon. Lecture 7 Ordinary Differential Equations (cont’d.)
22 Sep Textbook: Chapters 6
Fri. Lecture 8 Ordinary Differential Equations (cont’d.)
26 Sep Textbook: Chapter 6
wk 5 Mon. Lecture 9  Ordinary Differential Equations (cont’d.)
29 Sep Textbook: Chapter 6
Fri. Lecture 10 Series
03 Oct Textbook: Chapter 3
wk 6 Mon. Lecture 11 Series (cont’d) + Review for Midterm Exam

06 Oct Textbook: Chapter 3



wk 7

wk 8

wk 9

wk 10

wk 11

wk 12

wk 13

Fri.
10 Oct

Mon.
13 Oct
Fri.

17 Oct

Mon.
20 Oct

Fri.
24 Oct

Mon.
27 Oct

Fri.
31 Oct

Mon.
03 Nov

Fri.
07 Nov

Mon.
10 Nov

Fri.
14 Nov

Mon.
17 Nov

Fri,
21 Nov

Mon.
24 Nov

Fri.
28 Nov

Final Exam

Exam

Lecture 11

Lecture 12

Lecture 13

Lecture 14

Lecture 15,

Lecture 16

Lecture 17

Lecture 18

Lecture 19

Lecture 20

Lecture 21

Lecture 22

Midterm review

Midterm Exam (covering Lecture 1 to 11)

Time: 1:30pm — 2:50pm
Location: To be announced

Functions of Several Variables
Textbook: Chapter 12

Functions of Several Variables (cont’d)
Textbook: Chapter 12

Functions of Several Variables (cont’d)
Textbook: Chapter 12

Operators/Vectors
Textbook: Chapter 11 & 13

Operators/Vectors (cont’d)
Textbook: Chapter 11 & 13

Plane Polar & Spherical Coordinates
Texthook: Chapter 14

Plane Polar & Spherical Coordinates (cont’d)

Texthook: Chapter 14

Plane Polar & Spherical Coordinates (cont’d)

Textbook: Chapter 14

Matrix
Textbook: Chapter 18

Matrix (cont’d)
Textbook: Chapter 18

Matrix (cont’d)
Textbook: Chapter 18

Matrix (cont’d)
Textbook: Chapter 18

Review for Final Exam

(covering Lecture 11 to 21)
Arranged by the university

Updated in August 2025



CHEM2410: Physical Chemistry I (Fall 2025)

Instructor: Prof. Jonathan HALPERT Fall, 2025

Chem2410: Physical Chemistry I
(home: https://canvas.ust.hk/courses/64777)

Description:
This 3-credit course is the Part-I of “Physical Chemistry” sub-curriculum for students majoring in chemistry.
It covers:
(a) The basic principles and applications of equilibrium thermodynamics; and
(b) The equilibrium statistical thermodynamics

Textbook: “Physical Chemistry”, P. Atkins, J. de Paula & J. Keeler 11" Edition (Oxford, 2018)
https:f‘.»"\v\\'\\:anmzon.com!A{kins-lesical-Chcmistw-Rcvisctl-Pa|Jcrhucldcln#B()()R\\-"USW 1ref=sr | fkmrQ 1?
Coverage: Fundamentals and Part I: Equilibrium (Chap IR, 2—6,12) (11" Ed. Chap 12 = %" Ed. Chap 15/16)

Prerequisites:
CHEM 1030 and CHEM?2409
Schedule/Venue:
(a) Lectures: Wednesday (3:00 — 4:20 pm), Rm 5404 &
Friday (3:00 —4:20 pm), Rm 5404
(b) Instructors’ Office Hours: Friday: 11:00 am — 12:00 pm (on Zoom, by appointment only)
(¢) TAs’ Tutorial: Wednesday 7:30 pm (evening, 1 hour)

(d) Examinations:
Midterm Exam: TBD, near October 31, tentatively
Final Exam: TBD, Dec 8-19 (during exam period)

Teaching Assistants and Assignments [# L’s]:

KUMAR, Nitish (nkumaraa(@connect.ust.hk) Chap.4,5,6

DING, Pengbo (pdingab@connect.ust.hlk) Chap. IR, 2,3

MA, Tai Ho Gideon (thegma@connect.ust.hk) Chap. 12
Credit/Grading :

Midterm: 50 % (Chapters 2, 3, 4)

Homework: 10 % (avg of the best 3 out of 4)

Final Exam: 40 % (Chapters 5, 6, 12)

The HW questions must be handed in and this will contribute directly to your final grade!

6] HWs (provided on CANVAS) will be completed and handed in to TA via the CANVAS portal.
(i)  Questions will be marked by the TAs: 50 % completeness, 50 % correctness

(iii) Exam questions: ~20% of Q’s are directly from HW or in-class Q’s

(iv)  Tutorials are about the HW: the TAs will present model answers and answer questions

(v)  Don’t wait until exam time! By then it is too late to learn everything.




CHEM?2410: Physical Chemistry I (Fall 2025)

MAIN REFERENCES:
Atkins, P.; de Paula, J. “Physical Chemistry” 9" Ed., Oxford University Press, 201 1. [previous main text]

Atkins, P.; de Paula, J. “Physical Chemistry” 10% Ed., Oxford University Press, 2014. [previous main text]
Atkins, P.; de Paula, J.; Keeler, ] “Physical Chemistry” 12 Ed., Oxford University Press, 2023. [next main text]

Adamson, A.W. “4 Textbook of Physical Chemistry” 3" Ed., Academic Press, 1986. (QD453.2.A3 1986)

Klotz, I. M. and Rosenberg, R. M. “Chemical Thermodynamics: basic theory and methods” 6™ Ed, John Wiley,
2000. (QD 504.K55 2000)

DeVoe, H. “Thermodynamics and Chemistry™ Prentice Hall, 2001. (QD504.D48 2001)
Ott, I.B. “Chemical Thermodynamics” Academic Press, 2000. (QD504.087, 2000)

Smith, .M. “Introduction to Chemical Engineering Thermodynamics” 6" Ed, McGraw-Hill, 2001.
(TP155.T45.558, 2001)

Chang, R. “Physical Chemistry for the Chemical and Biological Sciences” 3" Ed., Univ. Sci. Press, 2000.
(with Solutions Manual by Leung, H.O. and Marchall, M.D.) (QD453.2.C48 2000)

Alberty, R.A. (2003) “Thermodynamics of Biological Reactions” Wiley 2003.

MATHEMATICAL TOOLS:
McQuarrie, D. A. “Mathematics for Physical Chemistry”, 2008, Univ. Science Books

Yates, P. “Chemical Calculations — Mathematics for Chemistry”, 2007, CRC Press.

Mortimer, R.G. “Mathematics for Physical Chemistry” 2 Ed., Academic Press, 1999.
(QD455.3.M3.M67.1999)

Hecht, H.G. “Mathematics in Chemistry” Prentice Hall, 1990.(QD39.3.M3.H43.1990)
Starzak, M.E. “Mathematical Methods in Chemistry and Physics” Plenum,1989. (QD39.3.M3.573.1989)

PHYSICS :
G. A. D. Ritchie and D. S. Sivia, “Foundations of Physics for Chemists”, 2000, Oxford



CHEM2410: Physical Chemistry I (Fall 2025)

HOMEWORK ASSIGNMENTS

(from < Atkins’ Physical Chemistry > 10th Ed., 2014 by P. W. Atkins and J. de Paula)

There will be four homework assignments corresponding to Chapters 1R+2, 3+4, 5+6, 12.

Assignments will be transcribed and released on CANVAS a few days or so before the start of the
chapter lectures. Students who have the 10™ Edition will be able to find them in that book, but it is not
necessary to acquire it, we will provide all HW questions and answers.

Model solutions to the homework will be released a few days AFTER they are due. Due dates will be
announced but are subject to change, depending on our progress. HW is due by 11:59 pm HKT on the
due date and will be submitted in the CANVAS portal. If you have trouble with the CANVAS portal,
just email it, on time, to the TA (and cc me) so there is a timestamp showing you did it on time.

Late HW will be accepted without penalty up to 2 days late. /1 is officially due, usually, on Friday.
Assignments will be handed in via CANVAS and will be marked by the TAs for:

50%: completeness, attempted all parts of all problems (must be a serious attempt)
50%: cotrectness, answered all parts of all problems correctly (partial credit does apply)

You can then check your own answers online against the model solutions 2 days after the assignment.
The TAs will also answer questions in tutorial.

Moreover, some portion of the test and exam questions WILL be drawn (almost) directly from the
homework. The reason for this is that is necessary to solve the problems in order to understand the
course fully. There are no shortcuts to doing well in this course. Revising old exams will not be
enough preparation to succeed.

Here’s the HW schedule (tentative). Check the ASSIGNMENTS page on CANVAS for due dates.

HW Chapters | Due (+2 days w/o penalty)
i1 2+1R Sep 26
#2 3+4 Oct 17
#3 5+6 Nov 14
#4 12 Nov 28
Extra Credit:

Extra credit will be awarded for:
1. correctly solving problems in class
2. participating in class discussion

3. attending class regularly

This may add up to +2 pts to your final grade.



























































































































































































































