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COURSE SYLLABUS:  CHEE 460   APPLIED SURFACE AND COLLOID SCIENCE (F  3-0-0.5  3.5) 

PERSONNEL 

CALENDAR DESCRIPTION 
The course covers four major topics. 1. The thermodynamic properties of interfaces (surface energy, 
wetting, surface area and porosity, capillary effects, work of adhesion/cohesion). 2. Models of 
adsorption/desorption phenomena. 3. The amphiphilic behaviour of surfactants. 4. The stability and 
characterization of colloidal systems. Student appreciation for the importance of these phenomena is 
cultivated using examples drawn from industrial processes/products including inks, paints, foods, polymer 
blends, and nanocomposites. (0/12/0/30/0) 
PREREQUISITES:  CHEE 210 or permission of the department. 
EXCLUSIONS:  none 

OBJECTIVES AND OUTCOMES 
The course introduces the student to the theory of Colloids and Surface Phenomena. Emphasis is placed 
on solution Thermodynamics, stability of colloids, adsorption from solution, light scattering, capillary 
effects and other phenomena of interest to the Engineer. The most common experimental techniques for 
measuring surface and interfacial tension will be covered in detail, along with classic and modern 
theoretical models used for the calculation of colloidal forces. Student appreciation for the importance of 
colloidal phenomena to Science and Technology is cultivated throughout the course with examples drawn 
from colloidal systems of significant commercial and technological importance, such as inks, paints, foods, 
polymer blends, and nanocomposites. 

Specific course learning outcomes (CLOs) are: 

1. Explain the origin of “long-range’, non-covalent colloidal forces (van der Waals, electrostatic, etc.)
and preparation of quantitative DLVO and XDLVO plots for a number of colloidal systems using
the proper mathematical models

2. Explain the link between liquid surface tension and contact angle, and demonstrate how certain
experimental techniques can be used for the assessment of liquid surface tension (or,
equivalently, surface energy of solids)

3. Apply knowledge on thermodynamics of micellization in surfactant solutions describe the
influence of physical variables such as temperature, molecular structure of surfactant, and solvent 

See website for current personnel information.
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characteristics on parameters such as critical micellization concentration (CMC), association 
number, micelle structure, etc.  

4. Describe the thermodynamics of emulsion formation and calculate the kinetic and 
thermodynamic stability of such emulsions 

5. Calculate adsorbate concentration and area per molecule on a solid surface using various 
adsorption models. 

6. Design colloidal systems or engineered surfaces of high industrial or technological interest 
(liquid detergents, nanocomposites, eco-paints, superhydrophobic materials, etc.) 

7. Explain the interactions between colloids and visible light, as well as the principles of static and 
dynamic light scattering  

 
This course assesses the following attributes: 
 
Knowledge base for engineering (CLO 1-5,7) 

CHEE-KB-CHEM-5. Applies fundamental principles of colloid, surface, and materials science in 
the analysis and assessment of colloidal and surface interactions, and in the study of material 
properties.     

CHEE-KB-THE-4. Uses empirical correlations and experimental data to evaluate thermodynamic 
quantities, such as the Gibbs energies of interaction in colloidal systems  

 

Design (CLO 6) 
CHEE-DE-3. Develops equipment, process or product design incorporating performance 
requirements and constraints such as quality, yield, reliability, economics, safety, and standards 
and codes as appropriate. 

RELEVANCE TO THE PROGRAM 

Colloid science is concerned with particles of dimensions in the range 10-9-10-6 m (1nm-1 µm), which range 
from macromolecules (e.g., proteins, synthetic polymers) to finely subdivided multiphase systems (e.g., 
milk, aerosol). The interfacial area between colloidal particles and the surrounding medium is very large 
(e.g., 106 cm2 per 1 cm3 of volume) and thus surface phenomena are prominent. Colloid and surface 
phenomena are important in biology (cell membranes, fat digestion), pharmaceuticals (drug formulation 
and delivery), consumer products (foods, detergents, cosmetics), materials (ceramics, polymers, paints, 
coatings, adhesives), imaging technology (inks, LCDs), geology and mining (ore flotation, enhanced oil 
recovery, clay stability), environment (smog, wastewater treatment) chemical manufacturing (catalysis), 
etc. The course assumes knowledge of 2nd year CHEE210 Thermodynamic Properties of Fluids and 3rd 
year CHEE 311 Fluid Phase and Reaction Equilibria.  
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COURSE STRUCTURE AND TIMETABLE 

3 lecture hours + 1 tutorial hour per week.  Please refer to SOLUS for times and locations 

EXPECTATIONS FOR LECTURES/TUTORIALS  
Lecture slides will be posted in advance on the CHEE 460 Learning Management System (LMS) web site. 
Lectures will include examples and problem solutions not contained in the posted slides.  

Students will be assigned tutorial problems on a weekly basis and practice problems at regular intervals. 
The solutions to the practice problems will be posted two weeks later. New practice problem sets, 
solutions to the old ones, and past tutorial problems will be posted on LMS web site every Sunday evening. 
Only abbreviated versions of the solutions to the tutorial problems will be posted. You are strongly 
encouraged to attend the tutorial classes. The course instructor can provide further individual assistance 
during scheduled office hours (or by appointment).   

RESOURCES(S) 
Required textbook: P.C. Hiemenz & R. Rajagopalan, Principles of Colloid and Surface Chemistry 3rd Edition, 
Marcel Dekker Inc. 

All course lecture slides, assignments and tutorials will be posted on the CHEE 460 LMS site.  

GRADING SCHEME 
Deliverable Week or Date Weight  

Term project (Presentation: 5%; Report: 20%) 

Final report is due on the last 
day of classes; absolutely no 
extensions. Points will be 
deducted for late submissions 

25 

Midterm test TBA 25 

Final Exam Exam period 50 

 

Midterm and final will be closed book exams. Instructor will provide a formula sheet. 
In accordance with the Departmental Policies governing Undergraduate Courses: 
   - You must pass (>50%) all individual examination components (midterm+final) to pass the course 
   - No make-up midterms will be provided. Only students who miss the midterm exam due to a very 
important reason (e.g., course conflicts, serious illness, varsity games) can request that the weight of the 
midterm be transferred to the final exam. In those cases, an official note by an authorized person 
(doctor, trainer, etc.) must accompany the request. For a complete list of the departmental policies 
please follow the link: 
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 (http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html ) 

HOW TO DO WELL IN THIS COURSE 
The concepts in this course are diverse and complex in nature, consistent with the requirements for a 4th 
level course. Significant practice is required to formulate and solve problems efficiently and correctly. 
Students are expected to utilize the concepts and to implement the methods taught in class to tackle a 
variety of problems that they may encounter in assignments / midterms / exams. 

ACADEMIC INTEGRITY 
Engineers have a duty to: 

• Act at all times with devotion to the high ideals of personal honour and professional integrity 
• Give proper credit for engineering work 

 
-Professional Engineers Ontario Code of Ethics, Section 77 of the O. Reg. 941 
http://peo.on.ca/index.php?ci_id=1815&la_id=1 

The quote above describes the standard of behaviour expected of professional engineers. As engineering 
students, you have made a decision to join us in the profession of engineering, a long-respected profession 
with high standards of behaviour.  

As future engineers, we expect you to behave with integrity at all times. Our policies do not prohibit you 
from collaborating, even closely, with fellow learners in any class. Indeed, we strongly encourage 
collaboration and teamwork, when conducted responsibly. We have however, set firm guidelines on the 
quality of submitted work and have taken a strong stand against plagiarism and other forms of academic 
dishonesty.  Briefly stated, we expect that submitted work bears the name of all those contributing to it, 
and that you do not allow others to copy your work.  

Should a student’s submitted work be suspected of containing evidence of academic dishonesty, action 
shall be taken, as required by the Faculty of Engineering and Applied Science policy on academic integrity: 
http://engineering.queensu.ca/policy/Honesty.html 

Additional information on the University’s policies concerning academic dishonesty can be found on the 
Queen’s website. All learners are expected to familiarize themselves with these policies and to conduct 
themselves accordingly. 

• Senate Academic Integrity Policy Statement  
• Procedures for dealing with departures from academic integrity in the Faculty of Engineering 

and Applied Science 
• Queen's University Code of Conduct 

 

http://www.chemeng.queensu.ca/undergraduate-studies/Departmental-Undergraduate-Polices.html
http://peo.on.ca/index.php?ci_id=1815&la_id=1
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/secretariat/policies/senate/academic-integrity-policy-statement
http://engineering.queensu.ca/policy/Honesty.html
http://engineering.queensu.ca/policy/Honesty.html
http://www.queensu.ca/registrar/resources/policies/university-code-conduct
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INDIVIDUAL NEEDS AND SUPPORT 
Learners with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 
disability or health consideration that may require accommodations, please feel free to approach the 
instructor and/or Queen’s Student Accessibility Services (QSAS) as soon as possible.  The Accessibility 
Services staff is available by appointment to develop individualized accommodation plans, provide 
referrals and assist with advocacy. The sooner you let us know your needs, the better we can assist you 
in achieving your learning goals at Queen’s. For further information, visit the Student Wellness Services 
website.  The class website is powered by the Brightspace by D2L Learning Environment that complies 
with common accessibility standards and every effort has been made to provide course materials that are 
accessible.  If you find any element of this course difficult to access, please discuss with your instructor 
how you can obtain an accommodation. 

ACADEMIC AND STUDENT SUPPORT 
Queen’s has a robust set of supports available to you including the Library, Student Academic Success 
Services (Learning Strategies and Writing Centre), and Career Services.  Learners are encouraged to visit 
the Faculty of Engineering and Applied Science Current Students web portal for information about various 
other policies such as academic advisors, registration, student exchanges, awards and scholarships, etc. 

INDIVIDUAL NEEDS 
Students with diverse learning styles and needs are welcome at Queen’s. In particular, if you have a 
disability or health consideration that may require accommodations, please feel free to approach me 
and/or the Disability Services Office as soon as possible at (613) 533-6740. The Disability Services staff is 
available by appointment to develop individualized accommodation plans, provide referrals and assist 
with advocacy. The sooner you let us know your needs, the better we can assist you in achieving your 
learning goals at Queen’s. For further information, visit Health, Counselling and Disability Services 
website. 

http://queensu.ca/studentwellness/
http://www.desire2learn.com/products/accessibility/standards/
http://www.desire2learn.com/products/accessibility/standards/
http://library.queensu.ca/
http://sass.queensu.ca/
http://sass.queensu.ca/
https://careers.sso.queensu.ca/home.htm
http://engineering.queensu.ca/Current-Students/
http://www.queensu.ca/hcds/
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CHEE 460      ||     Module overview 
Course learning outcomes (CLO): Students will be able to: 

1.    Explain the origin of “long-range’, non-covalent colloidal forces (van der Waals, electrostatic, etc.) and preparation of quantitative DLVO 
and XDLVO plots for a number of colloidal systems using the proper mathematical models 

2. Explain the link between liquid surface tension and contact angle, and demonstrate how certain experimental techniques can be used for 
the assessment of liquid surface tension (or, equivalently, surface energy of solids) 

3. Apply knowledge on thermodynamics of micellization in surfactant solutions describe the influence of physical variables such as 
temperature, molecular structure of surfactant, and solvent characteristics on parameters such as critical micellization concentration 
(CMC), association number, micelle structure, etc.  

4. Describe the thermodynamics of emulsion formation and calculate the kinetic and thermodynamic stability of such emulsions 

5. Calculate adsorbate concentration and area per molecule on a solid surface using various adsorption models. 

6. Design colloidal systems or engineered surfaces of high industrial or technological interest (liquid detergents, nanocomposites, eco-
paints, superhydrophobic materials, etc.) 

7. Explain the interactions between colloids and visible light, as well as the principles of static and dynamic light scattering  
 

  
Module Lecture approach* and content Tutorials 

Tutorial and practice problems are 
available on LMS 

Assessment (CLO, and % of course grade) 

Module 1 
(Weeks 1-2) 

Introduction to Colloid & Surface Science  
 
Fundamentals of Colloid Science (CLO1) 

• Colloids: definitions 
• Van der Waals interactions  
• The Hamaker constant 

 
Electrostatic Interactions in Colloids (CLO1)  

• The electrical double layer (EDL) 
• Zeta potential 
• Gibbs energy of electrostatic interactions 

 

 
 
 
 
 

Tutorials 1 & 2 (CLO1) 
 
 
 
 
 

 
 
 
 
 
Material is included in mid-term (CLO1) 
 

 Surface Tension and Contact Angle (CLO2)   
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Module 2 
(Weeks 3-5) 

• Surface tension of liquids: definition 
• Lewis Acid-Base interactions 
• Surface tension& contact angle: Part I 
• Measuring contact angles: Part I 
• Surface tension and contact angle: Part II 
• Measuring contact angles: Part II 

 
 

Tutorials 3 through 5 (CLO1, CLO2) 
 

 
 
Material is included in mid-term  (CLO2) 
 

Module 3 
(Weeks 6-7) 

Interactions at Interfaces (CLO3) 
• Surfactants I: definitions & applications 
• Surfactants II: thermodynamics 
• Surface excess 

 
Tutorials 6,7 (CLO3) 

 

 
Material is included in mid-term  (CLO3) 
 

Midterm Covers Modules 1, 2 & 3   
 

Midterm exam: 2 problems and app. 8 
short questions. Examines CLO1-3 [25% of 
course grade]. 

Module 4  
(Week 8) 

Emulsions (CLO4) 
• Definitions & applications 
• Thermodynamics of emulsification 
• Emulsion stability 

 
 

Tutorial 8 (CLO4) 

 
 
Material is included in the final (CLO4) 

Module 5  
(Week 9) 

Adsorption (CLO3, CLO5) 
• Models of adsorption 
• Adsorption at the solid-liquid interface 
• Adsorption at the liquid-air interface 
• Adsorption at the solid-air interface  

 
 

Tutorial 9 (CLO3, CLO5) 
 

 
 
Material is included in the final (CLO3, 
CLO5) 

In-class 
Presentations 
 

Students present their group-research projects in 
front of their class mates and receive feedback 
 (CLO7) 

No tutorials this week (tutorial time is 
reserved for project presentations) 

One question per research project in the 
final exam (CLO7). Attendance is 
mandatory (points will be deducted). [25% 
of course grade] 

Module 6  
(Week 12) 

Principles of Light Scattering (CLO 6) 
• Fundamentals 
• Static light scattering 
• Dynamic light scattering 

 
 

Tutorial 10 (CLO6) 

 
 
Material is included on final  (CLO6) 
 

EXAM   Final exam: 3-6 problems targeting each 
CLO and one question per group term 
project (based on info reported on in-class 
presentation slides) [50% of course grade] 
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