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Syllabus 
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CHMD90Y3 & CHMD91H3  

DIRECTED RESEARCH IN CHEMISTRY 

 

Course Coordinator: Prof. Xiao-an Zhang (xiaoan.zhang@utoronto.ca) 
 

Admittance requirements:  
 A Cumulative Grade Point Average of at least 2.3. Students who do not meet this 

requirement are encouraged to enroll in CHMD92H3 instead.  
 Completion of at least 15 full credits  

 Completion of at least 1.0 full credits of C-level CHM courses containing a lab 

component (i.e. CHMC16H3, CHMC31Y3, CHMC41H3 or CHMC42H3, 

CHMC47H3, BIOC23H3) 

 

Plan of action for students planning to register in CHMD90Y3 or CHMD91H3 

1. Look through the projects listed below in this document. 

2. Find a research supervisor who will take you to do a project of your choice (to 

expedite the process send to your prospective supervisor your unofficial transcript, 

your CV along with the letter of intent). 

3. Once you’ve reached agreement with prospective supervisor, request the course 
on ACORN and contact the course Coordinator (listed in the timetable as the 
instructor) to inform of your intent to take the course. Your status will be INT. 
You will not be officially enrolled until you complete the remaining steps 
(below) 

4. Obtain the D90/91 Supervised Study form, which is available online 
at  https://www.utsc.utoronto.ca/registrar/supervised-study-form or at the 
Office of the Registrar (Highland Hall, Main Floor).  

5. Meet with your Supervisor and obtain their signature on a 'Supervised Study 
form'. Make sure the course code, supervisor name, title of the project are 
clearly printed on the form as this information will appear on your transcript. 
Your supervisor will also complete information regarding the grading 
structure of the project.  

6. Collect the two required signatures under the Physical and Environmental 
Sciences section. The Department Chair or the Associate Chair Undergraduate 
can sign under the 'Chair' section; the course coordinator, Prof. Xiao-an Zhang 
(xiaoan.zhang@utoronto.ca) or Chemistry Discipline Representative Dr. Effie 
Sauer (effie.sauer@utoronto.ca) can sign under the 'Secretary' section. 

7. Once the above steps are complete, please email the form to the Assistant to 
the Chair Rose Jones (rosa.jones@utoronto.ca, Room EV241).  

8. The completed forms will be collected and forwarded to the Registrar’s Office 
to process enrolment.  Once finalized, your course status on ACORN from 
interim (INT) to approved (APP).  Students are advised to complete this 
process early so that the required forms can be submitted and processed by 
the last day to add courses for the session.  
 
 

Note, it will be impossible to enroll without finding the research 
supervisor, thus this search is crucial. You could diversify your search by initiate 
conversations with more than one faculty members offering projects.  

mailto:xiaoan.zhang@utoronto.ca
https://www.utsc.utoronto.ca/registrar/supervised-study-form
mailto:xiaoan.zhang@utoronto.ca
mailto:effie.sauer@utoronto.ca
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Course description: 
 
These courses involve participation in an original research project under the direction of a 
faculty supervisor. Approximately 260 hours of work are expected in CHMD90Y3 and 130 
hours in CHMD91H3. Topics will be selected in conference with the course coordinator 
who will provide project descriptions from potential faculty supervisors. Progress will be 
monitored through periodic consultation with the faculty supervisor as well as the 
submission of written reports. The final results of the project will be presented in a written 
thesis as well as an oral, poster or online presentation (TBD) at the end of the term.  
 

Prerequisite: Permission of a course coordinator. 

 
Exclusion: Students may take either CHMD90Y3 or CHMD91H3 but not both. Note that 
CHMD92H3 is an exclusion to both CHMD90Y3 and CHMD91H3.  
 

  
EVALUATION FOR CHMD90 and CHMD91: 
 

Grade contribution:  

Thesis report: 80% (Supervisor: 30%; reader A: 25%; reader B: 25%) 

Presentation: 20% (presentation will be assessed by two or more evaluators, not including 

your supervisor/co-supervisor. Each evaluation will be weighted equally).   
 
Important Dates for CHMD91-Fall 

• Submission deadline for the 1st draft of your thesis to your supervisor: 

November 25, 2022. Find two external readers and presentation evaluators 

among faculty or postdoctoral fellows.  

• Final report is due December 02, 2022.  

• Final oral, poster or online (TBD) presentation 20% (Tentative date: 

December 06, 2022) 

• All marks due December 10, 2022 

 

 

Important Dates for CHMD90 and CHMD91-Winter 

• Submission deadline for the 1st draft of your thesis to your supervisor: 

March 31, 2023. Find two external readers presentation evaluators among faculty 

or postdoctoral fellows. 

• Final report is due April 07, 2023.  

• Final oral, poster or online (TBD) presentation 20% (Tentative date: April 11, 

2023) 

• All marks due April 14, 2023 



Guidelines regarding the thesis reports: The thesis reports should 

be prepared in max. 20 pages, single-spaced using Times New Roman font-12 
including the following sections:  

 
1. Title page with the title of your project, your name and number, your supervisor(s) 

name, the course code, and the date of submission. (1-page)  
2. Table of Contents (1-page)  

3. Abbreviations (if necessary, 1-page)  

4. Introduction (max. 3 pages)   
5. Experimental with subsections such as reagents and chemicals, instruments, and 

procedure.  
6. Results and Discussion  

7. Conclusions  

8. Acknowledgments   
9. References (max. 2 pages) References should be prepared using the Journal of 

American Chemical Society guidelines.   
Appendix can be attached to your thesis report with unlimited page numbers 
displaying raw experimental results such as MS, NMR, and IR data. 

  



Lab Safety & Onboarding 

Training Requirements 
 

The Department of Physical and Environmental Sciences has recently 

introduced new safety and on-boarding training requirements, for all 

new laboratory personnel, including CHMD90/91 students whose 

research projects include “wet-lab” components: 

https://www.utsc.utoronto.ca/physsci/onboarding-and-training 

 

Please carefully review the webpage. It covers guidelines for both safety 

training and registration requirements to gain access to the research building.  

 

Safety Training: The EHS courses listed in the webpage above are 

required for wet-lab experiments. Please discuss this with your supervisor. 

Students are recommended to complete the online training courses on 

time, so there will be no delay to gain the access to the lab. Specific 

instructions also could be found in the Department Personnel Registration 

and Emergency Preparedness (PREP) document: 

https://www.utsc.utoronto.ca/physsci/sites/utsc.utoronto.ca.physsci/files/DPES%20PR

EP%20Form%20-%20Jan%2014%2C%202022.pdf 

You can enroll into the required online EHS courses, including the WHMIS 

training via the link: https://ehs.utoronto.ca/training/my-ehs-training/ 

 
Training certification submission: After finishing the online training 
successfully, you should give/email a copy of your certificate to your 
supervisor.  
 
Biosafety course: Please, consult with your supervisor whether a Biosafety 
Certificate is required for your project. The course can be found from the 
following link:  
https://ehs.utoronto.ca/our-services/biosafety/biosafety-training/  
(You should give a copy of your certificate to your supervisor) 
 

 
*Note: Please, consult your supervisor about the attached NSERC Consent 
Form on the next page. 

https://www.utsc.utoronto.ca/physsci/onboarding-and-training
https://www.utsc.utoronto.ca/physsci/sites/utsc.utoronto.ca.physsci/files/DPES%20PREP%20Form%20-%20Jan%2014%2C%202022.pdf
https://www.utsc.utoronto.ca/physsci/sites/utsc.utoronto.ca.physsci/files/DPES%20PREP%20Form%20-%20Jan%2014%2C%202022.pdf
https://ehs.utoronto.ca/training/my-ehs-training/
https://ehs.utoronto.ca/our-services/biosafety/biosafety-training/


 Applicant Information

PROTECTED WHEN COMPLETEDForm 100, Appendix D (2007)    Version française disponible

 
Consent to Provide Limited Personal Information About

Highly Qualified Personnel (HQP) to NSERC

Note: This form must be retained by the applicant and made available to NSERC upon request.

 Privacy Act Based on the federal

known.

NSERC applicants are required to describe their contributions to the training or supervision of highly qualified personnel

rules governing the collection of personal information, applicants are asked to obtain
consent from the individuals they have supervised before providing personal data about them to NSERC.  In seeking this
consent, the NSERC applicant must inform these individuals what data will be supplied, and assure them that it will only
be used by NSERC for the purpose of assessing the applicant’s contribution to HQP training. To reduce seeking consent
for multiple applications, applicants will only need to seek consent one time for a six-year period.  If the trainee provides
consent by e-mail, the response must include confirmation that they have read and agree to the text of the consent form.

An example of entering HQP information on Form 100 (with and without consent):

co-supervised, a general description of the project or thesis, and a general indication of the individual’s present position if
identify those supervised.  However, they may still provide the type of HQP training and status, years supervised or
When consent cannot be obtained, applicants are asked to not provide names, or other combinations of data, that would

(name
withheld)

Undergraduate
(Completed)

Supervised
1994 - 1997

Roy, Marie Undergraduate
(Completed)

Supervised
1994 - 1997

Isotope geochemistry in 
petroleum engineering

Name Type of HQP 
Training and Status

Years
Supervised or 
Co-supervised

Present PositionTitle of Project or Thesis

Isotope geochemistry

V-P (Research), Earth Analytics
Inc., Calgary, Alberta

research executive in  petroleum
industry - western Canada

Trainee's signature Date

consideration to NSERC for the next six years.  This limited data will only include my name, type of HQP training and

this data in accordance with the                    , and that it will only be used in processes that assess the applicant's

I hereby allow the above-named applicant to include limited personal data about me in grant applications submitted for

status, years supervised or co-supervised, title of the project or thesis and, to the best of the applicant's knowledge, my
position title and company or organization at the time the application is submitted.  I understand that NSERC will protect

contributions to the training of highly qualified personnel (HQP), including confidential peer review.

Consent Form
Name of Trainee

Postsecondary Institution

Name

Department

 Consent Received from Marie Roy

 Consent Not Obtained from Marie Roy

(HQP) by providing certain details about the individuals they have trained or supervised during the six years prior to their
current application.  HQP information must be entered on the Personal Data Form (Form 100).  This information includes
the trainee’s name, type of HQP training (e.g., undergraduate, master’s, technical etc.) and status (completed, in-progress,
incomplete), years supervised or co-supervised, title of the project or thesis, and the individual’s present position.

 Privacy Act
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Supervisor: Artur Izmaylov    Co-supervisor (if any):  
 
Office:  EV356      Sub-discipline: Theory  
    
Laboratory: EV327      Course code: CHMD90/91  
   
e-mail: see the webpage below    # of students: 2 
    
Web: https://www.utsc.utoronto.ca/~aizmaylov/index.html 
          
 

Quantum Computing for Quantum Chemistry 

The electronic structure problem is the key for material and drug designs. Solving it accurately 
using quantum mechanical methods on regular classical computers leads to algorithms whose 
execution time grows exponentially with the system size. Emerging technology of quantum 
computing recently provided a new hope to solve this problem efficiently. Yet, the new quantum 
hardware requires new algorithms. Currently, there are two main algorithmic frameworks for 
solving the electronic structure problem on a quantum computer: 1) quantum phase estimation 
(QPE) and 2) variational quantum eigensolver (VQE). None of these approaches have provided a 
solution to the problem that is competitive with well-developed numerical techniques on a classical 
computer. Thus, none of them has yet demonstrated quantum advantage (superiority of quantum 
computing over its classical counterpart) for the electronic structure problem. In this project we 
will be developing new alternative frameworks for solving the problem on a quantum computer 
that will address main deficiencies of the previous techniques. The main goal is to develop a 
framework demonstrating quantum advantage in quantum chemistry problems.  

 
Ø Learning outcomes: You will learn the basics of the scientific approach and methods of 

quantum computing for theoretical chemistry    
Ø Required training certificates: None 
Ø Our expectations from students: Will be communicated in person  

 

 
References: 
 
[1] See our most recent publications on Google Scholar  
[2] Also, here are videos highlighting our research on YouTube 

CHMD90-91-Projects.pdf   4 8/30/2022   12:04:24 PM
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Supervisor: Kagan Kerman       

 

Office:  EV548     Sub-discipline: Bioelectrochemistry 

   

Laboratory:  EV506      Course code:     CHMD90  

   

e-mail:  kagan.kerman@utoronto.ca  # of students: 1 

    

Web:  https://bioelectrochemistry.utoronto.ca/ 

     

 

IMMUNOCHIPS FOR AMYLOID-BETA USING ELECTROCHEMICAL 

IMPEDANCE SPECTROSCOPY 

 
Alzheimer's disease (AD) is a progressive and irreversible neurodegenerative dementia marked by 

substantial impairments to episodic memory and cognitive functions. Approximately 60% of all 

late-onset cases of dementia are attributed to AD, which is estimated to afflict more than 500,000 

Canadians. The amyloid cascade hypothesis attributes AD pathogenesis to an imbalance in 

amyloid-beta (Abeta), a small 4 kDa peptide capable of undergoing spontaneous self-association 

to form neurotoxic supramolecular assemblies. Notably, soluble oligomers have been identified as 

the more relevant toxic species of Abeta relative to later stage fibrillar aggregates and has since 

become a critical target for future drug therapy development. 

We will be developing a rapid, disposable electrochemical immunosensor for determination fibril 

and oligomer distribution over the course of Abeta aggregation [1]. To this effect, conformation-

specific antibodies will be immobilized onto the surface of a gold electrode to monitor the 

inhibition of distinct aggregate states. Surface binding events will be determined by impedance 

spectroscopy, in which antigen-antibody interactions are quantified as a function of charge transfer 

resistance across the electrode interface. The results are expected to demonstrate the utility of 

impedimetric immunosensing for comprehensive identification of effective Abeta aggregation 

modulators. 

Ø A student working on this project will gain experience in biosensor development using 

electroanalytical and biological techniques. 

Ø Student is expected to present the research results in weekly group meetings (Friday afternoons). 

References: [1] Electrochemical immunosensors for effective evaluation of amyloid-beta 

modulators on oligomeric and fibrillar aggregation processes. Veloso AJ, Chow AM, Ganesh HV, 

Li N, Dhar D, Wu DC, Mikhaylichenko S, Brown IR, Kerman K. Anal Chem. 2014 May 

20;86(10):4901-9. doi: 10.1021/ac500424t. Epub 2014 Apr 30. 
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Supervisor: Prof. N. Thavarajah      Co-supervisor (if any): N/A 
 
Office:  ESB544                   Sub-discipline: Medicinal Chemistry 
     
Laboratory: N/A                  Course code: CHMD90/91H3 
     
e-mail: nirusha.thavarajah@utoronto.ca   # of students: 2 
    
Web: nirusha.thavarajah@utoronto.ca 
https://www.utsc.utoronto.ca/people/thavarajah/ 
          

Project Title: Green Extraction of Antioxidants from Psidium Guajava (Guava) 
 
Abstract: 
Psidium guajava is a well-known tropical tree. Gujava plant parts have been used in many countries 
to treat hypertension, diabetes, oral ulcers, and colds. Its leaf and fruit extracts are rich in Vitamins 
A and C, phosphorous, calcium, and minerals. In addition, they contain high amounts of organic 
and inorganic metabolites such as antioxidants, polyphenols, and anti-inflammatory compounds. 
In this research study, students will extract bioactive compounds from Psidium guajava using 
green chemistry-based principles and identify them using analytical techniques such as GC-MS 
analysis. 
 
Reference: 
Sampath Kumar NS, Sarbon NM, Rana SS, et al. Extraction of bioactive compounds from Psidium 
guajava leaves and its utilization in preparation of jellies. AMB Express. 2021;11(1):36. Published 
2021 Mar 1. doi:10.1186/s13568-021-01194-9 
 
Learning Outcomes: 
By the end of this course, students will be able to: 

- Critically analyze research literature 
- Synthesize new knowledge using the information in the literature 
- Explain the applications of green chemistry principles 
- Improve their lab techniques 
- Write publishable quality scientific article 

 
Required Training Certificates: WHMIS 
 
Our Expectations from Students: 

 Passion for research 

 Ability to work independently 

 Good time management skills 
 

CHMD90-91-Projects.pdf   21 8/30/2022   12:04:25 PM
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Supervisor: O. Voznyy       

 

Office:  EV564      Sub-discipline: Electrochemistry 

   

Laboratory:  EV306      Course code:    CHMD91  

   

e-mail:  o.voznyy@utoronto.ca   # of students: 1 

    

Web:  http://cleanenergy.utoronto.ca/ 

 

          

 

LITHIUM-ION BATTERY MATERIAL DEVELOPMENT 

 

Our group focuses on developing next generation lithium-ion battery materials. This 
project aims at exploring novel battery electrode materials. The project will mainly involve 
literature search, material synthesis, coin cell battery assembles and testing. Students could also 
be exposed to machine learning and theoretical computations. Students will learn electrochemistry 
and material science knowledge. Students will work on this project led by a PhD student. This 
project requires in-person lab experiments.  
 
Qualifications: Completion of CHMA10, CHMA11, and CHMB16 with minimum grade of B+. 
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Supervisor: O. Voznyy       

 

Office:  EV564      Sub-discipline:  Electrochemistry 

   

Laboratory:  EV306      Course code:     CHMD91  

   

e-mail:  o.voznyy@utoronto.ca   # of students: 1 

    

Web:  http://cleanenergy.utoronto.ca/ 

 

          

 

ELECTROCHEMICAL SYNTHESIS OF AMMONIA 

 

Our group is interested in electrochemical reduction of nitrogen gas into ammonia in water. 

The project will mainly involve electrochemistry testing of catalysts, optimizing electrochemical 

reactors, NMR analysis. Students could also be exposed to theoretical computations. Students will 

learn electrochemistry, material science, and chemical engineering knowledge. Students will work 

on this project led by a PhD student. This project requires in-person lab experiments.  

 

Qualifications: Completion of CHMA10, CHMA11, and CHMB16 with minimum grade of B+. 
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