
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DIRECTED RESEARCH 

IN CHEMISTRY 

 

CHMD90/91 

 

Syllabus  

2023 Fall – 2024 Winter 



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 2.5 (or a project-specific GPA that 

will be advised upon the agreement of the research supervisor). 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/D91H3 
1. Look through the projects included in this document (project booklet), which are 

listed in alphabetical order of the supervisor’s family name. 

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

expedite the process email your prospective supervisor your unofficial transcript, 

your CV along with a letter of intent). 

3. Once you’ve reached agreement with the 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, and the 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 course coordinator, Professor Xiao-an Zhang  

(xiaoan.zhang@utoronto.ca) can sign under the 'Secretary' section; the Department 

Chair or the Associate Chair Undergraduate can sign under the 'Chair' 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. 

http://www.utsc.utoronto.ca/registrar/supervised-study-form
mailto:rosa.jones@utoronto.ca


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 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 OF CHMD90 and CHMD91: 

Grade distribution: 

Thesis report: 80% (Supervisor: 40%; reader A: 20%; reader B: 20%)  
Presentation: 20% (Presentation will be assessed by two or more evaluators, not including 
your supervisor/co-supervisor. Each evaluation will be weighed equally). 

Important Dates for CHMD91-Fall 

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

November 24, 2023. Find two external readers and presentation evaluators 

among faculty, research associates, and postdoctoral fellows. 

• After completing the revisions requested by the supervisor, the student will 

submit the final version of thesis to the supervisor and two readers. The 

submission deadline of the final thesis is December 01, 2023. 

• Final oral, poster or online (TBD) presentation 20% (Tentative date: December 06, 

2023) 

• All marks due December 10, 2023. 
 

 

Important Dates for CHMD90 and CHMD91-Winter 

• Submission deadline for the 1st draft of your thesis to your supervisor: March 29, 2024. 

Find two external readers presentation evaluators among faculty or postdoctoral fellows. 

• After completing the revisions requested by the supervisor, the student will submit the final 

version of thesis to the supervisor and two readers. The submission deadline of the final 

thesis is April 05, 2024.  

• Final oral, poster or online (TBD) presentation 20% (Tentative date: April 09, 2024) 

• All marks due April 12, 2024 



Guidelines regarding the thesis reports: The thesis reports 

should be prepared in max. 20 pages of text with balanced images, 
illustrations, figures, reaction schemes, and tables, when needed, 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. Abstract (1-page, short summary of your thesis highlighting the most 

important results and conclusions, max. 300 words) 

5. Introduction (max. 4 pages) 

6. Experimental with subsections such as reagents and chemicals, 
instruments, procedure and methods. 

7. Results and Discussion 

8. Conclusions & Future Perspectives 

9. Acknowledgments  

10. References (References should be prepared using the Journal of 
American Chemical Society guidelines) 

Appendices can be attached as Supporting Information file to your thesis 
with unlimited number of pages displaying additional figures, tables, 
images, illustrations and 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/docs/DP

ES%20PREP%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. You can give the signed form to your 

supervisor if you wish to give them your consent to include your name in 

their grant applications. 

http://www.utsc.utoronto.ca/physsci/onboarding-and-training
https://www.utsc.utoronto.ca/physsci/sites/utsc.utoronto.ca.physsci/files/docs/DPES%20PREP%20Form%20-%20Jan%2014%2C%202022.pdf
https://www.utsc.utoronto.ca/physsci/sites/utsc.utoronto.ca.physsci/files/docs/DPES%20PREP%20Form%20-%20Jan%2014%2C%202022.pdf


Na:uralSciencesandEngineering 
ResearchCouncil ofCanada 

Conse!lderecherches ensciences 
na1urelleselengenieducanada 

 

 

Consent to Provide Limited Personal lnfom,ation About 

HighlyQualified Personnel (HQP) to NSERC 

 

NSERC applicants al'c! requiied to @scribe theiroontributionsto the trainingor supQrviSion of highly qualifiQd personnel 

(HQP) by providing autain detailSabout the individualS they haw traiOQd or supervised duringthe siX yQarS priOrto their 

current applicatiOn. HQP infonnatiOn must be entered on the Personal Data Fonn (Fonn 100). This infonnatiOn includes 
the trainee's name, type of HQP training (e.g., undergraduate,master's, technicaletc.)andstatus (oornplQted, in-progress, 
inoornplQte), Y'!arSsupQrviSed oroo-superviSed, titleof the project or thQsis, and the individuars p s-Qnt position. 

 

Bas-Qd on the fe<k!ral Pnvacy Acr rulQsgowrning thecollQction of pQroonal inforrn ion, applicants al'c! asked to obtain 

consent from thQ individualsthQy Mw superviSOO befo providing personald about themto NSERC. In SeQkingthiS 

consent, the NSERC applicant must infonn thQs-Q individuals wMt data willbe suppliQd,and assul'c! them th  it willonly 

be us-Qd by NSERC for the purpos-Q of ass-Qssing thQ applicanrs contribu1ion to HQP training.To Pc!duceSeQkingoons-Qnt 

for multipleapplica1ions, applicants will only neQd to SeQk cons-Qnt Or'IQ time for a siX- ar periOd. If the trainee provides 

consent by e-mail, the sponse must include ooninnatiOn tMt they Mw  Pc!ad and agl'c!e t, the textof thecons-Qnt form. 
 

When oons-Qnt cannot be obtained,applicants a  asKOO to not provide names, or 0111ercombinati0nsof data, that would 

identify thOs-Q superviSOO. However, thQy may stillprovide the type of HQP training and status, aissupervis-Qd or 
co upervis-Qd,a ger'IQraldescription of the projQct or thQsis, and a general indicatiOn of the individuars pl'c!s-Qnt positiOn if 

known. 

 

An example of entering HQPinformationon Form100 (withand without consent): 

 

Name T)'l)Oof HQP 
TrainirgarrJS1a1us 

Years 
SupeMSedor 
Co-slJl)e'lVised 

n1eof Pro,ie,:I or Thesis Ptesen1 Pos On 

Consent Recerled from Marie RO)' 

R<>y, Marie Undergraduate 

(Completed) 
Supervised 
1994 - 1997 

Isotope geochemistry in 

pe1roleum engineering 

V -P(Research), Earth Analytics 

Inc.,Calgary, Alberta 

Consent Not Obtained from Marie Ro)' 

(name 
withheld) 

Undergraduate 
(Completed) 

Supervised 
1994 - 1997 

Isotope geochemistry research executive in petroleum 
indus1ry - western Canada 

 
 
 

 
Consent Form 

-· 
 
 
 
 
 
 
 
 
 
 
 

Fonn 100,Appenc!e<D {:2.007} 

Canada 
PROTeCTeD WH!N CO IPL!T!D Verson ficm isedisponible 

l♦I 

Nameof Trainee 

Applicant lnfonn ion 

I 

°"'"""'""' POSlseoorr.my lns1 Ulbn 

I he byallow the abow-namoo applicant to include limited personaldata about nlQ in grant applicatiOns submittad for 

oonsideratiOn to NSERC for the ne:xtsiX ais. This limited d willonly includQ my nan'IQ, typeof HQPtrainingand 

status, a.-ssuperviSOO oroo-superviSOO, titleof the projQctOr thQsis and, to thQ best of the applicanrs knmvk!dge, my 

p0siti0ntitlQ and oompany ororgani2 ion at thQ time the application iSsubmitted. I understand tMt NSERC willpro ct 

thisd in ac:oor<SanoQ withthe Pr,Vacy Acr,and th it willonly be us-Qd in prooQSSQS tMt aSSQS:S the applicanrs 
oontributiOns to the training of highly qualifiQd peisonnel (HQP), including oonfidQntial peerrwew. 

 
 

 
TraineQ'S signatul'c! Da!Q 

 
 
Note:ThiSfonn must be l'c!tained by the applicanund made availabk! to NSERC upon l'c!quest 
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Supervisor:  Dr Shadi Dalili  Co-supervisor (if any): Dr Kagan Kerman 

        Dr Meissam Noroozifar 
Office: EV 562    Sub-discipline:    Organic/Materials 
Laboratory:   EV 261  Course code: CHMD90Y 
 
Web:  https://www.utsc.utoronto.ca/physsci/shadi-dalili 
 
e-mail: sh.dalili@utoronto.ca   # of students: 1-2 
    

Application of COFs and MOFs in solar cells 
The main goal of this project is development of covalent organic frameworks (COFs) and/or metal organic 

frameworks (MOFs) as a new generation of materials for solar cells (SC). One of the major issues in current 

solar cells is that they are not stable with a light simulator (SUN), due to unstable sensitizers, whose role is to 

allow for absorption of the light and injection of photoexcited electrons into the conduction band of TiO2 as 

semiconductor. Generally, the sensitizers decompose with the SUN. 

 

COFs and MOFs composed of a high number of C-C, C-O, C-H, and M-O bonds have shown to create high 

thermal stability between 300-500°C. Along with this high thermal stability, high chemical stability, 

tunability in pore or channel architecture, and the ability to change chemical properties after synthesis via 

post-synthetic techniques are the most attractive properties in these materials.  

 

Our hypothesis is that based on this heterojunction between MOF with the TiO2 and other elements in SC, the 

efficiency of SC can be increased. 

 

The successful candidate(s) for the project will conduct a comprehensive literature research on the different 

types, applications and syntheses of COFs and MOFs and use this information to propose and design novel 

COFs and MOFs that could show high stability with high molar absorptivity by varying the different organic 

moieties in the structures. The 2nd stage of the project will be the synthesis and characterization of the 

proposed structure(s) and subsequent building of the solar cells and testing of compounds in the SC in Dr. 

Kerman’s lab under co-supervision and conceptualization by Dr. Meissam Noroozifar. 

 

 

 

  

https://www.utsc.utoronto.ca/physsci/shadi-dalili
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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. 

mailto:kagan.kerman@utoronto.ca
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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: CHMD90H3 

     

e-mail: nirusha.thavarajah@utoronto.ca   # of students: 1 

    

Web: nirusha.thavarajah@utoronto.ca 

https://www.utsc.utoronto.ca/people/thavarajah/ 

          

 

Project Title: Isolation and Characterization of Potential Botanical Bio-pesticides 

 

Abstract: 

 

Essential oils are considered effective botanical bio-pesticides that can be considered an effective and 

environmentally friendly alternative to synthetic pesticides. Essential oils contain volatile molecules that are 

primarily composed of terpenes, monoterpenes and sesquiterpenes. Many essential oils have non-terpenic 

compounds such as eugenol, cinnamaldehyde and safrole. Essential oils can be taken up by insects via 

inhalation, ingestion or through skin absorption. In this research study students will extract various essential 

oils from various plant biomass, purify and characterize them using analytical techniques and explore their 

potential as bio-pesticides. 

 

Learning outcomes: 

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

i. Critically analyze research literature 

ii. Synthesize new knowledge using the information in the literature 

iii. Explain the applications of green chemistry principles 

iv. Improve their lab techniques. 

v. Write publishable quality scientific articles. 

 

Required training certificates: N/A 

 

Our expectations from students: 

• Passion for research 

• Ability to work independently 

• Good time management skills 

 

References: 

Maia M.F., Moore S.J. Plant-based insect repellents: A review of their efficacy, development and 

testing. Malar. J. 2011;10(Suppl. 1) doi: 10.1186/1475-2875-10-S1-S11 

 

 

 



21  

 

Supervisor: Prof. N. Thavarajah      Co-supervisor (if any): N/A 

 

Office:  ESB544                   Sub-discipline: Medicinal Chemistry  

    

Laboratory: N/A                  Course code: CHMD90H3 

     

e-mail: nirusha.thavarajah@utoronto.ca   # of students: 1 

    

Web: nirusha.thavarajah@utoronto.ca 

https://www.utsc.utoronto.ca/people/thavarajah/ 

          

Project Title: Synthesis & Characterization of Eco-Friendly Aerogels  

 

Abstract: 

 

Aerogels are highly porous materials that have versatile applications including wastewater treatment, 

catalysis, and energy storage. In this research, students will explore the synthesis and characterization of 

aerogels from agricultural waste. Students will characterize the morphology of the beads and assess their 

physical and chemical properties using Gass Chromatography-Mass Spectrometry (GC-MS), Fourier 

Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM).  

 

Learning outcomes: 

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

vi. Critically analyze research literature 

vii. Synthesize new knowledge using the information in the literature 

viii. Explain the applications of green chemistry principles 

ix. Improve their lab techniques. 

x. Write publishable quality scientific articles. 

 

Required training certificates: N/A 

 

Our expectations from students: 

• Passion for research 

• Ability to work independently. 

• Good time management skills 

 

Reference: 

Sundarraj, A.A., Ranganathan, T.V.: A review on cellulose and its utilization from agro-industrial waste. 

Drug Invent. Today. 10, 89–94 (2018) 
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Supervisor: O.Voznyy    Co-supervisor (if any):  

 

Office:  EV564     Sub-discipline: Materials / Electrochem  

     

Laboratory: EV306     Course code: CHMD90/91   

  

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

    

Web:  http://cleanenergy.utoronto.ca 

          

Synthesis and Method Development for Investigating Ionic Conductivity of Inorganic Solid-State 

Battery Materials 

All-solid-state batteries, a technology that relies on entirely solid materials for energy storage, are defined as 

key research steps to advance our technologies. A core component of all-solid-state batteries is the solid-state 

electrolyte, which defines the medium for ion transport. While there are plenty of established methods for 

determining ionic conductivity of solid electrolytes, the involved measurement parameters are difficult to 

control without performing complex surface modifications and treatment. The main goal of this CHMD90/91 

project is to develop a robust and reliable method to characterize solid-state electrolyte materials by solid 

electrochemical methods. The student will work alongside a graduate student to synthesize solid lithium 

electrolytes and develop an electrochemical setup to measure the ionic conductivities. 

Learning outcomes: 

➢ The student will gain experience working independently for a 

research project with an unknown outcome.  

➢ The student will receive training on glovebox operation and 

perform advanced crystal growth/solid-state methods used in 

inorganic syntheses.  

➢ The student will learn unique characterization methods, 

including electrochemical impedance spectroscopy, and 

Powder X-Ray Diffraction (if time is permitted).  

➢ The student will develop data analysis and interpretation skills 

from characterization.  

Required Training and Qualifications: 

➢ WHMIS Training Certificate 

➢ X-Ray Safety Training (As needed) and instrument training at TRACES. 

➢ Previous lab experience in inorganic synthesis (i.e. CHMC31) is highly preferred.   

Our Expectations from Students: 

➢ Be passionate in multiple areas of chemistry, hard-working, open-minded, and creative. 

➢ Work effectively and collaboratively with graduate students and postdoc fellows in lab. 

➢ Be present and report progress at weekly lab meetings. 

References: 

[1] Chang, H. et al. Chem. Sci., 2023. doi: 10.1039/D3SC02093B and references therein. 

mailto:o.voznyy@utoronto.ca
https://doi.org/10.1039/D3SC02093B
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Supervisor: Frank Wania  

Office:  EV448   Sub-discipline: Chemistry/Environmental Science  

Laboratory: EV427   Course code: CHMD90/91     

e-mail: frank.wania@utoronto.ca  # of students: 1 

Web: https://www.utsc.utoronto.ca/labs/wania/  

          

Transboundary Flows of Trade-Embodied Emissions of Commercial Chemicals 

In an increasingly global world, chemical production, product manufacturing, product use and product 

disposal may all occur in different countries. This global division of labor can lead to an ecologically unequal 

exchange, as the emissions of a chemical often no longer occur only or largely in the country in which the 

benefit of the chemical's use is enjoyed. Emissions associated with production, manufacturing and waste 

disposal occur increasingly in "peripheral" and "semi-core" countries with manufacturing economies, whereas 

emissions in "core" countries with service-dominated economies are more and more restricted to those 

occurring during product use. This not only leads to much reduced occupational exposure in core countries, 

but also to lower emissions to the environment and therefore reduced exposure to the general population. 

Conversely, manufacturing countries and those involved in the handling of waste are "importing" emissions 

and, accordingly, are also suffering increased contaminant exposure. We seek to quantify this unequal 

exchange embedded in the international trade of chemicals and of the products, wastes and foods containing 

such chemicals. In doing so, we rely on a toolbox of simulation models that describe contaminant behaviour 

in the technosphere, the natural environment, in aquatic and terrestrial food chains, in the human residential 

environment, and in human individuals and populations. EUE is likely very pronounced with respect to 

pesticides in the context of the international trade in food and feed. Demonstrating the shared responsibility 

for contamination between consumers and producers is an essential element for making progress in efforts 

towards improved chemicals and waste management globally. 

We will seek to quantify the exchange of the pesticide chlorothalonil (CT) between different parts of the 

world as facilitated by (i) environmental long-range transport, (ii) internationally traded food containing 

residues, and (iii) the virtual transfer of pesticide exposure embodied in international trade. The student will 

review what is known about (i) the production and use of CT around the world, (ii) its environmental fate, and 

(iii) the human exposure to CT. 

Learning Outcomes 

- literature searching and information synthesis 

- data "hunting" skills 

- knowledge on environmental fate of, and human exposure to, organic contaminants 

Reference: 

[1] Tong, K., L. Li, K. Breivik, F. Wania. Ecological unequal exchange: quantifying emissions of toxic 

chemicals embodied in the global trade of chemicals, products, and waste. Environ. Res. 

Lett. 2022, 17, 044054 https://doi.org/10.1088/1748-9326/ac5f95 

 

https://doi.org/10.1088/1748-9326/ac5f95
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