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CALENDARS  
This section contains monthly timetables that will help me keep track of my progress. It 

lists all the tasks to be completed, and the tasks are specific and not open-ended.  



 

AUGUST 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

    1 2 3 

4 5 6 7 8 9 10 

11 12 13 14 15 16 17 

18 19 20 21 22 23 24 

25 26 27 28 
- No class 

29 30 
- Intro class 

31 

 



 

SEPTEMBER 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

1 2 3 4 
- Intro class 

5 6 
- Email mentor 
- Finish creating 
logbook calendar 
- Update notes 
for the first two 
classes 

7 

8 
- Go over my 
calendar and add 
conflicting 
events 

9 10 
- Meeting Dr. 
Garcia in class 
- Prep for 
meeting with Dr. 
Karan 
- update logbook  
- find papers 

11 
- Meeting Dr. 
Karan @ 12:50 
via Zoom 

12 
- Update daily 
notes  
- Create email 
communication 
section 

13 14 

15 16 
- Meeting Dr. 
Karan @ 4:00 via 
Zoom 
- Get acquainted 
with paperpile 

17 18 
- Worked on 
other homework 
 

19 20 
- Meeting with 
Dr. Garcia  
- Update logbook 
- Email Dr. Karan 
meeting 
reminder 
 

21 

22 
- Read + annotate 
Bridging the 
gap… 
 

23 
- Meeting Dr. 
Karan @ 4:00 via 
Zoom 

24 
- Update logbook 
with meeting 
notes 
- Read + annotate 
papers given 

25 26 
- Read + 
annotate papers 
structure, 
property 

27 
- Email Dr. Karan 
meeting 
reminder 

28 
 



29 
- Read + annotate 
papers 
 

30 
- Create an intro 
outline  
- Write 3 possible 
research 
questions 
- Meeting Dr. 
Karan @ 4:00 via 
Zoom (moved) 

     

 



 

OCTOBER 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

  1 
- Email meeting 
summary (moved) 

2 
- Biweekly 
meeting w Dr. 
Garcia  
- Finalized RP 
outline 

3 
- Meeting Dr. Karan 
@ 4:00 via Zoom  

4 
- Read + annotate 
papers - catalyst 
ink papers 
- Email meeting 
summary 
 

5 
 

6 
- RP intro: 
background info 
global shift 

7 
- Meeting Dr. Karan 
@ 4:00 via Zoom 

8 
- Email meeting 
summary  
- rewrite 
background info 
global shift 
- RP intro: 
background info 
PEMFC 

9 10 
RP intro - role of 
CL: function + 
importance 

11 12 
 
 

13 14 
- Canadian 
Thanksgiving (no 
school) 

15 
- Biweekly meeting 
w Dr. Garcia  
RP intro  role of CL: 
challenges  
- SH science fair 
form  
- Register for the 
CYSF portal 

16 
- email meeting 
reminder 
- edit RP (edits 
from dad) 

17 
- Science fair 
meeting at lunch 
- RP objectives  
- RP intro rationale 
for the study 
- Meeting with Dr. 
Karan 

18 19 
- RP question   
- RP variables 
- Edits to the intro 
from Dr. Garcia 
- Email meeting 
summary to Dr. 
Karan 

20 
- RP significance 
- RP hypothesis  

21 
- Go over oral 
presentations  
- Go through 
sample oral 
presentations 
- Ask about lab 
permissions 
- Meeting Dr. Karan 
@ 4:00 via Zoom 

22 
 
 

23 
- Email meeting 
summary  
- Read + make 
edits to the 
research proposal 
- Add more about 
the catalyst ink to 
intro 
- Go over ethics 

24 25 
- Biweekly meeting 
w Dr. Garcia  
- RP confounding 
variable 
- Go over RP 
format/layout 

26 



27 28 
I won’t be at school  

29 
I won’t be at school 

30 31 
- RP due (actual) 
- Meeting Dr. Karan 

  

 



 

NOVEMBER 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

     1 2 

3 4 
- RP due 
(extension) 
- Meeting with 
mentor 
- Make edits to 
project proposal 
paper 

5 
 

6 
- Watch oral 
presentations 
- CYSF basic info 

7 
I won’t be at 
school 

8 
I won’t be at 
school  
- Oral 
presentation 
slideshow 

9 

10 11 
No school - 
Remembrance 
Day (reschedule 
meeting) 
- Practice oral 
presentation 
speech 

12 13 
- Oral 
presentation  
- Watch oral 
presentations 
- meeting with 
mentor 

14 15 
- Read papers on 
the effect of 
catalyst ink 
properties… 
 

16 

17 18 
- Meeting with 
mentor 

19 
- email meeting 
summary to 
mentor 
- Oral 
Presentations 
- CYSF Ethics 

20 21 
- CYSF portal 
(variables, 
hypothesis, and 
procedure) 

22 
 

23 



24 25 
- Meeting with 
mentor 
- Biweekly 
meeting with Dr. 
Garcia 
- Make edits to 
project proposal 
+ oral proposal 

26 
- email meeting 
summary to 
mentor 

27 
- work on the 
CYSF portal 
(edits to 
variables + 
procedure, do 
research section) 

28 29 
- try Paperpile 
again 
- email meeting 
reminder to 
mentor 
- work on the 
CYSF portal 
- December 
calendar  

30 

 



 

DECEMBER 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

1 2 
- Meeting with 
mentor 

3 
NO CLASS - 
PRESIDENT’S 
BREAKFAST 

4 
- Email meeting 
summary to 
mentor 
 

5 
- Biweekly 
meeting with Dr. 
Garcia 
- Reformat 
documents → 
Research 
proposal for the 
CYSF portal  

6 
- Email meeting 
reminder to 
mentor 

7 

8 9 
I will not be at 
school  
- Meeting with 
mentor 

10 
- Email meeting 
summary to 
mentor 

11 
- og plan:  Read 
papers that Dr. 
Karan will send 
- Collect and 
analyze data 
- actual: email 
mentor  
- areas of 
improvement of 
intro 

12 13 
- Email meeting 
reminder to 
mentor 

14 

15 16 
- Meeting with 
mentor 

17 
- Email meeting 
summary to 
mentor 
- Biweekly 
meeting with Dr. 
Garcia 
- Review 
background 
research 
summary notes  

18 19 
- Collect and 
analyze data → 
Did not end up 
doing this 

20 
- Meeting with 
Vahid at the lab 
at UofC @ 4:30 

21 
- Winter break 
starts at UofC 
and Webber 

22 
- Winter break 

23 
- Winter break 

24 
- Winter break 

25 
- Winter break 

26 
- Winter break 

27 
- Winter break 

28 
- Winter break 



29 
- Winter break 

30 
- Winter break 
 

31 
- Winter break 

    

 



 

JANUARY 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

   1 2 
- Winter break 
ends at UofC  

3 
 

4 

5 6 
- Winter break 
ends at Webber 
MIDTERM 
STUDYING 
 

7 8 
MIDTERM 
STUDYING 

9 10 
Exam break 
starts  

11 
Exam break  

12 
Exam break  

13 
Exam break  

14 
Exam break  

15 
Exam break  

16 
Exam break  

17 
Exam break  

18 
Exam break  

19 
Exam break  

20 
Exam break 
ends  
- Meeting with 
mentor  

21 
 

22 
- Full class 
meeting 
- Update logbook  
- Send Dr. Karan 
a meeting 
summary  

23 
- science fair 
meeting 

24 
- biweekly 
meeting w Dr. 
Garcia  
- Update logbook 

25 

26 
- Update logbook 

27 
- Meeting with 
mentor  
 

28 
- Introduction 
section of the 
final paper  
- logbook 
calendar – Feb 

29 30 
- Work on 
introduction 
section of the 
final paper 
- Introduction 
Section Paper 
Due (extension 
next Friday) 

31 
- Send meeting 
reminder to 
mentor 
- Logbook due 
December + 
January 

 



 



 

FEBRUARY 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

      1 

2 3 
- Meeting with 
mentor 
- Data analysis → 
take a look at 
slides sent + ask 
for raw data 
points 

4 
- Send meeting 
summary to 
mentor 

5 
- Biweekly 
meeting with Dr. 
Garcia  
- Data analysis → 
plot the data I 
have in a graph 
on Excel  
- Email asking for 
the unaveraged 
data 
- Review 
background 
research for 
sci-fair Turnitin 
- email to set up a 
time to go over 
methods in 
greater detail 

6 7 
- Send meeting 
reminder to 
mentor 
- Background 
research due on 
sci-fair Turnitin 
- Data analysis → 
understand the 
patterns in the 
trends  
- Introduction 
section due 
(extended) 
- Procedures 
section of the 
final paper → 
hypothesis and 
variables  
 

8 

9 10 
- Meeting with 
mentor 
- Data analysis → 
understand the 
meaning of the 
data 

11 
We had an 
assembly for 
most of this 
class 
- Data analysis → 
analyze what the 
data means  
- Begin the 
procedures 
section of the  
final paper → 
write about the 
ways that the 

12 
 

13 
 
- Procedures 
section of the 
final paper → 
Ink preparation, 
DLS 
- Watch the video 
on DLS 

14 
 
 

15 
- Procedures 
section of the 
final paper → 
electrical 
conductivity, BJH 
average pore 
width 



data is collected 
→ wasn’t 
finished because 
of assembly  
- U of C @ 4:30 to 
meet with Vahid 

16 
- Procedures 
section of the 
final paper → 
how all the data 
is graphed  

17 
- Meeting with 
mentor (meeting 
canceled due to 
family day long 
weekend) 

18 
 

19 
- Final edits to 
procedure  
- Procedures 
Section of final 
paper due 
(DDDL) 
- Biweekly 
meeting with Dr. 
Garcia 
- Make the oral 
presentation for 
science fair prep 
-Methods due on 
sci fair Turnitin 
- Finish graphing 
the properties 
against each 
other 

20 
-  Make the oral 
presentation for 
science fair prep 
- Finish 
understanding/a
nalysis on data 

21 
-  Final touches 
on the oral 
presentation for 
science fair prep 
- prepare the oral 
presentation for 
science fair prep 
presentation → 
practice flow, 
timing, recitation 

22 

23 24 
- meeting with 
mentor 
(canceled) 
- practice oral 
presentation and 
time it  

25 
- Oral 
presentations 
begin (I am 
presenting here) 
- Turn in slides 
from OP (DDDL) 

26 27 
 
BE DONE WITH 
DATA 
COLLECTION/AN
ALYSIS → HARD 
DEADLINE 
(should be done 
before for OP) 
- Oral 
presentation 
(watching) 
- Logbook 
(DDDL)  

28 
- Marks close for 
report cards 

 

 



 

MARCH 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

      1 
-  Background 
research, RQ, 
hypothesis, 
variables for 
poster 
 

2 
 

3 
- data 
collection/results + 
analysis/conclusions 
due on sci fair 
Turnitin 
- meeting with 
mentor 
-  results, analysis, 
and conclusion part 
of the poster  

4 5 
- Figure out how 
to add error bars 
to graphs 
- Make methods 
flow diagram for 
poster  
- limitations, 
future direction, 
acknowledgeme
nts, references  
- Methods for 
paper 
- Figure out 
scaling of poster    
 
 

6 
- meet Dr. Garcia 
during spare 

7 
- Term 2 report 
card  
- redo methods 
section 
- change poster 
layout to be 
trifold  
- ask Dr. Garcia 
to take another 
look at the poster  

8 
- SEND 
POSTER TO 
BE PRINTED 

9 
- PICK UP 
POSTER 

10 
- practice poster 
after school with Dr. 
Garcia  

11 
- In-School 
Science Fair 
(All Day) 

12 13 
- hypothesis edits  
- research edits  
- Variables edits  
- procedures 
edits 
- add data 
(graphs) and 
analysis to the 
CYSF portal 

14 15 

16 17 
-fill in conclusions 
for CYSF portal 
- fill in the 
observations section 

18 19 
- science fair 
reflections  
- header image  
- project image  
- order a new 

20 
  
- download parts 
of the logbook 
and combine 
into one PDF 

21 
- If you’re going 
to go to the city 
science fair, the 
portal is due 
here  

22 
SPRING 
BREAK 

 



of CYSF portal with 
photos from the lab 
and brief 
descriptions  
- Biweekly meeting 
with Dr. Garcia 
- applications, 
sources of error,  

poster (foam 
board) 
- fill in citations, 
acknowledgment
s  

- I won’t be at 
school (SPRING 
BREAK) 

23 
SPRING 
BREAK 

24 
SPRING BREAK 
- start writing the 
results paper → wt 
vs. particle size, wt 
vs. avg pore width, 
wt. Vs. conductivity   
 

25 
SPRING 
BREAK 
- results 
paper → 
particle size 
vs pore width 

26 
SPRING 
BREAK 

27 
SPRING 
BREAK 
 results paper → 
particle size vs 
conductivity  

28 
SPRING 
BREAK 

29 
SPRING 
BREAK 

30 
SPRING 
BREAK 

31 
SPRING BREAK 
-  results paper → 
conductivity vs pore 
width 

     

 

 



 

APRIL 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

  1 2 3 4 5 

6 7 8 9 10 
- Biweekly 
meeting with Dr. 
Garcia 
- City science fair 

11 
- City science fair 

12 
- City science fair 

13 14 
- Results section 
due  

15 16 17 18 19 

20 21 22 23 
- Biweekly 
meeting with Dr. 
Garcia 

24 25 
 

26 

27 28 29 30    

 



 

MAY 
Sunday Monday Tuesday Wednesday Thursday Friday  Saturday 

    1 
- Discussions and 
Conclusions 
section due  

2 3 

4 5 
- Biweekly 
meeting with Dr. 
Garcia 

6 7 8 9 10 

11 12 13 14 15 
- Biweekly 
meeting with Dr. 
Garcia 

16 17 

18 19 20 21 22 23 24 

25 26 27 28 
- Biweekly 
meeting with Dr. 
Garcia  

29 30 
- Final paper due 

31 

 



DAILY NOTES 
This section contains the details of my daily work, drawings of models I am working on, 

notes of my meetings with my mentor, notes of topics discussed in the classroom with my 

instructor, questions I have about procedures learned, and information about what I am 

reading.  



August Daily Notes 

August 30th - Class Time  

This was my first ASP class, and we spent the class going over the expectations for the 

course.  

Communication:  

With Mentor:  

-​ Check emails 2-3 times per day  

-​ Ask the mentor about the best times to email them  

-​ Ask the mentor about the best communication platforms  

-​ Schedule some meeting times and meeting locations at the initial 

meeting  

-​ Try and meet at least once a week based on the mentor’s schedule 

-​ During a meeting with a mentor, go over the work to be done 

between meetings. 

With Dr. Garcia: 

-​ Keep constant communication either through emails or in-person 

meetings.  

-​ Email meeting summaries after meetings with mentors to keep her 

up-to-date as to how your project is going.  

Email meeting summary to mentor: 

-​ Thank you for taking the time to meet with me.  

-​ Discussed  

-​ X  

-​ Y  

-​ Z 

-​ Tasks with deadlines  

-​ X 

-​ Y 

-​ Z 



-​ Next meeting with date, time, and location 

-​ Ask, “Did I miss anything?” 

-​ Do this after every meeting  

-​ Add a copy of the email to the logbook 

Preparedness:  

-​ Keep on track of your work  

-​ Mark goals  

Time management:  

-​ Use a calendar  

-​ Write down tasks/assignments  

-​ Keep track of due dates  

-​ Do what works best for you 

 

Logbook Content:  

-​ Daily Notes with dates  

-​  what you did  

-​ Background research/literature  

-​ Notes on literature 

-​ Copy of annotated literature  

-​ Methods  

-​ Results/data collection  

-​ Analysis/conclusions  



September Daily Notes 

September 03 - Spare 

I emailed Dr. Karan asking about setting up a meeting to discuss my project. See Email 

Communication September 03.  

September 04 - Class Time  

During this class, we reviewed more expectations about how the class works.  

Finding and annotating literature: 

-​ The best place to find literature is Google Scholar  

-​ Google Scholar is reliable because the literature is cited and accurate.  

-​ Use literature review papers, not literature research papers 

-​ Literature review papers summarize lots of research done on the topic 

rather than focusing on new research being done.  

-​ Include new research if proven and relevant 

-​ Use Paperpile to annotate and store literature 

-​ Licenses coming soon 

Citation Styles: 

-​ MLA (Modern Language Association)  

-​ Mainly used in fields such as literature, languages, and philosophy 

-​ APA (American Psychological Association( 

-​ Mainly used for technical and scientific works  

-​ Chicago 

-​ Most commonly used when citing sources in history and occasionally social 

sciences and humanities. 

-​ IEEE 

-​ Primarily used for electronics, engineering, telecommunications, computer 

science, and information technology reports.  

-​ IEEE is probably the most beneficial for my project as it is specifically 

engineering-based.  



Research proposal: 

-​ The rough deadline for the research proposal will be in mid-October  

-​ The rough date for presentations will be the end of October.  

First mentor meeting: 

-​ Discuss project ideas  

-​ Narrow down projects to your research question  

-​ Meeting times ​  

-​ Either create a set schedule or decide how meeting times will be decided  

-​ Provide schedule and availability 

-​ Discuss research proposal 

-​ Tell the mentor it is the first assignment and go over the guidelines  

-​ Set up another meeting to talk more about the research proposal 

September 06 - Class Time  

​ Email mentor 

-​ Write an email to the mentor to follow up on the previous email. Mention the 

research proposal and give possible meeting dates. See Email Communication 

September 06.  

​ Finish creating my logbook calendar 

-​ I marked down when I have ASP classes by highlighting the cells in a specific 

color, taking into consideration holidays and school breaks.  

​ Update notes for the first two classes 

-​ See Daily Notes for August 30th and September 04th 

September 06 - After Class  

I got a response back from my mentor about setting up a meeting. See Email 

Communication September 06.   

I wrote back to him confirming a date and time and sending him an invite to a Zoom 

meeting for September 11th. See Email Communication September 06.  

September 08 - Weekend 



I spend a little time going over dates in the next few months when I know I will not be in 

class.  

Dates: 

-​ October 29th – I will be in Austin for a prior commitment  

-​ November 08th – I will be in Austin for a prior commitment  

-​ December 09th - I will not be at school due to a prior commitment  

I also got an email from my mentor with a calendar invite for our meeting on September 

11th at 12:50 p.m. See Email Communication September 08.  

September 10 - During Class  

​ Meeting with Dr. Garcia (notes below) 

I had my first biweekly meeting with Dr. Garcia (my teacher at school) to go over what I 

have achieved thus far and things to go over in my upcoming meeting with my mentor 

(Dr. Kunal Karan).  

Previous meetings recap: 

I have met twice with my mentor thus far. My first meeting with him was on June 04th 

via Zoom. During this meeting, he told me a lot about fuel cells and their complexity. We 

talked briefly about this class and the work I will be doing. Before the meeting 

concluded, we scheduled a meeting in person at the University of Calgary on June 26th. 

During my second meeting with Dr. Karan at the University of Calgary, he took me to the 

lab space where he works and showed me all the ongoing projects and equipment in the 

lab. We did not discuss project ideas during this meeting.  

Upcoming meeting: 

My next meeting with Dr. Karan is tomorrow at 12:50. 

During this meeting, I need to discuss the following.  

-​ Possible project ideas  

-​ Possible research questions  

-​ My short-term goals for the class and project  

-​ Literature reading I can do to get started  



-​ Bring up the research proposal 

-​ Share guidelines for the proposal with him (see image to the side) 

-​ Set up a rough timeline for the project  

-​ Ask the following questions 

-​ Is my mentor going to be you or a student? 

-​ Who will be my direct supervisor/person of contact? 

-​ What times work best for meetings?  

-​ Are you available to have weekly meetings? 

-​ When will our next meeting be (date + time)? 

-​ Never leave a meeting without knowing when your next meeting is. This will 

reduce the time between meetings, as you will have a clear timeline and won’t 

have to wait for emails.  

 

 

If time allows, cover the following; otherwise, leave this for the next meeting: 

-​ Outline the project proposal  

-​ Subheadings  

-​ Information to cover in 

subheadings 

-​ Start broad at the beginning of the proposal 

and narrow it down as you continue  

-​ Talk about how the field works, not just your 

specific project.  

 

Before meeting tomorrow:  

-​ Find 1-2 articles that are reviews on fuel cells  

-​ https://www.mdpi.com/2077-0375/10/5/99  

-​ https://www.nature.com/articles/s41467-022-33892-8 

-​ I have added these articles to Paperpile to be annotated soon.  

September 11 - Meeting with my mentor: 

Today was my first meeting with my mentor, Dr. Karan, since the start of the school year. 

https://www.mdpi.com/2077-0375/10/5/99
https://www.nature.com/articles/s41467-022-33892-8


We talked a little about my project and our plan for the future. I have included the main 

points of our meeting below.  

-​ Due to the length of time fuel cell experiments take, I will be working on a data 

analysis project using the data collected by a grad student working on the project.  

-​ I shared the research proposal guidelines with my mentor, and he has a project in 

mind that I could work on. The project already has some results collected and is 

still generating more results.  

-​ For now, I will be directly supervised by Dr. Karan, but down the line, I could be 

mentored by the graduate student working on the same project.  

-​ Dr. Karan and I will be meeting every Monday at 4:00 p.m. to discuss my project,  

-​ Following our meeting, I will get my first set of literature to read on Monday.  

After the meeting was over, I emailed a summary of the meeting to both Dr. Garcia and 

Dr. Karan. See Email Communication September 11.  

September 12 - Class Time:  

​ Update my logbook with details of my meeting with my mentor yesterday.  

-​ See Daily Notes for September 11.  

​ Create a section in my logbook with email communication.  

​ Input all emails between my mentor and me. 

-​ See the Email Communication section between April 21 and 

September 11.   

September 16 - Class Time:  

During this class, we spent a lot of time going over our research proposal and other 

aspects of the class.  

Science Fair:  

-​ Due to COVID-19, the science fair used to use an online platform that may still be 

used this year.  

-​ Each person will have to make a poster board for the in-person science fair 

presentation.  

-​ I joined the Science Fair Google Classroom so I can stay up-to-date on all science 

fair-related information.  



Paperpile: 

-​ If your mentor sends you a PDF of a paper, find the website it came from and add 

it to Paperpile.  

-​ You do not have to annotate everything on Paperpile.  

-​ If you want to print out the PDF and annotate by hand or use an iPad to 

annotate, then upload images of annotated literature to the logbook. 

-​ If using Paperpile for annotations, then generate a link through Paperpile to the 

annotated PDF and paste it into the logbook.  

-​ When doing citations, make sure to include a link to the source. 

-​ Choose the citation style that makes the most sense for your project.  

-​ Purdue Owl is an excellent source to use to find more information about 

citations.  

-​ Use IEEE.org to find engineering papers  

Research Proposal:  

Decide on what kind of project you will be doing: 

-​ Study - does not need a variable or hypothesis because it is not your 

original setup 

-​ Experimental - has to have both variables and a hypothesis  

-​ Innovation - does not need to have a variable or hypothesis  

Every proposal needs the following: 

-​ Research question(s) 

-​ It should be as narrow as possible  

-​ Goals 

-​ Have both long and short-term goals  

-​ Short-term goals 

-​ It may look more like tasks (things that have to be accomplished) 

-​ Be ambitious when setting goals (it is okay not to accomplish all of 

them) 

-​ Long-term goals 

-​ Things you want to accomplish after finishing short-term goals 

-​ They can be broader than short-term goals but do not make them 

too broad 

-​ Introduction section  

https://owl.purdue.edu/owl/
http://ieee.org


-​ Also known as the literature review/background research section  

-​ About 70-80% of the term should be used to study literature  

-​ Since I am probably doing a study-based project, I can dedicate a 

couple of months to doing literature and background research 

-​ The section should be written with the goal of leading to the 

research question in mind (write it general to specific about the field 

that leads to the research question) 

-​ This section should lead the reader to believe that the research 

question is essential to study  

-​ There is no page limit for the research proposal, but the more you write, 

the more opportunity you have to make mistakes  

-​ Create an outline of what you want to write in your intro after coming up 

with the research question  

-​ Think about everything that needs to be talked about to lead you to 

the research question  

-​ Add dates to the calendar with dates that you want things done on  

-​ Mark the day that you want to show Dr. Garcia and your 

mentor the rough draft of your proposal  

-​ Then, divide the rest of the work between classes  

After the introduction is figured out 

-​ Start discussing methodology with your mentor  

-​ Include database, datasets, and setups (how the experiment runner 

set up their experiment) 

-​ Talk about what you are looking at and how you are going to look at 

it  

-​ Talk about the statistics needed (if needed) 

-​ You must know the methods in detail by the science fair in April, but 

for now, just know the methods well enough to connect to the 

research question.  

-​ This is how the question is answered. 

-​ Keep Dr. Garcia updated on the research proposal progress and share what 

you have written for feedback  

Asking questions to mentor:  

-​ Ask specific questions 

-​ Have work to show them so you can point out exactly what you don’t understand  



-​ Don’t ask them to re-explain everything they have explained to you  

-​ Go with specific areas you need further explanation for  

Artificial Intelligence and Plagiarism:  

-​ Do not use AI on any papers in this class  

-​ Ask Dr. Garcia if you need help with editing papers  

-​ AI does not help make things specific 

-​ It makes things very generic and lacks a voice 

-​ AI does not correctly summarize information. It usually leaves information out 

-​ To find the right way to phrase things, ask Dr. Garcia 

-​ Everything will be submitted to Turnitin  

-​ Turnitin will flag copying yourself, but it will be ignored because the sections of 

the final paper will be submitted in parts prior.  

-​ Do not use AI just to get a good mark. 

-​ This class is to gain experience with doing research and to help prepare 

you for university. Using AI does not help with this.  

September 16 - Meeting with mentor: 

During our meeting, my mentor walked me through some papers with higher-level 

content. He will forward the papers to me with specific sections to read. Since I do not 

have access to the papers we went over, I have typed up the notes I took below.  

Paper Notes:  

-​ Reaction on the surface of the fuel cell.   

-​ The O2 cathode has to get to the surface of the fuel cell.   

-​ Use proton conductive materials in the polymer to allow the protons to get to the 

surface of the fuel cell.  

-​ Electrons go through carbon to the surface of the fuel cell.  

-​ E-, P+, and O2 come together on the surface of the fuel cell.  

-​ The performance of a fuel cell depends on many factors, such as how much 

platinum is used, the size of the fuel cell, and the surface area.  

-​ How much platinum is used  

-​ Size of the fuel cell  

-​ Surface area 

-​ Increased surface area means increased activity because you are 

expanding the workforce.  



-​ How much catalyst is used  

-​ How easily protons and O2 reach the surface. 

-​ A fuel cell is ineffective if oxygen or protons can’t reach the polymer.  

-​ Without a polymer, most of the platinum would not be used 

-​ Transport of gas (oxygen) through the structure depends on the size of the pore 

and how many pores there are  

-​ Electron transport is not limiting  

-​ Carbon is a good conductor as long as the carbon atoms are touching each other. 

-​ If not utilized, money is being wasted  

-​ To make a fuel cell structure  

-​ The polymer is attached to a catalyst → catalyst ink  

-​ The ink is sprayed onto the membrane to get a catalyst layer  

-​ It is crucial to find a ratio that optimizes the utilization of the catalyst.  

-​ The final product depends on more than just the catalyst 

-​ How is the layer made? 

-​ How is the ink made? 

-​ Solvent ratios are independent variables.  

-​ Structural parameters are dependent variables. 

-​ The most common solvents used are nPA (normal proponal) and H2O (water) 

-​ Ink characteristics should be kept track of 

-​ We don’t know how different factors impact performance yet, but we do know 

that different factors influence performance.  

Other important information: 

-​ He mentioned that when citing papers, it is always good to mention the person 

responsible for the information as well as the place they work (if applicable) in 

citations. This is because it makes it more specific and easy to find.  

-​ Dr. Karan will be sending Zoom invites for the rest of our meetings as he has the 

professional version of Zoom with no time constraints. My non-professional 

account has a time constraint of 40 minutes, which we almost went over during 

our meeting.  

September 18 - Class Time:  

During this class period, I did not have any work to complete for ASP, so I completed 

homework from other classes.  



September 20 - Class Time: 

​ Biweekly check-in with Dr. Garcia  

-​ During this meeting, Dr. Garcia and I discussed everything that happened 

in my meeting with my mentor the previous Monday.  

-​ I told her about our plans for our next meeting on Monday, including going 

over research questions and goals.  

-​ She looked over a draft of my email, reminding Dr. Karan of our upcoming 

meeting.  

​ Email Dr. Karan 

-​ Write an email reminding Dr. Karan of our upcoming meeting as well as 

ask for papers to read. See Email Communication for September 20th. 

September 22 - Weekend: 

​ Read and annotate the first three pages of bridging the gap between highly active 

oxygen reduction reaction catalysts and effective catalyst layers for proton 

exchange membrane fuel cells.  

-​ See background research for September 22nd.  

September 23 - Meeting with Mentor:  

During this meeting with my mentor, we discussed the following items.  

-​ We discussed the one paper that I read prior to the meeting.  

-​ We reviewed some diagrams with zoomed-in images of what a fuel cell works and 

how the components work together to be effective.  

-​ Dr. Karan sketched a fuel cell structure and will be emailing it to me.  

-​ We discussed the structure of fuel cells and how to optimize performance.  

-​ There are three materials that are used to make the catalyst ink.  

-​ Catalyst, solvent, and ionomer.  



Image from The Controllable Design of Catalyst Inks to Enhance PEMFC 

Performance 

-​ In the lab at the University of Calgary, they are studying the effect of the solvent 

on the properties of the catalyst ink and catalyst layer to understand how it affects 

the connectivity and accessibility of fuel cells.  

-​ We went over some of the variables that the experiment conducted at the lab has.  

-​ Independent variable 

-​  The ratio of water to isopropyl alcohol in the solvent used to mix the 

catalyst ink 

-​ Responding variables 

-​ Size of aggregates in the catalyst ink 

-​ Properties of the catalyst layer  

-​ Coverage 

-​ Ionic resistance 

-​ Electronic resistance  

-​ Pore size  

-​ Before the next meeting: 

-​ Have an outline made for the introduction section of the research proposal  

-​ Have some possible research questions (3 minimum) 

September 24 - Class Time:  

​ Send an email to Dr. Karan summarizing yesterday’s meeting 

-​ See email communication for September 24th.  

​ Finish annotations for the images in Bridging the gap between highly active oxygen 

reduction reaction catalysts and effective catalyst layers for proton exchange 

membrane fuel cells.  

-​ See background research for September 24th.  



​ Upload annotated PNGs to the logbook  

September 25 - After School:  

-​ Dr. Karan sent me the notes from our meeting on September 23rd 

-​ See email communication for September 25th 

-​ See mentor written notes for September 23th 

September 26 - Class Time:  

​ Draft and schedule send an email to Dr. Karan reminding him of the upcoming 

meeting - to be sent tomorrow afternoon  

-​ Schedule email for tomorrow (September 27th) at lunchtime (around noon) 

-​ See Email Communication September 27th. 

​ Add a section for mentor notes and add notes from September 20th and 

September 23rd.  

-​ See Mentor Notes for September 20th and September 23rd.  

​ Update the Email Communication section of the logbook.  

-​ See Email Communication September 25th. 

​ Show Dr. Garcia my logbook and get feedback  

​ Read + annotate more papers  

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 

Membrane Fuel Cells  

​ Section 1 

-​ See Background Research for September 26th.  

September 27 - After School: 

​ Email Dr. Karan meeting reminder 

-​ See email communication for September 27th 

September 29 - Weekend: 

​ Read + annotate more papers  

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 



Membrane Fuel Cells 

​ Section 2.1  

-​ See Background Research for September 29th.  

​ Section 2.4 

-​ See Background Research for September 29th.  

​ Section 4.6 

-​ See Background Research for September 29th.  

September 30 - Class Time:  

​ Update the logbook calendar for October 

-​ Include dates of mentor meetings, biweekly meetings with Dr. Garcia,  

-​ See Calendars for October 

​ Write three possible research questions to be discussed with the mentor.  

1.​ How does the optimization of catalyst layer structures impact the trade-off 

between cost, performance, and durability in proton exchange membrane 

fuel cells (PEMFCs), particularly with the reduced platinum content? 

a.​ The balance between reducing the cost of PEM fuel cells by 

decreasing the use of Pt (an expensive material) and 

maintaining/improving fuel cell performance and durability. 

Optimizing the structure can influence the efficiency of chemical 

reactions, water management, and long-term operation.  

b.​ The question investigates how changing the CL design can achieve 

cost savings without compromising on the fuel cell functionality.  

2.​ How do advanced thin-film fabrication techniques (ex., atomic layer 

deposition and sputtering) affect the long-term performance and mass 

transport characteristics of ultra-thin catalyst layers in proton exchange 

membrane fuel cells (PEMFCs)? 

a.​ Focuses on the impact of modern thin-film techniques used to create 

ultra-thin catalyst layers. These methods allow for more efficient use 

of expensive catalysts such as platinum, but their influence on the 

longevity of fuel cells and the transport of gases and water is not 

fully understood yet.  

b.​ The question investigates how these techniques affect the overall 

durability and operational efficiency of PEM fuel cells.  

3.​ How do different catalyst coating methods affect the stability, water 



management, and oxygen reduction reaction efficiency in PEMFCs under 

varying operational conditions?  

a.​ It looks at how different methods of applying the catalyst impact the 

overall performance of a fuel cell. The coating methods influence 

how well the CL facilitates the oxygen reduction reaction, manages 

water buildup, and remains stable over time.  

b.​ The question aims to compare methods under different scenarios to 

determine which one is the best in stability and efficiency. 

4.​ How does the composition of non-precious metal catalysts compare to 

platinum-based catalysts in terms of catalytic activity and stability in PEM 

fuel cells? 

a.​ NPM catalysts are being researched as cost-effective alternatives to 

platinum; they lack the same level of efficiency and durability.  

b.​ The question would investigate the catalytic activity and stability of 

NPM catalysts compared to Pt, assessing their potential for 

commercial use in PEMFCs.  

​ Research proposal outline 

I.​ Background Information  

A.​ Global shift toward clean energy and fuel cells (1-1.5 pgs)  

Image from UN 

Environmental 

Programme 

-​ The problem (causes) → extreme weather conditions (climate 

change) and human-based carbon emissions.  

-​ International Panel for Climate Change (IPCC) 

-​ Paris Agreement 

-​ Regulations 

-​ Sources of carbon emissions 

-​ Breakdown of sectors 

-​ Transportation is a large sector in the US/Canada 

https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable
https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable
https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable


-​ Ways to minimize emissions 

-​ Why the shift is happening 

-​ Increasing demand for clean and sustainable energy sources  

-​ PEMFCs are a promising technology due to their efficiency 

and environmental benefits  

-​ Applications of PEMFCs in transportation (mainly), 

stationary power, and portable electronics.  

B.​ Overview of PEMFCs 

-​ The basic operation of PEMFCS  

-​ Splitting hydrogen into protons and electrons at 

anodes 

-​ Generating electricity as electrons move through an 

external circuit  

-​ Protons react with oxygen at the cathode to form 

water  

-​ Challenges in PEMFCs, especially in CLs 

-​ High cost 

-​ Performance limitations  

-​ Durability concerns 

II.​ Role of Catalyst Layers  

A.​ Key functions and importance of CLs 

-​ CLs facilitate electrochemical reactions (ex., ORR at the 

cathode)  

-​ CLs are responsible for transporting reactants, products, 

electrons, and heat while managing water.  

-​ CLs make up 42% of the cost of mass-produced PEMFCs due 

to the use of platinum crystals.  

B.​ Challenges in the CL design 

-​ Cost of PEMFCs due to Pt catalysts  

-​ Water buildup and flooding in CLs block reactions, therefore 

reducing performance.  

-​ Poor CL design can lead to the formation of hydrogen 

peroxide (H2O2), which degrades components and reduces the 

longevity of FC.   

III.​ Current Efforts to Address CL Challenges  

A.​ Reducing platinum content  

-​ Researchers are exploring platinum alloys and non-precious 



metal catalysts to reduce reliance on expensive Pt while 

maintaining performance.  

-​ NPM catalysts are not as reliable or efficient, leading to cost, 

durability, and performance trade-offs.  

B.​ Improving catalyst layer structure 

-​ CL structure, including thickness, pore size, and arrangement 

of catalyst particles, impacts short-term and long-term 

performance.  

-​ Emerging fabrication techniques like thin-film deposition aim 

to reduce catalyst loading while maintaining efficiency.  

-​ Catalyst ink and fabrication of catalyst ink 

-​ Coating method 

-​ Building block materials (catalyst, ionomer, carbon 

supports) 

-​ Ink composition 

IV.​ Rationale for Study  

A.​ Need for optimization and better understanding of CLs 

-​ Despite advancements, there is no consensus on the best CL 

structure for PEM fuel cells.  

-​ Understanding how Cl structure impacts key factors such as 

mass transport, catalyst usage, and durability is crucial for 

improving the overall fuel cell performance.  

B.​ Relevance of study  

-​ Aims to address the gaps in knowledge regarding the 

trade-offs between cost, performance, and durability in CL 

design.  

-​ Optimizing CL structure and reducing platinum usage will 

allow this research to contribute to making PEMFCs more 

cost-effective and scalable for widespread industrial use.  

V.​ Research Aim and Objectives  

A.​ Objective  

-​ Investigate how CL structure and material composition 

impact the performance, cost, and long-term durability of 

PEMFCs.  

B.​ Relevance  

-​ The study will help guide future design improvements, 

accelerating the commercialization of PEMFCs and 



contributing to global clean energy goals.  

​ Upload PNGs of annotated papers from September 29th.  

-​ See Background Research for September 29th.  

​ Type up the written summary bullet points on each section of Structure, Property, 

and Performance of Catalyst Layer in Proton Exchange Membrane Fuel Cells. 

-​ See Background Research Summary Notes for September 30th.  

September 30 - Meeting with Mentor: 

The meeting was moved to Thursday due to Truth and Reconciliation Day 

-​ Dr. Karan sent me an email to reschedule our meeting, and I emailed back to 

confirm the change.  

-​ See email communication for September 30th 

 



October Daily Notes 

October 02 - Class Time:  

During this class we reviewed a lot of information regarding the class that pertains to 

everyone.  

-​ September Logbook  

-​ This logbook is for practice. We are only getting feedback from Dr. Garcia 

for this one.  

-​ Common sources of error 

-​ Having missing information for days in your logbook will result in 

lost marks for content.  

-​ Having information written in an unclear fashion will result in lost 

marks for organization.  

-​ For papers being annotated, have information that tells Dr. Garcia exactly 

what paper you were working on  

-​ Title  

-​ Author 

-​ Year 

-​ Do not use sites such as Johns Hopkins, Mayo Clinic, etc., for citing reliable 

information.  

-​ These sites are fine to use to gather a basic quick definition or 

understanding of a concept but not okay to use for citing information.  

-​ Schedules 

-​ Have schedules planned out to the best of your ability  

-​ Do not just put class (not specific enough) 

-​ Research Proposals 

-​ Introduction - outline (have done by October 04) 

-​ Broad 

-​ To  

-​ Narrow  

-​ Research Question (have done by October 04) 

-​ What is it? 

-​ Goals (have done by October 04) 

-​ Short-term: tasks 



-​ Long-term: future  

-​ Variables and Hypothesis 

-​ Don’t do this if you are not conducting an original experiment  

-​ Methods (by the end of next week)  

-​ Have a basic understanding  

-​ There is no need to know super in-depth  

-​ Significance (by the end of next week/beginning of the following week) 

-​ Contribution to the field  

-​ Why is it important?  

-​ Have the first draft done by mid-October  

-​ DUE: END OF OCTOBER 

​ Meeting with Dr. Garcia 

-​ By the end of your next meeting with your mentor, have:  

-​ Goals  

-​ Methods  

-​ What are you measuring  

-​ How is it measured 

-​ Ask about experimental vs. study  

-​ Hypothesis and variables  

-​ Set deadlines for yourself  

-​ Draft intro  

-​ Goals  

-​ RQ 

-​ Methods  

-​ Get approval for the intro outline and RQ from Dr. Karan 

October 03 - Meeting with Mentor:  

During this meeting with my mentor, we went over the research questions I had written 

down, as well as my introduction outline.  

Pros and cons of each question: 

Question 1: How does the optimization of catalyst layer structures impact the trade-off 

between cost, performance, and durability in proton exchange membrane fuel cells 

(PEMFCs), particularly with the reduced platinum content? 

​ Pros:  



-​ The current cost for the system  

-​ Minimize the cost of the most expensive part  

-​ How much is the fuel cell?  

-​ How much is the platinum?  

-​ Measured in $/kW 

-​ A car uses about 80-100 kW fuel cell  

-​ $3000/kW is the approximate cost of a combustion engine  

-​ A fuel cell needs to have a similar price  

Cons:  

-​ Electric vehicles exist now, so a hydrogen fuel cell car is not as viable.  

-​ Cost is not as big of an issue anymore. Durability and performance are the 

main issues/concerns.  

-​ Fuel cells are focused on heavy-duty vehicles.  

Question 2: How do advanced thin-film fabrication techniques (ex., atomic layer 

deposition, and sputtering) affect the long-term performance and mass transport 

characteristics of ultra-thin catalyst layers in proton exchange membrane fuel cells 

(PEMFCs)? 

​ Pros:  

-​ Scientifically, it is a good question.  

​ Cons: 

-​ The bigger issue is scalability  

-​ Practically looking more towards mass production 

-​ It needs a very clean environment and is a very long process.  

-​ Low material costs but high manufacturing costs.  

Question 3: How do different catalyst coating methods affect the stability, water 

management, and oxygen reduction reaction efficiency in PEMFCs under varying 

operational conditions?  

​ Pros:  

-​ Links to ink studies (focus of UofC lab)  

-​ How the methods impact the fuel cell 

-​ Tuning the composition of the ink to coating methods  



-​ Can improve performance  

​ Cons:  

-​ Studying the different methods  

-​ Limited access to the different methods 

Question 4: How does the composition of non-precious metal catalysts compare to 

platinum-based catalysts in terms of catalytic activity and stability in PEM fuel cells? 

Pros:  

-​ None 

Cons:  

-​ No longer studied for commercial use.  

-​ Platinum is the best now. We are just looking to the performance of them.  

After going through all the questions, we decided that the best question would be 

question 3 reworded to be more specific to the experiments done at the UofC lab.  

Research proposal introduction outline changes:  

-​ What is clean energy for different applications? 

-​ What is the energy used for?  

-​ Electricity & heat  

-​ Industries  

-​ Transportation/vehicles 

-​ What kind of energy specifically? 

-​ Add to intro 

-​ Factors to urban air quality  

-​ Emissions  

-​ Gases  

-​ Unturned particular matter (PM) approx. 2.5 microns  

-​ Unburned fuel  

-​ Why move towards zero-emission vehicles? 

-​ A fuel cell used in a vehicle would only release H2O, which addresses air 

quality issues. 

-​ It can minimize carbon and particulate matter emissions.  

-​ Section IA 



-​ Be more specific about the type of energy.  

-​ Don’t use the term global warming; stick to the term climate change 

instead.  

-​ Why are fuel cells promising? 

-​ What are fuel cells efficient for? → What kind of efficiency? 

-​ Section IIA  

-​ Cite references  

-​ Full utilization of the catalyst  

-​ Looking to get the highest performance  

-​ Start steering towards research.  

-​ Section IIB 

-​ Don’t bring up the catalyst layer design  

-​ Talk about the challenges of utilizing the expensive catalyst.  

-​ I can make the challenges more about what we want to achieve.  

-​ If doing challenges, talk about what is happening.  

-​ Flooding does not completely block the reaction from occurring. It just 

reduces the reaction.  

-​ Open pores, protons, gases, water removal  

-​ Current effort  

-​ Know what we want  

-​ What can we do to achieve it?  

-​ What are the problems? 

-​ Fill in the gaps in the research.  

-​ Use less catalyst and utilize it all.  

-​ Section IIIA 

-​ Control the catalyst layer to make sure the pores are large enough 

-​ What is limiting us? 

-​ Section IVA:  

-​ Need for optimization  

-​ Impact of coating parameters  

-​ Section VA:  

-​ Specific objective → Establish a clear link between the catalyst ink and the 

structure  

-​ Catalyst layer structure affecting properties  

-​ Usual transport properties  

-​ Water removal  

-​ Oxygen  



-​ Protons  

-​ The structure is important because of the properties  

-​ No clear link  

-​ Trial and error  

-​ Find optimum  

-​ We discussed the possibility of me coming into the lab to see what everything 

looks like and to maybe assist with experiments.  

-​ Before our next meeting, I told Dr. Karan that I would have completed the 

background section of the research proposal introduction.  

October 04 - Class Time:  

​ Email summary to Dr. Karan about our meeting yesterday.  

-​ See email communication for October 04 

​ Read + Annotate papers about the catalyst ink  

​ Introduction to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application 

​ Conclusion to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application 

​ Intro to Tailoring electrode microstructure via ink content to enable 
improved rated power performance for platinum cobalt/high surface area 
carbon based polymer electrolyte fuel cells  

​ Conclusion to Tailoring electrode microstructure via ink content to enable 
improved rated power performance for platinum cobalt/high surface area 
carbon based polymer electrolyte fuel cells  

​ Intro to The Controllable Design of Catalyst Inks to Enhance PEMFC 
Performance: A Review 

​ Conclusion to The Controllable Design of Catalyst Inks to Enhance PEMFC 
Performance: A Review 

​ Intro to Recent progress in understanding the dispersion stability of catalyst 
ink for proton exchange membrane fuel cell and water electrolyzer 

​ Conclusion to Recent progress in understanding the dispersion stability of 
catalyst ink for proton exchange membrane fuel cell and water electrolyzer 

-​ See background research for October 04  

​ Write summary notes for each section 

​  Introduction to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application 

-​ See background research summary notes for October 04 



​ Conclusion to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application 

-​ See background research summary notes for October 04 

​ Intro to Tailoring electrode microstructure via ink content to enable 
improved rated power performance for platinum cobalt/high surface area 
carbon based polymer electrolyte fuel cells  

-​ See background research summary notes for October 04 

​ Conclusion to Tailoring electrode microstructure via ink content to enable 
improved rated power performance for platinum cobalt/high surface area 
carbon based polymer electrolyte fuel cells  

-​ See background research summary notes for October 04 

 

October 06 - Weekend:  

​ Finish summary notes  

​ Intro to The Controllable Design of Catalyst Inks to Enhance PEMFC 
Performance: A Review 

-​ See background research summary notes for October 06 

​ Conclusion to The Controllable Design of Catalyst Inks to Enhance PEMFC 
Performance: A Review 

-​ See background research summary notes for October 06 

​ Intro to Recent progress in understanding the dispersion stability of catalyst 
ink for proton exchange membrane fuel cell and water electrolyzer 

-​ See background research summary notes for October 06 

​ Conclusion to Recent progress in understanding the dispersion stability of 
catalyst ink for proton exchange membrane fuel cell and water electrolyzer 

-​ See background research summary notes for October 06 

​ I wrote the first draft of the background section to the introduction of my research 

proposal. It was not a very good first draft as I was unfortunately not feeling well 

all weekend. I also was unable to figure out how to add citations to the sheet using 

Paperpile.  

-​ See background research for October 6th.  

October 07 - Meeting with Mentor: 

Dr. Karan taught me the best way to read a paper without going through every single 

section, that typically gives too much information for my level.  



1.​ Read the abstract of the paper.  

2.​ Read the conclusion/summary of the paper to gather the key points  

3.​ Go to the images/figures to get a visual representation of what is happening 

We went through my outline for the research proposal introduction again and made 

some changes.  

-​ Updated version below.  

I.​ Background Information  

A.​ Global shift toward clean energy and fuel cells (1-1.5 pgs)  

Image from 

UN 

Environmental Programme 

-​ The problem (causes) → extreme weather conditions 

(climate change) and human-based carbon emissions.  

-​ International Panel for Climate Change (IPCC) 

-​ Paris Agreement 

-​ Regulations 

-​ Sources of carbon emissions 

-​ Breakdown of sectors 

-​ Transportation is a large sector in the 

US/Canada 

-​ Ways to minimize emissions 

-​ Why the shift is happening 

-​ Increasing demand for clean and sustainable energy 

sources  

-​ PEMFCs are a promising technology due to their 

efficiency and environmental benefits  

-​ Applications of PEMFCs in transportation (mainly), 

https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable
https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable
https://www.unep.org/topics/sustainable-development-goals/why-do-sustainable-development-goals-matter/goal-7-affordable


stationary power, and portable electronics.  

B.​ Overview of PEMFCs 

-​ The basic operation of PEMFCS  

-​ Splitting hydrogen into protons and electrons at 

anodes 

-​ Generating electricity as electrons move 

through an external circuit  

-​ Protons react with oxygen at the cathode to 

form water  

-​ Challenges in PEMFCs, especially in CLs 

-​ High cost 

-​ Performance limitations  

-​ Durability concerns 

II.​ Role of Catalyst Layers  

A.​ Key functions and importance of CLs 

-​ CLs facilitate electrochemical reactions (ex., ORR at the 

cathode)  

-​ CLs are responsible for transporting reactants, 

products, electrons, and heat while managing water.  

-​ CLs make up 42% of the cost of mass-produced 

PEMFCs due to the use of platinum crystals.  

B.​ Challenges in the CL design 

-​ Cost of PEMFCs due to Pt catalysts  

-​ Water buildup and flooding in CLs block reactions, 

therefore reducing performance.  

-​ Poor CL design can lead to the formation of hydrogen 

peroxide (H2O2), which degrades components and 

reduces the longevity of FC.   

III.​ Current Efforts to Address CL Challenges  

A.​ Reducing platinum content  

-​ Researchers are exploring platinum alloys and 

non-precious metal catalysts to reduce reliance on 

expensive Pt while maintaining performance.  

-​ NPM catalysts are not as reliable or efficient, leading 

to cost, durability, and performance trade-offs.  

B.​ Improving catalyst layer structure 

-​ CL structure, including thickness, pore size, and 



arrangement of catalyst particles, impacts short-term 

and long-term performance.  

-​ Emerging fabrication techniques like thin-film 

deposition aim to reduce catalyst loading while 

maintaining efficiency.  

-​ Catalyst ink and fabrication of catalyst ink 

-​ Coating method 

-​ Building block materials (catalyst, ionomer, 

carbon supports) 

-​ Ink composition 

October 08 - Class Time:  

​ Fix paperpile  

-​ I was not able to get Paperpile citations to work, so I spent some time with 

Dr. Garcia troubleshooting it until I managed to get citations to insert 

properly and format to the correct citation style.  

​ Email a summary to Dr. Karan. 

-​ See email communication for October 8th.  

​ Rewrite the research question to fit better with the research at UofC 

-​ How do coating parameters impact the structure of the catalyst layer 

and thereby affect the structure and properties of a proton exchange 

membrane fuel cell (PEMFC)? 

​ Rewrite the background information section of the RP with proper citations and 

follow the flow Dr. Karan suggested at our previous meeting.  

-​ See background research for October 8th.  

​ Work on the role of the background info about PEMFCs section.  

-​ See background research for October 8th.  

October 10 - Class time: 

​ Work on the role of the catalyst layer function and importance section of the RP 

intro.  

-​ See background research for October 10th.  

 



 

October 15 - Class Time:  

​ Fill out the SH Science Fair Form (GC) with the necessary information 
-​ Topic: Effects of the coating parameters of the catalyst ink on the structure 

and properties of a proton exchange membrane fuel cell (PEMFC) 
-​ Type of project: Experimental 
-​ Partner: none 
-​ Have you done the science fair? No 

​ Registered for the CYSF Science Fair Portal  

​ RP Intro → role of the CL: Challenges 
-​ See background research for October 15th.  

​ Meeting with Dr. Garcia  
-​ We went over everything I discussed with my mentor at my last two 

meetings  
-​ Research question pros and cons and deciding on a research 

question 
-​ Improvements to my outline  
-​ Went over the first draft of the RP intro and suggested changes/edits 

for the flow  
-​ Went over personal deadlines 

-​ Have the intro done by the end of the week (October 18/October 20) 
-​ Have the full RP completed by October 25th 
-​ Send sections to the mentor for suggestions.  

-​ Don't save it all until the end because then there won’t be 
time to make edits.  

-​ Work on the oral presentation for the week before presenting on 
November 6th.  

 
Deadlines:  

-​ October 31: final draft of written research proposal due  
-​ November 4-8: research proposal oral presentation 

-​ I am presenting on November 6th 
 
Oral Presentation:  

-​ Rubrics on Google Classroom  
-​ 10-minute long presentation (almost a hundred percent of your mark comes from 

this) 
-​ 1-minute grace period  

-​ 5-minute question period (10% weighting for participation + asking questions) 
-​ The presentation should be about 10-15 slides 



-​ Approximately one minute per slide  
-​ Use the rubric to break down the tasks that need to be done before the 

presentations 
 

October 16 - After School: 
​ Schedule-send an email to Dr. Karan reminding him of our upcoming meeting 
tomorrow.  

-​ See email communication for October 16, 2024.  

​ Make edits to my research proposal.  
-​ I sent my dad, a chemical and electrochemical engineer, a copy of my 

research proposal and asked him to read it and make any edits.  
-​ I went back through my introduction and made all the edits he proposed.  
-​ See background research for October 16th.  

October 17 - Lunchtime Science Fair Meeting: 
We had a quick meeting to go over some general information regarding the senior high 

science fair.  

-​ The in-school science fair is on March 11th 

-​ 15 projects will make it to the Calgary Youth Science Fair (CYSF)  

-​ A large tri-fold will be provided to each participant, but we are not required to use 

it.  

-​ We are allowed to create a poster board ourselves, but we will have to 

figure out a way to make it stand up. We will also have to make it ourselves 

at home + get it printed.  

-​ Online platform 

-​ Complete basic project info as soon as possible  

-​ Complete the ethics form as soon as possible  

-​ Be very careful about the ethics form.  

-​ Everyone must complete the form regardless of whether or not they 

are working with animals/humans. 

-​ Provide a brief description of the project and indicate whether or 

not you are working with data, humans, animals, or animal cells. 

-​ Be very clear if you are not working with human or animal cells.  

-​ If you are working with living beings 

-​ “Xyz will be used in xyz way. It will be conducted at the 

University of Calgary, being mentored by xyz under code 

123456.”  

-​ Put the mentor's contact information and name. 



-​ If not directly involved in experiments, be clear that you are using 

data but not conducting the experiments yourself.  

-​ Only fill out significant risk if there is a significant risk associated with 

your research.  

 
October 17 - Class Time: 

​ Reply to Dr. Karan’s Email  
-​ See email communication for October 17th.  

​ Ask Dr. Garcia if she has had a chance to look over what I have of my research 
proposal.  

-​ She has been busy with other stuff, so she has not had a chance to review 
my research proposal yet, but she will be doing so sometime tomorrow or 
over the weekend.  

​ Write the RP introduction aim + objectives section 
Despite all the advancements that have been made in PEMFC technology, there is still no 

consensus on how to make the optimal catalyst layer structure [8]. The design of the CL is 

critical as it has a significant influence on factors such as mass transport, catalyst efficiency, and 

durability. Understanding how variations to the catalyst layer structure impact these parameters 

is essential to enhancing the overall performance of PEMFCs. The trade-offs between cost, 

performance, and durability present significant challenges to the design process of the catalyst 

layer. Further exploration into how the materials used in the CL react and relate to each other is 

vital for improving fuel cell technology. The study aims to address the gaps in the understanding 

of the CL design that is available thus far. Optimizing the CL structure not only makes fuel cells 

more efficient, but it also reduces the cost of materials and allows for fuel cells to be 

mass-produced for commercial use. The research will contribute to ongoing studies to create 

economically practical and durable PEMFCs that will bring countries one step closer to 

transitioning to renewable energy and addressing climate change [8]. 

​ Write the objectives of the research for the RP  

https://paperpile.com/c/iCo8dv/eJ6a
https://paperpile.com/c/iCo8dv/eJ6a


This project aims to evaluate the effectiveness of different ratios of isopropyl alcohol in 

the catalyst ink on the structure and performance of the catalyst layer in proton-exchange 

membrane fuel cells (PEMFCs). The project aims to understand how varying isopropyl alcohol 

concentrations affect the properties of the catalyst layer, aggregate size, coverage, and ionic 

resistance to optimize the fuel cell’s durability and efficiency.  

​ Short-term:  

-​ Testing and identifying the impact of different concentrations of isopropyl alcohol 

on the catalyst ink and its properties. 

-​ How each concentration affects the functionality of the fuel cell and its properties, 

such as aggregate size, coverage, ionic resistance, electronic resistance, and pore 

size.  

-​ The results will be used to determine which concentration of isopropyl alcohol is 

most promising for the fuel cell's long-term durability and performance.  

Long-term: 

-​ Designing a set of manufacturing parameters for applying the ink to the catalyst 

layer with an optimized concentration of isopropyl alcohol in PEMFCs, especially 

for applications in heavy-duty vehicles.  

-​ Better the large-scale production of PEMFCs as a sustainable alternative to 

internal combustion engines in the transportation sector.  

 

October 17 - Meeting with Mentor; 
During this meeting with my mentor my mentor and I just discussed some items 
regarding the research proposal and the science fair portal  
 



-​ My project will be an experimental based project since the experiment at the 
University of Calgary is ongoing and all the data has not been collected yet.  

-​ For the science fair portal, there are no ethics that I need to declare in regards to 
working with human + animals 

-​ There are no significant risks relating to the use of chemicals  
-​ All chemicals are appropriately handled according to the MSDS (material 

safety data sheet) 
-​ There are different ways to create a title 

-​ Provocative  
-​ Can we… 
-​ How to… 

-​ Factual  
-​ The effect of x on y  

-​ Snappy  
-​ Pose a question as the title to make it eye catching  

-​ Methodology  
-​ We will see if I can get permission to come into the lab regularly  
-​ I will be asking Dr. Garcia to see if she knows how I can get that 

permission.  
-​ If I cannot come in regularly, I can come in as a visitor to learn about the 

methodology.  
-​ When I come to the lab, Dr. Karan will be showing me the methods.  

-​ Before our next meeting I will have the introduction the the research proposal 
fully completed and have started working on other parts of the proposal.  

 

October 19 - Weekend: 

​ I went through the edits that Dr. Garcia suggested and made edits to the parts of 

the intro I gave her.  

-​ See background research for October 19th.  

​Write the research question into the proposal  

​ How do the coating parameters impact the structure of the catalyst layer and thereby 

affect the structure and properties of a proton-exchange membrane fuel cell (PEMFC)? 

​Write the variables into the proposal 

-​ See experimental procedure for October 19th.  

​Email Dr. Karan meeting summary  



-​ See email communication for October 19th.  

October 20 - Weekend: 

​ Write the hypothesis for the research proposal 

-​ See experimental procedure for October 20th. 

​ Write the significance of the research for the research proposal 

-​ I decided to use a paragraph I had written for my intro as the significance 

as it was the significance of the research.  

Despite all the advancements that have been made in PEMFC technology, there is still no 

consensus on how to make the optimal catalyst layer structure [8]. The design of the CL is 

critical as it has a significant influence on factors such as mass transport, catalyst efficiency, and 

durability. Understanding how variations to the catalyst layer structure impact these parameters 

is essential to enhancing the overall performance of PEMFCs. The trade-offs between cost, 

performance, and durability present significant challenges to the design process of the catalyst 

layer. Further exploration into how the materials used in the CL react and relate to each other is 

vital for improving fuel cell technology. The study aims to address the gaps in the understanding 

of the CL design that is available thus far. Optimizing the CL structure not only makes fuel cells 

more efficient, but it also reduces the cost of materials and allows for fuel cells to be 

mass-produced for commercial use  [8]. The research will contribute to ongoing studies to create 

economically practical and durable PEMFCs that will bring countries one step closer to 

transitioning to renewable energy and addressing climate change.  

October 21 - Class Time:  

​ Whole class discussion about the oral presentation of our research proposal  

https://paperpile.com/c/iCo8dv/eJ6a
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​ Time:  

-​ 10 minute presentation  

-​ If you go too long over you may lose mark because you haven’t 

made edits to your presentation and are giving too many details  

-​ If you go a little bit over, it is fine depending on the complexity of 

your research as long as you are not giving too much information  

-​ Everyone is given a one minute grace period  

-​ Going under the 10 minutes is fine as long as you are clear and have 

all components  

-​ Spent about 1 minute per slide  

-​ There will be a five minute question period  

​ Content:  

-​ Display a deep understanding of your project 

-​ Have the best understanding of your background research  

-​ Convey the research question in the context of your research  

-​ How does the research question relate to the background research 

Components:  

-​ Background research (be about 3 slides)  

-​ Research question (about 1-2 slides, share with objectives) 

-​ Objectives (about 1-2 slides, share with research question) 

-​ Can decide the order of hypothesis, variables, and methodology yourself  

-​ If you are doing an experimental project, hypothesis (1 slide with 

variables)  

-​ If you are doing an experimental project, variables (1 slide with 

hypothesis) 

-​ Methodology (2-3 slides depending on how many steps there are) 

-​ Significance (about 1 slide)  

-​ Need for the research  

-​ Your contribution to the bigger field  

-​ My specific study is going to… 

​ Questions:  

-​ Be able to comfortably answer questions  



​ Organization:  

-​ The way things are layed out is important  

-​ Use all the space on the slides  

-​ Use big font  

-​ Don’t keep things clustered  

-​ Make graphics easily readable  

-​ Rehearse your presentation so that it flows but do not over-rehearse to the 

point where you sound like a robot  

​ Slides:  

-​ First slide title page  

-​ DO NOT GO STRAIGHT TO BACKGROUND RESEARCH IF YOU HAVE NOT 

EXPLAINED YOUR TITLE  

-​ Explain title either on the title page or on the next slide 

-​ Background research  

-​ Few words on the slides  

-​ Elaborate more  

-​ If you have empty space  

-​ Make graphics bigger  

-​ Add more text  

-​ Have just enough information on the slides that audience can summarize it 

in the time you spend talking  

-​ Methodology  

-​ Don't just give a list of steps  

-​ Form some kind of graphic that shows how to get the answer  

-​ It is okay if you can’t explain everything in greate detail but you 

need to have a basic understanding of the methods  

-​ Have the methods answer the question  

-​ The methods to get the audience to understand how you are 

answering the question.  

​ Graphics:  

-​ Prefer graphics over text  

-​ Make sure the graphics are good quality + easy to read  

-​ If they are not super easy to read/understand but a really good 

graphic, spend some time explaining the graphic 



-​ Do not put embellishments on your slide for no reason  

-​ Everything on the slide should correlate to the presentation  

-​ Cite any graphics that you do not make yourself (including graphics from 

mentor)  

BioRendering:  

-​ A website with graphic templates  

-​ These figures cann help you with your presentation  

-​ You can use whole parts of a template or you can select certain parts of a 

template that works best with your presentation + topic  

-​ https://app.biorender.com/  

​ Presenting:  

-​ You may hve flashcards  

-​ Do not just stand still and read off the flash chards  

-​ Make eye contact with the audience and move around  

-​ Do not cram a presentation longer than 10 minutes into the 10 minutes  

-​ You do not have to provide every detail  

-​ Determine what are details and what is critical  

-​ Edit down your presentation if it is too long  

-​ Don't just speak faster to cram more information into the 10 minutes  

​ Look through previous presentations and go over the pros and cons as a class  

-​ Do not put too much content on one slide  

-​ It gets difficult to read for the audience and the audience will be 

more focused on reading the slides than paying attention to you.  

​ Ask Dr. Garcia if she knows how to get me lab permissions at UofC 

-​ There is a young person access to laboratory form that Dr. Garcia will be 

sending to you. 

-​ Dr. Garcia thinks that to get me access to the lab, you may have to speak to 

the health and safety coordinator of the lab.  

-​ If I am just going to only shadow someone or come in as a visitor, Dr. 

Garcia does not think that I need permission to be in the lab.  

-​ I only need permission if I am actively participating in the experiment. 

October 21 - Meeting with Mentor:  

https://app.biorender.com/


-​ Dr. Karan is not sure if I need a confounding variable for this project.  

-​ I shared my research proposal with Dr. Karan and he is going to start making 

edits to it.  

-​ He is going to be looking to make sure the who proposal flows and tells a story 

-​ The aspects that is important to creating anything  

-​ Cost, performance, and logevity/durability 

-​ I will be adding more to the introduction about the catalyst ink  

-​ I should add figures to research proposal to connect everything  

-​ While Dr. Karan is editing the document, he will be adding some information 

about the methodology since I may not be able to go into the lab.  

-​ I will have the rest of the research proposal done by the end of the week.  

October 21 - After School:  

Google Docs has recently implemented a new feature where you can create tabs within a 

document. In order to make my logbook more organized, I went through an gave each 

section of my logbook a different tab. I transferred all the information from my original 

page to the different tabs and went through and made sure that all the links to different 

sections of the logbook corresponded with the new tabs.  

October 23 - Class Time: 

​ Go over some information as a class 

-​ CYSF ethics for people who do not have any human or animal-related 

ethics to declare.  

-​ Working Title  

-​ Paragraph that describes project 

-​ Do this in general terms 

-​ Second paragraph  

-​ This study does not require the use of human or animal 

participants.  

-​ This project is overseen/supervised by  

-​ Mentor Name  

-​ Department  

-​ Email or phone number 

-​ CYSF ethics for people who do have animal or human-related ethics to 



declare.  

-​ Working title  

-​ Description of the project  

-​ How are the human and animals going to be used in the 

project. 

-​ What part of the project will you be working on in regards to the 

animal and human subjects  

-​ This project is supervised by  

-​ Mentor Name 

-​ Department 

-​ Email and/or phone number 

-​ If the lab already has an ethics document write the lab ethics code 

-​ Significant risks  

-​ Only have to fill this out if you have significant risks to declare  

-​ Once you declare ethics, the CYSF will tell you if you nead  

-​ For the methods of the research proposal  

-​ Don’t have to have a full and complete understanding of all the 

details of every technique used  

-​ You have to make a link between procedures and how to answer 

research question  

-​ Enough details that will show how the methodology will help the 

question be answered  

-​ Examples  

-​ Rats → 2 doses anesthetic → brain → morphology of neurons  

-​ Data will be extracted + parts will be euthanized 

-​ Always write the methodology in the past usually  

-​ Since this is a research proposal, methods will be in future 

tense  

-​ DO NOT USE PERSONAL PRONOUNS 

-​ Plan to tell what you will do not what is possible 

-​ Reference 

-​ Figure out how to title the secion 

-​ Use owl perdue to find this information  

-​ Any paper you read should be on Paperpile  

-​ When you are doing in-text citations  

-​ Paperpile  

-​ Insert citation  



-​ Enter citation  

-​ Format citation  

-​ Add citations as you go so you do not miss anything  

-​ Cite everything you did not come up with yourself  

​ Send an email summary of our last meeting to Dr. Karan 

-​ See email communication for October 23rd.  

October 25 - Class Time:  

​ Full Class meeting  

-​ Oral Presentations 

-​ We started by going through the schedule for oral presentations and 

making edits to it.  

-​ Instead of doing 4, 6, 8 we will be doing presentations 6, 8, and 13.  

-​ Participation 

-​ Have to be at a minimum of 4 presentations to get full 

participation marks  

-​ Use presentations for ideas for your presentation 

-​ Dr. Garcia will not be available for individual meetings during this 

time 

-​ Stay on top of your own workload  

-​ Email Dr. Garcia if you need help  

-​ 15 minute presentation  

-​ 5 minute buffer period between presentations 

-​ Feedback from Dr. Garcia and classmates  

-​ During presentations 

-​ If you did not attend presentations  

-​ Have notes of things you read  

-​ What you worked on  

-​ Meeting with mentor  

-​ Etc.  

-​ If you attended presentations  

-​ Have notes on each presentation you sat in on  

-​ Cole’s presentation  

-​ …. 

-​ Lauren’s presentation  

-​ … 



​ Go over the research proposal formatting 

-​ Font 

-​ Easy to read font (times new roman/arial) 

-​ 12pt font minimum  

-​ 1.5-2 spacing  

-​ Title 

-​ If you are making a title page  

-​ “Title” 

-​ Research proposal  

-​ Date 

-​ Applied Science Project  

-​ Student Name 

-​ Mentor Name  

-​ Spread out across the page  

-​ If you are just putting the title at the top of the first page  

-​ “Title” 

-​ Research proposal  

-​ Date 

-​ Applied Science Project  

-​ Student Name 

-​ Mentor Name  

-​ Don't spread out across the page  

-​ It is fine for variables to be in bullet points  

-​ It is fine for objectives to be in bullet points  

-​ The methodology MUST be written in paragraph form  

​ Biweekly meeting with Dr. Garcia  

I had a biweekly meeting with Dr. Garcia to review my progress.  

-​ My mentor suggested that I add more to the intro about the catalyst ink and I am 

currently working on that  

-​ Methodology  

-​ I have still not finished this section  

-​ I will be emailing my mentor about this today  

-​ I have another meeting with my mentor on the 31st so hopefully by then I 

will be able to just review the methodology I have written about  

-​ WRITTEN RESEARCH PROPOSAL EXTENSION UNTIL NOVEMBER 4TH 

-​ I will be comparing the references I have to the template on Perdue Owl to see if 



they are accurate  

-​ I have to find the IEEE that gets the citations the closest to the style of 

Perdue Owl       

​ RP confounding variables  

-​ See experimental procedure for October 25th. 

October 29 - Class Time:  

I was not in Calgary attending class today.  

 

October 31 - Class Time:  

I have a meeting with my mentor after school, but I also have a physics test to make up, 

so I will be writing my test during class.  



 

November Daily Notes 

November 03 - After School: 

I sent Dr. Karan an email with the final draft of my written project proposal.  

-​ See email communication for November 3rd.  

November 04 - Class Time 

​ Class discussions  

-​ Logbooks  

-​ Make every task as specific as possible  

-​ If you don’t know what tasks you will be doing  

-​ Read paper xyz (give specific paper names; don’t just say 

reading papers)  

-​ CYSF portal xyz (don’t just say you will be filling out the 

portal. Refer to specific sections)  

-​ Write down meeting dates with mentors  

-​ Tentative dates should also be written down 

-​ Biweekly meetings with Dr. Garcia should be written  

-​ Oral presentations  

-​ Sending emails to mentors  

-​ It should never be the only task 

-​ Oral presentations  

-​ Which ones are you listening to? 

-​ Which ones are you skipping? 

-​ When are you presenting? 

-​ CYSF  

-​ Get ethics handed in as soon as possible for approval  

-​ Long-term planning with mentor  

-​ What is happening in each month  

-​ This should be done in general terms 

-​ Not every meeting but deadlines to make sure the 

project is done.  



 

-​ Future classes  

-​ Literature review sometime in early December  

-​ Midterms Jan 10-20  

-​ March 11 → School science fair (have poster done)  

-​ Work backwards  

-​ What needs to be done for this to happen? 

-​ May → final paper 

​ Ask Dr. Garcia about formatting the research proposal  

-​ How to format and cite figures  

-​ How to write descriptions of the figures  

-​ How to introduce the methodology  

​ Find another figure regarding the transport of fuel cells 

 
Figure 2. Schematic depiction of a PEMFC showing the different layers, compositions, and 
reactant transport pathways [12]. Black structures are the carbon supports, purple represents the 
ionomer, red is the PTFE, and green is the catalysts. Note the figure is not drawn to scale, and the 
catalyst layer, GDL, and MPL have different porosities and support material sizes. 
 

​ Go through mentor suggestions again.  

-​ Ensure the paper is completed to the best of my ability 

November 04 - Meeting with Mentor  

This meeting with my mentor was a very quick one.  

-​ We talked about my final draft of the research proposal before I handed it in.  

-​ He told me to crop out the image of the PEM and electrolyzer to only show the 

https://paperpile.com/c/E1zdkz/DGhE


 

PEM as the electrolyzer is not relevant to the research.  

 

Figure 1. Schematic depiction of a PEM electrolyzer and fuel cell: (b) The fuel cell combines 
hydrogen and oxygen to produce electricity and water [11].  

-​ We rescheduled our next meeting to be on Wednesday, November 13th, as 

Monday, November 11th, is Remembrance Day 

 

November 06 - Class Time 

​ Watch oral presentations 

Marie-Elise: 

Implementation and Evaluation of Alternative User Interfaces for Game Control to 

Improve Application Accessibility  

-​ Accounts for different people's preferences in modes of control in video games  

-​ 1.3 billion people have difficulty interacting with apps due to disabilities  

-​ Projected to more than triple by 2050 

-​ Studying the integration of speech, head, and gesture tracking into video games to 

increase accessibility 

-​ Human-computer interaction (HCI) is the field of study 

https://paperpile.com/c/E1zdkz/uaJI


 

-​ User, experience/interactions and computer are all linked  

-​ HCI makes it user-friendly and entertaining → more enjoyable and interactive  

-​ Applications with more modes of control increase accessibility and enjoyability  

-​ Project  

-​ Preferences in games such as Connect 4 and Checkers  

-​ Short-term goals 

-​ Program and implement modes of control  

-​ Complete programming for Connect 4 and Checkers  

-​ Make sure the program runs smoothly before posting  

-​ Long-term goals 

-​ Study what modes individuals prefer in different situations  

-​ How to improve accessibility 

-​ What alternatives should be integrated 

-​ Variables  

-​ Manipulated variables  

-​ Different modes  

-​ Different disabilities  

-​ Different ages  

-​ Responding variables  

-​ Preferred mode of interaction  

-​ Controlled variables  

-​ Types of games (connect 4, checkers)  

-​ Complexity of game  

-​ Number of times played total  

-​ Play a total of 18 times  

-​ 9 times per game  

-​ 3 times per mode  

-​ Confounding variables 

-​ Personal preference 

-​ User engagement 

-​ Experience 

-​ Enjoyment  

-​ Biological sex  

-​ Question  

-​ How do an individual's age and disabilities impact their preference for 

alternative options to touch when playing video games? 

-​ Null hypothesis 



 

-​ Older individuals will have the same alternative to touch preference as 

younger individuals.  

-​ Alternative hypothesis 

-​ Older individuals will prefer speech, and younger individuals will prefer 

head-tracking  

-​ Methods  

-​ Software  

-​ Website: username, password, surveys  

-​ Alternatives to touch: speech, gesture, and head tracking 

programmed with Google Application Program Interfaces 

-​ Connect 4 Game: same logic, coded to check if they win, if the move 

is valid, etc. 

-​ Checkers: same logic, coded to check if they win, if the move is valid, 

etc. 

-​ Experience  

-​ Link, login, survey, games survey  

-​ Anyone can participate, but they must have a unique username and 

password 

-​ Start survey  

-​ Age 

-​ Difficulties during stress  

-​ Conditions  

-​ Autism  

-​ Dyslexia 

-​ ADHD 

-​ Dyspraxia 

-​ Video game preferences 

-​ End survey  

-​ Preferred mode  

-​ Ranking of modes  

-​ Would the play again? 

-​ difficulties/frustrations  

-​ Significance  

-​ Accessibility: accessible to all individuals  

-​ Enhanced experience: advancing application designs for enhanced user 

experience and user interface  

Eleanor: 



 

A Comparison Study of the Impacts of Extreme El Niño Events on Human Societies in the 

1788-1793 and 1982-1983 Episodes 

-​ El Niño is a climate phenomenon caused by a change in the air circulation in the 

Pacific Ocean  

-​ Air circulation is normally east-to-west  

-​ Higher air pressure in the Western Pacific and lower air pressure in the 

Eastern Pacific  

-​ A phenomenon that occurs when unusually warm ocean water piles up 

along the equatorial west coast of South America  

-​ It happens every 2-7 years and can last for months/years 

-​ Has effects on global weather patterns 

-​ Teleconnections: the link between weather patterns in separated areas of 

the globe  

-​ India still feels the effects of En Niño even though it is not close to 

the Pacific Ocean 

-​ El Niño Effects on Human Society  

-​ Weather anomalies  

-​ Agriculture  

-​ Health: known to be associated with floods and droughts that lose access to 

clean water  

-​ Infrastructure: the damage to the infrastructure 

-​ Population: measure to affect the population and economy  

-​ Economy  

-​ Previous Studies  

-​ Scientists have established that it impacts global weather and human 

societies.  

-​ Few have taken into account how society changes and evolves over time  

-​ We are more reliant on the digital industry and finance these days  

-​ El niño has decreased impacts on human society 

-​ Human society impacts global warming → global weather  

-​ The aim of research is to compare El Niño effects from different periods of 

different levels of development to study the impact of human society on El Niño 

societies  

-​ 1788-1793  

-​ 6 to 7 hundred million people  

-​ Global temperature rising  



 

-​ 1 trillion dollars in GDP 

-​ Large-scale manufacturing is the main industry  

-​ 1982-1983 

-​ 4.4 billion people  

-​ +1.2 degrees celsius  

-​ 38 trillion dollars in GDP  

-​ Digital industry and finance 

-​ Questions  

-​ What were the agricultural, economic, societal, health, and infrastructural 

impacts of the 1788-1793 and 1982-1983 episodes? 

-​ Is modern society more resilient to the socio-economic damages caused by 

climate variability and extreme weather events? 

-​ What predictions can we make about how future El Niño may affect human 

society? 

-​ Short-term Objectives  

-​ 1788-1793 

-​ Reconstruct the amplitude of the event 

-​ Estimate the socioeconomic impacts  

-​ 1982-1983 

-​ Gather instrumental records of the event  

-​ Analyze the statistics  

-​ Comparison  

-​ Compare the two events and their socioeconomic effects 

-​ Methodology  

-​ 1788-1793 

-​ Create a proxy index  

-​ Reconstruct the event  

-​ Look at historical documents  

-​ Conduct economic reconstructions  

-​ 1982-1983 

-​ Analyze instrumental records  

-​ Look at government statistics on the impact  

-​ Compare the two events using graphs 

-​ Long-term goals 

-​ Gain a deeper understanding of how extreme weather events affect human 

societies.  

-​ Find mechanisms to reduce the detrimental impacts of future climate 



 

events  

-​ Significance  

-​ Anthropogenic vs. natural climate variabilities  

-​ Doubling in the occurrences  

-​ Predict the socioeconomic influences of climate variabilities in future 

societies.  

​ Go over things done well  

-​ They are very clear about where they are going to go with their project  

-​ We all know precisely what they will be doing with their projects  

-​ We do not need to know all the details to understand what is going on 

-​ The hypothesis and the manipulated variable have to go hand in hand  

​ CYSF - Basic information 

-​ Name of Project: Coating Parameters of the Catalyst Ink and Their Impact 

on PEMFC Performance 

-​ Grade: 11 

-​ Project Type: Experiment  

-​ Language: English 

-​ Project Category: Chemical and Physical Sciences 

-​ Project Topics: Engineering 

-​ Brief Description of the Project: The experiment aims to adjust the catalyst 

ink composition to design the most efficient PEMFC. To improve the ink 

composition, the ratio of isopropyl alcohol to water will be tested. 

November 08 - Class Time 

I wasn’t in Calgary to attend this class. 

​ Work on oral presentation slideshow  

-​ I finished putting together all the slides for my oral presentation.   

 



 

 

 

 

 

 

 

 

 

 



 

November 11 - At Home:  

-​ I worked on my speech for the oral presentation and ran through it a few times to 

ensure my timing was good.  

-​ I practiced my presentation with my mom so she could give me feedback.  

-​ She told me that I did a good job explaining everything  

-​ I should talk a little slower because I am talking fast and taking a lot of 

pauses because my brain cannot catch up to my mouth.  

-​ I sent Dr. Karan an email with my oral presentation. 

-​ See email communication for November 11th.  

November 12 - At Home:  

-​ I practiced my oral presentation by myself a couple of times before practicing 

with my parents again.  

-​ I got my time to be around 10 minutes while speaking slowly and clearly.  

November 13 - Class Time: 

During this class, we spent more time presenting oral presentations, and I presented my 

oral presentation.  

​ Present oral presentation 

-​ My oral presentation went well overall.  

-​ I spent a little over 10 minutes going through my slides and answering 

questions for a few minutes.  

-​ The questions include some of the following  

-​ Why is platinum the catalyst used? 

-​ Can you explain the diagram on PEMFCs in more detail? 

-​ Why are PEMFCs used in vehicles primarily? 

-​ Why are PEMFCs only used in heavy-duty vehicles? 

​ Watch Oral Presentations  

Audrey:  

Exploring antiviral defense systems and single-nucleotide polymorphisms in Escherichia 

coli 0157:H7 exposed to bacteriophages T1, T4, T5, rv5 



 

Escherichia coli 0157:H7: 

-​ Bacteria that produce toxins  

-​ Common outbreaks through food and water  

-​ Types:  

-​ Shiga-toxin producing  

-​ Verotixigenic  

-​ Symptoms:  

-​ Vomiting  

-​ Stomach cramps  

-​ Severe/bloody diarrhea 

-​ Hemolytic uremic syndrome (HUS) 

-​ Treatments 

-​ Rest  

-​ Antibiotics don’t help and can actually develop HUS 

-​ Kidney dialysis in extreme cases  

Bacteriophages:  

-​ Attach to receptors on bacteria to kill it  
-​ Lytic: full takeover (focus of research) 
-​ Lysogenic: replicates passively  

Antiviral defense systems:  

-​ Mutations that are developed by bacteria as a result of phage attacks 
-​ Absorption inhibition  

-​ Receptor binding proteins  
-​ Restriction modification  
-​ CRISPR-CAS 

Single Nucleotide Polymorphism: 

-​ Mutations developed as a result of genetic drift  
-​ Can potentially affect the reaction of bacteria to phages  

Significance:  

-​ 97000 registered e-coli cases 
-​ There are antibiotic-resistant bacteria strains 
-​ Can use this research to develop antimicrobial treatments  
-​ Phage therapy can be used as a more generalized treatment 



 

-​ Evolution of bacteria  

Short-term objectives:  

-​ Profile anti-phage defense systems 
-​ Identify single nucleotide polymorphisms from gene sequencing 

Long-term objectives:  

-​ Develop a working phage therapy for clinical usage 

Methods:  

1.​ Bacteria and phages  
a.​ Bacteria cultures in TSB 
b.​ Phages are propagated using bacteria culture 

2.​ Phage exposure  
a.​ Mutants are created and purified in TSA 
b.​ Microplate assay  
c.​ Quantitative resistance assay  
d.​ Fitness cost  

3.​ 14 phage resistant bacterial isolates  
a.​ Nucleospin DNA extraction kit  
b.​ Sent to Quebec for WGS  

4.​ Bioinformatic analysis  
a.​ Galaxy  

i.​ FastQC 
ii.​ Shovill  

b.​ Antiviral defense systems  
i.​ defenseFinder 

ii.​ PADLOC 
c.​ CSV files 
d.​ R studio v 1.1 
e.​ Snippy 

Questions:  

-​ What would be the genetic modifications e.coli develops in response to exposure 
to phage defenses? 

-​ How quickly do these bacteria develop resistance to bacteriophages? 
-​ It is relatively fast because bacteria mutate really fast, and mutations 

happen randomly. Random mutations appear, and it is up to chance which 
ones become resistant to the bacteriophages.  



 

 

Arth:  

Examining the effect of physical activity on muscle mass loss and function loss in peri - 

and early menopausal females.  

Simplified:  

-​ How exercise affects muscle mass loss in women 40 - 55 

Menopause:  

-​ The last menses stage of life, where hormonal change occurs and affects bone 

mass density  

-​ The average age is 51 in Canada.  

-​ Stages: 

-​ Reproductive  

-​ Premenopause 

-​ Postmenopause  

-​ Menopausal symptoms:  

-​ Hot flashes  

-​ Night sweats 

-​ Mood changes 

-​ Sleepiness 

-​ Increased anxiety  

-​ Risk factors for early menopause:  

-​ Obesity 

-​ Inactivity 

-​ Smoking  

-​ Early menopause is influenced by lifestyle factors  

-​ Treatments  

-​ Hormone replacement therapy (HRT)  

-​ Gives estrogen to women 

Muscle:  

-​ One of four soft tissues formed through the body functions through physiological 

processes  

-​ Slow fibers type 1: endurance, fatigue-resistance  

-​ Fast fibers type 2: power, rapid fatigue  



 

-​ Muscle loss motor unit absorption compensates 

-​ DXA scan measures muscle and bone density  

-​ Age-related decline → muscle mass loss post 50 years old  

-​ Sarcopenia classes: 

-​ Class 1: less severe  

-​ Class 2: inhibits from doing certain things  

-​ Severe sarcopenia: increased disabilities  

-​ Neuromuscular decline impacts muscle mass  

Physical activity: 

-​ Any movement that requires energy to occur  

-​ Benefits:  

-​ Physical and psychological health  

-​ Reduces fat infiltration in tissues  

-​ Resistance training  

-​ Boosts muscle mass and strength  

-​ Aerobic training  

-​ Improves insulin production and mitochondria  

-​ Higher-intensity training has more significant benefits  

-​ Measured using an accelerometer and tracks movement intensity  

-​ Regularly physical activity slows muscle mass loss  

-​ Lifelong exercise = younger biological age 

Objectives:  

-​ Link physical activity to muscle mass loss in peri and early postmenopausal 

women  

-​ How muscle loss affects health and balance  

-​ Understudied demographics need more research  

-​ Help others using the data found in the study  

Research question: 

-​ How does physical activity affect muscle mass loss and function in peri and early 

menopausal females 

Hypothesis: 

-​ Participants who perform physical activity at higher-intensity levels show lower 

levels of muscle mass and function loss in comparison to the control group 



 

because HiRIT training will be an effective way to maintain muscular mass in peri 

and early menopausal females.  

Methodology:  

-​ 40 random people are selected  

-​ 20 are placed in a control group, and 20 are put in an intervention group  

-​ The control group does not change anything in their day-to-day life 

for the experimental period  

-​ The intervention group is put into HiRIT training  

-​ Phase 1: taught basic techniques 

-​ Phase 2: using actual weights  

-​ Phase 3: increase weights  

-​ 6 tests are conducted before and after the experimental period  

-​ 6 minute walk test (25m course) 

-​ Force plate jump test  

-​ Hand grip test  

-​ Four square test (balance) 

-​ Biodex is used to measure muscle power  

Significance:  

-​ Examine exercise effects on menopausal muscle health  

-​ Demonstrate the benefits of exercise  

-​ Fill research gaps on muscle loss 

-​ First exercise program for menopausal muscle maintenance  

-​ Contribution: provide data on HiRIT effectiveness for STOP-EM 

Question:  

-​ Was there a survey before the experiments began to see the test subjects' 

lifestyles? 

-​ They will be surveyed after the experiment is over to determine how they 

like the training and how they feel.  

-​ The project is almost over. 

 

November 13 - After School: 
I sent emails to Dr. Karan confirming our meetings. 



 

-​ See email communication for November 13th 

November 13 - Meeting with Mentor: 

During this meeting with my mentor, we briefly talked about upcoming events.  

-​ I told him that my oral presentation went well and told him about some of the 

questions I was asked and how I responded to them.  

-​ He told me that a better explanation as to why the solvent ratio is being changed is 

that.  

-​ Some studies have looked at different types of solvents, and the ratio is the 

easiest thing to change.  

-​ Changing other components is a lot more complicated.  

-​ Water and alcohol are plentiful, so there is no fear of depleting resources 

when changing the water-alcohol ratio in the solvent. 

-​ I asked him about how collecting and analyzing data would work for the rest of 

my project 

-​ Dr. Karan said that he would need to figure out how to get me permission 

to work in the lab.  

-​ He will be talking to a colleague who has already had a high-school student 

working in the lab to see how she did it.  

-​ I can come into the lab just to see everything (without doing any work). 

-​ We have set up a time for me to go into the lab  

-​ November 18th at 4:30 p.m. 

-​ Meet in Engineering G-block room 330 

November 15 - Class Time:  
​ Read Intro to Effect of Catalyst Ink Properties on the Performance of Proton 
Exchange Membrane Fuel Cell and Water Electrolyzer: A Mini Review 

-​ See background research for November 15  

​ Read the conclusion to Effect of Catalyst Ink Properties on the Performance of 
Proton Exchange Membrane Fuel Cell and Water Electrolyzer: A Mini Review. 

-​ See background research for November 15 

​ Summary notes Intro to Effect of Catalyst Ink Properties on the Performance of 
Proton Exchange Membrane Fuel Cell and Water Electrolyzer: A Mini Review. 

-​ See background research summary notes for November 15 

​ Summary notes conclusion to Effect of Catalyst Ink Properties on the Performance 



 

of Proton Exchange Membrane Fuel Cell and Water Electrolyzer: A Mini Review 

-​ See background research summary notes for November 15 

November 18 - Meeting with Mentor:  

During this meeting with my mentor, I went to the University of Calgary and looked 

around the lab for the first time since the summer.  

-​ Dr. Karan introduced me to the graduate student who is working on the project 

that I am researching. 

-​ The graduate student’s name is Vahid Mazinani. 

-​ Vahid showed me the apparatus used to coat the ink on the substrate.  

-​ The entire apparatus is cleaned with alcohol. 

-​ Another tool is placed on top of the apparatus, and the ink is then poured 

over it.  

-​ Once the apparatus is turned on, it pushes the tool across the surface of the 

machine, spreading the catalyst layer into a uniform layer.  

-​ The ink Vahid was using to show me had been made a year prior and was 

not a good example of a suitable catalyst ink because all the particles 

within the ink had dispersed again, creating a non-uniform CI.  

-​ Vahid then showed me examples of catalyst layers that have been made from 

good ink and dried out to form the CL properly.  

-​ I was then shown how to test the conductivity of the formed catalyst layer.  

-​ A smaller tool with probes is connected to a machine that can test the 

layer's electrical conductivity.  

-​ When the probes touch the CL, it begins to read its ability to conduct 

electricity.  

-​ Vahid then showed me how he had begun to collect data.  

-​ He uses many graphs to show the relationship between different properties 

and the different ratios of alcohol and water in the solvent. 

-​ He has already begun to test different ratios of solvent  

-​ He changes each test with a 5% difference in water 

-​ For example ​  
-​ Test 1: 5% water, 95% alcohol  

-​ Test 2: 10% water, 90% alcohol   

-​ He runs each test with multiple trials to take the average of the data for the 

most accurate results 



 

 

 

 

 



 

November 19 - Class Time:  

​ Email meeting summary to mentor  

-​ See email communication for November 19th 

​ CYSF Ethics  

-​ Purpose: This experiment aims to determine the optimum ratio of 

isopropyl alcohol to water in the solvent used to make the catalyst ink in 

PEMFCs. 

-​ Description:  

This study explores how changing the ratios of isopropyl alcohol (IPA) and 

water in the catalyst ink solvent impacts the catalyst ink composition and the 

performance and durability of proton-exchange membrane fuel cells (PEMFCs). 

Specifically, it studies how varying ratios of IPA affect catalyst ink properties 

(viscosity, aggregate size) and catalyst layer properties (pore size, ionic resistance, 

electronic resistance). 

The experiment involves preparing catalyst inks with different solvent 

compositions and analyzing their physical properties using techniques such as 

dynamic light scattering. Catalyst layers will be fabricated from these inks and its 

properties are characterized using BET analysis to measure pore size distribution, 

four-point probe testing to measure electrical resistance, and cyclic voltammeter 

for ionomer coverage. This research aims to identify the optimal ink ratio that 

enhances PEMFC performance for commercial applications. 

No human or animal subjects are involved in this study. Proper safety 

measures are in place for handling chemicals and operating lab equipment. All 

chemicals are handled appropriately according to the material safety data sheet 

(MSDS). 

-​ Location: All experiments will be taking place in the lab in the Department 

of Chemical and Petroleum Engineering at the University of Calgary 

 

​ Watch oral presentations  

Amber 



 

Changes in the cellular and molecular mechanisms of perturbed genes underlying 

sevoflurane-induced learning and memory deficits in rats.  

Simplified: Does sevoflurane cause changes in genes that affect the learning and memory 

of rats?  

 

-​ Paths called synapsis that allow neurons to communicate with each other.  

Sevoflurane:  

-​ A volatile anesthetic 

-​ Began to be used in the early 1990s 

-​ Gained acceptance as a reliable anesthetic because it is easily administrable and 

diverse 

-​  Can lead to lifelong changes  

-​ If the sevoflurane blocks synapsis, it can mess with cognitive abilities.  

-​ It is generally safe to use on developed individuals  

-​ There is very little that is known about the effects of sevoflurane on 

developing individuals  

-​ The exposure of sevoflurane was shown to have effects on the cognitive abilities 

of rats 

Controls:  

-​ Saline  

-​ Dex - reduces the neurotoxic effects of sevoflurane 

Manipulated variable:  

-​ Sevoflurane 3.2%  

-​ Sevoflurane + dex 3.2% 

Research question:  

-​ Does neonatal sevoflurane exposure alter the cellular and molecular mechanisms 

of the rats? 

Objectives:  

-​ Use western blotting to decipher between proteins  



 

-​ Isolate the proteins  

-​ Analyze TBR1, PLP1, and ALDH1A1 proteins  

Manipulated variable:  

-​ Exposure to sevoflurane and dex  

Responding variable: 

-​ Cognitive effects  

-​ Changes in cellular and mechanical mechanisms  

Controlled variables:  

-​ State of the rat before (gender, age, overall health, environment raised) 

Methods: 

-​ The rats are exposed to sevoflurane from a young age  

-​ Their brains are cryopreserved  

-​ Cryosectioning is used to slice the brain into small sections  

-​ The genes are then analyzed to see changes  

Importance:  

-​ See the effect of sevoflurane on the production of proteins  

-​ All the proteins are essential in cognitive and motor functions, forming and 

maintaining myelin sheath, and the development of cells. 

Significance:  

-​ Understand the molecular altercations underlying cognitive impairments  

-​ Impact the scientific understanding of sevoflurane-induced neurotoxicity 

-​ Develop strategies to prevent molecular changes  

-​ Refine anesthetic protocols and improve the safety of all anesthetics for all 

demographics.  

Question: 

-​ Can you explain what the four corners on the grid signify? 

-​ The red parts are the areas that the rats spent the most time in 

-​ The dark areas are the least traveled areas  

-​ The test was to see if sevoflurane affected a rat’s desire to move around  



 

-​ Overtime the sevoflurane made them dormant  

Maddux and Merrit:  

Investigating hemodynamics in postural orthostatic tachycardia syndrome (POTS) 

patients under stimulated gravitation stress from lower body negative pressure capsule 

(LBNP) 

Simplified: investigating the circulatory system’s response in POTS patients under 

simulated gravity stress caused by LBNP. 

POTS:  

-​ A chronic condition that causes abnormal heart rate and blood movement  

-​ Only occurs when standing upright  

-​ Within 10 minutes of standing, their heartbeat increases by 30 BPM without 

changes in blood pressure.  

Blood pooling:  

-​ In normal humans, blood pools when you stand up, causing your heart rate and 

blood pressure to change  

-​ The baroreceptors that control this are impaired in POTS patients, so when they 

stand up, their blood doesn’t circulate properly. 

LBNP:  

-​ A capsule that goes around the lower body creates a vacuum, so there is no 

pressure on your legs.  

-​ Since there is no pressure on your legs, your blood pressure decreases because it 

does not have anything to push back against.  

-​ Bernoulli’s principle - fluids flow from areas of high pressure to areas of low 

pressure.  

Head-upright tilt test: 

-​ Strapped down on a table that can tilt up to 90° 

-​ It is tilted about 70° in POTS patients  

-​ When tilted upright, POTS patients’ blood pools in their legs, which is what 

happens when they stand upright.  

-​ Measurements are taken within 10 minutes of standing  

-​ Heart rate  



 

-​ Blood pressure  

Research question:  

-​ What is the difference in hemodynamic response and controls during the tilt test 

and LBNP? 

-​ What is the difference in the results of autonomic function testing during LBNP 

and while recumbent? 

Hypothesis:  

-​ The difference will be comparable to POTS patients' standing vs. recumbent  

Variables:  

-​ MV: 

-​ LBNP or tilt test  

-​ LBNP or supine (laying down flat) 

-​ RV: 

-​ Heart rate  

-​ Stroke volume  

-​ CV: 

-​ Severity of pots  

-​ Degree of tilt  

-​ Physiology of patients  

-​ Matching controls within test subjects  

Measuring:  

-​ Heart rate 

-​ Blood pressure 

-​ Stroke volume  

-​ Cardiac output 

-​ Vascular resistance 

-​ Transcranial doppler - entrance of brain from heart  

-​ Oximeter - a measure of oxygen in the blood  

-​ Blood cuff - measures blood pressure  

-​ SV = EDV - ES 

Valsalva maneuver:  



 

-​ Used to test autonomic function and baroreflex response 

-​ Have to blow on closed airways  

-​ 1. Onset of strain  

-​ BP up  

-​ Compressed lung vessels  

-​ HR down  

-​ 2. Continual strain  

-​ Phase 1  

-​ BP down 

-​ HR up  

-​ Phase 2 

-​ BP up in non-POTS patients  

-​ HR up  

-​ 3.  Release  

-​ BP down  

-​ Release in pressure  

-​ 4. Recovery  

-​ Bp up  

-​ SV up  

Hyperventilation test:  

-​ BP change of 30 seconds  

-​ HR goes up slightly  

-​ BP goes down  

-​ Exaggerated values and lower PT on POTS  

Sinus Arrhythmia:  

-​ Deep breathing  

-​ In - HR up  

-​ Out - HR down  

-​ Peak vs. nadir  

Short-term objectives:  

-​ Tilt test vs. LBNP  

-​ LBNP vs. recumbent 

Long-term objectives:  



 

-​ Better understanding of POTS  

-​ Cardiac MRIs are not helpful now because symptoms are only present when POTS 

patients are standing. 

Methods:  

-​ 1a: 

-​ Pots patients from the Calgary Autonomic Lab  

-​ Matching healthy controls  

-​ Off medication  

-​ 2a: 

-​ Hooked up to devices listed above  

-​ 3a: 

-​ Measure HR, SV, BP, CO, and SVR over the course of 10 minutes  

-​ LBNP 

-​ Tilt test 

-​ Shapiro Wilk  

-​ t-Test 

-​ 1b: 

-​ Same as 1a and 2a 

-​ 2b: 

-​ Asked to perform  

-​ Valsalva maneuver  

-​ Hyperventilation  

-​ Sinus arrhythmia  

-​ During 

-​ LBNP 

-​ Laying down 

-​ 3b: 

-​ Measuring HR, SV, BP, CO, SVR over the course of 10 minutes  

-​ LBNP 

-​ Laying down  

-​ Shapiro Wilk  

-​ T-test 

Significance:  

-​ Easy to be misdiagnosed  



 

-​ 75% misdiagnosis rate → there are many symptoms that overlap with other 

conditions  

-​ Affects a large population  

-​ About 1% of the North American population  

-​ Cardiac MRIs 

-​ Properly simulate  

Question:  

-​ What is the Shapiro-Wilk test? 

-​ Taking data and test if the data fits the normal standard of distribution 

curve 

​ Next class 

-​ Dr. Garcia won’t be here 

-​ Work period 

​ Full class discussion  

-​ References  

-​ Add a library of used papers to PaperPile 

-​ When adding citations, find article DOIs 

-​ Format citations properly  

-​ AMA vs. APA 

-​ AMA starts with one and puts superscripts in chronological 

order. All references are placed chronologically.  

-​ APA is organized alphabetically and uses brackets, authors, 

and year of publication 

-​ Every citation has to have either a DOI or URL 

-​ Must be turned on PaperPile to include citations with DOIs 

and URLs 

-​ Number of sources  

-​ 5-7: you have to do more reading  

-​ 30+: this is a lot of sources, so go back through the paper and ensure 

all citations are in the reference list. 

-​ Have a long-range plan  

-​ Have a weekly plan 

November 21 - Class Time:  

My CYSF ethics form was approved. 



 

​ CYSF Portal  

​ Hypothesis:  

-​ See experimental procedure for November 21st. 

​ Variables:  

-​ See experimental procedure for November 21st. 

​ Procedure:  

-​ See experimental procedure for November 21st. 

 

November 25 - Class Time 

-​ Midterms start on January 10  

-​ We have a study break until Jan 20. 

-​ Meeting with mentors this week and next  

-​ Plan for this week and next  

-​ Create a long-range plan for dec-jan-feb 

​ Go through the written proposal and oral proposal and make edits  

-​ See ASP Research Proposal | Antara Krishnamurty 

-​ See Designing High-Performance PEMFC Electrodes by Optimizing Catalyst 

Ink Composition 

​ Biweekly meeting with Dr. Gacia  

-​ Review the meetings I had with my mentor previously  

-​ Plan for when data will be collected 

-​ Plan for December, January, February 

-​ Ask mentor what else I should be reading  

-​ For background  

-​ What catalysts are being used in different transportation? 

-​ What are the ratios being used currently? 

-​ Applications? 

-​ Best ratio right now? 

-​ More information on the now of transport 

-​ What stage are we in? 

-​ Is there field data? 

-​ More information on why certain alcohols are used  

https://docs.google.com/document/d/1KBpnboWfY2EAU_mOQknlH1cyJseMhUTZCyImd0bFiKI/edit?tab=t.0
https://docs.google.com/presentation/d/1bY954mVDPFjp5ZS1P2AcUdQphuKmwT4q174QS8kdF-0/edit#slide=id.gd431007ba2_0_208
https://docs.google.com/presentation/d/1bY954mVDPFjp5ZS1P2AcUdQphuKmwT4q174QS8kdF-0/edit#slide=id.gd431007ba2_0_208


 

November 25 - Meeting with Mentor:  

-​ I can maybe assist with some experiments if I get lab clearance. 

-​ I can analyze data. 

-​ Coordinate with Vahid (Graduate student) 

-​ I filled Dr. Karan in on the things I saw at the lab with Vahid.  

-​ He will be coordinating with Vahid on my behalf to figure out dates for when I can 

come to the lab. 

-​ UofC opens on January 2nd or 3rd from winter break, so I may be able to go there 

then.  

-​ Figure out how much data I would need.  

-​ Vahid is writing a thesis, so a lot more data is required.  

-​ Connect with Vahid to figure out specifically what days and times I can go to the 

lab.  

-​ What is the substrate made of? 

-​ A Teflon-like sheet 

November 27 - Class Time: 

​ Work on the CYSF Portal 

​ Edits to variables 

-​ See experimental procedure for November 27th.  

​ Edits to procedure (I can’t switch the citation to APA because my Paperpile 

is not working at the moment) 

-​ See experimental procedure for November 27th.  

​ Research (Again, I cannot add proper citations because my Paperpile is not 

working) 

-​ See background research for November 27th.  

November 28 - After School:  

I sent Dr. Karan an email with a list of all the papers I have read and asked if there are 

any more I should read.  

-​ See email communication for November 28th.  



 

November 29 - Class Time: 

​ Email meeting reminder to mentor  

-​ See email communication for November 29th 

​ Try Paperpile again (change citations to APA for CYSF)  

-​ I am still unable to get Paperpile to work. It keeps saying that it is analyzing 

my document without making any progress.  

-​ I have tried to shut down my computer and try again, but that did not 

work.  

​ Read over CYSF portal sections (specifically the research section)  

-​ I re-read the sections to the CYSF portal to ensure everything was 

grammatically correct. 

-​ I am not able to properly cite the sources using APA on the CYSF portal 

because Paperpile is not working for me right now, and I have no other 

way of changing all the IEEE citations to APA.  

​ Work on the December calendar  

-​ See the calendar for December 



December Daily Notes 

December 02 - Spare/After school:  

-​ My Paperpile is still not working for Google Docs, so I have downloaded Paperpile 

for Microsoft Word. 

-​ Copy-pasting the research proposal from Google Docs into Microsoft Word does 

not copy the Paperpile citations, so I will have to go through them again to get the 

citations working on Word. 

December 02 - Meeting with Mentor:  

-​ My mentor has told me that he met with Vahid this afternoon and has discussed 

what my future with the research is going to look like.  

-​ I will be connecting with Vahid over email to schedule times to come into the lab.  

-​ The things I will be able to see in the lab depend on what is happening on any 

given day/time.  

-​ For data, only selective pieces of data will be shared with me due to the large 

amount of data being collected.  

-​ Dr. Karan will be sending additional papers for me to read.  

December 03 - Class Time: 

We did not have class today due to President’s Breakfast  

December 04 - Spare:  

-​ During this spare, I sent a quick email to my mentor asking about papers to read 

and how to get into contact with Vahid.  

-​ See email communication for December 04th.  

December 05 - Class Time: 

​ Full Class Discussions  



-​ Intro section to the final paper is due on January 31st  

-​ Spent time reading  

-​ This section contains most of the same information as the 

background research section of the research proposal.  

-​ Improve the section  

-​ Make sure everything flows well 

-​ Add more depth to what you have already written 

-​ It is due 10 days after midterms end, so consider starting now. 

-​ Methods/Procedures section of the final paper is due on February 19th 

-​ This section needs to be extremely technical and thorough  

-​ Take notes in your logbook of what is happening in the lab  

-​ May want to create a methods section in the logbook to make 

it easier to find information collected.  

-​ Add more details to the methodology that was written for the 

research proposal 

-​ Watch your language when talking about equipment 

-​ When talking about equipment, describe it (model, 

manufacturer, place of origin). The same applies to reagents 

(ex. antibodies) 

-​ Software formatting: 

-​ ExelTM (Exel 2021) 

-​ Software (software version) 

-​ Examples  

-​ Image J (citation) was utilized to graph…. 

-​ Membranes were incubated at 37°C under continuous 

shaking using an orbital shaker (model, manufacturer, 

city/country) 

-​ Brain slices were visualized under a fluorescent microscope 

(Nikon TS250, Nikon, Newport, CA) 

-​ Antibody Rabbit Ig [ ] was mixed with the brain tissue at a 1:5 

molar ratio 

-​ Write in past perfect tense or present perfect tense  

-​ Do not use personal pronouns  

​ Biweekly Meeting with Dr. Garcia 

-​ Don’t write the theory in the methods section  

-​ Only write what is happening and be able to explain the theory 

behind it  



-​ Read more about why fuel cells are used in certain applications over 

others. 

-​ Add research question and objectives to the end of the intro  

-​ Variables should be added to the end of the methodology section  

-​ CORRECTION: Should be added to the start. Depends on how you 

want to structure the section, but the variables are explained with 

the design of the experiment usually.  

​ Paperpile  

-​ I finally got Paperpile to format my Google Docs properly.  

-​ In order to get it working, I deleted every other Google profile I have 

on my computer, then restarted my computer in order to get 

Paperpile to restart.  

-​ After restarting my computer, Paperpile was working again.  

-​ I reformatted my original research proposal document to include the new 

citations I added in IEEE style.  

-​ I reformatted the research proposal for the CYSF portal document to be in 

APA style so citations can be seen in the portal.  

​ Update CYSF portal 

-​ I updated my CYSF portal to have the research and procedure written with 

APA citations.  

-​ See background research for December 5th for the research section.  

-​ See experimental procedure for December 5th for the procedure section 

December 09 - Class Time: 

I was not in class today because I was out of town.  

December 09 - Meeting with Mentor: 

-​ During this meeting, my mentor and I discussed my coming into the lab in the 

coming weeks in order to take a look at how the experiments are running.  

-​ He will be reaching out to Vahid and connecting me with him over email in the 

next few days so I can coordinate with him.  

-​ Dr. Karan will be sending additional papers for me to read soon.  

-​ Dr. Karan has been particularly busy this week because he is finishing making a 

final.  

https://docs.google.com/document/d/1KBpnboWfY2EAU_mOQknlH1cyJseMhUTZCyImd0bFiKI/edit?tab=t.0
https://docs.google.com/document/d/1aFmkOI-Mz3IDBtxW7pmMC0pYMTNKBbQHUfz5Y71IAdc/edit?tab=t.0


December 11 - Class Time: 

​ Full class discussion 

Have a meeting with your mentor in the next week to check in.  

Have a meeting on Jan 3-9 to check in with a summary of results, project status, inform of 

midterm schedule (don’t put too many meetings during this time), and next meeting after 

midterm.  

I sent an email to my mentor to ask about the next steps of my project.  

-​ See email communication for December 11th.  

I was not able to get much work done for ASP during this class time as my mentor has 

not sent me any papers to read, and I have no data to collect/analyze.  

I looked over Dr. Garcia’s previous feedback on my introduction section so I could think 

about areas of improvement and things to add to the final draft.  

-​ What catalysts are being used in different sectors of transportation? 

-​ What are the current ratios of ionomer : solvent being used currently? 

-​ What is the best ratio of ionomer : solvent at the moment? 

-​ Add more information about the transportation sector now  

-​ Is there any field data that can be added? 

-​ Add more information about why certain alcohols are used.  

I used what was left of class time to study for upcoming exams at school.  

December 13 - Class Time:  

Once again, I did not have much work to get done for ASP because I had no papers or 

data to collect and analyze. Dr. Karan has not been able to get in contact with Vahid to 

arrange a meeting.  

I sent a quick email to Dr. Karan, reminding him of our upcoming meeting on Monday.  

I spent most of this class studying for my upcoming exams in other classes, such as 

biology and chemistry.  



December 16 - Morning: 

I sent a quick email to Dr. Karan asking about scheduling a meeting with Vahid.  

-​ See email communication for December 16th. 

December 16 - Meeting with Mentor: 

During this meeting with my mentor, we discussed the next steps of my project.  

-​ We discussed my setting up meetings with Vahid before winter break begins at 

both the University of Calgary and Webber.  

-​ Dr. Karan and I discussed some dates that are important in the upcoming weeks. 

-​ Winter break at the university begins on December 21st.  

-​ Winter break at Webber begins on December 21st.  

-​ Winter break ends at the university on January 2nd.  

-​ Winter break ends at Webber on January 6th.  

-​ Midterm break begins at Webber on January 10th.  

-​ Midterm break ends at Webber on January 20th.  

December 16 - After School:  

Dr. Karan, Vahid, and I emailed back and forth about planning an upcoming in-person 

meeting at the university.  

-​ See email communication for December 16th.  

December 17 - Class Time:  

During this class, I spent time preparing for my upcoming trip to the lab at the University 

of Calgary with Vahid, the graduate student Dr. Kraan arranged for me to work with.  

-​ I went through the notes I took on my background research to make sure that I 

had all the information fresh in my head before going to the lab.  

-​ See the background research summary notes section of the logbook  

-​ I used my background research to help me figure out areas that I needed to 

review the most so I could go to the meeting with enough knowledge to 



understand everything Vahid told me.  

-​ In doing this, I felt much more prepared for my upcoming meeting.  

​ Biweekly meeting with Dr. Garcia 

-​ During this meeting, I just told Dr. Garcia about how I have a meeting 

scheduled with the graduate student my mentor has me working with.  

-​ I told her that I will be trying to get data soon so I can start the analysis 

portion of my project.  

December 19 - Class Time:  

This was our last class before winter break.  

Dr. Garcia made us all cookies as a treat for our hard work thus far and before the start 

of our winter break.  

 I did not have much work to get done for ASP at the moment because I had no papers to 

read/annotate or data to collect and analyze. I spent this class studying for my upcoming 

biology and math tests. 

Towards the end of class, I, along with some other people, were tired and not able to 

focus on our work, so we played some card games for a little break.  

December 20 - Meeting at Lab: 

I went to the University of Calgary to meet with the graduate student Dr. Karan set me up 

with.  

-​ Vahid has been conducting experiments with different ratios of water to IPA (10%, 

20%... to 90%) 

-​ The higher the concentration of water, the more clumped together the ionomer is  

-​ The higher the concentration of IPA, the more dispersed together the ionomer is. 

-​ The concentration of water vs IPA forms different structures of all the deposited 

things.  

-​ An initial dispersion is made of carbon and polymers and is added to the 

dispersion media (water + IPA)  

-​ You can’t see anything in the dispersion  

-​ Once deposited, microscopy can be used to see what’s going on.  

-​ In the dispersion, visually all are the same but using instruments, particle size and 



other properties can be seen.  

-​ 10% water has smaller particle sizes. Increase size, increase particle size.  

-​ It is not a direct increase in particle size.  

-​ It is more complex than just looking at one substance.  

-​ The mix of substances makes it difficult to have a linear relationship.  

-​ Dynamic light scattering is the instrument used for finding particle size.  

-​ Reflects light through the dispersion and the instrument gives particle size.  

-​ For example, at 50% the size is 550nm particle size on average (90% of the 

whole dispersion) some may be smaller or larger.  

-​ He plots everything to find the information 

-​ Electrical conductivity can be measured using a four-probe tool.  

-​ Put the probes on the dispersion and find the conductivity  

-​ Using a formula  

-​ thickness/RA 

-​ Thickness measured with calipers  

-​ Resistance using the device  

-​ Area is just the area of the sample size 

-​ A certain dispersion (ratio) is deposited then dried for an hour in an over and 

once dried, electrical conductivity can be measured.  

-​ There is a lot going on in a CL  

-​ There are carbon, catalysts, ionomers  

-​ All carbon layers = better conductivity  

-​ The structure is slightly different for every layer  

-​ Depending on how the water and IPA evaporate, the structure also is different.  

-​ Dispersion → deposition → evaporation → oven  

-​ Story  

-​ How is the dispersion made? From what materials (ionomer, carbon, 

dispersion media)? 

-​ How do different structures form?  

-​ What is done with the dispersion?  

-​ Particle size is the only thing that can be found from instruments in 

lab using dynamic light scattering (DLS) 

-​ Explain how DLS works 

-​ Light goes through  

-​ Reflected  

-​ Lots of information online about it  

-​ Show how the data is collected  



-​ How is sample is prepared? 

-​ How is electrical conductivity found?  

-​ Go through characterisation  

-​ What plot you get and how to extract data?  

-​ Electrical conductivity is a result of the structure formed  

-​ He will be talking to Dr. Karan about sending me data for my project.  

 



 





 



January Daily Notes 

January 06 - Morning: 

I sent a quick email to Dr. Karan asking if we would still be meeting today as both of us 

were getting back to school/teaching after a break.  

-​ See email communication for January 6th.   

January 06 - Class Time:  

This was our first class back after winter break.  

Dr. Garica gave us this period to study for our upcoming midterm exams.  

January 8 - Class Time:  

During this class, Dr. Garcia gave us the period to study for our upcoming midterm 

exams.  

January 10 - Class Time:  

No class due to exam break 

January 14 - Class Time:  

No class due to exam break 

January 16 - Class Time:  

No class due to exam break 

January 19 - At Home:  

I sent an email to Dr. Karan asking if he is available to meet tomorrow.  



-​ See email communication for January 19th.  

 

January 20 - Class Time:  

No class due to exam break 

January 20 - Meeting with mentor: 

During this meeting, my mentor and I discussed the next stages of my project.  

-​ My mentor will be asking Vahid (a grad student) to share some of his experiment’s 

results with me. 

-​ My mentor will be finding papers that are pertinent to my research and/or related 

to the results that Vahid has collected.  

-​ We went over all of the important upcoming deadlines for my project.  

-​ January 30: the introduction section of the final paper is due  

-​ February 19: the procedures section of the final paper is due 

-​ March 11: this is the date of the in-school science fair  

-​ March 21: the results section of the final paper is due  

-​ April 25: the discussions and conclusions section of the final paper is due 

-​ May 28: the final paper is due  

-​ I told my mentor that I would be asking Dr. Garcia what section of the final paper 

should include the hypothesis and variable to send that information to him.  

January 22 - Morning: 

I sent an email to my mentor summarizing the information we went over in our last 

meeting and reminding him to ask Vahid to send me any data possible and papers.  

-​ See email communication for January 22nd.  

January 22 - Class Time: 

​ Full class discussion (all class) 

​ Make a plan for the remaining time to science fair (six weeks) and be 



specific about it  

-​ Reconnect with mentor 

-​ Set up a meeting/meet with mentor  

-​ Suggest times + agenda items  

-​ We have the next six weeks to get our projects done for the in-school 

science fair.  

-​ It is important that we dedicate a lot of free time to ASP (no more time to 

waste) 

-​ Don’t focus on writing the introduction section of the paper, focus on 

getting data analyzed for (prioritize things to do) 

-​ Submit the literature review to Turnitin and the CYSF portal 

-​ Start entering information into the CYSF portal because it takes a while for 

all that information to be entered.  

-​ The CYSF portal is not used for the school science fair on March 

11th, but it must be done by March 21st.  

-​ Prioritize the poster over the portal for the in-school science fair 

-​ No one is looking at the portal for the school science fair, but if you 

are selected for cities, put some extra effort into the portal.  

-​ The portal may not be used for the city science fair, however, still 

make sure to do a good job because the judges may use the portal to 

preview your project and formulate questions before coming to see 

you.  

-​ The date of the city science fair is right after spring break (April 10-12) 

-​ Make sure you understand the methodology thoroughly  

-​ Be able to explain this both technically and simply  

-​ Copy-paste all information straight into the portal from writing (don’t 

waste time re-typing or changing stuff)  

-​ For the science fair poster, it is easiest to shorten your background 

research on the trifold because it can easily be explained orally.  

​ Introduction section  

-​ Finish the introduction section with your research question, 

hypothesis, and goals at the end.  

-​ The introduction should flow into the hypothesis and what we are 

hoping to achieve with the project.  

-​ Don’t need to send this back to your mentor because you already 

have feedback from the research proposal  

-​ Make changes based on previous feedback 



​ Poster  

-​ We get to decide what kind of poster we want to use. We will be 

provided with large tri-folds (60” tall, middle panel – 32” wide, side 

panels – 31.5”), but we can choose to create our own. 

-​ The amount of background information for the poster will depend 

on how much space you have an how much information you have 

for other sections.  

-​ Show Dr. Garcia BEFORE gluing anything down onto the poster.  

-​ We can plan out our poster on a PowerPoint and show it to Dr. 

Garcia before printing everything out and sticking it on the poster  

​ Poster vs. Powerpoint presentation  

-​ The physical poster is different from the PowerPoint presentation 

we will be giving in class prior to the science fair.  

-​ If you have your poster ready for the presentation, feel free to 

present with it.  

-​ Advantages of using the poster in class: 

-​ It will help prepare you for the science fair  

-​ It will be exactly like the science fair, and the feedback will 

be directly applicable to the science fair 

-​ Disadvantages of using the poster in class:  

-​ You may be in a rush to get your poster done for class 

-​ You can’t glue stuff down to the poster YET because things 

might have to be changed after getting feedback from Dr. 

Garcia. 

-​ Disadvantages of using a PowerPoint in class: 

-​ It won’t be the same as the actual science fair poster  

-​ On a PowerPoint, you may be able to fit more information 

than you can fit on a poster.  

-​ Images or graphs will not be the same on a poster as they are 

on screen (size/quality) 

-​ In a PowerPoint presentation, there won’t be any 

interruptions in the middle, but there can be interruptions 

during an actual poster-presentation at the science fair.  

-​ The content will be very similar  

​ Presentations  

-​ Presentations will be between February 21 - March 3 



​ Misc. information 

-​ HAVE to be done with data collection/analysis by February 21st.  

-​ What if you cannot finish your data collection in time for the science 

fair? 

-​ Do your best with the data you have 

-​ Present what you have until February 27th.  

-​ After February 27th, work on getting a good presentation 

together for the science fair based on what you have.  

-​ Present what you have really well, then present the rest of 

your project as what’s going to happen in the future.  

​ Science fair  

-​ The science fair is big on knowing about changes and improvements  

-​ Changes and improvements are one of the biggest things being 

judged 

-​ What are the limitations of your project? 

-​ What had to be adapted and/or changed? 

-​ Originality is another big part of your project being judged 

-​ How do you show that this project is driven by you and your 

interest, not your mentor? 

-​ Why are you interested in this topic? 

-​ Is there a human connection?  

-​ Exploit your topic in a way that shows you have a 

connection/interest  

-​ Don’t talk down your achievements, no one else is going to talk 

about how awesome your project is for you.  

-​ Show that your work is great and impressive.  

-​ Show how the background relates to what is being studied  

-​ Make sure to actually answer your research question  

-​ All graphs should have error bars  

-​ Review the rubric before finalizing the presentation (drop a lot of 

hints throughout your presentation for various categories) 

-​ End your presentation with the relevance of your project  

​ Science fair rubric  



 

 



January 23 - Science Fair meeting:  

-​ Make sure to excuse yourselves from all classes happening on the day as the 

science fair will be happening all day on March 11th (with a break during lunch) 

-​ Posters  

-​ If you want to use the provided trifold, you can pick it up whenever you 

want.  

-​ Even if you don’t use the trifold, make sure that your poster is able to stand 

up on its own.  

-​ Portal 

-​ Be careful about plagiarism  

-​ Everything must be cited, quoted, in your original words, etc.  

-​ Use Turnitin first, then put it in the CYSF portal 

-​ Logbook  

-​ Find a way to put it into the portal  

-​ Since I am using a Google Doc, I may be able to copy and paste the 

document link to the CYSF portal.  

-​ If you are not going to the CYSF, your portal will get deleted 

-​ If you are going to the CYSF, make sure your portal is finished by March 21st.  

-​ Due dates for science fair Turnitin:  

-​ Background research – February 7th 

-​ Methods – February 21st 

-​ Data collection/results + analysis/conclusion – March 3rd 

-​ Spend five weeks to finish data collection/results/analysis and the final week 

before the science fair on the poster.  

January 24 - Class Time: 

​ Biweekly meeting with Dr. Garcia  

-​ Send another email to Dr. Karan saying  

-​ as we discussed during our last meeting, I am waiting for data from 

Vahid.  

-​ Our teacher has been insisting that we have to get started on 

analysis and I was wondering whether you had a chance to ask 

Vahid. 

-​ See email communication for January 24th.  



-​ Start brainstorming your poster  

-​ What background research to keep on the poster 

-​ Howdo  you want to lay out the information  

-​ Do you want to use the trifold or something else? 

-​ Figure out how much data you have to put on the poster, then 

decide what you want to use  

-​ The trifold may be too large for certain projects 

-​ You don’t want to have too much blank spaces  

-​ You do not have to talk about everything on the posters  

-​ Just give the judges the main information about the poster  

-​ Don't overwhelm the poster with TOO MUCH information 

-​ Don’t pack the poster with too much text/graphics  

-​ More is not necessarily better  

-​ Intro paper 

-​ Make this your priority  

-​ Find the information you want to add and add it to the paper  

-​ For the project 

-​ Don’t just take the graphs from the graduate student 

-​ Go through data analysis with the grad student 

-​ Understand how it’s done + what software is used  

-​ Understand the details of the process  

-​ Even if you know all the details of the experiment, you do not have 

to present everything.  

​ Update logbook  

-​ Prior to winter break, I fell behind on updating my logbook, so I spent the 

remainder of this class updating my logbook.  

January 26 - At Home:  

​ Update logbook 

-​ I finished all the updates to my logbook that I had not had time to finish 

during class on Friday.  

January 27 - Meeting with Mentor:  

-​ Dr. Karan has met with Vahid  



-​ He has asked Vahid to send me three sets of data, which are all a function of the 

solvent/dispersion media (five or six different rations)  

-​ X-axis: ratio of water to IPA (isopropyl alcohol)  

-​ Properties:  

-​ Size of the aggregates and ink found using dynamic light scattering (to find 

the average size of aggregates and how it varies)  

-​ Electrical resistance/conductivity  

-​ Pore size distribution/porosity → important for gas phase transport  

-​ Vahid will be sending the data to Dr. Karan first; then he will send it to me  

-​ I will have to try and make sense of it 

-​ analyze/write about the trends and patterns I see 

-​ After going through that, we will discuss what else to write about/my thoughts  

-​ Dr. Karan has not yet had a chance to find papers about the data. 

-​ Will send me some after I get the data.  

January 28 - Class Time 

​ Full class discussion 

-​ Add references to the end of the introduction section being handed in for 

class.  

-​ There is a specific section in the portal for references  

-​ Pay attention to where things are going in the portal because not all 

sections are the same for every project type.  

-​ If you are going to the city science fair and you are being considered for a 

major award, they will scrutinize all the information you give.  

-​ Make sure you are being honest/ethical about every part of the 

project 

-​ There is nothing wrong with taking information from other sources 

just MAKE SURE TO CITE IT 

-​ March 7th is our next report card  

-​ Marks lock about a week before (March 1st)  

-​ Marks added will be: 

-​ Feb logbook  

-​ Oral presentation in 

-​ The biggest portion of marks will come in the last term  

-​ Logbooks  

-​ Most of the papers  



-​ Science fair performance  

​ February calendar 

-​ See calendars for February  

​ Introduction section  

-​ I started copying over the introduction section of my logbook into a new 

document.  

-​ See background research for January 28th.  
​ A quick chat with Dr. Garcia 

-​ At the end of the introduction section of the logbook, add the research 

question and objectives of the research.  

-​ The hypothesis can go into the introduction IF it connects to the RQ and 

objectives. 

-​ Variables should go with procedure/methodology. 

-​ I will be getting data from my mentor in the next couple of days. 

January 30 - Class Time: 

​ Data 

-​ Vahid sent me the data that I had discussed with Dr. Karan 

-​ I emailed him to see if I could get any raw data points.  

-​ See email communication for January 30th.  

​ Make sure the logbook is complete → Due tomorrow  

-​ See daily notes for December  

-​ See daily notes for January  

-​ See the calendar for December  

-​ See the calendar for January  

-​ See the calendar for February  

​ Work on the introduction section of the final paper  

-​ See background research for January 30th.  

 



February Daily Notes 

February 03 - Class Time:  

​ Class Chats 

-​ February oral presentation schedule  

-​ I am set to present on February 25th  

-​ You can use AI to help find sources  

-​ Enter: find peer-reviewed sources to back up this statement: the 

statement you made 

-​ Then, you can just take a look at the main parts of the paper, and 

you have a peer-reviewed source for your paper to back up the 

information you are giving.  

-​ You are not using AI to summarize/do work for you; you are just 

asking for it to help find papers that back up your statements.  

-​ Put all the data that Vahid gave me into the data collection section of the 

logbook.  

​ Transcribe data from Vahid into the data collection section of logbook  

-​ See data collection and results for February 3rd. 

​ Introduction section of the final paper 

-​ Figure out a way to incorporate the research question into the introduction 

section.  

-​ See background research for February 3rd.  

-​ I did research for finding papers that will fill in any gaps in my background 

research. I haven’t seen any papers that are good enough yet.  

February 03 - Communication with Grad Student 

Vahid sent me another file with raw data points.  

-​ See email communication for February 3rd.  

February 05 - Class Time:  

​ Biweekly meeting with Dr. Garcia  



-​ I will be graphing the data I was given  

-​ Compare the graph made with graduate student’s graphs  

-​ The data I was given is likely average, so I can’t do error calculations 

or standard deviation with what I have at the moment  

-​ Email Vahid the preliminary graphs and ask for full, unaveraged 

data in order to get error/standard deviation bars.  

-​ Use Excel to graph data. 

-​ Excel and Google Sheets are both good. However, Excel has more 

functions that are helpful for graphing data.  

-​ Dr. Garcia will help me create the error/standard deviation bars 

after I get that data.  

-​ Ask graduate student about methods  

-​ Set up a time to go to the lab and discuss in length  

-​ How were the different properties measured? 

-​ How many trials were conducted of each ratio? 

-​ Was the data averaged out? 

-​ How was the data graphed?  

-​ How were the error bars and standard deviations calculated? 

-​ Get data done first before asking about methods. 

​ Finish edits to the introduction section + hand into Sci Fair TurnItIn and ASP 

TurnItIn 

-​ See background research for February 5th.  

​ Take the data that Vahid gave me and make my own graphs.  

-​ See data collection and results for February 5th.  

​ Email Vahid asking for un-averaged data so I can add error/standard deviation 

bars + email asking to schedule a time we can meet to  

-​ See email communication for February 5th.  

February 07 - Class Time:  

​ Full Class Discussion 

-​ Our logbook quality has significantly declined since our last check.  

-​ We have to be more specific with our tasks. 

-​ The experimental procedure section and data collection sections 

should have some information already.  

-​ We discussed changing the dates of our oral presentation, and the options 

were as follows 



-​ 1: move all the oral presentations up to start on Feb 21st.  

-​ 2: move all the oral presentations back so they are marked after 

report cards  

-​ 3: keep the oral presentations starting on Feb 25th but cram oral 

presentations in so all eleven are finished in two days.  

-​ We voted and decided on option 3.  

-​ I am still presenting on Feb 25th.  

-​ Re-plan February to get work done 

-​ What happens every week? When are you working on your 

poster? 

-​ Oral presentations  

-​ For the science fair, the oral presentations should be under 

fifteen minutes, but around twelve minutes is fine.  

-​ Portal  

-​ Start plugging in information everywhere you can  

-​ It does not have to be done, but fill in anything you can  

-​ PLAN IT OUT 

-​ Science Fair  

-​ TELL YOUR CLASS TEACHERS THAT YOU WILL BE MISSING ALL 

DAY FOR THE SCIENCE FAIR 

-​ Tell teachers before class starts.  

-​ During breaks in judging, we are allowed to go look at other people’s 

posters.  

-​ Pack some kind of lunch that you can eat in the PAC → probably 

won’t have time to go get lunch from the cafeteria.  

​ Procedure section of the final paper → hypothesis and variables paragraph  

-​ See experimental procedure for February 7th.  

​ Data analysis → understand trends in the patterns  

-​ See data collection and results for February 7th.  

February 09 - Weekend:  

​ Vahid and I coordinated a time for me to come to the lab to go over methodology 

-​ See email communication for February 09th 

February 10 - Spare:  



​ Vahid confirmed our meeting time  

-​ See email communication for February 10th.  

​ I finished understanding the trends in the data patterns  

-​ See data collection and results for February 10th.  

​ Speak to Dr. Garcia  

-​ Ask the mentor if he has unaveraged data today during your meeting.  

-​ If he can’t help, bring it up with the grad student tomorrow when 

you meet.  

February 10 - Meeting with Mentor:  

-​ I started the meeting by getting Dr. Karan up to date on everything that I have 

done thus far  

-​ Got data from Vahid and plotted it  

-​ Analyzed the trends  

-​ Finished the introduction section of the final paper  

-​ Started to write the procedures section of the final paper 

-​ There is no obvious trend in any of the data  

-​ This tells us that the data is much more complicated than just the ratio of 

IPA to water  

-​ He told me not to be perturbed by the fact that there is not a clear pattern 

in the data 

-​ One parameter affects multiple structural properties of a PEMFC 

-​ This can be a conclusion that you don’t see an obvious pattern  

-​ There are no “simple trends” 

-​ Plot properties as a function of other properties  

-​ Some trends may be seen  

-​ We will be skipping next Monday’s meeting 

-​ It is family day, and I will be traveling  

February 11 - Class Time: 

Most of this class was missed due to an assembly  

​ Class discussion  

-​ Fill out portals  



-​ Submit on Turnitin  

-​ Copy Dr. Garcia on emails  

-​ Send email summaries if you said you would.  

-​ You WILL BE ready for the science fair presentation  

-​ There is no buffer  

-​ If you want feedback on slides/presentation before presenting 

-​ Be done a week before a week before the presentation and send it to 

Dr. Garcia  

-​ You can arrange a time to present  

-​ The methods section is NON-NEGOTIABLE HARD DEADLINE FEBRUARY 

19TH 

I did not get as much done as listed in my calendar because of the assembly.  

February 11 - Meeting with Vahid @ the University of Calgary: 

-​ Dynamic Light Scattering 

-​ Use a diluted sample of ink  

-​ If the particle is smaller, it moves faster. The same is true vice versa.  

-​ Add up all the different values on a bell curve for the particle size 

-​ Watch this video for more information about how it works. 

-​ https://www.youtube.com/watch?v=ET6S03GeMKE 

-​ Electrical conductivity 

-​ The Loresta-gx mcp-t700 is the 4-probe resistance tool 

-​ A two-probe multimeter is how the data is collected  

-​ Cut a small sample (2cmx5cm) of the deposited catalyst layer 

-​ The area and the thickness of this sample are important to measure 

-​ The multimeter measures the electrical resistance of the sample  

-​ Place the sample layer face down on copper strips, which conduct 

electricity, then place the two probes on either strip of copper to measure 

the electrical resistance.  

-​ Test the electrical resistance of the sample three times  

-​ Use Ohm's law to calculate the conductivity of the sample  

-​ Measure the thickness of the sample  

-​ The Teflon the ink lays on is 52 microns  

-​ Measure the thickness of the Teflon plus the catalyst layer using 

calipers  

https://www.youtube.com/watch?v=ET6S03GeMKE


-​ Subtract 52 from the measured value to find the thickness of the 

catalyst layer.  

-​ The electrical conductivity is dependent on the thickness of the sample  

-​ A thicker layer has lower conductivity 

-​ According to the data, as thickness increases, conductivity decreases 

-​ *All the data I have is for a 12-micron sample  

-​ Take the thickness at different points because the sample may not be 

perfectly even (a good sample should be even)  

-​ Follow the same process for different cut samples of the same deposited 

catalyst layer (three times) 

-​ The bigger rotator of the calipers is for precise tuning, and the smaller 

rotator is for rough tuning to get a precise measurement.  

-​ Average pore width 

-​ Scratch a deposited layer to get 100g of powder, and another lab has the 

instruments to calculate the width  

-​ The sample is first degassed. 

-​ Using BET absorption, the other lab measures how much nitrogen the 

sample can absorb (porosity) 

-​ The number that comes from the instrument calculates the pore width and 

surface area.  

-​ Error bars for dynamic light scattering  

-​ Vahid took three samples  

-​ He calculated the averages of each one (area under the curve) 

-​ After having three samples, he used the error bar formula to calculate this 

(I have to Google this to figure out more information as Vahid does not 

remember this formula off the top of his head) 

-​ Have error bars for DLS 

-​ For electrical conductivity, he just found the conductivity of three samples and 

averaged it out.  

-​ We did water 60% together. 



 

 

February 13 - Class Time:  

​ Class Discussion 

-​ Make sure to fill out the CYSF portal  

-​ If you have a problem section (only if you’re doing a study) 

-​ Write a super short version of the background 

-​ Explain the problem  

-​ It can’t just be one tiny paragraph  

-​ Must explain the problem 



-​ If you are doing an experimental project  

-​ Your methods cannot be two paragraphs  

-​ Have a good explanation of your methods  

-​ Must have citations because you are doing things the 

way someone else has already done it  

-​ This test was conducted according to [source]. 

Briefly……  

-​ Use sources that your mentor has used if available  

-​ Observation is data collection  

-​ Unmanipulated, unprocessed data  

-​ Analysis  

-​ Final graphs, final tables  

-​ Paragraphs explaining those graphs  

-​ Conclusions 

-​ Answer your research question  

-​ Objectives and conclusion have to go together  

-​ HAVE YOU PROVEN IT OR NOT  

-​ The data supports…. 

-​ The data does not support… but this is 

observable… 

-​ If it did not come true, explain how you 

are going to continue the project with a 

modified hypothesis.  

-​ Application  

-​ Significance of your project  

-​ Why is this important? 

-​ How did your project help further 

something?  

-​ Sources of Error  

-​ Science fair loves this  

-​ Find limitations within your project  

-​ Things you did not think about before  

-​ Things that may be confounding your results  

-​ Acknowledgments  

-​ Not heartfelt messages  

-​ UofC/Department of…. 

-​ Dr. Karan, Vahid, etc.  



-​ Dr. Garcia from Webber Academy…  

-​ You can acknowledge people for giving 

feedback  

-​ Person for …. 

-​ Don't be droning on about all the people you 

love 

-​ It's not important.  

-​ At the city science fair, they want to see how original your project is.  

-​ Not even grad students know what they want to study at labs, 

so there is a bias against ASP students  

-​ How do you disprove that your project is not 

mentor-driven without being antagonistic? 

-​ Use key phrasing in your presentation to show the 

judges that you are the one interested in the project  

-​ Originality is one of the hardest things to prove.  

-​ Use the rubric from the city-wide science fair to see if you have covered 

everything.  

-​ When it comes to judging, it is what it is AFTER you make sure you have 

everything  

-​ Every judge has different opinions  

-​ Between March 1-11 

-​ Work on the CYSF portal every day  

-​ DEADLINES  

-​ 27th is the last day of February classes  

-​ Oral presentations (Slides attached @ 11:30 → on Feb 25th 

because that’s when I’m presenting) 

-​ The logbook for February (attached on Google Classroom @ 

11:30) 

-​ Not accepting late work because of marks closing the next 

day (DROP-DEAD DEADLINE) 

-​ February 19th 

-​ Methods deadline  

-​ DROP-DEAD DEADLINE 

-​ Priority list  

-​ Data analysis + methods have to be the priority  

-​ Oral presentation + logbook  

-​ Poster for the science fair (should be done by the Sunday before 



March 11) → March 9th.  

-​ The most important part of the project is TIME MANAGEMENT 

-​ COMMUNICATE SO THINGS CAN BE SALVAGED 

-​ No one can help you if you do not communicate.  

-​ Consider when it’s time to say “help” 

-​ METHODOLOGY MUST BE WRITTEN IN THE PAST TENSE 

-​ By the time the presentation happens, it will already have been 

done.  

​ Watch and take notes on a video about DLS 

-​ See experimental procedure for February 13th.  

​ Write a paragraph on ink preparation for procedures 

-​ See experimental procedure for February 13th.  

​ Write a paragraph on DLS + average particle size for procedures 

-​ See experimental procedure for February 13th.  

February 15 - Long Weekend: 

​ Write a paragraph on electrical conductivity for procedures 

-​ See experimental procedure for February 15th 

​ Write a paragraph on BJH average pore width for procedures 

-​ See experimental procedure for February 15th  

February 16 - Long Weekend:  

​ Write a paragraph on how the data was graphed for procedures 

-​ See experimental procedure for February 16th 

February 18 - After School: 

-​ Lauren and I read each other’s procedure sections and gave each other feedback 

and edits as people who don’t know much about each other’s project to ensure 

that our papers were comprehensive  

-​ I went through her edits and made changes to my paper 

-​ See experimental procedure for February 18th.  



February 19 - Class Time: 

​ Class Discussion 

-​ To get feedback 

-​ 7 days is ideal 

-​ 3-4 days may be possible  

-​ Results section paper  

-​ Will be largely based on the science fair  

-​ Requires  

-​ Detailed description of the description  

-​ No raw data  

-​ Only graphs, tables, diagrams, etc.  

-​ Paragraph describing the figures, graphs, etc.  

-​ Reference the figure you are describing 

-​ You never need to say the figure above/below because you 

give a number, and the figure should always come below 

-​ A lot of this will need to be done for the science fair 

-​ DO NOT INCLUDE WHY IN THE RESULTS  

-​ This belongs in the discussions and conclusions section 

-​ Figure legends  

-​ Goes underneath the the figure  

-​ Left aligned, not centered with the figure  

-​ Figure #. Title. Brief description of the figure.  

-​ The figure has to stand alone 

-​ Describe the figure in the paragraph above in detail  

-​ Add a brief description of the figure in the figure 

legend  

-​ ANYTHING NOT MADE BY YOU MUST BE CITED BOTH IN THE 

PARAGRAPH ABOVE AND IN THE FIGURE LEGEND  

-​ Due on Apr 14 → hand in for feedback on the 7th (11th at the latest) 

-​ Analysis/Discussions & Conclusions  

-​ Easily the hardest section you will write  

-​ Complication comes from you trying to describe what your 

data means  

-​ You have to go back to the literature  

-​ Who else said what, and how do my results fit in the 



field of study? 

-​ Put your results in the context of the current 

understanding of the field of study  

-​ explain/provide alternate explanations  

-​ Get back to the research question  

-​ This happened 

-​ This didn’t happen  

-​ … 

-​ Significance and future direction should be in your 

final paragraph  

-​ By the time this paper roles around, you should have most of 

the data collected and science fair will be over 

-​ SCHEDULE THIS WELL → AP EXAMS ARE AROUND THIS 

TIME 

-​ Due May 1st 

-​ Final paper is due on May 30th  

-​ All edits should be done by here  

-​ All feedback should be implemented  

-​ You have a month between the analysis/discussions & conclusions to 

hand in the final paper 

-​ SCHEDULE THIS WELL → AP EXAMS ARE AROUND THIS TIME 

-​ Make sure to actually take Dr. Garcia’s feedback and implement it 

-​ She has been giving repeated feedback  

-​ Make sure each reference has what it has  

-​ Each reference should have a DOI  

-​ All references should be peer-reviewed or from a government site 

-​ One more class this week, and then oral presentations start next week 

-​ After the presentations, we will have three classes to prepare for the 

science fair  

​ Biweekly meeting with Dr. Garcia 

-​ I will try and find a paper to replace the Million Mile paper in the intro 

because it isn’t peer-reviewed  

-​ I will try to find a government site for the share of greenhouse gas 

emissions in Canada  

-​ If I can’t find sources for these, we will discuss this  closer to the 

final paper due date  

-​ I still have a few more graphs to create for the analysis (plotting properties 



against each other) 

-​ Add some pictures to the observations section of the CYSF portal with brief 

descriptions of what is being shown  

-​ I will be starting my presentation for the oral presentation today  

-​ Find better-quality figures  

-​ Maybe try to add images to the methodology, so it isn’t too wordy 

​ CYSF portal  

-​ I formatted the procedures to fit with the CYSF portal 

-​ Formatting equations was difficult but I reworked the paper to have it 

properly formatted.  

-​ See THIS IS FOR THE CYSF PORTAL document → procedures section  

-​ Added current list of citations to the CYSF portal  

-​ See THIS IS FOR THE CYSF PORTAL document → references section  

-​ Add observations with short descriptions  

-​ See portal  

​ Check the Procedures paper against the rubric  

-​ I believe that my paper hits all the points that the rubric requires.  

 

​ Hand in procedures on Turnitin for Science Fair  

​ Finish graphing properties against each other  

-​ See data collection and results for Feb 19th 

https://docs.google.com/document/d/1LOCmOZQX80zwN_kC08tM22b5NG3I5zDAGJ-zmpNgvsk/edit?tab=t.0#heading=h.l2jhewr452uw
https://docs.google.com/document/d/1LOCmOZQX80zwN_kC08tM22b5NG3I5zDAGJ-zmpNgvsk/edit?tab=t.0#heading=h.4csre8u7bptx


​ Start oral presentation slides (these are from the research proposal) 

 

 



February 20 - After School: 

​ Understanding the data plotted yesterday  

-​ See data collection and results for February 20th.  

​ Oral presentation slides (methods and results) 

 

 

 

 

 

 

 



February 21 - Class Time: 

​ Conclusions of my project  

-​ See discussions and conclusions for February 21st.  

​ Finish slides for oral presentation (analysis and conclusion) 

 

-​ I ran through the presentation in my head a few times to see if I could do it within 

the time limit.  

-​ I think I will have to cut some information out in order to meet the time 

constraint but I will practice this a few more times to judge whether or not 

I have enough time to leave the presentation as is.  

February 24 - At Home: 

​ I made changes to some of the slides so there would be fewer words on the slides  



 

 

 

 

 

 

 

 

​ I ran through the presentation twice with my mom to make sure I was within the 

time constraint.  

-​ Both times I was within the 12-minute maximum time limit. 

​ I made cue cards just as a guide in case I need prompts for speaking 

 

February 25 - Class Time: 

​ Class discussion  

-​ You need a punch line 

-​ Right from the beginning, talk about what your project is about  

-​ That way, when you start with the details, you still know that what 



you tried to set up makes sense 

-​ We are being too rigid with presentations  

-​ Need to start looking at flow  

-​ The core of the presentation is the results  

-​ Results should be taking 5-7 minutes of the 12 minutes  

-​ Looking at graphs, analysis, conclusion, etc.  

-​ Setup and background should only take 4 minutes  

-​ When you are presenting your poster, you are just talking to one person, 

and you’re pointing to parts of your presentation  

-​ Take time to show graphs  

-​ Conclusions should not have that much information  

-​ This is how it answers the research question  

-​ Slides with conclusions mean nothing unless it connects to results on 

graphs 

-​ NEED TO START SHOWING DR. GARCIA PAPERS AND PRESENTATIONS 

AHEAD OF TIME 

-​ If you are done with your data and presented today, reflect on how this can 

be better for poster presentation  

​ Merrit and Maddux OP 

Investigating Postural Orthostatic Tachycardia Syndrome (POTS) 

What is POTS? 

-​ An autonomic disorder  

-​ Patients experience an increase in heart rate 

-​ Occurs in 10 minutes 

-​ There is no other identifiable cause  

The problem: 

-​ There is no identifiable cause  

Solution: 

-​ Find out what’s wrong  

-​ Use MRI to do this  

Lower Body Negative Pressure  

-​ LBNP has a vacuum that sucks the air out  



-​ Uses Bernoulli’s principle → principle of fluid dynamics  

-​ Fluids flow from high to low pressure so LBNP pushes blood to the feet  

-​ When fluid is sucked out, it simulates gravity  

Head Upright Tilt Test 

-​ Person tilted to 80° 

-​ Actual gravity  

Autonomic function testing  

-​ Valsalva 

-​ 4 phases  

-​ Exaggerated phase 4  

-​ Increased heart rate 

-​ Pressure meter monitored on iPad 

-​ 40mmHg constant pressure 

-​ Sinus arrhythmia 

-​ Deep breathing  

-​ Patients follow a ball on the screen  

-​ Hyperventilation  

-​ Rapid breathing  

-​ Follows metronome  

Merrit: Aim 1 

Maddux: Aim 2  

Goals:  

-​ Merrit: tilt test vs LBNP 

-​ Cardiovascular response  

-​ Maddux: autonomic function testing with and without LBNP  

-​ Parasympathetic response  

Variables: 

​ Merrit: 

-​ Manipulated  

-​ Tilt vs LBNP 

-​ Responding 



-​ Primary: 10 min HR and strobe pulling  

-​ Secondary 10 min BP and cardiac outlet  

-​ Controlled 

-​ Length of time 

-​ Overall health of patient  

-​ Confounding 

-​ Order of testing 

-​ Time of day  

Maddux: 

-​ Manipulated  

-​ LBNP vs. Recumbent baseline 

-​ Responding 

-​ Primary: heart rate, valsalva ratio (between maximum over 

minimum heart rate), surface area ratio (average of all maximum 

and minimum heart rates) 

-​ Secondary:  BP and cardiac outlet, SVR 

-​ Controlled 

-​ Length of time 

-​ Overall health of patient  

-​ Confounding 

-​ Order of testing 

-​ Time of day  

RQ: 

-​ Merrit  

-​ What is the difference in hemodynamic response and controls? 

-​ Maddux 

-​ What is the difference in autonomic testing during LBNP and BSL  

Hypothesis: 

-​ Merrit 

-​ LBNP and tilt have similar outcomes  

-​ If LBNP simulated gravity, patients respond similar to gravity  

-​ Maddux  

-​ LBNP and BSL will have different outcomes 

-​ LBNP simulates gravity so autonomic function should differ  



Methods:  

-​ Aim 1 

-​ 10 minutes of each test  

-​ Aim 2  

-​ Test autonomic function  

-​ 1-minute baseline and recovery period  

-​ Lab charts were sent to them and analyzed using Matlab and redcap  

-​ Used SPSS in order to get the results of the mean and standard deviation 

Procedures: 

-​ Patients from the Calgary autonomic lab 

-​ Participate in a 10-minute baseline  

-​ Then, 1-minute recovery  

-​ Then use autonomic tests 

-​ 1-minute baseline 

-​ 1-minute recovery  

-​ 10-minute LBNP baseline 

-​ 1-minute recovery 

Results aim 1: 

-​ HR differed by a large margin for LBNP and tilt  

-​ Same with blood pressure 

Result aim 2: 

-​ Heart rates between BSL and LBNP are different  

-​ LBNP induces orthostatic stress 

Analysis + conclusions: 

-​ LBNP simulates gravity but is not as effective as the tilt test 

-​ LBNP shows less drastic symptoms  

-​ LBNP induces orthostatic stress  

Significance: 

-​ Cardiac MRIs may work, but it might not be as exaggerated as with a normal tilt 

test that needs to be taken into account 



-​ 75% of people are misdiagnosed with POTS 

-​ 34% patient diagnosed  

-​ There is a large population with POTS (1% of North America) 

There were 19 POTS patients and six healthy controls  

-​ You can’t really know their health ahead of time  

-​ Sometimes, the instruments don’t measure cardiac output correctly 

  

​ Arth OP 

Examining the effect of physical activity on muscle mass and muscle function loss in peri 

and early menopausal females  

Menopause: 

-​ Marks the end of a female’s reproductive years typically at 51 

-​ It happens in 3 stages 

-​ Reproductive 

-​ early, peak, and late  

-​ peri-menopausal  

-​ post-menopausal  

-​ symptoms: hot flushes, fatigue, and mood changes  

-​ worsened by obesity and smoking 

-​ begins after 12 months with no menstruation  

-​ reduced mobility, balance issues, muscle loss 

-​ menopausal hormone therapy is the only treatment 

Muscle: 

-​ Slow twitch fiber type 1 

-​ Fast twitch fibre type 2  

-​ Muscle contraction efficiency decreases with muscular function  



-​ Estrogen protects from muscle loss  

-​ Muscle loss leads to mobility issues and a risk of muscular diseases 

-​ As menopause progresses, estrogen decreases, increasing muscle loss 

-​ Muscle mass measured using DXA 

Physical Activity: 

-​ Promotes muscle health and reduces fat infiltration  
-​ Builds muscle strength 
-​ High intensity > low intensity  
-​ Women who are more active are 20-30 years younger in terms of muscle health 

Variables:  

-​ MV 
-​ Levels of PA intensity  

-​ Sedentary, light, moderate, vigorous, and very vigorous 
-​ RV 

-​ Lean mass 
-​ Appendicular lean mass (arm + leg) 

-​ CV 
-​ Muscle function  

-​ Dominant and non-dominant  

Hypothesis: 

-​ higher physical activity intensity creates a positive effect on the improvement of 
mass and muscle function in peri and post-menopausal women 

Goals: 

-​ short term 
-​ immediate effects (different PA levels impact) 
-​ using data to find significance (importance of variables) 

-​ long term 
-​ encourage lifelong PA (how staying active is important) 
-​ expand research in menopause (demographic is understudied) 

Research question: 

-​ What is the association between increased levels of PA and muscle mass and 
function in peri and early menopausal females? 

Procedures: 



-​ part of strength training for osteoporosis for early menopause by U of C 
Kinesiology  

-​ participants were randomly assigned to control or intervention group  
-​ intervention trained three times with three phases 

-​ teaching how to lift weights with no weight (30 days) 
-​ Used a light weight (60 days) 
-​ increasing weights (6 months) 

-​ all participants wore accelerometers before and after for 7 days  
-​ all were found using six tests  

-​ 6 min walk test (aerobic fitness) 
-​ jump test (muscle power) 
-​ hand grip (max force by forearm) 
-​ Decus scan to measure lean mass 

-​ Box and scatter plots are used to predict variable value and outliers  

Results: 

-​ sedentary PA has + significance for appendicular lean mass  
-​ does not make sense 

-​ error makes sense because of an outlier with extremely high lean 
mass but is not active 

-​ skewed the data 
-​ caused sedentary physical activity to increase in lean mass 

-​ muscle power (perimenopausal shorter period of menopause, so they are better 
—> vigorous PA) 

-​ leg torque (perimenopausal shorter period of menopause, so they are better — All 
PA) 

 

​ Nina OP 

motivations and expectations for participation in a psilocybin-assisted psychotherapy 

trial for alcohol use disorder  

 

Alcohol Use Disorder:  

-​ One of the most prevalent substance abuse disorders worldwide  

-​ Linked to chronic diseases  

-​ Previous evidence that psilocybin-assisted psychotherapy may reduce the number 

of drinks in those with AUD  

Psychedelics: 

-​ Cause vision distortion and hallucinations  



-​ used to break addictions  

-​ non-classical  

-​ ketamine, salvinorin A 

-​ act as n-methyl D-aspartate NMDA antagonist  

-​ classical  

-​ small changes in perception, mood, and cognition 

-​ do not have to worry about addiction  

NMDA receptor: 

-​ One of the receptors for neurotransmitter glutamate (memory and learning) 

-​ Antagonists are useful for conditions with excessive neuronal activity  

Serotonin: 

-​ Helps appetite, sleep, etc 

 

Research question: 

-​ How are motivations and expectations for participation is a psilocybin-assisted 
psychotherapy trial for AUD related to treatment outcomes? 

Hypothesis: 

-​ Individuals with a higher degree of motivation or positive expectation regarding 
the therapy experience will have a greater reduction in alcohol consumption 

Variables: 

-​ MV 
-​  motivations and expectations going into therapy  

-​ RV 
-​ change in alcohol consumption  

-​ CV 
-​ Age of patients (22-65) 

-​ Other treatments patients are receiving  

-​ No benefit from lying about other treatments because participation 
is a choice  

Objective: 
-​ Collect individual motivations and expectations  
-​ Monitor the trends in patients' change in alc consumption  
-​ Fill gaps in knowledge regarding motivations and expectations in trials utilizing 

psychedelics  
-​ Develop a framework for personalizing psilocybin-assisted therapy  

 



Significance: 
-​ Reduce stigma around AUD  
-​ Enhance the overall effectiveness of psilocybin-assisted therapy  
-​ No research was done comparing motivations and treatment outcomes 

specifically  
-​ Maximize therapeutic effects  

 
Methods: 

-​ Alcohol consumption collected using timeline flow back  
-​ Amount of alcohol consumed over the last 30 days  
-​ Motivations and expectation survey  
-​ 12-week follow-up motivations and expectations survey  

Results: 

-​ There is a negative correlation between total motivation and change in drinks  
-​ This is a good thing --> means they are drinking less  

-​ The null hypothesis is that motivations and change in drinks are not related, 
which is untrue  

Analysis: 

-​ Weak negative correlation between the total MRAC score and the change in drinks  
-​ 13% of the variance in the change in drinks is accounted for by motivation  
-​ The sample size is small  

-​ Increasing the sample size will decrease the variation  

Future Steps: 

-​ More data  
-​ Obtain more accurate estimate of the true correlation  

-​ Intervention development  
-​ Create a more beneficial expectation (high motivation results in higher 

drinking) 

Question: 

-​ Why compare motivation specifically to treatment outcomes  
-​ We have so little understanding of psychedelics  

-​ We don’t know what causes effectiveness, so trying to get into every 
subjective part of drug use to see which effect it is to better understand it  
 

-​ The form reduces bias by having free-response questions and a wide breadth of 
responses for mcq 

-​ They also do it in isolation  



​ Eleanor OP 
A comparison study of the regional impacts of extreme El Niño events on India and Peru 
in the 1788-1793 and 1982-1983 episodes  
 

-​ civilisations depend on climate for a steady food supply  
-​ in the 21st century, the effect of climate seems to be less significant  
-​ determine which sector of modern society is more susceptible to weather 

anomalies and what we can do to mitigate the destruction  

El Niño: 

-​ Phase of El Niño southern oscillation caused by a circulation in the Pacific called 
Walker circulation  

-​ Warmer ocean water in the east and central Pacific  
-​ Higher air pressure in the western Pacific, lower air pressure in the Eastern 

Pacific  
-​ When the circulation is weak, this is when El Nino occurs  

El Niño effect on weather patterns: 

-​ Has teleconnections between separated locations on earth  
-​ El Niño causes weather pattern changes all over the world 

Effects in India and Peru: 

-​ The effects of El Niño in these areas are significant  
-​ weather anomalies caused by El Niño cause a monsoon failure in India, resulting 

in a deficiency in agriculture health and infrastructure, which essentially relates 
to pop and economy  

-​ Peru — impacts fishery because it is highly dependent on the rising sea levels by 
walker circulation, causing damage to commercial fishery  

Proxy reconstruction of ENSO: 

-​ proxy records are sensitive to temperature/rainfall patterns that extend to the 
18th century → not enough to analyze El Niño effects further back  

-​ proxy records help record the temperature and rainfall pattern to past centuries 
that could be used to track El Niño  

-​ can reconstruct ENSO from back in the day  
-​ instrumental record: nino 3.4 SST 
-​ documented as an indicator of the ENSO cycle  

Why these years? 
-​ society at these times went through changes and helps show how El Niño of the 



same amplitude change affected different societies  
-​ first years  

-​ 600-700 million pop 
-​ global temp rise 
-​ 1 trillion GDP  
-​ Agriculture  

-​ second years 
-​ 4.4 billion pop 
-​ +1.2 degrees celsius  
-​ 38 trillion GDP  
-​ digital industry and finance  

RQ: 
-​ What were the agricultural, economic, and demographic impacts of the 1788-1793 

and the 1982-1983 El Niño events in India and Peru?  
-​ Is modern society more resilient to the socio-economic damages caused by climate 

variability and extreme weather events?  
-​ What predictions can we make about how future El Niño may affect human 

societies? 
 
Significance:  

-​ Anthropogenic Vs. Natural climate variabilities —> so many variability, such as 
global warming, so it is important to examine the effect of anthropogenic and 
natural climate change  

-​ A doubling in the occurrences  
-​ Extrapolate the socio-economic influence of climate variabilities in future society 

by looking at how it changes in different societies  

methods: 
 

-​ reconstructing ENSO  
-​ A primary list of proxy records used in previous study  

-​ selected as a potential proxy to reconstruct ENSO  
-​ Raw data gathered from the NOAA Physical Sciences Laboratory 
-​ Correlations between the proxies and instrumental records Niño 3.4  

-​ Threshold: |r|>0.3 
-​ only when the coefficient is larger than 0.3, it would be used for 

further use in ENSO reconstruction 
-​ Scatterplots and the equation of regression lines 

-​ → Reconstruction of ENSO 
-​ measuring regional impacts in Peru and India  

-​ Series of economic/agriculture/ fishery statistics 



-​ Percentage change was calculated to minimize the impacts of increasing 
economic trends on overall data  

-​ Trends of correlations in different time periods were calculated so that we 
can identify whether the correlations of ENSO and the economy of the 
countries are decreasing or increasing  

-​ Qualitative or quantitative data collected from local and colonial 
government record 

Analysis: 

-​ Encompassing a large area of El Niño and its teleconnections —> provide a good 
scope of El Niño 

-​ Consistent results — show similar connections between studies 
-​ Similar amplitudes of two El Niño events 
-​ Similar severity of teleconnections in Peru and India 

India: 
The 1789-1793 El Niño  

-​ Food prices spiked, increasing by 800% in the most destructed regions 
-​ The Skull Famine (caused by monsoon failure from El Niño), resulted in an 

estimated mortality of 11 million people 

The 1982-1983 El Niño 

-​ A halt in the increase of foodgrain production  
-​ No significant population loss 
-​ Little correlation between India’s GDP  
-​ Correlation present for agriculture spiked in the 1990s 

Peru: 
The 1789-1793 El Niño  
Qualitative descriptions —> This is the only thing that could be found in documents: 

-​ Fishery crisis, a decline in trade and exports 
-​ Crop failure: torrential rain and floods in coastal areas 

The 1982-1983 El Niño 

-​ Fishery growth decreased by 270% 
-​ Agriculture growth decreased by 550% 
-​ Significant but decreasing correlation between Peru’s GDP and fishery 

Analysis: 



-​ Controlled and remediable loss in food production in modern society  
-​ No significant demographic loss  
-​ Agriculture remains dependent on stable weather patterns  
-​ Overall, more resilience to extreme El Niño events 

Future Directions  

1.​ Access to more data (both historical and proxies)—> Spain has more documents 
from Peru, but it is not digitalized, so it isn’t accessible.  

2.​ Expand the region of study to more developed countries 
3.​ Diminish the influence of anthropogenic factors  
4.​ Propose methods and policies that minimize the destruction  

Questions: 

-​ Are there any challenges that arise from the data from 1789-1793 El Niño in Peru, 
only having qualitative descriptions? 

-​ it is hard to compare the specific impacts of the two events if you don’t 
have very good quantitative data; however, using the economic data from 
1920-present, you can still find a trend in how El Niño effects decrease or 
increase over time and the results from 1789-1793 can be extrapolated  

-​ why India and Peru? 
-​ Peru is impacted the most because of its location, and the impact is 

incredibly high  
 

February 27 - Class Time: 

​ Cole OP 

The Significance of Cerebrospinal Fluid(CSF) Protein Biomarkers in Predicting Cognitive 

Decline in Transient Ischemic Attack (TIA) Patients  

-​ Quality of life has improved  

-​ Advanced life expectancy leads to an increase in the prevalence of neurological 

diseases  

-​ By the time loss of neurological function has been found, permanent damage has 

been done  

Background: 

-​ TIA is an early indicator of cognitive impairment, presents an opportunity for 

early clinical intervention after their occurrence  



-​ Strokes  

-​ CSF contains protein biomarkers useful for diagnosing dementia, but have not 

been thoroughly explored in TIA patients  

Looking at Alzheimer's biomarkers, which could be relevant in TIA patients  

Objectives: 

Determine if CSF protein concentrations vary between TIA patients and healthy controls 

and impact cognitive function to affirm biomarkers that can be used to ascertain levels 

of early cognitive decline  

 

Methods: 

-​ 5-year longitudinal cohort study (half healthy, half TIA) 

-​ Clinical review: blood pressure, cholesterol (baseline only) 

-​ Brain imaging  

-​ Neuropsychological battery (MoCA, ACE-R) 

-​ Blood Samples  

-​ Lumbar puncture was optional to collect CSF (43 TIA and 39 Controls) 

-​ Total tau  

-​ Phosphorylated tau  

-​ Amyloid beta 1-42 

-​ Amyloid beta 1-40 

-​ Suggests levels of cognitive decline in TIA patients  

His role: 

-​ Conducting statistical analysis  

-​ Data cleaning (34 TIA, 36 Controls left) 

-​ descriptive/frequency analysis, significance level 0.05 

Results: 

Conducting descriptive statistics  

-​ Box and whisker plots control the proteins between the control and the TIA  

-​ TIA patients have higher levels of Total tau and Phosphorylated tau than 

controls  

-​ TIA patients have slightly lower levels of  Amyloid beta 1-42 and Amyloid 



beta 1-40 

-​ Suggest a correlation between Alzheimer's and TIA patients  

-​ Figure out if the data is statistically significant based on significance values less 

than 0.05  

-​ Conducted analysis with ratios  

-​ Amyloid beta 1-42 and Amyloid beta 1-40 are not significant on their own, 

but are significant together  

-​ All the ratios corroborate the data  

-​ Linear regressions predicting CSF protein concentrations and ratios based on 

group status accounting for age  

-​ Only p-tau has a significance value lower than 0.05  

-​ Only one that is 100% significant 

-​  Adjusted R square indicates that the strength of the association is not very 

good  

-​ Even for the statistically significant regressions, it isn’t that strong  

-​ Group status is not the only thing at play  

Analysis and conclusions: 

-​ Descriptives reveal that CSF protein concentration trends in TIA patients present 

similarities with AD trends at early stages  

-​ Statistical significance for differences in t-tau, p-tau, and Abeta42 concentrations 

and both MoCA and ACE-R scores between IA and healthy controls established 

from  t-tests  

-​ Regressions concluded that group status weakly predicts p-tau concentrations ATI 

MoCa, and ACE-R 

Limitations:  

-​ Small sample size → type II statistical errors 

-​ Inconsistent timing of lumbar punctures may have influenced protein 

concentration, cognitive assessment score statistics, and significance.  

Extensions: 

-​ Assess correlations between cognitive test scores and CSF proteins  

-​ Assess more specific cognitive tests to determine specific cognitive domains 

impacted by TIAs 

-​ Still have statistically significant data  



​ Amber  

Anethetics:  

-​ Used to induce unconsciousness reduce pain and relax muscles  

-​ Growing concerns exist about effects on brain  

Sevoflurane  

-​ Began to be clinically used in early 1990 

-​ Generally considered safe for healthy individals  

-​ Volatile  

Synapses 

-​ Used to communicate between neurons through neurotransmitter release and 

receptor binding  

-​ - 86 billion neurons/100 trillion synapses  

-​ Can strengthen or weaken over time  

-​ Crucial for memory and learning  

Anesthetics block receptors in order to decrease the action of neurons  

Synapses and Anesthethic: 

-​ Neurotransmitter  

-​ Released into synaptic cleft  

-​ Binds to receptors  

-​ Electrical signals are generated  

If neurotransmitters remain blocked, the synapse can not fire 

 

Synapse proteins  

-​ Synaptophysic 

-​ - located in presynaptic terminal of neurons  

-​ Membrane protein  

-​ Regulates cycling  

Research aims: 

-​ Question: How does repeated sevoflurane exposure affect synapse formation?  



-​ Changes in synapse formation, density, and proteins  

Methods:  

-​ Dissection of P0 Pups (day they are born) 

-​ Isolate the hippocampus  

-​ Cell dissociation broke down the hippocampal tissue into single cells for culture  

-​ Neuronal plating  

-​ Cells distributed onto a dish  

-​ Grow in an incubated environment  

-​ Monitoring from DIV7 

-​ Beginning of Synaptic activity  

-​ Monitored growth and synapsis formation  

-​ Sevoflurane expose  

-​ Exposed to ⅙% sevoflurane daily for 1 hr  

-​ Fixated cells to stop cellular processes and preserve structure  

-​ Immunostaining  

-​ Using antibodies to detect proteins in fixed cells 

-​ Imaging and analysis  

-​ Viewed the juxtaposition of red and green for synapsis  

-​ Analysis of quality of synapses and length  

Results: 

-​ Blue shows a single neuron  

-​ Top right: indicator of PSD 95 

-​ Bottom left: synaptic marker  

-​ These ensure markers are working  

 

-​ Exposed sevoflurane  

-​ Two main synapses formed  

-​ Presynaptic neuron → mostly red so channels weren’t built  

-​ Not exposed 

-​ Density is much greater  

Analysis: 

-​ 1.6 

-​ Decrease in number of juxtapositions  



-​ Neurons exposed to anesthetic were less synaptically dense  

-​ Red markers remained near the presynaptic neuron  

-​ Green remained near the postsynaptic neuron  

-​ Control  

-​ More synapses formed  

-​ Green and red spread out  

Significance: 

-​ Understand the significance of anesthetic in synapse density  

-​ Inform the public of the risk before inhalation  

-​ Develop post-surgery mitigation strategies  

-​ Refine anesthetic protocols  

-​ Develop an anecdote for an anesthetic 

 

Are there any limitations from a small sample size? 

-​ The little amount shows that the results can’t be perfectly formulated, especially 

because the cells are from the same rat.  

-​ To increase accuracy, use more rats and change the amount of sevoflurane.   

 

​ Audrey OP 

Exploring Antiviral Defense Systems and Single-Nucleotide Polymorphisms in 

Escherichia Coli 0157: H7 exposed to bacteriophages T1, T4, T5, rv5 

-​ Looking at genetic mutations between a parent genome of E-Coli bacteria and the 

daughter genome after being exposed to bacteriophages (viruses that link to 

outside of bacteria + insert on DNA) 

-​ Lytic phages inject DNA and immedietly start reproducing phages and destroy 

bacteria  

-​ Lysogenic phages inject DNA to replicate through generations  

Significance: 

-​ 97000 E-Coli cases per year  

-​ HUS develops in Children under five and immunocompromised individuals 

are more susceptible → can’t fend off the bacteria that caused E-coli  



-​ There is no real cure for it  

-​ Antibiotic-resistant bacteria strains → this strain doesn’t have an antibiotic that 

works  

-​ Develop antimicrobial treatments  

-​ Look into Phage therapy as a generalized treatment  

-​ Evolution of bacteria  

-​ The solution is trying to find bacteriophages that work  

Genetic components: 

-​ Antiviral defense systems  

-​ Mutations as a result of phage attacks  

-​ CRISPR CASP 

-​  single nucleotide polymorphisms 

-​ Mutations in a singular gene  

-​ Usually because of genetic drift 

-​ Can also affect the reaction  

Objectives: 

-​ Short  

-​ Profile anti-phage defense systems using WGS  

-​ Extracted and exposed genomes  

-​ To identify SNPs from bacterial isolates 

-​ Long  

-​ Development of a working phage therapy for clinical usage  

Methods: 

-​ Phage exposure  

-​ Exposure of E. coli to phages T1, T4, T5, and rv% 

-​ DNA extraction  

-​ 14 phage resistant isolates were extracted  

-​ DNA spin kit used to extract DNA and sent to Quebec for analysis  

-​ WGS (whole genome sequencing) 

-​ fastQ 

-​ fastQC (reaffirmed quality) 

-​ FastP (cleave off irrelevant ends of genome) 

-​ Anything not within the overlay cleaved off to only have significant 

reeds  



-​ Shovill  

-​ Reassemble genes 

-​ Step 1 is quality checking the reads  

-​ Have to reaffirm the quality  

-​ Analysis 

-​ Defense finder  

-​ Padloc  

-​ Just two different pathways  

-​ Used both to confirm the information collected from one  

-​ Run through the genes and figure out what is inside and separate into 

readable data  

-​ Visualisation  

-​ Conducted using R-studio  

Results:  

-​ Heatmap of defense systems vs isolates  

-​ All isolates are similar to a couple of the isolates  

-​ The isolates didn’t change much  

 

-​ Haccard distance map  

-​ Maps the genetic similarity of isolates  

-​ Wasn’t much mutation between isolates, any mutation was similar  

 

-​ Bar graph  

-​ Looking at polymorphisms  

-​ Shows the absent isolates  

-​ There are specific groups in genomes that are present or not present in 

different genomes/isolates  

-​ The isolates were measured against the R508 genome  

-​ There are several groups that were absent from the original strain  

 

-​ Heat map polymorphisms  

-​ Which groups and genes are absent compared to R508 

-​ The blue squares are the isolates where they were absent  



-​ Considering that, some groups are very similar in genetic function  

-​ These are the polymorphisms that happened in every isolate  

 

​ Marie Elise OP 

Implementation and evaluation of alternative user interfaces for game control  

-​ See how we can improve user accessibility and enhance the experience of 

technology  

-​ See correlation between age disability and preferred mode of interaction  

1.3 billion people in the world with disabilities  

-​ Important to take into account about technology  

Project 

-​ Coded website with connect 4 and checkers  

Methodology  

-​ website 

-​ Link activate  

-​ Ethics form  

-​ User name + email  

-​ Survey  

Alternatives  

-​ Speech  

-​ Gestures  

 

MV: modes of control and limitations, age  

RV: preferred mode of control  

CV: type of game, complexity, number of times played  

Confounding: personal preference, user engagement, biological sex  

 



RQ 

-​ how does age and disability impact prefered mode of interaction when playing 

video games  

Hypotesis 

-​ Null: older people with coordination difficulty will prefer same mode as younger  

-​ Alternate: Older people will prefer speech, while younger will prefer gesture 

tracking  

Results 

-​ 33 participants  

-​ 19 females  

-​ 14 males  

-​ Mostly 11-18 participants  

 

-​ The graph shows the number of people with each of the conditions  

-​ Anxiety is the most represented  

 

-​ 61% preferred speech and 39% gesture  

-​ Correlation between age group and mode of interaction  

-​ 11-18 preferred gesture  

-​ As they get older, people prefer speech recognition 

 

-​ Speech could be preferred because communication happens through speech, and 

there are many devices that rely on speech already  

 

Conclusions  

-​ People who prefer gesture  

-​ Adhd  

-​ Anxiety  

-​ Difficulty with reading  



-​ Difficulty with writing  

-​ Speech  

-​ Focus difficulty  

-​ None of the above  

-​ Coordination  

-​ Age  

-​ Younger prefer gesture  

-​ Older prefer speech  

-​ Hypothesis is proven correct  

Future works: 

-​ Making technology easy and accessible for everyone  

-​ Understanding user control preferences makes it universally accessible and 

engaging  

-​ Adaptive interface with AI  

-​ Having a larger sample size will allow for more data and more understanding  

-​ More modes of control could be interacted  

Other modes that could affect the mode? 

-​ Yes, if you considered more conditions, there would be people, data, and since 

there is such a small sample size, it's hard to represent everyone.   

 

​ Lauren OP 

Identification of novel interventions for stage IIIB/C nonsmall cell lung cancer that may 

positively impact patient treatment outcomes  

-​ Lung cancer one of the most fatal and most common cancers  

-​ Our obligation to increase research in this area 

-​ Mortality of 73%  

Importance 

-​ One of the most fata cancers  

-​ Many patients are not able to complete full treatment cycle due to toxicity, 

discomfort, or death  

Objectives: 



-​ Improve treatment outcomes through simple solutions  

-​ Evaluate current interventions against others  

-​ Finding additional treatment methods that can be used after chemoradiation 

therapy to improve patient survival, comfort, or reduce toxicity  

Stage IIIB/C lung cancer  

-​ Stage III → infected lymph nodes  

-​ B/C → not removable through surgery  

-​ Tend to have larger, more aggressive tumors 

NSCLC: 

-​ The majority of lung cancer diagnoses (85%) 

-​ Infected epithelial cells  

-​ Adenocarcinoma and squamous cell carcinoma  

Stand of treatment  

-​ If possible: surgery  

-​ One of  

-​ Chemoradiation  

-​ Targeted cancer medication  

-​ Followed by intervention and immunotherapy  

-​ Surgery → chemoradiation/targeted medication → intervention → 

immunotherapy  

Interventions:  

-​ Aim to reduce treatment toxicity, improve patient survival and comfort  

-​ Changes to diet, activity, medications  

-​ Range in price, efficacy, and feasibility  

RQ:  

-​ What are potential interventions, that have yet to be applied to regular NSCLC 
treatment and that may further improve patient survival, increase the ability of 
patients to complete prescribed treatment, or improve quality of life beyond 
existing standards of care? 

Goals:  

-​ Short:  



-​ Identify interventions to implement into NSCLC treatment  
-​ Score interventions for efficacy, cost effectiveness, and feasability  
-​ Hypothesize and identify intervention with most potential  

-​ Long:  
-​ Further research on identified intervention  
-​ Application of scoring system on larger scale  
-​ Establishment of clinical trial to test hypothesis  

-​ Methods 
-​ Pull paper from databases  
-​ Sorted papers by paper type, treatment stage, and intervention  
-​ Application of exclusion criteria  
-​ Sorted papers into intervention type 
-​ Used references lists to gain access to clinical trial information  
-​ Application of scoring system  

-​ Scoring system  
-​ Efficacy (0-5) 

-​ 0 = negative effect  
-​ 1 = no effect  
-​ 5 = effective 

-​ Cost effectiveness (1-5): 
-​ How prices compares to average in Canada 

-​ Feasibility (1-5): 
-​ Difficulty of receiving  

-​ Interventions  
-​ Dietary  

-​ advice/caloric intake  
-​ Fatty acid supplements 

-​ Activity  
-​ Mind-body exercises 
-​ Breathing exercises  

-​  

Results: 

-​ advice/caloric intake  

-​ Score 9  

-​ 1 paper that effectively analyzed this  

-​ Large possibility of bias based on overviews  

-​ Fatty acid supplements  

-​ Score 13 

-​ 2 papers 

-​ Different supplements  



-​ Quality of life vs. toxicity/decreased enzyme expression 

-​ Difficult to analyze because they were so different  

-​ Breathing exercises  

-​ Score 14  

-​ 1 paper  

-​ Effective for some aspects (physical wellness) however not all the 

intended effects were achieved  

-​ Mind-body exercises  

-​ Score 14.17 

-​ 3 papers → most out of everything  

-​ Effective for both mental and physical aspects of comfort  

-​ Only scored three so it didn’t completely outweight papers from 

everything else 

Analysis: 

-​ Mind body exercises are the most effective  

-​ Correlation between physical fitness and quality of life/emotional well-being  

-​ Large issues of bias in the study  

Concluding hypothesis: 

-​ If applied to regular stage IIIB/C NSCLC treatment, mind body exercises will be 

most effective in improving quality of life and patient comfort 

Errors: 

-​ Small database after application of exclusion criteria  

-​ Large possibility of bias in studies/lack of uniformity  

-​ Results reliant on patient completion/honesty  

Future direction & significance 

-​ Rerun study with larger database  

-​ Lack of papers contributed to the error  

-​ More focused study  

-​ Difficult to evaluate the quality of life to toxicity  

-​ Other directions with scoring criteria  

-​ Application of scoring system with other types of cancer  

 
Question: you mentioned in sources of error that the results are reliant on patient 



honesty, so is there any reason as to why patients may be dishonest? 
-​ Could be a difference between people who are doing their exercises all the time vs 

partially.  
-​ Some people may not want to admit that they haven’t been as good as they could.  

 



 

March Daily Notes 

March 01 - Weekend 

​ Background research and significance parts of the poster for science fair 

 

March 03 - Class Time: 

​ Class Discussion  

-​ The poster needs to be able to stand on its own  

-​ Have all the information needed  

-​ Slides vs. poster  

-​ Slides 

-​ Can be succinct  

-​ Must flow  

-​ Linear flow  

-​ Poster  



 

-​ Has to be comprehensive  

-​ Must flow  

-​ Non-linear flow because you can point to specific sections of 

the slides  

-​ Much more space on posters  

-​ When you are in front of the poster, you can point to specific 

parts of the poster  

-​ Poster structure  

-​ Background + methods together on one side  

-​ Results in the center  

-​ analysis, conclusion, limitation, references, and acknowledgements 

should be together  

-​ The science fair presentation can be much more informal  

-​ Start with a punch line  

-​ Poster style was not a determining factor in who did well at the science fair  

-​ Have sections well delineated  

-​ The key for the science fair is understanding your poster  

-​ Your poster is not going to make or break anything (unless it's 

particularly bad) 

-​ If you are abbreviating things, say and write it out the first time before 

using the abbreviated version.  

-​ You can have more things in your poster than you choose to focus on  

-​ Don't write out methods → make a flow diagram  

​ Results, analysis, conclusions part of the poster for science fair  



 

 

​ Brainstorm ways of making methods less wordy  

-​ I could draw it with my iPad  

-​ I could try and find websites that make flow diagrams or use Google Draw  

-​ Cole told me about how PowerPoint has a smart art feature that allows 

flow diagrams to be made, so I think that will be the best way to make easy 

to read methods.  

March 05 - Class Time 

​ Class Discussion  

-​ By Friday, have the final version of your poster done to print, or put it 

together over the weekend. 

​ Add error bars to graph  

-​ I could not figure out how to do this since I couldn’t find an option to 

custom input numbers for the error bars.  

-​ I talked to Dr. Garcia about it and we looked at it together but could not 

figure it out.  

-​ I sent the Excel sheet to her and she emailed me later telling me she figured 



 

it out and she showed me how to do it.  

-​ See data collection and results for March 5th.  

​ Make methods flow diagram using Microsoft PowerPoint Smart Art feature  

-​ See experimental procedure for March 5th 

​ Write limitations and future direction  

-​ See discussions and conclusions for March 5th 

​ Limitations, future direction, acknowledgements, and references  

 

​ Add methods flow diagram 

  

​ Figure out scaling for the poster  

-​ I used ratios to estimate how large each item on the poster would be, 



 

depending on how I would print it out. 

March 06 - Spare: 

​ Meeting with Dr. Garcia 

-​ During this spare I met with Dr. Garcia to go over my oral presentation and 

my poster draft.  

-​ She told me that overall my oral presentation was good, but I need to get to 

the results faster. 

-​ I should make the methods section less wordy by using a graphic  

-​ I do not need to explain methods in that great detail. If people want to 

know, they can ask  

-​ She said that my poster layout looked good, but I just need to make sure to 

have graphics spread throughout  

-​ She told me that I should change the layout of the methods to make more 

sense/flow better 

-​ I should also add more images of the methods  

March 07 - Class Time: 

​ Redo methods section to flow better + add images  

-​ See experimental procedure for March 7th.  

​ Add new methods to poster 

 

​ Change format to three parts of the trifold  



 

 

​ Ask Dr. Garcia for more feedback  

-​ Change the font to make everything black on the graphs  

-​ Unbold everything except headings  

-​ Edit the conclusions to be less wordy  

-​ See discussions and conclusions for March 7th. 

​ I made Dr. Garcia’s changes 

 



 

March 07 - After School: 

​ Poster planning  

-​ I realized that printing each panel of the trifold would not work because 

Staples does not custom size paper and I don’t know how to cut in straight 

lines.  

March 08 - Weekend: 

​ Poster 

-​ I resized my poster to be 3ft x 4ft and sent it to Staples to be printed. 

Unfortunately, I missed the same day deadline, so I will only get it 

tomorrow.  

March 09 - Weekend:  

​ Poster 

-​ I went to Staples and finally picked up my poster (hallelujah!!) 

-​ My mom and I looked to see if we could pin the poster to the trifold.  

-​ It looked comically small on the trifold so I decided I would ask Dr. 

Garcia if I can pin it up instead.  

March 10 - After School: 

​ Meeting Dr. Garcia  

-​ I met with Dr. Garcia to practice my science fair presentation for 

tomorrow.  

-​ I made it to the results in about 5 minutes and took another 7 minutes for 

the rest of the presentation  

-​ Dr. Garcia said my presentation is really good, but I need to start with a 

punchline about why this project interests me to start off the presentation.  

-​ Everyone needs a source of reliable energy  

-​ My parents tell me stories about how their parents stayed up with a 

manual fan fanning them to sleep.  

-​ Dr. Garcia said that I will be able to hang up my poster using the art stands 



 

and clips  

-​ The science fair mark we will be receiving is dependent on how we place. 

Gold = 100, silver = 95, bronze = 90, nothing = 85.  

​ Presenting to Lauren  

-​ I presented my science fair presentation to Lauren  

-​ Make sure to point to the diagram of PEMFC  

-​ Make the transition between graphs very clear with results  

-​ Make it clear about why it doesn’t matter that pore width peaks at 25wt.% 

​ Punchline  

-​ One in ten people in the world do not have access to a reliable source of 

energy, and this is not okay. Energy is not a luxury – it is a basic human 

right along with food, water, and shelter. My parents have told me stories 

about how they did not have access to a reliable source of energy growing 

up and about how their parents used to stay up all night with a manual fan 

so they would be able to get a good night's sleep for school the next day. I 

am lucky enough to have never had to experience this. In addition to 

energy being reliable and affordable to everyone, it also has to be clean. 

This is what inspired my project on designing high performance pemfc 

electrodes by optimizing catalyst ink composition.  

March 11 - Science Fair: 

The science fair lasted the duration of the day.  

-​ At school @ 8:00 

-​ Set up science fair poster in the performing arts center (PAC) @ 8:30 

-​ Group meeting @ 8:45 

-​ Morning judging session begins @ 9:00 

-​ Morning judging sessions ends @ 11:00 

-​ Public viewing 1 begins @ 11:00 

-​ Public viewing 1 ends @ 11:30 

-​ Lunch begins @ 11:30 

-​ Lunch ends @ 12:20 

-​ Public viewing 2 begins @ 12:30 

-​ Public viewing 2 ends @ 1:00 

-​ Afternoon judging session begins @ 1:00 

-​ Afternoon judging sessions ends @ 3:00 



 

-​ Public viewing 3 begins @ 3:00 

-​ Public viewing 3 ends @ 3:30 

I had three judging sessions in the morning and two in the afternoon. I feel as though 

they went pretty well.  

March 12 - Lunch Time: 

​ Science fair awards ceremony 

-​ Everyone who participated in the science fair in junior and senior high had 

to go to the performing arts center (PAC) for the awards ceremony  

-​ My project got a gold medal  

-​ I was one of the top 15 projects and will be going to the city-wide 

science fair (CYSF) 

March 13 - Class Time: 

​ Class discussion  

-​ Everyone who made it to the CYSF has to finish their portal by March 20th.  

-​ Actually due March 21st in the morning 

-​ Everyone did well at the science fair. It came do to decimal points to 

determine who went to the science fair.  

​ Hypothesis edits for CYSF portal.  

-​ See experimental procedure for March 13th 

​ Research edits for CYSF portal  

-​ See background research for March 13th 

​ Procedures edits for CYSF portal  

-​ See experimental procedure for March 13th  

​ Variables edits for CYSF portal  

-​ See experimental procedure for March 13th  

​ Add data (graphs) and analysis to the CYSF portal  

-​ See data collection and results for March 13th 

March 17 - Class Time: 

​ Class discussion 



 

-​ Send an email to your mentor telling them about spring break, thanking 

them for their help, making science fair, what you have been doing, etc.  

​ Conclusions for the CYSF 

-​ See conclusions and discussions for March 17th 

​ Fill in the observations section of the CYSF portal with photos from the lab and 

brief descriptions  

-​ See data collection and results for March 17th 

​ Fill in the applications section of the CYSF portal  

-​ See conclusions and discussions for March 17th 

​ Fill in sources of error for the CYSF portal  

-​ See conclusions and discussions for March 17th 

March 17 - After School: 

​ Film science fair video  

-​ https://youtu.be/phoBCVW1CYc  

March 19 - Class Time: 

​ Science fair reflections  

-​ Judge 1 

-​ Check about graphs - would be better if all the same type (bar vs. 

line) 

-​ Check with mentor  

-​ Raw data would allow for stats in all  

-​ Larger sample size  

-​ Judge 2 

-​ Perhaps you might want to check if the permeance has an effect on 

correlation  

-​ Judge 3 

-​ Picked a very interesting project with good real-world applications  

-​ Suggest diving into a holistic perspective of the project as a whole.  

-​ How does it fit into the clean energy sector, and what will be the real 

world impact? 

-​ Judge 4 

-​ Sample size is pretty small; more samples over a larger time as well 

https://youtu.be/phoBCVW1CYc


 

as testing the full fuel cell output, would help validate results.  

-​ Judge 5 

-​ Fantastic presentation  

-​ Thorough and clean  

-​ Good background knowledge and understanding of the 

process  

-​ Motivation was exceptional in the  

-​ Scientific considerations related to the project were meaningful and 

directional  

​ Order new poster (foam board) 

-​ Ordered from Ryno printing  

-​ Should be ready by Thursday 

​ Email mentor  

-​ See email communication for March 19th.  

​ Header image  

 

​ Project image  
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March 20 - Spare: 
​ Download parts of the logbook and combine them into one PDF 

 

March 20 - After School: 

I went to Ryno Printing and picked up my poster board.  
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MENTOR WRITTEN NOTES 
This section contains all the PDF images of the notes my mentor has written about the 

topic and sent for my review.  

 



September Mentor Written Notes 

September 20, 2024: 









 



September 23, 2024: 

Diagram of a Proton Exchange Membrane Fuel Cell  

 

 



BACKGROUND RESEARCH 
This section contains all the PDFs of each paper I have annotated for this research 

project. 

 

 



September Background Research  

September 22, 2024: 

​ Read and annotate the first three pages of bridging the gap between highly active 

oxygen reduction reaction catalysts and effective catalyst layers for proton 

exchange membrane fuel cells. 





 



September 24, 2024:  

​ Finish annotations for figures 4 and 6c in Bridging the gap between highly active 

oxygen reduction reaction catalysts and effective catalyst layers for proton 

exchange membrane fuel cells.  

 

 

 

 

 

 

 

 

 

 

FIGURE C 

ONLY →  



September 26, 2024:  

​ Section 1 Structure, Property, and Performance of Catalyst Layer in Proton 

Exchange Membrane Fuel Cells



 



September 29, 2024: 

​ Section 2.1 Structure, Property, and Performance of Catalyst Layer in Proton 

Exchange Membrane Fuel Cells 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 











 



​ Section 2.4 Structure, Property, and Performance of Catalyst Layer in Proton 

Exchange Membrane Fuel Cells 

 



​ Section 4.6 Structure, Property, and Performance of Catalyst Layer in Proton 

Exchange Membrane Fuel Cells 



 



October Background Research 

October 04, 2024: 

​ Introduction to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application

 



 



​ Conclusion to Dictating Pt-Based Electrocatalyst Performance in Polymer 

Electrolyte Fuel Cells, from Formulation to Application 

 

​ Intro to Tailoring electrode microstructure via ink content to enable improved rated 
power performance for platinum cobalt/high surface area carbon-based polymer 
electrolyte fuel cells



 

​ Conclusion to Tailoring electrode microstructure via ink content to enable improved 



rated power performance for platinum cobalt/high surface area carbon-based 
polymer electrolyte fuel cells  



 



October 06, 2024: 
​ Intro to The Controllable Design of Catalyst Inks to Enhance PEMFC Performance: A 
Review



 

​ Conclusion to The Controllable Design of Catalyst Inks to Enhance PEMFC 



Performance: A Review 



 

​ Intro to Recent progress in understanding the dispersion stability of catalyst ink for 



proton exchange membrane fuel cell and water electrolyzer

 



 



 
 



First draft background research: 
The global transition to renewable energy has recently accelerated significantly due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel use. 

Countries around the world are adopting various clean energy technologies, such as solar and 

wind, to reduce their reliance on fossil fuels, control greenhouse gas emissions, and promote 

sustainability. In 2015, 196 countries signed the Paris Agreement, which, according to the United 

Nations Framework Convention on Climate Change, aims to strengthen the global response to 

climate change by keeping the rise in temperatures less than 1.5 degrees Celsius this century. 

Another goal of the Paris Agreement is to reach net-zero emissions by 2050, meaning that the 

amount of greenhouse gases produced and removed from the atmosphere needs to be equal. 

 According to the International Energy Agency (IEA), renewable energies will account 

for nearly 50% of all global power by 2030 due to government policy and technology. Despite 

this, there are many challenges to reaching the targets set by the Paris Agreement. The demand 

for fossil fuels is still significant, especially in developing countries. Additionally, although the 

costs of renewable energy sources have been declining, there are challenges to technology and 

infrastructure that make it difficult to make them affordable. Finding ways to overcome these 

challenges is important to create a sustainable future that aligns with the goals of almost 200 

countries worldwide.  

 

October 08, 2024:  

​ Rewrite background section of RP with proper citations and follow flow 

suggested.  



The global transition to renewable energy has recently accelerated significantly due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel use. Fossil 

fuels such as coal, oil, and natural gas account for over 75% of global greenhouse gas emissions 

and almost 90% of carbon dioxide emissions globally (United Nations, n.d.). Processes that 

require the burning of fossil fuels, such as generating power and manufacturing goods, are some 

of the most common causes of global climate change. The greenhouse effect is the primary 

driver of climate change, and human activities are responsible for increasing the concentration of 

greenhouse gases released into the atmosphere (“Causes of Climate Change,” n.d.). As a result of 

the increasing emissions, 196 countries signed the Paris Agreement, which aims to limit global 

warming to 1.5°C by the end of the century (“The Paris Agreement,” n.d.). Countries that signed 

onto the Paris Agreement each proposed commitments to reduce emissions. Some examples of 

these commitments include the European Union reducing emissions through domestic measures 

and India increasing electric power in the form of non-fossil fuel energy resources (“The Paris 

Agreement on Climate Change,” n.d.).  

In the United States, three economic sectors—transportation, electric power, and 

industry—contribute over 20% of greenhouse gas emissions. Transportation is the largest sector, 

making up 28% of all greenhouse gas emissions because petroleum-based fuels are most 

commonly used for transportation (Us Epa 2015). The best way to minimize the emissions of 

greenhouse gases would be to limit the amount of emissions released in the transportation sector, 

and the best way to achieve this is to curtail the amount of fossil fuels burned and instead find 

alternative sources of clean energy. Clean energy is a form of energy that comes from renewable, 

net-zero sources that do not pollute the atmosphere. Proton-exchange membrane fuel cells, 

https://paperpile.com/c/9dSdA8/Soyf
https://paperpile.com/c/9dSdA8/vKU0
https://paperpile.com/c/9dSdA8/YVL4
https://paperpile.com/c/9dSdA8/pNt1
https://paperpile.com/c/9dSdA8/pNt1
https://paperpile.com/c/9dSdA8/V3cT


PEMFCs, are a promising alternative to fuel cells due to their efficiency and environmental 

benefits. The advantages of using a PEM are the high power density and low operating 

temperature, which makes it suitable for commercial applications (Baroutaji et al. 2016). The use 

of PEMFCs in cars is not currently being explored due to the rise of electric vehicles. Hydrogen 

gas-powered PEMFCs were simulated in heavy-duty vehicles, and the study found that the 

metrics used to determine performance standards were not only met but also exceeded 

(Ogungbemi et al. 2021), showing great promise in the use of PEMFCs in the transportation 

sector. The cost of PEMFCs is no longer the most significant issue. Instead, the durability and 

performance of a fuel cell in commercial applications are the causes of concern amongst 

researchers.  

​Role of PEMFC for background research  

For the PEMFC to perform effectively, the catalyst layer must activate oxygen 

effectively, remove the water produced from the catalyst surface, and be stable in corrosive 

operating conditions [8]. Additionally, it must facilitate the efficient transport of reactants, 

products, electrons, and heat. The catalyst layer is also a significant cost factor, accounting for 

about 42% of the total cost of mass-produced PEMFCs. The two ways to reduce the cost are to 

improve the fuel cell's performance and durability and lower the amount of expensive catalyst, 

platinum, used in the catalyst layer. However, these improvements tend to trade off against each 

other, making it challenging to find the optimal balance. The structure of the catalyst layer is 

very important because it impacts the short- and long-term performance of the fuel cell. 

However, there is still no clear consensus on the best structure for the catalyst layer [8].  

 

https://paperpile.com/c/9dSdA8/2egQ
https://paperpile.com/c/9dSdA8/OLRA
https://paperpile.com/c/iCo8dv/eJ6a
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October 10, 2024: 

​ Work on the role of the catalyst layer function and importance section of the RP 

intro.  

Current efforts to address the challenges in the catalyst layer (CL) design focus both on 

reducing the use of platinum and improving the structure of the CL [8]. While platinum is the 

most effective catalyst for the oxygen reduction reaction (ORR), its high cost makes it difficult to 

mass-produce PEMFCs for commercial applications. To address this, researchers are exploring 

platinum alloys and alternative non-precious metal (NPM) catalysts to reduce platinum content 

without sacrificing performance. However, while NPM catalysts are more cost-effective, they are 

not as efficient or durable as CLs made with platinum, resulting in more frequent replacements 

that increase long-term costs [8].   

In addition to catalyst materials, the structure of the CL is being optimized through 

advancements in fabrication techniques, such as the creation of ultra-thin CLs [8]. These 

techniques allow for more efficient use of expensive catalyst materials by reducing catalyst 

loading while maintaining effective reactant transport and overall performance. Researchers are 

exploring three main thin-film methods for applying the catalyst ink: coating the gas diffusion 

layer (GDL), coating the membrane, and using the decal transfer method. Coating the GDL 

involves applying the catalyst directly to the GDL, coating the membrane places the catalyst ink 

directly onto the membrane for greater contact, and the decal transfer method transfers the 

catalyst ink from a decal substrate to the membrane. Each method has challenges, such as 

controlling the catalyst penetration into the gas diffusion layer and balancing performance and 

durability. Nanostructured thin-film CLs have also gained attention due to their potential to 

https://paperpile.com/c/iCo8dv/eJ6a
https://paperpile.com/c/iCo8dv/eJ6a
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reduce the amount of platinum used – thereby reducing the cost of platinum – but they face 

issues with water buildup and reduced durability [8].   

October 15, 2024:  
​ RP Intro → role of the CL: Challenges 
One of the significant challenges in the catalyst layer design is water management [8]. 

During the operation of a PEMFC, water is produced as a byproduct of the ORR at the cathode, 

and this water must be removed to prevent water buildup, which can block reaction sites and 

reduce the fuel cell's overall performance. This issue is known as water flooding and 

significantly impacts the efficiency of the fuel cell. Poor water management can lead to hydrogen 

peroxide (H2O2) forming, which accelerates the degradation of the fuel cell components, 

shortening its lifespan. Designing a catalyst layer that not only manages water buildup but also 

maintains long-term durability and performance is essential to improve the functionality of 

PEMFCs [8].  

 

October 16, 2024:  

​ Edits to research proposal  

The global transition to renewable energy has recently accelerated significantly due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel use. Fossil 

fuels such as coal, oil, and natural gas account for over 75% of global greenhouse gas emissions 

and almost 90% of carbon dioxide emissions globally [1]. Processes that require the burning of 

fossil fuels, such as generating power and manufacturing goods, are some of the most common 

causes of global climate change. The greenhouse effect is the primary driver of climate change, 

https://paperpile.com/c/iCo8dv/eJ6a
https://paperpile.com/c/iCo8dv/eJ6a
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and human activities are responsible for increasing the concentration of greenhouse gases 

released into the atmosphere [2]. As a result of the increasing emissions, 196 countries signed the 

Paris Agreement, which aims to limit global warming to 1.5°C by the end of the century [3]. 

Countries that signed onto the Paris Agreement each proposed commitments to reduce 

emissions. Some examples of these commitments include the European Union reducing 

emissions through domestic measures and India increasing electric power in the form of 

non-fossil fuel energy resources [4].  

In the United States, three economic sectors—transportation, electric power, and 

industry—contribute over 20% of greenhouse gas emissions. Transportation is the largest sector, 

making up 28% of all greenhouse gas emissions because petroleum-based fuels are most 

commonly used for transportation [5]. The best way to minimize the emissions of greenhouse 

gases would be to limit the amount of emissions released in the transportation sector, and the best 

way to achieve this is to curtail the amount of fossil fuels burned and instead find alternative 

sources of clean energy. Clean energy is a form of energy that comes from renewable, net-zero 

sources that do not pollute the atmosphere. Proton-exchange membrane fuel cells, PEMFCs, are 

a promising alternative to internal combustion engines due to their efficiency and environmental 

benefits. The advantages of using a PEM are the high power density and low operating 

temperature, which makes it suitable for commercial applications [6]. The focus of PEMFCs is 

no longer on light-duty vehicles due to the fact that electric vehicles (EVs) have been around for 

longer, the cost of EVs is significantly lower than vehicles using PEMFCs, and charging 

infrastructure has been expanded. Hydrogen-powered PEMFCs were simulated in heavy-duty 

vehicles, and the study found that the metrics used to determine performance standards were not 

https://paperpile.com/c/9dSdA8/vKU0
https://paperpile.com/c/9dSdA8/YVL4
https://paperpile.com/c/9dSdA8/pNt1
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only met but also exceeded [7], showing great promise in the use of PEMFCs in the 

transportation sector. Although there is room to reduce the cost of PEMFCs further, it is no 

longer the most significant issue. Instead, the durability and performance of a fuel cell in 

commercial applications are the causes of concern amongst researchers.  

October 19, 2024: 

​ Dr. Garcia’s edits to RP intro 

The global transition to renewable energy has recently accelerated significantly due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel use. Fossil 

fuels such as coal, oil, and natural gas account for over 75% of global greenhouse gas emissions 

and almost 90% of carbon dioxide emissions globally [1]. Processes that require the burning of 

fossil fuels, such as generating power and manufacturing goods, are some of the most common 

causes of global climate change. The greenhouse effect is the primary driver of climate change, 

and human activities are responsible for increasing the concentration of greenhouse gases 

released into the atmosphere [2]. As a result of the increasing emissions, 196 countries signed the 

Paris Agreement, which aims to limit global warming to 1.5°C by the year 2050 [3]. Each 

country that signed onto the Paris Agreement proposed commitments to reduce emissions. Some 

examples of these commitments include the European Union reducing emissions through 

domestic measures and India increasing electric power in the form of non-fossil fuel energy 

resources [4].  

In the United States, three economic sectors—transportation, electric power, and 

industry—contribute over 20% of greenhouse gas emissions. Transportation is the largest sector, 

making up 28% of all greenhouse gas emissions because petroleum-based fuels are most 
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commonly used for transportation [5]. The best way to minimize the emissions of greenhouse 

gases would be to limit the amount of emissions released in the transportation sector, and the best 

way to achieve this is to curtail the amount of fossil fuels burned and instead find alternative 

sources of clean energy. Clean energy is a form of energy that comes from renewable, net-zero 

sources that do not pollute the atmosphere. Proton-exchange membrane fuel cells, PEMFCs, are 

a promising alternative to internal combustion engines due to their efficiency and environmental 

benefits. The advantages of using PEMFCs are the high power density and low operating 

temperature, which makes them suitable for commercial applications [6]. The focus of PEMFCs 

is no longer on light-duty vehicles due to the fact that electric vehicles (EVs) have been around 

for longer, the cost of EVs is significantly lower than vehicles using PEMFCs, and charging 

infrastructure has been expanded. Instead, the focus has been on making PEMFCs durable 

enough for heavy-duty vehicles. Hydrogen-powered PEMFCs were simulated in heavy-duty 

vehicles, and the study found that the metrics used to determine performance standards were not 

only met but also exceeded [7], showing great promise in the use of PEMFCs in the 

transportation sector. Although there is room to further reduce the cost of PEMFCs, it is no 

longer the most significant issue. Instead, the durability and performance of a fuel cell in 

commercial applications are the causes of concern amongst researchers.  

In a proton-exchange membrane fuel cell (PEMFC), hydrogen and oxygen are supplied 

into flow channels, gas diffusion layers, and the catalyst layer [8]. At the anode, hydrogen splits 

into protons and electrons through the hydrogen oxidation reaction (HOR). The electrons are 

transported through electron-conducting components, such as carbon paper, while protons pass 

through the membrane via the ionomer. Protons are transported through the membrane to the 
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catalyst layer while electrons travel through an external circuit, generating electricity as they 

move. At the cathode, absorbed oxygen reacts with the protons and electrons in the catalyst 

layer, forming water in the oxygen reduction reaction (ORR). The ORR is slower and more 

complex than the HOR, which limits the overall performance of the fuel cell [8].  
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November 27, 2024: 
 

​ CYSF portal research edits  
The global transition to renewable energy has recently accelerated significantly due to growing 

concerns about climate change, energy security, and the impacts of fossil fuel use. Fossil fuels 

such as coal, oil, and natural gas account for over 75% of global greenhouse gas emissions and 

almost 90% of carbon dioxide emissions globally [1]. Processes that require the burning of fossil 

fuels, such as generating power and manufacturing goods, are key causes of greenhouse gas 

emissions. The greenhouse effect is the primary driver of climate change, and human activities 

are responsible for increasing the concentration of greenhouse gases released into the atmosphere 

[2]. As a result of the increasing carbon emissions, 196 countries signed the Paris Agreement, 

which aims to limit global warming to 1.5°C by the year 2050 [3]. Each country that signed onto 

the Paris Agreement proposed commitments to reduce emissions. Some examples of these 

commitments include the European Union reducing emissions through domestic measures and 

India increasing electric power from non-fossil fuel energy resources [4].  

​ In the United States, three economic sectors — transportation, electric power, and 

industry — contribute to over 75% of all greenhouse gas emissions [5]. Transportation is the 

largest sector, making up 28% of all greenhouse gas emissions because petroleum-based fuels are 

most commonly used for transportation [5]. In Canada, oil and gas, transportation, and buildings 

are the top three economic sectors contributing to over 60% of emissions in the country (Share of 

greenhouse gas emissions in ...). Therefore, a significant reduction in overall greenhouse gas 

emissions can be achieved by limiting the emissions from the transportation sector [6]. This has 

led to the adoption of clean energy sources and clean energy transportation solutions. 
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Accordingly, there has been a global push for zero-emission vehicles, including battery-electric 

and hydrogen fuel cell-powered vehicles [6].  

​ Both electric batteries and proton-exchange membrane fuel cells (PEMFCs) are 

promising alternatives to internal combustion engines due to their efficiency and environmental 

benefits. The application focus of PEMFCs is no longer on light-duty vehicles due to the fact that 

electric vehicles (EVs) have been around for longer, the cost of EVs is significantly lower than 

PEMFC-powered vehicles in consideration to small vehicles, and charging infrastructure has 

been expanded [7]. However, because all the energy is stored in batteries, for long-distance 

heavy-duty vehicles (e.g., trucks), the weight of the battery required for long operations is a huge 

limitation. Thus, there has been immense interest in PEMFCs' zero-emissions power source for 

heavy-duty vehicles. For heavy-duty vehicle applications, a key technological challenge is 

improving the durability of PEMFCs [7], [8]. Hydrogen-powered PEMFCs were simulated in 

heavy-duty vehicles, and a study found that the metrics used to determine performance standards 

were not only met but also exceeded [9], showing great promise in the use of PEMFCs in the 

transportation sector.  

​ In a PEMFC, hydrogen and oxygen are supplied into flow channels, gas diffusion layers 

(GDLs), and the catalyst layer (CL) [10]. At the anode, hydrogen splits into protons and 

electrons through the hydrogen oxidation reaction (HOR). The electrons are transported through 

electron-conducting components, such as carbon paper. At the same time, protons are conducted 

through the ionic polymer (ionomer) in the anode catalyst layer through the polymer electrolyte 

membrane to the cathode catalyst layer. Protons are transported through the membrane to the 

catalyst layer while electrons travel through an external circuit, generating electricity as they 
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move. At the cathode, oxygen reacts with the protons and electrons at the catalyst surface to 

produce water via the oxygen reduction reaction (ORR). The ORR is slower and more complex 

than the HOR, which limits the overall performance of the fuel cell. A simplified model of these 

processes has been described in the literature [11], [12] and can be seen in Figure 1 and Figure 2. 

Over 40% of the total cost of mass-produced PEMFCs is attributed to the catalyst layer. To 

address this, researchers are exploring platinum alloys and alternative non-precious metal (NPM) 

catalysts to reduce platinum content without sacrificing performance. However, while NPM 

catalysts are more cost-effective, they are not as efficient or durable as CLs made with platinum, 

resulting in more frequent replacements that increase long-term costs [10]. Thus, in the near 

term, the PEMFC technology is expected to continue to use platinum-based catalysts.  

 

Figure 1. Schematic depiction of a PEM electrolyzer and fuel cell: The fuel cell combines 
hydrogen and oxygen to produce electricity and water [11].  
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Figure 2. Schematic depiction of a PEMFC showing the different layers, compositions, and 
reactant transport pathways [12]. Black structures are the carbon supports, purple represents the 
ionomer, red is the polytetrafluoroethylene (PTFE), and green is the catalysts. Note the figure is 
not drawn to scale, and the catalyst layer, GDL, and MPL have different porosities and support 
material sizes. 
 

Since performance and durability are higher-priority challenges for PEMFC application 

in heavy-duty vehicles, current efforts are directed to the catalyst layer (CL) design with the aim 

of both reducing the use of platinum and improving the CL structure [10]. The catalyst layer 

structure is very important because it impacts the fuel cell's short- and long-term performance. 

For the PEMFC to perform effectively, the catalyst layer must facilitate the efficient transport of 

the reactants (oxygen or hydrogen, protons, and electrons) of the electrochemical reactions, as 

well as the removal of product water and heat. The CL structure must have sufficient porosity 

and large pores for easy transport of oxygen gas in the cathode catalyst layer and hydrogen gas in 

the anode catalyst layer. The catalyst layer must have a well-connected network of ionomers 

coating the catalyst to ensure protons can reach the reaction sites for electrochemical reactions to 

occur. The catalyst layer must have enough ionomer to ensure ionic connectivity but not too 

much to isolate the catalyst/carbon-support particles electronically. The catalyst layer structure is 
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controlled by the catalyst ink formulation as well as the catalyst ink coating method for the 

fabrication of the catalyst layer [10].  

​ The formulation of the catalyst ink plays a crucial role in enhancing the performance and 

durability of PEMFCs [13]. Figure 3 below shows the workflow from constituent materials to the 

final catalyst layer formation [14]. The catalyst layer constituent materials, the catalyst and 

ionomer, are added to a solvent, which is typically a mixture of water and alcohol. The complex 

mixture is homogenized by mixing using ultrasonic and ball milling to make a uniform 

suspension called the catalyst ink. The ink is sprayed on a substrate made of a Teflon-like 

material known as polytetrafluoroethylene (PTFE), and upon evaporation of the solvent, the 

catalyst and ionomer create a nanoporous composite catalyst structure [14].  

Figure 3. Schematic depiction of the process of creating the catalyst ink and fabricating the 
catalyst layer from the catalyst ink [14]. Materials, including the ionomer, catalyst, and solvent, 
are combined and mixed in a dispersion step. The resulting catalyst ink is deposited onto a 
substrate — the catalyst layer forms on the substrate to be used in fuel cells.  
 
​ It has been discovered that adjusting the ratio between water and isopropyl alcohol in the 

catalyst ink allows researchers to improve the viscosity of the ink, which may be important for 

spray deposition of the ink onto the substrate and adhesion of catalyst-ionomer aggregates to the 

substrate [13]. The size of the catalyst-ionomer aggregates in the ink can control the pores in the 

final catalyst layer structure. The ratio of ionomer and catalyst can control whether all catalysts 
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are effectively utilized by providing protonic access. The link between catalyst ink properties and 

the final catalyst layer structure is not currently well understood. As a result, there is a lack of a 

rational approach to designing the optimum catalyst layer structure that yields high performance 

[13].  

​ New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport [13]. This 

contributes to the development of PEMFCs for commercial applications, especially in the 

heavy-duty vehicle sector [13]. 
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December Background Research 

December 5th, 2024 

​Research with APA style citations for the CYSF Portal : 

    The global transition to renewable energy has recently accelerated significantly due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel 

use. Fossil fuels such as coal, oil, and natural gas account for over 75% of global 

greenhouse gas emissions and almost 90% of carbon dioxide emissions globally (United 

Nations, n.d.). Processes that require the burning of fossil fuels, such as generating 

power and manufacturing goods, are key causes of greenhouse gas emissions. The 

greenhouse effect is the primary driver of climate change, and human activities are 

responsible for increasing the concentration of greenhouse gases released into the 

atmosphere (Causes of Climate Change, n.d.). As a result of the increasing carbon 

emissions, 196 countries signed the Paris Agreement, which aims to limit global warming 

to 1.5°C by the year 2050 (The Paris Agreement, n.d.). Each country that signed onto the 

Paris Agreement proposed commitments to reduce emissions. Some examples of these 

commitments include the European Union reducing emissions through domestic 

measures and India increasing electric power from non-fossil fuel energy resources (The 

Paris Agreement on Climate Change, n.d.).  

    In the United States, three economic sectors — transportation, electric power, and 

industry — contribute to over 75% of all greenhouse gas emissions (Us Epa, 2015). 

Transportation is the largest sector, making up 28% of all greenhouse gas emissions 

because petroleum-based fuels are most commonly used for transportation (Us Epa, 

2015). In Canada, oil and gas, transportation, and buildings are the top three economic 

sectors contributing to over 60% of emissions in the country (Share of Greenhouse Gas 

Emissions in Canada 2023, by Sector, n.d.). Therefore, a significant reduction in overall 

greenhouse gas emissions can be achieved by limiting the emissions from the 

transportation sector (Baroutaji et al., 2016). This has led to the adoption of clean energy 

sources and clean energy transportation solutions. Accordingly, there has been a global 

push for zero-emission vehicles, including battery-electric and hydrogen-fuel 

cell-powered vehicles (Baroutaji et al., 2016).  

    Both electric batteries and proton-exchange membrane fuel cells (PEMFCs) are 

https://paperpile.com/c/zVZfnP/buh6m
https://paperpile.com/c/zVZfnP/buh6m
https://paperpile.com/c/zVZfnP/XnBfD
https://paperpile.com/c/zVZfnP/SmA27
https://paperpile.com/c/zVZfnP/ql864
https://paperpile.com/c/zVZfnP/ql864
https://paperpile.com/c/zVZfnP/UjXWa
https://paperpile.com/c/zVZfnP/UjXWa
https://paperpile.com/c/zVZfnP/UjXWa
https://paperpile.com/c/zVZfnP/zkQj
https://paperpile.com/c/zVZfnP/zkQj
https://paperpile.com/c/zVZfnP/5xgRz
https://paperpile.com/c/zVZfnP/5xgRz


promising alternatives to internal combustion engines due to their efficiency and 

environmental benefits. The application focus of PEMFCs is no longer on light-duty 

vehicles due to the fact that electric vehicles (EVs) have been around for longer, the cost 

of EVs is significantly lower than PEMFC-powered vehicles in consideration to small 

vehicles, and charging infrastructure has been expanded (Cullen et al., 2021). However, 

because all the energy is stored in batteries, for long-distance heavy-duty vehicles (e.g., 

trucks), the weight of the battery required for long operations is a huge limitation. Thus, 

there has been immense interest in PEMFCs' zero-emissions power source for heavy-duty 

vehicles. For heavy-duty vehicle applications, a key technological challenge is improving 

the durability of PEMFCs (Cullen et al., 2021), (Meeting, n.d.). Hydrogen-powered PEMFCs 

were simulated in heavy-duty vehicles, and a study found that the metrics used to 

determine performance standards were not only met but also exceeded (Ogungbemi et 

al., 2021), showing great promise in the use of PEMFCs in the transportation sector.  

    In a PEMFC, hydrogen and oxygen are supplied into flow channels, gas diffusion layers 

(GDLs), and the catalyst layer (CL) (Zhao et al., 2023). At the anode, hydrogen splits into 

protons and electrons through the hydrogen oxidation reaction (HOR). The electrons are 

transported through electron-conducting components, such as carbon paper. At the same 

time, protons are conducted through the ionic polymer (ionomer) in the anode catalyst 

layer through the polymer electrolyte membrane to the cathode catalyst layer. Protons 

are transported through the membrane to the catalyst layer while electrons travel 

through an external circuit, generating electricity as they move. At the cathode, oxygen 

reacts with the protons and electrons at the catalyst surface to produce water via the 

oxygen reduction reaction (ORR). The ORR is slower and more complex than the HOR, 

which limits the overall performance of the fuel cell. A simplified model of these 

processes has been described in the literature (Escobar-Yonoff et al., 2021), (Suter et al., 

2021) and can be seen in Figure 1 and Figure 2. Over 40% of the total cost of 

mass-produced PEMFCs is attributed to the catalyst layer. To address this, researchers 

are exploring platinum alloys and alternative non-precious metal (NPM) catalysts to 

reduce platinum content without sacrificing performance. However, while NPM catalysts 

are more cost-effective, they are not as efficient or durable as CLs made with platinum, 

resulting in more frequent replacements that increase long-term costs (Zhao et al., 2023). 

Thus, in the near term, the PEMFC technology is expected to continue to use 

platinum-based catalysts.  

https://paperpile.com/c/zVZfnP/4nIdD
https://paperpile.com/c/zVZfnP/4nIdD
https://paperpile.com/c/zVZfnP/ETX2L
https://paperpile.com/c/zVZfnP/aBxIj
https://paperpile.com/c/zVZfnP/aBxIj
https://paperpile.com/c/zVZfnP/ZvFmT
https://paperpile.com/c/zVZfnP/d1Qk9
https://paperpile.com/c/zVZfnP/3wkHE
https://paperpile.com/c/zVZfnP/3wkHE
https://paperpile.com/c/zVZfnP/ZvFmT


​ 

 

Figure 1. Schematic depiction of a PEM electrolyzer and fuel cell: The fuel cell combines 

hydrogen and oxygen to produce electricity and water (Escobar-Yonoff et al., 2021).  

​ 
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Figure 2. Schematic depiction of a PEMFC showing the different layers, compositions, and 

reactant transport pathways (Suter et al., 2021). Black structures are the carbon supports, 

purple represents the ionomer, red is the polytetrafluoroethylene (PTFE), and green is 

the catalysts. Note the figure is not drawn to scale, and the catalyst layer, GDL, and MPL 

have different porosities and support material sizes. 

    Since performance and durability are higher-priority challenges for PEMFC application 

in heavy-duty vehicles, current efforts are directed to the catalyst layer (CL) design with 

the aim of both reducing the use of platinum and improving the CL structure (Zhao et al., 

2023). The catalyst layer structure is very important because it impacts the fuel cell's 

short- and long-term performance. For the PEMFC to perform effectively, the catalyst 

layer must facilitate the efficient transport of the reactants (oxygen or hydrogen, protons, 

and electrons) of the electrochemical reactions, as well as the removal of product water 

and heat. The CL structure must have sufficient porosity and large pores for easy 

transport of oxygen gas in the cathode catalyst layer and hydrogen gas in the anode 

catalyst layer. The catalyst layer must have a well-connected network of ionomer coating 

the catalyst to ensure protons can reach the reaction sites for electrochemical reactions 

to occur. The catalyst layer must have enough ionomer to ensure ionic connectivity but 

not too much to isolate the catalyst/carbon-support particles electronically. The catalyst 

layer structure is controlled by the catalyst ink formulation as well as the catalyst ink 

coating method for the fabrication of the catalyst layer (Zhao et al., 2023).  

    The formulation of the catalyst ink plays a crucial role in enhancing the performance 

and durability of PEMFCs (Van Cleve et al., 2019). Figure 3 below shows the workflow 

from constituent materials to the final catalyst layer formation (Guo et al., 2020). The 

catalyst layer constituent materials, the catalyst and ionomer, are added to a solvent, 

which is typically a mixture of water and alcohol. The complex mixture is homogenized 

by mixing using ultrasonic and ball milling to make a uniform suspension called the 

catalyst ink. The ink is sprayed on a substrate made of a Teflon-like material known as 

polytetrafluoroethylene (PTFE), and upon evaporation of the solvent, the catalyst and 

ionomer create a nanoporous composite catalyst structure (Guo et al., 2020).  

Figure 3. Schematic depiction of the process of creating the catalyst ink and fabricating 

the catalyst layer from the catalyst ink (Guo et al., 2020). Materials, including the 

ionomer, catalyst, and solvent, are combined and mixed in a dispersion step. The 

resulting catalyst ink is deposited onto a substrate — the catalyst layer forms on the 

substrate to be used in fuel cells.  
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    It has been discovered that adjusting the ratio between water and isopropyl alcohol in 

the catalyst ink allows researchers to improve the viscosity of the ink, which may be 

important for spray deposition of the ink onto the substrate and adhesion of 

catalyst-ionomer aggregates to the substrate (Van Cleve et al., 2019). The size of the 

catalyst-ionomer aggregates in the ink can control the pores in the final catalyst layer 

structure. The ratio of ionomer and catalyst can control whether all catalysts are 

effectively utilized by providing protonic access. The link between catalyst ink properties 

and the final catalyst layer structure is not currently well understood. As a result, there is 

a lack of a rational approach to designing the optimum catalyst layer structure that 

yields high performance (Van Cleve et al., 2019).  

    New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport (Van 

Cleve et al., 2019). This contributes to the development of PEMFCs for commercial 

applications, especially in the heavy-duty vehicle sector (Van Cleve et al., 2019). 
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January Background Research 

January 28, 2025: 
The global transition to renewable energy has significantly accelerated recently due to 

growing concerns about climate change, energy security, and the impacts of fossil fuel use. Fossil 

fuels such as coal, oil, and natural gases account for over 75% of global greenhouse gas 

emissions and almost 90% of carbon dioxide emissions globally [1]. Processes that require the 

burning of fossil fuels, such as generating power and manufacturing goods, are key causes of 

greenhouse gas emissions. The greenhouse effect primarily drives climate change, and human 

activities are responsible for increasing the concentration of greenhouse gases released into the 

atmosphere [2]. As a result of rising carbon emissions, 196 countries signed the Paris 

Agreement, which aims to limit global warming to 1.5°C by the year 2050 [3]. Each country that 

signed the Paris Agreement proposed commitments to reduce greenhouse gas emissions. Some 

examples of these commitments include India increasing electrical power generated from 

non-fossil fuel energy resources and the European Union reducing emissions through domestic 

measures [4]. 

In the United States, three economic sectors — transportation, electrical power, and 

industry — contribute to over 75% of all greenhouse gas emissions [5]. Transportation is the 

largest sector, making up 28% of all greenhouse gas emissions. This is because petroleum-based 

fuels are most commonly used for transportation [5]. As of 2023, in Canada, oil and gas, 

transportation, and buildings are the top three economic sectors contributing to over 60% of all 

greenhouse gas emissions in the country [6]. A significant reduction in overall greenhouse gas 
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emissions can be achieved by limiting the emissions from the transportation sector because, as 

seen in the data from the United States and Canada, the majority of the greenhouse gas emissions 

come from the transportation sector [7]. This has led to the adoption of clean energy sources and 

clean energy transportation solutions. Accordingly, there has been a global push for 

zero-emission vehicles, including battery-electric and hydrogen fuel cell-powered vehicles [7]. 

Both electric batteries and proton-exchange membrane fuel cells (PEMFCs) are 

promising alternatives to internal combustion engines due to their efficiency and environmental 

benefits. The application focus of PEMFCs is no longer on light-duty vehicles due to the fact that 

electric vehicles (EVs) have been around for longer [8]. This has resulted in the cost of EVs 

being significantly lower than PEMFC-powered vehicles in consideration to small vehicles, and 

charging infrastructure has been expanded [8]. However, because all of the energy is stored in 

batteries, for long-distance heavy-duty vehicles (e.g., trucks), the weight of the battery required 

for long operation periods is a huge limitation. Thus, there has been an immense interest in 

PEMFCs’ zero-emissions power source for heavy-duty vehicles. For heavy-duty vehicle 

applications, a key technological challenge is improving the durability of PEMFCs [8], [9]. 

Hydrogen-powered PEMFCs were simulated in heavy-duty vehicles, and a study found that the 

metrics used to determine performance standards were not only met but also exceeded 

[10]PEMFCs in the transportation sector.  

In a PEMFC, hydrogen and oxygen are supplied into flow channels, gas diffusion layers 

(GDLs), and the catalyst layer (CL) [11]. At the anode, hydrogen splits into protons and 

electrons through the hydrogen oxidation reaction (HOR). The electrons are transported through 

electron-conduction components, such as carbon paper.  
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January 30, 2025: 
At the same time, protons are conducted through the ionic polymer, also known as the 

ionomer, in the anode catalyst layer through the polymer electrolyte membrane to the cathode 

catalyst layer. Protons are transported through the membrane to the catalyst layer while electrons 

travel through an external circuit, generating electricity as they move. At the cathode, oxygen 

reacts with the protons and electrons at the catalyst surface to produce water via the oxygen 
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reduction reaction (ORR). The ORR occurs slower than the HOR because it is more complex, 

limiting the overall performance of the fuel cell. A simplified model of these processes has been 

described in the literature [12], [13] and can be seen in Figure 1 and Figure 2. Over 40% of the 

total cost of mass-produced PEMFCs is attributed to the catalyst layer. To address this, 

researchers are exploring platinum alloys and alternative non-precious metal (NPM) catalysts to 

reduce platinum content without sacrificing performance. However, while NPM catalysts are 

more cost-effective, they are less efficient and durable than CLs made with platinum, resulting in 

more frequent replacements that increase long-term costs [11]. Thus, in the near future, the 

PEMFC technology is expected to continue to use platinum-based catalysts.  

 

Figure 1. Schematic depiction of a PEM electrolyzer and fuel cell: The fuel cell combines 

hydrogen and oxygen to produce electricity and water [12] 
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Figure 2. Schematic depiction of a PEMFC showing the different layers, compositions, and 
reactant transport pathways [13]. Black structures are the carbon supports, purple represents the 
ionomer, red is the polytetrafluoroethylene (PTFE), and green is the catalysts. Note: the figure is 
not drawn to scale, and the catalyst layer, GDP, and MPL have different porosities and support 
material sizes.  
 

Since the performance and durability are higher-priority challenges for PEMFC 

application in heavy-duty vehicles, current efforts are directed to the catalyst layer (CL) design 

with the aim of both reducing the use of platinum and improving the CL structure [11]. The 

catalyst layer structure is very important because it impacts both the short and long-term 

performance of the fuel cell. For the PEMFC to perform effectively, the catalyst layer must 

facilitate the efficient transport of the reactants (oxygen or hydrogen, protons, and electrons) of 

the electrochemical reactions, as well as the removal of product water and heat. The CL structure 

must have sufficient porosity and large pores for easy transport of oxygen gas in the cathode 

catalyst layer and hydrogen gas in the anode catalyst layer. The catalyst layer must have a 

well-connected network of ionomer coating the catalyst to ensure protons can reach the reduction 

sites for electrochemical reactions to occur. The catalyst layer must have enough ionomer to 

ensure ionic conductivity but not too much to isolate the catalyst/carbon-support particles 
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electronically. The catalyst layer structure is controlled by the catalyst ink formulation as well as 

the catalyst ink coating method for the fabrication of the catalyst layer [11].  

​ The formulation of the catalyst ink plays a crucial role in enhancing the performance and 

durability of PEMFCs [14]. Figure 3 below shows the workflow from constituent materials to the 

final catalyst layer formation. [15]. The catalyst layer constituent materials – the catalyst and 

ionomer – are added to a solvent, which is typically a mixture of water and alcohol. This 

complex mixture is homogenized using ultrasonication and ball milling to make a uniform 

suspension called the catalyst ink. The ink is sprayed onto a substrate made of a Teflon-like 

material known as polytetrafluoroethylene (PTFE). Upon evaporation of the solvent, the catalyst 

and ionomer create a nanoporous composite catalyst structure [15] 

Figure 3. Schematic depiction of the process of creating the catalyst ink and fabricating the 
catalyst layer from the catalyst ink [15]erials, including the ionomer, catalyst, and solvent, are 
combined and mixed in a dispersion step. The resulting catalyst ink is deposited onto a substrate 
— the catalyst layer forms on the substrate to be used in fuel cells.  
 
​ It has been discovered that adjusting the ratio between water and isopropyl alcohol in the 

catalyst ink allows researchers to improve the viscosity of the ink, which may be important for 

spray deposition of the ink onto the substrate and adhesion of catalyst-ionomer aggregates to the 

substrates [14]. The size of the catalyst-ionomer aggregates in the ink can control the pores in the 

final catalyst layer structure. The ratio of ionomer and catalyst can control whether all catalysts 
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are effectively utilized by providing protonic access. The link between catalyst ink properties and 

the final catalyst layer structure is not well understood currently. As a result, researchers lack a 

rational approach to designing the optimum catalyst structure that yields high performance [14].  

​ New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport [14]. This 

contributes to the development of PEMFCs for commercial applications, especially in the 

heavy-duty vehicle sector [14]. This project aims to understand how varying isopropyl alcohol 

concentrations in the water-isopropyl alcohol solvent mixture affect the properties of the catalyst 

layer, aggregate size, coverage, and ionic resistance to optimize the fuel cell’s durability and 

efficiency. The short-term objectives of this project are to investigate the impact of solvent 

composition on ink properties, including viscosity and catalyst-ionomer aggregate size; 

investigate the impact of solvent composition of the catalyst ink on catalyst layer properties such 

as ionic resistance, electronic resistance, and pore size; and to determine the optimum ink 

composition that results in high-performing PEMFCs. The long-term, future goals of this project 

are to design a set of manufacturing parameters for applying the ink to the catalyst layer with an 

optimized concentration of isopropyl alcohol in PEMFCs, especially for applications in 

heavy-duty vehicles and to help large-scale production of PEMFCs as a sustainable alternative to 

internal combustion engines in the transportation sector.  
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February Background Research 

February 03, 2024: 
New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport [14]. This 

contributes to the development of PEMFCs for commercial applications, especially in the 

heavy-duty vehicle sector [14]. This project aims to understand how varying isopropyl alcohol 

concentrations in the water-isopropyl alcohol solvent mixture affect the properties of the catalyst 

layer, aggregate size, coverage, and ionic resistance to optimize the fuel cell’s durability and 

efficiency. The short-term objectives of this project are to investigate the impact of solvent 

composition on ink properties, including viscosity and catalyst-ionomer aggregate size; 

investigate the impact of solvent composition of the catalyst ink on catalyst layer properties such 

as ionic resistance, electronic resistance, and pore size; and to determine the optimum ink 

composition that results in high-performing PEMFCs. The long-term, future goals of this project 

are to design a set of manufacturing parameters for applying the ink to the catalyst layer with an 

optimized concentration of isopropyl alcohol in PEMFCs, especially for applications in 

heavy-duty vehicles and to help large-scale production of PEMFCs as a sustainable alternative to 

internal combustion engines in the transportation sector. Ultimately, this research seeks to answer 

the question: how do catalyst ink parameters affect ink properties, and subsequently, how do ink 

properties impact the catalyst layer structure and thereby affect the performance of a PEMFC? 

 

February 05, 2025: 
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​ New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport [14]. This 

contributes to the development of PEMFCs for commercial applications, especially in the 

heavy-duty vehicle sector [14]. This study aims to determine how varying isopropyl alcohol 

concentrations in the water-isopropyl alcohol solvent mixture affect the properties of the catalyst 

layer, aggregate size, coverage, and ionic resistance to optimize the fuel cell’s durability and 

efficiency. The short-term objectives of this research are to investigate the impact of solvent 

composition on ink properties (viscosity, catalyst-ionomer aggregate size) and catalyst layer 

properties (ionic resistance, electronic resistance, pore size) and to determine the optimum ink 

composition that results in high-performing PEMFCs. The long-term, future goals of this project 

are to design a set of manufacturing parameters for applying the ink to the catalyst layer with an 

optimized concentration of isopropyl alcohol in PEMFCs, especially for applications in 

heavy-duty vehicles and to help large-scale production of PEMFCs as a sustainable alternative to 

internal combustion engines in the transportation sector. 
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     March 13, 2025: 

​ Background edits for CYSF 

The global transition to renewable energy has recently accelerated significantly 

due to growing concerns about climate change, energy security, and the impacts of fossil 

fuel use. Fossil fuels such as coal, oil, and natural gas account for over 75% of global 

greenhouse gas emissions and almost 90% of carbon dioxide emissions globally (United 

Nations, n.d.). Processes that require the burning of fossil fuels, such as generating 

power and manufacturing goods, are key causes of greenhouse gas emissions. The 

greenhouse effect is the primary driver of climate change, and human activities are 

responsible for increasing the concentration of greenhouse gases released into the 

atmosphere (Causes of Climate Change, n.d.). As a result of the increasing carbon 

emissions, 196 countries signed the Paris Agreement, which aims to limit global warming 

to 1.5°C by the year 2050 (The Paris Agreement, n.d.). Each country that signed onto the 

Paris Agreement proposed commitments to reduce emissions. Some examples of these 

commitments include the European Union reducing emissions through domestic 

measures and India increasing electric power from non-fossil fuel energy resources (The 

Paris Agreement on Climate Change, n.d.).  

    In the United States, three economic sectors — transportation, electric power, and 

industry — contribute to over 75% of all greenhouse gas emissions (Us Epa, 2015). 

Transportation is the largest sector, making up 28% of all greenhouse gas emissions 

because petroleum-based fuels are most commonly used for transportation (Us Epa, 

2015). In Canada, oil and gas, transportation, and buildings are the top three economic 

sectors contributing to over 60% of emissions in the country (Share of Greenhouse Gas 

Emissions in Canada 2023, by Sector, n.d.). Therefore, a significant reduction in overall 

greenhouse gas emissions can be achieved by limiting the emissions from the 

transportation sector (Baroutaji et al., 2016). This has led to the adoption of clean energy 

sources and clean energy transportation solutions. Accordingly, there has been a global 

push for zero-emission vehicles, including battery-electric and hydrogen-fuel 

cell-powered vehicles (Baroutaji et al., 2016).  

    Both electric batteries and proton-exchange membrane fuel cells (PEMFCs) are 

promising alternatives to internal combustion engines due to their efficiency and 

environmental benefits. The application focus of PEMFCs is no longer on light-duty 

vehicles due to the fact that electric vehicles (EVs) have been around for longer, the cost 
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of EVs is significantly lower than PEMFC-powered vehicles in consideration to small 

vehicles, and charging infrastructure has been expanded (Cullen et al., 2021). However, 

because all the energy is stored in batteries, for long-distance heavy-duty vehicles (e.g., 

trucks), the weight of the battery required for long operations is a huge limitation. Thus, 

there has been immense interest in PEMFCs' zero-emissions power source for heavy-duty 

vehicles. For heavy-duty vehicle applications, a key technological challenge is improving 

the durability of PEMFCs (Cullen et al., 2021), (Meeting, n.d.). Hydrogen-powered PEMFCs 

were simulated in heavy-duty vehicles, and a study found that the metrics used to 

determine performance standards were not only met but also exceeded (Ogungbemi et 

al., 2021), showing great promise in the use of PEMFCs in the transportation sector.  

    In a PEMFC, hydrogen and oxygen are supplied into flow channels, gas diffusion layers 

(GDLs), and the catalyst layer (CL) (Zhao et al., 2023). At the anode, hydrogen splits into 

protons and electrons through the hydrogen oxidation reaction (HOR). The electrons are 

transported through electron-conducting components, such as carbon paper. At the same 

time, protons are conducted through the ionic polymer (ionomer) in the anode catalyst 

layer through the polymer electrolyte membrane to the cathode catalyst layer. Protons 

are transported through the membrane to the catalyst layer while electrons travel 

through an external circuit, generating electricity as they move. At the cathode, oxygen 

reacts with the protons and electrons at the catalyst surface to produce water via the 

oxygen reduction reaction (ORR). The ORR is slower and more complex than the HOR, 

which limits the overall performance of the fuel cell. A simplified model of these 

processes has been described in the literature (Escobar-Yonoff et al., 2021), (Suter et al., 

2021) and can be seen in Figure 1 and Figure 2. Over 40% of the total cost of 

mass-produced PEMFCs is attributed to the catalyst layer. To address this, researchers 

are exploring platinum alloys and alternative non-precious metal (NPM) catalysts to 

reduce platinum content without sacrificing performance. However, while NPM catalysts 

are more cost-effective, they are not as efficient or durable as CLs made with platinum, 

resulting in more frequent replacements that increase long-term costs (Zhao et al., 2023). 

Thus, in the near term, the PEMFC technology is expected to continue to use 

platinum-based catalysts.  
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Figure 1. Schematic depiction of a PEM electrolyzer and fuel cell: The fuel cell combines 

hydrogen and oxygen to produce electricity and water (Escobar-Yonoff et al., 2021).  

​ 
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Figure 2. Schematic depiction of a PEMFC showing the different layers, compositions, and 

reactant transport pathways (Suter et al., 2021). Black structures are the carbon supports, 

purple represents the ionomer, red is the polytetrafluoroethylene (PTFE), and green is 

the catalysts. Note the figure is not drawn to scale, and the catalyst layer, GDL, and MPL 

have different porosities and support material sizes. 

    Since performance and durability are higher-priority challenges for PEMFC application 

in heavy-duty vehicles, current efforts are directed to the catalyst layer (CL) design with 

the aim of both reducing the use of platinum and improving the CL structure (Zhao et al., 

2023). The catalyst layer structure is very important because it impacts the fuel cell's 

short- and long-term performance. For the PEMFC to perform effectively, the catalyst 

layer must facilitate the efficient transport of the reactants (oxygen or hydrogen, protons, 

and electrons) of the electrochemical reactions, as well as the removal of product water 

and heat. The CL structure must have sufficient porosity and large pores for easy 

transport of oxygen gas in the cathode catalyst layer and hydrogen gas in the anode 

catalyst layer. The catalyst layer must have a well-connected network of ionomer coating 

the catalyst to ensure protons can reach the reaction sites for electrochemical reactions 

to occur. The catalyst layer must have enough ionomer to ensure ionic connectivity but 

not too much to isolate the catalyst/carbon-support particles electronically. The catalyst 

layer structure is controlled by the catalyst ink formulation as well as the catalyst ink 

coating method for the fabrication of the catalyst layer (Zhao et al., 2023).  

    The formulation of the catalyst ink plays a crucial role in enhancing the performance 

and durability of PEMFCs (Van Cleve et al., 2019). Figure 3 below shows the workflow 

from constituent materials to the final catalyst layer formation (Guo et al., 2020). The 

catalyst layer constituent materials, the catalyst and ionomer, are added to a solvent, 

which is typically a mixture of water and alcohol. The complex mixture is homogenized 

by mixing using ultrasonic and ball milling to make a uniform suspension called the 

catalyst ink. The ink is sprayed on a substrate made of a Teflon-like material known as 

polytetrafluoroethylene (PTFE), and upon evaporation of the solvent, the catalyst and 

ionomer create a nanoporous composite catalyst structure (Guo et al., 2020).  

Figure 3. Schematic depiction of the process of creating the catalyst ink and fabricating 

the catalyst layer from the catalyst ink (Guo et al., 2020). Materials, including the 

ionomer, catalyst, and solvent, are combined and mixed in a dispersion step. The 

resulting catalyst ink is deposited onto a substrate — the catalyst layer forms on the 

substrate to be used in fuel cells.  

https://paperpile.com/c/zVZfnP/3wkHE
https://paperpile.com/c/zVZfnP/ZvFmT
https://paperpile.com/c/zVZfnP/ZvFmT
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https://paperpile.com/c/zVZfnP/YyfZs
https://paperpile.com/c/zVZfnP/QcF1F
https://paperpile.com/c/zVZfnP/QcF1F
https://paperpile.com/c/zVZfnP/QcF1F
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    It has been discovered that adjusting the ratio between water and isopropyl alcohol in 

the catalyst ink allows researchers to improve the viscosity of the ink, which may be 

important for spray deposition of the ink onto the substrate and adhesion of 

catalyst-ionomer aggregates to the substrate (Van Cleve et al., 2019). The size of the 

catalyst-ionomer aggregates in the ink can control the pores in the final catalyst layer 

structure. The ratio of ionomer and catalyst can control whether all catalysts are 

effectively utilized by providing protonic access. The link between catalyst ink properties 

and the final catalyst layer structure is not currently well understood. As a result, there is 

a lack of a rational approach to designing the optimum catalyst layer structure that 

yields high performance (Van Cleve et al., 2019).  

    New research on ink composition and application methods aims to maximize the total 

utilization of the catalyst while also balancing durability and reactant transport (Van 

Cleve et al., 2019). This contributes to the development of PEMFCs for commercial 

applications, especially in the heavy-duty vehicle sector (Van Cleve et al., 2019). 

https://paperpile.com/c/zVZfnP/YyfZs
https://paperpile.com/c/zVZfnP/YyfZs
https://paperpile.com/c/zVZfnP/YyfZs
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NOTES 
This section contains all the notes I have written summarizing the papers I have read 
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September Background Research 

Summary Notes 

September 30, 2024:  

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 

Membrane Fuel Cells Section 1 

-​ Proton exchange membrane fuel cells (PEMFCs) face significant challenges 

in cost, performance, and durability, especially in the catalyst layers (CLs) 

-​ CLs make up about 42% of the cost of mass-produced PEMFCs 

-​ Two ways to reduce costs are  

-​ Improve performance and durability  

-​ Lower amount of expensive catalyst used (ex. Platinum) 

-​ These improvements trade off against each other, making it hard to find an 

optimal balance.  

-​ In PEMFCs 

-​ Hydrogen splits into protons and electrons in the anode  

-​ Electrons generate electricity by moving through an external circuit  

-​ Protons move to the cathode, where they react with oxygen to form 

water 

-​ The O2 reduction reaction (ORR) at the cathode is slower and more 

complicated than the hydrogen oxidation (HOR) at the anode.  

-​ Water buildup can block reactions, causing a problem known as ‘water 

flooding.’ 

-​ If the CL design is poor, hydrogen peroxide (H2O2) can form and damage 

components.  

-​ Platinum is the most common catalyst because it has been proven effective 

but is very expensive. 

-​ Researches are exploring  

-​ Pt alloys to reduce the amount of Pt needed (therefore reducing cost) 

and improve performance. 

-​ Using non-precious metal catalysts → not as reliable or efficient  

-​ An effective CL should 

-​ Activate O2 effectively  



-​ Remove water easily 

-​ Be stable in corrosive conditions  

-​ Transport reactants, products, electrons, and heat efficiently 

-​ There is no agreement on the best CL structure  

-​ The structure is very important because it impacts short and long-term 

performance. 

-​ CL structure spans from nanometer to micron levels  

-​ Including CL thickness, pore size, and arrangement of catalyst 

particles  

-​ A better understanding of CL structure and performance is needed to 

improve fuel cells.  

-​ Despite progress, more improvements are needed to enhance mass 

transport and catalyst usage in PEM fuel cells.  

-​ Long-term use degrades CL structure, leading to performance loss over 

time.  

-​ The article reviews the current understanding of CL structure and 

performance and discusses the experimental techniques used to study 

them. 

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 

Membrane Fuel Cells Section 2.1 

-​ The catalyst layer (CL) is formed during the fuel cell production process 

and is affected by ingredients, methods, and conditions. 

-​ Early fuel cells used a lot of platinum, making them incredibly expensive 

-​ PTFE is added to make the CL waterproof and stabilize catalysts, but too 

much can reduce efficiency by covering the catalyst surface.  

-​ Carbon-supported platinum (Pt/C) was introduced to reduce platinum 

usage. Pt loading was cut down to 0.35mg/cm2 without a change in 

performance levels.  

-​ Nafion polymer replaced PTFE, improving cell performance by enhancing 

proton transport and increasing surface area for reactions.  

-​ Three thin-film methods 

-​ Catalyst coated on gas diffusion layer (GDL) known as CCS, the 

catalyst is coated on a gas diffusion layer.  

-​ Catalyst coated on membrane known as CCM, the catalyst is coated 

directly on the membrane for better contact. 

-​ Decal transfer method known as DTM, the catalyst is transferred 

from a decal substrate to the membrane.  



-​ Challenges include minimizing catalyst penetration into gas diffusion 

layers and maintaining a balance between performance and durability.  

-​ Ultra-thin CLs: new methods of applying catalyst ink have created thin 

layers of catalysts using even less platinum.  

-​ Nanostructured thin-film (NSTF) CLs are super thin layers that have 

gained attention for reducing the cost of platinum, but they have issues like 

water buildup and low durability.  

-​ Focus on efficiency: There is ongoing work to improve methods for 

making these layers thinner, cheaper, and more durable for industrial use.  

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 

Membrane Fuel Cells Section 2.4 

-​ The way that CLs are made can change depending on things such as the 

materials, composition, methods, and procedures used.  

-​ PTFE-bonded CLs are super strong because they use a lot of platinum, but 

platinum is expensive, so this method isn’t used much in industries.  

-​ While Pt is very expensive, CLs made with little platinum are cheaper, but 

the methods are tricky and challenging to implement for mass production.  

-​ The ionomer-bonded method (thin-film method) is an excellent middle 

ground because it is both durable and affordable. This method could get 

even better with improvements in how the CLs are structured.  

-​ To see the microstructures of CLs, scientists use different types of 

microscopes (SEM, TEM, optical, etc.), which show the surface in varying 

details) 

-​ To see the inside of CLs, 3D X-ray CT and other techniques are used.  

-​ Advanced 4D microscopy can be used to look at stuff like chemical 

composition, temperature, or how CLs change over time.  

-​ The pore structure (how many and how large they are) is measured using 

various techniques, such as a densimeter.  

-​ The solid structure can be studied using methods like Raman spectroscopy.  

​ Structure, Property, and Performance of Catalyst Layer in Proton Exchange 

Membrane Fuel Cells Section 4.6 

-​ Researchers use a bunch of methods and models to study the 

electrochemical properties of CLs 

-​ Key properties include exchange current density, charge transfer 

coefficient, surface area, electrode roughness, and both electronic and 

protonic conductivities.  

-​ These properties help us understand how electrodes work and how well 



they perform in FCs.  

-​ Measuring these electrochemical properties is complicated; sometimes, 

they must be measured indirectly. 

-​ It is incredibly important to check how accurate these methods are.  

-​ There is not a lot of experimental data for some properties, so reliable 

models are rare.  

-​ A few models exist for protonic and electronic conductivity, but more 

testing is required to ensure they are valid.  



October Background Research 

Summary Notes 

October 04, 2024:  

​ Dictating Pt-Based Electrocatalyst Performance in Polymer Electrolyte Fuel Cells, 

from Formulation to Application Intro  

-​ Advantages of PEMFCs:  

-​ Higher efficiency + lower emissions than combustion engine  

-​ Only produces water as a byproduct  

-​ Challenges in Pt use:  

-​ Higher loading than desired for cost-effectiveness  

-​ Current loading exceeds the DOE 2020 target (0.125 gPGM/kW) 

-​ Reducing Pt loading is essential for long-term cost and efficiency 

targets  

-​ Strategies for Improvement:  

-​ Novel electrode fabrication methods  

-​ Conditioning protocols to boost performance 

-​ Advancements in specific reactions like ORR, which impact 

electrode structure and performance  

-​ Ionomer chemistry and catalyst accessibility  

-​ Influence by ionomer properties, Pt accessibility, ionomer thickness, 

ionomer distribution  

-​ Imaging techniques have helped visualize distribution in membrane 

linking structure to performance.  

-​ Research insights 

-​ Ionomer aggregate size and distribution impact ORR efficiency and 

transport  

-​ Adjusting the ionomer-to-carbon ratio affects the coverage  

-​ Research required to connect ionomer-catalyst interactions with 

performance  

​ Dictating Pt-Based Electrocatalyst Performance in Polymer Electrolyte Fuel Cells, 

from Formulation to Application - Conclusion  

-​ Ink composition and testing 



-​ A mix of n-proponal (n-PA) and water  

-​ Testing reveals that water/alcohol content influences ionomer 

distribution and Pt/carbon interactions.  

-​ Water content affects 

-​ Increased anion absorption 

-​ Water-rich ink reduces oxygen transport resistance → smaller 

ionomer aggregates, and improves ionomer distribution on Pt. 

-​ Implications  

-​ Research suggests that prioritizing ionomer properties is important 

as it affects electrode microstructures and density performance.   

-​ Ionomer chemistry considers impacts on ionomer densification and 

distribution beyond kinetic effects.  

​ Intro to Tailoring electrode microstructure via ink content to enable improved rated 
power performance for platinum cobalt/high surface area carbon based polymer 
electrolyte fuel cells  

-​ Advances in PEMFCs:  
-​ Progress has led to the release of hydrogen–fueled vehicles by 

companies such as Toyota, Hyundai, and Honda 
-​ High costs of electrode components still limit widespread use of 

PEMFCs, promoting research for more efficient fuel cells  
-​ DOE targets for PEMFC performance:  

-​ Mass activity > 0.44 A/mgPt 
-​ 300 mA/cm2 at 0.8 V for H2/air operation  
-​ 1.8 W/cm2 at rated power with low Pt loading  

-​ Primary research areas  
-​ Improving catalyst mass activity: enhancing electrocatalyst 

synthesis and post-processing  
-​ Reducing oxygen transport resistance: better Pt site location and 

accessibility  
-​ Incorporating conductive ionomers: low equivalent weight 

ionomers boost conductivity and improve the electrocatalyst 
environment  

-​ Challenges in material inegration  
-​ Focus on individual aspects without fully integrating MEA processes  
-​ Includes catalyst ink formulation, cell assembly, processing, and 

electrode conditioning → all impact performance  
-​ Importance of materials and electrode structure  

-​ Variables such as ink formulation (solvent ratio and ionomer 
chemistry) and processing methods affect the following  

-​ Electrode structure  
-​ Active site accessibility  



-​ Oxygen transport resistance  
-​ Proton conductivity  

-​ Optimization is a iterative process 
-​ Influence of ink solven ratio on electrode performance  

-​ Solvent ratio affect ionomer-catalyst and electrode microstructure  
-​ Water rich inks create more porous structures with smaller particle 

aggregates enhancing oxygen transport and overall performance  
-​ In situ and ex sity characterization  

-​ Methods such as CO displacement chronomperometry, 
electrochemical impedance spectroscopy, and nano-CT provide 
insights into  

-​ Ionomer catalyst interface  
-​ Electrode morphology  
-​ Oxygen transport pathways  

-​ Establish structure property relationships guiding future PEMFC 
development  

​ Conclusion to Tailoring electrode microstructure via ink content to enable improved 
rated power performance for platinum cobalt/high surface area carbon based 
polymer electrolyte fuel cells  

-​ Effect of ink composition on electrode microstructure and performance  
-​ There are significant impacts from water and alcohol content in ink.  
-​ Water rich inks  

-​ Smaller aggregate sizes  
-​ More porous  
-​ Enhance O2 transport within aggregates and through catalyst 

layer  
-​ Characterization techniques and findings  

-​ X-ray scattering and nano-ct 
-​ Smaller aggregate sizes  
-​ Increased porosity in water-rich inks  

-​ In situ electrochemical testing  
-​ Stronger sulfonate absorption of Pt with higher water content  
-​ Moderate differences in ionomer coverage on Pt and carbon  
-​ No significant impact on local O2 tranport where Pt is located 

in support pores  
-​ Performance of water-rich MEAs:  

-​ 70 wt% water content performance comprably to advanced 
materials with novel catalysts, ionomers, and supports  

-​ Highlighted crucial role of ink formulation on overall performance  
-​ Implications for development  

-​ Guidelines for optimization of high-performance materials 
-​ Very important for heavy-duty applications prioritizing efficiency 

and durability  



-​ Supporting data  
-​ Details on metal loading, sulfonate coverages, catalyst particle size, 

pore distribution, diffusion coefficients, MEA performance 
compared to DOE targets   

 
October 06, 2024:  

​ Intro to The Controllable Design of Catalyst Inks to Enhance PEMFC Performance: A 
Review 

-​ Overview of PEMFCs  
-​ Convert chemical energy to electrical energy without combustion  
-​ Efficient, environmentally friendly, suitable for vehicle, stationary, 

and portable power system applications.  
-​ Core of PEMFCs in the MEA, consists of GDL, microporous layer, CL, 

and PEM.  
-​ Catalyst layer is crucial because it is the site of electrochemical 

reactions  
-​ Catalyst layer requirements  

-​ Efficient transport of reactants to catalytic sites  
-​ Quick transport of protons and electrons to catalytic sites  
-​ Effective water removal from CL 
-​ CL microstructure is complex  

-​ Heterogeneous transport properties that affect cost, power 
density, and lifespan  

-​ Formation of CLs 
-​ Depositing catalyst ink onto solid supports (PEM or GDL) 
-​ Catalyst ink consists of catalysts/supports, solvents, and ionomers 
-​ Affecting factors fo PEMFC efficiency 

-​ Component distribution 
-​ Aggregate size 
-​ Pore structure 

-​ Optimizing ink formulation is challenging → based on experience 
not study of interactions  

-​ Ink formualtion  
-​ ionomer/carbon ratio and platinum/carbon ratio crutial for 

optimization  
-​ Catalyst ink is very complex made up of interactions between 

ionomer, particle, and solvent  
-​ Understanding these interactions helps design a CI with optimized 

performance  
-​ Modeling and manufacturing CI 

-​ Modeling is in the early stages but can provide insitghts into design 
of efficient CL 



-​ Deposition methods:  
-​ Ultrasonic spraying  
-​ Electrospray deposition  
-​ Electrospinning  
-​ Slot die coating  
-​ Inkjet printing 
-​ Doctor blade 
-​ Screen printing 
-​ Brush painting  
-​ Gravure  

-​ Each technique has benefits but scaling up to be cost-efficient is 
difficult  

-​ Future  
-​ Continue reserch into ink formulation is important for further 

development  
-​ Critical for commercial use of PEMFCs 

​ Conclusion to The Controllable Design of Catalyst Inks to Enhance PEMFC 
Performance: A Review 

-​ Challenges in scaling CLs 
-​ Scalable and economical manufacturing is crutial  
-​ CLs are produced using CI where catalysts and ionomers are mixed  
-​ Optimizing ink formualtion is difficult due to limited understanding 

of CI formulation  
-​ Importance of modeling 

-​ Makes it a lot easier to understand  
-​ Accurate ink modeling aids in creating an omptimal ink formulation 

and improved CL design  
-​ Continuous ink dispertion needs  

-​ Efficient and continues dispertion technologies essential for 
large-scale production of CL  

-​ Indirect characterization and visualization needed for quantitative 
assessment of ink microstructures 

-​ Review ink deposition techniques  
-​ Various techniques have been discussed for their effects on ink 

formulation and CL performance  
-​ Scaling up while keeping costs low is challenging  

-​ PEMFC development and cost-perfomance challenges  
-​ Hold potential for automotive, public transport, power equiptment, 

etc.  
-​ Cost, performance, and lifespan limit commercialization 

-​ Role of Ink component  
-​ Interactions during ink dispersion, storage, and deposition affect 

microstructure and effectiveness of CL  



-​ Optimizing three-phase interfaces in CL enhances MEA performance  
-​ Interaction control for enhanced CL  

-​ Reducing catalyst-ionomer interactions and increasing 
ionomer-support interactions  

-​ High-density ionomer films near catalyst surfaces redure ORR 
activity.  

-​ Advancements and limitations in ink characterization  
-​ In situ, non destructive, and visual characterization of CI is complex 
-​ Current models rely on DLVO theory and don’t fully capture 

non-DLVO forces  
-​ Future  

-​ Understanding of how internal ink interactions influence CL 
performance  

-​ Research should focus on quantitative understandings and 
optimization of relationships between ink formulation, 
microstructures, and CL properties   

​ Intro to Recent progress in understanding the dispersion stability of catalyst ink for 
proton exchange membrane fuel cell and water electrolyzer 

-​ Global shift  
-​ Movement to hydrogen as sustainable energy carrier 
-​ Aligns with global goal to reduce reliance of fossil fuels  
-​ Reduces carbon emissions across sectors  

-​ Key technologies  
-​ PEMFCs: convert chemical energy from hydrogen and oxygen into 

electricity. Suitable for low-temp operation and long-term 
applications  

-​ PEMWEs: produce hydrogen by decomposing water at anode. 
Creates ultrapure hydrogen product. Beneficial for high current 
density requirements  

-​ Core component - membrane electrode assembly (MEA) 
-​ Comprises of two catalyst layers and solid polymer electrolyte 

membrane  
-​ Essential for PEMFC and PEMWE performance  
-​ Catalyst like Pt utilized in these sustems for reactions involving 

hydrogen and oxygen.  
-​ High catalytic efficiency is crucial for both HOR and ORR in PEMFCs 

and OER and HER in PEMWEs.  
-​ Challenges in manufacturing and performance optimization  

-​ Optimizing CL strucutre through ink formulation and processing 
techniques essential to improve performance  

-​ Focused on understanding role of CI components in CL formation, 
dispertion stability, and microstructure  

-​ Vital for large-scale production  



-​ Research and development needs  
-​ Colloidal stability necessary for effective coating processes  
-​ Interaction between materials in CI is complex and require better 

characterization methods  
-​ Industrial scale manufacturing are promising but require more 

refinement to optimize CL coating 

​ Conclusion to Recent progress in understanding the dispersion stability of catalyst 
ink for proton exchange membrane fuel cell and water electrolyzer 

-​ Catalyst ink stability in manufacturing  
-​ Crucial for industrial scalability  
-​ Instabilities compromise ink’s effectiveness  

-​ Key factors for dispersion stability  
-​ Ionomer absoption  

-​ Binding catalyst particles is crutial for stable dispersion  
-​ Ensures and ideal film thickness, stronger forces that keep 

particles evenly dispersed 
-​ Essential for maintaining a conductive network supporting 

transport and performance  
-​ Interaction of ink components  

-​ Ionomers, solvens, and particles influence ink stability  
-​ Optimizing interactions prevent aggregation and maintain 

dispersion → essential for high-quality catalyst layers  
-​ Research gaps  

-​ Model based approaches 
-​ Research focuses on experimental results limiting 

model-based approaches  
-​ Simulation complements experimental methods 

-​ Deeper understanding of how particles aggregate and 
interact with ink  

-​ Non-destructive characterization  
-​ Current methods are indirect with limitations  
-​ Future studies could develop combined techniques 

-​ Rheology and visualization  
-​ Insights into structure-property relationship of ink 

components  
-​ Establish clearer links between ink formulation and 

microstructure of CL  
-​ Reversing agglomeration  

-​ Reverse agglomeration and sedimentation  
-​ Quick efficient techniques to re-disperse catalyst inks for 

improved ability to be manufactured  



November Background Research 

Summary Notes 
November 15, 2024: 

​ Intro to Effect of Catalyst Ink Properties on the Performance of Proton Exchange 
Membrane Fuel Cell and Water Electrolyzer: A Mini Review 

-​ Importance of CL  
-​ Composed of carbon-supported catalysts and ionomers  
-​ Pivotal to cell performance due to influence on charge and mass 

transport  
-​ Oxygen transport governed by pore size and distribution within CL 

-​ Catalyst ink and application methods 
-​ Ink is formulated by dispersing components such as ionomer, 

catalyst, and solvent. The ink is then deposited onto the substrate or 
PEM using a coating method.  

-​ After application, an interconnected network forms within CL, 
combining catalyst, ionomer, and pores → essential for high cell 
performance. Controlling the catalyst-ionomer interface to enhance 
proton conductivity and creating a porous structure for mass 
transport efficiency involved.  

-​ Role of rheology  
-​ Key technique for analyzing catalyst ink microstructure  
-​ Offers insights into drying  
-​ Helps connect ink formulation, processing methods, and CL 

microstructure to overall performance  
-​ Cost and material differences in AEM systems  

-​ PEM systems use expensive catalysts such as Pt 
-​ Anion exchange membrane fuel cells use more cost-effective 

catalysts but are not as durable.  
-​ Impact of ink composition on performance  

-​ PEM is sensitive to mass transfer characteristics within CL, which is 
critical to studying the influence of different ink compositions on CL 
structure  

-​ Refine ink formulations to enhance electrochemical performance in 
PEMFCs 

​ Conclusion to Effect of Catalyst Ink Properties on the Performance of Proton 
Exchange Membrane Fuel Cell and Water Electrolyzer: A Mini Review 

-​ Catalyst layer structure and formation  
-​ CL is a multiscale porous structure consisting of interconnected 

catalysts and ionomers.  



-​ Critical for effective transport of reactants and products to and from 
active sites  

-​ Catalyst inks contain agglomerates of catalysts, ionomers, and 
solvents  

-​ While drying, these form the CL microstructure, which directly 
impacts the performance and durability of MEA 

-​ Key factors influencing CL microstructure  
-​ Shaped by several factors that can be controlled  

-​ Cluster size  
-​ Catalyst and ionomer content  
-​ Solvent type  
-​ Additives and dispersants  
-​ Dispersion method  

-​ Affect rheological properties, which are essential for creating a 
stable CL.  

-​ Viscosity  
-​ Viscoelasticity  
-​ Thixotropy  

-​ Rheological design for commercialization  
-​ Careful rheological design is essential for large-scale, commercial 

applications.  
-​ Both ink rheology and coating process parameters affect CL 

formation at each deposition stage.  
-​ The relationships help enable optimization and achieve consistent 

high-performing electrodes when scaled. 
-​ Challenges and the future  

-​ Future should focus on exploring the microstructure of catalyst ink 
and CLs, maintaining a range of solid concentrations, and refining 
coating and drying processes. 

-​ Research on AEM systems is important to understanding ink 
composition and dispersion methods and their effects on rheological 
properties, electrode structure, and performance. 

-​ Research on AEM is limited, but advances this will be key to 
developing efficient alternatives to PEM-based devices.  



EXPERIMENTAL PROCEDURES 
This section contains a list and description of all materials and equipment that are being 

used in this experiment. Each material will be described along with its source. 

Procedures will be recorded in detail.  



October Experimental Procedures 

October 19, 2024: 
​Write the variables into the proposal 

Independent Variable: The ratio of isopropyl alcohol in the solvent used to mix the catalyst ink.  

Responding Variable: The size of the aggregates in the catalyst ink and the properties of 

the catalyst layer: coverage, ionic resistance, electronic resistance, and pore size.  

Controlled variables: The thickness of the catalyst layer, the concentration of other 

components in the catalyst ink, and the temperature of the environment during the making and 

application of the catalyst ink.  

Confounding Variables:  

-​ I am not sure what a confounding variable is or what the confounding variables would be 

for the experiment happening at the University of Calgary so I will ask Dr. Karan about 

this during our meeting on Monday.  

October 20, 2024: 

​ Write the hypothesis for the research proposal 

If the ratio of isopropyl alcohol in the catalyst ink solvent is increased, then the size of the 

aggregates in the catalyst ink will decrease, leading to improved catalyst layer coverage and 

reduced ionic resistance. This is because a higher concentration of isopropyl alcohol allows 

particles to spread uniformly across the catalyst surface and promotes better interactions with the 

membrane. 

October 25, 2024: 



​ RP confounding variables  

Confounding Variables: 

-​ The mixing technique: could have an affect particle dispersion and aggregate size 

-​ The application technique: could have an impact on the uniformity of the catalyst 

ink on the catalyst layer 



November Experimental Procedures 
 
November 21, 2024: 

​ CYSF hypothesis:  

-​ If the ratio of isopropyl alcohol in the catalyst ink solvent is increased, then 

the size of the aggregates in the catalyst ink will decrease, leading to 

improved catalyst layer coverage and reduced ionic resistance. This is 

because a higher concentration of isopropyl alcohol allows particles to 

spread uniformly across the catalyst surface and promotes better 

interactions with the membrane.  

​ CYSF variables: 

Independent Variable:  

●​ The ratio of isopropyl alcohol in the water-isopropyl alcohol solvent 

mixture used to disperse the ionomer and catalyst in the catalyst ink.  

Responding Variable:  

●​ Catalyst ink properties: catalyst-ionomer aggregate size, viscosity  

●​ Catalyst layer properties: pore size, electronic resistance, ionic resistance, 

and ionomer coverage of the catalyst.  

Controlled Variables:  

●​ The concentration of other components in the catalyst ink.  

●​ The temperature of the environment during the making and application of 

the catalyst ink.  

●​ The thickness of the catalyst layer.  

Confounding Variables:  

●​ The mixing technique could have an effect on particle dispersion and 

aggregate size.  

●​ The application technique could have an impact on the uniformity of the 

catalyst ink on the catalyst layer.  

​ CYSF procedure 



This study will follow the procedure described in sources [15], [16]. A brief 

explanation of the methodology is as follows.  

The first step to be completed is preparing the catalyst ink. Different mixtures of 

isopropyl alcohol and water in known ratios are prepared by weighing the required 

amounts of deionized water and high-purity isopropyl alcohol. The catalyst ink is then 

prepared carefully by measuring the required amounts of materials in a beaker and 

mixing them using ultrasonication for thirty minutes, followed by ball milling for 24 

hours.  

Following the preparation of the catalyst ink, the particle size distribution is 

determined using the dynamic light scattering (DLS) instrument, specifically the Malvern 

Zetasizer Nano ZS. Additionally, the inks' viscosities are measured using the Anton Paar 

MCR702 Rheometer. The pore size distribution of the catalyst layer is determined using 

the nitrogen adoption technique and BET analyses.  

A commercial four-point probe instrument is utilized to measure the catalyst 

layer's electrical resistance. In this setup, two probes apply an electrical potential while 

the other two probes measure the current. The resistance is calculated from the 

measured potential and current, along with known geometric parameters, such as the 

distance between the probes.  

The catalyst layer ionic resistance is measured within a fuel cell device. First, a 

membrane electrode assembly (MEA) is prepared, consisting of a membrane coated with 

a catalyst layer on each side. The coating of the membrane with the catalyst layer is 

achieved through a process called decal transfer. In this process, the catalyst layer 

deposited on a substrate, as shown in Figure 2 above, is transferred to the polymer 

electrolyte membrane using a hot-pressing method. The resistance of the catalyst layer is 

measured using a specialized electrochemical technique.  

The ionomer coverage of the catalysts is inferred from the double-layer 

capacitance of the catalyst layer. This double-layer capacitance is determined through an 

electrochemical technique known as cyclic voltammetry, which is performed in a fuel 

cell device for the membrane electrode assembly.  

November 27, 2024: 

​ CYSF edits to variables 

https://paperpile.com/c/E1zdkz/OuQH
https://paperpile.com/c/E1zdkz/CYT2


Independent Variable: 

●​ The ratio of isopropyl alcohol in the water-isopropyl alcohol solvent mixture used 

to disperse the ionomer and catalyst in the catalyst ink (changed in 5% 

increments). 

Responding Variables: 

●​ Catalyst ink properties: catalyst-ionomer aggregate size, viscosity  

●​ Catalyst layer properties: pore size, electronic resistance, ionic resistance, and 

ionomer coverage of the catalyst.  

Controlled Variables 

●​ The concentration of other components (ionomer and catalyst) in the catalyst ink.  

●​ The temperature of the environment during the making and application of the 

catalyst ink (20°C - 22°C).  

●​ The thickness of the catalyst layer (10-20 µm). 

●​ The application technique (slot die coating) 

●​ The mixing technique (ultrasonication and ball milling) 

 

​ CYSF edits to procedure (I can’t switch the citation to APA because my Paperpile is 

not working at the moment) 

This study will follow the procedure described in sources [15] and [16]. A brief 

explanation of the methodology is as follows.  

The first step to be completed is preparing the catalyst ink. Different mixtures of 

isopropyl alcohol and water in known ratios are prepared by measuring the required 

volumes of deionized water and high-purity isopropyl alcohol. The catalyst ink is then 

prepared carefully by measuring the required amounts of materials (ionomer, solvent, 

and catalyst) in a beaker and mixing them using ultrasonication for thirty minutes, 

followed by ball milling for 24 hours.  

Following the preparation of the catalyst ink, the particle size distribution is determined 

using the dynamic light scattering (DLS) instrument, Zetasizer Nano ZS (Malvern 

Panalytical, UK). Additionally, the inks' viscosities are measured using a rheometer 

https://paperpile.com/c/E1zdkz/OuQH
https://paperpile.com/c/E1zdkz/CYT2


(Anton Paar MCR702). The pore size distribution of the catalyst layer is determined using 

the nitrogen adoption technique and BET analyses.  

A commercial four-point probe instrument is utilized to measure the catalyst layer's 

electrical resistance. In this setup, two probes apply an electrical potential while the 

other two probes measure the current. The resistance is calculated from the measured 

potential and current, along with known geometric parameters, such as the distance 

between the probes.  

The catalyst layer ionic resistance is measured within a fuel cell device. First, a 

membrane electrode assembly (MEA) is prepared, consisting of a membrane coated with 

a catalyst layer on each side. The coating of the membrane with the catalyst layer is 

achieved through a process called decal transfer. In this process, the catalyst layer 

deposited on a substrate, as shown in Figure 3 above, is transferred to the polymer 

electrolyte membrane using a hot-pressing method. The resistance of the catalyst layer is 

measured using a specialized electrochemical technique – cyclic voltammetry.  

The ionomer coverage of the catalysts is inferred from the double-layer capacitance of 

the catalyst layer. This double-layer capacitance is determined through an 

electrochemical technique known as cyclic voltammetry, which is performed in a fuel 

cell device. This measurement is conducted within the MEA, a key component of a fuel 

cell where electrochemical reactions occur, consisting of the proton exchange 

membrane, catalyst layers, and gas diffusion layers. 



December Experimental Procedures 

December 05, 2024: 

​ Updated procedure for CYSF portal  

​ Procedure: 

    This study will follow the procedure described in (Islam et al., 2022) and (Poojary et al., 

2020). A brief explanation of the methodology is as follows.  

    The first step to be completed is preparing the catalyst ink. Different mixtures of 

isopropyl alcohol and water in known ratios were prepared by measuring the required 

volumes of deionized water and high-purity isopropyl alcohol. The catalyst ink was then 

prepared carefully by measuring the required amounts of materials (ionomer, solvent, 

and catalyst) in a beaker and mixing them using ultrasonication for thirty minutes, 

followed by ball milling for 24 hours.  

    Following the preparation of the catalyst ink, the particle size distribution was 

determined using the dynamic light scattering (DLS) instrument, Zetasizer Nano ZS 

(Malvern Panalytical, UK). Additionally, the inks' viscosities were measured using a 

rheometer (Anton Paar MCR702). The pore size distribution of the catalyst layer was 

determined using the nitrogen adoption technique and BET analyses.  

    A commercial four-point probe instrument was utilized to measure the catalyst layer's 

electrical resistance. In this setup, two probes apply an electrical potential while the 

other two probes measure the current. The resistance was calculated from the measured 

potential and current, along with known geometric parameters, such as the distance 

between the probes.  

    The catalyst layer ionic resistance was measured within a fuel cell device. First, a 

membrane electrode assembly (MEA) is prepared, consisting of a membrane coated with 

a catalyst layer on each side. The coating of the membrane with the catalyst layer was 

achieved through a process called decal transfer. In this process, the catalyst layer 

deposited on a substrate, as shown in Figure 3 above, was transferred to the polymer 

electrolyte membrane using a hot-pressing method. The resistance of the catalyst layer 

was measured using a specialized electrochemical technique – cyclic voltammetry.  

https://paperpile.com/c/zVZfnP/2AsAF
https://paperpile.com/c/zVZfnP/IWme2
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    The ionomer coverage of the catalysts was inferred from the double-layer capacitance 

of the catalyst layer. This double-layer capacitance was determined through an 

electrochemical technique known as cyclic voltammetry, which was performed in a fuel 

cell device. This measurement was conducted within the MEA, a key component of a fuel 

cell where electrochemical reactions occur, consisting of the proton exchange 

membrane, catalyst layers, and gas diffusion layers.  

 



February Experimental Procedures 

February 07, 2025: 

To investigate the effect of solvent composition on catalyst ink and catalyst layer 

properties, the ratio of isopropyl alcohol (IPA) in the water-IPA alcohol solvent mixture used to 

disperse the ionomer and catalyst in the catalyst ink was varied in 5% increments. While the ratio 

of water to IPA changed in different tests, the properties of the catalyst ink (catalyst-ionomer 

aggregate size and viscosity) and the catalyst layer properties (pore size, electronic resistance, 

ionic resistance, and ionomer coverage of the catalyst) were measured and analyzed using 

various instruments. To ensure that the changes in these properties were solely due to the 

water-to-IPA ratio in the catalyst ink, many key factors were kept constant: the concentration of 

ionomer and catalyst in the catalyst ink, the environmental temperature (maintained at 20°C and 

22°C), the thickness of the catalyst layer (10-20 µm), the application technique of the catalyst ink 

(slot die coating), and the mixing technique of the catalyst ink (ultrasonication and ball milling). 

This experiment was based on the hypothesis that increasing the concentration of IPA in the 

catalyst ink solvent would decrease the aggregate size in the ink, leading to improved catalyst 

layer coverage and reduced ionic resistance. This is because a higher concentration of IPA allows 

particles to spread uniformly across the catalyst surface and promotes better interactions with the 

membrane.  

 

February 13, 2025: 

​ Notes on DLS 



-​ Measures the Brownian motion of particles in a dispersion 

-​ uses info to determine hydrodynamic size  

-​ Brownian motion is the random movement of particles that results from 

their collision with solvent molecules such as water  

-​ Smaller molecules move/diffuse faster 

-​ The rate of Brownian motion is quantified as the translational 

diffusion coefficient → D 

-​ Hydrodynamic size is the size of a sphere that diffuses at the same rate as 

the particle being measured  

-​ The sphere contains the core particle plus anything bound to its 

surface (ex. Ions, absorbed polymers) 

-​ Measuring diffusion rates 

-​ Particles are illuminated using a laser, and they scatter some of the 

light that hits them.  

-​ If the particles were completely still, there would be a constant 

intensity of scattered light 

-​ In a dispersion, dispersion causes the intensity of light scattered by 

the particles to fluctuate over time (it's dynamic) 

-​ The detected light combines to create a fluctuating intensity signal 

-​ The fluctuations are caused by the interference of light scattered by 

each individual particle 

-​ Intensity changes over time as the particles continue to diffuse 

-​ The speed of the fluctuations depends on the particle diffusion rate 

-​ Smaller particles, faster diffusion, more rapid fluctuations in 

scattered light 

-​ How particle size is measured using this info  

-​ Snapshots of the light scattering signal are taken rapidly one after 

another always compared back to the original signal  

-​ Between consecutive snapshots, the intensity signals are very 

similar 

-​ Snapshots further apart in time have a decrease in similarities 

between them 

-​ Eventually intensity signal changes completely until there is no 

correlation with the original → autocorrelation 

-​ Larger the particles, slower diffusion, longer for a complete loss of 

the correlation to og signal  

-​ Small particle, fast diffusion, fast degradation of correlation to og 



signal 

-​ How do we calculate size? 

-​ Auto correlation enables us to extract the translational diffusion 

coefficients  

-​ The values are used in the stokes einstein equation to obtain size 

information dH = kT/3πηD 

-​ dH → hydrodynamic diameter  

-​ K = boltzmann’s constant  

-​ T = absolute temperature  

-​ Η = viscosity  

-​ D = diffusion coefficient 

-​ Using DLS the size of all the particles can be quickly determined 

-​ The size distribution measured is shown as intensity 

distribution  

-​ This is the primary result and shows intensity of scattered 

light from each size population present in sample 

-​ Results can be converted into volume or number-sized 

distribution if needed  

-​ Malvern Panalytical DLS can  

-​ Measure particle size distributions to less than a nanometer up to 

several microns in size 

-​ Rapid non invasive technique that is extremely versatile and used in 

thousands of applications 

-​ Characterize pigments used in paints, dyes, inks  

-​ Advance research into drug delivery systems  

-​ Improve formulation of emulsions and colloidal systems 

-​ Investigate and improve vaccine and drug formualtions  

-​ And many more 

​ Paragraph on ink preperation  

This study will follow the procedure described in sources [1] and [2]. A brief explanation 
of the methodology is as follows.  

The first step to be completed is the preparation of the carbon ionomer dispersion catalyst 

ink. Different inks were prepared by mixing carbon black (Vulcan XC-72, Cabot Corp., place of 

origin) with a surface area of 223m2/g [3], water, and a mix of isopropyl alcohol (IPA) (make, 

https://paperpile.com/c/9pE0yn/CiAL
https://paperpile.com/c/9pE0yn/2Fef
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Sigma Aldrich, place of origin) and deionized water in known ratios, which acts as the dispersion 

media. A 20 wt% Nafion ionomer dispersion (Nafion, Ion Power Inc., place of origin) was used 

to control the water content in the ink. Both the target ionomer-to-carbon ratio (I/C) of 0.8 and a 

solid-to-liquid (S/L) ratio of 0.05 were maintained while preparing the catalyst ink for all 

dispersions. Before using the Nafion ionomer, it was homogenized for 24 hours at room 

temperature, and that homogenization was followed by 30 minutes of sonication. Following this, 

the components of the ink were added in a set order: carbon first, then water, followed by IPA, 

and ending with the Nafion ionomer. The mixture was then probe-sonicated for a total of two 

minutes in four-second on/off cycles. After that, 16.5g of zirconia balls were added to the vial for 

every 200mg of carbon in the ink. The vial was sealed to prevent evaporation of the solvent and 

mixed on a roller mixer at 70 rpm for 15 hours.  

​ Paragraph on DLS and average particle size  

Following the preparation of the catalyst ink, its average particle size was determined 

using the dynamic light scattering (DLS) instrument (Zetasizer Nano ZS, Malvern Panalytical, 

UK), which measures the Brownian motion of particles in a dispersion [4]. Brownian motion is 

the random movement of particles that results from their collisions with solvent molecules, such 

as water. DLS quantified this movement of particles using the translational diffusion coefficient 

(D) and calculated the hydrodynamic size – the size of a sphere that diffuses at the same rate as 

the particle being measured, including anything bound to the surface of the particle (ions, 

absorbed polymers, etc.). When a laser beam is directed at the ink sample, the particles scatter 

light, and due to the dynamic nature of the sample, the intensity of light scattered by the particles 

fluctuates over time. Autocorrelation tracks these fluctuations by comparing the intensity signals 

https://paperpile.com/c/9pE0yn/6S1s


at different time intervals to determine how long it takes for the signal to lose all correlation with 

the original signal, and from this, the translational diffusion coefficient can be found to use in the 

Stokes-Einstein equation, which related the diffusion coefficient to the particle size, temperature, 

and viscosity of the solvent. The Stokes-Einstein equation states that dH =  kT⁄3πηD where dH is 

the hydrodynamic diameter, k is Boltzmann’s constant, T is the absolute temperature, η is 

viscosity, and D is the diffusion coefficient. The Malvern Panalytical DLS can measure particle 

size distribution down to the nanometer scale, which makes this technique useful in applications 

such as the formulation of catalyst ink for proton-exchange membrane fuel cells [4]. Each ink 

sample underwent three trials using the Malvern Panlytical DLS system and calculations using 

the Stokes-Einstein equation and the results were averaged to determine the average particle size 

of each ink sample.  

February 15, 2025:  

​ Write a paragraph on electrical conductivity for procedures 

After the catalyst ink was deposited onto the Teflon substrate and the solvent evaporated 

to create the CL structure, the electrical conductivity of the layer was determined. To do this, the 

electrical resistance first needs to be determined using a two-probe multimeter (Fluke 177 

True-RMS Digital Multimeter, Fluke, place of origin). A small sample (2cm x 5cm) of the CL 

was cut, and its thickness was measured using calipers. The CL was deposited on a Teflon 

substrate 52 microns thick, so the thickness of the CL was found by subtracting the thickness of 

the Teflon substrate from the total thickness of the CL and the Teflon substrate. The process of 

finding the thickness of the CL was repeated in three different spots on the same sample. This is 

because the thickness at three different points of the sample may not be exactly the same since 

https://paperpile.com/c/9pE0yn/6S1s


the sample may not be perfectly even although a good sample should be. The average of the 

thicknesses of the CL was taken to be used in the electrical conductivity calculation. To measure 

the resistance of the CL, the sample is placed face down on two copper strips, which are good 

conductors of electricity. The two probes of the multimeter were placed on either copper strip 

and the mutlimeter returned the resistance of the CL. Once the electronic resistance of the layer 

was determined, the electrical conductivity (σ) was calculated using the formula σ = L/(RA) 

where L is the thickness of the sample, R is the resistance, and A is the area of the sample. The 

measurements were repeated for three different cut samples from the same deposited catalyst 

layer, and the average of the calculated electrical conductivities was taken in order to determine 

the electrical conductivity of each ink sample.  

​ Write a paragraph on BJH average pore width for procedures 

The BJH average pore width of the CL was determined using nitrogen (N2)-sorption 

analysis. The dried deposited CL prepared to find the electrical conductivity was scratched into 

powder form. Approximately 120mg of this powder was used for analysis. To remove any 

absorbed moisture or gases, the sample of powder was degassed at 160°C for at least 12 hours. 

Nitrogen adsorption and desorption isotherms were collected at 77 Kelvin using a 3FlexTM 

analyzer (Alberta Sulphur Research Ltd., University of Calgary Research Center), with pressure 

varying from 1mmHG to 760mmHG. The sample’s porosity was determined using BET analysis 

to measure its nitrogen adsorption capacity. The pore size distribution was then determined using 

the Barrett-Joyner Halenda (BJH) method, which was used to analyze the pore size distribution 

of materials, focusing on mesopores [5]. It used nitrogen adsorption and desorption of isotherms 

obtained from BET analysis, applying the Kelvin equation to convert pressure values into pore 

https://paperpile.com/c/9pE0yn/APfQ


diameters. By looking at the desorption branch of the isotherm, the BJH method was used to 

calculate the pore width distribution. This is important for understanding the performance of the 

CL and helps track changes in pore structure [5]. For each powder sample, this process was 

repeated three times, and the average was calculated in order to get the best representation of the 

BJH average pore width for each sample.  

 

February 16, 2025: 

​ Write a paragraph on how the data was graphed for procedures 

In order to visually represent the data collected using the above procedures, Microsoft 

ExcelTM (Excel 2024) was used to create graphs. Three tables were then created where each 

property measured – average particle size, electrical conductivity, and BJH average pore width – 

was plotted against water content (wt.%) with water content as the manipulated variable and the 

property as the responding variable. Each table was then converted into a graph using Excel’s 

graphing tool. The average particle size was graphed on a bar graph, and error bars were added 

using the standard deviation formula:  where  is the standard deviation σ =
Σ(𝑥

𝑖
−𝑥)

2

𝑛−1 σ

(nanometers), xi is the individual particle size measurements from the three trials (nanometers),  𝑥

is the average particle size (nanometers), and n is the number of trials conducted. Both the 

electrical conductivity and the BJH average pore width were plotted on a discrete line graph. 

These visual representations made it easier to identify relationships between water content and 

each measured property. Examining the patterns in the data allows for the impact of solvent 

composition on catalyst ink and CL properties to be effectively evaluated. 

https://paperpile.com/c/9pE0yn/APfQ


February 18, 2025: 

​ Lauren’s edits to my paper  

Procedures Section of Final Paper  

​ To investigate the effect of solvent composition on catalyst ink and catalyst layer (CL) 

properties, the ratio of isopropyl alcohol (IPA) in the water-IPA alcohol solvent mixture used to 

disperse the ionomer and catalyst in the catalyst ink was varied in 5% increments. The properties 

of the catalyst ink and the CL were measured and analyzed using various instruments for each 

water-to-IPA ratio. To ensure that the changes in these properties were solely due to the 

water-to-IPA ratio in the catalyst ink, many key factors were kept constant: the concentration of 

ionomer and catalyst in the catalyst ink, the environmental temperature (maintained at 20°C and 

22°C), the thickness of the CL (10-20 µm), the application technique of the catalyst ink (slot die 

coating), and the mixing technique of the catalyst ink (ultrasonication and ball milling). This 

experiment was based on the hypothesis that increasing the concentration of IPA in the catalyst 

ink solvent would decrease the aggregate size in the ink, leading to improved CL coverage and 

reduced ionic resistance. This is because a higher concentration of IPA allows particles to spread 

uniformly across the catalyst surface and promotes better interactions with the membrane.  

​ This study will follow the procedure described in sources [1] and [2]. A brief explanation 

of the methodology is as follows.   

 

Preparation of the Catalyst Ink: 

The first step that was completed was the preparation of the carbon ionomer dispersion 

catalyst ink. Different inks were prepared by mixing carbon black (Vulcan XC-72, Cabot Corp., 

https://paperpile.com/c/9pE0yn/CiAL
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Massachusetts) with a surface area of 223m2/g [3], water, a mix of isopropyl alcohol (IPA) 

(Sigma Aldrich, Missouri), and deionized water in known ratios, which acted as the dispersion 

media. A 20 wt% Nafion ionomer dispersion (Nafion, Ion Power Inc., Deleware) was used to 

control the water content in the ink. Both the target ionomer-to-carbon ratio (I/C) of 0.8 and a 

solid-to-liquid (S/L) ratio of 0.05 were maintained while preparing the catalyst ink for all 

dispersions. Before using the Nafion ionomer, it was homogenized for 24 hours at room 

temperature, and that homogenization was followed by 30 minutes of sonication. Following this, 

the components of the ink were added in a set order: carbon first, then water, followed by IPA, 

and ending with the Nafion ionomer. The mixture was then probe-sonicated for a total of two 

minutes in four-second on/off cycles. After that, 16.5g of zirconia balls were added to the vial for 

every 200mg of carbon in the ink. The vial was sealed to prevent evaporation of the solvent and 

mixed on a roller mixer at 70 rpm for 15 hours.  

 

Average Particle Size: 

Following the preparation of the catalyst ink, its average particle size was determined 

using the dynamic light scattering (DLS) instrument (Zetasizer Nano ZS, Malvern Panalytical, 

UK), which measured the Brownian motion of particles in a dispersion [4]. Brownian motion is 

the random movement of particles that results from their collisions with solvent molecules, such 

as water. DLS quantified this movement of particles using the translational diffusion coefficient 

(D) and calculated the hydrodynamic size – the size of a sphere that diffused at the same rate as 

the particle being measured, including anything bound to the surface of the particle (ions, 

absorbed polymers, etc.).  

https://paperpile.com/c/9pE0yn/cLhV
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When a laser beam is directed at the ink sample, the particles scatter light, and due to the 

dynamic nature of the sample, the intensity of light scattered by the particles fluctuates over 

time. Autocorrelation tracked these fluctuations by comparing the intensity signals at different 

time intervals to determine how long it took for the signal to lose all correlation with the original 

signal. From this, the translational diffusion coefficient was determined to be used in the 

Stokes-Einstein equation, which relates the diffusion coefficient to the particle size, temperature, 

and viscosity of the solvent. The Stokes-Einstein equation states that  where dH is 𝑑
ℎ
 =  𝑘𝑇

3πη𝐷

the hydrodynamic diameter (nanometers), k is Boltzmann’s constant (joules/Kelvin), T is the 

absolute temperature (Kelvin), η is viscosity (pascal-seconds), and D is the diffusion coefficient 

(meters squared per second). The Malvern Panalytical DLS can measure particle size distribution 

down to the nanometer scale, which makes this technique useful in applications such as the 

formulation of catalyst ink for proton-exchange membrane fuel cells [4]. Each ink sample 

underwent three trials using the Malvern Panlytical DLS system and calculations using the 

Stokes-Einstein equation and the results were averaged to determine the average particle size of 

each ink sample.  

 

Electrical Conductivity: 

After the catalyst ink was deposited onto the Teflon substrate and dried in a vacuum oven 

at 60°C overnight to allow the solvent to evaporate to create the CL structure, the electrical 

conductivity of the layer was determined. To do this, the electrical resistance first needed to be 

determined using a two-probe multimeter (Fluke 177 True-RMS Digital Multimeter, Fluke, 

Washington). A small sample (2cm x 5cm) of the CL was cut, and its thickness was measured 

https://paperpile.com/c/9pE0yn/6S1s


using calipers. The CL was deposited on a Teflon substrate 52 microns thick, so the thickness of 

the CL was found by subtracting the thickness of the Teflon substrate from the total thickness of 

the CL and the Teflon substrate. The process of finding the thickness of the CL was repeated in 

three different spots on the same sample. This is because the thickness at three different points of 

the sample may not be exactly the same since the sample may not be perfectly even though a 

good sample should be. The average of the thicknesses of the CL was taken to be used in the 

electrical conductivity calculation.  

To measure the resistance of the CL, the sample was placed face down on two copper 

strips, which are good conductors of electricity. The two probes of the multimeter were placed on 

either copper strip, and the multimeter returned the resistance of the CL. Once the electronic 

resistance of the layer was determined, the electrical conductivity (σ) was calculated using the 

formula  where L is the thickness of the sample (microns), R is the resistance (ohms), σ =  𝐿
𝑅𝐴

and A is the area of the sample (centimeters squared). The measurements were repeated for three 

different cut samples from the same deposited catalyst layer,  and the average of the calculated 

electrical conductivities was taken in order to determine the electrical conductivity of each ink 

sample.  

 

Barrett-Joyner-Halenda (BJH) Average Pore Width: 

The BJH average pore width of the CL was determined using nitrogen (N2)-sorption 

analysis. The dried deposited CL prepared to find the electrical conductivity was scratched into 

powder form. Approximately 120mg of this powder was used for analysis. To remove any 

absorbed moisture or gases, the sample of powder was degassed at 160°C for at least 12 hours. 



Nitrogen adsorption and desorption isotherms were collected at 77 Kelvin using a 3FlexTM 

analyzer (Alberta Sulphur Research Ltd., University of Calgary Research Center), with pressure 

varying from 1mmHG to 760mmHG. The sample’s porosity was determined using BET analysis 

to measure its nitrogen adsorption capacity. The pore size distribution was then determined using 

the Barrett-Joyner Halenda (BJH) method, which was used to analyze the pore size distribution 

of materials, focusing on mesopores [5]. It used nitrogen adsorption and desorption of isotherms 

obtained from BET analysis, applying the Kelvin equation to convert pressure values into pore 

diameters. By looking at the desorption branch of the isotherm, the BJH method was used to 

calculate the pore width distribution. This is important for understanding the performance of the 

CL and helps track changes in pore structure [5]. For each powder sample, this process was 

repeated three times, and the average was calculated in order to get the best representation of the 

BJH average pore width for each sample.  

 

Graphs and Analysis: 

In order to visually represent the data collected using the above procedures, Microsoft 

ExcelTM (Excel 2024) was used to create graphs. Three tables were then created where each 

property measured – average particle size, electrical conductivity, and BJH average pore width – 

was plotted against water content (wt.%) with water content as the manipulated variable and the 

property as the responding variable. Each table was then converted into a graph using Excel’s 

graphing tool. The average particle size was graphed on a bar graph, and error bars were added 

using the standard deviation formula:  where  is the standard deviation σ =
Σ(𝑥

𝑖
−𝑥)

2

𝑛−1 σ
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(nanometers), xi is the individual particle size measurements from the three trials (nanometers),  𝑥

is the average particle size (nanometers), and n is the number of trials conducted. Both the 

electrical conductivity and the BJH average pore width were plotted on a discrete line graph. 

These visual representations made it easier to identify relationships between water content and 

each measured property. Examining the patterns in the data allows for the impact of solvent 

composition on catalyst ink and CL properties to be effectively evaluated.  

 

References 

[1]​ M. N. Islam, A. B. Mansoor Basha, V. O. Kollath, A. P. Soleymani, J. Jankovic, and K. 
Karan, “Designing fuel cell catalyst support for superior catalytic activity and low 
mass-transport resistance,” Nat. Commun., vol. 13, no. 1, p. 6157, Oct. 2022, doi: 
10.1038/s41467-022-33892-8. 

[2]​ S. Poojary, M. N. Islam, U. N. Shrivastava, E. P. L. Roberts, and K. Karan, “Transport and 
electrochemical interface properties of ionomers in low-Pt loading catalyst layers: Effect of 
ionomer equivalent weight and relative humidity,” Molecules, vol. 25, no. 15, p. 3387, Jul. 
2020, doi: 10.3390/molecules25153387. 

[3]​ A. S. A. Khan, A. Allwar, J. S.- Nazzal, U. Narkiewicz, A. W. Morawski, and B. 
Michalkiewicz, “Evaluation of BET surface area of Vulcan XC-72 carbon. Analysis 
parameters:,” ResearchGate. Accessed: Feb. 17, 2025. [Online]. Available: 
https://www.researchgate.net/figure/Evaluation-of-BET-surface-area-of-Vulcan-XC-72-carb
on-Analysis-parameters_tbl2_280545959 

[4]​ M. Panalytical, “Introduction to Dynamic Light Scattering Analysis.” Accessed: Feb. 17, 
2025. [Online]. Available: https://www.youtube.com/watch?v=ET6S03GeMKE 

[5]​ A. Dey et al., “Doped MXenes—A new paradigm in 2D systems: Synthesis, properties and 
applications,” Prog. Mater. Sci., vol. 139, no. 101166, p. 101166, Oct. 2023, doi: 
10.1016/j.pmatsci.2023.101166. 

 
  

 

http://paperpile.com/b/9pE0yn/CiAL
http://paperpile.com/b/9pE0yn/CiAL
http://paperpile.com/b/9pE0yn/CiAL
http://dx.doi.org/10.1038/s41467-022-33892-8.
http://paperpile.com/b/9pE0yn/2Fef
http://paperpile.com/b/9pE0yn/2Fef
http://paperpile.com/b/9pE0yn/2Fef
http://paperpile.com/b/9pE0yn/2Fef
http://dx.doi.org/10.3390/molecules25153387.
http://paperpile.com/b/9pE0yn/cLhV
http://paperpile.com/b/9pE0yn/cLhV
http://paperpile.com/b/9pE0yn/cLhV
https://www.researchgate.net/figure/Evaluation-of-BET-surface-area-of-Vulcan-XC-72-carbon-Analysis-parameters_tbl2_280545959
https://www.researchgate.net/figure/Evaluation-of-BET-surface-area-of-Vulcan-XC-72-carbon-Analysis-parameters_tbl2_280545959
http://paperpile.com/b/9pE0yn/6S1s
http://paperpile.com/b/9pE0yn/6S1s
https://www.youtube.com/watch?v=ET6S03GeMKE
http://paperpile.com/b/9pE0yn/APfQ
http://paperpile.com/b/9pE0yn/APfQ
http://dx.doi.org/10.1016/j.pmatsci.2023.101166.


March Experimental Procedures 

March 05, 2025: 

 

March 07, 2025:  



 

March 17, 2025: 

​ Edited methods for CYSF 

​    This diagram shows the flow of the methodology used to conduct these experiments. 

As outlined, the first step is the preparation of the catalyst ink. Following the preparation 

of the ink, the three properties of average particle size, electrical conductivity, and 

Barrett-Joyner-Halenda average pore width were measured. These properties are 

outlined in the variables section. The procedures are described in further detail below 

the figure.  

​ ​​



​​ ​    

   To investigate the effect of solvent composition on catalyst ink and catalyst layer (CL) 

properties, the ratio of isopropyl alcohol (IPA) in the water-IPA alcohol solvent mixture 

used to disperse the ionomer and catalyst in the catalyst ink was varied in 5% 

increments. The properties of the catalyst ink and the CL were measured and analyzed 

using various instruments for each water-to-IPA ratio. To ensure that the changes in 

these properties were solely due to the water-to-IPA ratio in the catalyst ink, many key 

factors were kept constant: the concentration of ionomer and catalyst in the catalyst ink, 

the environmental temperature (maintained at 20°C and 22°C), the thickness of the CL 

(10-20 µm), the application technique of the catalyst ink (slot die coating), and the mixing 

technique of the catalyst ink (ultrasonication and ball milling).   

   This study will follow the procedure described in sources (Islam et al., 2022) and 

(Poojary et al., 2020). A brief explanation of the methodology is as follows.   

Preparation of the Catalyst Ink: 

   The first step that was completed was the preparation of the carbon ionomer 

dispersion catalyst ink. Different inks were prepared by mixing carbon black (Vulcan 

XC-72, Cabot Corp., Massachusetts) with a surface area of 223m2/g (Khan et al., n.d.), 

water, a mix of isopropyl alcohol (IPA) (Sigma Aldrich, Missouri), and deionized water in 

known ratios, which acted as the dispersion media. A 20 wt% Nafion ionomer dispersion 

(Nafion, Ion Power Inc., Delaware) was used to control the water content in the ink. Both 

https://paperpile.com/c/Y6xqcw/MvqHe
https://paperpile.com/c/Y6xqcw/1V8R2
https://paperpile.com/c/Y6xqcw/1V8R2
https://paperpile.com/c/Y6xqcw/lpVQq


the target ionomer-to-carbon ratio (I/C) of 0.8 and a solid-to-liquid (S/L) ratio of 0.05 were 

maintained while preparing the catalyst ink for all dispersions. Before using the Nafion 

ionomer, it was homogenized for 24 hours at room temperature, and that 

homogenization was followed by 30 minutes of sonication. Following this, the 

components of the ink were added in a set order: carbon first, then water, followed by 

IPA, and ending with the Nafion ionomer. The mixture was then probe-sonicated for a 

total of two minutes in four-second on/off cycles. After that, 16.5g of zirconia balls were 

added to the vial for every 200mg of carbon in the ink. The vial was sealed to prevent 

evaporation of the solvent and mixed on a roller mixer at 70 rpm for 15 hours.  

Average Particle Size: 

   Following the preparation of the catalyst ink, its average particle size was determined 

using the dynamic light scattering (DLS) instrument (Zetasizer Nano ZS, Malvern 

Panalytical, UK), which measured the Brownian motion of particles in a dispersion 

(Panalytical, 2019). Brownian motion is the random movement of particles that results 

from their collisions with solvent molecules, such as water. DLS quantified this 

movement of particles using the translational diffusion coefficient (D) and calculated the 

hydrodynamic size – the size of a sphere that diffused at the same rate as the particle 

being measured, including anything bound to the surface of the particle (ions, absorbed 

polymers, etc.).  

   When a laser beam is directed at the ink sample, the particles scatter light, and due to 

the dynamic nature of the sample, the intensity of light scattered by the particles 

fluctuates over time. Autocorrelation tracked these fluctuations by comparing the 

intensity signals at different time intervals to determine how long it took for the signal to 

lose all correlation with the original signal. From this, the translational diffusion 

coefficient was determined to be used in the Stokes-Einstein equation, which relates the 

diffusion coefficient to the particle size, temperature, and viscosity of the solvent. The 

Stokes-Einstein equation can be seen below where dH is the hydrodynamic diameter 

(nanometers), k is Boltzmann’s constant (joules/Kelvin), T is the absolute temperature 

(Kelvin), η is viscosity (pascal-seconds), and D is the diffusion coefficient (meters squared 

per second). The Malvern Panalytical DLS can measure particle size distribution down to 

the nanometer scale, which makes this technique useful in applications such as the 

formulation of catalyst ink for proton-exchange membrane fuel cells (Panalytical, 2019). 

Each ink sample underwent three trials using the Malvern Panlytical DLS system and 

calculations using the Stokes-Einstein equation and the results were averaged to 

https://paperpile.com/c/Y6xqcw/qaG0L
https://paperpile.com/c/Y6xqcw/qaG0L
https://paperpile.com/c/Y6xqcw/qaG0L


determine the average particle size of each ink sample. 

Stokes-Einstein equation:  

 ​ 

Electrical Conductivity: 

   After the catalyst ink was deposited onto the Teflon substrate and dried in a vacuum 

oven at 60°C overnight to allow the solvent to evaporate to create the CL structure, the 

electrical conductivity of the layer was determined. To do this, the electrical resistance 

first needed to be determined using a two-probe multimeter (Fluke 177 True-RMS Digital 

Multimeter, Fluke, Washington). A small sample (2cm x 5cm) of the CL was cut, and its 

thickness was measured using calipers. The CL was deposited on a Teflon substrate 52 

microns thick, so the thickness of the CL was found by subtracting the thickness of the 

Teflon substrate from the total thickness of the CL and the Teflon substrate. The process 

of finding the thickness of the CL was repeated in three different spots on the same 

sample. This is because the thickness at three different points of the sample may not be 

exactly the same since the sample may not be perfectly even, though a good sample 

should be. The average of the thicknesses of the CL was taken to be used in the electrical 

conductivity calculation.  

   To measure the resistance of the CL, the sample was placed face down on two copper 

strips, which are good conductors of electricity. The two probes of the multimeter were 

placed on either copper strip, and the multimeter returned the resistance of the CL. Once 

the electronic resistance of the layer was determined, the electrical conductivity (σ) was 

calculated using the formula below, where L is the thickness of the sample (microns), R is 

the resistance (ohms), and A is the area of the sample (centimeters squared). The 

measurements were repeated for three different cut samples from the same deposited 

catalyst layer,  and the average of the calculated electrical conductivities was taken in 

order to determine the electrical conductivity of each ink sample. 

Electrical conductivity: 

 ​ 



Barrett-Joyner-Halenda (BJH) Average Pore Width: 

   The BJH average pore width of the CL was determined using nitrogen (N2)-sorption 

analysis. The dried deposited CL prepared to find the electrical conductivity was 

scratched into powder form. Approximately 120mg of this powder was used for analysis. 

To remove any absorbed moisture or gases, the sample of powder was degassed at 160°C 

for at least 12 hours. Nitrogen adsorption and desorption isotherms were collected at 77 

Kelvin using a 3FlexTM analyzer (Alberta Sulphur Research Ltd., University of Calgary 

Research Center), with pressure varying from 1mmHG to 760mmHG. The sample’s 

porosity was determined using BET analysis to measure its nitrogen adsorption capacity. 

The pore size distribution was then determined using the Barrett-Joyner Halenda (BJH) 

method, which was used to analyze the pore size distribution of materials, focusing on 

mesopores (Dey et al., 2023). It used nitrogen adsorption and desorption of isotherms 

obtained from BET analysis, applying the Kelvin equation to convert pressure values into 

pore diameters. By looking at the desorption branch of the isotherm, the BJH method was 

used to calculate the pore width distribution. This is important for understanding the 

performance of the CL and helps track changes in pore structure (Dey et al., 2023). For 

each powder sample, this process was repeated three times, and the average was 

calculated in order to get the best representation of the BJH average pore width for each 

sample.  

Graphs and Analysis: 

   In order to visually represent the data collected using the above procedures, Microsoft 

ExcelTM (Excel 2024) was used to create graphs. Three tables were then created where 

each property measured – average particle size, electrical conductivity, and BJH average 

pore width – was plotted against water content (wt.%) with water content as the 

manipulated variable and the property as the responding variable. Each table was then 

converted into a graph using Excel’s graphing tool. The average particle size was graphed 

on a bar graph, and error bars were added using the standard deviation formula below 

where is the standard deviation (nanometers), xi is the individual particle size 

measurements from the three trials (nanometers), x is the average particle size 

(nanometers), and n is the number of trials conducted. Both the electrical conductivity 

and the BJH average pore width were plotted on a discrete line graph. These visual 

representations made it easier to identify relationships between water content and each 

measured property. Examining the patterns in the data allows for the impact of solvent 

composition on catalyst ink and CL properties to be effectively evaluated. 

https://paperpile.com/c/Y6xqcw/YGvP6
https://paperpile.com/c/Y6xqcw/YGvP6


Standard deviation:  

 ​ 

 

​ Edits to hypothesis for CYSF  

If the ratio of isopropyl alcohol (IPA) to water in the catalyst ink solvent is 

increased, then the size of the aggregates in the catalyst ink will decrease, leading 

to improved catalyst layer coverage and reduced ionic resistance. This is because 

a higher concentration of isopropyl alcohol allows particles to spread uniformly 

across the catalyst surface and promotes better interactions with the membrane. 

​ Edits to variables for CYSF  

Independent Variable: 

●​ The ratio of isopropyl alcohol in the water-isopropyl alcohol solvent mixture used 

to disperse the ionomer and catalyst in the catalyst ink  

●​ wt.%: 10, 15, 25, 40, 50, 60, 80, 90 

Responding Variables: 

●​ Catalyst ink properties: catalyst-ionomer aggregate size, viscosity  

●​ Catalyst layer properties: pore size, electronic resistance. 

Controlled Variables 

●​ The concentration of other components (ionomer and catalyst) in the catalyst ink. 

●​ The thickness of the catalyst layer. 

  

 

 



DATA COLLECTION & RESULTS 

This section contains raw data, images, and tables with the data gathered. It also contains 

graphs, charts, tables, and pictures that I will be presenting as my results. Notes on 

problems encountered during the data collection and improvements made will also be 

contained in this section. 



February Data Collection and Results 

February 03, 2024: 

 

Water Content (%) Average Particle Size (nm) 

10 309.00 

15 261.00 

25 385.00 

30 492.00 

50 527.60 

60 896.00 

80 749.00 

90 443.00 

 

Water Content (%) Electrical Conductivity (S/cm) 

10 2.97 

15 4.20 

25 3.60 

30 2.70 

50 1.73 

60 1.90 

80 3.48 

90 3.06 

 

 



Water Content (%) Barrett-Joyner-Halenda (BJH) Average 
Pore Width (nm) 

10 28.18 

15 35.90 

25 40.14 

30 27.90 

50 20.78 

60 25.80 

80 21.12 

90 24.15 

February 05, 2025: 

link to Excel sheet with graphs/tables 

​ Avg particle size vs water content  

 

Water Content (wt.%)  Average Particle Size (nm) 

10 309.00 

15 261.00 

25 385.00 

30 492.00 

50 527.00 

60 896.00 

80 749.00 

https://1drv.ms/x/c/493a57a833be4c80/EQvFJk-f2tZNhNIJx0gXWOwBR6ioFzff1eqobYJd3ZYggw


90 443.00 

 

 

 

​ Electrical conductivity vs water content  

 

Water Content (wt.%) Electrical Conductivity (S/cm) 

10 2.97 

15 4.20 

25 3.60 

30 2.70 



50 1.73 

60 1.90 

80 3.48 

90 3.06 

 

 

​ Barrett-Joyner-Halenda (BJH) Avg Pore Width vs Water Content  

 

Water Content (wt.%) 
Barrett-Joyner-Halenda (BJH) Average Pore Width 
(nm) 

10 28.18 



15 35.90 

25 40.14 

30 27.90 

50 20.78 

60 25.80 

80 21.12 

90 24.15 

 

 

 

 



February 07, 2025: 

​ Water content vs. Average Particle Size 

-​ There is a decrease in particle size between 10-15% from 309nm to 261nm  

-​ This decrease is followed by an increase in particle size between 15% and 

60%. The particle size steadily increases, peaking at 896nm at 60% water 

content.  

-​ Beyond 60%, the particle size starts to decrease, dropping to 443nm at 90% 

water content. 

-​ This is not the smallest particle size of all the data  

-​ There is a non-linear relationship between water content and average 

particle size.  

-​ Initially, the slight increases in water content may promote 

dispersion, reducing particle size however, beyond a threshold, 

higher water content seems to lead to particle aggregation, 

increasing particle size until about 60% water content. After that, 

further dilution seems to cause the dispersion of particles again. 

​ Water content vs. electrical conductivity  

-​ There is an initial increase in conductivity between 10% and 15% water 

content, rising from 2.97 S/cm to 4.20 S/cm.  

-​ This is followed by a gradual decline in conductivity between 15% and 50% 

water content, where electrical conductivity decreases from 4.20 S/cm to 

1.73 S/cm. 

-​ Conductivity increases again between 60% and 90% water content, peaking 

at 3.48 S/cm at 80%, then slightly decreases to 3.07 S/cm at 90%.  

-​ Conductivity peaks early, which gives the impression that moderate water 

content optimizes ion mobility. The mid-range decline could result from 

increased particle aggregation (seen in particle size) hindering 

conductivity. The rise seen towards the end of the data trend could be due 

to the redispersion of particles or increased ion availability in highly 

diluted samples.  

February 10, 2025: 

​ Water content vs. BJH Average Pore Width  



-​ There is an increase in pore width between 10% and 25% water content, 

where pore width increases from 28.18nm to 40.14nm.  

-​ This increase is followed by a sharp decrease in pore width between 25% 

and 50%, where pore width drops from 40.14nm to 20.78nm.  

-​ Between 60% to 90% water content, the pore width fluctuates between 

20-25nm without a clear trend.  

-​ The initial increase could be an indicator that water content expands pore 

structures up to 25%. Beyond that, pores may be collapsing, reducing the 

average pore size. The fluctuations at higher water contents could result 

from pores swelling at one point, then collapsing as more water is added.  

​ General patterns 

-​ Particle size vs. conductivity  

-​ Larger particle size seems to correlate with lower conductivity  

-​ This could imply that particle aggregation hinders ion 

movement  

-​ At 60% water content, the average particle size is 896nm (the 

highest recorded), and electrical conductivity is at 1.90 S/cm 

(the lowest recorded) 

-​ Pore width vs. conductivity 

-​ Wider pores seem to correlate with moderate levels of conductivity. 

-​ This being said, the highest conductivity (4.20 S/cm at 15% 

water content) does not correlate to the largest pore size 

(40.13nm at 25% water content).  

-​ This suggests that other factors, such as ion 

concentration/dispersion, play a role in this 

relationship.  

-​ Non-linear relationships  

-​ None of the data sampled above show a purely linear trend with 

water content.  

-​ All three variables have peaks and troughs that can be seen in the 

graphs, suggesting transitional spots.  

February 19, 2025: 

 

Average Particle Size (nm) Electrical Conductivity (S/cm) 



309.00 2.97 

261.00 4.20 

385.00 3.60 

492.00 2.70 

527.00 1.73 

896.00 1.90 

749.00 3.48 

443.00 3.06 

 

 

Electrical Conductivity Barrett-Joyner-Halenda (BJH) Average Pore Width 



(S/cm) (nm) 

2.97 28.18 

4.20 35.90 

3.60 40.14 

2.70 27.90 

1.73 20.78 

1.90 25.80 

3.48 21.12 

3.06 24.15 

 

 



Average Particle Size (nm) 
Barrett-Joyner-Halenda (BJH) Average Pore Width 
(nm) 

309.00 28.18 

261.00 35.90 

385.00 40.14 

492.00 27.90 

527.00 20.78 

896.00 25.80 

749.00 21.12 

443.00 24.15 

 



February 20, 2025: 

​ Water content vs. average particle size  

-​ Not a strictly linear relationship  

-​ Smaller particles (ex., 261 nm) tend to have higher conductivity (4.20S/cm) 

-​ Larger particles (ex., 896 nm) tend to have lower conductivity (1.90S/cm) 

-​ There is an inverse trend: as particle size increases, conductivity decreases 

-​ This could be because smaller particles provide a higher surface area, 

enhancing charge transfer efficiency, which is important for catalyst 

activity in PEMFCs 

​ Electrical conductivity v.s BJH average pore width  

-​ The highest electrical conductivity (4.2S/cm) corresponds to a larger pore 

width (35.90nm) 

-​ The lowest electrical conductivity (1.73S/cm) corresponds to a smaller pore 

width (20.78nm) 

-​ General trend suggests that larger pore widths are associated with higher 

electrical conductivity  

-​ This could indicate that well-structured porosity improves ion transport, 

which benefits the performance of PEMFC catalysts 

​ Average Particle Size vs. BJH Avg pore width 

-​ No strict linear correlation between properties  

-​ Smaller particles (261nm, 309nm) have larger pores (35,90nm, 28.18nm)  

-​ Larger particles (896 nm) have moderate pore widths (25.80nm0 

-​ Mid-range particles (385nm, 443nm) correspond to the largest pore widths 

(40.14nm, 24.15nm) 

-​ This suggests that smaller particles tend to form more porous structures 

while larger particles pack more densely, reducing porosity  

​ Key takeaways  

-​ Smaller particles generally result in higher electrical conductivity 

-​ Large pore widths are associated with better conductivity, suggesting 

enhanced transport  

-​ Smaller particles tend to have larger pore widths, potentially improving 

catalyst efficiency  



March Data Collection and Results 

March 05, 2025: 

Graph with error bars  

 

March 13, 2025:  

​ 

  The graph below shows the effect of water content on average particle size. Smaller 

average particle size is better for catalytic activity as it creates a higher surface 

area-to-volume ratio, providing more sites for reactions (Xie et al., 2021). As seen in the 

graph below, the optimum water content in regards to average particle size is 15wt.% 

because this is where average particle size is the smallest.

https://paperpile.com/c/Y6xqcw/ldJN


​    

  The graph below shows the effect of water content on electrical conductivity. High 

electrical conductivity is conducive to an optimal PEMFC as it is indicative of efficient 

electron transport during reactions. This minimizes resistive losses, enhancing overall 

performance of a PEMFC (Xie et al., 2021). As seen in the graph below, electrical 

conductivity peaks at 15wt.%, indicating that this is the most optimal water content for 

electrical conductivity.

https://paperpile.com/c/Y6xqcw/ldJN


 

​ 

   The graph below shows the effect of water content on Barrett-Joyner-Halenda (BJH) 

average pore width. Large BJH average pore width is important for an optimal PEMFC as 

gases need to have enough space to diffuse throughout the cell to facilitate reactions (Xie 

et al., 2021). As seen in the graph below, BJH average pore width peaks at 25wt.%, 

indicating that this is the most optimal water content for average pore width, however, 

average pore width is still relatively high at 15wt.% making this a viable option. 

https://paperpile.com/c/Y6xqcw/ldJN
https://paperpile.com/c/Y6xqcw/ldJN


​ 

   The analysis of the ratio of isopropyl alcohol (IPA) to water in the catalyst ink solvent 

composition highlights many key factors that influence its performance, including water 

content, particle size and pore width, electrical conductivity, and overall efficiency.  

   Water content plays a significant role in determining the particle size, pore structure, 

and conductivity of the ink. The non-linear trends observed in all three graphs above 

indicate a complex relationship between solvent composition and ink behavior.  

   Electrical conductivity is affected by water levels in the ink. When water levels are low 

to moderate, smaller particles are formed, enhancing the conductivity of the ink as ions 

can flow throughout the cell with greater ease. However, excessive amounts of water 

cause particles to aggregate, leading to decreased conductivity as ions are unable to 

efficiently move throughout the proton-exchange membrane fuel cell (PEMFC). 

Interestingly, the data suggests that at very high water contents (between 60wt.% and 

80wt.%), particles seem to redisperse, resulting in an increase in conductivity once again. 

   Particle size and pore width also influence conductivity. Smaller particles and larger 

pores increase the overall conductivity of the catalyst layer and well-structured porosity 

reduces ionic resistance within the cell. 



   Efficiency and overall performance are directly linked to conductivity and ion mobility. 

Higher conductivity and better ion mobility lead to increased efficiency, whereas poor 

dispersion and large particle aggregates create higher resistance, reducing the overall 

performance of a PEMFC.  

   Achieving an optimal balance between all three properties – particle size, average pore 

width, and electrical conductivity – is key for maximizing the performance of a PEMFC.  

​March 17, 2025: 

​ Observations section of the CYSF portal   

The image below shows the instrument used to spread the catalyst ink into an even layer 

to create the catalyst layer.  

​ 

 

The image below shows the catalyst layer, which was prepared using catalyst ink that 

was dried to form the layer. 

  

​ 



 

The following two images show the prepared catalyst ink after it had been fully 

dispersed.  

​    ​  

The image below shows the catalyst ink on the rolling mixer, which ensures that the 

catalyst ink is fully dispersed.  

 

 

The image below shows the two-probe multimeter that was used to find the electronic 

resistance of the catalyst layer, to then be used to find the electrical conductivity of the 

layer. 



 

 

The image below shows the two-probe multimeter used to find the electrical resistance. 

The catalyst layer was placed face down on two copper strips, which conduct electricit,y 

and the multimeter returned the electronic resistance.  

 

 

The image below shows the thickness of the catalyst layer being found using calipers. 

The thickness of the catalyst layer was found by taking the total thickness of the catalyst 

layer and the substrate, then subtracting the thickness of the substrate, which is a known 

value.  



 

 

The table below shows the raw data collected, which shows the different average particle 

sizes of the catalyst ink for different water contents. The last column shows the error bar 

values, which were calculated using standard deviation.  

Water Content (wt.%)  Average Particle Size (nm) 

Error 

Bars 

10 309.00 42.75156 

15 261.00 9.1047 

25 385.00 24.4205 

40 492.00 59.69552 

50 527.00 85.4321 



60 896.00 35.19785 

80 749.00 21.19399 

90 443.00 16.09564 

The table below shows the raw data collected, which shows the electrical conductivity of 

the catalyst layer at different water contents.  

Water Content (wt.%) Electrical Conductivity (S/cm) 

10 2.97 

15 4.20 

25 3.60 

40 2.70 

50 1.73 

60 1.90 

80 3.48 

90 3.06 

The table below shows the raw data collected, which shows the Barrett-Joyner-Halenda 

(BJH) Average Pore Width at different water contents.  

Water Content (wt.%) 

Barrett-Joyner-Halenda (BJH) Average Pore Width 

(nm) 

10 28.18 



15 35.90 

25 40.14 

40 27.90 

50 20.78 

60 25.80 

80 21.12 

90 24.15 

​ 



DISCUSSIONS & CONCLUSIONS 
This section contains an in-depth analysis of my results, whether or not they support my 

hypothesis, any recommendations for improving my project, and any further 

questions/experiments that have arisen from my results. 



 

February Discussions and Conclusions 

February 21, 2025: 

​ Determining Optimal Water Content  

-​  Electrical conductivity: higher conductivity is better 

-​  Average particle size: smaller particles better for catalytic activity  

-​ BJH average pore width: optimal pore size helps in water retention and gas 

diffusion 

​The data shows that 
-​ Electrical conductivity: peaks at 15 wt.% (4.20S/cm) 

-​ Average particle size: smallest at 15 wt.% (261nm) 

-​ BJH average pore width: the highest at 25 wt.% (40.14 nm), but 15wt.% 

(35.90 nm) is also relatively high 

​ 15wt.% appears to be the best because  

-​ It has the highest electrical conductivity (best ion transport) 

-​ The smallest particle size (better catalytic performance) 

-​ A relatively high pore width allowing proper gas and water diffusion  

 

 

 

 

 

 



March Discussions and Conclusions 

March 05, 2025: 

​ Limitations  

-​ Testing period: The performance of PEMFC electrodes may change over 

time. Testing for durability & degradation over extended periods would 

better results 

-​ Limited range of water content tested: The study focused on specific water 

content values. A finer range would provide more precise optimization 

​ Future Directions 

-​ Test more water to IPA ratios to determine the most precise optimum 

-​ Design a set of manufacturing parameters for large-scale production of 

PEMFCs 

March 07, 2025: 

​ Redone conclusions  

-​ Electrical conductivity: peaks at 15 wt.% (4.20S/cm) 

-​ Average particle size: smallest at 15 wt.% (261nm) 

-​ BJH average pore width: highest at 25 wt.% (40.14 nm), but 15wt.% (35.90 

nm) is also relatively high 

-​ 15wt.% appears to be the best 

-​ It has the highest electrical conductivity (best ion transport) 

-​ The smallest particle size (better catalytic performance) 

-​ A relatively high pore width allowing proper gas and water 

diffusion 

March 17, 2025: 

​ Conclusions for CYSF portal  

   The results indicate that electrical conductivity reaches its peak at 15 wt.% with a value 

of 4.20 S/cm. Additionally, the smallest average particle size, measuring 261nm, is also 

observed at the concentration of 15 wt.%. While the BJH average pore width is the 



highest at 25 wt.% (40.14 nm) the value at 15wt.% (25.90 nm) is still relatively high.  

   Based on these findings, 15wt.% appears to be the optimal concentration. It offers the 

highest electrical conductivity, which enhances ion transport. The smallest particle size 

at this concentration contributes to better catalytic performance. Furthermore, the 

relatively high pore width supports proper gas and water diffusion, making 15 wt.% the 

most favorable option.  

​ Sources of Error for CYSF portal  

-​ Testing period: The performance of proton-exchange membrane fuel cell 

(PEMFC) electrodes may change over time due to issues like water 

poisoning, which occurs when the cell fails to efficiently remove excess 

water produced in the cathode. This buildup of water hinders 

electrochemical reactions, reducing the overall efficiency of the fuel cell.  

Testing for durability and degradation over extended periods would yield 

better results. 

-​ Limited range of water content tested: The study focused on specific water 

content values as listed in the variables section. Expanding the range with 

finer intervals would allow for more precise optimization of the solvent to 

be used in the catalyst ink.  

​ Application for CYSF portal  

   Developing efficient proton-exchange membrane fuel cells (PEMFCs) is incredibly 

important to advance sustainable energy alternatives. By enhancing durability, 

performance, and cost-effectiveness, this research supports the creation of PEMFCs for 

commercial applications, helping bridge the gap in the transition to renewable energy. 

One of the most significant applications of efficient fuel cells is in heavy-duty vehicles, 

which are among the largest contributors to greenhouse gas emissions. By improving 

fuel cell technology, these vehicles can transition away from using fossil fuels, reducing 

their ecological footprint.  

   Future work will focus on refining the water-to-isopropyl alcohol (IPA) ratio to 

determine the optimal ratio for catalyst ink formulation and establishing a set of 

manufacturing parameters for large-scale production of PEMFCs. As these advancements 

continue, PEMFCs have the potential to become more affordable and widely accessible. 

In the long term, once they reach cost-effectiveness, fuel cells can be used globally across 

various industries and in regions that do not have access to a reliable source of energy, 



providing a clean and sustainable power source to communities in need.  

 

 

 

 



EMAIL COMMUNICATION WITH MENTOR 

This section contains all email communication between my mentor and me.  

 

 

 



May ‘24 Email Communication 

May 13, 2024: 

I emailed Dr. Karan asking to set up a meeting to discuss the Applied Science Project.  

May 21, 2024 

I sent a follow-up email to my previous one asking to set up a meeting to discuss the 

Applied Science Project.  

May 27, 2024: 

I sent another follow-up email to my previous ones asking about setting up a meeting.  

 

May 29, 2024:  

I got a response from Dr. Karan about connecting. 



 

I replied with a date and time that worked for me. 

 

May 30, 2024:  

It had slipped my mind that I would not be in town on the day of our meeting, and I 

asked him whether a virtual meeting would be okay. 

 

 



April ‘24 Email Communication 

April 21, 2024: 

I emailed Dr. Karan regarding my interest in working in the lab over the summer.  

April 22, 2024:  

I received a reply from Dr. Karan about a summer research opportunity. He also 

mentioned that Dr. Garcia emailed him about the Applied Science Project mentorship.  

I sent an email back to Dr. Karan thanking him for the opportunity and telling him about 

the Applied Science Project.  

 



June ‘24 Email Communication 

June 03, 2024: 

I sent Dr. Karan a Zoom link for our meeting the following day. 

 

June 04, 2024: 

Dr. Karan confirmed our meeting for later in the day. 

 

I send Dr. Karan a copy of my application to ASP. 

 

June 22, 2024:  



I sent Dr. Karan an email regarding meeting with him in person at the University of 

Calgary. 

 

June 25, 2024: 

I sent Dr. Karan a follow-up email to my previous one regarding meeting with him in 

person at the University of Calgary. 

 

 

He replied with a time and a location to meet. 

 

 

I emailed him to confirm the time and location. 

 

June 26, 2024:  

He emailed me after our meeting at the University of Calgary. 



 

I send him an email back thanking him for showing me around.  

 



August ‘24 Email Communication 

August 26, 2024: 

Dr. Garcia sent an email to Dr. Karan about school resuming with forms to fill out. 

 



September ‘24 Email Communication 

September 03, 2024:  

I sent Dr. Karan an email asking him about setting up a meeting to plan my project. 

 

September 06, 2024:  

I sent a follow-up email to Dr. Karan about meeting to discuss my project. 

 

Dr. Karan sent a response back with possible dates and times. 



 

I confirmed a meeting time with him and sent a Zoom invite. 

 

September 08, 2024: 

Dr. Karan sent me a Google Calendar invite for our meeting on Wednesday. 

 

September 11, 2024:  

I sent Dr Karan an email summarizing what we discussed during our meeting. 



 

September 15, 2024: 

I sent Dr. Karan an email reminding him of our coming meeting with a Zoom link and a 

Google Calendar invitation to our meeting. 

 

September 16, 2024: 

I emailed Dr. Karan to thank him for meeting with me and to summarize our meeting.



 

September 20, 2024: 

I sent Dr. Karan an email reminding him of our upcoming meeting and including things I 

wanted to discuss. I also asked him to send me the papers we were looking at during our 

last meeting.  

Dr. Karan sent me an email back, telling me that he would send me notes and articles for 

me to look over. He also said that he would send me a Zoom link for our Monday 

meeting. 



 

I sent an email back thanking him. 

.  

Dr. Karan sent me the first paper he wanted me to look at along with some 

thoughts/notes. 

 

I emailed back, saying that I would have it read by Monday. 

 



Dr. Karan sent me some notes on why it is important to study catalyst ink effects. 

 

See Mentor Written Notes for September 20th.  

Dr. Karan sent me another article with specific sections to read. 

 

September 24, 2024: 

I sent a summary of the things we discussed during our meeting yesterday. 

 

September 25, 2024:  

Dr. Karan sent me the notes from our meeting on September 23rd. 

 



See Mentor Written Notes for September 23rd.  

September 27, 2024:  

I wrote an email to Dr. Karan reminding him of our upcoming meeting on Monday. 

 

September 30, 2024:  

Dr. Karan emailed me to reschedule our meeting. 

 

I confirmed that the time worked for me. 

  



October ‘24 Email Communication 

October 04, 2024:  

I emailed Dr. Karan a summary of the things we discussed during our meeting. 

 

October 08, 2024:  

I emailed Dr. Karan a summary of the things we discussed during our meeting. 



 

October 16, 2024: 

I scheduled an email to Dr. Karan as a reminder for our upcoming meeting tomorrow. 

 

October 17, 2024:  

Dr. Karan confirmed our meeting and asked me to send him a copy of my research 

proposal.  

 

I wrote back with a copy of the email.  

 

October 19, 2024: 

I sent Dr. Karan a summary of our meeting on October 17th. 



 

He replied, saying he is looking forward to reading my RP. 

 

October 23, 2024:  

I sent Dr. Karan a summary of our meeting on October 23rd.  

 



November ‘24 Email Communication 

November 03, 2024:  

I sent Dr. Karan an email with the final draft of my written project proposal. 

 

November 11, 2024:  



I sent Dr. Karan an email with my oral presentation. 

 

November 13, 2024:  

I sent Dr. Karan an email asking about our meeting today. 

 

 

 



 

November 19, 2024:  

I sent Dr. Karan an email thanking him for letting me come into the lab. 

 

November 28, 2024:  

I sent Dr. Karan an email with a list of all the papers I have read and asked if there are 

any more I should read. 



 

November 29, 2024:  

I sent an email to Dr. Karan reminding him of our upcoming meeting on Monday. 



 



December ‘24 Email Communication 

December 04, 2024:  

 

December 05, 2024:  

 

I sent him an email back asking for papers.  



 

December 11, 2024: 

I sent an email to Dr. Karan about the next steps of my project. 

 

December 16, 2024: 

I sent another email to Dr. Karan asking about scheduling a meeting with Vahid, a 

graduate student.



 

Dr. Karan sent me an email saying that he is unable to meet today.  

 

 

Dr. Karan sent me an email copying Vahid so we could schedule a meeting in-person at 

the lab. 



 

Vahid sent me an email with times that he is available to meet.  

 

 

I replied back with a time that works for me to meet 



 

We both confirmed the time 

 

 



January ‘25 Email Communication 

January 06, 2025:  

I sent an email to Dr. Karan asking if we would be meeting because school has resumed. 

 

He emailed back, saying that he is busy and can’t meet today.  

 

I sent him times in the week that I am available to meet.  

 

I sent Dr. Karan another email during class telling him that we are back in class and 

asking for more papers. 



 

January 19, 2025: 

I sent Dr. Karan an email asking if he is available to meet tomorrow.

 

January 20, 2025: 

He responded to my email saying that we can meet at our usual time. 



 

January 22, 2025: 

I sent Dr. Karan a summary of our meeting on Monday. 

 



January 24, 2025:  

I sent another email to Dr. Karan and Vahid asking for data.  

 

January 30, 2025:  

 



 

 

 



February ‘25 Email Communication 

February 03, 2024:  

Vahid sent me an email with more raw data.  

 

Reply: 

 

To Vahid: 

 



February 05, 2025: 

To Vahid: 

 

February 09, 2025: 

From Vahid: 

 

To Vahid: 

 

February 10, 2025: 

From Vahid: 

 



February 11, 2025: 

From Vahid: 

 

February 15, 2025: 

To Vahid: 

 

From Vahid: 



  

To Vahid: 

 



March ‘25 Email Communication 

March 03, 2025: 

To Vahid: 

 

 

From Vahid: 

 

To Vahid: 



 

 

March 05, 2025: 

To Dr. Garcia 

 

From Dr. Garcia  

 

To Dr. Garcia 



 

March 06, 2025: 

From Dr. Garcia 

 

To Dr. Garcia 

 

March 10, 2025: 

To Dr. Karan 



 

From Dr. Garcia 

 

 

March 12, 2025: 



 

March 19, 2025: 

 


