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% OF GOAL
RESEARCH GOALS ACTUAL PERFORMANCE AND ACCOMPLISHMENTS COMPLETED
Synthesis of linear PIM-1 Successfully synthesized many batches of the PIM-1 polymer 100%
Synthesis of PIM-1 oligomers Successfully synthesized many types of oligomers with different end groups 100%
Casting of membranes Successfully cast membranes both under the IR lamp and oven 100%
TGA testing of membranes Successfully characterized membranes through TGA testing 100%
PIM-1 Hydrolysis membranes Still exploring the aging profile of PIM-COOH membranes both with and 50%

without macrocyclic crosslinkers
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RESEARCH EXPERIENCE
Please let us know what you thought of your research experience: Did this experience meet your expectations? Were lab personnel
helpful and responsive to your needs? What else could have been done to improve your experience or achieve additional results?

Overall, my research experience was great. | gain a ton of valuable laboratory experience and problem-solving experience that will be extremely
beneficial to me as | begin my career. Everyone in the lab was a pleasure to work with and were great mentors to me.



FINAL WRITTEN REPORT

(Please use the space below to describe your research project and objectives, any findings and results you can share, and
graphs, charts, and other visuals to help us understand what you achieved as a result of this research experience.)

Polymer-based membranes for gas separations represent a great opportunity for reducing cost, energy usage, and CO2
emissions in chemical separation processes. One of the primary concerns with using polymers for gas separation is physical
aging. Aging occurs due to polymer chain relaxation to approach thermodynamic equilibrium of chain packing. Aged polymers
have lower free volume and are more densely packed which corresponds to a permeability drop. The PIM-1 polymer is a
representative high-free-volume glassy polymer membrane material, showing ultrahigh permeability and good selectivity.
However, PIM-1 is viewed as imperfect for industry applications due to its rapid physical aging. This research attempts to
address this issue by exploring a macromolecule design of self-semi-interpenetrating networks (ss-IPN) where linear PIM-1
chains penetrate through cross linked unimodal networks of PIM-1 to mitigate crosslinking-induced permeability loss and
prevent the free volume collapse via the rigid network 'scaffold'.

As my research period progressed another preventative method for physical aging, random crosslinking, was explored. The
main drawback to crosslinking is it also causes large permeability losses. The goal of this new scope of research is to utilize
bulky crosslinkers to minimize these permeability losses due to crosslinking. This is done by introducing macrocyclic
crosslinkers with hollow interiors such as beta-cyclodextrin to incorporate permeant free volume elements within the structure.
The base polymer for the random crosslinking trials is created through the hydrolysis of PIM-1 to PIM-COOH.

Image of PIM-COOH film casting

As seen in the above image, we have been able to successfully cast a flexible, homogeneous film of PIM-COOH.
This film could be cut up and tested in the gas cell for permeability testing.



TGA Testing for PIM-COOH
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TGA shows weight loss of Carboxylic acid from the PIM-1 chain

The TGA data showed that a consistent conversion of around ~70% for the PIM-COOH. This gave us
confidence that the reaction mechanism used provides a consistent resullt.

PIM-COOH Membranes in the Gas Cell
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Fresh data comparison between our film and a literature example (Source 1. Katherine Mizrahi Rodriguez et al.
Macromolecules 2020 53 (15), 6220-6234)

The gas cell results show that our PIM-COOH membranes replicate previous literature data from Smith, giving us
confidence in our pure PIM-COOH membrane data going forward as we compare it to the crosslinked PIM-COOH. The next
step in the research is to produce crosslinked PIM-COOH and test the physical aging compared to pure PIM-COOH over a 1-
week, 2-week, 1-month, and 3-month time span.



