Aalborg Universitet AALBORG

UNIVERSITY

Medium-Range Order Structure Controls Thermal Stability of Pores in Zeolitic
Imidazolate Frameworks

Christensen, Rasmus; Bokor, Yossi; Sgrensen, Sgren Strandskov; Biscio, Christophe;
Fajstrup, Lisbeth; Smedskjser, Morten Mattrup

Publication date:
2023

Document _Version
Other version

Link to publication from Aalborg University

Citation for published version (APA):

Christensen, R., Bokor, Y., Sgrensen, S. S., Biscio, C., Fajstrup, L., & Smedskjser, M. M. (2023). Medium-Range
Order Structure Controls Thermal Stability of Pores in Zeolitic Imidazolate Frameworks. Poster presented at
MRS Fall Meeting 2023, Boston, Massachusetts, United States.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

- Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
- You may not further distribute the material or use it for any profit-making activity or commercial gain
- You may freely distribute the URL identifying the publication in the public portal -

Take down policy
If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: December 04, 2025


https://vbn.aau.dk/en/publications/30b99762-74f5-4181-9fad-7245f7a58f70

Background and Objective

Zeolitic Imidazolate Frameworks (ZIFs), a familiy of Metal Organic Frameworks, have
been proposed for application within many fields such as seperation, adsorption and
drug delivery due to their highly porous structures

Certain ZIF compostions such as ZIF-4, ZIF-62 and ZIF-76 can form a glass
upon melt quenching, improving moldability, transport, optical, and mechanical
properties

Many ZIFs loose their porosity upon glass formation, limiting their potential
applications

However, some compostions have shown the ability to retain porosity in the glass
phase like ZIF-76-mblm® and Co-ZIF-622

To find out why some ZIFs collaps, while others remain porous, we investigate the
mechansim controling pore collaps in ZIFs upon melting®

e Simulation Method

We perform a computational study of three glass forming ZIFs

Studied crystals: NN

ZIF-4 Zn(lm)2 \—/ NN
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ADb Initio Molecular Dynamics simulations were performed in CP2K using the
Quickstep package, employing Gaussian and Augmented plane waves.

Exchange-correlation energy assessed using Perdew-Burke-Ernzhof (PBE)
approximation. Valence electrons were described by double-zeta valence polarized
basis sets and Goedecker—Teter—Hutter pseudopotentials

Heating Simulation: 2500
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e Short-range order disordering

- Widening of peaks in RDF
- Decrease in Zn coodination
- Widening of N-Zn-N bond angle
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As ZIF crystals heat up and melt, all crystals
shows a change in their short-range order
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When radii of atoms overlap
- Edges are formed
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Atoms are represented as spheres with a radius

When edges form a closed loop
- Aloop is born
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When a loop is filled in
- The loop dies
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Persistence diagrams
- Plot birth vs death times of loops

Applied to simulations:
- Points spread out as temperature is increased
- Medium-range order changes during heating
- ZIF-76 appears most stable

ldentify Medium Range Order features
- 1D =
- 2D

Quantitative comparison is hard using
persistence diagrams
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Accumulative persistence function (APF)
Summation of persistence diagrams based on their lifetime and mean age
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Allows for quantitative comparison of persistence diagrams
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A shift in the APF for ZIF-4 and ZIF-62 is seen upon heating, showing a break down
of their medium-range order

Retention of medium-range order structures in ZIF-76 is observed upon heating
from its more constant APF. This is despite the observed short range disorder,
and shows that the MRO structures in ZIF-76 are more thermally stable.
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Our findings point to a link between the ability of ZIFs to retain porosity after
melt-quenching and the ability to retain medium-range order structures of the crystal
phase during heating, even when the extent of short-range disorder increases

As such, our work provides the initial steps for understanding how to retain
microporosity in MOF liquids and glasses through tailoring the medium-range order
structures.
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