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1. The challenge: COFs are powerful
but hard to shape
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Dynamic Covalent Bonds
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Porous, Crystalline, Covalent Organic Frameworks
Adrien P. Cote, et al.

Science 310. 1166 (2005)
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Covalent Organic Frameworks: Boron-based COFs

Boroxine ring Boronate
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H. Furukawa, O.M. Yaghi, J .Am. Chem. Soc., 2009, 131, 8875



COFs Design Properties & Applications

Adsorption, storage and
separation
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Covalent Organic Frameworks: Material Design Evolution
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Chemically Robust Imine Based COFs

ARTICLES

PUBLISHED ONLINE: 21 SEPTEMBER 2015 | DOI: 10.1038/NCHEM.2352
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Covalent Organic Frameworks

Robust Materials

Properties
Structural Material Design

RT-COF-1Ac
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Production methods

controlling the shaping and sizing of COFs
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The Objetive: Shaping without losing crystallinity/porosity

Our strategy: Dynamic imine chemistry + controlled nanoaggregation
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TODAY ROADMAP

THE EVOLUTION OF COF MATERIALS: FROM POWDER TO FUNCTIONAL ARCHITECTURES

|

High-crystallinity
Crystalline Organic
Frameworks

Limited processability

KEY CONCEPT: CONTROLLED NANOAGGREGATION

3D-PRINTED
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2. Dynamic imine chemistry as a
route to processability
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NH,

o B CH,COOH

Imine COF Formation at Room Temperature

Mild conditions vs Solvothermal

Very unusual gel based on 2D flakes

Zamora, F. et al Chem-Eur J 2015, 21, 10666-10670.
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GIXRD measurements & |sotherm
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First reported COF gel

Gels: “Dynamic imine chemistry enables COF gelation under mild conditions”
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Zamora, F. et al Chem-Eur J 2015, 21 , 10666-10670.



Uses of imine-based COF gels: Stationary Phase
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3. COF gels and aerogels: porous monoliths from molecular

frameworks e
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F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, 13969-13977
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COF Aerogels

Aerogels: “COF gels can be converted into ultralight porous monoliths

Extremely low densities
(ca.0.02 gcm3)

PPDA-BTCA-COF TAPB-BTCA-COF

F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, 13969-13977 "



disordered porosity to stable interparticle aggregates that give COF nanolayers COI‘IﬂECtEd to form 3D aerogel structure

rise to the meso- and macro-porous structures of the aerogels
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4. From aerogels to membranes: shaping
without losing function



Mechanical Properties of COF Aerogels

Membranes: Pressure-induced shaping transforms aeroggels into _flexible membranes
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F. Zamora et al. Angew. Chem. Int. Ed. 2021, 60, 13969-13977
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TAPB-PDA-AGCOF 769.85 44.48
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Membrane Formation under Pressure from COF Aerogels

From COF monolith to COF membrane
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Flexible COF membranas: Crystallinity and Hieralchical Porosity




Properties & Applications of COF Aerogels

Gas mixture separation Supercapacitors

FEED INLET PERMEATE OUTLET ECOFs as active material
(N,/CO, gas mixture) (COx-rich gas) COF Electrodes in supercapacitors
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Gas Separation using COF membranes
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Flexible COF
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F. Zamora et al. Adv. Sci. 2022, 2104643 27



Gas Separation using COF membranes
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The mixed gas pair selectivity is higher compared to the ideal gas pair selectivity owing to the sorption and diffusion
competition between the gas mixtures. F. Zamora et al. Adv. Sci. 2022, 2104643



COF membranes Performances for Gas Separation

COF membranes show much higher CO, permeability compared with commercial membranes and the separation performance

of our membranes is close to the 2008 upper bound limits
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Imine-based COFs: Gel to Gel to Aerogel synthesis
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Imine- based COFS Gel to Gel to Aerogel SENE
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B-Ketoenamine-Linked COFs via Gel-to-Gel Monomer Exchange Reaction

RESEARCH ARTICLE FUNCTIONAL

www.afm-journal.de

B-Ketoenamine-Linked Covalent Organic Frameworks
Synthesized via Gel-to-Gel Monomer Exchange Reaction:
From Aerogel Monoliths to Electrodes for Supercapacitors

Jesus A. Martin-1llan, Laura Sierra, Ana Guillem-Navajas, José Antonio Sudrez,
Sergio Royuela, David Rodriguez- San-Miguel, Daniel Maspoch, Pilar Ocdn,
and Félix Zamora*
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Carbon@COF Aerogels: Electrochemical Characterization
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Carbon@COF Aerogels: Electrochemical Characterization

Cyclic Voltammetry of AGCOF-3
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Active material Electrolyte

Carbon@COF Aerogels: Supercapacitors

Comparative electrochemical performance of different COF based supercapacitors
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F. Zamora et al. Adv. Func. Mater. 2024, 2403567
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Imine-based COFs: Gel to Gel to Aerogel SUENE

Mixing Monomer Monomer scCO, drying
exchange exchange

0.5cm
AcOH as solvent of reaction COF-gel of TAPB-PDA-COF COF-gel of TZ-PDA-COF COF-gel of TZZ-DMTA-COF



Claim : Dynamic Gel to Gel to Aerogel Exchanges — New Synthetic Platform
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5. 3D printing: toward desighed COF
objects



3D Printing COFs

A new methodology enabling the 3D printing of pure COF monoliths

ADVANCED - NCTIONAL MATERIALS

Research Article (3 OpenAccess (€ @

1 - Ink preparation

3D Printing of Covalent Organic Frameworks: A Microfluidic-
Based System to Manufacture Binder-Free Macroscopic 2 - 3D printer Dr. Sergio Royuela

Monoliths development

Sergio Royuela, Semih Sevim, Guillermo Hernanz, David Rodriguez-San-Miguel, Peter Fischer,

Carlos Franco, Salvador Pangé, Josep Puigmarti-Luis g4, Félix Zamora 24 ) COF ink
Pressure driven pump

First published: 21 December 2023 | https://doi.org/10.1002/adfm.202314634

___ 00 3 - 3D printing
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JA C S 1 - Ink preparation

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

Dr. David Rodriguez

pubs.acs.org/JACS

Biomimetic Synthesis of Sub-20 nm Covalent Organic Frameworks ¢4
in Water >

Carlos Franco,. David Rodriguez-San-Miguel,. Alessandro Sorrenti, Semih Sevim, Ramon Pons, 2‘ <

Ana E. Platero-Prats, Marko Pavlovic, Istvan Szilagyi, M. Luisa Ruiz Gonzalez, Jose M. Gonzalez-Calbet,
Davide Bochicchio, Luca Pesce, Giovanni M. Pavan, Inhar Imaz, Mary Cano-Sarabia, Daniel Maspoch,
Salvador Pane, Andrew J. de Mello, Felix Zamora,* and Josep Puigmarti-Luis*
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3D Printing of COFs

3D printing: “Colloidal control enables direct printing of pure COF architectures”
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Printing into alcohol for direct
surfactant removal

Dr. Sergio Royuela

S. Royuela et al. Adv. Func. Mater 2023, 2314634 > Printing into Alcohol for surfactant removal



3D Printing of COFs
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5. Outlook: processability is a design rule
for functional COFs
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As we have just five minutes left, I will take only 3 million questions. o1
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