
Hydroxide-conducting Porous Materials

Adv. Funct. Mater. 2021, 31, 2100083

Introduction Motivation and Design Strategy 

Conduction Studies DFT Studies

Why porous Polymer?

❖ Ordered structure 

❖ Tuneable surface 

area

❖ Extended Network 

topology

❖ Highly Stable

❖ Atomic accuracy

Characterization of vCOFs

Advantages of Viologen Synthesis of vCOFs

Acknowledgment

❖ We successfully synthesized template-free redox active 

viologen-based cationic covalent organic frameworks (vCOF) 

through solvothermal-assisted Zincke reaction and named as 

vTAPA, which contain chloride ions as counter anions to 

balance the charge of the overall framework, featuring a two-

dimensional network designed to facilitate hydroxide ion 

conduction.

❖ The vTAPA framework exhibited outstanding chemical stability 

in highly alkaline environments (12M) and across a broad pH 

range, ensuring its suitability for demanding applications.

❖ The study elucidated the critical role of steric hindrance in 

tertiary ammonium salts (tetramethyl-, tetraethyl-, and 

tetrabutyl-ammonium hydroxide) for optimizing hydroxide ion 

conduction (Buty> Ethyl> Methyl), with the Butyl@vTAPA 

framework achieving a 1000-fold increase in conductivity 

compared to the bare vTAPA.

❖ Butyl@vTAPA exhibited superior hydroxide anion conductivity 

(1.05 × 10⁻⁴ S cm⁻¹ at 90 °C, 98% RH), outperforming many linear 

polymers and porous frameworks.

❖  Density Functional Theory (DFT) studies provided a 

comprehensive understanding of the framework's preferential 

interaction sites and the optimized O-H network, which 

enhances hydroxide ion transport under humid conditions.

❖ The strategy presented is time-efficient, eliminating the need for 

complex synthetic procedures or the incorporation of guest 

ionic materials, thereby simplifying the framework's preparation 

process. ( supports SDG 7: Affordable and Clean Energy)

❖ To the best of our knowledge, this is the first report describing 

the direct use of a pristine viologen-based covalent organic 

framework as an effective hydroxide conductive material across 

a wide pH range, from acidic to basic environments. ( supports 

SDG 12: Responsible Consumption and Production)

❖  The synthesized vTAPA framework represents a significant 

advancement in hydroxide ion conduction, offering superior 

performance compared to previously reported materials and 

demonstrating its potential for scalable energy solutions. ( 

supports SDG 9 Industry, Innovation, and Infrastructure)
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Objective

Important Outcome

❖ Design and synthesize template-

free viologen-based Covalent 

Organic Frameworks (vCOFs) 

through the solvothermal-

assisted Zincke Reaction.

❖ Check the hydroxide conduction 

efficiencies of these vCOFs by 

using three mild tertiary 

ammonium salts (tetramethyl-, 

tetraethyl-, and 

tetrabutylammonium hydroxide)

❖ Our strategy is time-efficient and 

does not require a crucial 

synthetic procedure. We aim to 

develop advanced clean energy 

technologies and promote 

sustainable production methods.
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6 molecules of  water 

adsorbed per gram of vTAPA

7 molecules of  water 

adsorbed per gram of 

Methyl@ vTAPA

8 molecules of  water 

adsorbed per gram of  

Ethyl@ vTAPA

9 molecules of  water adsorbed per 

gram of Butyll@ vTAPA
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