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Limitation: control over active site density and coordination environment

[Fe+N+C’

High temperature H

Imperial College London

» Electronic conductivity

» Accessible surface area

» Tunability by insertion of heteroatoms
* High atomic utilization

Conventional synthesis protocols enable poor control
over the active site structure

* Mixture of atomically dispersed sites and metallic
aggregates

* Inaccessible active sites

* Low active site number and utilization
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Limitation: control over active site density and coordination environment

[<5+N+C}

High temperature H

Mazzoli, Pedersen, Kellner, Hunter, Cai, Wang, Sivula, Haigh, Barrio. Green Chem. 2024
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Limitation: control over active site density and coordination environment
[ MeN+C |
(M = Zn?*, Mg?*)
[ e + N +C ] l
High temperature H OOOO
HN Z
=N
OOOO Organic building blocks
HN ! Low temperature “ Zeolitic Imidazole Frameworks
OOOO Hydrogen bonded frameworks
HN = Porous Organic Polymers
N
Biomass derived chemicals
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A bottom-up approach to engineering active and accessible single sites
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A bottom-up approach to engineering active and accessible single sites
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Electrochemical performance of accessible single sites

X =800-1000°C
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Electrochemical nitrate reduction to ammonia
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Where now?

= O,
NH, X =800-1000°C
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0,+ 4H ' +4e - 2H,0
CO,+2H " +2¢ - CO + H,0
NO; +9H ' +8e - NH;+ 3H,0
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Can we make this materials more sustainable?

Pyrolysis (900°C, Ny)

TAP-POP 900
HN N N
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TAP-POP Mg 900 TAP-POP Mg 900@Fe

Petitdemange, Zhu, Pedersen, Parker, Balaghi, Li, Favero, Martinez, Haigh,
Titirici, Fischer, Barrio. Adv. Funct. Mater 2026.
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Where now?
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Zeolitic imidazole framework-8 (ZIF-8)
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Open porosity in ZIF-8 derived materials
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Impact of heterocyclic amines in zeolitic imidazole frameworks
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Impact of heterocyclic amines in zeolitic imidazole frameworks
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Impact of heterocyclic amines in zeolitic imidazole frameworks

:? ::::2:5 I \ 0 defects
——25% defects
——50% defects
= —— 100% defects N 1 defects
H
S I ) 25% defects
| N 50% defects
l 100% defects
T | A
0.8 0.9 1 1.1 1.2 10 20 30 40 50
Pore width (nm)
500 16
o
EN TAP-ZIF, 1470 m? g™ E
r,Z’Atw —nrn g 3 514
o
) E
‘o 300 2ZIF, 1170 m? g”! 3
o
s A
S 200 £ 0.4
k- Mel-ZIF, 392 2 g'" <
-.g 100 e — - — 202
-]
(7] s
T
< 0 g 0
[3}

0 0.2 0.4 0.6 0.8 1
Relative pressure (P/P;)

Imperial College London

Castells-Gil, Zhu, Itskou, Wolpert, Hunter, Tidey, Pedersen, Solvay, Tyrrell, Petit, Barrio. J. Mater. Chem A. 2025

01 1
Pore width (nm)

dV/dW Pore Volume (cm3 g-* nm-1)

f&ﬁ

0 defects 1 defects
i\ *«1«4& Dy I
(R, R
g ,»“LX A4 Lo ok g
b A

év%i’i i W%&%v
AN «a%
195 1 O

25% defects

Koy A %
I

Reydndy A B

Dr. Emma Wolpert

50% defects 100% defects

x—*%

e
,Vz,z;@»

,?'.

18



5/29/26

Impact of heterocyclic amines in zeolitic imidazole frameworks
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Impact of heterocyclic amines in zeolitic imidazole frameworks

Zn(CH3C02)2.2H20 H Zn(CH3C02)2.2H20 HN NS
HZNWN”Z IPA, 70 C N IPA, 70 C
N?N Bl— ) ‘\ D/_
NH, N
Zn(CH3C02)2.2H20
R IPA, 70 C

Layered phase Mixed-phase

ZIF-IPA-1

ZIF-IPA-1 ¢

» 2-dimensional ZIF phase
* Interconnected ZnN3;O and ZnNOs; tetrahedra
» Corrugated layers stacked along the a axis

Imperial College London
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Two-dimensional ZIF
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2IF-Bulk

2ZIF-exfoliated

Normalized Transmittance

4000 3500 3000 2600 2000 1600
wavenumber / om"

1000 500

10 15 20 25 30

Imperial College London

9

i

Dr. Ramon
Torres-Cavanillas

Rl
0¥

Prof. Kang Li

22
21
Impact of heterocyclic amines in zeolitic imidazole frameworks
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Impact of heterocyclic amines in zeolitic imidazole frameworks
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Mg templating with zeolitic imidazole frameworks )
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Mg templating with zeolitic imidazole frameworks
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Mg templating with zeolitic imidazole frameworks
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Mg templating with zeolitic imidazole frameworks

0,+ 4H " + 4e "> 2H,0E° [Vvs RHE] = 1.23
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1-4 nm pore size

ORR activity

Pedersen, Zhu, Barrio, Parker, Hunter, Haigh, Fellinger, Stephens, Titirici. Mater. Adv. 2026
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Mg templating with zeolitic imidazole frameworks
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Mg templating with zeolitic imidazole frameworks

0,+ 4H " + 4e "> 2H,0E° [Vvs RHE] = 1.23

Activity ‘ Instability
a)10f_ ' b.) 10f _ ' 1c)1of 7 "
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Defective carbon domains (C-O, C=0...) are Quinone/hydroquinone redox peak

preferentially corroded between 0.8 — 0.4 Vrye
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Pedersen, Zhu, Barrio, Parker, Hunter, Haigh, Fellinger, Stephens, Titirici. Mater. Adv. 2026
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Take home message

* Heterocyclic amines display differing roles in
Z|F-8 synthesis

+ Mg?* porogens enable porosity-activity
correlations

Imperial College
London

* More active catalysts display lower stability

Thank you for your attention

@JesBarrio_ [X<] Lbarrio-hermida@imperial.ac.uk
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