5th Annual UK Porous Materials
Conference
UKPorMat 2022
University of Strathclyde, Glasgow
13th – 14th June

UKPorMat 2022 Programme
Day 1 – Monday, 13th June 2022
Time
08:30 - 09:50
09:50 - 10:00
Session 1
10:00 - 10:40

10:40 - 11:00
11:00 - 11:40
Session 2
11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

12:40 - 13:00
13:00 - 14:30
Session 3
14:30 - 15:10
15:10 - 15:30

15:30 - 15:50
15:50 - 16:10
16:10 - 16:40
Session 4
16:40 - 17:00
17:00 - 17:20
17:20 - 18:00
18:00 - 21:00

Event
Conference Registration in the main foyer of the Technology and Innovation
Centre (TIC), University of Strathclyde
Miguel Jorge, University of Strathclyde
Welcome and opening remarks – TIC Auditorium B/C
Chair: Miguel Jorge
Dalton Transactions Lecture
Stefan Kaskel, TU Dresden
Dimensionally controlled chemistry of Metal-Organic Frameworks: From 2D to
4D
C. Ye, University of Edinburgh
Efficient ion-sieving polymer membranes enable long-life organic redox flow
batteries
Coffee Break – TIC foyer
Chair: Alexandros Katsoulidis
M. W. S. Chong, University of Strathclyde
Elucidating the mechanism of metal-organic framework formation via noninvasive Raman spectroscopy
Michael R. Hafner, Graz University of Technology
App-based Quantification of Crystal Phases and Amorphous Content in ZIFs
Biocomposites
L. McHugh, University of Cambridge
Mechanochemically Synthesised Dicyanamide Hybrid Organic-Inorganic
Perovskites and their Melt-Quenched Glasses
P. W. Doheny, University of Kent
Magnetocaloric and Thermal Expansion Studies of a Family of Ln Adipate MetalOrganic Framework Materials
Lunch and RSC Porous Materials Interest Group Annual Meeting – TIC foyer
Chair: Lauren McHugh
Rebecca Greenaway, Imperial College London
New Phases and Transitions – From Organic Cages to Porous Liquids and Glasses
A. Carné-Sánchez, Universitat Autònoma de Barcelona
Surface Functionalization and Assembly of Rh(II)-based Metal-Organic Polyhedra
(MOPs)
A. Fernandez-Mato, University of Loughborough
Single crystals of a complex hierarchical micro- and macroporous molecular
framework
E. H. Wolpert, Imperial College London
Coarse-grained modelling to predict the packing of porous organic cages
Coffee Break – TIC foyer
Chair: Jamie Gould
T. Stavert, University of Strathclyde
Creating Order in Bio-Inspired Silica with Multi-scale Modelling
J. A. Mason, Harvard University
Manipulating Porosity in Metal–Organic Liquids
Thomas Bennett, University of Cambridge
Non-Crystalline Metal-Organic Frameworks : Formation, Characterisation and
Porosity
Poster Session and Networking Buffet – TIC foyer

Day 2 – Tuesday, 14th June 2022
Time

Event

Session 5

Chair: Petra Szilágyi
ACS Omega Lecture
Veronique Van Speybroeck, Ghent University
Modelling realistic nanoporous materials at operating conditions
M. Asgari, University of Cambridge
Understanding the functionality of metal-organic frameworks in chemical
separation and conversion applications
J. Manning, University of Manchester
A new reporting standard for material syntheses for large-scale data exploration
Coffee Break – TIC foyer

09:00 - 09:40

09:40 - 10:00
10:00 - 10:20
10:20 - 10:50
Session 6
10:50 - 11:30
11:30 - 11:50
11:50 - 12:10

12:10 - 12:30
12:30 - 13:50
Session 7
13:50 - 14:00
14:00 - 14:20
14:20 - 14:40

14:40 - 15:00

15:00 - 15:20
15:20 - 15:50
Session 8
15:50 - 16:10
16:10 - 16:30
16:30 - 16:40
16:40 - 17:20
17:20 - 17:25

Chair: Constantina Papatriantafyllopoulou
Andrew Goodwin, University of Oxford
Correlated Vacancy Disorder in Porous Crystals
E. Salisbury, University of Warwick
Synthesis of porous GelMA polyHIPE scaffolds for 3D in vitro modelling
A. Patra, IISER Bhopal
Playing with the Building Blocks: The Genesis of Task-specific Porous Organic
Polymers
G. P. Matthews, University of Plymouth
Nanopores integrated with macropores: modelling weight loss in nuclear reactor
cores and the relative permeability of tight-oil shale
Lunch – TIC foyer
Chair: Andrea Laybourn
Ross Forgan, Glasgow University
Message from RSC Porous Materials Interest Group Chair + Poster Prizes
G. Mínguez Espallargas, Universidad de Valencia
Semiconductor porous Hydrogen-bonded Organic Frameworks
J. W. Gittins, University of Cambridge
Enhancing the Performance of Layered Metal-Organic Framework
Supercapacitors by Coordination Modulation
A. M. Lister, University of Oxford
Electrochemical Synthesis of Metal-Organic Frameworks for High Sensitivity Gas
Sensing
A. C. Wood, University of Sheffield
Phage display against a novel two-dimensional metal-organic nanosheet to
demonstrate systematically tunable biosensors
Coffee Break – TIC foyer
Chair: Rob Dawson
C. Papatriantafyllopoulou, National University of Ireland Galway
NUIG MOFs: A Family of MOFs with Extraordinary Drug Delivery Properties
R. Newar, IIT Delhi
Amino Acid-Functionalized Metal-Organic Frameworks for Asymmetric BaseMetal Catalysis
M. Benson, Rigaku
Rigaku Advances in X-ray and Electron Crystallography
María Giménez López, Universidade de Santiago de Compostela
A New Porous Supramolecular Liquid for Energy-Storage Applications
Closing Remarks

UKPorMat 2022 is kindly sponsored by:

Invited speakers

I1

Dimensionally controlled chemistry of Metal-Organic Frameworks: From 2D to 4D
S. Kaskel1,2
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Dresden, Germany, stefan.kaskel@tu-dresden.de, 2Fraunhofer Institute Materials and Beam
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Metal-Organic Frameworks represent an ideal platform for dimensional engineering of solids. While the
synthesis of 3D MOFs is a mature area, in recent years in particular 2D materials have gained significant
interest. Their lateral extension and control is a key requirement for their implementation.1 The analysis
of the formation and transformation mechanisms requires the development of customized analytical
techniques. 3D MOFs are considered as rigid architectures with high permanent porosity. The record
surface area reported amounts 7800 m2/g challenging established routines for the assessment of apparent
surface areas.2 While the majority of 3D MOFs is rigid, a selected number of topologies demonstrate
dynamic behaviour. These peculiar frameworks can change their pore size as a response towards
molecular stimuli.3-6 Bistability is often a prerequisite to observe switchability between two or more
structural forms. The development of in situ methodologies is a key requisite to elucidate such
transformations. In recent years such switchable solids have demonstrated extraordinary performance in
gas storage, separation and sensing. However, an open task is the deliberate design of dynamic
frameworks along a time axis. We consider the time axis as the 4th dimension and term such solids 4D
MOFs.7 Spatiotemporal engineering may be considered as a new paradigm in materials science targeting
the understanding and deliberate manipulation of activation barriers.
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New Phases and Transitions – From Organic Cages to Porous Liquids and Glasses
Rebecca. L. Greenaway
Imperial College London, UK, r.greenaway@imperial.ac.uk

The landscape of microporous materials is often dominated by crystalline, ordered materials. However,
the development of microporosity in the liquid state is leading to an inherent change in the way
applications of functional porosity are approached. Porous liquids combine the mobility of a liquid with
the properties of a microporous solid, and fundamentally differ to conventional liquids in that they
contain permanent, empty, accessible cavities. Four types of porous liquids have now been proposed: type
I – neat molecular porous liquids; type II – solutions of molecular porous species in pore-excluded
solvents; type III – dispersions of microporous solids in pore-excluded liquids; and type IV – neat
meltable microporous extended frameworks.1 Like their solid counterparts, porous liquids are capable of
both gas uptake and selectivity and demonstrate increased gas solubility compared to conventional
liquids. However, this combination also means porous liquids offer unique properties and applications
when compared to porous solids, such as the ability to be pumped around a continuous system,
facilitating guest loading and unloading steps. Our recent work in the area, with a focus on translating
porous organic cages - discrete shape-persistent molecules containing permanent molecular cavities
accessible through windows – into different type II2-4 and type III5 porous liquids using different
strategies will be presented, alongside how neat meltable organic cages can be processed into meltquenched glasses.6 The properties of the different porous liquids and glasses, including the gas uptake and
guest selectivity, will be discussed.
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A New Porous Supramolecular Liquid for Energy-Storage Applications
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Aqueous non-lithium based rechargeable metal-ion batteries are emerging as promising
energy storage devices thanks to their attractive rate capability, long-cycle life, high safety, low
cost, environmental-friendliness, and easy assembly conditions. Nonetheless, the narrow
electrochemical stability voltage window of aqueous batteries (∼1.23 V), restricts the optimal
choice of cathode and anode materials. This excludes most electrochemical couples that occur
above the output voltage of 1.5V, which limits the enhancement in energy density of full
devices. Highly concentrated “water-in-salt” (WIS) electrolytes can efficiently expand the stable
operation window, which brings up a series of aqueous high-voltage rechargeable batteries. In
the WIS electrolytes, all water molecules participate in the ion solvation shells, and no “free”
water remainders can be found. This has been extensively used in lithium ion batteries (LIBs).
However, the economic and environmental concerns, as well as the rarity and increasing
consumption of Li resources, restrain the scalable applications of lithium-based electrochemical
devices. Recently, aqueous zinc-ion batteries, due to their remarkable thermal stability, high
theoretical specific capacity, intrinsic safety, and low cost of the Zn metal, are considered to be
the most promising alternative to LIBs. However, their extensive applications are still limited by
suitable aqueous electrolytes with excellent thermal properties and safety.
We have recently reported that hydrophobic solvation of small organic molecules triggers
the formation of a unique, highly incompressible supramolecular liquid form by porous
nanocages, involving essentially all water molecules of the solvent. And this translates to a
broader electrochemical stability voltage window due to the corrosion resistant properties of this
new porous fluid when tested as electrolyte. More importantly, this new fluid has recently
allowed the exploitation of fast electron-transfer kinetics in a zinc-ion battery showing its
potential in the energy-storage.

KCl

SPML

SPML

Figure 1. a) Cyclic voltammograms of a Cu wire in KCl (black) and in the supramolecular liquid
(SPML)(blue) at 50 mV s−1. b) Chronoamperogram of a Cu wire in KCl (black) and in the
supramolecular liquid (SPML) (blue), at 0.3 V.
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Modelling realistic nanoporous materials at operating conditions
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Nanoporous materials used in catalysis, sorption, separations are far from perfect, they possess a broad
range of heterogeneities in space and time extending over several orders of magnitude. Furthermore, their
functional behaviour is largely determined by the conditions in which they do the work. Modelling
realistic materials having defects, active sites at true operating conditions of temperature, pressure, etc
poses a tremendous challenge. A typical modelling endeavour consists of various steps, with first
construction of an atomistic model which is representative for the material. Within this respect, it needs
to be emphasized that true crystals exhibit a broad range of spatial heterogeneities, ranging from the
nanometer to the micrometer scale. Furthermore, realistic crystals have a finite size, with a certain
morphology, which all affect their properties. Given this complexity construction of realistic molecular
models for the materials is a challenge on its own. Second, one needs to select a method to determine the
forces between the atoms and construct the potential energy surface. This level of theory largely
determines the accessible length and time scales of current simulations. In principle one needs to use
quantum mechanical methods however in this case length and time scales are restricted to the nanometer
scale and molecular dynamics runs extend to a few hundreds of picoseconds, which are much too small to
compare with experimental spatiotemporal windows. With classical force fields one can extend the
accessible length and time scales, however one loses accuracy compared to the quantum description and
the simple analytical potentials are not straightforward transferable to a broader range of thermodynamic
conditions. With the fast evolution of machine learning potentials, a window of opportunity is created to
simulate more realistic materials at longer length and time scales than currently accessible with accuracy
comparable to the underlying quantum mechanical data from which the MLP is derived. Within this
contribution, we highlight some of our recent results where we derived MLPs for nanoporous frameworks
and applied the methods to describe reactive events in zeolites and to describe flexible behaviour within
nanoporous materials. Finally, when having selected an appropriate level of theory to determine the PES,
advanced sampling methods need to be used to efficiently explore all relevant regions of configuration
space. Within my group we have developed a series of methods to describe so-called rare events like
reactive events, transport properties, phase transformation of nanoporous materials.
Using the plethora of methods sketched above we will give some examples on how to model
spatiotemporal processes in realistic nanostructured materials. Spatiotemporal processes refer to
processes where the observed dynamics is entangled with the spatial heterogeneities within the material.1
Examples are taken from catalysis and diffusion within zeolites, phase transformations in metal-organic
frameworks.
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Correlated Vacancy Disorder in Porous Crystals
Andrew L. Goodwin
Inorganic Chemistry Laboratory, University of Oxford, UK, andrew.goodwin@chem.ox.ac.uk

Vacancies are an important defect in porous materials, because they can directly influence accessible pore
volume, tortuosity, and pore network connectivity. Yet, in the absence of long-range vacancy order, it can
be difficult to determine the extent and nature of vacancy distributions. This talk will explore the use of
X-ray diffuse scattering measurements to characterise the pore network structures of crystalline materials
with disordered vacancy arrangements. Our particular interest is in cases where vacancies are disordered,
but not randomly so.1-4 We ask: how might correlated vacancy disorder affect the physical properties of
porous materials, what microscopic factors might control vacancy correlations, and is disorder necessarily
something to be avoided?
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Non-Crystalline Metal-Organic Frameworks : Formation, Characterisation and
Porosity
T. D. Bennett1
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Metal-organic frameworks (MOFs) are often ordered, (crystalline) solids. Order—or
uniformity— is frequently held to be advantageous, or even pivotal, to our ability to
engineer useful properties in a rational way. Several structures have been
demonstrated to form stable liquids at high temperature, with quenching leading to
the formation of glasses, which retain the inorganic-organic bonding of the
crystalline phase.1 Here we show that a series of dicyanamide-based MOFs also
undergo melting, and may form glasses upon quenching. Their very low thermal
conductivities, combined with polymer-like thermo-mechanical properties identify
them as a new family of functional glass-formers (Fig. 1a).2
Turning to the utility of amorphous, non-glassy solids, we also study the stepwise
collapse of MIL-100(Fe) upon mechanical stress. Ball-milling leads to the breaking of
metal–linker bonds, generating more coordinatively unsaturated metal sites, and
ultimately causes amorphisation. Pair distribution function analysis shows the
hierarchical local structure is partially retained, even in the amorphised material. 3
This is also the case in an as-synthesized sample of Fe-BTC, which, along with the
commercial equivalent Basolite® F300, possesses diverse catalytic ability, though
their disordered structures remain poorly understood. In particular, we use a
polymerisation-based algorithm to generate an atomistic structure for Fe-BTC, the
first example of this methodology applied to the amorphous MOF field outside the
ZIF family. We find that the structures of Fe-BTC and Basolite® F300 can be
represented by models containing a mixture of short- and medium-range order with
a greater proportion of medium-range order in Basolite® F300 than in Fe-BTC.

Figure 1. (a) [(C3H7)3][Mn(C2N3)3] structure. (b) Building units of MIL-100. (c) Configuration of Fe-BTC.
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Efficient ion-sieving polymer membranes enable long-life organic redox flow
batteries
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Redox flow batteries (RFBs) based on low-cost aqueous organic electrolytes have great potential for gridscale long-duration energy storage1-3. One key challenge for the new-generation of organic RFBs using
two different electrolytes is the cross-mixing of active species through the membrane, leading to rapid
battery performance decay4, 5. Here we report new size-selective ion-exchange membranes, based on the
sulfonation of a spirobifluorene based polymer of intrinsic microporosity (sPIM-SBF), that feature subnanopores and show exceptional performance in aqueous organic RFBs. The spirobifluorene unit allows
exquisite control over the degree of sulfonation of the PIM in order to optimize the rapid transport of
small cations, whilst the ion exchanged subnanometer pores effectively prohibits the crossover of large
anions and anionic organic molecules via size sieving and Donnan exclusion. The high selectivity towards
anionic species mitigates crossover-induced capacity decay. Importantly, these cation exchange
membranes demonstrate ultrahigh conductivity for aqueous salt electrolytes at near-neutral pH, in which
both a redox-active anthraquinone and ferrocyanide show long-term stability. The new PIM membranes
significantly boost battery energy efficiency and peak power density and enable stable operations of
concentration-optimized RFBs over 2000 charge and discharge cycles, allowing the prediction of several
decades of useful performance under ideal operating conditions. Our membrane design strategy may
inspire the development of a new generation of ion-selective membranes for a wide range of
electrochemical processes for energy conversion and storage applications.
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Advances in in situ monitoring of metal-organic framework (MOF) formation are still predominantly
reliant upon expensive methods (e.g. synchrotron X-ray diffraction)1,2 that cannot be easily deployed in a
typical research laboratory environment. Invasive Raman3 and infrared4 spectroscopy have been used for
in situ monitoring of different components within MOF reaction mixtures. Here, non-invasive wide area
illumination Raman spectroscopy is proposed for monitoring a MOF reaction to obtain signals from both
liquid and solid phases, whilst avoiding potential fouling issues.
Wide area illumination Raman spectroscopy has been used to non-invasively monitor the progress of a
reported MOF reaction in a glass stirred tank reactor. Off-line powder X-ray diffraction was used to
confirm the identity of the MOF product and a corresponding Raman spectrum was obtained of the
product. A characteristic MOF peak was detected in the non-invasive Raman spectra as the reaction
progressed. The extent of crystallisation calculated from the area of a Raman peak arising from the MOF
showed good agreement with reported kinetics for the system (Figure 1a).2 Additionally, the acid
modulator present in the reaction medium was also detected by non-invasive Raman spectroscopy. The
concentration of the acid was shown to increase as the probability of nucleation decreased (Figure 1b).

Figure 1 (a) Extent of crystallisation and (b) normalised acid concentration determined by non-invasive Raman
spectroscopy overlaid with reported trends for the system.2

These preliminary results demonstrate non-invasive Raman spectroscopy as a promising technique to
explore the mechanism of MOF formation by providing kinetic insight into species in both the solid and
solution state within the reaction medium. As a technique, non-invasive wide area illumination Raman
spectroscopy is comparatively cheaper and more portable than synchrotron X-ray diffraction and is
therefore more accessible in a typical research laboratory.
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App-based Quantification of Crystal Phases and Amorphous Content in ZIFs
Biocomposites
Michael R. Hafner 1, Laura Villanova 2, Francesco Carraro 1
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Metal organic framework (MOF) biocomposites are a new class of materials consisting of a MOF matr ix
into which biomacromolecules (e.g. proteins/enzymes[1], nucleic acids[2], viruses[3] and cells[3]) are
encapsulated and therefore protected. Zeolitic Imidazolate Frameworks (ZIFs) are one of the most studied
MOFs for this application. However, the performance of ZIFs as protective hosts in drug delivery or
biocatalysis strongly depends on the type of crystalline phases used for the encapsulation of the
biomacromolecule (biomacromolecule@ZIF). [4,5] For example, the release of insulin upon external
stimulus from a ZIF-matrix consisting of the sodalite phase of ZIF-8 is faster than from the diamondoid
phase.[4] In biocatalysis, glucose oxidase encapsulated in amorphous ZIF was reported to be up to 20
times more active than when encapsulated in crystalline sodalite ZIF-8.[5] Therefore, quantifying the
different crystal phases and the amount of amorphous content of ZIFs is becoming increasingly important
for a better understanding of the structure-property relationship. Typically, crystalline ZIF phases are
qualitatively identified from diffraction patterns. However, accurate phase examinations are timeconsuming and require specialized expertise. Here, we propose a calibration procedure (internal standard
ZrO2) for the rapid and quantitative analysis of crystalline and amorphous ZIF phas es f rom dif fraction
patterns.[6] We integrated the procedure into a user-friendly web application, named ZIF Phase Analysis ,
which facilitates ZIF-based data analysis. As a result, it is now possible to quantify i) the relative amount
of various common crystal phases (sodalite, diamondoid, ZIF-CO3-1, ZIF-EC-1, U12 and ZIF-L) in
biomacromolecule@ZIF biocomposites based on Zn 2+ and 2-methylimidazole (HmlM) and ii) the
crystalline-to-amorphous ratio. The ZIF phase analysis application will especially assist researchers who
want to save time and efforts in their ZIF phase analysis, as well as researchers of other f ields that may
not be experts in ZIF crystallography. Thus, the web application could enhance the useability o f ZIFs in
multi-disciplinary applications like drug delivery or biocatalysis.
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The recent discovery of a fourth category of glasses: hybrid glasses has significantly altered the way we
look at the fields of glass science and hybrid materials. Hybrid organic-inorganic perovskites (HOIPs) with
the formula ABX3 (A = organic cation, B = metal cation and X = bridging anion) display characteristics
from both metal–organic frameworks (MOFs) and the parent perovskite family, and those with composition
[TPrA][[M(dca)3] (TPrA = tetrapropylammonium [C12H28N+], M = Mn2+, Co2+ and Fe2+ and dca =
dicyanamide [C2N3-]) were very recently shown to be glass formers upon melt-quenching.1 The lower
melting temperatures of HOIPs compared to those of MOFs mean that processing glasses into the bulk
scale is, in theory, easier, though HOIPs are predominantly prepared by inefficient slow crystallisation from
layered solutions over several weeks.2 Routes to increase the efficiency of and to scale-up the synthesis of
the crystalline precursors are therefore actively sought, and in this work, mechanochemical synthesis was
used as an alternative to traditional slow-crystallisation, which offers a green, rapid and scalable synthetic
route to dicyanamide HOIPs of the form [TPrA][M(dca)3] (Figure 1).3 Bulk samples of [TPrA][Mn(dca)3]
and [TPrA][Co(dca)3] glasses were formed and were stable to all except strongly basic aqueous solutions.
The carbon dioxide uptake values of the glasses were higher than those of the corresponding non-porous
crystalline samples, suggesting a significant structural change upon glass formation, such as the movement
of A-site TPrA cations. Given the promising thermoelectric properties previously investigated for the
glasses, the scalable synthesis of the materials may promote their applicability in real-world applications.

Figure 1: Mechanochemical formation of dicyanamide HOIPs and images of their subsequent glass forms.
References
[1] B. K. Shaw, A. R. Hughes, M. Ducamp, S. Moss, A. Debnath, A. F. Sapnik, M. F. Thorne, L. N.
McHugh, A. Pugliese, D. S. Keeble, P. Chater, J. M. Bermudez-Garcia, X. Moya, S. K. Saha, D. A. Keen,
F. X. Coudert, F. Blanc and T. D. Bennett, Nat. Chem., 2021, 13, 778–785.
[2] J. M. Bermúdez-García, M. Sánchez-Andújar, S. Yáñez-Vilar, S. Castro-García, R. Artiaga, J. LópezBeceiro, L. Botana, Á. Alegría and M. A. Señarís-Rodríguez, Inorg. Chem., 2015, 54, 11680–11687.
[3] L. N. McHugh, M. F. Thorne, A. M. Chester, M. Etter, K. Užarević and T. D. Bennett, 2022,
Chem.Commun., DOI: 10.1039/d2cc00278g.

O5

Magnetocaloric and Thermal Expansion Studies of a Family of Ln Adipate
Metal-Organic Framework Materials
P. W. Doheny1, S. J. Cassidy2, P. J. Saines1
1School

2

of Physical Sciences, Ingram Building, University of Kent, Canterbury, CT2 7NH, UK,
P.Doheny@kent.ac.uk

Department of Chemistry, University of Oxford, Inorganic Chemistry Laboratory, South Parks Road,
Oxford, OX1 3QR, UK

Low temperature cooling applications below 80 K such as quantum computing, hydrogen liquefaction
and medical imaging techniques are underlined by a dependence on liquid helium, an expensive and finite
resource. The development of new low temperature cooling materials, such as those utilising magnetic
refrigeration, is therefore an active area of research with the end goal of replacing liquid helium with
sustainable solid-state materials. Magnetocaloric materials, in which low temperature cooling is achieved
by changes in magnetic entropy upon the cycling of an applied magnetic field, require high densities,
rapid magnetisation at low applied fields and the suppression of long-range magnetic ordering to achieve
optimal refrigeration properties.

Figure 1. Crystal structure of Gd3(adipate)4.5(DMF)2 showing a) the ac-plane in which large positive and
negative thermal expansion occurs, b) the distorted triangular pores and c) the extended Gd chain. Atom
labelling: Gd = purple, O = red, N = blue and C = grey. The hydrogens have been omitted for clarity.
Metal-Organic Frameworks (MOFs) are one class of material that can satisfy these design criteria with
the choice of magnetic ion and organic ligand allowing access to dense structures with tuneable magnetic
properties. This presentation will detail the study of the magnetocaloric and thermal expansion properties
of the Ln3(adipate)4.5(DMF)2 (Ln = Gd-Er) family of frameworks in which 1D Ln chains are crosslinked
by flexible divalent adipate anionic ligands to form an extended 3D network.1 Utilising magnetic
measurements, the magnetic entropy changes of these materials between 2-10 K were calculated, with the
Gd material achieving the highest magnetic entropy change of 36.4 J kg-1 K-1 at 2 K for a 5-0 T field
change while the Er phase performed better at lower fields due to the presence of ferromagnetic Er chains
within the structure. Single crystal X-ray diffraction was used to study the thermal expansion properties
over a 100-300 K temperature range. The materials exhibit anomalous thermal expansion properties with
anisotropic negative thermal expansion and colossal positive thermal expansion shown by several
members of the series that was attributed to a framework hinging mechanism.
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Metal-Organic Polyhedra (MOPs) represent the ultimate strategy to downsize hybrid porous materials
below 5 nm.1 At this scale, MOPs combine properties typically observed for discrete molecules
(stoichiometric reactivity and solubility in liquids), reticular porous materials (porosity and tunable cavity
size) and ultra-small inorganic nanoparticles (high surface density of reactive functional groups). We
have taken advantage of these unique features to develop Rh(II)-based MOPs as molecular nanoscopic
platforms or “molecular nanoparticles”, 2 which can be functionalized through covalent and coordination
chemistry to target specific properties and applications, such as tunable solubility, bio-functionalization
and molecular transport/separation.3,4 In addition, we show how the precise knowledge on the position
and number of reactive groups decorating the surface of the Rh(II)-based MOPs can be used to anticipate
their self-assembly behaviour upon reactivity with additional metal ions and organic molecules (Figure
1).5,6

Figure 1. Schematic of the coordinative (right) and covalent (left) routes for
carboxylic group functionalization of Rh-MOPs and the corresponding
structures upon assembly these COOH-RhMOPs with Cu(II) ions (bottom).
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Porous molecular materials are an emergent field with a unique combination of
properties, complementary to those with extended porous frameworks1. To expand and enhance the
number of applications of molecular porous materials, is required the incorporation of hierarchical
porosity, as exclusive microporosity entails several limitations, including the limited access of large
species to the pores and a slow mass transport. The integration of macropores is still an outstanding
challenge. Herein, we report the first example of a molecular porous material as hydrogen bonded organic
framework (HOF) that can crystallise as single crystals of different sizes, from micrometer to cm scale,
and hierarchical skeletal morphology, containing stable micro- and macroporosity, assembled in a single
step, without using additives or templates. We investigated the mechanism of assembly during the crystal
formation and is compatible with skeletal crystal growth. As proof of concept, we use the hierarchical
porosity as platform for dual and selectively adsorption of molecular species and microparticles.
A)

B)

Figure 1. A) SEM image of crystal with tubular morphology and hierarchical microporosity. Inset:
optical microscopy image of the crystal. B) representation of the crystal packing that defines the
micropores of 1.4nm.
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Porous organic cages (POCs) are discrete molecules which contain intrinsic porosity. The packing of
POCs is determined by weak dispersion forces meaning that their solid-state assembly can be controlled
by varying the chemical functionality or solvent molecules.1 This leads to a variety of POC solids that,
depending on the packing behaviour, result in zero-, one-, two-, or three-dimensional pore networks,2
vastly affecting their material properties.3 Over the past decade, there has been an increased interest in
POCs4 but characterising the crystalline form of numerous cages has proven tricky.5 This is in part due to
the difficulty of generating a single crystal, and partly due to their lack of strong enthalpic interactions,
which results in complexity when predicting and rationalising the crystal structure through computational
techniques.5
The complexity of predicting the packing behaviour of molecular crystals makes targeted design
difficult.6 Currently, state-of-the-art computational efforts focus on crystal structure prediction. However,
the weak intermolecular interactions present in POCs
(a)
(b)
result in a high number of possible low-energy
polymorphs and, coupled with the high computational
cost of these calculations, restrict the ability to use
high-throughput approaches.6 In this study, we aim to
devise a novel way of predicting the solid-state phase
behaviour of POCs, elucidating design rules for new
Figure 1: (a) Relation of the POC CC1 to hard octahedra. (b)
Representation of molecules forming octahedra as hard polyhedra with
functional organic molecules by coarse-graining their
the red and blue spheres representing different directional interactions
degrees of freedom, representing the cages as hard
based on the chemistry of the facets.
particles with directional interactions between favoured
motifs (Fig 1). Our work focuses on predicting the packing behaviour of well-characterised, pseudooctahedral cages1 as a proof-of-concept study to determine the extent to which we can use coarse-graining
to predict the packing behaviour of other, less well-studied porous organic cages.
We start by creating a coarse-grained model containing the likely dominant intermolecular interactions
known to exist between cages (e.g. window-to-window or window-to-arene packing). We then employ
hard particle Monte Carlo simulations to determine the thermodynamic phase behaviour of our model.
Our results show that by manipulating the parameters of our coarse-grained model, we can reproduce the
phase space spanned by octahedral porous organic cages present in the crystal structure databases. By
mapping the coarse-grained phase space back onto intermolecular interaction strengths determined by a
combination of DFT calculation and force field models, we can directly relate each cage to its likely
crystal packing structure, highlighting the potential for this model to predict the packing of new, or
uncharacterized, cages. Moreover, our results highlight new phases which are unreported within the
literature. The workflow set out in this study can help predict the likely structure of new porous organic
materials with markedly less computational expense than current techniques, increasing the capability for
high throughput approaches to be applied to a wide range of materials.
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Since their discovery in the early 1990s, ordered mesoporous silica (OMS) materials have drawn great
interest from the material science community. Their usefulness comes from their well-ordered pores and
narrow pore size distribution, making them excellent candidates for a variety of applications such as
catalysis, gas separation and drug delivery1. Despite this, the synthesis of OMS materials is expensive and
environmentally damaging, owing to a long synthesis process under harsh conditions and frequently
making use of toxic chemicals. Bio-inspired silica offers a vastly more sustainable and economical
alternative to OMS materials. These porous silicas take inspiration from organisms such as diatoms and
sponges which are capable of precipitating extremely dilute silica from natural environments into
complex porous structures. The use of bio-inspired additives2 has allowed porous structures to form under
ambient conditions in a matter of minutes, often making use of non-toxic and biodegradable templating
materials3. However, such materials possess amorphous pores with a broad pore size distribution – i.e.
they lack the order of traditional OMS materials.
In this work, we make use of cutting-edge multi-scale modelling techniques and experimental methods to
shed new light on the synthesis mechanism of bio-inspired silica materials. Preliminary experiments have
indicated the potential for inducing order in bio-inspired silica under ambient conditions, a huge step
forward towards producing “green” ordered mesoporous silica. Building on from our previous modelling
work on modelling traditional OMS materials4, we have applied our multi-scale modelling technique to
elucidate the mechanism by which this bio-inspired
additive promotes mesoscale order. We present an
improved coarse-grained model that describes both
traditional OMS self-assembly and the synthesis of this
new, ordered, bio-inspired silica. Our results show that
the promotion of order comes down to a delicate
balance of electrostatic interactions between the
zwitterionic additive, silicate species and surfactant
molecules (see figure). The insights gained from this
model can be applied more broadly to porous silica
synthesis, allowing for improvements to be made to the
synthesis of these important nanomaterials and for
better control over their final properties through
computational material design.
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Although coordination chemistry and reticular design principles are now routinely applied to control the
structure—and porosity—of solids, the application of similar principles to liquids is in its infancy. Unlike
solids, liquids are dynamic systems that exhibit short-range order, long-range disorder, and a combination
of solid-like and gas-like behaviors. Conventional liquids contain tiny, transient voids whose fleeting
existence is due to thermally induced fluctuations in local density. This transient free volume affects
many bulk macroscopic properties—including viscosity, conductivity, and gas solubility—but is difficult
to control in a predictable fashion. Directional interactions mediated by coordination bonds between
metals and organic bridging organic ligands offer exciting new possibilities for controlling the local
structure and transient porosity of liquids. However, even though tens of thousands of metal–organic
frameworks have been reported in the literature—incorporating nearly every metal on the periodic table—
there are surprisingly few examples of extended coordination solids with accessible liquid states,
particularly outside the realm of zeolitic imidazolate frameworks. The existence of matter in the liquid
state requires attractive interactions between atoms, ions, molecules, or other chemical species to be
sufficiently counteracted by repulsive interactions—imparting fluidity while still maintaining local order.
Here, I will discuss initial efforts by my laboratory to design, synthesize, and characterize metal–organic
liquids, emphasizing thermodynamic strategies to lower the melting temperature of three-dimensional
metal–organic frameworks and new approaches to probe relationships between transient porosity and gas
solubility. In addition, I will highlight new thermodynamic strategies my laboratory has developed to
manipulate permanent, static microporosity in colloidal solutions of metal–organic framework
nanocrystals.
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An important challenge with the transition of MOF materials from
the laboratory to the industry is that the focus of research around
these materials is on obtaining high-performance indicators
(“record performances“)[1] rather than understanding their
structure-derived functionality. Because if knowledge of structureproperty relationship is obtained for MOF materials in chemical
separation/conversion applications at a proper level, the design and
synthesis of efficient MOF adsorbents/catalysts can be accelerated.
Here, I will show examples of such studies with the aim of
understanding structure-derived functionality of MOF or MOFderived materials. In these examples, I am discussing the structureproperty derived functionality of MOFs at different scales ranging
from molecular level to macro (industrial) level.

Figure 1- Performing a structure-property relationship
study by Revealing the location of CO2 molecules
(yellow) inside the M-BTT frameworks.[2]

➢ Understanding the effect of metal identity on CO2 adsorption properties
I present a comprehensive investigation of the CO2 adsorption properties of an isostructural series of
metal–organic frameworks, M-BTT (M = Cr, Mn, Fe, Cu; BTT-3 = 1,3,5-benzenetristetrazolate),[2] which
exhibit a high density of open metal sites capable of polarizing and binding guest molecules. Coupling
gas adsorption measurements with in situ diffraction experiments provides molecular-level insights (Fig.
1) into the adsorption process and enables rationalization of the collected adsorption isotherms.
➢ Understanding the effect of gas adsorption properties of MOFs on their performance in
industrial H2 purification and CO2 capture
Here, a synergistic material and process development strategy is
employed to improve the performance of a single-cycle vacuum
pressure swing adsorption (VPSA) process for the hydrogen
purification and the CO2 separation from reforming-based
hydrogen synthesis [3]. Based on process-informed adsorbent
selection criteria, including high CO2 cyclic capacity and
selective uptake of impurities such as CO, N2, and CH4 over H2,
a metal organic framework (MOF), Cu-TDPAT, is selected. CuTDPAT clearly outperforms the benchmark material, zeolite
13X, (Fig.2) in several metrics including higher H2 purities and
recoveries as well as fewer columns required for a continuous
separation process.
Figure 2- Productivity versus energy consumption for Cu➢ Understanding the effect of metal identity on the TDPAT and Zeolite 13X. It shows that much higher
productivity values can be obtained for Cu-TDPAT, when
catalytic activity of monolithic framework-derived compared to state-of-art adsorbent, i.e. zeolite 13X.
materials for the conversion of biomass compounds
Herein, I show UiO-66 monolithic framework which is systematically incorporated by different metal
oxide nanoparticles (Fe2O3, Co2O3, MoO3, Mn2O3). Then, the synthesized catalysts are applied for
glucose isomerization/epimerization, as a result of which fructose and mannose are obtained. The identity
and chemical/electronic properties of the incorporated nanoparticles are linked to the activity and
selectivity of the catalyst. This work is still under progress.
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Abstract:
Metal organic framework (MOF) materials represent an exciting new development in porous
materials science, with myriad applications in fields as diverse as carbon capture,1 catalysis,2
and water harvesting.3 However, with tens of thousands of MOF syntheses identified,
reproducing a reported framework MOF or picking out the appropriate target is a complex and
often frustrating task. Further complications arise due to incomplete and incomparable synthesis
methods, often simply reported as simple prose. This contrasts sharply with material
identification, which is simplified by databases such as the CSD MOF subset containing tens of
thousands of crystal structures in a unified data format.4 From this relatively scant data, the
material category can be screened for high structural stability,5 pore geometry,6 or carbon
capture.7
Recent attempts to digitise material synthesis for the purpose of automation or large-scale
analysis have led to the development of comprehensive ontologies for chemical synthesis
procedures.8 In this study, we apply these ontologies to develop a new reporting standard for
MOF materials synthesis, using these ontologies to ensure comprehensive, machine-readable
synthesis procedures can be cross-referenced against product performance information. We
demonstrate the utility of this approach by identifying high performing materials which can be
synthesised with abundant, environmentally friendly precursors, or those made using specific
procedures. By developing this new reporting standard, the quality of synthesis methods can be
quantitatively compared, enabling accelerated MOF discovery and intensification.
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Introduction
Porous polymer scaffolds provide a 3D matrix allowing for cell attachment, infiltration and proliferation. PolyHIPE
scaffolds are formed from the polymerisation of high internal phase emulsions (HIPEs). Emulsion templating is a
desirable method for fabricating highly porous matrices suitable for cell culture, with up to 99% porosity and high
interconnectivity. PolyHIPEs are capable of supporting the 3D growth of many cell types including human
pluripotent stem cells1, human haematopoietic stem cells2 and primary human endometrial cells3. Currently, the
majority of polyHIPE systems employ hydrophobic polymers in a water-in-oil emulsion. However, the unique
structures and properties of hydrophilic polyHIPEs make them of interest for applications in 3D cell culture, tissue
engineering and in vitro modelling. Here, we describe the synthesis of hydrophilic GelMA-based polyHIPEs using
a oil-in-water emulsion. The aim of this work is to use these polyHIPEs in the development of an in vitro human
endometrial tissue model.
Experimental Methods
An oil-in-water HIPE was prepared where the aqueous phase consisted of GelMA, a surfactant (tween 80) and a
photoinitiator (2-hydroxy-2-methylpropiophenone). The oil phase (cymene) was added dropwise under continuous
stirring at 500 rpm. The emulsion was transferred into a PTFE mold and secured between 2 glass plates. The material
was irradiated 15-20 times on either side of the PTFE mold using a Fusion UV systems Inc. Light Hammer 6 variable
power UV curing system with LC6E benchtop conveyor. The cured polyHIPEs were thoroughly washed and dried.
PolyHIPE morphology was examined using SEM, average pore size and void size distribution were calculated from
SEM images.
Results & Discussion
B
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Fig. 1. (A) SEM images of porous, interconnected GelMA
polyHIPEs. (B) Void size distribution graph determined from
SEM measurements.
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The effect of various parameters including surfactant choice, surfactant concentration, temperature, wash solvent and
drying method were studied to evaluate their effect on HIPE stability and polyHIPE pore size. Once the optimal
conditions had been determined GelMA polyHIPE morphology was examined using SEM, a highly porous,
interconnected structure with an average pore size of 13.3 ± 4.8 µm (Fig. 1) was seen.
Conclusions
We describe a novel, hydrophilic polyHIPE system using the semi-synthetic polymer GelMA. The scaffolds are
highly porous, biocompatible and biodegradable making them suitable for 3D cell culture and in vitro tissue models.
Acknowledgements
Thanks to the Monash-Warwick Alliance for funding.
References
[1] J. L. Ratcliffe, M. Walker, A. M. Eissa, S. Du, S. A. Przyborski, A. L. Laslett, N. R. Cameron. Journal of
Polymer Science Part A: Polymer Chemistry. 57, 1974, 2019
[2] C. E. Severn, A. M. Eissa, C. R. Langford, A. Parker, M. Walker, J. G. G. Dobbe, G. Streekstra, N. R.
Cameron, A. M. Toye. Biomaterials. 225, 1195332, 2019
[3] A.M. Eissa, F. S. V. Barros, P. Vrljicak, J. J. Brosens, N. R. Cameron. Biomacromolecules. 19(8), 3343, 2018

O14

Playing with the Building Blocks: The Genesis of Task-specific
Porous Organic Polymers
A. Patra
Indian Institute of Science Education and Research Bhopal, India, abhijit@iiserb.ac.in
https://www.fmliiserb.com/

Porous organic polymers (POPs) have attracted significant attention in the last few years due to their
structural and functional tunability, superior hydrothermal stability, and lighter weight, along with tunable
pore size and high specific surface area.1a Thus, POPs have emerged as potential materials for various
applications, ranging from gas storage, light harvesting, water purification to heterogeneous catalysis.1b
However, fabrication of POPs for any task-specific applications demands a judicious selection of the
building blocks. In this context, our group took up the problem to meet various challenges towards the
fabrication of multifunctional POPs by modulation of the building blocks,2a,3 tuning the porosity,2b and the
development of POPs with solution processability.2c We have also demonstrated the incorporation of
porous organic molecules like macrocyclic cavitands and cages into the porous network, enhancing the
host-guest interaction ability leading to diverse applications related to heterogeneous catalysis and water
treatment.4 In this talk, a brief appraisal of multifunctional POPs and their promising applications towards
sustainability and environmental remediation will be presented.

Figure: Schematic illustration depicting the challenging aspects and promising scope of applications of
porous organic polymers.
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The void networks and pore fluid behaviour within nanoporous materials are highly challenging to
investigate experimentally and to model. Even more challenging is to measure and model the behaviour
in materials with non-hierarchical, i.e. fully integrated, behaviour extending from nanopores to
macropores. However, such characterisation is of extreme scientific and commercial importance. In this
presentation I shall discuss two examples – GilsoCarbon graphite1, the weight loss in which limits the
lifetime of some UK Advanced Gas-Cooled nuclear Reactors (AGRs), and tight-oil shale, the relative
permeability of which determines the efficiency of abstraction by hydraulic fracturing (fracking).
The experimental characterisation of the porous materials is by mercury intrusion porosimetry, surface
area measurement and helium pycnometry. Prior to that, Gilsocarbon graphite is irradiated in a test
reactor, and then sub-sampled within a radiation-secure environment. Tight-oil shale is sub-sampled from
core samples, and washed benignly to remove mobile, but not static, oil. The experimental measurements
are combined to produce an effective intrusion curve covering the range of interest – typically 1
nanometre to 100 microns – i.e. five orders of magnitude of size. An inverse modelling approach is then
used to produce a void network with the same porosity and intrusion characteristics as the experimentally
based curve. As with all inverse modelling, there is no single answer, so a statistically central result
should be taken as representative. Traditionally, percolation characteristics have been misinterpreted by
use of the first derivate of the curve as representing the void size distribution and by ignoring void
clusters2. Both of these potential errors are avoided.
Once a realistic, representative void network is generated, the behaviour of pore fluids within the network
can be simulated. Permeability is calculated using Navier Stokes equations applied to each pore-throatpore arc within the fully three-dimensional void networks of around 45000 voids. The flow capacities are
combined to form mapped flow routes. The geometries of the pores and throats can be modified to
represent either weight loss through the action of highly irradiated carbon dioxide coolant, in the case of
AGRs, or obstruction by static surface oil (in oil-wet shale) or water ganglia. Examples are given of the
effect of Gilsocarbon weight loss on its permeability, and the relative permeability characteristics of oilwet shale, which vary with oil-wettability and flow rate, and are entirely different to the guessed values
currently used by oil majors within their reservoir simulators for unconventional fields. All the results are
based on explicit flow maps. The example below shows a flow mapping for aqueous relative
permeability at different water contents within the same simulated void network.
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Hydrogen-bonded organic frameworks, or HOFs, are porous molecular-based crystalline materials that
are self-assembled through H-bonding interactions.1 Similar to other porous materials such as MOFs and
COFs, HOFs have been used in multiple applications, including gas storage, separation, encapsulation, or
proton conductivity, among others.2 A major advantage of HOFs is the lack of formation of strong
coordination bonds (as in MOFs) or covalent bonds (as in COFs), thus being easily synthesised in mild
conditions, which facilitates their processing, one of the major drawbacks of MOFs and COFs.
Herein we will present the preparation of porous conducting HOFs through the use of tetrathiafulvalenetetrabenzoic acid, H4TTFTB, a molecule that has been previously used in the construction of conductive
MOFs and COFs.3 By tuning the synthetic conditions, three different polymorphs have been obtained, all
of them presenting open structures and suitable TTF stacking for efficient orbital overlap.3 Interestingly,
two of these polymorphs present a zwitterionic character with a positively charged TTF core and a
negatively charged carboxylate group, resulting in an efficient charge transport with no need of postsynthetic treatment (e.g., electrochemical oxidation or doping). In fact, experimental conductivities of 10–
6
S·cm–1 are observed. On the contrary, a non-zwitterionic HOF based on the same ligand behaves as an
insulator despite the suitable stacking of the TTF units.

Figure 1. A zwitterionic TTF-derivative gives rise to semiconducting porous HOFs, whereas the neutral
TTF-derivative gives rise to insulating HOFs
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Supercapacitors are among the most promising next-generation energy storage devices. One class of
materials which has shown great potential as supercapacitor electrodes is layered conductive metalorganic frameworks (MOFs).1 Interestingly, these materials can be synthesised with a variety of different
particle morphologies and degrees of agglomeration. However, little work has been done to
comprehensively examine the impact of sample microstructure on the capacitive performances of these
frameworks.2 Optimising the microstructure of layered MOF electrodes could yield performance gains in
devices, making them more competitive with state-of-the-art porous carbon electrode materials.
To address this, here we used coordination modulation to synthesise three samples of the conductive
MOF Cu3(HHTP)2 (HHTP = 2,3,6,7,10,11-hexahydroxytriphenylene) with distinct microstructures. Using
this method, we present a detailed study into the influence of microstructure on the capacitive
performance of Cu3(HHTP)2 in symmetric supercapacitors with both organic and ionic liquid electrolytes.
These studies reveal that samples with weakly agglomerated ‘flake-like’ particles, with very small lengthto-width aspect ratios (< 1), are optimal for MOF-based supercapacitors. This microstructure, with a pore
network comprised of short pores and many pore openings, displayed both greater rate capabilities with
organic electrolytes and significantly higher specific capacitances with ionic liquid electrolytes compared
to samples with strongly agglomerated flake crystallites and weakly agglomerated ‘rod-like’ particles.
This successfully demonstrates the superior supercapacitive performances of weakly agglomerated ‘flakelike’ particles for layered MOF supercapacitor electrodes.

Figure 1: Coordination modulation was used to synthesise three samples of a layered conductive metal-organic
framework (MOF) for use in supercapacitors, enabling a far-reaching study to investigate the impact of electrode
microstructure on the supercapacitive performance of these frameworks. The results provide a target microstructure
for MOF electrodes in future energy storage devices.

To the best of our knowledge, this is the first work to use coordination modulation to systematically vary
the microstructure of layered conductive MOF electrodes, and our approach resulted in a wide variation
in microstructure, allowing for a far-reaching assessment of the impact of electrode microstructure on
capacitive performance. The results of this study provide a target microstructure for conductive MOFs for
supercapacitors and other energy storage applications.
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The porosity and consequent high adsorptive capacities of Metal-Organic Frameworks, MOFs, make
them attractive candidates for ultra-sensitive gas sensing. MOFs are typically 3D structures comprised of
metal nodes and organic linkers, but a subset of these are 2D and conductive. Some conductive MOFs are
able to work as chemiresistive sensors, whereby analyte adsorption leads to measurable changes in their
resistance. Herein we present a way to electrochemically synthesise conductive Metal-Organic
frameworks in-situ on the inter-digitated electrodes required for gas sensing. A magnetron discharge
source is used to deposit metal clusters onto the inter-digitated electrodes. These clusters act as the metal
node source in the electrochemical synthesis of the MOF. The MOF formed from copper clusters and
hexahydroxytriphenylene ligands, Figure 1, was found to detect NH3 and NO2 in the parts per million
concentration range, with calculated limits of detection in the parts per billion range.

C
N
Cu

Figure 1: Schematic representation of the 2D conductive Metal-Organic Framework
composed of copper nodes and hexahydroxytriphenylene linkers, Cu3(HHTP)2.
We aim to access higher limits of detection through changing the metal loading to fabricate sensors in the
percolation region. The percolation region refers to the point before a thin film has formed where a small
change in the number of conductive pathways leads to the largest change in material conductivity. By
fabricating sensors operating in this region, a small interruption in the conductive network due to analyte
interaction leads to a large change in measurable conductivity, allowing higher sensor sensitivities to be
accessed.1,2
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Two-dimensional metal-organic nanosheets (MONs) have modular structures that combines organic
ligands with metal-nodes permitting systematic tuning of surface chemistry. MONs are promising
candidates for biosensing applications due to their large surface area to volume ratios and so large
numbers of active sites are accessible for biomolecule binding interactions. The tunability of these
materials mean a wide range of functionalities can be positioned on the surface of the nanosheets whilst
their crystalline nature affords a periodic array of recognition sites allowing multidentate binding.1
Here we report a novel MON designed with biosensor requirements in mind. ZIF-7-NH2 nanosheets have
the intrinsic chemical stability associated with zeolitic imidizolate frameworks (ZIFs) and amino
functionalities provide obvious binding points, with the potential for post-synthetic modification to allow
further tuning of the surfaces.2 Ultrasonic liquid exfoliation of layered bulk ZIF-7-NH2 was used to
access predominantly monolayer nanosheets with lateral dimensions with an average of 400 nm.

Figure 1: Schematic representation of ZIF-7-NH2 nanosheets with an AFM image and the phage display
process including addition of phage library, phage binding, washing and elution of phage and the
amplification of eluted phage which completes one panning round
Phage display has been used as a fresh approach to biosensor design.3 ZIF-7-NH2 nanosheets were
investigated along with other previously synthesised systems by adding them to a solution containing
every possible combination of 7-residue peptides attached to bacteriophage hosts as seen in Figure 1.
Successive panning rounds included washing, followed by amplification of the eluted phage, identified
the highest affinity binding peptides for each system. In each case only a single peptide sequence was
isolated indicating the MONs are highly selective. Ongoing studies seek to understand the specific
interactions between the selected peptides and MON surfaces with the long term aim of designing MONs
with surfaces that are able to selectively bind to biomedically important peptides.
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Metal organic frameworks (MOFs) have been receiving an immense research attention recently in the
field of drug delivery applications. They often exhibit high drug upload capacity, biocompatibility,
thermal stability, inexpensive and rapid scale-up synthesis, and thus can address major challenges related
to the poor active pharmaceutical ingredient (API) stability and/or solubility, burst effect and toxicity. As
such, MOFs offer significant advantages over the currently used drug delivery systems that are based on
liposomes, micelles, dendrimers, gold/iron/silica nanoparticles, carbon nanotubes, and quantum dots.
Our group focuses on the synthesis and characterisation of stable, highly porous MOFs that are
suitable for drug delivery applications.1-3 In the context of this research, we have isolated biocompatible
MOFs with unusually high drug uptake capability. One representative such example is [Zn4O(CBAB)3]
(NUIG4),1 where CBABH2 is the abbreviation for 4-((4-carboxybenzylidene)amino)benzoic acid.
NUIG4 belongs to the family of MOFs with pcu topology, being a rare example of such species with a 4fold interpenetration. It possesses an unprecedently high doxorubicin encapsulation capacity (1955 mg
dox/g NUIG4) with a pH-controlled release mechanism. According to the best of our knowledge, the dox
uptake capability of NUIG4 is the highest that has been yet reported for a MOF. Preliminary studies show
that NUIG4 provides a significant protection for healthy HDF cells against dox toxicity, while the
viability and metabolic activity of dox treated MDA-MB-231 cells were higher compared to those treated
with dox@NUIG4. Other members of the NUIG family of MOFs exhibit unusually high drug adsorption
capacity for different drugs including, doxorubicin, ibuprophen and NO. 1-3 The synthesis, structures, and
drug delivery properties of the NUIG MOFs will be discussed in detail.
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Chiral active pharmaceutical ingredients (APIs) are an important chiral feedstock for preparing
pharmaceuticals, agrochemicals and biologically active molecules. Due to the growing demand of
optically pure compounds and increasingly strict safety, quality and environmental requirements of
industrial synthetic processes, the development of strategies for the synthesis of chiral molecules is still
an open challenge. The production of optically active ingredients in industries mainly relies on
homogeneous catalysts made of precious and toxic late transition metals.1-5 Herein, we report a strategy to
develop metal organic framework (MOF) based heterogeneous single-site enantioselective catalysts based
on naturally occurring amino acids as the chiral source and earth-abundant metals for sustainable
asymmetric catalysis. The post synthetic modification to graft the amino acids within the pores of a metalorganic framework (MOF), followed by post-synthetic metalation with iron precursor affords highly
active and enantioselective (>99% ee for 10 examples) catalysts for hydrosilylation and hydroboration of
carbonyl compounds. Impressively, the MOF-Fe catalyst displayed high turnover numbers of up to 10000
and was recycled and reused more than 15 times without diminishing the enantioselectivity. MOF-Fe
displayed much higher activity and enantioselectivity than its homogeneous control catalyst, likely due to
the formation of robust single-site catalyst in the MOF via site-isolation.

amino acid-grafted chiral MOFs iron catalysis
ee up to >99% recyclable >15 times with 99% ee
DFT studies

Figure 1: Figure illustrating a simple strategy comprising of the grafting of amino acids onto porous
MOFs followed by metalation with earth-abundant metals such as iron affords heterogeneous single-site
chiral catalysts via site isolation that displayed high activity and excellent enantioselectivity in
hydrosilylation and hydroboration of carbonyls.6
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Due to a wide range of applications, Aryl amines and N-Aryl formamides are vital intermediates
particularly in polymers, pharmaceuticals, agrochemicals, dyes, and fragrances Industries.1 Generally,
synthesis of formamides involves direct formylation of amine and reductive amination of nitrocompounds reductive.2 The use of one of the abundant CO2 surrogates, Formic Acid (FA) as a reagent for
one-pot reductive formylation nitro-compounds makes the process more sustainable as FA is considered
not only an excellent alternative to hydrogen3 but also C1 source for formylation. However, these
processes with base metals as catalysts often suffer from drawbacks such as high reagent to substrate
ratio, high temperature, low yield, pro-long reaction time etc.4 The research on efficient one-pot direct Nformylation of nitroarenes using CO2 surrogates usually involved the use of noble metal catalysts e.g. Pt,5
Au,6 Rh,7 etc. Thus, in order to make the process relatively inexpensive, it would be of great interest to
use relatively cheap metal e.g. Pd- based catalysts. It is well known that support plays a crucial role in
heterogeneous catalysis in terms of dispersion of active metals, diffusion steps as well thermal stability.
These can be largely affected by the morphology of the support such as surface area, pore size, pore
volume, types of pores etc.

Figure 1. Pd-anchored mesoporous silica catalysed reductive formylation of Nitrobenzenes with HCOOH

Considering these facts related to one-pot transformation with FA as well as the heterogeneous catalyst
for the selective reduction and reductive N-formylation, the present study will be emphasized the
synthesis of Pd anchored porous silica support with different morphologies. The effect of support
morphologies on physico-chemical properties of synthesized Pd catalysts will be derived from advanced
characterization techniques. The reaction optimization will be done by varying various parameters such as
time, temperature, loading of Pd, nitro: FA ratio etc. Further, the correlation of the structure/morphology
of synthesized supported catalysts with their catalytic activities will be established.
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Metal-organic frameworks (MOFs) are known for their versatile combination of inorganic building units
and organic linkers, which offers immense opportunities in a wide range of applications. However, MOFs
are often synthesized as nanocrystals and/or multiphasic powders, which are challenging for studies by Xray diffraction. Therefore, developing new structural characterization techniques is highly desired to
reveal unique properties of MOFs and accelerate discoveries of new materials.
Three-dimensional electron diffraction (3DED) has been developed to tackle these challenges. By taking
advantage of the strong interaction between electrons and matter, 3DED allows single crystal structural
analysis even when the crystal sizes are down to the range of nanometers[1,2]. This turns a polycrystalline
powder into millions of analytes of single crystals. Moreover, with a short data collection time of 3-5
minutes per crystal, it is possible to analyze individual crystals in a high throughput manner and
determine the structure of each tiny crystal.
Here, I give an example of using 3DED technique, continuous rotation electron diffraction (cRED), in
discovery of a new MOF among a phase mixture[3]. The new MOF, ZIF-EC1, was discovered by cRED
with a trace amount in a ZIF-CO3-1 material. Interestingly, the structure of ZIF-EC1 is rather dense,
which is built by mono- and binuclear Zn clusters. This offers a high density of N and Zn, which are
active sites for electrocatalysis. We subsequently converted pure ZIF-EC1 to N-doped carbon material as
an electrocatalyst for oxygen reduction reaction (ORR), and the material exhibits the best performance
compared to those derived from other ZIFs. Furthermore, I will present our recent development by using
3DED to probe molecular motions in MOF nanocrystals, where different degrees of motions can be
identified[4]. Our strategy by using 3DED as a high-throughput analytical tool for discovering new MOFs
and revealing unique atomic properties would benefit the MOF community to accelerate research in
developing new materials.
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Rapid rise in CO2 levels in the environment is one one of main causes of global warming. Therefore,
to alleviate this problem, porous solid materials have been considered as a potential technology to capture
and store CO2. However, the intrinsic solid nature of these porous materials limits their use in the continuous
industrial flow processes. In contrast to the porous solid adsorbent, further molecular amine-based liquid
adsorbent has been used in industrial plants for post-combustion capture of CO2 through chemisorption.
However, separation of chemisorbed CO2 and regeneration of CO2 adsorbent was associated with high
energy consumption. Therefore, since 2007, the development of porous liquid has gained massive
recognition for sequestration and storage of CO2.1-3 However, most of the known porous liquids are limited
towards sequestration and storage of CO2. Very few convert CO2 to industrially valuable products. We
have recently developed a facile and scalable process to develop composite porous liquid that combines the
properties of permanent porosity, fluidity, and efficient catalytic activity.4-5 Our material is composed of
polymer surfactant (PS) grafted hollow silica nanorods and bioconjugated carbonic anhydrase in a solventfree environment. The PS grafted hollow silica nanorods enable the sequestration and storage of CO2. In
contrast, bioconjugated carbonic anhydrase catalytically converts slowly releasing CO2 to carbonic acid
(HCO3-), which reacts with pre-added calcium chloride to form industrially relevant calcium carbonate
(CaCO3) (Figure 1). The storage of CO2 for a longer period of time can be carried out by freezing the
composite porous liquid below its glass transition temperature (-40 ֯C). This composite porous liquid
therefore possesses unique qualities such as recyclable sequestration, storage, and subsequent conversion
of CO2 to CaCO3 polymorphs.

Figure 1: (a) Inverted glass vial showing porous liquid. (b) CaCO3 crystals formed after purging porous
liquid with CO2.
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The field of metal–organic frameworks (MOFs) has expanded to encompass defective, disordered, and
amorphous systems, with some studies demonstrating that structural inhomogeneity can be utilised to
enhance chemical and physical properties.1 A subcategory of amorphous MOFs are melt-quenched MOF
glasses: the first new category of glass reported in 50 years.2 MOF glasses are of particular interest due to
their optical properties and their ability to be processed into bulk morphologies.3 However, the current
chemistries that can be incorporated within MOF glasses remain limited. A common strategy to expand
the chemistry within MOFs is post-synthetic modification (PSM).4 Over 20 years since the first practical
demonstrations of this technique,5,6 it has now been successfully applied to both a wide variety of MOFs
and chemical reactions. However, PSM is not limited to MOFs, with techniques including ion exchange
routinely employed to modify the surface chemistry of inorganic glasses.7 PSM of MOF glasses is
therefore a promising strategy to expand their available chemistries and tune their surface properties.

Here, we have designed a novel liquid and glass forming ZIF, denoted ZIF-UC-6, to be ideally suited for
PSM.8 Crystallising in the Pbca space group and exhibiting the cag topology, it has an isomorphous
structure with many glass forming ZIFs. However, incorporation of a nucleophilic amine-functionalised
linker facilitates PSM of the framework with an electrophilic reagent. As a proof of concept, both
crystalline ZIF-UC-6 and its glass, were modified with octyl isocyanate. A significant change in the
surface wetting behaviour of the glass was observed after modification; the contact angle changed from
68° in the unmodified material to 101° in the modified glass, resulting in the first example of the
preparation of a hydrophobic ZIF glass.8
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Metal-organic frameworks (MOFs) are porous crystalline materials constructed from organic
linkers and metal ions (or clusters). Advances in MOFs applications include gas storage and separation,
drug delivery, sensors, water capture, and catalysis, depends in part on new structures. We recently
discovered a new methodology for the preparation of fluoro-bridged rare earth (RE) clusters.1 In this
presentation a new series of RE MOFs synthesized using bicinchoninic acid (BCA) and lanthanides (Ln=
Y, Eu, Gd, Tb, Dy, Ho, and Yb) will be discussed. 2D MOFs based on lanthanide dimer nodes are formed
in the absence of organo-fluorine molecule. In contrast the addition of 2-fluorobenzoic acid (2-fba), 2,6difluorobenzoic acid (2,6-dfba), or other fluoro-organic compounds results in μ3-F bridged hexaclusters
(Figure 1a) and the porous 3D MOFs shown in Figure 1b. The presence of fluorine was verified by XRD,
EDS and XPS analysis. The Eu-MOFs are fluorescent, their fluorescence can be tuned using mixed
metals for thermo or host-guest based sensing applications. This study will also help to explore how
presence of μ3-F bridging could increase the fluorescence intensity in hexacluster MOFs.

Figure 1. Crystal structure of (a) hexacluster containing μ3-F bridging in c-direction (b) 3D MOF
network showing cavities (Ln=green, C=gray, N=blue, O=red, F=yellow)
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Shale gas, constituted primarily by methane with smaller quantities of higher hydrocarbons and inorganic
gases is an unconventional energy source which has become an important alternative to traditional fossil
fuels1. Shale gas is trapped in nano porous kerogen regions of shale rocks, and the technological challenges
for its efficient extraction include the displacement by externally pumped CO2. 2 While adsorption
properties of these fluids are reasonably well known and understood, the nuances of high-pressure fluid
flow in these ultra confined regions have often been overlooked3.
We report here molecular simulations of the transport behaviour of CH4 and CO2 and their mixtures in
smooth and rugous graphene pores. Coronene-shaped carbon clusters were systematically added or deleted
from smooth surfaces to generate varying degrees of rugosity (Fig 1a). Boundary-Driven Non-Equilibrium
Molecular Dynamics (BD-NEMD)4 and External force Non-Equilibrium Molecular Dynamics (EFNEMD) were used to study the transport diffusivity and flow patterns respectively. Intermolecular
interactions were described by a coarse-grained Mie potential, whose parameters were used in conjunction
with SAFT-γ Mie equation of state to determine bulk fluid properties5.
In the limit of smooth surfaces (graphite slit pores), our result agree with the literature and indicate a
facilitated transport6. However, even small instances of surface rugosity are shown to hinder transport,
which decreases in the transport diffusivity of over an order of magnitude (Fig1b). The fast plug-like flow
pattern observed in smooth pore also dissipated by surface imperfections, suggesting a change in the overall
transport characteristics. In the case of binary mixtures, we observe that the adsorption selectivity of CO2
drops due to rugosity. The results confirm that the use of smooth carbon model pores may be grossly
inadequate as a surrogate of organic shale rocks and therefore the assess the performance of CO2 enhanced
oil recovery processes.

(a)

(b)

Fig.1 (a) CH4 transport diffusivities as a function of density for different rugosities of a nominal 3 nm wide pore (b). Examples of rugous
surfaces employed in this work generated by random removal and addition of carbon clusters. Left is R=0.025, right is R=0.5.
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Metal organic framework (MOF) materials are a vast family of porous solids with potential applications ranging from
drug delivery1 to environmental remediation.2 Despite their potential uses, commercial manufacturing of MOFs has
yet to be realized in part due to difficulties in their ‘activation’3 – removal of the synthesis solvent to open the pores
– leading to framework collapse and loss of material activity. However, aside from general rules of thumb, it is
currently impossible to predict which specific MOF-solvent combinations and conditions will lead to successful
activation.4 In this study, we investigate activation processes theoretically by reframing as adsorption phenomena.
Using grand-canonical Monte Carlo and free energy perturbation methods, we investigated activation processes in
the IRMOF family of MOFs as a function of pore size, pore connectivity, and solvent used. We identified direct
correlations between framework structure and the transition energy of activation, confirming previous experimental
observations.5–7 Further, we identify capillary formation as the leading predictor for activation-collapse,
corroborating previous hypotheses (Figure 1). As a result, we have produced a method to computationally predict
framework activation-collapse, enabling screening of conditions and solvents to accelerate the development of
MOF manufacturing processes.

Figure 1 – Visualization (centre) of the identified fluid-like and capillary-like MOF activation mechanisms as a function of
increasing sorbate density. Top – 3-d probability density histograms of dichloromethane adsorption in IRMOF-1. Bottom – 3-d
probability density histograms of acetonitrile adsorption in IRMOF-1.
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A new recent concept in the screening of porous materials for carbon capture using Pressure Swing
Adsorption is based on multiscale workflows, where data from molecular simulation is passed on to
detailed process models to evaluate the performance of a particular candidate material.1 For PSA
processes based on either experimental data or data from simulations, a single Pareto front linking energy
penalty and productivity of the process is commonly taken as the performance indicator for a given
material.
In reality, experimental measurements performed on the same materials by different groups
indicate a significant degree of scattering. Recently, Park et al.2 discussed how to systematically quantify
the uncertainty of experimental adsorption data and identify potential outliers amongst interlaboratory
data sets. Recent studies from Farmahini et al.3 indicate that uncertainty in the material properties, such
as heat capacity, may have a significant effect on the overall performance of the material at the actual
process level. The question we pose in this study is how the uncertainty in all material-specific
experimental data propagates across the multiscale workflows and manifests itself in the process level of
description.
We consider the case of 13X zeolite, a well-known
benchmark for carbon capture studies. Using curated
experimental data from the literature, we develop a
probabilistic isotherm model using hierarchical Bayesian
inference. In the next step, we combine detailed process
optimization and surrogate models to explore how the
uncertainty of all experimental data propagates to the
process level. We observe that i) the performance of 13X
zeolite is more accurately represented by a cloud of
possible performances rather than by a single Pareto front;
ii) the dimensions of this cloud are comparable to the
Figure 1. Performance cloud for 13X
differences in performance of various materials based on
zeolite (black symbols and pink area)
compared to the Pareto performance fronts their single Pareto front. These observations cast some
doubts on the reliability of performance rankings for
for several materials based on a single set
materials recently reported in process-based computational
of experimental data.
screening. We therefore encourage future studies to
publish their Pareto data along with some uncertainty
analyses for a more representative interpretation of
performance.
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Metal-organic frameworks (MOFs) are a relatively new class of hybrid materials that have sparked
research interest in various fields. Their modular nature offers unique opportunities regarding tunability
for target properties of synthesized materials via the exchange of building blocks or incorporation of guest
materials 1. Inherently, most MOFs are expected to be electrical insulators or wide-gap semiconductors
due to energy and symmetry mismatch of the frontier orbitals of metal node and organic ligands. In the
last decade however, interest in tuning the electronic properties of MOFs has risen, but the underlying
principles of charge transport in MOFs are still not well articulated 2.
In this work, we study the crystal and electronic structure of three redox-active MOFs based on the
dihydroxybenzoquinone ligand with density functional theory. We show that the charge balancing cation
is crucial for the stabilisation of the phase found in experiment for the iron metal node based structure, a
fact that is often overlooked, especially in computational modelling of MOFs. This has great implications
for the resulting electronic structure and might be another explanation for occasional discrepancies found
between experimental conductivity values and computational predictions 3. This favours the inclusion of
used solvent/charge balancing ions as an important building block for new structures and properties in
addition to the existing variation of metal node, ligand/linker and guests.

Figure 1 Groundstate structure of Fe2(dhbq)3 without consideration of charge balancing cations
(left) and upon explicit inclusion of dimethylaminium cations (right)
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With over 2 billion people having
inadequate access to food, the sustainable
production of food is one of the main
challenges facing society.1 To tackle this
challenge, improved methods for crop
protection which can be more easily used
and are transferable need to be developed.
Currently pesticides are applied by
indiscriminately
spraying
crops.
However, this approach results in large
volumes of pesticide being needed,
affecting more species than is necessary
and resulting in contamination of the
crop. A potential alternative is to utilise lure traps, which use pheromones to attract a targeted pest to a
poisoned bait. Lure traps traditionally have a short lifetime and need to be replaced frequently. A solution
we propose is to adsorb the pheromone into a metal-organic framework.
Our previous work demonstrates MOFs as a promising solution
to this problem.2 Our release study (Figure 2) showed that MOF
samples containing pendant alkyl groups retained more of the
pheromone than a similar material with only hydrogen bond
donor groups (the amine group in IRMOF-3) despite their lower
surface areas. This suggests that a hydrophobic pore
environment is more important than the interaction between the
amine and carbonyl group in the interaction between the
framework and 3-octanone. Molecular dynamics simulations
were conducted to gain more insight into the interactions
involved, and the results showed that the dispersion interactions
are more than five times larger than the electrostatic interaction
from the amine group, thus explaining the observed behaviour
when alkyl chains are present. Finally, to assess whether pheromone-loaded MOFs have a biological
impact, samples were tested in field trials in Brazil which demonstrated that leaf-cutting ants show the
normal behavioural responses to the released pheromone after inclusion in the MOF.
We are currently exploring whether we can further tune the release profile by changing the alkyl chain
length. Initial release studies suggest that once the chain length increases beyond four, there is a significant
decrease in total uptake. This can be attributed to a decrease in ‘free-space’ within the pore as well as the
opportunity for the alkyl chains to block windows hindering access to the pores. Work is under way to
determine the optimum chain length balancing total uptake and release rate. To this end, chain lengths of
up to eight are being studied. In addition, we are looking at a range of other pheromones to demonstrate the
generality of our findings.
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Amorphous materials often have greater applicability than crystalline ones, due to their improved
processability. In particular, amorphous microporous materials have potential for application as
membranes for chemical separations, a technology that would require up to 90% less energy than
distillation.1 Examples of these materials are amorphous microporous polymers and amorphous
Metal―Organic Frameworks (aMOFs). The former can be directly processed from solutions (linear
polymers like PIMs) or shaped into film through interfacial polymerisation (networked polymers), while
the latter can be shaped into bulk morphologies through melt-quenching or ball-milling.2,3 However, due
to their lack of structural long-range order, these materials are much more challenging to characterise
compared to their crystalline counterparts, making their structure-property relationships difficult to
discover. Molecular simulations can provide structural models for these materials, and therefore help
rationalise their behaviour though atomistic level understanding of their structure and derive design rules
to direct future experimental efforts.
Using an established computational approach developed for the structure prediction of organic polymers4
we investigated the bulk structure of several microporous polymers and aMOFs. In the case of the
polymeric membranes, we could successfully explain the improved performance of a new family of linear
N-Aryl–linked spirocyclic polymers compared to PIM-1 (archetypal microporous polymer in literature) in
separating light crude oil.5 Similarly, we are applying the same approach to tune the porosity of cagebased polymeric nanofilms for dye separation. We then expanded the application of the computational
approach to the family of aMOFs. Initially, we generated bulk models of amorphous zeolitic imidazolate
framework-4 (aZIF-4), a prototypical glass forming MOF6 for which we could successfully reproduce
experimentally observed properties. We then built models for other archetypical MOF chemistries [aMIL100(Fe), FeBTC and aUiO-66], for which we found good agreement with experimental scattering data
and porosity measurements. In particular, we used our models to understand, at a molecular level, the
effect of defects and disorder on the final structure and porosity of FeBTC, by sampling the material
phase space with several amorphous models at different degrees of disorder and defects.7,8
Notably, the approach used does not require any experimentally derived data to use as a target property
during the structure generation, giving us the possibility to predict the structure of hypothetical
amorphous microporous materials that have not been synthesised yet in the lab. This structure prediction
approach opens the possibility to outline design rules for porous polymers and aMOFs, allowing us to
suggest new promising candidates with properties tailored for specific applications.
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Phosphorus is a finite resource found as minerals,
primarily phosphates, in sedimentary rock. High quality
deposits are only located in a few regions of the world;
Morocco and the Western Sahara have an estimated 70 %
of the world's remaining phosphate reserves.1,2 High
quality easy to mine reserves are being depleted first –
the lower quality reserves have a higher percentage of
impurities and are harder to mine. Therefore, the cost of
the extracting phosphorus is set to increase.1
Phosphates are widely used in the agriculture, home and
industrial sectors.1 However, a significant amount is lost
in sewage and water runoff. For example, only 16 % of the phosphate applied as fertilizer is used by the
plants for growing, with the rest lost to waterways in farmland runoff.3 Water companies are required to
reduce the amount of phosphate in sewage treatment works, as it causes eutrophication leading to the
death of aquatic ecosystems.4
Considering the future availability of phosphate and the detrimental effect excess phosphate has on the
environment, it makes environmental and economic sense to develop ways to capture and reuse phosphate
from sewage systems. From the potential capture methods, pollutant adsorption presents several benefits
including ease of operation, simple design, potential to remove phosphorus at low concentration, little
waste production and the reusability of the adsorption material.4 Metal-organic frameworks (MOFs) have
been shown to be effective adsorbents in wastewater for the removal of a range of contaminants, such as
pharmaceuticals, personal care products and dyes.5
We use experimental and computational techniques
to study phosphate adsorption in water-stable MOFs
such as those in the MIP-207 (Ti8O8(acetate)8(btc)4,
btc = 1,3,5-benzenetricarboxylate, ZIF (Zeolitic
Imidazole Frameworks), and MUV (Materials of
Universidad de Valencia) series. The results provide
insight into the structural and functional parameters
of the MOFs that impact key performance indicators
such as capacity, adsorption efficiency, kinetics, and
recyclability. Materials showing good uptake have
been studied in more detail to explore the effect the
adsorption has on the MOF structure.
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Drug overdose is a severe health problem worldwide. Most existing detoxification agents show poor drug
loading and usually the drugs are physically adsorbed on the surface of the material. In this context,
metal-organic frameworks (MOFs) with highly tuneable structures and porosities are suitable to serve as
drug removal agents for oral drug overdose treatments. However, only a few MOFs have been
investigated for this application,1, 2 and the adsorption behaviour in aqueous solution, at gastric fluid pH
and body temperature remains uncertain.
In this work, the promising MOF candidate, Al(OH)(1,4-NDC) 1, was selected by conducting a highthroughput molecular simulation screening based on predicted high affinity and capacity for two drugs,
ibuprofen and paracetamol. The MOF 1 has been synthesized in two different solvents (water and
dimethylformamide) and the products characterised and compared for uptake ability. Defective UiO-66 2
has also been assessed in a parallel study as a benchmark. In addition to equilibrium adsorption
experiments to establish the capacity of the MOFs for sodium ibuprofen and paracetamol, kinetic studies
at pH 2 and 37 °C, with time series from 15 min to 4 h were conducted. The drug loadings were
quantified by UV-visible and NMR spectroscopy.
MOFs 1 and 2 adsorb sodium ibuprofen with a loading up to 1200 mg g-1 within 2 h. Sodium ibuprofen is
chemically adsorbed and the drug loading in the MOF remains high even after washing with solvent.
Despite the solvent used in synthesis having no effect on the observed PXRD pattern, samples of 1
synthesized in DMF show higher loadings of sodium ibuprofen and paracetamol than 1 synthesized in
H2O, which we hypothesise to be related to the presence of defects. These MOFs function as superior
detoxification agents for efficient overdose treatments of common drugs, potentially significantly
reducing the number of drug overdose related deaths. Potential defects generated by changing the solvent
during synthesis, open the way for further tuning of MOF structures, which in turn helps tailor their
porosity, selectivity, and ultimately application performance. In addition, this work emphasizes the
relevance of chemisorption in the context of drug adsorption in MOFs.
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Introduction
Copper-loaded zeolites are currently the foremost candidates for the direct methane-to-methanol
conversion, with framework types MOR, MFI and CHA often producing the highest yields.1 The operation
can be performed continuously via introduction of oxygen, methane and steam simultaneously, or as a
stepwise process involving high-temperature oxidation, methane reaction and methanol extraction using
water. The latter, stepwise, process has been shown to yield an order of magnitude more methanol than the
continuous operation.2 In order to understand the partial oxidation of methane within these catalysts, it is
important to firstly gain insight into the behaviour of water within these frameworks since it is the most
commonly used extraction solvent. We therefore probed the dynamics of water within Cu-loaded
mordenite, ZSM-5 and SSZ-13 using quasielastic neutron scattering in order to gain insights on the effects
of framework and cation presence on its behaviour within these catalysts.
Materials and Methods
The Cu-loaded zeolites were prepared for QENS
experiments by drying in a furnace, overnight, at 623
K using a sample holder attached to a vacuum system
which incorporates a turbopump. The samples were
subsequently weighed and placed in a desiccator with
a saturated KNO3 solution – which provided 95%
relative humidity – for 20 hours until equilibrium was
reached. The samples were then re-weighed and sealed
in sample cans at 1 ATM. This yielded 3 samples
comprising: 2.51 g Cu-MOR (37.8% H2O w/w; ~97
molecules per unit cell); 2.20 g Cu-SSZ-13 (20.0%
H2O w/w; ~ 30 molecules per unit cell); and 2.16 g CuZSM-5 (12.50% H2O w/w; ~46 molecules per unit cell).

Fig. 1. Lorentzian linewidths from fits to spectra of
water-dosed zeolites at 300 K.

Results and Discussion
The motions of atoms probed at 100 K were outside the experimental time window of the spectrometer thus
appearing static. At 200 K the quasielastic line broadenings were attributed to rotational diffusion, with CuMOR and Cu-ZSM-5 presenting similar periods of rotation; the faster rotational dynamics observed within
Cu-SSZ-13 were attributed to a higher cation content and smaller cavity size. At 300 K, both rotational and
translational components were deduced. The diffusion constants obtained were smaller than that of bulk
water due to strong cation-water interactions within the framework. The jump lengths observed correspond
closely to those observed within bulk water, indicating that the jumps are intra- and not inter-crystalline;
diffusion may therefore take place within water clusters concentrated at the Bronsted acid and cationic sites
as previously described by Grifoni et al.3
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Hybrid Ultramicroporous Materials (HUMs) are a class of porous coordination polymer comprised of
metal cations, neutral organic linkers, and inorganic “pillar” anions.1 The judicious selection of
components has enabled the modular design of HUMs with varied pore sizes and pore chemistries, and
led to the development of highly selective adsorbate binding sites — and consequently benchmark gas
separation performance.2 However, while inorganic pillars are the key building blocks that imbue HUMs
with favourable electrostatics for adsorbate binding, they tend to be highly fluorinated (MF62-, MOF52-) or
based on heavy metals (MO42-), limiting their scalability and ecological compatibility. Therefore, there is
a need for a new generation of HUMs that retain the selectivity of traditional HUMs, but present an earthfriendly alternative.

Figure 1. (a) Crystal structure of SOFOUR-1-Zn viewed along the crystallographic b-axis; (b) A
scatter plot of the results for a CSD search of M⋅⋅⋅M distances for SO42− and SiF62− pillars versus
the angle between one of the coordinating atoms (X=O, F) and the bridged metals (M=Mn, Fe,
Co, Ni, Cu, Zn, Cd); (c) The C2H2 binding site in SOFOUR-1-Zn obtained by DFT calculations.
Here, an emerging family of sulfate-pillared HUMs, SOFOUR-1-M, is described. The prototypal
material, SOFOUR-1-Zn ([Zn(tepb)(SO4)]n tepb=(tetra(4-pyridyl)benzene) (Fig. 1 (a, b)), demonstrates
that the construction of HUMs using earth-friendly sulfate pillars is enabled by judicious ligand choice.
SOFOUR-1-Zn shows outstanding C2H2/CO2 separation properties and outperforms its SiF62--pillared
analogue, SIFSIX-22-Zn in dynamic column breakthrough experiments. Remarkably, SOFOUR-1-Zn
enables recovery of fuel grade (>98%) C2H2 from a trace (1%) C2H2 stream. DFT studies show strong Hbonding of C2H2, enabling a new record difference between C2H2 and CO2 heats of sorption at low
loading (ΔQst=24 kJ mol−1).3
The use of sulfate pillars in SOFOUR-1-Zn also enhances hydrolytic stability over the SIFSIX analogue.
This is improved in the Ni analogue, SOFOUR-1-Ni, which shows hydrolytic stability even under
extreme conditions, as well enhancements in its gas separation properties. The development of further
SOFOUR HUMs thus emerges as an important target, and we anticipate that this earth-friendly platform
will match or even exceed the performance of previous generations of HUMs.
References
1.
S. Mukherjee and M. J. Zaworotko, Trends Chem., 2020, 2, 506-518.
2.
D. J. O'Hearn, A. Bajpai and M. J. Zaworotko, Small, 2021, 17, 2006351.
3.
D. Sensharma, D. O'Hearn, A. Koochaki, A. Bezrukov, N. Kumar, B. Wilson and M. Vandichel,
and M. Zaworotko, Angew. Chem. Int. Ed., 2022, doi: 10.1002/anie.202116145

P16

Hierarchical porous material via hidrolysis of metaestable heterometallic ZIF-8
L. León-Alcaide1, J. López-Cabrelles1, G.Mínguez Espallargas1
1

Instituto de Ciencia Molecular (ICMol). Universidad de Valencia, Spain, luis.leon@uv.es

Metal-Organic Frameworks (MOFs) are a family of porous crystalline materials formed by organic
ligands and metal ions (or clusters) combining the advantages of the organic and the inorganic chemistry.
This approach provides a high level of tuneability and chemical design. A remaining challenge in MOFs
chemistry is the creation and control of different size cavities to prepare hierarchical porous materials
(HP-materials)1. One approach to modify the pore environment consists on taking advantage of the
chemical design to selectively remove a part of the structure, typically organic ligands2 . This translates
into a meticulous control in the formation of mesoporous cavities3.
Herein, we present the formation of HP-ZIFs (zeolitic imidazolate frameworks). ZIFs are a subfamily
within MOFs formed by tetrahedral metal centres linked by imidazolate ligands. The prototypical
member of this family is Zn(mim)2 (mim = 2-methylimidazolate), commonly known as ZIF-8, which
possesses a sodalite-type structure (SOD). In this work we report the preparation of bimetallic Fe/Zn-ZIF8, which gives rise to M-im-M coordination bonds of different reactivity towards the presence of water
molecules due to unequal ions stabilities. This allows to generate mesoporous cavities to form a
hierarchical material of the archetypical ZIF-8 with particular adsorption properties.

Figure 1. Schematic representation of the hydrolysis process carried out on Fe/Zn-ZIF-8 (microporous) to
give rise to Zn-ZIF-8 (mesoporous) with embedded iron oxide nanoparticles.
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Solvent-free synthetic pathways towards porous materials are of topical interest, as they have several
advantages over traditional solvent-based synthetic techniques.[1] Solvent-free techniques tend to display
mild conditions, facile scalability, and minimal waste generation.[1] Typical solvent-free synthetic
methods include mechanochemical and melt synthesis pathways.[2] Here, we present a series of twenty
hybrid coordination networks generated by a solvent-free synthetic method. These sql- or pcu-topology
coordination networks have the general formulae [ML2(H2O)2][XF6] or [ML2XF6], where M = Co, Ni, Cu
or Zn, X = Si, Ti or Zr, and L = a range of neutral ditopic N-donor ligands.[3] The coordination networks
are characterised by PXRD, FT-IR, and TGA techniques. VT-PXRD and TGA are additionally used to
follow the progression of the solvent-free reaction in situ. The [ML2XF6] materials can be activated
directly after synthesis, or solvent-exchanged before activation. The activated materials are porous and
their CO2 sorption properties have been investigated.

Figure 1 – A) Overview of the solvent-free synthesis of [M(H2O)2L2][XF6] or [ML2XF6] hybrid
coordination networks. M = Co, Ni, Cu or Zn, X = Si, Ti or Zr, L = N-donor linker. B) PXRD patterns of
[M(H2O)2L2][XF6] compounds. C) CO2 gas sorption analysis of [ML2XF6] compound at 195 K.
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Lithium-ion batteries (LIBs) have been widely used for transport and grid scale energy storage, however,
they are reaching the limit of energy density. There are also safety concerns for large scale applications
due to the use of flammable organic liquid electrolytes.1 Solid-state batteries (SSBs) hold great promise
for replacing conventional LIBs due to their higher energy density and enhanced safety2. Current
inorganic and organic solid electrolytes possess low ionic conductivity and there are various technical
challenges, e.g., poor chemical stability, poor ability of preventing dendrite growth and difficulty of
manufacturing at large scale.
Metal-organic frameworks (MOFs) have great potential for applications as next-generation ionconductive membrane separators for battery devices owing to their structural functionality, pore size,
adjustable surface chemistry and physical stability3. The versatile coordination chemistry allows the
elegant tuning of pore structures and functional groups to create fast ion transport channels so as to
improve the overall ionic conductivity and lithium-ion transference number. However, the ion transport in
crystalline MOFs is usually limited by the grain boundaries and it remains challenging to shape MOFs
crystals into large-size and grain boundary-free electrolyte membranes. In recent years, amorphous MOFs
and MOF glasses have emerged as promising new class of MOF materials and showed potential for
molecular separations and energy storage devices where selective molecular and ion transport critically
determines their performance4.
Here we report a novel approach to prepare MOF materials into glass-like membranes that enable high
ionic conductivity (>10-3 S/cm) as well as high lithium-ion transference number5. The structures of the
MOF membranes critically determine the ion transport properties and battery performance. The MOF
membranes enable the uniform stripping/plating of Li ions owing to uniform transport in nanoscale pores.
The MOF membrane was assembled into coin-type batteries and pouch cells and demonstrated promising
performance. The strategy of processing MOF membranes and the structure-property-function
relationships will inspire design of next-generation of ion-selective membranes with fast ion-conducting
channels for applications in a variety of electrochemical devices.
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There is an increasing need to understand in greater detail the structures of MOF owing to the importance
of their diverse applications.1 The use of carboxylate ligands as linkers are common within these
materials, due to the formation of a strong M-OC bond,1 for example benzene-1,4-dicarboxylic in MIL53. MIL-53 is known as a “breathing MOF”2 because of the significant variation in pore size it displays
upon interaction with guest molecules or with a variation in experimental conditions, such as temperature
and pressure. The bridging nature of the oxygen atoms present in MOFs makes 17O NMR spectroscopy a
potentially useful technique for investigating small changes in their structures, such as metal cation
substitution and pore size. However, 17O NMR is not routine, owing to its quadrupolar nature (I = 5/2),
extremely low natural abundance (0.037%) and only moderate gyromagnetic ratio. For these reasons, to
allow a complete and high-resolution spectroscopic investigation of MOFs, pathways for cost-effective
17
O enrichment have been optimised using a direct synthetic approach using dry gel conversion (DGC).
DGC uses microlitre quantities of solvent, providing a low-cost synthetic route to enriched materials.3
Additionally, 17O enrichment can be achieved during post synthetic ion exchange processes when
performing these reactions on a small-scale providing insight into the cation distribution within these
frameworks. In this work,3,4 the effects of metal cation composition on the breathing behaviour of mixedmetal (Al,Ga)-MIL-53 have been explored by analysing the structural variations in the calcined, hydrated
and dehydrated forms using both 13C and 17O solid-state NMR spectroscopy. The NMR parameters of the
carboxyl 17O resonances are particularly sensitive to the type of pore form adopted by the framework with
the hydroxyl 17O resonances providing information on the cation distribution thus affording key insights
into these frameworks.3,4 Additionally, work has been undertaken to understand any potential effects the
synthesis route (i.e., DGC vs traditional hydrothermal) has on site-specific 17O enrichment and the
resulting metal cation distribution.4 Finally, the use of post synthetic ion exchange reactions to form
(Al,Ga)-MIL-53 has been undertaken using 17O NMR spectroscopy to probe cation exchanged sites,
furthering our understanding of these mixed-metal materials.

Figure 1 – (a) Schematic showing the breathing behaviour of MIL-53. (b) Hydroxyl region of a 17O MAS
NMR spectrum of (Al,Ga)-MIL-53 (50:50) showing three types of hydroxyl sites corresponding to AlOH-Al, Ga-OH-Ga and Al-OH-Ga. (c) Carboxyl region of a 17O MQMAS spectrum of the same material
in its calcined state showing one resonance corresponding to the open-pore form.
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Flexible Metal-Organic Frameworks (MOFs) - hybrid, versatile, crystalline porous materials that change
their structure due to external stimuli - are a relatively uncommon classes of MOFs despite the almost
infinite MOF structures that arise from the combination of inorganic building blocks and organic ligands
and their host-guest interactions being extensively studied for several applications, including drug
delivery, catalysis and gas storage and separation among others. 1-4

Figure 1: Comparison of the CO2 adsorption and desorption isotherms of MUV-26α and MUV-26β
activated at a) 150 ºC and b)150 ºC, showing that the although the materials have a similar CO 2
adsorption when activated at 150ºC – with MUV-26β exhibiting a slightly higher adsorption – the gate
opening phenomena is only observed for MUV-26β_120.

Herein, we present a new class of trimer-iron MOF materials – MUV-26, Materials of University of
Valencia - that exhibit solvent-dependent breathing behavior and that have great potential for CO2/N2 gas
separation.5 Tuning the linker-to-metal ratio and concentrations during synthesis results in two different
MOF structures, denoted MUV-26α and MUV-26β, composed of the same building blocks, which
highlights the complexity of MOFs self-assembly and structural diversity. Importantly, these structures
differ on the number of pendant linkers, which results in complete different flexible behavior.3
While MUV-26α is rigid and does not undergo significant changes upon solvent removal or pressure
changes, MUV-26β undergoes solvent-dependent breathing behavior, as evidenced by gas-sorption
isotherms (Figure 1). This breathing behavior is not associated with a defined phased transition, but rather
to a continuous motion
Structural analysis reveals that the flexible MUV-26β undergoes continuous pendant-linkers interdistance changes as well as torsion angles and unit cell changes upon solvent removal. While the structure
is rigid when all the solvent has been removed, a breathing behavior is observed when the structure is
partially solvated with DMF molecules. This flexible behaviour is not observed upon solvent exchange
with chloroform, hexane, THF or water.
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The most recent investigations into electronic energy storage materials have explored the realm of porous
materials. Conjugated Microporous Polymers (CMPs), which are a class of amorphous microporous
organic polymer first discovered in 2007,1 have rapidly grown as a field due to the inherent flexibility in
the synthetic strategies and building block materials used to prepare these polymer frameworks.
Recent work within our group investigated whether the artificial synthesis of the first CMP, CMP-1
(Scheme 1), could be used to accurately describe the experimental porosity properties reported for this
network.2 The artificial synthesis procedure conducted was carefully designed to follow the network
formation mechanism proposed by Laybourn et al.,3 using the experimental stoichiometry of reagents
throughout and modelling a number of different levels of solvation in order to fully consider all of the
different regions of the cell. We saw that this methodology could indeed be used to generate structural
models with porosity properties that are comparable to those seen experimentally.1

DBB
X = Br or I

TEB

CMP-1

Scheme 1: The reaction of 1,4-dibromobenzene (DBB) with 1,3,5-triethynylbenzene (TEB) to produce
CMP-1, the first conjugated microporous polymer.
This led to the development of our next work, which aims to investigate the influence of solvent on the
formation of CMP-1 networks, and the resulting porosity properties. The structural models were prepared
as in our previous work,2 and the data compared to the experimental results reported by Dawson et al.,4
which gives the pore volumes and surface areas seen on preparing a number of CMP materials (CMP-1
included) in four solvents of differing polarities: N,N-dimethylformamide (DMF), toluene,
tetrahydrofuran (THF), and 1,4-dioxane.
References
[1] J.-X. Jiang, F. Su, A. Trewin, C. D. Wood, N. L. Campbell, H. Niu, C. Dickinson, A. Y. Ganin, M. J.
Rosseinsky, Y. Z. Khimyak and A. I. Cooper, Angew. Chemie – Int. Ed., 46, 8574, 2007.
[2] J. M. H. Thomas, C. Mollart, L. Turner, P. Heasman, P. Fayon and A. Trewin, J. Phys. Chem. B, 124,
7318, 2020.
[3] A. Laybourn, R. Dawson, R. Clowes, T. Hasell, A. I. Cooper, Y. Z. Khimyak and D. J. Adams,
Polym. Chem., 5, 6325, 2014.
[4] R. Dawson, A. Laybourn, Y. Z. Khimyak, D. J. Adams and A. I. Cooper, Macromolecules, 43, 8524,
2010.

P22

In-situ Assembly and Properties of Geometrically Diverse, Aliphatic Silver(I)
Coordination Cages
V. D. Slyusarchuk1, A. J. McConnell2 and C. S. Hawes1
1

Keele University, United Kingdom, v.slyusarchuk@keele.ac.uk, c.s.hawes@keele.ac.uk 2 Otto DielsInstitut für Organische Chemie, Christian-Albrechts-Universität zu Kiel, Germany,
annamcconnell@oc.uni-kiel.de

Planar aromatic ligands have long dominated the field of functional metallosupramolecular materials,
such as metal-organic frameworks (MOFs), with molecules such as terephthalic acid (encountered in
MOF-5)1 or isophthalic acid derivatives, encountered in coordination cages,2 providing reliable building
blocks for the reticular design of these materials. This is largely due to the inherent rigidity of aromatic
molecules and, therefore, their predictable geometries. Conversely, fully aliphatic ligands are very rarely
encountered in MOFs or coordination cages,3 leaving a largely unexplored region of chemical space to be
exploited. We hypothesise that comparable rigidity to aromatic ligands can be achieved in aliphatic
molecules by incorporating fused rings or spirocyclic moieties into their backbones.4

Ag(I)

Ag(I)

≡

Figure 1. Silver(I) MOF prepared from tropinone-derived ligand 1, with silver(I) ions (red) forming cages (blue)
which connect to form the 3D MOF (left), discrete aliphatic silver(I) cage derived from ligand 2 (right)

We have prepared the first coordination complexes (shown in Figure 1) using ligands containing the 8azabicyclo[3.2.1]octane core, derived from tropinone and functionalised at the apical amine and at the
carbonyl moiety. Combination of these nitrogen-rich coordinating ligands with silver(I) salts resulted in a
largely aliphatic MOF and largely or fully aliphatic coordination cages. The nitrile-functionalised ligand 1
forms an extended 3D MOF, consisting of connected truncated tetrahedral M12L6 cages, while the fully
aliphatic ligand 2 forms a discrete M8L6 cubic cage. NMR spectroscopy was used to support the
crystallographic data, and provide insight into the dynamic assembly processes of these species in
solution.
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Metal Organic Frameworks (MOFs) are a highly promising class of materials typified by well-defined
pore networks and high surface areas and volumes. Covering a vast array of architectures and chemical
structures, MOFs display outstanding tunability to diverse applications. An area of interest in MOF
studies, gas separations are a central part of chemical processes of industrial, medical, and fundamental
relevance. Separations carried out by established distillation-based methods are costly, inefficient, and
subject to individual complications, prompting the investigation of alternative methods based on
adsorption in porous materials. We use classical and machine learning based computational methods to
predict gas separation properties of selected MOFs on a smaller timescale and with fewer resources than
is possible for experimental adsorption studies.
We consider a challenging process of Xenon/Krypton separation.1 As both gases are inert and have
limited interactions with framework atoms, framework geometry is paramount, and we have used
established structure-function relationships to identify a family of MOFs, the MFM series,2 as being
particularly promising. We examine structural and uptake properties of the series using Grand Canonical
Monte Carlo simulations and Voronoi networks to calculate total uptake and selectivity over pressures up
to 10 bar, along with measures of binding affinity. Predicted performance indicators are considered at
relevant temperatures and compared to equivalent properties of MOFs whose Xe/Kr separation potential
has previously been shown, either computationally or experimentally, to stand out. Considering multiple
performance indicators, the MFM series compares favourably with well-performing MOFs.
On a larger scale, the group has previously undertaken a computational screening targeting biogas
upgrading with focus on CH4/CO2 separation and removal of the trace contaminant H2S. Selectivity and
permeability of nearly 7,000 of MOFs were predicted, narrowing down to the most promising structures
recommended for further experimental studies.3 We use this extensive dataset of infinite dilution
properties, together with machine learning methods, to develop models for prediction of uptake selectivity
at elevated pressure from more cheaply obtained data. Models are developed incrementally to ensure
efficient and effective use of machine learning methods and computational resources, gradually adding
training data to target areas of chemical space in which they are least confident. They take advantage of
the full range of linear and non-linear machine learning methods, appropriate to the amount of training
data, including Partial Least Squares, Support Vector Machine, and Neural Networks.
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The crystalline sponge method1,2 (CSM) allows the absolute structural determination of non-crystalline
compounds such as powder, amorphous solid, liquid, volatile matter, or oily state. In this method, metalorganic frameworks (MOFs) are used as ‘crystalline sponges’ which can absorb target sample (guest)
molecules from their solution into the pores and allow them to arrange themselves in a regular pattern
with the help of specific interactions between MOF pores and the guests, such as π-π, CH-π, and chargetransfer interactions. This technique was first introduced in 20131 and since then has grown rapidly. The
crystalline sponge [{(ZnI2)3(tris(4-pyridyl)-1,3,5- triazine)2·x(solvent)n] (1) proved helpful in the structure
elucidation of liquids and other volatile compounds. However, the hydrophobic pore environment and
instability in protic solvents and in nucleophilic guests has limited its application. Therefore, to expand
the scope of CSM to encapsulate wider range of guests, a more stable MOF is desirable.

In

this

work

a

Cd-based

MOF

[Cd7(4,4’,4’’-[1,3,5-benzenetriyltris(carbonylimino)]trisbenzoic

acid)(H2O)]·solvent x] (Figure 1) was explored to be used as a new crystalline sponge.3 This MOF shows
great potential to act as a crystalline sponge because of larger pore size than 1, hydrophilic pore
environment and stability in the protic solvents. MOFs was exposed to several protic solvents in which
crystals of sponge 1 was degraded severely.4 In contrast,
crystal

of

this

MOF

was

stable

and

structure

determination was possible. Furthermore, this MOF is
also stable in nucleophilic guests and three novel
inclusion complexes with Pyridine, 3,5-lutidine, 4aminopyridine was obtained by coordinative alignment.
This MOF has outperformed sponge 1 in terms of stability
and contributed to expand the scope of CSM in
nucleophilic guest encapsulations.
Figure 1. Unit cell diagram of Cd-MOF viewed down the a axis
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Over the last two decades, metal-organic frameworks (MOFs) have been the focus of attention for
material researchers on account of their intrinsically tuneable chemical structures, flexible architectures,
high surface areas and multifunctional properties. However, MOFs are conventionally synthesised as
microcrystalline powders, which creates practical and commercial barriers caused by their poor
processability and weak mechanical performance. In order to avoid this commercial barriers, interest in
combining MOFs with more processable materials to form new composites has been expanded in recent
years. Here we propose a new concept composites combining a MOF and an inorganic glass matrix.
Metal-organic framework crystal- inorganic glass composites (MOF-CiGCs) are synthesised via the
dispersal of a crystalline ZIF-8 within a phosphate-base glass matrix at a working temperature where the
glass matrix can flow around MOF particles. A compositional series of this new material have been
successfully fabricated after a synthetic study and characterised by X-ray diffraction, differential scanning
calorimetry, and SEM-EDS, among other techniques. The local structure of these composites have been
analysed by Pair Distribution Function, where the correlations of both counterparts where assigned.
This unprecedented family of materials open the possibility to create new composites able to add intrinsic
properties of the MOFs to inorganic glass materials.
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Several materials, such as colloids and silica gels or aerogels, exhibit a fractal morphology.1,2 Such
materials can be effectively modelled using the diffusion- or ballistically-limited algorithms. In this
contribution, diverse algorithms, viz. diffusion-limited, reaction-limited, and ballistically-limited ones,
along with their cluster-cluster counterparts, are investigated. The effect of the aggregation mechanism on
the structural and fractal properties of the generated structures are investigated.
Moreover, the application of the diffusion-limited cluster-cluster aggregation (DLCA) algorithm to
computationally model silica aerogels is illustrated.3 Here, the developed model aerogels are compared
with the experimental data from small-angle X-ray scattering data. The fractal as well as the mechanical
properties of such highly porous and fractal materials are described. To investigate the mechanical
properties, the DLCA model is exported to a finite element analysis program and the linear elastic
properties are investigated. The presented modelling approach can effectively capture the backbone path,3
which arises in such materials due to the fact that not the entire network structure bears the applied
mechanical load, but only some critical backbone paths do.2
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Pancreatic cancer (PC) is a fatal disease which is characterized by late diagnosis, limited treatment
success and dismal prognosis1. Five-year survival rate of PC is less than 9% and it is expected to become
the second leading cause of cancer-related death by 20302. Despite chemotherapy is the primary treatment
for PC patients, the hydrophilicity of standard anti-PC agents such as gemcitabine, has hindered the
efficacy. This includes insufficient drug accumulation into pathological site as well as off-target toxicity.
Hence, hydrophobic drugs are preferable as they can enter to the cell more readily however, the more
hydrophobic drug to use, low potential of administration would be. Curcumin, a natural diphenolic
compound, is known to inhibit the growth of various cancer cells, including PC3. However, poor aqueous
solubility and low bioavailability limit the therapeutic use of curcumin, despite its efficacy. Nanosized
drug delivery systems have been shown as a promising platform to circumvent the limitations of monochemotherapy, enhance solubility and stability of drug formulation. Among different nanoplatforms,
Metal Organic Frameworks (MOFs) are promising materials for the controlled delivery of molecules in
nanoscale due to their high drug capacities, ease of functionality, and the tunable physical properties.
These materials are classified as highly porous supramolecular structures constructed from organic
“linkers” and inorganic “nodes. Herein, we report the in-situ formation of ultrasmall curcumin
nanoparticles (10 nm) loaded onto UiO-66/Zr MOFs (Figure 1) via solvothermal method. Physical
characteristics of MOFs show that the surface area has changed by formation of ultrasmall curcumin
nanoparticles from 1212.8 to 1002.8 m2.g−1. Moreover, the potency of MOFs formulation against two
pancreatic cancer cell lines (PANC-1 and MIA PaCa-2) are also examined showing the IC50 = 930 and
350 µg/mL for PANC-1 and MIA PaCa-2, respectively. Clinically relevant epithelial spheroid studies
show that nanostructure formulation is able to inhibit PC spheroids formation. Mechanistic studies show
that MOF loaded by ultrasmall curcumin nanoparticle prompts PC death via apoptotic pathway.
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Climate change is the largest challenge faced on a global scale. The UK government set the target of
reaching net zero carbon emissions in the UK by 2050 under the Climate Change Act 2008 to start to
mitigate the impact of climate change. To achieve this, there will be a dependence on active carbon
capture. Current technologies are dominated by the use of amines to bond covalently with carbon dioxide.
This is an efficient capture process but has high energy costs to release the carbon dioxide and the amines
used are toxic to aquatic life.1 Electrochemical carbon capture has been proposed as an alternative to start
to address some of these problems. One subset of this is the use of supercapacitors to reversibly adsorb
and desorb carbon dioxide through the supercapacitive swing adsorption (SSA) effect first reported by
Kokoszka et al.2 Instead of the traditional temperature swing that the amine technology relies on, a
change in the voltage applied to the supercapacitor will capture and release carbon dioxide. One
significant advantage of using supercapacitors for carbon capture is the sustainability of the materials
used. The electrodes are a porous carbon film and an aqueous sodium chloride electrolyte is used. These
materials are all environmentally inert which is a significant advantage over amine technologies. The
main limiting factor with carbon capture using the SSA effect is the low adsorption capacities as
compared to the commercial amine technology. We have shown that the charging protocol used greatly
effects the carbon dioxide adsorption capacity of the device. By increasing the potential window applied
to the supercapacitor, a greater than two-fold increase in the adsorption capacity was seen. The
mechanism of carbon capture through SSA remains elusive. Through controlling the pH of the
electrolyte, this hints that the concentration of bicarbonate ions (HCO3-), which is pH dependant, is
important in the mechanism of carbon capture through SSA.3

Figure 1: Schematic for the selective adsorption and desorption of carbon dioxide by supercapacitors through SSA
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1 in 3 people globally don’t have access to safe drinking water1. With expected worsening effects of
climate change and growth in global populations, access to clean water is only expected to decline as
even developed areas like California and Cape Town struggle with maintaining resilient water supplies.
Persistent organic pollution in water sources is a worldwide problem that garners increasing attention
each year. The most common sources of micropollutants are pharmaceuticals, personal care products,
steroid hormones, surfactants, industrial chemicals and pesticides2.
Most large scale water purification methods are based on adsorption, which remove pollutants from the
effluent to a certain degree, but do not actually degrade them. Meanwhile current chemical degradation
methods, which are usually either based on Fenton chemistry or ozone chemistry come with significant
drawbacks. These include accumulation of iron sludge that is hard to deal with, high costs of installation
and operation, and risks associated with transportation and storage of hydrogen peroxide3.
Present work aims to combine the adsorptive capability of carbon materials with the high catalytic
activity of Co, Mn spinels. A hydrothermal method has been developed for the production of neat and
carbon supported spinels, which were described by solid state characterisation methods like X-ray
diffractometry, electron microscopy and nitrogen sorption. The catalytic activity of these materials have
been assessed in a dye degradation reaction which serves as a model for the removal of persistent
organics from real effluents.
Several composites of nanocarbons and spinels have been produced with different deposition methods
and support-to-catalyst ratios in order to gain a deeper understanding of the structure-performance
relationships of these catalysts. A deeper look at dye degradation performance reveals a surprisingly
significant factor affecting catalytic performance, which is also a promising lead in moving from mere
decolouration to full mineralisation.
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The number of different MOFs is increasing exponentially – there are over 90.000 that have been
synthesised and 500.000 that have been predicted.1 A tool enabling this rapid development has been
reticular chemistry, allowing the prediction of MOF topologies based on the geometry of the SBU and
linker connectivity.2 Recently, V. Guillerm et al. introduced the concept geometry mismatch to steer away
from this systematic design.3 It involves combining seemingly incompatible building blocks, using bent,
twisted, or zigzag ligands. Following this concept, many MOFs with non-default topologies have been
obtained. However, we noted that there are hardly any examples of using 1,3-BDC as a means of
geometry mismatch, despite its 120˚ angle bend. In fact, there is no example of MOFs containing the
Zn4O(CO2)6 tetramer for which MOF-5 is renown.4 This seems especially surprising since the MOF-5
based IRMOF series essentially kick-started reticular chemistry.
Hence, this work aimed to explore whether 1,3-BDC could successfully be combined with the Zn4O
tetramer. We obtained Zn4O(1,3-BDC)3, or MEEK-1, which has the same SBU as MOF-5. However, the
same topology is not met due to orientational and occupational disorder. Additionally, we were not able
to reproduce this structure when attaching a functional group onto the phenyl ring, resulting in two
different structures instead; MEEK-3 and MEEK-5 (Fig. 1a). Trying to understand this, we found that not
only does 1,3-BDC introduce orientational degrees of freedom, but is also introduces flexibility in torsion
angle between the phenyl ring and carboxylic acid moiety (Fig. 1b). This is in contrast to 1,4-BDC, which
appears to be more rigid.

Figure 1 a) Scheme showing MEEK-1, MEEK-3 and MEEK-5 structures. b) Graph showing the spread
of torsion angle of substituted and unsubstituted 1,4- and 1,3-BDC linkers in a number of reported MOFs.
In conclusion, through the synthesis of three new MOF structures and a comparative literature study, this
work shows that as well as the bent nature of 1,3-BDC, its variation in torsion angle can induce twisting
and complicate the geometry mismatch further. Yet, control over the torsion angle is granted by attaching
a bulky functional group onto the phenyl ring, aiding in the synthesis of 1,3-BDC incorporated MOF
structures.
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The use of automated high-throughput (HT) methods for the synthesis of materials facilitates the systematic
screening of complex multiparameter chemical systems.[1–5] These methods were used employed to explore
the chemical space defined by ZrOCl2, terephthalic acid, fumaric acid and formic acid led to the
identification of a new twelve connected (12-c) Zr-based metal-organic framework with fcu topology which
is rhombohedrally distorted from cubic symmetry, and which possesses an ordered array of two linkers in
equal numbers, which differ in both length and geometry.[6] The ordered binding of terephthalate and
fumarate ditopic carboxylate linkers at the trigonal antiprismatic [Zr6(OH)4O4]12+ clusters of this material
results in the formation of close-packed layers of fumarate connected clusters that are connected along the
single remaining threefold axis by terephthalates. Not only does this well-defined arrangement of
terephthalate and fumarate linkers retain the three-dimensional porosity of the Zr cluster-based UiO family,
but creates two distinct windows within the channels which define multiple distinct guest diffusion
pathways. The identification of the two-linker ordered MOF, Zr6(BDC)3(Fum)3, which forms by a singlestep synthesis in a narrow region of chemical space and under restricted process parameters, highlights the
need for completing large numbers of synthetic experiments when systematically screening vast chemical
spaces at high resolution, and the key role played by automated HT methods in the process as they enable
the discovery of new materials in complex chemical systems.

Figure 1: Zr6(BDC)3(Fum)3 has two distinct triangular windows, one which is (a) composed of only
fumarate (yellow) linkers and is equilateral triangular and one which is (b) isosceles and composed of two
terephthalates (blue) and one fumarate. The differences in the shapes of these windows is highlighted by
the pink sphere and purple ellipsoid respectively. c) Simplified representation of the distorted fcu net of
Zr6(BDC)3(Fum)3, where cyan vertices represent Zr6 clusters and the blue and yellow edges represent
terephthalate and fumarate linkers respectively.
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Magnetic framework composites (MFCs) are a highly interesting group of materials that contain both metalorganic frameworks (MOFs) and magnetic materials. Combining the unique benefits of MOFs (tuneable
natures, high surface areas) with the advantages of magnetism (ease of separation and detection, release of
guests by induction heating), MFCs have become an extremely attractive area of research. Promising
applications of these novel materials include catalysis, drug delivery, and environmental remediation such
as pollutant detection (sensing) or sorption and separation.1,2 Hierarchically porous materials have also
received growing recent attention, with multiple levels of porosity demonstrated to benefit many
applications including adsorption and separation.3,4
This work firstly describes the single-stage synthesis of porous magnetic microspheres (approximately 200
µm in diameter) via a rapid, sustainable, and scalable flame-spheroidisation process.5 We describe the
composition and morphology of the microspheres, alongside their induction heating capabilities and
magnetisation. We then go on to explore surface functionalisation of the microspheres with various selfassembled monolayers and polymers to enhance interactions with the MOFs and facilitate the formation of
composite materials. Finally, we demonstrate for the first time the formation of novel MFCs with these
microspheres and archetypal MOFs (HKUST-1 and ZIF-8), and an innovative carbon-capture MOF,
SIFSIX-3-Cu. The versatility of our synthetic approach to novel MFCs is widely applicable to a variety of
different MOFs, providing a route to a wide range of possible MOF-microsphere combinations with diverse
properties and subsequent applications.

Figure 1: Schematic illustration of the synthesis procedure for the magnetic framework composites
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Pore size is one of the most important factors for the physisorption of gases; if the pore is too small the
sorptive will not enter the pore, if too large molecules will not be efficiently packed inside the pore as to
maximise uptake. As such, there ought to be an optimum pore size range (herein referred to as Ω) for gas
uptake in a material at a given pressure. Currently the approaches to determination of Ω involve (i)
computational optimisation of pore size,1-3 followed by (ii) testing of these predictions from modelling in
an experimental setting.4-6 The pyPUC package (python Porosity Uptake Correlator) ignores assumptions
made from approaches (i) and (ii). Instead, a set of gas uptake isotherms and pore size distributions
(PSDs) for a set of (compositionally similar) materials are supplied to the software. pyPUC then attempts
regressions between the uptakes at each pressure and porosity (pore volume or surface area) within a set
of pore size ranges. This not only yields Ω, but novel, detailed descriptions of the relationship between
porosity and gas uptake.
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Solar steam generation is an appealing approach to compete the worldwide freshwater shortage, and for
this reason various types of materials have been developed. Herein we present a low-cost attainable
alternative to the so far proposed systems, made by cattle bone waste, for steam generation and
desalination. This is achieved via thermal treatment, in a controlled environment, of bone samples for
their conversion into highly porous photothermal materials. The carbonized bone (CB) is not only
composed of intrinsically intertwined meso and microporous channels, for productive water
transportation and vapor escape, but exhibits outstanding optical absorption (99%) of the solar irradiation,
solar light-to-heat conversion, and low vaporization enthalpy. The CB device demonstrates a solar
evaporation rate of 1.82 kg m-2 h-1 under 1 sun illumination, and this is attributed not only to its
interaction with the sunlight but also to the enhanced evaporation rate in the dark, with the solar-to-vapor
conversion efficiency of 80%. Moreover, the desalination efficiency of CB reaches 99.99%. This
biowaste-based highly porous photothermal system is a promising material for the efficient collection of
freshwater from seawater, because of its outstanding performance coupled with the wide availability of
the biosource, the straightforward fabrication approach, and the thermal and chemical stability of the final
material. With such valuable alternatives, new paths for managing the continuously rising food waste are
opened.
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Highly efficient homogeneous transition-metal catalysts have been developed to promote a wide range of
industrially relevant reactions, however their lack of recyclability is a major drawback. Zirconium and
Hafnium based metal-organic frameworks (MOFs) are attractive supports for immobilizing such catalysts
thanks to their high stability, well defined tuneable structures, and complimentary catalytic properties.
However, restricted diffusion within the pores of these three-dimensional structures combined with
“blockage” caused by the immobilized catalysts, limits access to active sites within these systems thereby
reducing performance.1
Metal-organic nanosheets (MONs) are a superior class of 2D materials possessing high surface areas and
readily accessible active sites with applications in the fields of catalysis, sensing, optoelectronics, and
separation.2 MONs overcome the challenges associated with encapsulating catalysts within MOFs as their
two-dimensional structure means catalysts immobilized on their surface are directly accessible to the
substrates in solution.2 Moreover they can be readily recovered from the reaction mixture via
centrifugation.
This work builds on my expertise in Hafnium and Zirconium based MOF systems and heterogeneous
catalysis, 3 as well as work with the Foster group on the covalent post-synthetic functionalization (PSF) of
MONs.4
Two isoreticular series of layered Hf/Zr-based frameworks were synthesised using either di- or tricarboxylate linkers incorporating a range of functional groups. The layered frameworks were then
exfoliated using ultrasound to form high aspect ratio nanosheets approaching monolayer thickness. The
functional groups were then subjected to covalent PSF to attach late transition and platinum group metals
onto the surface of the MONs. The performance and recyclability of the nanosheets was compared against
the parent MOF and corresponding homogeneous catalysts.
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The signals in the soil UKRI project aims to utilise nanomaterials’ sensing capability to develop in-situ
monitoring of fertiliser concentrations in soil. When overspreading occurs, excess fertiliser solubilised in
agricultural wastewater runoff can cause detrimental environmental effects.
Two-dimensional materials with high surface area such as graphene, offer potentially extremely sensitive
opportunities for small molecules sensing. Graphene has become popular for use in microelectronics
applications due to its zero bandgap properties. However, as a surface for sensing, graphene lacks
selectivity, presenting difficulties for sensing the many species common in soil e.g., phosphates, sulphates,
nitrates, and other anions. By introducing other species to the surface, functionality can be introduced that
improves selectivity.
Metal organic frameworks (MOFs) are well known for their high internal surface area and active site
density, whilst allowing tuneability in pore size and other properties by modulation of linker/metal centre.
Metal organic framework nanosheets (MONs) with ~nm thicknesses can be synthesised by direct bottomup synthesis or by top-down exfoliation. These are identified as promising candidates for functionalising
graphene electrodes without compromising the two-dimensional nature of the material, allowing rapid
diffusion of analytes to the active sites.1 As such, MONs have been identified as suitable for improving the
selectivity of graphene in sensing applications.
A series of previously reported layered MOFs have been exfoliated or modulated to form nanosheets. In particular,
Zn2TCPP (TCPP = meso-Tetra(4-carboxyphenyl)porphine, figure 1a), was synthesised and has been studied in the
presence and absence of phosphorus using time-resolved spectroscopy to determine its photophysical properties.
Additionally, in collaboration with the Banks research group at the Manchester Fuel Innovation Centre, these MONs
were incorporated into graphene ink and used in the fabrication of screen-printed electrodes (SPEs).2

a

b

Figure 1:

c

a) Crystal structure showing layer of ZnTCPP, b) atomic force micrograph of Zn2TCPP
nanosheets, and c) height profile

A variety of spectroscopic and electrochemical tests have been undertaken to investigate the potential of
MONs as phosphate sensors. As part of the ongoing work, we are further modifying the surface of the
electrodes with a variety of functional groups to enhance their selectivity.
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Metal-organic frameworks are constructed from metal coordination nodes and a multitopic organic ligand
to produce a 3D network. Typically, the synthesis of these materials results in a large solvent-filled void,
which is maintained, upon removal of solvent, by the rigid nature of the framework. It is this rigid nature
and regular solvent-accessible voids that has made MOF an attractive option for a range of applications
that harness porosity. In recent years, however, it has been demonstrated that a growing number of these
materials deform under perturbation of external stimuli (temperature or pressure). This deformation can
occur for several reasons, including inherent flexibility of the ligand or coordination node or in
conjunction with solvent loss. Understanding the dynamic nature of these materials is key in developing
these materials for future applications.
In recent years one such flexible MOF material (SHF-61) has been explored extensively within our
research group.1,2 Initial work on this interpenetrated indium framework demonstrated that it displayed
solvent-dependent flexibility with a pseudo wine-rack motion.1 Further work explored the effect postsynthetic modification of the aminoterephthalate linker had on the flexibility of this system. 2 This work
demonstrated that chemical modification of the linker resulted in an increased dimension of flexibility
with expansion and compression along the channel length now accompanying the breathing deformation
of the channel cross-section.
Following the demonstration of flexibility through solvent exchange and ligand functionality further work
has commenced to further explore this versatile dynamic material and, in particular, the mobile cations
present in the pore space of this framework. The framework itself is anionic and thus requires a cation to
balance the charge of the framework. In the as-synthesised form the negative charge of the framework is
balanced by a dimethylammonium cation, which is produced in situ during the synthesis. The counter ion,
although required to balance the charge of the framework, is mobile within the pore space of the
framework, allowing for cation exchange using similar techniques as to the solvent exchange methods.
This presentation will discuss the use of cation exchange in SHF-61 as a method of further tuning the
flexible nature of the framework. The use of a range of cations has been employed as a means of testing
the limitation of this framework, evaluating whether size and functionality of the cation can lead to a
change in the flexible nature of the framework, and assessing whether different cations adopt different
locations within the framework pores.
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Porous metal-organic frameworks (MOFs) possess many exciting properties including stimuli
driven framework flexibility. MIL-53 MOFs are the archetypal family of flexible MOF that show a range
of stimuli dependent framework structures ranging from contracted narrow pore (np) to intermediate pore
(int) and large pore (lp) phases.1 MIL-53 frameworks consist of trivalent metals ions connected by μ2anions and terephthalate (BDC) linkers as shown in Fig. 1. Varying the μ2-anion has profound effects on
the thermoresponsive behavior of this family as illustrated by the behaviors of [Al(OH)(BDC)] and
[AlF(BDC)].2 In this work, [Ga(OH)(BDC)] and [Ga(OH)0.8F0.2(BDC)]3 MIL-53 are investigated using
in-situ variable temperature single crystal X-ray diffraction (VT SCXRD) over the range of 100-500 K to
determine the impact of partial μ2-anion substitution on their thermoresponsive behavior.
Single crystals of lp-[Ga(OH)(BDC)]·0.85C5H5N (C5H5N = pyridine), lp-[Ga(OH)0.8F0.2(BDC)]
·0.85C5H5N,
int-[Ga(OH)(BDC)]·H2O
and
int-[Ga(OH)0.8F0.2(BDC)]·H2O.3
lp[Ga(OH)(BDC)]·0.85C5H5N transforms to lp-[Ga(OH)(BDC)] (see Fig. 1a) upon heating under N2 at 473
K which then transforms to the np-[Ga(OH)(BDC)] at 300 K upon cooling (see Fig. 1b). np[Ga(OH)(BDC)] remains in this form upon cooling to 100 K and slow heating (360 K h-1) to 500 K. int[Ga(OH)(BDC)]·H2O is found to exhibit a previously unreported structure from 100-350 K (see Fig. 1c)
that transforms under slow heating (360 K h-1) to np-[Ga(OH)(BDC)] at 300-350 K and remains as this
phase upon heating to 500 K. lp-[Ga(OH)0.8F0.2(BDC)]·0.85C5H5N transforms to lp[Ga(OH)0.8F0.2(BDC)] upon heating under nitrogen at 473 K, which then transforms to the np[Ga(OH0.8F0.2)(BDC)] at 250-225 K upon cooling. Interestingly, upon further cooling np[Ga(OH)0.8F0.2(BDC)] converts to lp-[Ga(OH)0.8F0.2(BDC)] at 100 K and upon reheating to 175 K it
transforms to np-[Ga(OH)0.8F0.2(BDC)] again. np-[Ga(OH)0.8F0.2(BDC)] remains in this form upon slow
heating (360 K h-1) to 500 K. int-[Ga(OH)0.8F0.2(BDC)]·H2O transforms under slow heating (360 K h-1) to
np-[Ga(OH0.8F0.2)(BDC)] at 300-350 K and remains as this phase upon heating to 500 K. Interestingly, if
a crystal of int-[Ga(OH)(BDC)]·H2O or int-[Ga(OH)0.8F0.2(BDC)]·H2O is placed directly under a heated
N2 stream at 500 K then it rapidly converts to the lp form demonstrating that flash heating can be applied
successfully to induce transitions between the phases of MIL-53.
Overall, this work demonstrates that substitution of the μ2-anion provides a new means of
modifying and controlling the stimuli responses of the MIL-53 family and a new route to achieve
transformations between the phases of the family.

Figure 1. Summary of the three phases observed for Ga3+-MIL-53 frameworks, a) lp-[Ga(OH)(BDC)], b) np[Ga(OH)(BDC)] and c) int-[Ga(OH)(BDC)]·H2O. Ga=green, O=red, C=black, F=yellow, H=white.
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Metal-organic frameworks (MOFs) have been at the heart of porous materials research over recent
decades, yet we are still at the beginnings of understanding the structure-property relationships of flexible
framework materials. Increasing numbers of MOFs are being investigated in relation to their dynamic
deformation under various external stimuli such as temperature or pressure, 1 in order to map out
structure-property relationships for utility in various applications including gas separations.
Here, we present synchrotron X-ray diffraction studies using two different pressure cells to access
different pressure ranges in order to elucidate the structural response of a flexible MOF under framework
penetrating and non-penetrating pressure-transmitting media.
SHF-61 is a two-fold interpenetrated diamondoid indium-based framework with aminoterephthalate
organic linkers, which exhibits large-amplitude continuous 2D “breathing” behaviour with a pseudo-wine
rack motion as well as prominent host-guest chemistry which leads to gas separation capabilities. 2 Postsynthetic modification of the pendant amine groups to form acetamide yields SHF-62, which exhibits 3D
breathing behaviour, where channel expansion/compression accompanies the dynamic deformation of
channel cross section.3 In this work, we explore the dynamic range of motion in this framework under
pressure.
X-ray diffraction studies of SHF-62 under pressure using a recently developed sapphire capillary cell
facilitated visualisation of the initial framework deformation at a mid-pressure range (20-1,500 bar),4
before higher pressure ranges were reached using the more commonly utilised diamond anvil cell
(~0.3–3 GPa; 3,000–30,000 bar). This combination of pressure cells enables a uniquely detailed insight
into the dynamic response of this flexible framework across a range of working pressures.
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Polluted water and climate change can be considered as the most challenging problems threatening global
health. To oppose these effects, CO2 capture, storage and conversion as well as water purification
technologies are of significant interest. Porous polymers are a class of materials that have demonstrated
an important role to mitigate these environmental issues. One category of these porous polymers is
conjugated microporous polymers (CMPs), materials that are known to combine many favourable
properties like; π-conjugated networks with permanent porosity for sufficient CO2 capture, and high
chemical and thermal stabilities. Polyaniline-based CMPs have been shown to have attractive capabilities
due to the inherent redox states and the ability to fine-tune their pore size distribution and surface area 1,2.
In this approach, we synthesised different forms of aniline-based redox-active CMPs, based on tris(4bromophenyl)amine as a core with different di-amine linkers through Buchwald-Hartwig cross-coupling
reactions. A wide range of characterisations were undertaken such as FT-IR, UV-VIS/NIR, XRD and
SEM to understand the properties of the CMPs including determination of porosity parameters, like
surface area and pore size distribution. The synthesized CMPs showed high surface areas (up to 468 m2/g)
and CO2 uptake (9.3wt%). As well as this, these promising materials have shown CO2 conversion
capabilities and the potential to remove mercury from aqueous systems.
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Introducing additional meso- or macroporosity into traditionally microporous metal-organic frameworks
(MOFs) is a very promising way to improve the catalytic performance of these materials, mostly due to
the resultant reductions of diffusional barriers during liquid-phase or gas-phase reactions.1 Here we show
that HKUST-1 can be successfully synthesised either via post-synthetic treatment (etching prepared
HKUST-1 samples in phosphoric acid)2 or via in situ crystallisation (exposing the MOF precursor
solution to supercritical CO2)3 to produce hierarchically porous structures that are highly beneficial for
catalysis. These hierarchical MOFs were characterised by powder X-ray diffraction (PXRD), scanning
electron microscopy (SEM) and gas sorption to confirm the preservation of the microscopic structure and
the appearance of macropores in the crystallites. More importantly, the benefits of introducing these
hierarchical porous structures into this MOF for improving the diffusion accessibility of reagents to the
sample in catalysed liquid- and gas-phase reactions were quantified for the first time. It was found that the
hierarchical pore structure helped to increase the reaction conversion of styrene oxide methanolysis (by
~65 % using either HKUST AE and HKUST CO2, at 40 oC in 25 min) and CO oxidation (by ~55 % using
HKUST CO2 at 260 oC). These findings demonstrate the advantage of using hierarchical porous MOFs in
catalysis.

Figure 1. Results of CO oxidative reactions (a) and styrene oxide methanolysis reactions (b), showing an
improvement in activity for the hierarchical porous MOF (red), compared to normal microporous MOF
(yellow)
Presentation Type: Poster Presentation
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Economic growth is closely linked to greenhouse gas (GHG) emissions, such as CO2, a fossil
fuel combustion product. By 2022 its atmospheric concentration has reached 418 ppm, making
it the most important contributor to global GHG emissions.1 Therefore, research and
technologies for its capture, storage and conversion are under development. Porous organic
polymers (POPs) are promising materials in this area, in particular, conjugated microporous
polymers (CMPs); they combine π-conjugated structures with a permanent porosity and
thermal and chemical stability.2 The polytriphenylamine (PTPA) network is an interesting
CMP owing to its tunable properties, including conductivity. 3 These polymers are suitable for
catalytic applications, resulting in materials that capture CO 2 and convert it into valuable
products. Moreover, the introduction of heteroatoms and functional groups into the framework
can increase the ability of these materials to adsorb and convert CO 2. In particular, the
carboxylic acid functional group shows promise owing to considerably high binding
capabilities with CO2 molecules.4
Here we report a novel class of carboxylic acid functionalised PTPA CMPs, synthesised by the
palladium catalysed cross-coupling reaction of amines and aryl halides. The networks have
been synthesised under different conditions, such as temperature, solvent, reaction time and
reactant feed ratios. Solvent choice has been directed by the Bristol-Xi’an Jiaotong (BXJ)
approach5,6 to tune surface area as well as pore size distributions (PSD). High levels of control
can be achieved by calculating Hansen Solubility Parameters (HSPs) of the solvents and the
formed polymers. Furthermore, the HSPs of the solvents were tuned using inorganic salts.
Using these methods the carboxylic acid functionalised PTPA surface area was improved from
53 m2 g-1 to 364 m2 g-1. In addition, CO2 uptake was increased from 4.5 wt% to 7 wt%.
Electrochemical reduction of CO2, using the networks as catalytic surfaces, is under
investigation. Preliminary results show that carboxylic acid functionalised PTPA networks
have promising electrocatalytic activity for the conversion of CO2.
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Abstract
Anthropogenic CO2 emissions causing climate change are a major global concern triggering a need for
catalytic strategies for the capture, storage and utilisation of the CO2 to form useful products.[1]
Conversion of CO2 to cyclic carbonates under mild, solvent-free conditions is a promising pathway
towards sustainable CO2-utilisation.[2] Herein, we report newly designed and synthesised yttrium-based
metal-organic frameworks (MOFs) with furan 2,5-dicarboxylate (FDC) ligands having a high density of
Lewis active sites that promote remarkable catalytic activity and high turnover frequency for CO2
epoxidation reactions, producing value-added chemicals. The biomass derived FDC linker is a green and
sustainable alternative to conventionally used benzene dicarboxylate (BDC) ligands, which are sourced
exclusively from polluting fossil fuels. The work presents the first report of a FDC ligand-based MOF
used as heterogeneous catalyst towards cyclic carbonate production from CO2 and opens up new avenues
for the generation of MOFs with environment-friendly ligands for sustainable applications.
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Metal organic frameworks (MOFs) are a highly promising class of materials typified by well-defined pore
networks and high surface area and volume. Covering a vast array of architectures and chemical
structures, MOFs display outstanding tunability to diverse applications, spanning gas storage and
separation, drug delivery, sensing, and catalysis. As such, readily available imaging of MOF structures is
highly desirable, with aberration-corrected transmission electron microscopy (AC-TEM) proving an
invaluable tool. Imaging of MOF structures with atomic resolution using AC-TEM has been achieved
under select circumstances,1 and the approach carries the particular advantage that it can detect
information such as defects within a structure, which is inaccessible to other structural analysis methods.
However, MOFs do not in general display strong resilience to the high-voltage electron beams used in
AC-TEM imaging.
In this work, we examine computationally the emerging possibilities of AC-TEM imaging of MOFs, with
focus on achieving deeper understanding of electron beam resilience. We consider a group of four
structurally similar Cu-based 2D MOFs with well-defined structural differences tailored for comparison
of selected features such as the presence or absence of hydrogen, and the Cu-N, Cu-O and Cu-S bonds.
We make use of ab initio molecular dynamics methods to computationally determine ejection thresholds
for each constituent atom within the MOFs. Using ejection thresholds, we determine ejection crosssections for a 300 keV electron beam and examine total cross-sections for each MOF and individual
cross-sections for atoms and fragmentation patterns within them.2 This allows examination of trends in
resilience, and of the chemical motifs responsible for such trends, leading to identification of labile and
non-labile bonds to instruct future design of MOFs.
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The immense release of carbon dioxide from anthropogenic sources can lead to disastrous climate
changes due to global warming. To avoid the catastrophic effect, global warming needs to be restricted by
2 °C. As per International Energy Agency (IEA) guideline, this can only be achieved by capturing and
storing 6000 million tons of CO2 per year.1 In order to alleviate this problem, porous solids sorbents like
metal-organic frameworks (MOFs), covalent organic frameworks (COFs), zeolites, porous cages have
been utilized to capture and stores CO2, however, due to rigid nature and lack of flow limits the use of
porous solid sorbent in continuous industrial flow processes.2-5 In contrast to the solid sorbent, liquid
amines are considered for CO2 capture through chemisorption, however, regeneration of adsorbent is
associated with the high energy penalty.6 From 2007 onwards, the porous liquid started getting
acknowledged as an alternative option for sequestration and separation of gases as it combines the
porosity of solid sorbent and fluidity of liquids. However, most research on porous liquids are limited to
capture and storage of CO2 except a few that convert the stored CO2 to valuable products.7-10 Therefore, it
is requisite to develop a technology that not only captures and store CO2 but also convert it to some useful
products.
Herein we show the design and development of multifunctional and solventless hybrid porous
liquid, which incorporates permanent porosity, fluidity, and catalytic property that enable its utility in
sequestration, storage, and in situ conversion of CO2. The hybrid porous liquid consists of polymer
surfactant conjugates of hollow silica nanorods and carbonic anhydrase enzyme. Polymer conjugated
silica nanorods provide the hollow core for sequestration (5.5 cc/g) and storage of CO 2, whereas
bioconjugated carbonic anhydrase catalyzes the hydration of CO2 to bicarbonate ions which react with
Ca2+ to form different polymorphs of calcium carbonate. Hybrid porous can store CO2 below its glass
transition temperature (-60 °C) and show the catalytic property until four cycles of sequestration and
conversion of CO2.11-12
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Methane-based natural gas has attracted considerable attention as an alternative energy source to
conventional fossil fuels for vehicular transport due to its abundant reserves and lower carbon emission
compared to petroleum. Storage of methane, to enable vehicular use, may be achieved in porous materials.
However, to date, the synthesis of porous materials that are capable to meeting the set targets for such use
(for example the US Department of Energy (DOE) targets) remain a challenge. Here, in an effort to meet
this target, we explore the potential of nitrogen-rich crosslinkable imidazolium-based Ionic liquid as a new
class of carbon precursors for activated carbons. The ionic liquid successfully generates activated carbons
with high micro/mesoporosity that display ultra-high BET surface area of up to ~4000 m² g-1 and pore
volume of up to 3.3 cm3 g-1, respectively. The ionic liquid-derived activated carbons have excellent methane
uptake of 0.53 g g-1 and 289 cm3 (STP) cm-3 at 25 °C and 100 bar, which surpasses the storage targets that
would enable widespread use for vehicular transport and other uses. The ionic liquid-derived activated
carbons are the first porous materials (carbon or MOF) to meet both gravimetric and volumetric storage
targets for experimentally determined values.
Key words; Activated carbon, Metal-Organic frameworks, Ionic liquid, Porous carbon, Methane storage,
Gas-Storage, High-Yield, Performance, Carbonization, Pyrolysis
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The use of rare-earth (RE) elements for the design and synthesis of metal-organic frameworks (MOFs)
has recently gained significant traction [1]. Due to their rich coordination chemistry and unique
properties, RE metals can provide routes towards MOFs with distinct topologies, high connectivities and
exceptional application potential [2,3].
We herein report the design and synthesis of a novel family of RE-MOFs (RE: Y3+, Tb3+, Dy3+, Ho3+, Er3+
and Yb3+) using a tritopic carboxylate-based organic linker [4]. These crystalline materials (Figure 1, left)
are composed of 14-connected RE6-clusters serving as inorganic building blocks, while the linker
functions as a 3-c and 4-c organic node. The resulting structures exhibit a unique (3,4,14)-c framework.
Despite the high connectivity, these air-stable materials also display reversible continuous breathing
behaviour upon removal of guest molecules. This flexibility is evident through reversible single-crystalto-single-crystal transformations between a narrow and a wide pore phase. The frameworks also display
hydrophobicity, owed to the characteristics (size and shape) of these pores. Vapor sorption studies were
performed to probe the dynamic phase transition, revealing a high affinity towards non-polar vapors with
significant uptakes at lower relative pressures (Figure 1, right).

Figure 1. Left: Representative scanning electron microscopy image of the RE-MOFs reported in this
work. Right: Representative vapor adsorption isotherms (n-hexane and water) of Y-MOF recorded at 298
K up to saturation pressure, at semi-logarithmic scale.
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Hydrogen isotope separation in porous materials via kinetic quantum sieving has the potential to be
more effective than conventionally used energy- intensive cryogenic distillation processes. Quasielastic neutron scattering (QENS) possesses unique capacities in identifying the kinetic differences
between hydrogen isotopes in porous quantum systems over a wide range of timescales, from 2 ps to100
ns. This enables the detailed probing of rotational and diffusive motions in the porous systems Within
a system involving kinetic quantum sieving¹, protium (H2) and deuterium (D2) can display different
types of diffusion. The gas molecules can be adsorbed by the micropores, or the molecules might diffuse
among the interstitial spaces between the crystallites due to the formation of quantum barriers².
Compared to the lighter isotope, the heavier isotopes with lower zero-point energy³ are more likely to
be adsorbed, resulting in slower diffusion from pore to pore under same experimental conditions.
In this research, the kinetic differences of H2 and D2 in porous organic cages (POCs, such as the porous
organic cage 6ET-RCC3⁴, shown in Figure 2) over a temperature range of 30 K – 77 K were explored
using QENS to understand their quantum behaviour and identify suitable conditions for hydrogen
isotope separation using quantum sieving.
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Figure 2: Structure of 6ET-RCC3: a) Transition states for the translocation of a quantum H₂ molecule from the
PIMD simulation. White, grey, and blue atoms represent hydrogen, carbon, and nitrogen of the 6ET-RCC3 cage
molecule. H₂ is shown in red [4]); b): Self-diffusion coefficient of H₂ and D₂ at 77 K fitted by Singwi-Sjölander
model. c) Residence time of H₂ (star) and D₂ (square) at 77 K taken at 100 mbar, 500 mbar and 1 bar.

To understand the diffusion process happening in the POCs, QENS was chosen to investigate the
quantum behaviour of H2 and D2. Influenced by the quantum effect, the residence time of H2 from pore
5μm
to pore increased significantly with decreasing temperature and H2 favours surface diffusion
among the
interstitial spaces of the lattices. By contrast, D2 diffuses and equilibrates in pores quicker at
temperatures up to 77 K, and the fraction of immobile D2 molecules characterized by a longer residence
time is found to be significantly higher than in the case of H2 (Figure 3). Significantly, a combination
of two motions for H2 molecules in pores was proved: one corresponds to free rotation of protium in the
cage window, the other one represents the free jumping motion on the lattice surface.
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Heavy metal ions, as waste products from industries such as mining, can cause vast damage to the
environment and human health through water and soil pollution.1 Adsorption has been shown to be an
environmentally friendly and cost-efficient method for the removal of toxic metals. Triazine-based porous
organic polymers (POPs) with high Brunauer–Emmett–Teller (BET) surface areas have demonstrated
promising results for the adsorption of heavy metal ions from water.2 Nitrogen-rich polymeric networks
have chelating interactions with aqueous metal ions and can effectively remove toxic metals such as
Cr(VI) through the formation of dative covalent bonds.3 Thus far in this work, melamine together with
1,4-dibromobenzene, p-phenylenediamine and trimesic acid have been used to synthesise nitrogen-rich
polymeric networks via polycondensation and Buchwald-Hartwig (BH) amination cross coupling
reactions.4 A microporous POP with a surface area of 103.417 m2/g has been achieved and shown a
promising uptake of Cr(III). This result was determined by UV-Visible spectroscopy, the typical Cr(III)
peaks observed at 411 nm and 576 nm have reduced from 0.57 a.u. to 0.44 a.u. and 0.48 a.u. to 0.36 a.u.
respectively after 24 hours. Previously in this group, triaminotriphenyltriazine (TAPT), with a triazine
core and an abundance of nitrogen atoms, has shown to be an effective monomer in the BH animation
cross coupling reaction for the synthesis of conjugated microporous polymers (CMPs), a subclass of
POPs.5 The future of this work will utilize and evolve TAPT to explore novel triazine-based POPs and
investigate their capacity to adsorb heavy metal ions from water.
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Ferroelectric materials exhibit a spontaneous polarisation on the application of an electric field, showing
polar hysteresis. Relaxor ferroelectric materials have a frequency-dependent dielectric susceptibility,
achieving high performance across a broad range of temperatures compared to conventional ferroelectrics.1
Relaxor ferroelectrics are predominantly oxide perovskites containing toxic lead, with alternatives
consisting of other heavy elements.2 The dense metal-organic framework (MOF) (NH3NH2)Mg(HCO2)3
was reported to have relaxor-like properties in 2014 by Chen et al.3 This was attributed to an order-disorder
transition driven by the NH3NH2 cations in the small hexagonal pores of this compound at 348 K, associated
with a phase transition (PT) from orthorhombic P212121 to P63 hexagonal symmetry. This is unusual
compared to relaxor ferroelectric oxides, whose properties are thought to emerge from cation doping
induced disorder leading to polar nano-domains, enabling their crystallographic symmetry to remain the
same above and below the PT.2
Our work aims to establish the origin of relaxor-like properties in (NH3NH2)Mg(HCO2)3 to enable design
rules for creating improved ferroelectric MOFs. We have reanalysed the PT of (NH3NH2)Mg(HCO2)3
through combined neutron and X-ray single crystal diffraction along with solid-state NMR and quasi-elastic
neutron scattering studies of the dynamics and local structure. This revealed that the PT is caused by the
reorientation of NH3NH2 within the pores of the framework, from lying in the planes of the channel at lower
temperatures to along the channel direction above the transition temperature. This occurs via a gradual
process such that not all NH3NH2 cations reorient at the PT with NMR spectroscopy suggesting that, in the
high-temperature phase, there are two non-interacting populations of NH3NH2 cations. Furthermore, NMR
and neutron crystallography are consistent with proton hopping between the hydrazinium cations oriented
along the channel direction via a proton site intermediate. This suggests the relaxor ferroelectric properties
of (NH3NH2)Mg(HCO2)3 likely emerge from having a mixture of polar and non-polar channels in the
structure, which could be viewed as a new route to the polar nano-domains.

Figure 1. The structural changes associated with the crystallographic phase transition in (NH3NH2)Mg(HCO2)3.
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Sequestration of Arsenic species (III and V) from groundwater is garnering attention due to their high
toxicity and their incomplete elimination by conventional water treatments technologies. Arsenic occurs
naturally in groundwater as well as due to anthropogenic activities such as mining and pesticide use.
layered Double hydroxide (LDH) have been reported as an efficient adsorbent for various heavy metals
and oxyanions.1-4 However, most LDH exists as a fine powder and their collection from aqueous solution
after adsorption is challenging. Therefore, loading LDH on a support material of a porous nature and with
good mechanical characteristics is necessary. Geopolymer, which is a “green’’ environmentally friendly
material with good adsorption and mechanical proprieties, can be used as a potential support. The fixation
of LDH on the Fe-porous geopolymer can improve hydraulic conductivity and surface area, and hence
increase the removal efficiency and also ensure recyclability.
In the present study, a non-conventional geopolymer composite was synthesized through the alkali
activation of natural kaolinite mineral leading to the formation of a porous K-type geopolymer, which
was subsequently coated with a permeant Fe-oxides and loaded with hydrotalcite. Analysis revealed
successful incorporation of Fe-oxides onto the geopolymer surface where Fe content reached up to 62.9
wt% replacing K ions. FT-IR confirmed a successful reaction where the Si-O-T bands shifted from 1031
cm-1 in metakoline to 990 and 1004 cm-1 in K-type and Fe-coated geopolymers, respectively.

Fig.1: Porous geopolymer membrane (A), porous geopolymer before Fe-coating (B), and Fe-coated
porous geopolymer (C).
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The metal-organic framework (MOF), MIL-53 can be synthesised using a
range of trivalent metals, including Al3+, Ga3+ and Sc3+, and the linker
benzene-1,4-dicarboxylic acid (BDC).1 MIL-53 (Figure 1) exhibits
considerable structural flexibility during absorption and
desorption of guest
O
O
molecules within its pores, leading to it being termed a “breathing MOF”.2
Different breathing behaviour is exhibited depending on the metal present,
leading to the possibility of mixing metals to try and control
this effect.
OH
HO
Solid-state NMR spectroscopy has already been widely used for investigating
MOFs. However, 17O NMR spectroscopy has been less commonly exploited.
In principle, this could provide information on metal cation distribution
(primarily through the hydroxyl signals) and subsequent effects on the
breathing behaviour. However, the low natural abundance of 17O (0.037%),
requires isotopic enrichment in order to acquire NMR spectra in a reasonable
timeframe.3 The high cost of 17O-enriched reagents (1 mL of 90% H217O (l)
costs ~ £2150) requires the development of cost-effective and atom-efficient
enrichment techniques.

Figure 1. The structure of AlMIL-53 viewed down the x
Octahedral Al3+ is coordinated to
four benzene-1,4-dicarboxylate
linkers and two OH.

In this work, a range of mixed-metal MIL-53 (Al/Sc) materials have been synthesised with the aim of understanding
the composition and distribution of the metal cations and the subsequent effects on the breathing behaviour using
solid-state NMR spectroscopy. This has been carried out using a range of conventional and advanced methodology
including 13C CP MAS and 1H MAS NMR, to gather information on the linker present and 27Al and 45Sc MAS and
MQMAS NMR, to investigate the metal nodes and any framework breakdown and/or impurities. To enable 17O MAS
and MQMAS NMR experiments to be carried out, a range of post-synthetic 17O enrichment techniques have been
explored for end-member and mixed-metal MIL-53 (Al/Sc) materials. Experimental results are compared to NMR
parameters predicted using periodic planewave first-principles DFT calculations (using a suite of potential structural
models) and to aid spectral assignment and interpretation.
During the hydrothermal enrichment process it was seen that both
end-member and mixed-metal MIL-53 (Al/Sc) can be enriched in
17
O, as shown in Figure 2. 17O MAS NMR spectra showed good
levels of enrichment (approximately 7.5-10%) of all possible
oxygen sites; i.e., carboxylate O bonded to Al and Sc and three
different types of bridging hydroxyls. As the distinct hydroxyl
regions can be resolved in 23.5 T 17O MAS NMR spectra, this
quantitative measurements to be made, from which the
composition of the MIL-53 framework can be determined (even in
the presence of impurities that do not contain hydroxyl groups).
Results are compared to those from EDX, where such separation
can be more challenging.
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Figure 2. 17O (23.5 T, 20 kHz) MAS NMR
spectra of calcined MIL-53 (Al), 60:40 MIL53 (Al/Sc), 50:50 MIL-53 (Al/Sc) and MIL53 (Sc).

Energy- and cost-efficient room temperature in-situ enrichment
approaches have also been investigated. These have shown good
levels of enrichment in the hydroxyl site of the MIL-53 (Sc)
framework, but little enrichment of the MIL-53 (Al) framework,
suggesting the former framework is more labile.
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The AWE Target Fabrication group produces iron oxide aerogels that are used as target components in
plasma physics experiments undertaken on the National Ignition Facility (NIF) high power laser system.
Target Fabrication have previously produced iron oxide aerogels to a density of 50-60 mg/cc using an
epoxide-assisted sol-gel synthesis.1
A new campaign required the material at a density of 135 ± 15 mg/cc,2 with the goal to measure radiation
transport through an Fe2O3 sample and thus determine the opacity of iron. Aerogels of this density were
achieved, but this work has focussed on further understanding and improving the formulation to present a
more reproducible and robust manufacture process.
In addition, a new capability for critical point drying was embedded in the process. Target Fabrication
have previously used a Polaron critical point dryer for manufacture of certain aerogels. However, this
manual and time-consuming process has been dramatically improved by the use of an automated system.
Experimentation was carried out to determine optimal parameters to yield high quality, supercritically
dried iron oxide aerogels from the Leica critical point dryer.
This poster will highlight the conclusions regarding optimal formulation and critical point drying
variables for iron oxide aerogels at a density of ~135 mg/cc.
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The efficient storage of energy combined with a minimum carbon footprint is one of the major challenges
facing the global pursuit of a transition toward progressive, sustainable, eco-friendly societies. A
sustainable and scalable method is presented in this study for the preparation of an ultra-microporous
(average pore size ca. 0.6 nm) activated carbon cloth (ACC) with a large specific area (> 2000 m2/g) and
pore volume (~ 1.3 cm3/g) by combining activation with chemical impregnation of low-cost cellulosebased polymeric fabric. The resultant ACC can store 2.0 mmol/g at 1 bar, 7.7 mmol/ g at 20 bar of CH 4 at
25°C, which is much higher than any value reported to date for activated carbon cloths. In addition, it can
also store high amounts of CO2 at 25°C; 2.0 mmol/g, 4.2 mmol/g and 13.4 mmol/g at 0.25 bar, 1 bar and
40 bar, respectively.

Figure 1. Transformation of rayon fabric to activated carbon cloth.

Figure 2. Excess CH4 (left panel) and CO2 (right panel) uptake at 25°C of pyrolysed rayon fabric (CharVR-400) and activated carbon prepared with (cloth) and without (powder) stabiliser
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Linkage photoisomerism is a phenomenon where transition metal complexes alter the coordination mode
of a ligand upon interaction with light.1 This process has been characterised in molecular systems using
photocrystallography, whereby single crystals of organometallic complex are irradiated and the different
linkage isomers are observed.2-4 Crystal data is then used as a basis to simulate the systems and visualise
the mechanism of the isomerism process.
Incorporating linkage photoisomerism into porous materials in order to be able to control their properties
is the broader goal of this project. It is suggested that the geometry change caused by linkage
photoisomerism may be used to induce a pore volume change inside a porous framework material. This
volume change may be translatable into an induced dielectric dipole if used to change the steric
environment of an ordered host material containing charged guest molecules (Figure 1).

Figure 1: Schematic of photoisomerism-induced polarization of guest molecules in host MOF
Metal-organic frameworks (MOFs) are ordered, porous structures containing metal nodes, organic struts
and pores. Their highly crystalline nature coupled with their relative ease of tuneability means that
rational design of a MOF may be a tenable path towards this goal. Novel MOF materials have been
synthesized and characterised in this work and are shown to contain the palladium moieties already
studied in molecular systems.
Preliminary work is being carried out to investigate the nature of the linkage isomerism processes
occurring in MOFs and comparing them to molecular systems to propose next steps towards a
photoinduced ferroelectric material.
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With our world experiencing an increasing climate crisis as a result of anthropogenic emissions, the
realisation of materials for solar energy capture is ever more important for the generation of clean energy.

Taking inspiration from methylammonium lead iodide ((MA)PbI3),1 a range of novel photoactive
ferroelectric solar energy capture porous framework materials are being developed, with their function
arising from spin-crossover and linkage isomerism.2
Modified sodium nitroprusside (SNP) analogues have been synthesised and their single-crystal structures
collected under a range of stimuli to explore their potential as ferroelectric materials. These analogues
contain polar organic cations within the pores of the framework which itself is designed to undergo a
phase-transition, inducing alignment of the polar cations, generating a ferroelectric phase in analogy with
(MA)PbI3.

We have observed alignment of polar cations in an SNP porous framework with an external electric field.
Further SCXRD experiments, supported by computational studies into these materials to modify phasetransition temperature/behaviour are ongoing.
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Multicomponent MOFs are made of several ligands with different geometries. One example is Massey
University Framework-77 (MUF-77), a zinc-based MOF which consists of one tritopic and two ditopic
ligands which can be made photoactive by functionalization. Upon UV irradiation, the combined blue and
yellow spectral outputs from the organic ligands can be combined to give white-light emission (Figure 1),
a feature that we utilised to make phosphors.1 From these studies, we proved that the unique structure of
MUF-77 makes inter-ligand energy transfer (EnT) possible.1
The crystallinity of MUF-77 enables exciton diffusion and the presence of three photoactive ligands
creates many different EnT pathways, with each ligand being able to serve as both the donor and
acceptor. Consequently, we have used steady-state and time-resolved photophysical studies at the
nanosecond and femtosecond timescales to develop mechanistic understanding of the photophysics and
thus decode EnT pathways within the frameworks.2,3 These studies reveal that exciton diffusion occurs by
nearest-neighbour hopping at picosecond timescales and that only very specific EnT pathways are viable.
This work improves our understanding of EnT in MOFs thus enabling the design of better photovoltaic
devices and more efficient photocatalysts.

Figure 1: White-light emission obtained by combining blue and
yellow fluorescence of organic ligands in MUF-77.1
Figure 2: Structure of MUF-77 and the possible energy
transfer (EnT) pathways.3
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Metal Organic Frameworks (MOFs) are a class of coordination network where potential voids are
connected by organic linkers.1, 2 These materials often possess ultra-high surface area,3 porosity,4 and
almost infinite chemical tunability through Post Synthetic Modification (PSM).5 MOFs have been heavily
researched for applications in gas storage/separation,6 catalysis,7 sensing,8 and water purification.9 The
highly porous nature of MOFs makes them a natural choice for heavy metal capture. MOFs used for this
purpose are ideally recyclable, however common regeneration processes often require a harsh acidic or
basic medium which poses challenges in disposal of the regeneration medium and can be damaging to the
environment.

In this work we aim to resolve the regeneration issue by incorporating photoactive moieties into the highly
water-stable UiO series of frameworks.10 The resulting composite is a solid sorbent with photo-tunable
affinity for metal cations that demonstrates Pb(II) removal from aqueous samples. The sorbent can then be
regenerated using only deionised water and sunlight.
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Metal–organic frameworks (MOFs) comprising diverse ligand and metal centre chemistries show
significant promise for applications from gas uptake and separations to membranes for fuel cells and
batteries.1 Scalable production of MOFs with retained control of the crystal growth is a persistent
challenge in MOF synthesis. Common hydrothermal and solvothermal synthesis methods exhibit limited
mass/heat transfer and batch-to-batch variability. Continuous synthesis methods, such as
microfluidic/millifluidic synthesis,2 enable improved mass and heat transfer and provide a scalable route
to fabricate materials with well-controlled particle size and shape using reactors readily compatible with
parallelisation. In this work, a batch synthesis of Cu-SAT, a MOF consisting of Cu2+ centres coordinated
by 1,5-naphthalenedisulfonate and 4-amino-1,2,4-triazolate linkers, which exhibits a high proton
conductivity,3 has been transferred to a continuous synthesis in a millifluidic flow reactor. The reactor was
made non-fouling by segmenting the aqueous/polar reaction media from contacting the wall via
segmentation in silicon oil. Slug flow was achieved by mixing the preheated reagents with silicone oil in
one step. This allowed simultaneously mixing and segmentation of the reagents to form stable slugs,
which was essential for the two-phase flow setup with continuous MOF collection. XRD patterns from
samples made in flow (labelled Cu-SAT-nmin-ToC for a residence time of n minutes at temperature T)
match those prepared in batch (Fig. 1a), confirming continuous synthesis of Cu-SAT. The reaction yields
in the flow reactor were typically 10-20% higher than that of batch reactions at the same reaction
parameters (i.e., residence/reaction time, temperature and reagent concentration), indicating improved
mass and heat transfer increase the rate of Cu-SAT formation. The non-fouling flow reactor was
operated >5 hours (Fig. 1b) with no reduction in yield or a change in the particle size, demonstrating a
sustained production rate with consistent particle quality. To explore the response of Cu-SAT crystal
growth to key reaction parameters, the flow reactor was used to perform a comprehensive design of
experiments. This DOE-flow chemistry approach was able to reveal trade-offs between process
parameters and the yield, particle size and polydispersity. The ability to systematically control crystal
growth and resulting particle sizes offers additional tools to tailor MOFs for the requirements of proton
exchange membrane in fuel cells.

Fig. 1. (a) XRD patterns of Cu-SAT made in batch, continuous synthesis and reported by Moi et al. 3
and (b) Gravimetric yields and average particle size for the continuous synthesis at 80 °C and a 2 h
residence time, operated for 5 h total with samples collected each hour. Inset: Optical micrographs of CuSAT collected at the first hour and at the fifth hour.
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Metal Organic Frameworks (MOFs) have been shown to be versatile platforms for the isolation,
characterisation, and site selective reaction of reactive species within their well-defined pores.1 The
periodic nature of MOFs allows reactive species to be site-isolated without the need for sterically
demanding ligands, and their crystallinity permits the use of X-ray diffraction as a means of structural
elucidation of encapsulated guests and the products of reactions that occur within the framework.

Fig 1: Representation of the spatially isolated reactive sites within a MOF (a), and site-isolated reactivity (b).2
Reprinted (adapted) with permission from reference 2. Copyright {2018} American Chemical Society.

Sumby et. Al. demonstrated that a Mn(I)-metalated MOF could be used as a reaction vessel for siteselective click chemistry without the need for protecting groups.2 Angstrom-level ordering of coordinated
azide anions along 1D channels allowed for the selective transformation of dialkynes into alkynefunctionalized triazoles as the reactive sites are isolated from one another, preventing over-reaction (fig
1). Since the reaction was done in a series of single-crystal to single-crystal transformations, the stepwise
reactivity at isolated active sites could be followed using Single-Crystal X-ray diffraction (SCXRD).
This poster will address our most recent advances in the isolation of reactive species within frameworks
and study of their reaction mechanisms using SCXRD.
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Metal-organic frameworks (MOFs), composed of inorganic nodes connected by organic linkers, have
many potential applications that rely upon their extremely high porosities. Applications such as gas
storage and catalysis require pore and node accessibility respectively, and so changes in structure such as
introduction of defects or additional surface groups have a large impact on their properties. These changes
have been introduced primarily through synthesis and post-synthetic modification, but application of
pressure and temperature is another route to structural alteration.
The archetypical MOF UiO-66 is here investigated under extreme hydrostatic pressure to determine what
happens to the Zr6O8 node and its surroundings using a combination of X-ray diffraction (XRD) and
extended X-ray absorption fine structure (EXAFS). Temperature has previously been shown to alter the
node’s symmetry,1 but the effect of pressures above 3.5 GPa have not been explored.2-5 This work shows
the response under hydrostatic pressure, where the framework is more robust.6 Amorphization is initially
reversible, indicating elastic deformation of the framework, and becomes irreversible as a change in
density and node structure occurs. A decrease in coordination number around Zr is seen, demonstrating a
potential alternate route to increasing node accessibility for relevant applications.
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Naphthalene-diimide-based metal-organic frameworks have in recent times attracted wide
attention due to their flexible topological structures and diverse applications. Herein we present
the structures of five new 3D NDI lanthanoid MOFs which have been prepared by reaction of
the naphthalene-diimide-based ligand, shown in Figure 1, with either samarium chloride,
ytterbium, yttrium, erbium, or lutetium nitrate. The MOFs were synthesized using solvothermal
condition and the resulting crystals characterised by suitable analytical methods including
single crystal and powder X-ray diffraction, and, following photoexcitation, by electron
paramagnetic resonance (EPR) spectroscopy. All the frameworks crystalised in a tetragonal
crystal system I41/a space group are isostructural being built from similar rod SBUs linked by
the naphthalene-diimide-based ligand.

Figure 1. Left: Chemical structure of the naphthalene-diimide-based linker used for these
systems and Right: The crystal structure of the MOF showing the large channels observed in
the framework.
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Dynamic covalent chemistry (DCvC) is a well-established concept which concerns reactions that can be
reversibly controlled under thermodynamic conditions.1 The application of DCvC has been introduced
onto the nanoscale, for example in monolayer-stabilised gold nanoparticles.2 This has enabled the ability
to reversibly exchange groups on the surface of the nanoparticle, produce materials with stimuli
responsive behaviour, control the chemistry, e.g. by tuning the solubility, and gain chemical stability.3 So
far, this application has been fundamental in the discovery and development of Covalent Organic
Frameworks (COFs),4 but thus far has been scarcely utilised in the field of Metal-Organic Frameworks
(MOFs). We propose that by introducing the concept of DCvC onto the surfaces of MOF nanoparticles,
we may be able to control access to the internal pore surface of the MOF. Furthermore, this would enable
us to combine the benefits of nanomaterials, such as their controllable outer surface properties and high
external surface-area-to-volume ratio,5 with the hugely desirable properties of MOFs, such as their high
porosity, and flexibility in their chemical nature.
We initially demonstrate this reversible control on the external surface of the MOF nanoparticles of UiO66 and MOF-801 (Zr-fumarate) with hydrazone units attached to the surface (figure 1). Then, by
interacting these with different reactive groups, for example hydrazides with various functional groups,
we aim to reversibly attach different functionalities, and thus demonstrate the potential utilisation of
DCvC as a means of reversible control on MOF nanoparticle surfaces. On achieving this reversibility, the
goal will be to attempt to link various MOF nanoparticles together, and moreover to gain control over the
internal pore surface.

Figure 1: Schematic illustration of dynamic covalent chemistry on the surface of UiO-66 nanoparticles
with attached hydrazone units; scale bar = 20 nm.
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Dynamic covalent chemistry (DCvC) as a tool for self-assembly has led to the targeted design of many
complex organic assemblies from relatively simple precursors, including cages, macrocycles, rotaxanes,
molecular knots, and catenanes. Porous organic cages (POCs) are a particular subclass of these
supramolecular assemblies, often formed via DCvC, which contain a permanent internal cavity, remain
shape-persistent (do not collapse into a higher density structure) and may pack together in the solid state
to form porous organic materials. POCs have a range of applications including molecular separations, as
sensors and in gas storage.[1,2]
Due to the reversible nature of dynamic covalent reactions, difficulty arises in the targeted design of
novel, with the multicomponent precursor building blocks having the potential to form a range of
products. The reaction outcome is also impacted by internal factors, influenced by the precursor structure,
and external factors from changes in the reaction conditions. The interdependence and extent of which
these factors play a role on the reaction outcome still remain unclear. [2,3] In addition, a key bottleneck in
the progression of intuitive design for POCs arises from the significant time investment required to
identify and synthesise possible precursor candidates, and subsequently carry out the synthesis and
characterisation of the assembly itself. Traditional experimental design methods, such as making small
iterative changes to precursors, trial and error screening, and relying on serendipitous discovery, are both
labour intensive and time consuming.
Current advancements in computational modelling, high-throughput experimental screening, and robotic
automation, have all assisted in the discovery process of novel POCs, through prediction of cage
properties, explaining experimental outcomes and in accelerating the exploration of the chemical
space.[3] This work presents the conscientious combination of these methods in a carefully designed
hybrid workflow for the large-scale screening of precursor combinations and reaction conditions to
accelerate the discovery of POCs on a reasonable timescale (Figure 1).

Figure 1: Streamlined workflow for high-throughput screening of precursor combinations to form POCs
via DCvC.
The hybrid workflow enables a large precursor library to be screened, that can also be easily repeated
under alternate reaction conditions and the outcome explored. The workflow facilitates the curation of an
experimental but ‘machine-readable’ dataset that also incorporates computationally predicted structures
and their calculated relative shape -persistence. Finally, this work will introduce how this dataset will be
applied in the development of a machine learning model able to predict the outcome of DCvC reactions,
with a specific focus on POC discovery.
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Two-dimensional covalent organic frameworks (2D COFs) exhibit a high degree of structural flexibility
and chemical stability, making them promising candidates in energy storage and conversion applications.
However, their weak interlayer interactions mean stacking faults are common. These imperfections can
significantly affect their performance in energy technologies arising from variations in crystallinity,
porosity, and electrical conductivity. To date, many studies have reported ideal eclipsed stacking from
powder X-ray diffraction (XRD) measurements, however, there is growing evidence that 2D COFs are in
fact preferentially stacked with offsets between layers.
(b)

(a)

(c)

b

a

Fig. 1 (a) Crystal structure of relaxed Tp-Azo COF viewed along <0001>. (b) Contour maps of the potential
energy surface of different displacements along a and b axes, normalized to the minimum energy. (c)
Contour map of the electronic band gaps of displaced structures, normalized to the minimum band gap and
calculated using hybrid DFT (HSE06). A zero (0, 0) shift at the centre of each plot represents a perfectly
eclipsed geometry. Blue corresponds to regions of low energy, while yellow regions are high energy.
Herein, we address this issue by studying the displacive instabilities in two prototypical COFs, Tp-Azo and
DAAQ-TFP that have been used as high-performance Li ion battery electrodes. We demonstrate the
existence of an unusual “sombrero” potential energy surface for layer displacements. The “sombrero”
potential energy surface exhibits a striking preference for slipped structures with horizontal offsets between
layers ranging from 1.8 Å to 3.8 Å in a potential energy minimum that forms a low energy ring.
Furthermore, we elucidate the effects of interlayer p-p interactions on the electronic band structures and
band gaps in eclipsed and slipped stacking sequences. We reveal a pronounced band gap opening of 0.8 1.4 eV in slipped arrangements that arises from subtle changes in the interlayer p orbital overlap. These
findings will be of particular importance when screening COFs for applications in energy storage and
conversion systems where electrochemical and photochemical descriptors are significantly altered
including accessible voltage ranges for batteries, stability windows for electrocatalysis, and visible light
absorption for photoelectrochemical systems.
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Use of microporous particulate solids as pore generators in combination with sterically excluded
polymeric and ionic liquids to form dispersions (a) has become commonplace as a method for generating
new permanently microporous liquids, some of which are the highest performing porous liquid systems
reported so far.1 Porous organic cages (POCs), materials consisting of soluble rigid molecular pores, have
been used previously to prepare permanently porous solutions.2 We hoped to demonstrate how properties
of analogous porous dispersions compare to the properties of their constituent porous solids, as has been
studied in porous solutions.3 The synthetic modularity and solution processability of POCs led us to
prepare a family of POC racemates and quasiracemates (b) to use in combination with an array of liquids
to make a series of porous liquid dispersions with related, but differing, properties based on the chosen
pairing.4 We show how selection of both components of the porous liquid have a large impact on the
porosity of the resulting system, as well as other physicochemical properties. We find that stable POC
microparticle dispersions in an ionic liquid ([BPy][NTf2]) and silicone oil give large CO2 and CH4 uptake
capacity enhancements when compared to the neat liquids, with CO2 uptake capacity in both exceeding
an industrial natural gas sweetening sorbent at STP. Furthermore, the gas uptake in these porous liquids
could be tailored by changing the pore generator component to a quasiracemic POC cocrystal with
modified chemical functionality and pore network structure (c).

(a) Representations of conventional liquid and porous liquids presented herein. Synthetic pore control in
organic cages is used to prepare pore-modified analogous quasiracemates (b) which lead to modification
of CO2 and CH4 uptake capacity (bottom right) in porous liquids (c).
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Rechargeable batteries are essential for a more sustainable future. Lithium-sulfur batteries (LSBs) are an
emerging technology which promise to be lighter, cheaper, safer and more energy dense than current Liion batteries.1 However, before they become commercially available, LSBs require optimisation to
prevent a process called the polysulfide shuttle effect that causes irreversible damage to the cells.2 Thus,
the modification of battery separators to prevent the shuttle effect is a key area of research, and an
investigation is underway to incorporate MOFs for their potential as ionic sieves or polysulfide traps.

Figure 1: UiO-66 modified separator in a Li-S battery.3

Their tuneable pore size and host-guest relationships make MOFs an ideal candidate for this application.
But, since conditions within an LSB are harsh, the chosen MOF must be of sufficient stability. The
Zirconium-based UiO (University of Oslo) series of MOFs was selected as the foundation of this research
due to their renowned high thermal and chemical stability. A modified UiO-68 ligand with morpholine
substituents has been synthesised, since morpholine presents diatomic chemisorption to polysulfides, and
is now being incorporated into a MOF.4 Comparisons between different UiO-MOFs has been carried out
using an H-type electrochemical cell.
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Metal-organic nanosheets (MONs) are an emerging class of porous two-dimensional materials.1 Their
ultrathin thicknesses and well-defined pore sizes and diverse and tunable chemistry make them ideal
materials for a wide range of separation applications. In particular, several MONs have shown potential
for use in water applications including dye separation, desalination, and metal ion removal.2,3
In this work, a series of MONs were prepared via different bottom-up and top-down methods, and their
water purification performances were studied. Among them, the membrane prepared by spin-coating of
Zr-BTB MONs4 (BTB = 1,3,5-Tris(4-carboxyphenyl)benzene) on polyethersulfone (PES) support
showed great promise in removing organic dyes from water (Figure 1).

Figure 1: Removal of brilliant blue G dyes from water using Zr-BTB MONs membrane.
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Living organisms predominantly rely on the L-form enantiomer of amino acids,1,2 such as L-lysine (Lys)
and L-arginine. The L- and D-enantiomers are only different in the optical property due to the presence of
chiral carbon centre(s).3 There are, however, limited tools to characterise the stereochemistry of the
biochemical and chemical species.
We report the first crystallographic observation of stereospecific bindings of L- and D-lysine (Lys) in
achiral MFI zeolites. The MFI structure has offered inherent geometric and internal confinement effects
for the enantiomeric difference in L- and D-Lys adsorption. Notable difference in the sorption properties
has been observed by circular dichroism (CD) spectroscopy and thermogravimetric analysis (TGA).
Distinct L- and D-Lys adsorption behaviours on the H-ZSM-5 framework have been revealed by the
Rietveld refinement of high-resolution synchrotron X-ray powder diffraction (SXRD) data and the
density functional theory (DFT) calculation. Despite only being demonstrated in L- and D-Lys over MFI
zeolites at an atomistic resolution, the differential adsorption study sheds light on the rational engineering
of molecular interactions(s) with achiral microporous materials for chiral separation purposes.

Figure 1. The Rietveld refined crystal structures of L- and D-Lys pre-adsorbed on H-ZSM-5 (SiO2:Al2O3
= 46) at pH 1.0. For clarity, the mirror symmetry of the Lys adsorbates is disregarded. Ball-and-stick
model: white = Si, red = O, black = C, and green = N.
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With the rapid development of renewable energy technologies, such as solar and wind power,
energy conversion and storage technologies are in urgent need for the grid-scale integration
of low carbon technologies. Ion exchange membranes are critical performance-governing
components in a variety of electrochemical devices for electrical energy conversion and
storage, such as redox flow batteries (RFBs), fuel cells, and water electrolysers. Many
commercially available membranes, such as Nafion, suffer from high costs as well as a
ubiquitous selectivity/permeability trade-off. Microporous materials provide a new approach
towards designing ion-conductive membranes with confined and selective ion transport
channels. Among them, polymers of intrinsic microporosity (PIMs) have emerged as a
promising platform for designing ion-transport membranes that enable fast diffusion and ion
selectivity owing to their high chain rigidity and low degree of phase separation. For example,
recent work has shown that introduction of hydrophilic functionality by the chemical
modification of PIMs generated selective membranes with fast salt ion conductivity and
selectivity towards organic redox molecules1.
In this poster presentation, I will present our work on computational simulations of sulfonated
PIM polymer membranes. We generated molecular models of a series of new sulfonated PIM
polymers with spirobifluorene backbone with varied degrees of sulfonation and hydration.
Through the model, we quantified the size of water clusters and connectivity of the water
channels, which are critical for fast ion transport. Ongoing efforts are being devoted to model
the dynamic ion transport properties by applying non-equilibrium concentration gradients and
electrical fields.
Computational simulations provide molecular-level understanding of the important structureproperty relationships in a low-cost and time efficient manner. We expect that our
computational modelling will provide guidance towards the rational design of new polymer
membranes.
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The synthesis of three-dimensional (3D) covalent organic frameworks (COFs) requires high-connectivity
polyhedral building blocks or the controlled alignment of building blocks. Here, we use the latter strategy
to assemble square-planar co-balt (II) phthalocyanine (PcCo) units into the nbo topology by using
tetrahedral spiroborate (SPB) linkages that were chosen to provide the necessary 90° dihedral angles
between neighboring PcCo units. This yields a porous 3D COF, SPB-COF-DBA, with a noninterpenetrated nbo topology. SPB-COF-DBA shows high crystallinity and long-range order, with 11 resolved diffraction peaks in the experimental powder X-ray diffraction (PXRD) pattern. This well-ordered
crystal lattice can also be imaged by using high-resolution transmission electron microscopy (HR-TEM).
SPB-COF-DBA has cubic pores and exhibits permanent porosity with a Brunauer–Emmett–Teller (BET)
surface area of 1726 m2 g-1.
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Porous liquids, unlike conventional liquids, contain permanent, rigid pores.1 Still in their infancy after
only being first theorised in 20071 and with the first examples identified in 2015,2,3 they are yet to be
thoroughly explored despite their exponential growth in the literature over the last 15 years.4 One way of
forming permanent intrinsic pores in a liquid, combining the porosity of microporous solids with the
fluidity of a liquid, is by the dissolution of permanently porous, discrete molecular species, such as porous
organic cages, in a size-excluded solvent.2,5 An approach to increase the solubility of the cage molecules
is to introduce disorder by forming a mixture of cages decorated with different vertices in a process
termed ‘scrambling’ – this decreases the efficiency of the packing, reducing the crystallinity and the
lattice energy.5 To acquire reasonable porosity in the resulting porous liquid, these cages must be
dissolved in relatively high concentrations and thus solubility is an important factor. Discovering new
porous liquids by bulk-force screening of different solvents, that need to be both size-excluded and have
high solubilities, with a known discrete molecule is a highly inefficient method. An alternative and
potentially more efficient approach is to consider computational methods. Hansen solubility parameters
allow the solubility of a given solute and solvent to be predicted by considering hydrogen bonds, the
energy from dispersion forces, and dipolar intermolecular forces. Then, using the ‘like-dissolves-like’
principle, it is possible to calculate how alike the molecular components are. In this study, we used
solubility data from previous manual and high-throughput screens5,6 combined with Hansen solubility
parameters to predict the solubility of vertex-disordered porous organic cages, to accelerate the discovery
of new porous liquids. In particular, we screened the predicted solubility sphere for scrambled cage
CC33:133-R (Figure 1) against the ~10,000 potential solvents in the Hansen Solubility Parameters in
Practice software, leading to ~2000 potential new solvents for CC3:13-R. From this condensed list,
selection criteria – excluding compounds: with melting point < 40 °C; boiling point > 90 °C; that are
particularly hazardous; that have competing reactivity; that cost < £3 g-1 – were applied. The top 10
solvents were subsequently trialled in practice, with three of them producing novel porous liquids, one of
which has shown a greater potential for CH4 uptake then related and previously reported porous liquids
formed using the same strategy.6
CC3-R

35:131

34:132

33:133

32:134

31:135

CC13

Figure 1. Parent cages CC3-R and CC13 compared to CC33:133-R mixture, only representing the
relative positional isomers of cyclohexane and dimethyl vertices.
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In recent years, open-frameworks from the assembly of metal phosphonates have been of growing interest1.
The structural diversity possessed by phosphonate MOFs, attributable to the stronger metal-ligand bond,
have fuelled the study of these materials for a wide variety of potential applications including proton
conductivity, catalysis, molecular separation, and others2. However, growing single crystals of phosphonate
MOFs has been extremely challenging as the three oxygen atoms in the phosphonate ligands tend to lead
to denser structures. Phosphonate ligands with additional carboxylate functional groups have found more
relevance in metal phosphonate synthesis, as the carboxylate functional group can more easily coordinate
to metals than its phosphonate counterpart and can supply additional oxygen atoms to participate in linking
to metal ions, which provides more opportunities to form novel structures3.
In this work, 4-phosphonobenzoic acid was used as the ligand, and two new zinc phosphonocarboxylates,
Zn2[(O3PC6H4COO)2].2(CH3NH2CH3)(1), and Zn2[(O3PC6H4COO)2(H2O)3].(H2O)(CH3NCOHCH3)
2(CH3NH2CH3)(2), were synthesized by solvothermal reaction of Zn(NO3)2⋅3H2O and 4phosphonobenzoic acid (4-cppH3) in N,N-dimethylformamide (DMF). Single crystal XRD analysis showed
that structure 1 crystallized in monoclinic space group 2C/c with the asymmetric unit comprising two
crystallographically unique zinc atoms, two completely deprotonated 4-cpp3− ligands, and two molecules
of DMA to maintain a charge balance. The zeolite-like 3D structure of compound 1 was found to have the
same network as one of the structures reported by Chen et al.4, however, the synthesis route and pore
contents differ. Structure 2 also crystallized in a monoclinic space group (P21/c), and its asymmetric unit
comprises a zinc atom, two deprotonated 4-cpp3− ligands, and three water molecules. One guest water
molecule, one DMF, and two DMA molecules were also part of the asymmetric unit. The alternating cornersharing O3PC and ZnO4 tetrahedra in compound 2 form a zigzag chain which is bridged by 4-cpp3- to
generate a new 3D zeolite-like open framework.

Figure 1: (a) & (c) Asymmetric unit of structures 1and 2, (b) & (d) A polyhedral view of the 3D structures
of 1 and 2 along the z-axis; H2O and dimethylamine (DMA) molecules are omitted for clarity
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Microporous organic polymers (MOPs) are a class of porous material with high specific surface area, low
skeleton density, chemical & thermal stability and ease of functionality.1 Moreover, some MOPs can be
designed to have special functional groups which can be used as drug delivery, sensors and membranes.
However, a key disadvantage to most MOPs is the lack of solubility in common organic solvents.
Our group previously reported a strategy to synthesize a solvent-dispersible porous polymer by reversible
addition-fragmentation chain transfer mediated polymerisation-induced self-assembly (RAFT-PISA) to
form a core-shell structure which with dispersible and porous.2 Based on the strategy, we report a solventdispersible porous polymer with pH responsible properties. pH-responsive polymers are a group of
stimuli-responsive polymers which can respond to pH by undergoing structural and property changings
such as surface activity, chain conformation, solubility, and configuration. 3 pH-responsive polymers can
either be divided into those which have acidic groups (like poly(carboxylic acid)s), basic groups (which
containing tertiary amine groups or pyridine/imidazole groups et. al) or be made from naturally occurring
functional groups (such as aliginic acid, chitosan et. al).4
In this presentation we will describe the synthesis of solvent-dispersible porous polymers containing
poly(diethylaminoethyl methacrylate)(PDEAEMA) shell blocks, which impart both dispersibility and pH
responsivity and a core-block of divinylbenzene (DVB)/fumaronitrile (FN) creating porosity and
functionality. These polymers have good processability could be used as drug delivery, sensors and
membranes (Figure1).

Fig 1. The diblock structure of pH responsible soluble macroporous polymer particles
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Mixed matrix membranes (MMMs) are composite membranes prepared by incorporating fillers into
polymeric matrices.1 Two-dimensional structures with a high aspect ratio are considered a promising type
of fillers for high-performance membranes in gas separation (Scheme).2 Metal organic frameworks,
constructed by metal clusters and organic linkers via coordination bonds, exhibit diverse morphologies
including 1D nanotubes, 2D lamella, and 3D particles.3 Furthermore, the high pore volume and easily tuned
functionality ensure MOFs display a strong interaction with target molecules. In this study, we focused on
a 2D MOF material - ZIF-L, which displays a remarkable CO2 uptake.4 ZIF fillers were then combined
with two types of polymers: PEBAX-MH1657 and Matrimid®, showing rubbery and glassy properties
respectively. FIB-SEM tomography was applied to study the internal structure of MMMs. In PEBAX-based
MMMs, due to a solvent effect, ZIF-L transformed into ZIF-8 due to the removal of interlayer organic
linkers.5 In Matrimid-based MMMs, the layer structure was found to be stable during membrane fabrication
and the fillers in composite membranes exhibited a parallel-to-membrane-surface orientation, which led to
gas flux increase. The gas separation performance of MMMs was assessed by pure gas permeation
measurements including N2, CO2, H2, and CH4. By incorporating ZIF-L fillers, MMMs displayed an
enhancement in CO2 affinity as well as a more tortuous path which enlarges the diffusion rate difference
between small and large gas molecules. Hence, the selectivity of CO2/N2 and CO2/CH4 is improved by 20%
and 40% respectively.

Scheme of mixed matrix membranes with two-dimension fillers in gas separation application
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Metal organic frameworks (MOFs) have great potential as catalysts or catalyst supports in fine chemicals
synthesis because of their chemical versatility, their high surface areas and their well-defined pores. In
addition to providing sites where catalytic complexes can be attached, the inorganic clusters that act as
nodes can also act as Lewis acidic sites for organic transformations.1 MOF-808(Hf) is one of the most
promising MOFs for catalytic applications, because in addition to large pores, good chemical stability,
and strong Lewis acidity, its Hf6O8 clusters can provide binding sites for catalytic species, because nonbridging formate groups can be exchanged by functionalized catalytic complexes.
Previously, our group used MOF-808(Hf) as a bifunctional catalyst in reductive aminations of ketones
and aldehydes.2 The drawbacks of the use of that MOF-808(Hf) was that the solvent DMF was used to
make the MOF. Here, MOF-808(Hf) was synthesised via aqueous syntheses,3,4 characterized and found to
be a good Lewis acid catalyst. Then, post-synthetic modification of MOF-808(Hf) with sodium-3-{(4methoxyphenyl)thio}propane-1-sulfonate (SMPTPS) was successful.

The thio-ether-functionalized MOF-808 can be used as a ligand for precious metal complexes, including
for example, palladium (II). A Pd complex of this MOF can be used as a recyclable catalyst for the
isomerisations of various alkenes.
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Metal-organic frameworks and metal-organic polyhedra have been widely studied through the years due
to their applications as catalysts, biosensors, or for gas sorption.1,2 Some of these materials can present
cooperative gas uptake. This phenomenon consists in a steep increase of the gas uptake of the materials at
a certain pressure.3,4 Even though this is a well-known phenomenon in Metal-Organic Frameworks due to
their lattice flexibility, only a few examples can be found in their molecular analogues Metal-Organic
Polyhedra (MOPs) as these structures tend to collapse after activation, becoming non-porous.5 The
thermodynamics occurring behind this behaviour are not clear for MOPs and only few examples can be
found in which the isosteric enthalpy of adsorption is calculated in the low-pressure region.6
The MOP [Cu4(OEtL)4(H2O)2(DMA)2] presents cooperative uptake of CO2 at 195 K.7 Herein, the
thermodynamics of high temperature and high-pressure gas measurements of this MOP are studied. High
temperature gas sorption isotherms of CO2 show that the cooperative behaviour remains at room
temperature, while measurements with methane show a type I isotherm. We show that for this MOP, CO2
uptake consists of three different steps, and thermodynamic analysis of each step is made using ClausiusClapeyron theory.
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Porosity usually refers to solid materials, such as activated carbons, zeolites, or metal-organic frameworks
(MOFs). However, back in 2007 a concept of porous liquids (PL) was proposed by O'Reilly et al.1 The
authors suggested that a liquid can have intrinsic porosity and proposed three types of PLs. The type III
porous liquid can be considered as a colloid solution with intrinsic porosity, provided by porous solids (for
example MOFs), distributed within liquid media, that retain their porosity and do not sediment. In general,
these PLs can be formed by a conventional mixing of a porous solid and a suitable solvent. However, an
additional modification can be required for these solids in order to form a stable porous liquid meaning no
sedimentation within the observable timeframe. In our recent research2, 3 we explore the possibilities on
how to process solid Zeolitic Imidazolate Frameworks (ZIFs) through a liquid phase mediation.
Specifically, we modify the surface of ZIFs with a carbene molecule 1,3-bis(2,6-diisopropylphenyl)-1Himidazol-3-ium-2-ide in mesitylene in order to achieve a type III porous liquid (PL). The carbene modifier
was chosen sinceit has a similar structure to the imidazole linkers of the MOF. In overall, modification with
the carbene allowed to form a stable porous liquid for most of the ZIFs which we explored. We applied this
approach towards ZIFs with different linkers, metals, topologies, particle sizes in order to explore how it
affects PL’s stability. We concluded that ZIF particle size and its topology have the highest impact here.
For example, in the case of nanosized ZIF-67, ZIF-8, ZIF-7, and ZIF-90, which share sod topology, we
could obtain PLs that are stable from several days to one month, while nanoparticles of ZIF-11, which has
rho topology, could not form a stable solution.
Further, we employed several PLs to obtain mixed matrix membranes (MMM). Instead of the conventional
MOF dispersion, we used our prepared PL in order to mix with a polymer solution to achieve a
homogeneous, highly loaded MMM. We showed that modification of ZIFs with the carbene promotes the
interaction between ZIF particles and polymers, yielding in highly loaded MMMs2. For example, we could
obtain different MMMs: 47.5% of ZIF-67 in 6FDA-DAM, 38.6% of ZIF-8 in 6FDA-DAM, and 33.1% of
ZIF-90 in 6FDA-DAM. Similar membranes, but without carbene modification had worse permeability and
selectivity for single gas and mixed gas separation. For instance, in mixed gas separation in the case of ZIF67 based membranes, we observe 89% permeability and 82% selectivity enchantment for
propane/propylene separation for similar loadings of 34% of ZIF-67 in 6FDA-DAM. The membrane with
highest loading of 47.5% of ZIF-67 in 6FDA-DAM was accessible only through carbene modification of
the ZIF. The membrane showed the best performance, among presented and reaching 100 barrer of
permeability for propylene and selectivity of 20 for propylene/propane separation in single gas tests.
In summary, we developed a method to process porous solids of ZIFs through liquid media via targeted
surface modification. Also, we showed that this modification allows to produce MMMs with better
performance than those made without carbene modification.
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Reversible addition–fragmentation chain transfer mediated polymerisation-induced self-assembly
(RAFT-mediated PISA) approach is a novel1 but a highly potential and tunable approach for the synthesis
of dispersible porous materials for diverse applications including: white light emitting, catalysis and
responsive materials1-4. Herein, core-shell particles would synthesis via RAFT polymerization starting
with a hydrophilic macromolecular chain transfer agent (macroCTA), which give the dispersible shell.
When the macroCTA is extended the polymerization with hydrophobic monomer/s, in the hydrophilic
medium, it induces micellization and self-assembly in to core-shell particles. Unlike in traditional RAFTPISA, here in the synthesis of dispersible porous polymer particles (d-PPPs) an excess amount of
crosslinking monomer is used in the core formation, to achieve the porous network.
These d-PPPs are reported for diverse applications in multiple publications, still the challenge remains to
enhance the surface area and particle properties, including particle size and dispersibility. Therein, diverse
approaches have been studied, namely optimizing the ratio of degree of polymerization of core: shell,
delaying the crosslinking and post synthetic enhancement of crosslinking. It can be shown that there is an
optimum core size for each shell maximize its surface area, where further increasing or decreasing the
degree of polymerization of core would lower the surface area. Also delayed crosslinking and post
synthetic crosslinking can be used for the enhancement of porosity and particle properties.
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The past decade has witnessed an explosion of interest in the research field of hybrid organic-inorganic
perovskites (HOIPs), whose general chemical formula is ABX3, in which A is a monovalent organic cation,
B is a metal ion (typically Pb), and X is an anion six-coordinated with B1. Recently, research has tended to
focus on nontoxic lead-free perovskites from the standpoint of environmental viability, where the traditional
halide X-site ligands are replaced by functional organic bridging linkers such as dicyanamide (N(CN)2-)2,
formate (HCOO-)3 and thiocyanate (SCN-)4. These materials are thus more akin to metal-organic
frameworks (MOFs) than their parent perovskite compounds. Amongst them, it has been found that
dicyanamide-based HOIPs can melt and form melt-quenched perovskite glasses that show intriguing
thermal and electrical conductivities2. Additionally, a novel class of HOIPs with two-dimensional (2D)
A2BX4 structures are known for their enhanced stability. Until now, most research in HOIPs has
concentrated on improving their photovoltaic and optoelectronic properties. Investigation into their thermal
properties is, however, also now of high significance, offering opportunities to develop structure-property
relationships and improve applicability.
As shown in Figure 1, formate and thiocyanate were individually incorporated into three-dimensional (3D)
HOIPs as an X-site anion. The 2D HOIPs were constructed using (S)-(-)-1-(1-naphthyl)ethylamine as an
A-site cation, and their components and phase transitions in response to temperature are studied herein.
More comprehensively, it is evident that formate-based HOIPs, i.e. [Am]Mn(HCOO)3 (Am = imidazolium
and formamidinium) exhibit a two-step mass loss with increasing temperature, and the resulting phase at
each step is calculated. For the thiocyanate-based HOIPs [Am]x{Ni[Bi(SCN)6]} (Am = potassium,
ammonium and guanidinium), the effect of different A-site cations on thermal properties is studied and
impurities are identified through DSC and variable-temperature XRD characterization. Moreover, the
melting and glass-forming process of 2D dimensional S-NPB perovskites are discussed. This research may
contribute to understanding the thermal and glass-forming behaviours of HOIPs with various A-site cations
and X-site anions.

Figure 1 TOC for research.
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The application of pure metals as anode materials in batteries offers significant improvements in energy
density. However, the formation of dendrites, enabling the explosive reaction between the metal and the
flammable organic solvents’-based electrolytes gives rise to severe safety hazards.1
In order to address this issue, solid electrolytes (SEs) are widely being investigated as a means of
substituting liquid organic electrolytes (LOEs). In addition, SEs may also assume a second function of the
separator leading to a simpler device, called the all-solid-state battery (ASSB).2,3 With several
advantageous features such as electric insulation, structural rigidity and high internal surface area,
covalent organic frameworks (COFs) are considered promising materials for SEs. 4 In addition, their
ordered and easily tuneable channels provide effective ion-conducting pathways. Silicate organic
frameworks are a recent addition to ordered porous materials, which offer a simple approach to endowing
an anionic character to the framework, thereby including relatively loosely and thus potentially mobile
counter-cations.5
In this project, the novel silicate organic framework with propyl side groups (Pr-SOF) was prepared with
SiO62- centre nodes, constructing two-dimensional (2D) planes. Layers stack in an eclipsed geometry
through strong electrostatic forces between them to enable the formation of 1D channels, potentially
providing fast ion-conducting pathways.6 The successful formation of Pr-SOF with high crystallinity was
proven by solid-state NMR, FTIR, XPS and PXRD. The high surface area of 1069.44 m2 g−1 and great
heat tolerance (up to 400 °C) enable it to be a powerful host to accommodate a large number of lithium
ions for fast transportation. Under SEM microscopy, obtained Pr-SOF shows the morphology of wrinkled
clusters established by platelets. These results suggest that this 1D channelled material may be integrated
in ASSBs as SE. Its ion conductivity will be measured in future works.
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The development of THz Raman (or low frequency Raman) has resulted in accessibility to unique bands
in the low frequency region of Raman spectroscopy for polymorph discrimination, this has been
particularly exploited in the pharmaceutical industry where polymorph certainty is of utmost importance.1
THz Raman has been used to study the open and closed phases of flexible metal-organic frameworks
(MOFs).2,3 As a technique, it has potential in other areas of MOF research involving structural
differences, such as discrimination between analogues prepared from the same components and probing
the mechanism of framework dynamics upon interaction with guest molecules.
To explore discrimination of analogues, two cerium MOFs, F4_MIL-140A(Ce) and F4_UiO-66(Ce),
were prepared from ammonium cerium(IV) nitrate and tetrafluoroterephthalic acid according to reported
procedures.4 The identity of the products were confirmed by X-ray analysis and THz Raman spectra
measured for the two MOFs. There are substantial differences between the two MOFs in the THz region
(Figure 1a), suggesting THz Raman to be a promising technique for polymorph discrimination of MOFs,
particularly structural analogues prepared from the same metal sources and ligands.

Figure 1 THz Raman spectra of (a) two Ce MOF analogues and (b) flexible MOF MIL-53 before and
after immersion in different solvents.
In another study, a well-studied flexible MOF, MIL-53, was prepared via green synthesis methods.5 The
THz Raman spectra of the MOF after immersion in acetone and dimethylformamide (DMF) differ to the
spectrum of the as synthesised MOF (Figure 1b). This is corroborated by structural differences observed
by X-ray analysis. These preliminary studies suggest the potential of THz Raman for MOF research.
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Silicates (SiO2) are one of the most abundant components on earth, and due to its accessibility and ease of
recovery have been extensively used for the synthesis of mesoporous silica. Large surface area, welldefined meso/micropores and the ability to incorporate metal atoms within the structure makes them
extremely valuable as supports for different catalytic applications.1 Silica particles synthesised through
emulsion methods involve the formation of a water in oil emulsion (W/O) through homogenisation or
stirring, where the dispersed phase (water phase containing the silica precursor) is dispersed in an
immiscible organic phase (oil phase with small amounts of emulsifier), this results in the silica
polymerisation reaction being confined within the droplets.2 Compared to conventional
homogenisation/stirring methods, membrane emulsification tackles common disadvantages such as
unreliable scale-up, poor droplet uniformity, high mechanical stress and poor reproducibility.
Furthermore, the process requires considerably lower amount of emulsifier as well as lower amounts of
energy per unit volume. The reduction in energy requirements and the ability to form near monodispersed
droplets in a scalable process, makes this process industrially attractive for particle synthesis.3
In this work we developed a green route for sustainable synthesis of mesoporous silica microparticles
using membrane emulsification and subsequent injection of CO2. By adjusting the shear on the membrane
surface, the dispersed phase flowrate, the formulation of the dispersed phase or by altering the
hydrophobicity of the membrane, the size and uniformity of both droplets and silica particles could be
varied. Droplets ranged from 140 to 60 µm and calcined silica particles ranged from 68 to 51 µm with a
coefficient of variation as low as 17 %. Surface area and the porosity of the silica particles with various
sizes and densities were measured through gravimetric analysis. The combining of membrane
emulsification and CO2 gas as an external acid source as opposed to an acid or alkaline as a catalyst,
made it possible to produce mesoporous silica microparticles with surface areas ranging from 200 to 430
m2/g and average pore sizes as small as 5 µm and as large as 16 µm all at room temperature without the
use of structure directing agents and with short (< 24 h) aging times.

Figure 1. (a) Schematic illustration of membrane emulsification set-up. (b) Mesoporous silica particle formation, (c & d)
Scanning Electron Microscopy (SEM) images of calcined silica microparticles.

References
[1]
P. Verma, Y. Kuwahara, K. Mori, R. Raja and H. Yamashita, Nanoscale, 2020, 12, 11333–11363.
[2]
M. M. Dragosavac, G. T. Vladisavljević, R. G. Holdich and M. T. Stillwell, Langmuir, 2012, 28,
134–143.
[3]
R. Holdich, M. Dragosavac, B. Williams and S. Trotter, AIChE Journal, 2020, 66, 1–10.

P84

A mechanistic study into the adsorption of n-butanol in ZIF-8 towards its separation
from low concentration fermentation broths
S. P. Wallbridge1, J. L. Wagner1, J. K. Christie1, S. E. Dann1
1

Loughborough University, Loughborough, United Kingdom, s.p.wallbridge@lboro.ac.uk

Bio-butanol is a promising, sustainable alternative to liquid transportation fuels that possesses many
desirable characteristics over widely commercialised bio-ethanol. It is obtained as a second-generation
biofuel by the fermentation of sugars with solvent producing Clostridium bacteria. The resulting aqueous
broth contains butanol at concentrations of less than 2 wt% in the presence of numerous by-products
including acetone, ethanol and acids.1 The Zeolitic Imidazolate Framework, ZIF-8, has been widely
studied as a promising material for the adsorption and separation of butanol from these broths owing to its
porous network with high surface area, hydrophobicity and chemical/thermal stability.2 This study aims to
develop a mechanistic understanding into how n-butanol interacts with ZIF-8 in order to better design and
develop materials with improved properties.
We will present findings from experimental studies in which ZIF-8 was synthesised by several
facile routes including solvothermal, mechanochemical and rapid room temperature methods which have
a profound impact on the particle size and crystallinity, providing control over the adsorption kinetics. In
situ Diffuse Reflectance Fourier Transform Spectroscopy (DRIFTS) has been used as a fingerprint
technique to show the presence of adsorbed butanol on the surface of ZIF-8 and the temperature and
mechanism with which it desorbs. Figure 1 (a) shows how the O-H stretching region of a butanol loaded
ZIF-8 sample changes from 30 to 300 oC. The spectra show two distinct O-H stretching bands, where
band 1 is assigned to terminally bound butanol on the surface of the pore and band 2 to butanol contained
as a hydrogen bonded cluster at the centre of the pore. As the sample is heated the butanol cluster is
desorbed at low temperatures, whereas the terminally bound butanol is retained above 250 oC.3 Density
Functional Theory (DFT) simulations have been used to investigate this behaviour observed by butanol
molecules within the ZIF-8 pores. A simple geometry optimisation method has been applied to determine
a butanol adsorption energy of -89 kJ mol-1 for the most stable sites (Figure 1 (b)). Further, ab initio
molecular dynamic simulations are used to study the maximum butanol loading capacity and couple to the
laboratory data that shows ZIF-8 can adsorb 0.37 g g-1 butanol. These results demonstrate how ZIF-8 can
easily be synthesised as a material with fast adsorption kinetics, a large capacity and a high affinity for nbutanol over other components of the fermentation broth.
a

b

Figure 1. (a) in situ DRIFTS spectra show the changes in the O-H stretching region as butanol is desorbed from the surface of
ZIF-8. Spectra were recorded every 10oC from 30 to 300 oC (top to bottom). (b) Optimised structure of ZIF-8 cubic unit cell
with one butanol molecule adsorbed to the surface inside the six-membered pore opening.
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Luminescent Metal-Organic frameworks (LMOFs) are a promising organic light-emitting diode (OLED)
alternative to silicate-based LEDs.1 Yet the 3D nature of LMOFs creates challenges for optical
transparency, sensing sensitivity and device integration.2 Metal-Organic Nanosheets (MONs) have the
potential to overcome these limitations by retaining the benefits of MOFs but in an atomically thin
morphology of large planar dimensions. Here, we report the first bottom-up synthesis of ZIF-7-III MONs
via a facile low-energy salt-template synthesis. The resultant MONs are on average 2 nm in height and
20x10 μm wide. A guest@MOF approach was then employed to intercalate the fluorophores Rhodamine
B (RB) and Fluorescein (F) into the ZIF-7 nanosheets (Z7-NS). This resulted in the formation of two new
single guest systems, F@Z7-NS and RB@Z7-NS, and a warm yellow emissive dual-guest system
F+RB@Z7-NS. These highly stable systems exhibited emissive properties derived from the intercalated
guests, whilst retaining the nanosheet morphology of Z7-NS. Nano-FTIR, among other techniques, was
employed for novel insight into locating the guest within the MON framework. The materials exhibited
improved quantum yield, stability and tunability compared to the 3D counterparts F@ZIF-7 and
RB@ZIF-7. A unique 20-sample systematic analysis of F:RB content in F+RB@Z7-NS revealed the
mechanics of fluorescence in the system, identifying the presence of inter-guest energy transfer dependent
on the ratio of F:RB. A model was also derived that quantifies the precise chromaticity of emission by
F+RB@Z7-NS dependent on the synthesis ratio of F:RB utilised. This enabled quantifiable tuneability of
the material’s chromaticity and the definition of a unique “spectral fingerprint” subset of the visible
spectrum that is only attainable by F+RB@Z7-NS; a critical finding for advanced luminescent tagging
and sensing.
A
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Figure 1:A – Z7-NS with inset sketch of guest intercalation1(C (purple), N (blue), Zn(II) (orange), O (red), hydrogen
(omitted)). B-C – FE-SEM images of Z7-NS. D – luminescent F+RB-Z7-NS samples with a range of emission chromaticity.
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It is widely accepted that CO2 capture and storage is necessary to combat climate change. Among the
possible CO2 capture technologies, adsorption presents appealing advantages, such as a negligible
environmental impact. Metal-organic frameworks (MOFs) are promising adsorbent candidates due to
their ultrahigh porosity and their tailored-tuned surface chemistry. In this study we present the synthesis
of the MOF Mg2(dobpdc) and its functionalisation with N,N'dimethylethylenediamine (mmen), 2,2'dimethyl-1,3-diaminopropane (dmpn) and p-phenylenediamine (pf). The objective pursued is to achieve
materials with high stability, adsorption capacity and selectivity towards CO2.
4,4'-dihydroxy-(1,1'-biphenyl)-3,3'-dicarboxylic acid (H4(dobpdc)) was synthesised in a Parr 4744 reactor
at 200 °C (70 h), with 20 mmol of 4,4'-dihydroxybiphenyl, 60.1 mmol of K2CO3 and 21 mL of N,Ndimethylformamide (DMF). Mg2(dobpdc) was synthesized in a 20 ml vial at 120 °C (20 h), with a
solution of 0.10 mmol of H4(dobpdc) in 10 ml of methanol and DMF (55:45), and 0.25 mmol of
Mg(NO3)2·6H2O. The post-synthetic modification of Mg2(dobpdc) with mmen, dmpn, and pf was carried
out in an inert atmosphere by adding an aliquot of Mg2(dobpdc) to a solution of diamine in toluene.
H4(dobpdc)) was characterised by 1H and 13C Nuclear Magnetic Resonance (NMR), Fourier-transform
infrared spectroscopy with attenuated total reflectance (FTIR-ATR), and elemental analysis. The MOFs
were characterised by powder X-ray diffraction (PXRD), FTIR-ATR, scanning electron spectrometry
(SEM), elemental analysis, and gas adsorption (CO2 and N2).
The successful synthesis of H4(dobpdc) was confirmed by 1H and 13C NMR and FTIR-ATR. The PXRD
results confirm the formation of Mg2(dobpdc), with well-defined peaks at 4.74 and 8.22° (2θ); the FTIRATR spectra of Mg2(dobpdc) is in good agreement with the literature; and the SEM micrographs of
Mg2(dobpdc) show its characteristic hexagonal prism morphology. The FTIR-ATR spectra of mmen- and
dmpn-Mg2(dobpdc) shows the expected bands.1,2 mmen- and dmpn-Mg2(dobpdc) have a nitrogen content
close to 10 wt.%, while pf Mg2(dobpdc), has a lower nitrogen content, 7 wt.%. The CO2 adsorption
capacity at 25 °C of the mmen- and dmpn-Mg2(dobpdc) adsorbents synthesised in this work is higher than
that of those previously reported in the literature.1,2 mmen- and dmpn-Mg2(dobpdc) have very high CO2
adsorption capacity from low relative pressures, and high CO2/N2 selectivity. In fact, mmen-Mg2(dobpdc)
is the adsorbent with the highest CO2 sorption capacity at 25 °C and 0.04 kPa reported to date, showing
great potential for direct air CO2 capture applications, whereas dmpn-Mg2(dobpdc) is a good candidate
for post-combustion applications. On the other hand, pf-Mg2(dobpdc) shows a significantly lower CO2
adsorption capacity throughout the evaluated pressure range (0-120 kPa), which is attributed to a less
effective functionalisation and higher steric hindrances.
In conclusion, the synthesis of H4(dobpdc) and Mg2(dobpdc), and the ulterior modification of
Mg2(dobpdc) was successfully carried out. The post-synthetic functionalisation of Mg2(dobpdc) with
mmen and dmpn improved its CO2 adsorption capacity at low relative pressures, while the use of pf
reduced its CO2 adsorption capacity, which is mainly attributed to higher steric hindrances.
Acknowledgements: M.A.L. y T.M.B. acknowledge two JAE Intro fellowships from the Agencia Estatal
CSIC (JAEINT_20_01332 y JAEIntro2021-INCAR-7, respecively).
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Figure 1. Graphical abstract.

A series of novel mixed-linker amine functionalised Cu-based Metal Organic Frameworks (MOFs),
(NH2)2-Cu-BTC, have been synthesised under solvothermal conditions, using different proportions of 3,5diaminobenzoic acid (DABA) and benzene-1,3,5-tricarboxylic acid (BTC). Cu-BTC MOF (HKUST-1)
was also synthesised for comparison purposes, following a similar protocol, which was adapted from the
literature.1 The synthesised MOFs were characterised using powder X-ray diffraction (PXRD), scanning
electron microscopy (SEM), Fourier-transform infrared spectroscopy with attenuated total reflectance
(FTIR-ATR), and N2 adsorption at 77 K. Additionally, the equilibrium of adsorption of CO2 and N2 of the
activated MOFs was evaluated at 273, 298 and 323 K up to 120 kPa using an automated manometric
adsorption apparatus.
The PXRD and SEM results show that (NH2)2-Cu-BTC MOFs are crystalline, with a primary crystal
structure similar to Cu-BTC. The FTIR-ATR results confirm the success of the functionalisation through
the clear reduction observed in the intensity of the band attributed to C=O stretching when comparing
(NH2)2-Cu-BTC spectra to that of Cu-BTC. N2 adsorption at 77 K revealed that increasing the DABA
proportion results in a reduction in the pore volume of the mixed-linker MOFs. (NH2)2-Cu-BTC MOFs
present high porosity, with BET apparent surface areas up to 1609 m2 g-1, which is slightly below that of
Cu-BTC. Similarly, although the CO2 adsorption capacity of (NH2)2-Cu-BTC MOFs is high, with values
up to 9 mmol g–1, this was found to be somewhat lower than that of Cu-BTC at the temperature and in the
pressure range evaluated, due to the lower micropore volume of the (NH2)2-CuBTC series compared to
that of Cu-BTC. On the other hand, the CO2/N2 selectivity in post-combustion conditions (estimated from
the CO2 and N2 single adsorption equilibrium data at 50 °C for partial pressures of 15 and 85 kPa,
respectively) of (NH2)2-Cu-BTC MOFs is greater than that of Cu-BTC, which is attributed to the amine
functionalisation.
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The over reliance on fossil fuels and non-renewable energy sources has created an unprecedented energy
challenge for humans and the environment. As such, research interest into green energy alternatives, and
efforts to be more energy efficient, has escalated in recent years. Thermoelectric devices allow for the
recycling of waste heat energy via the conversion of heat to useful electricity. The efficiency of a
thermoelectric material is described by the dimensionless figure of merit, ZT = S2σT / κ. Where; S: Seebeck
coefficient, σ: electrical conductivity, T: temperature, κ: thermal conductivity. Despite the promise of
thermoelectrics offering an important source for clean energy, their wide-spread application is still hindered
as the most efficient thermoelectric materials necessitate the use of rare and environmentally harmful
elements.1,2 The search for more sustainable thermoelectric materials, with higher ZT values, has expanded
to include organic polymers, however these suffer from poor electrical conductivities due to a lack of longrange order.3
Metal-organic frameworks (MOFs) present the possibility of combining the advantages of traditional
inorganic thermoelectric materials; offering long-range order allowing for high conductivities, with organic
materials; for their ease of synthesis, tunability and more environmentally sustainable elements. MOFs also
offer a unique opportunity to maximise ZT, by reducing κ, due the intrinsic porosity of MOFs allowing for
the effective scattering of phonons. However, the challenge arises due to the majority of MOFs being
electrical insulators. To date, most conductive MOFs have been from the same family of 2D graphene
analogues.4–9 The range of 3D MOFs displaying intrinsic conductivity, without the present of guest or
doping, is extremely limited, with the 3D Fe2(BDP)3 being a notable exception, which on the other hand
has not yet evaluated as a thermoelectric material. 10,11
In this poster I will discuss the synthesis and assessment of Fe2(BDP)3 as an intrinsic 3D thermoelectric
MOF. I will present a rigorous analysis of the physical and chemical properties of the MOF and relate it to
its conductivity. , and thermoelectric properties as well.

Left: FTIR of Linker and MOF indicating successful synthesis Right: PXRD of MOF compared
with simulated spectra
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Polymers of Intrinsic Microporosity (PIMs) represent a relatively new class of porous materials
developed over the last two decades.1 Their unique “intrinsic” microporous structure has received great
attention from researchers for applications such as gas separation and storage, organic adsorption and
others.2,3 Although they are not typically designed to be heat-resistant, previous research shows that PIMs
posses excellent thermal stability4 and that suggests that, along with good gas adsorption, they could have
a great potential as flame retardant materials. In fact, good porosity and low carbon-to-nitrogen ratio have
been confirmed to enhance flame retardancy and adsorption of CO2.5,6
The objective of this work is to prepare PIMs that can be applied as both additives for flame retardant
materials and for CO2 capture. In this context, the subclass of Tröger’s Base-PIMs (TB-PIMs), may come
very useful. The TB core has a rigid V-shaped conformation produced by bridged nitrogens,7 which is
typical of highly porous PIMs. In this work, it will be combined with the hexaphenylbenzene (HPB)
structure (Figure 1). The latter can be adorned 2, 4 or 6 amino-groups, so that we can tune the C/N ratio
per repeated unit of the polymer modulating the flame retardancy of the final material. The preliminary
results shown on this work, not only, demonstrate the feasibility of using TB-HPB-PIMs as flame
retardant materials, but also that the design of these new monomers lead to the further enhancement of
their gas separation and capture ability.

Figure 1. possible TB-HPB-PIMs
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Polymers of Intrinsic Microporosity (PIMs) are materials which microporosity is due to the rigidity of the
monomers used in their synthesis that cannot pack space efficiently, leaving pores of nano-dimension.1 A
new class of PIMs, prepared via the in-situ formation of the Tröger’s Base (TB), was recently introduced.
These, so called, TB-PIMs combine a high porosity with the presence of two basic nitrogens2,3 that can be
used as heterogeneous catalyst for the Knoevenagel condensation of malononitrile and benzaldehyde.3
The active catalytic site (the TB core) is an integral part of the polymer backbone, which is one of the
main advantage of these materials over other catalysts as it facilitates their recycling and reutilisation. 4
PIMs are relatively new in catalysis and, despite recent improvements, their often small pore size can
pose a problem when reacting large substrates, as they cannot enter into the pores.5 To work around this
issue, we herein report the synthesis of novel TB-PIMs composed of rigid monomers and slightly more
flexible “side-arms” (Figure 1). The introduction of the latter reduces the overall porosity but, at the
same time, confers a higher degree of flexibility of the molecular chains that leads to the expansion of the
pores, enhancing the accessibility of the catalytic sites. These conformational changes produce the
swelling of the material in the presence of solvent, which improves the catalytic performance and the
carbon economy. In addition, the recyclability tests proved that these materials can be readily recovered
from the reaction and reused without any significant loss of activity for at least 6 catalytic cycles. The
result of this work not only shows that the design of amorphous materials can be tailored to improve their
catalytic performance, but also introduces a new concept for PIMs in catalysis.

Figure 1. Novel TB-PIMs for catalytic applications
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The production of MOFs at large scale in a sustainable way is key if these materials are to be exploited
for their promised widespread application. Much of the published literature has focused on
demonstrations of preparation routes that often involve several steps, require toxic solvents, high
pressures and temperatures which are difficult and expensive methodologies to scale.
One example is nano-zeolitic imidazolate framework-8 (ZIF-8) – a material of interest for a range
of possible applications. Synthesizing ZIF-8 nanoparticles is difficult at scale, as current methods require
dilute conditions resulting in the use of large volumes of toxic methanol. We have developed an
alternative scalable route to produce ZIF-8 nanoparticles that uses low volumes of water and alcohol.1 We
first synthesise a closely related, dense-phase, low-surface area material, ZIF-L, in water. This material
then undergoes a transformation in isopropyl alcohol to the highly porous, high-surface area, ZIF-8
structure. Work presented here also shows how the synthesis of ZIF-8 can be tracked by a range of
methods including X-ray diffraction, thermo gravimetric analysis and inelastic neutron scattering – which
offer the prospect of in-line monitoring of the synthesis reaction.
We also show how the production of nano-ZIF-8 can be conducted at scale using the intermediate
phase ZIF-L. By understanding the economics and demonstrating the production of 1 kg of nano-ZIF-8 at
pilot scale we have shown how this once difficult to make material can be produced to specification in a
scalable and cost-efficient fashion.

Figure 1. TEM images of ZIF-L transformation with increasing time
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In line with the Paris Agreement, the UK government has set a target of reaching net zero by 2050.1 This
is a very ambitious goal, that requires great advancements in technologies for reducing emissions,
including carbon capture and utilisation technologies. Porous materials have a long history of use in
carbon capture,2 but of growing interest is their use as catalysts in CO2 utilisation reactions,3 to create
value-added products, such as fuels, pharmaceuticals and electrical components.4 To date, most
catalytic systems are metal-based which makes them inherently unsustainable.5 Polymers of
intrinsic microporosity (PIMs), however, are purely organic materials, which have a reduced
environmental impact and relatively mild synthesis conditions.6 PIMs gain their porosity through
contorted, rigid chains that cannot pack efficiently, which leads to intrinsic pore formation. These
pores can be tuned for specific applications by introducing new functional groups, or by changing
the geometry of the polymer chains. PIMs have widely been studied for gas separations,7 but
there are very few examples of their use as catalysts. Here, a series of novel PIMs were prepared
using the well-established polymerisation technique based on Tröger’s base (TB), which gives
these polymers high basicity.7 These materials can therefore be used as base catalysts, and have
proven successful in several reactions on their own.8 Here, we have shown that by quaternising
the TB sites of a well-known TB-PIM based on triptycene (TB-Trip-PIM), the polymers were able
to catalyse the cycloaddition of CO2 into epoxides, independent of a cocatalyst and under solventfree conditions (Figure 1). The initial results of this study show that a simple method can be used
to prepare active catalysts, expanding the use of PIMs. These materials are heterogeneous,
meaning they are easy to separate from reaction media and reuse, increasing their sustainability.

Figure 1. A) Synthesis of QTB-Trip-PIM, B) Cycloaddition reaction using QTB-Trip-PIM as a catalyst
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Porous materials are useful for applications in areas such as gas storage, separations, and catalysis. A
class of porous material is porous molecular solids where the molecular subunits are held together using
weak intermolecular interactions.1 These materials have unique advantages over other classes of porous
materials such as solution processability and characterisation, simple purification, and ease of
regeneration by recrystallization. Crystalline porous organic salts (CPOSs) are another less studied class
of porous materials utilising intermolecular interactions, in this case, strong charge assisted hydrogen
bonds between an acid and a base.2–4The charge assisted hydrogen bonded gives CPOSs an advantage
over other porous molecular solids as most involve the use of hydrogen bonds which have bond strengths
between 5 kJ to 50 kJ mol-1 while charge assisted hydrogen bonds have strengths in the range of 20-140
KJ mol-1 which in principle should make the materials more stable. In addition, there is the scope to use a
diverse library of CPOSs components and develop reticular chemistry concepts used in the design of
MOFs to design and synthesis CPOSs with tuneable properties. The use of charged components leads to
several complications in the formation of these materials including the high probability of forming a
solvate over a co-crystal and, when a co-crystal is formed, activation can be difficult due to the interaction
of the solvent with the framework. To address these challenges, we have focused on developing a high
throughput method to quickly screen a vast number of solvent conditions for the crystallisations along
with HT powder diffraction analysis to quickly identify different structures. Using tetrakis(4aminophenyl)methane and tetrakis(4-sulfophenyl)methane which are both symmetrical and have
tetrahedral struts with S4 point groups we have employed high throughput methods to screen
crystallisation conditions. Taking this approach, we have found that, whilst crystallisation solvents can
direct crystallisation outcomes, they can be important for stabilizing extended packing in CPOSs
structures. We have discovered a CPOSs which was shown by single crystal X-ray diffraction to contain 2
dimensional channels. We have further investigated the role of a modulator to control the formation of the
CPOS.

Figure 1. Chemical structure of components used in this study and the crystal packing of the CPOSs down the b axis.
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The self-assembly of perylenetetracarboxylic diimide (PTCDI) and melamine has previously been
investigated in the context of surface chemistry.1 On a surface these molecules assemble into a 2D
honeycomb structure through hydrogen bonding interactions (Figure 1 left) which exhibits large
hexagonal pores. We are interested in investigating whether a similar structure would be formed by these
synthons in a bulk material. Hydrogen-bonded organic frameworks (HOFs) are ordinarily synthesised
through solution crystallisation.2 This method is impractical for this system, however, due to poor
solubility of the PTCDI synthon, and mechanochemical synthesis has therefore been explored as an
alternative approach. This technique has been used in the synthesis of MOFs however has not, to our
knowledge, yet been used for HOF synthesis. We present our preliminary results from liquid-assisted
grinding of the PTCDI and melamine synthons. Comparison of PXRD analysis of the product with a
computationally-generated predicted structure (Figure 1 right) indicates that a layered honeycomb HOF
structure has been obtained.

Figure 1: Triple hydrogen-bonding interaction in the PTCDI-melamine system (left). Calculated structure
of the bulk HOF (right).
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The United States geological survey defines an emerging contaminant as any
chemical not commonly monitored but which have the potential to enter the
environment and cause adverse health effects to humans or local flora and
fauna(1). A variety of emerging contaminants have been flagged for concern due
to improvements in analytical techniques in recent times(2). Emerging
contaminants fall into many categories such as pharmaceuticals, endocrine
disrupting chemicals and nanomaterials.
In this study, biochar made from brewer’s spent grain and physically activated Figure 1: BSG sample
with carbon dioxide gas has been produced and characterised. Characterisation from Tennent’s
techniques used include Brunauer, Emmett and Teller (BET) nitrogen adsorption Caledonian brewery
to determine the porous character and surface area of the materials;
Thermogravimetric analysis to obtain a proximate analysis and determine thermal stability; Fourier
transform infrared (FTIR) spectroscopy and point of zero charge experiments to determine the surface
chemistry. BSG samples were acquired from Tennent’s Caledonian brewery in Glasgow, Scotland.
Brewer’s spent grain (BSG) is low-cost co-product of the brewing and distilling industries with high
potential for valorisation, therefore BSG could be an economically viable, readily available and
environmentally conscious feedstock for production of biochar if optimised effectively.
A half factorial 25-1 screening experimental design has been devised to
determine the experimental factors that affect the response variables chosen
significantly. The experimental parameters being investigated are
temperature ramp rate, hold time, hold temperature, inert gas flow and
activating gas flow. Models have been devised using BET surface area, yield
of biochar and point of zero charge to determine the parameters of
significance.

Figure 2: Biochar sample
produced at 900ºC

Initial results have shown the biochars produced to have a high surface area
and pore volume as well as showing micro and mesoporosity within its
structures under BET nitrogen characterisation.

This will be followed up with liquid phase adsorption experiments to obtain models to screen for factors of
significance for maximum uptake of pollutant and speed of uptake. This will lead on to an optimisation
design of experiments which will be used to determine the optimal conditions for biochar production.
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NLO active materials have wide array of applications and are being extensively researched. Due to its
non-centrosymmetric geometry, the MOF ZIF-8 exhibits a second-order NLO nature, commonly called as
Second Harmonic Generation (SHG). 1 When we investigated the SHG activity of the tractable,
conformed monolith monoZIF-8 2 and compared it to that of powder ZIF-8, a significant amplification in
SHG signal was observed (Fig. 1(a)). The monoZIF-8 retained the strength of SHG signal even after
crushing and repelletization under mechanical pressure, whereas the SHG signal for powder ZIF-8
decreased with an increase in pressure. Taking advantage of the transparency of monoZIF-8, different
fluorescent entities, such as organic fluorophores, quantum dots and carbon dots, were successfully
encapsulated in the monolith (Fig. 1(b)), using the previously established method of Mehta et al for
NP@monoZIF-8 synthesis. 3 Apart from the enhancement in SHG activity, transparency and robustness,
the use of monoZIF-8 prevented dopant leaching. This not only further demonstrates the industrial
viability of monoZIF-8 but also makes it an excellent candidate for optical applications such as sensing,
wavelength manipulation, and biophotonics.
a)

b)

1 cm

c)

Figure 1: a) SHG emission of monoZIF-8 (crushed and repelletized at 20 MPa, red), pristine monoZIF-8 (black), powder
ZIF-8 pelletised at 20 MPa (cyan), 50 MPa (green), 100 MPa (blue); b) optical image of RoseBengal@monoZIF-8, scale
bar 1 cm; c) Rhodamine-6G@monoZIF-8 (left) and Rhodamine-6G@ZIF-8 powder (right) in ethanol
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Porous organic cages (POCs) are a kind of microporous material which can pack in either an amorphous
or crystalline manner.[1] Due to their unique structures consisting of discrete molecules containing
intrinsic cavities, they are usually solution processable, and their packing can be directed in the solid-state
to form interconnected pore networks, making the materials porous. This has meant that they can be used
in a range of applications including molecular isomeric and chiral separations, rare gas separations, and
molecular-sieving thin-films.[2] As the solid-state packing of POCs is typically directed through weak
intermolecular interactions, their assembly can be modified by changing the chemical functionality of the
cage precursors or by changing the solvents used during the crystallisation process.[3] The discovery of
new POCs can be accelerated using a hybrid workflow of computational prediction and high-throughput
automation.[4] But predicting the solid state phase behaviour of POCs remains a computationally
expensive task which must be performed on a case-by-case basis as a result of the weak interactions
between cages. In this study we aim to test a novel way of predicting the packing of POCs by
investigating the effect of solvent on three different POC topologies (Fig. 1) and comparing the
polymorphic behaviour to computational predictions. Here we scaled up the synthesis of three different
POC topologies that were promising hits predicted by computation and identified in the high-throughput
screen (Fig. 1). A range of different solvents were then employed in a crystallisation screen and the
resulting samples analysed by powder X-ray diffraction (PXRD) to investigate the potential polymorphic
behaviour of each POC due to the difficulty in growing suitable single crystals. Once the polymorphic
phase behaviour has been identified, we aim to study the effect of the solid-state packing on the overall
porosity in the bulk material. These results will be compared to computational predictions, creating a
relationship between computational studies and the experimental phase behaviour of POCs. Through this
study, it is envisaged that it will be possible to predict the phase behaviour of novel cages in the future,
and incorporating this extra step in our current high-throughput workflow will increase our predictive
capabilities in organic materials synthesis.

Fig. 1. (a) Example shape-persistent organic cages discovered by a combination of high-throughput automated
screening and computational modelling whose properties have not been investigated; (b) An example showing how
the capsular Tri2Di3 cages formed between a triamine and m-dialdehyde pack in solid state.
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Metal-organic framework (MOF) glasses are emerging as distinct category of metallic, organic and
inorganic glasses. MOF glasses are amorphous solids, which are induced mainly by the structural collapse
of crystalline MOFs via melt-quenching, heating, high-pressure or mechanochemical methods. Reports of
the direct-synthesis of MOF glasses are limited. Zhao et al., reported the transparent glassy titaniumbased MOFs, which were synthesized by dissolving the titanium nodes and organic linker in the solvent
modulator to form a liquid, and following removal of the solvent from the liquid via evaporation.1
The synthesis scheme is similar to the inorganic sol-gel process, in that a network is formed in solution
and the composition is fixed by solvent evaporation. In the case of sol-gel process derived silicate system,
further cross-linking and densification occur on calcination, resulting in the transition from gel to glass. In
the conversion process of silicate from gel to glass, structural relaxation and polymerization occur
simultaneously, making it difficult to observe the glass transition temperature of the silicate gels, while
the glass transition behaviour can be observed once the vitrification is complete and the material is fully
densified.2 The glass transition behaviour of directly synthesized glassy MOFs itself has not been reported
so far.
In this study, we synthesized the transparent glassy MOFs based on the literature1 (Figure 1) and
thermogravimetric analysis and different scanning calorimetry analysis were performed to evaluate the
thermal properties of this materials. The glassy titanium-based MOFs showed gradual mass losses at
relatively low temperature, and it might be indicated that the temperature of structural relaxation and
polymerization / decomposition would be overlapped. Therefore, fast scanning calorimetry was used to
attempt to analyse the glass transition behaviour. At fast heating rate, the sample can be heated up to high
temperature for a short time, thus lead avoiding thermal decomposition and glass transition behavior
could be observed. This methodology was used to observe the glass transition temperature of polymers
with intrinsic microporosity (PIMs) with a small number of conformational degrees of freedom.3 It is
assumed that the glassy titanium MOF contains large metal clusters, which may limit the movement of
the segments during heating. By using fast scanning calorimetry, we were able to observe the glass
transition temperature. Further understanding of the thermal property of MOF glasses, which are
synthesized at low temperature, may be useful to envision several applications such as gas separation
membranes.
Solvent
evaporation
1 mm

Precursor solution

Glassy titanium-based MOFs

Figure 1: Photographs of glassy titanium-based MOFs.
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The high tunability of metal−organic frameworks (MOFs) provide a unique platform for tailoring their
characteristic properties as catalysts for energy-related reactions such as hydrogen evolution reaction
(HER), oxygen evolution reaction (OER), oxygen reduction reaction (ORR), and carbon dioxide
reduction reaction (CO2RR)1, 2. Intrinsically catalytic active porphyrin molecules are widely used as
linkages to build MOF catalysts. The inorganic part of the MOFs is usually redox inert and does not
contribute to the catalytic reactions. Ce(IV) ion is an ideal option because of its redox nature and strong
coordination bonding with carboxylate type linkers. Herein, with solvothermal reactions in different
solutions, two types of crystal with crystal size smaller than 1 μm are obtained. However, the crystals are
too tiny for laboratorial single-crystal X-ray diffractometer. Thus, 3D electron diffraction method, namely
continuous rotation electron diffraction, was applied and the atomic level structure of two novel Ce(IV)porphyrin MOFs are successfully revealed (Figure 1).

Figure 1. the synthesis and structures of two Ce-porphyrin MOFs.
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Metal-organic frameworks (MOFs) are a class of hybrid functional materials.1 Modular in nature and
highly tuneable, they have been used in a wide range of applications such as adsorption,2 gas separation,3
and catalysis.4 Generally, MOFs are solvothermally made in batch-type processes and their analysis and
property assessment requires considerable time and chemist intervention. Successful flow synthesis of
MOFs with improved space-time yield, enhanced uniformity and quality of crystals have been published
in recent years and developed in this work.5–8 However, there is currently no means for the in-line
characterisation of the MOF product. This means current optimisation of in-flow MOF synthesis is
complex and labour intensive.
The work shown in this poster investigates a qualitatively distinct approach. Using in-line analysers, an
application-led focus may be implemented in line during continuous production whereby the MOF
performance of a target application may be quantified and product quality directly inferred.
Exemplar applications for prototypical frameworks involving organic dye adsorption have been
quantified ex-situ to give control data; whilst novel 3D printing techniques for membrane incorporation
have been developed to produce cross flow filtration devices to act as purifiers for inline analysis in the
first instance. Commercially purchased devices have also been similarly used and investigated for such
applications.
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Hydrogen (H2) is a promising candidate to replace existing finite petroleum-based energy sources because
of its remarkable gravimetric energy density, clean combustion and abundance.1 However, the storing of
H2 presents significant challenges because of its low volumetric density.2 The standard for storage is to
highly compress (70 MPa) H2 at ambient temperatures. This strategy suffers from eventual compression
losses and demands lightweight, mechanically high performing and costly containment structures. Solidstate H2 storage in nanoporous materials has shown potential to considerably improve upon existing
technologies and generating materials for adsorption that can successfully store and relinquish H2 continues
to be an important challenge.
A class of nanoporous material known as conjugated microporous polymers (CMPs) exhibit highly crosslinked three-dimensional (3D) amorphous porous networks that results in high thermal and chemical
stability.3 They may exhibit high surface areas with intrinsic advantages owing to their π-conjugated
skeletons. CMPs are low density and can be tailored for specific applications through synthetic
modifications that result in increased functionality. When optimising for H2 storage, large surfaces areas,
large pore volumes and pore sizes < 2 nm are most desirable for increasing volumetric uptake.4 These
properties provide the most stabilising environment owing to the H2 molecule interactions with opposing
pore walls.
CMPs exist in a powdered form, hindering their processibility and mechanical properties. A composite
combining high H2 adsorption, processability and suitable strength and flexibility is highly desirable and
maybe incorporated as a coating/liner inside next-generation storage structures leading to increased
performance when compared with currently employed designs.
A series of CMPs have been synthesised and characterised to show increasing surface areas (from 53 to
795 m2 g-1), micropore volumes (up to 0.58 cm3 g-1) and a greater distribution of pores < 2 nm, ultimately
leading to an increased H2 storage functionality (1.2 wt%). Future work aims to improve on these synthetic
strategies and incorporate the optimised polymer into a processible composite form.

H2

H2

H2

H2
H2
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Significant progress has recently been achieved in utilising sustainable biomass for a variety of
purposes.1, 2 Because of the environmental implications, the manufacture of carbon compounds from
organic waste for energy and absorbent applications has attracted considerable interest. Ginkgo leaves are
a common type of biomass waste that can be used as a good source of renewable carbon.
In this study, ginkgo leaves were converted to porous carbon in two steps. First, the air-carbonisation of
the leaves at 400 °C for 5 min, followed by activation using potassium salts. The produced carbons
showed good surface area and porosity, with a maximum surface area of 2500 m 2/g. The removal of the
inorganic species pre-activation does not have an effect on CO2 adsorption. That may lead to the
suggestion of the possibility of disregarding the initial acid-wash step of the biomass for CO2 capture
applications.
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Purification of water contaminated by antibiotics such as ciprofloxacin (CIP) is a global challenge, which
requires urgent attention. Previous study has shown only incomplete removal by a range of materials,
many of which are either impractical or unsafe to use in applications. In response, this study investigates
the photodegradation of CIP using CdSe-TiO2 nanoparticles. To address the toxicity of Cd, a new avenue
in catalyst integrity and recycling is introduced here by encapsulation of CdSe-TiO2 in the monolithic
metal organic framework (monoMOF), monolithic zeolitic imidazolate frameworks (monoZIF-8)1,2. The
resulting composite is denoted CdSe-TiO2@monoZIF-8. The photodegradation of CIP by CdSe-TiO2 and
CdSe-TiO2@monoZIF-8 under simulated solar irradiation was kinetically studied at varying CIP
concentration (1.00 to 5.00 mgL-1) and pH (1-12). Both CdSe-TiO2 and CdSe-TiO2@monoZIF-8 were
extensively characterized. Importantly, PXRD results revealed the diffraction pattern of CdSe-TiO2 and
its appearance in the data for CdSe-TiO2@monoZIF-8, while SEM showed that monoliths were composed
of single entities. The photodegradation of CIP by CdSe-TiO2 and CdSe-TiO2@monoZIF-8 was monitored
under simulated solar irradiation over 240 min, with a degradation efficiency of 98 ±3 % obtained for the
composite. The composite retained an efficiency of up to 87 ± 4% after more than 10 cycles with ICPAES verifying the absence of detectable leaching of the photocatalyst from the monoMOF structure.
Quantitative composite recovery was trivial because of the pellet size of approximately 8 mm. The high
efficiency, and good stability of the catalyst composite suggests a promising material for the
photodegradation of CIP and potentially other pharmaceutically active pollutants in aqueous solution.

a

b

Figure 1: a) Optical image showing the size of mechanically robust CdSe-TiO2@monoZIF-8. (b
UV-Visible reflectance for CdSe-TiO2@monoZIF-8 and CdSe-TiO2

References
[1] T. Tian, J. Velazquez-Garcia, T. D. Bennett, D. Fairen-Jimenez, J. Mater. Chem. A 3, 2014, 2999
[2] J. P. Mehta, T. Tian, Z. Zeng, G. Divitini, B. M. Connolly, P. A. Midgley, J. C. Tan, D. FairenJimenez and A. E. H. Wheatley, Adv. Funct. Mater. 28, 2018, 170558

P104

Hexacoordinated Si/Ge-based linkers for MOF construction
S Tian, P. D. Lickiss, and R. P. Davies
Department of Chemistry, Imperial College London, United Kingdom
s.tian19@imperial.ac.uk

Metal-organic frameworks (MOFs) are porous materials with potential applications in areas such as gas
sorption, catalytic reactions, and chemical sensing applications.1 We have particular interests in
synthesizing MOFs using Si/Ge-centred linkers because these linkers can be readily prepared as highly
branched connectors, which may endow unusual structures and properties to the MOFs.2,3
Hexacoordinated Si/Ge based linkers, such as SiF62-, have already been applied as building blocks for
some MOFs, and these MOFs exhibit outstanding performance in gas sorption and separation.4 In this
work, we mainly focus on synthesizing MOFs using SiO6/GeO6 type linkers which have not been used in
MOF synthesis before. These linkers have high negative charges, which may give the MOF novel
structures or properties. A number of SiO6/GeO6 type linkers have been synthesized, for example
[Et3NH]2[SiL3] (L = 3,4-dihydroxybenzoic acid, Figure 1a). Some novel lanthanide MOFs (Y, Gd, Tb,
Dy, Ho, Er, Yb), Figure 1b, have been synthesized using the germanium linker [GeL3] and these
lanthanide MOFs are potential materials in catalysis, and chemical sensing applications.

Figure 1a, left) crystal structure of SiL32-, protons and cations are omitted for clarity; 1b, right) crystal structure of
the Yttrium-MOF, (0 1 0) view. Red: O, Black: C, Blue: Si, Purple: Ge; Grey: Y
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Hydrogen-bonded organic frameworks (HOFs) are crystalline systems that are formed by selfassembly through hydrogen bonding. H-bonding connections feature a weak, flexible,
directional, and reversible interactions leading to HOFs showing high crystallinity, solution
processability, easy self-healing and purification. These unique advantages give HOFs the
potential to be important for a variety of future applications. This study details the construction
of HOFs using charged building blocks: Naphthalene diimide (NDI) carboxylates and
bisamidinium linkers as anionic and cationic components. The anionic building block
comprises NDI cores functionalised with isophthalate groups as H-bond acceptors and a
cationic bisamidinium component which presents 4 H-bond donors. The system readily forms
intercomponent hydrogen-bonding interactions to form two-dimensional (2D) and threedimensional (3D) frameworks depending on the crystallisation method. The sensitivity of the
system to changes in conditions presents an opportunity to create families of HOF materials.

a)

b)

Figure1: The structure of the building blocks NDIs and bisamidinium and the X-ray crystal
structure of (a) The 3D porous networks for HOF1;(b) 2D hydrogen bonded nanosheets of
HOF2.
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Photoresponsive metal-organic frameworks (MOFs) are a class of porous materials which undergo a
reversible structural change in response to light irradiation.1 Recently we have seen photoresponsive
MOFs applied to photocatalytic water splitting,2 photodynamic therapy,3 and detoxification of chemical
warfare agents.4 There are many ways of synthesising photoresponsive MOFs, for example, by inclusion
of a photoactive guest or by post-synthetic modification with photoactive groups. However, the most
challenging approach involves the incorporation of intrinsically photoresponsive linkers. These linkers
are flexible and switch between states readily, making synthesis difficult. Furthermore, the resulting
MOFs are highly disordered, and the crystals may break if the geometry change upon photoisomerisation
is too extreme.

In this work we aim to provide an overview of the design criteria for the synthesis of intrinsically
photoresponsive MOFs made with photoswitchable linkers. We present the synthesis of a variety of
photoresponsive linkers including symmetric, asymmetric, and orientationally-locked motifs.
Additionally, the effect of substituent electronic effects on the photophysical properties of a range of
novel photoresponsive linker precursor molecules is investigated.
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