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Welcome
Dear participants,

Welcome to the annual meeting of the BZA. This year the meeting is being held in our

traditional “Chiselhurst-style” which follows the Gordon conference format: facilitating

informal discussion in a convivial atmosphere! We hope that the combination of the

scientific programme and excursions during the week will allow you to renew or foster new

friendships and collaborations.

We have an excellent programme spanning all aspects of nanoporous materials: posters as

well as oral. The BZA is proud to provide PhD students with a friendly (but challenging!)

environment to present their work and the quality of the submissions from students will be

clearly evident throughout the week. The future of nanoporous science is bright!

We are grateful to the various sponsors and exhibitors for their support: please take time to

see the exhibitors during the week.

Dr Dewi Lewis

Secretary BZA

On behalf of the organisers



Programme

Sunday 26 July
15:00-onward Registration – see joining instructions

18:00 Opening Reception – kindly sponsored by ExxonMobil

Monday 27 July
08:50 Opening Remarks

09:00 Invited Speaker – Susumu Kitagawa
Porous Coordination Polymers and Metal-Organic Frameworks for Gas Science and
Technology

10:00 Michelle Bound
Computational Screening of Functional Groups for Efficient Methane Capture in Metal-
Organic Frameworks using Weak Hydrogen Bonding

10:30 Coffee

11:00 Tian Tian
Mechanically and Chemically Robust MOF Monoliths with High Volumetric Adsorption
Capacity for Industrial Gas Adsorption Applications

11:30 Nadeen Al-Janabi
Adsorption in HKUST-1: reconciliation of differences by molecular simulation

12:00 Claudia Orellana-Tavra
Metal-Organic Frameworks for Drug Delivery. From controlled release to metabolic pathway
understanding

12:30-13:30 Lunch

13:30 Invited Speaker – Fernando Rey
Zeolite design for adsorption and separation processes

14:30 Veronika Pashkova
Al rich gel method as a way for preparation of zeolites with semi-monomodal Al pairs
distribution

15:00 Alessia Centi
Studying the early stages of the synthesis of bioinspired silica materials with molecular
simulations

15:30 Coffee

16:00 Stephen Wells
Geometric simulations using GASP: investigating flexibility and porosity in zeolites and MOFs

16:30 Abdulsalami Kovo
Process Design for the Production of 100 kg/day of Linde Type A Zeolite from Nigerian Ahoko
Kaolin

17:00 Elizabeth Von-Kiti
Zeolite synthesis from bauxite and kaolin: effect of crystallization and aging times on
crystallinity

18:00-19:00 Dinner

19:30-21:30 Poster Session kindly sponsored by JM Catalysts



Tuesday 28 July
08:50 Opening Remarks

09:00 Invited Speaker – Xiaodong Zou
Electron Crystallography as an Important Tool for Studying Novel Porous Materials

10:00 Peng Guo
A novel approach unifying structure solution and prediction of a RHO zeolite family with expanding
structural complexity and embedded isoreticular structures

10:30 Coffee

11:00 Christopher Campbell
Harnessing MOFs with Open Metal Sites for Challenging Gas Separations – A Monte Carlo Simulation
Study

11:30 Ana Pinar
Location of heteroatoms in zeolite frameworks using crystallographic techniques

12:00 Suk Bong Hong
Rationally guided synthesis of PST-20 and its CO2 adsorption properties

12:30-
13:30

Lunch

13:30 Guided Tour of Chester – check arrangements

18:00-
19:00

Dinner

19:30 Invited Talk - Francois Fajula
Flow-through Structured Silica Monoliths With Multimodal Porosity For Process Intensification

20:30 William Webb
Engineering Heterogeneous Organocatalysts for the Sustainable Utilisation of CO2

21:00 Waclaw Makowski
Recent Advances in Characterization of Porous Materials Using Quasi-Equilibrated Thermodesorption of
Volatile Hydrocarbons



Wednesday 29 July

08:50 Opening Remarks

09:00 Invited Speaker – Justin Hargreaves
Zeolites in the catalytic conversion of small molecules

10:00 Abdul-Lateef Adedigba
Effect of Structure and Hierarchical Pores on the Catalytic Properties of TS-1

10:30 Coffee

11:00 Daniel Firth
Furthering the ADOR Process: The First Zeolite-AlPO hybrid

11:30 Valeryia Kasneryk
De-germanation as a method for tuning of textural properties of germanosilicate zeolites

12:00 Khaled Mohammed
Designing Active Sites in Catalysis: Sn substituted AlPO-5 for the Liquid Phase Oxidation of Toluene

12:30-
13:30

Lunch

13:30 Trip to Llangollen – check arrangements
An opportunity to walk the beautiful Dee Valley – including a proper Welsh Castle!

18:00-
19:00

Dinner

19:30 Founders’ Award Lecture - Matt Cliffe
Correlated defects in metal-organic frameworks

20:00 Stef Smeets
How do the positions of organic structure-directing agents determined from powder diffraction data
compare with those from molecular modelling?

20:30 Tzu-Yu Chen
Magnetically Recoverable Zeolites for Sr Removal

21:00 Jeff Kenvin
Thermodynamic assessment of sorbate interactions with zeolites and MOFs



Thursday 30 July
08:50 Opening Remarks

09:00 Invited Speaker – Haiying Chen
Zeolites in the catalytic conversion of small molecules

10:00 Samantha Russell
Zeolite Catalysts: Nitric Oxide Manipulations for Biological Applications

10:30 Coffee

11:00 Alvaro Mayoral
Atomic-resolution electron microscopy observations of beam sensitive ordered porous materials

11:30 Sean Ormond
Titanium silicalite-1 macrostructures for use in photocatalytic removal of organic pollutants in aqueous
medium

12:00 Stephanie Newland
Expanding Beyond the Micropore: Hierarchical Aluminophosphates as Sustainable Catalysts

12:30-
13:30

Lunch

13:30 Barrer Prize Lecture - Luis Gómez-Hortigüela
Application of molecular simulation methods to the study of microporous materials: structure-directing
effects and reaction mechanisms

14:30 AGM

19:00 Conference banquet

Friday 31 July
08:50 Opening Remarks

09:00 Invited Speaker – Luis Mafra
Zeolites in the catalytic conversion of small molecules

10:00 Giulia Bignami
Solid-State NMR Characterisation of 17O- and 29Si-Enriched UTL-Derived Zeolites

10:30 Coffee

11:00 Alex O’Malley
Framework Dependent Room Temperature Methoxylation in Zeolites: Insights into the first step of the
MTH process

11:30 Matthew Ryder
How Terahertz Vibrations can Reveal Pore Breathing and Structural Instability in Metal-Organic
Frameworks

12:00 Watcharop Chaikittisilp
Nanofibrous Thin Films of Conjugated Microporous Polymers through Electropolymerization

12:30 Closing remarks

12:45 Lunch



Oral Presentation Abstracts
Invited speakers in order of presentation followed by other speakers in order of

presentation

S Kitagawa Porous Coordination Polymers and Metal-Organic
Frameworks for Gas Science and Technology

F Rey Zeolite design for adsorption and separation processes

X Zou Electron Crystallography as an Important Tool for Studying
Novel Porous Materials

F Fajula Flow-through Structured Silica Monoliths With Multimodal
Porosity For Process Intensification

IZA Ambassador and the recipient of the 2013 IZA Award

J Hargreaves Zeolites in the catalytic conversion of small molecules

M Cliffe Correlated defects in metal-organic frameworks

Recipient of the 2015 Founders’ Award

H Chen Application of Zeolites in Automotive Emission Control
Catalysts

L Gómez-Hortigüela Application of molecular simulation methods to the study of
microporous materials: structure-directing effects and
reaction mechanisms

Recipient of the 2014 Barrer Award

L Mafra Multinuclear solid-state NMR study of Brønsted/Lewis acid
properties and boron removal / reinsertion in borosilicate BP
HAMS-1B (H-[B]-ZSM-5) zeolite cavities



Porous Coordination Polymers and Metal-Organic Frameworks for Gas 
Science and Technology 
 

Susumu Kitagawa 
Institute for Integrated Cell-Material Sciences (WPI-iCeMS), Kyoto University, Japan, 

Yoshida, Sakyo-ku, Kyoto, Japan 

 

We have found unique porous properties of porous coordination polymers (PCPs) or metal-

organic frameworks (MOFs), which respond to specific guests, dissimilar to the conventional 

porous materials.1-3 This new class of materials encompasses possibility creating platform for 

porous functions. One target of the synthesis of PCPs is for gas science & technology, 

focusing on low molecular weight molecules, such as carbon dioxide, carbon monoxide, 

oxygen, methane, acetylene, nitric oxide, and alkanes because they are associated with the 

global issues of energy, natural resources, the environment, and living systems. High-

efficiency separation technology,4 different from conventional ways, is essential for low-

energy separation of gas resources, flue gases, air, pollutant gases and other industrial 

materials. 

The second target is for solid state ion conductors, which are utilized in various devices such 

as batteries and fuel cells. Recently, PCPs (and CPs) have been emerging as a novel and 

fascinating platform for solid ion conductors especially in the field of solid proton conductors. 

We could develop several approaches to acquire unique ion conductive property by designing 

modules of PCPs and guests.2,5 

 

1)S. Kitagawa, et.al., Angew. Chem. Int. Ed,, 2004, 43, 2334 (Reviews).  2) S.Horike and 

S.Kitagawa, Acc. Chem. Res. 2013, 46, 2376.  3) S.Horike, et.al., Nature Chem. 2009,1,695. 

(Reviews).  4) For instance, H.Sato.,et.al., Science, 2014,  343, 167. 5) S. Bureekaew, et.al., 

Nature Mater., 2009, 8,831. 

 

 



Zeolite design for adsorption and separation processes

Fernando Rey, Miguel Palomino, Ledys Sánchez, Susana Valencia

1Instituto de Tecnología Química (CSIC-UPV), Spain, frey@itq.upv.es, 2 Instituto de Tecnología Química
(CSIC-UPV), Spain, migparo@itq.upv.es, 3 Instituto de Tecnología Química (CSIC-UPV), Spain,
ledys@yahoo.com, 4 Instituto de Tecnología Química (CSIC-UPV), Spain, svalenci@itq.upv.es

Many gas separation processes need of complex infrastructures and are highly energetically demanding.

This is the case of two particular gas separation processes. i) Natural gas upgrading in which CO2 must be

removed prior to be transported, either as liquid or through pipelines and ii) propylene recovery from

mixtures of propylene/propane coming from the steam cracker.

These two separations are highly challenging and of huge economic impact since the first could be of

interest for small natural gas resources, while the second could avoid of the cryogenic distillation units

currently used in refineries.

The particular necessities of these two separations are nice examples for introducing how properties of

zeolites (or any adsorbent) must be tailored for maximizing the production of separation unit. On this

regard, we will discuss the influence of pore aperture and channel dimensionality, chemical composition and

nature of the compensating cations in the adsorption capacity and gas selectivity for upgrading of Natural

Gas.

The isotherms of CO2 and CH4 of small pore zeolites with relatively low volume to surface ratio indicate

that these zeolites provide the best CO2 uptake from a simulated Natural Gas mixture. Also, the influence of

the zeolite chemical composition, that influences the polarity of the materials has been found to be of

paramount importance for effective CO2/CH4 separation,1,2 while nature of charge compensating cations

seem to have minor influence, except when cation gating effect occurs and relocation of compensating

cations reduces the effective window opening for gas diffusion.3 Finally, a method for calculating the true

thermodynamic CO2/CH4 selectivities combining gravimetric and volumetric co-adsorption isotherms of

mixture of gases will be discussed.

Secondly, we will emphasize the applicability of pure silica zeolites for olefin separations. The complete

absence of acid sites avoids pore blocking due to olefin oligomerization inside the void volume of zeolites.

Also, the rational selection of the adequate zeolite structure maximizes the adsorption capacity of the

desired olefin.4,5 And, it will be show that very small modifications in the pore opening have an important

influence into the adsorption selectivities during competitive adsorption processes.

These two examples exemplify the parameters governing adsorption processes and the strategies taken for

improving productivity and selectivity during gas separation processes.

References

[1] M. Palomino, A. Corma, F. Rey et al. Langmuir 26, 1910, 2010.
[2] M. Palomino, A. Corma, J. L. Jorda et al. Chem. Commun., 215, 2012.
[3] M. Lozinska, J. Mowat, P.A. Wright et al. Chem. Mater. 26, 2052, 2014.
[4] M. Palomino, A. Cantín, A. Corma et al. Chem. Commun. 1233, 2007.
[5] J. J. Gutierrez-Sevillano, D. Dubbledam, F. Rey et al. J. Phys. Chem. C 114, 14907, 2010.



 

 

Electron Crystallography as an Important Tool for Studying Novel Porous Materials   

X. D. Zou  

Berzelii Center EXSELENT on Porous Materials and Inorganic and Structural Chemistry, Department of 
Materials and Environmental Chemistry, Stockholm University, Sweden. xzou@mmk.su.se  

 
Electron crystallography is an important technique for structure characterization of novel porous materials.1 
Crystals millions times smaller than what is needed for X-ray diffraction can be studied. Recently we have 
developed a new method, rotation electron diffraction (RED) for collection and processing of 3D electron 
diffraction (ED) data.2 More than 1000 ED frames can be collected from an arbitrarily oriented crystal in less 
than an hour. The unit cell, possible space groups and ED intensities can be obtained. I will demonstrate the 
3D RED method for structure determination of various porous materials including zeolites, metal-organic 
frameworks, and covalent organic frameworks (Fig. 1).2-8 I will show how RED data initiated the 
development of a novel approach that combines structure solution with structure prediction, and inspires 
subsequent targeted synthesis of new super-complex zeolites. Finally we demonstrate the combination of 
RED and electron tomography for studying mesostructured zeolite structures (Fig. 2).9    

Figure 1.  Examples of structures solved using the rotation 
electron diffraction (RED) method.3-8 

 

Figure 2. Study of mesostructured zeolite Y 
by combining electron tomography and RED.9  

  
Acknowledgements.  I thank my collaborators for providing the interesting and challenging samples, and 
my students and coworkers for their efforts to accomplish the work. This work is supported by VR, 
VINNOVA, the Knut and Alice Wallenberg Foundation through the project grant 3DEM-NATUR.  

 

References 
(1) T. Willhammar, Y. Yun, X. Zou, Adv. Funct. Mater. 2014, 24, 182. 
(2) W. Wan, J. Sun, J. Su, S. Hovmöller, X. Zou, J. App. Crystallogr. 2013, 1863.  
(3) R. Martínez-Franco, M. Moliner, Y. Yun, J. Sun, W. Wan, X. Zou, A. Corma, Proc. Natl. Acad. Sci., 

2013, 110, 3749. 
(4) T. Willhammar, A.W. Burton, Y. Yun, J. Sun, M. Afeworki, K.G. Strohmaier, H. Vroman, X. Zou,  J. 

Am. Chem. Soc. 2014, 136, 13570.  
(5) W. Hua, H. Chen, Z.-B. Yu, X. Zou, J. Lin, J. Sun, Angew Chem. Int. Ed. 2014, 53, 5868. 
(6) J. Jiang, Y. Yun, X. Zou, J. Luis Jorda, A. Corma, Chem. Sci.. 2015, 6, 480. 
(7) D. Feng, T.-F. Liu, J. Su, M. Bosch, Z. Wei, W. Wan, Y.-P. Chen, X. Wang, K. Wang, X. Lian, Z.-Y. 

Gu, D. Yuan, X. Zou, H.-C. Zhou, Nature Comm. 2015, 6: 5979.  
(8) Y. Zhang, J. Su, H. Furukawa, Y. Yun, F. Gándara, A. Duong, X. Zou, O. Yaghi, J. Am. Chem. Soc. 

2013, 135, 16336. 
(9) J. Garcia-Martinez, C. Xiao, K.A. Cychosz, K. Li, W. Wan, X. Zou, M. Thommes, ChemCatChem. 

2014, 6, 3110. 



 
 

Flow-through Structured Silica Monoliths With Multimodal  Porosity For Process 
Intensification  

 

François Fajula 
Institut Charles Gerhardt. University of Montpellier & CNRS 

2, place E. Bataillon. 34295 Montpellier -FRANCE 
françois.fajula@icgm.fr 

 
The presentation will introduce a new class of silica monolithic flow-through supports 

featuring a multimodal hierarchical porosity (of macro/meso and macro/micropores) obtained by 
sol-gel precipitation and spinodal phase decomposition.    

 
Unique fluid dynamics improve mass transfer in continuous-flow liquid-phase catalytic 

processes and allow a dramatic productivity increase compared to more conventional systems based 
on  packed-bed or batch systems. Performance improvement has been demonstrated for a series of 
fine chemicals syntheses and for the transformations of agrochemicals into products. The surface of 
the  monoliths are readily functionalized by grafting of organic active functions, by deposition of 
alumina,  by in situ synthesis of MOF (CuBTC) or metal  nanoparticles and by pseudomorphic 
transformation of  the silica skeleton into zeolite (SOD, LTA) opening opportunities for applications in 
acid, base and redox catalysis. In  most processes the narrow distribution of contact times leads to 
improved selectivities and remarkable stability of the activity.  

 
Monoliths consisting of zeolite LTA have been proposed recently as an innovative solution for 

the decontamination of radioactive waste water effluents following the Fukushima disaster. Under 
rather complex conditions combining a high salty medium and a near neutral pH, this material 
demonstrated a unique efficiency and a considerable advantage as its monolithic form makes it 
suitable as radioactive material storage without the need of further solidification processing.  

 

 

10 nm 



Zeolites in the catalytic conversion of small molecules

J. S. J. Hargreaves

University of Glasgow, UK e-mail: justinh@chem.gla.ac.uk

In this presentation, the application of zeolites as components of catalysts for:
(i) methane dehydroaromatisation,
(ii) methane cracking,
(iii) ammonia synthesis, and
(iv) methanol conversion

will be described. In addition, the role of binders – a component of technical catalysts often ignored in
academic studies – will be outlined in relation to selected reactions.



 

 

Correlated defects in metal-organic frameworks 

M. J. Cliffe1 

1University of Oxford, UK, matthew.cliffe@chem.ox.ac.uk  

 
The important role that defects play in the chemistry of inorganic framework materials is well established, 
controlling properties from superconductivity to catalysis.1,2 It is becoming increasingly clear that defects 
are also crucial to the chemistry of metal-organic frameworks (MOFs).  Recent studies have demonstrated 
that it is possible to introduce ligand-absence defects into MOFs during synthesis. These defects can both 
drastically improve gas sorption properties3,4 and also introduce enhanced catalytic activity.4 
 
In inorganic frameworks, it is often not just the presence of defects alone, but their interactions and 
correlations that determine the functional properties of a material. Thus far, there has been very little 
investigation of correlated defects in MOFs. We have demonstrated, for the first time, that correlated defects 
can be accommodated in a MOF, using the example of the canonical MOF UiO-66 (Hf), which had 
previously been shown to contain defects.3,4,5 We found that by varying the defect-including modulator, it is 
possible to introduce correlation between these defects. Further, by using a combination of anomalous 
powder X-ray diffraction, total scattering, and electron diffraction measurements, we were able to establish 
that these defects consist not just of ligand absences, but also include Hf cluster absences.  
 
This control over defects allows us to in turn tune the unusual thermomechanical properties of UiO-66, in 
particular allowing us to exercise control over its very large isotropic negative thermal expansion.6 This 
provides proof of principle of the use of defects and disorder as design elements for MOF materials. 

 

 
Fig. 1: (a) The structure of the M6O4(OH)4 cluster in UiO-66, (b) a single unit cell of  UiO-66 in polyhedral 

representation, (c) a section of a model of the correlated defect nanodomains in UiO-66 (Hf). 

References 
[1] C. Baerlocher et al., Nat. Mater. 7, 631, 2008 
[2] J. Bobroff et al., Phys. Rev. Lett. 89, 147002, 2002 
[3] H. Wu et al., J. Am. Chem. Soc. 135, 10525, 2013 
[4] F. Vermoortele et al., J. Am. Chem. Soc. 135, 11465, 2013 
[5] M.J. Cliffe et al., Nat. Commun. 5, 4176, 2014  
[6] M.J. Cliffe et al., Phys. Chem. Chem. Phys. 17, 11586, 2015  
 



Application of Zeolites in Automotive Emission Control Catalysts

Hai-Ying Chen

Johnson Matthey Inc., Emission Control Technologies, Wayne, PA 19087, USA

chenh@jmusa.com

Zeolites have become key components in automotive emission control catalysts for meeting the stringent
environmental regulations. In this presentation, three major technologies that incorporate zeolites as
adsorbents or active catalytic components will be addressed. In addition, challenges for implementing
zeolites in those catalysts and new requirements for material property improvement will be discussed.

The most significant application is zeolite supported transition metal, primarily Cu and Fe, catalysts for the
reduction of NOx emissions from the exhaust of fuel efficient diesel vehicles. Early studies mainly focused
on developing these catalysts for the selective catalytic reduction of NOx with hydrocarbons (HC-SCR).
Although the results were promising, it was recognized that the active, selectivity and durability of the
catalysts were not high enough to meet the practical requirements. The vast amount of research work,
especially the fundamental studies on the reaction and the catalyst deactivation mechanisms, however,
demonstrated that the activity and selectivity of this type of catalysts can be drastically improved if an
alternative reductant, NH3, is available in the feed.

Extensive investigations on the selective catalytic reduction of NOx with NH3 (NH3-SCR) began in the
middle 2000s aimed to enable diesel engine powered vehicles to meet the US EPA 2007/2010 emission
regulations. Zeolite supported Cu SCR catalysts are more active at low temperature, thus more attractive for
applications with low exhaust temperature. The conventional medium-pore zeolite (10-ring, such as ZSM-5)
or large-pore zeolite (12-ring, such as beta) supported Cu catalysts, however, cannot meet the long-term
durability requirements. To overcome this major technical hurdle, small-pore zeolite (8-ring) supported Cu
catalysts were invented. On the other hand, zeolite supported Fe SCR catalysts are more selective in
utilizing NH3 for NOx reduction at high temperatures but show a strong dependence on the NO to NO2 ratio
in the feed gas at low temperatures. System approaches were developed to enhance the low temperature
SCR activity of the Fe SCR catalysts. As such, both Cu and Fe SCR catalysts were successfully
commercialized and applied on lean-burn diesel vehicles meeting the stringent US EPA 2010, or Euro V/VI
emission standards.

Zeolites are also widely used as HC storage components in diesel oxidation catalysts to trap unburned
hydrocarbons from the exhaust during the cold-start period of the vehicle operation. This not only enables
the vehicles to meet the HC emission standards, but also improves the CO light-off activity of the diesel
oxidation catalysts for meeting the CO emission standards.

On gasoline engine powered vehicles, although three-way catalysts (TWCs) are extremely effective in
converting HC/CO/NOx simultaneously at the operation temperature range, they are relative ineffective at
low temperatures. As a result, the majority of the tailpipe emissions on gasoline vehicles are emitted during
the cold-start period operation of the vehicles. To enable gasoline vehicle to meet future emission standards,
zeolites are incorporated with advanced TWCs to enable HC storage during the cold-start period and early
HC/CO/NOx conversion during the warm-up period. Recent progress in this area will be reviewed.



 

 

Supramolecular Self-Assembled Ephedrine Molecules for the Synthesis of Large-Pore 

Materials: Effect of the Synthesis Conditions on Aggregation 

B. Bernardo Maestro
1
, F. López Arbeloa

2
, J. Pérez Pariente

1
, L. Gómez-Hortigüela

1
 

1Instituto de Catálisis y Petroleoquímica, C/ Marie Curie 2, 28049 Cantoblanco, Madrid, Spain. Email: 
lhortiguela@icp.csic.es 2Departamento de Química Física. Universidad del País Vasco. Apartado 644. 

48080 Bilbao-Spain  

 

The production of microporous structures with large pore size represents one of the most sought quests in 

zeolite science. Traditionally, the search for these materials has focused on the use of large organic 

molecules as structure-directing agents (SDAs); however, the use of such large molecules is currently 

reaching a limit imposed by the chemical requirements, specially solubility, hydrothermal stability and 

intermediate hydrophobicity, that organic molecules have to fulfil to behave as efficient SDAs. 

In our group, we have recently proposed a synthetic alternative based on the application of supramolecular 

chemistry, which drives the aggregation of organic molecules in multimolecular species by the 

establishment of strong intermolecular interactions, to promote the formation of supramolecular entities of 

larger size potentially able to direct the crystallization of large-pore materials.
1
 A simple way to realise this 

supramolecular self-assembly is by using organic molecules with aromatic rings as SDAs, since these 

molecules tend to form aggregates stabilized through π-π interactions.   

Following this idea, (1R, 2S)-ephedrine (EPH) (Fig.1) and derivatives have been selected as SDAs for the 

present work, because of their capacity to form supramolecular aggregates.
2
 The synthesis of microporous 

aluminophosphates has been carried out by hydrothermal methods in the presence of EPH as SDA. We have 

analysed a systematic variation of synthesis parameters (different dopants as Mg, Zn or Co and their 

content, organic/water contents, pH and crystallization temperature) in order to understand the factors that 

control the supramolecular chemistry during structure direction of microporous frameworks by these 

molecules.  

The obtained solids have been characterized by XRD, TGA, SEM/EDX, 
31

P-NMR, 
13

C-CP-NMR, UV 

absorption and fluorescence spectroscopy.  Fluorescence allows for the identification of the supramolecular 

state since when molecules are aggregated, the 

energy difference between the electronic levels 

decreases, and the emission band 

corresponding to aggregates is shifted to longer 

wavelengths with respect to the monomer 

emission (Fig. 1). Results show that EPH tends 

to direct the crystallization of the AFI structure 

in the presence of dopants. In the case of the 

synthesis without dopants, low-dimensional 

phases are obtained. Interestingly, our results 

show that aggregation depends strongly on the 

temperature (higher temperatures lead to 

higher aggregation), the amount of dopants 

(lower dopant contents involve a higher 

aggregation) and the organic content (a higher 

concentration of the organic molecules brings a 

higher aggregation) (Fig. 1).  

 

References 

[1] L. Gómez-Hortigüela, S. Hamad, A. B. Pinar, F. López-Arbeloa, J. Pérez-Pariente, F. Corà, J. Am. 
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Multinuclear solid-state NMR study of Brønsted/Lewis acid properties and boron 
removal / reinsertion in borosilicate BP HAMS-1B (H-[B]-ZSM-5) zeolite cavities  

L. Mafra1, J. Amelse2, P. V. Wiper1, A. Hough3a,c, A. F. Routh3a,c, S. M. Clarke3b,c 

1CICECO - Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810-193 Aveiro, 
Portugal, lmafra@ua.pt, 2BP Amoco Chemical Company 150 W. Warrenville Road, Naperville, IL 60563, 
USA, Jeffrey.Amelse@bp.com, 3aDepartments of Chemical Engineering and Biotechnology, 3bChemistry, 

and 3cThe BP Institute. Cambridge University, Cambridge, U.K., stuart@bpi.cam.ac.uk. 

 
 
Borosilicates are an important class of catalysts used to catalyse Beckmann rearrangement reactions and, 
when supported on alumina, are highly active for para-xylene isomerisation reactions1. Solid-state NMR is 
a key technique to study zeolites and a plethora of different applications are well established to probe the 
local environments of acid sites2. For the first time, the acid properties of a dehydrated borosilicate, HAMS-
1B (H-[B]-ZSM-5), including the acid types, strengths, location and quantities are investigated by means of 
trialkylphospine oxides (TAPOs) through multinuclear 1D/2D magic-angle spinning (MAS) NMR 
experiments3. 11B DQF-STMAS/MQMAS combined with 1H MAS NMR studies revealed B-OH and 
distinct Si-OH protons associated to trigonal boron. 31P MAS NMR spectra of trimethylphosphine oxide 
(TMPO) treated-HAMS-1B reveal three Brønsted and three Lewis acid sites. We propose a new approach to 
unambiguously discriminate external/internal acid sites by treating a pore-free and pore-blocked HAMS-1B 
zeolite. Additionally, ICP analysis in tandem with solid-state NMR enabled full assignment of the detected 
internal/external acid species and the study of their acid strength. Moreover, we identify the nature of 
TMPO complexes arising from Brønsted/Lewis interactions3.  
This talk will end with an example of combined wet chemistry and 11B SSNMR studies on boron removal 
and reinsertion into the framework of HAMS-1B borosilicate4. Distinct boron species were observed via 11B 
SSNMR in uncalcined and calcined HAMS-1B. The trigonal boron species are readily removed from the 
framework by slurrying in water or mild acid solutions, while tetrahedral species remain in the framework. 
Boron is removed to a greater extent at low pH and can be reinserted when pH is increased. Boron 
reinsertion into the framework is proven by 11B SSNMR of a series of 10B-11B exchanged borosilicate 
zeolites. Surprisingly, when boron is reinserted it enters as tetrahedral boron, not trigonal boron, thus 
reversing partial hydrolysis and removal during calcination. 
 

 
Fig: Discriminating internal and external acid sites using 31P SSNMR of TMPO probe molecules. 
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A selection of nine functional groups has been computationally investigated to give insight into whether the 

energy of methane sorption in metal-organic frameworks can be enhanced through the attachment of 

functional groups to organic linker molecules.
1
 The aromatic ring linkers, typically seen in MOF structures, 

were selected to exhibit a weak hydrogen bond with methane molecules.
2,3

 The functional groups included 

electron enriched sites to allow sufficient polarisation of the C—H bond of methane and therefore enhance 

the strength of the hydrogen bond interactions. 

 

Fig. 1: The MP2/cc-pVQZ optimised trimer III configuration of C6H5PO3H2 (phenylphosphonic acid) – CH4 

complex. 

 

The binding between nine functionalized benzene molecules and methane has been studied using the second 

order Møller-Plesset perturbation theory to reveal that benzenesulfonic acid (C6H5—SO3H) and 

phenylphosphonic acid (C6H5—PO3H2) present the greatest potential for efficient methane capture. The 

C6H5—PO3H2 acid exhibits the strongest binding site for a single methane molecule with a binding energy 

of -5.93 kJ mol
-1

 as well as the strongest interactions with three methane molecules with the binding 

energies ranging from -4.05 kJ mol
-1

 to -6.21 kJ mol
-1

. The binding energies for C6H5—SO3H acid lie in the 

range of -2.79 kJ mol
-1

 to -4.25 kJ mol
-1

 when bound to three methane molecules. For additional insight, the 

atomic charge distribution associated with each binding site has been calculated. 

 

An extension of this study is concerned with the computational investigation of the effect of different 

functional groups within MOF structures on methane uptake including gas uptake simulation of MOF 

structures enhanced with these functional groups. 
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Metal-organic frameworks (MOFs) have attracted great interests in scientific areas such as gas storage and 

catalysis due to their flexible composition, tuneable pore size, functionalities and high porosity. However, 

the lack of a suitable shaping process for MOFs becomes an important challenge for their industrial use. 

Indeed, MOFs are generally obtained as fine powders and cannot be directly used due to the existence of 

pressure drops in gas flows in e.g. adsorption columns. The use of high pressures and binders for MOF 

shaping might irreversibly reduce the porous properties of the material. Specifically, the process may result 

in i) partial or complete collapse of the internal porosity when using high pressures, or ii) pore blocking by 

the binder, preventing the access to the porosity. In addition, the use of the binder per se limits the amount 

of MOF in the final product, and hence would be expected to lead to reduced total guest capacities. 

Recently, we have successfully synthesised monolithic MOF structures without the use of binders or high 

pressures, providing a fast and cheap shaping alternative.
1
 While maintaining the porosity, the monolithic 

structure shows 3-4 times higher volumetric capacity than the powder counterpart. In addition, the 

monoliths are large transparent (up to 1 cm
3
) bodies, and present higher mechanical properties compared 

with the MOF single crystal. Indeed, the different morphologies at the macro- and micro-scale resemble 

those previously observed for xerogels and aerogels, not only for amorphous MOF-like materials
2
 but also 

for carbon and silica aerogels
3
. The formation of the monolithic structures stems from the existence of small 

primary particles and the mild drying conditions. We showed that the existence of MOF precursors in the 

solution as well as a slow drying process is key to obtain a mechanically robust monolith. 

 

 

0

100

200

300

400

500

600

0.00 0.25 0.50 0.75 1.00

V
a

d
s

 (
c

m
3
/g

 S
T

P
)

P/P0

0

100

200

300

400

500

600

1E-5 1E-4 1E-3 1E-2 1E-1 1E+0

V
a

d
s

 (
c

m
3
/g

 S
T

P
)

P/P0

0

100

200

300

400

500

1E-5 1E-4 1E-3 1E-2 1E-1 1E+0

V
a

d
s

 (
c
m

3
/c

m
3

S
T

P
)

P/P0

0

100

200

300

400

500

0.00 0.25 0.50 0.75 1.00

V
a

d
s

 (
c

m
3
/c

m
3

S
T

P
)

P/P0

 

Fig. 1: Gravimetric (left) and volumetric (right) N2 adsorption isotherms at 77 K for powder ZIF-8, 

triangles, and monolithic ZIF-8, circles. Dotted black line shows the theoretical single-crystal adsorption 

capacity. Note the use of semi-logarithmic scale to get more detail in the low pressure range. 
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Adsorption has been identified as a suitable technology to capture CO2 from flue gases and significant 
efforts have been devoted to identify better adsorbents for this task, where Metallic-Organic-Frameworks 
(MOFs) have played an important role. HKUST-1 (Cu3(BTC)2, BTC = 1,3,5-benzenetricarboxylate) is a 
MOF with good CO2 adsorption capacity of ca. 13.7 mmol/g at 20˚C and 1bar, and moderate resistance to 
moisture. Despite being well studied in the literature, significant deviations are observed between 
independently measured sets of isotherms as shown in Fig. 1.  
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Fig. 1: Adsorption isotherms for CO2 adsorption onto HKUST-1 at 293 K: (—)this work,                           
(●) Simmons et al.1, (☐) Liang et al.2, (u) Ge et al.3 

 
In this work, single component adsorption of water, N2 and CO2 onto HKUST-1 were measured 
independently and adsorption isotherms were obtained. Grand Canonical Monte Carlo simulations (GCMC) 
were performed to explain the discrepancies between the published data. Molecular model were constructed 
based on the original HKUST-1 framework using various available sets of interaction parameters from the 
literature. The effects of charges and forcefields on simulation results were analysed in detail and the 
influence of different types of HKUST-1 defects were also investigated.  
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Metal-Organic Frameworks for Drug Delivery. From controlled 

release to metabolic pathway understanding. 
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Metal-organic frameworks (MOFs) have an enormous potential to be used as drug 

delivery systems (DDSs) due to their unique characteristics, such as high pore 

volumes, large surface areas and tunable porosities.1 Nevertheless, most of these 

materials present a fast kinetic release of under 3 days. This phenomena is 

commonly known as burst effect. The two main purposes of this work are: i) to 

achieve a controlled release of a hydrophilic, fluorescent molecule, calcein, from UiO-

66 by using a post-synthetic modification on this MOF (named mUiO-66), and ii) to 

perform in vitro studies using HeLa cells in order to examine the cytotoxicity of the 

MOF; confocal microscopy to study the MOF-drug intake, as well as; flow cytometry 

to investigate the metabolic pathways of cellular uptake of MOFs. 

We show that the post-synthetic modification of UiO-66 allows controlled released 

of drug molecules, extending the 

release time from 2 days to up to 30 

days (Fig. 1). Also, cellular uptake of 

calcein was 16 times more efficient 

when it was encapsulated into UiO-66 

compared to free calcein. Finally, we 

extended our reasearch to a family of 

6 biocompatible Zr-based MOFs. 

In summary, we show a drug delivery system not only able to extend the release 

time but to efficiently penetrate into the cells. This feature is extremely useful 

especially for impermeable drugs and drugs with poor solubility. Additionally, this 

work contribute to the understanding of the metabolic pathways of MOFs cellular 

internalization.  
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Figure 1. (left) Calcein release during the first 5 hours and 

(right) 30 days from UiO-66, black closed circles, and mUiO-66, 

red open circles. 



"Al rich" gel method as a way for preparation

of zeolites with semi-monomodal Al pairs distribution
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Low Al content in the framework of Si-rich zeolites results in the variability of Al distribution: single Al
atoms and Al pairs (Al-O-(Si-O)2-Al sequences in one ring) represent main Al species observed. Active
sites balanced by single Al and Al pairs exhibit dramatically different properties both for acid and redox
catalyzed reactions. Recent results clearly showed that Al distribution in ZSM-5 and other high-silica
zeolites controls catalytic activity/selectivity both of transition metal and protonic active sites balancing
framework Al atoms, moreover, that Al distribution is not random and depends on the conditions of zeolite
synthesis [1]. Present work aims in demonstrating one of the possibilities to prepare zeolite with
predominantly Al pairs (semi-monomodal Al distribution), which is application of "Al-rich" gel with lower
Si/Al, mixed with the synthesis gel without Al (Si/Al=∞) to achive Si/Al suitable for ZSM-5 synthesis. 

Methods
Sets of ZSM-5 zeolites were synthesized from the mixtures of 2 gels: I) Si/Al=4; 7; 8.5; 10; 12 and II)
Si/Al=∞. Gels were mixed to the resulting Si/Al=30, 45, 60. 29Si and  27Al MAS NMR were applied for 
analysis of synthesis gels samples (prior to the synthesis). The distribution of Al atoms between single Al
atoms and Al pairs in ready ZSM-5 zeolites was estimated by Co(II) ion exchange capacity and UV–Vis
spectroscopy of bare Co(II) ions in dehydrated zeolites.

Results
Obtained zeolites significantly differed in the concentration of single Al atoms and Al pairs, despite the
similar chemicals used in the synthesis. The variability of Al distribution in the products can be connected
with differences in the organization of the synthesis gel on an atomic level before formation of any
protozeolitic units (reflected by multinuclear MAS NMR).

References

[1] Dědeček J.; Balgová V.; Pashkova V.; Klein P.; Wichterlová B., Chem. Mater., 2012, 24 (16), 3231 
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Biosilicification denotes the process by which biological organisms, like diatoms and sponges, transfer 
silicic acid from marine environments and incorporate it to produce their ornate skeletons and shells. This 
very common but complex process has attracted increasing interest in recent years for its remarkable 
characteristics: it occurs at very mild conditions (i.e. aqueous media, ambient temperature and neutral pH) 
and produces structures with a morphological control (from nanometers to hundreds on micrometers) hardly 
reached in industrially produced silica. Inspired by Nature, scientists have tried to capture the synthesis 
mechanism of silica in such mild conditions in order to mimic it for the production of silica-based materials 
in a greener way. They found that specific biomolecules and long-chain polyamines mediate this process 
while acting as templates for silica condensation. However, the complexity of the system, with many 
processes taking place simultaneously, means that an unambiguous mechanism is hard to establish based 
only on experimental observations. Indeed, many uncertainties still remain, especially concerning the 
interactions that take place at molecular level, but such knowledge is fundamental in order to achieve 
tailored design of bioinspired silica materials. 
 
In this work we apply molecular dynamics simulations to study the mechanism of formation of bioinspired 
silica materials with a similar approach to that used in the past to describe the synthesis of MCM-type 
materials1, clarifying the cooperative templating mechanism at play. Our investigation begins by looking at 
the precursor solution which contains polyamines, silicates and ions in aqueous environment before silica 
condensation takes place. The effect of a change in concentration as well as a change in pH on the 
aggregation process were analysed in order to obtain a detailed description of the interactions in the system. 
Furthermore, by monitoring the self-assembly of the bioinspired templates we were able to calculate 
structural properties of the system at different stages of the process. Our results show that polyamines form 
stable lamellar aggregates at equilibrium in a range of intermediate pH values, and silicates adsorb at the 
interface of those aggregates. The aggregates produced are in qualitative agreement with the multilamellar 
vesicles observed during the synthesis of bioinspried materials and reminiscent of the pattern arrangements 
observed in Nature during biosilicification.  
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The approach of “template-based geometric simulation” is a specialised method for the investigation of 

flexibility in periodic and molecular frameworks. The method implements a simplified, localised physical 

model incorporating only the strongest, most local forces – local bonding and steric exclusion. The method 

allows rapid investigations of the intrinsic flexible response of a framework under strain, providing valuable 

information for data interpretation. Geometric simulation is implemented in GASP (Geometric Analysis of 

Structural Polyhedra), a C++ code maintained by the corresponding author. GASP can be used as a 

command-line tool in Unix/Linux, OSX or Windows environments and is freely available to researchers on 

request. 

 

In previous work, geometric simulation has led to the discovery of the “flexibility window” phenomenon in 

zeolites1. We will discuss very recent work2 in which we explore the influence of extra-framework content 

on flexibility in siliceous faujasite (Fig. 1A). We distinguish intrinsic (framework-controlled) and extrinsic 

(content-controlled) flexibility regimes, and discuss the significance of our results for data interpretation in 

pressure experiments. Furthermore, GASP has recently been updated3 to handle frameworks with non-

polyhedral (molecular) components, thus extending the method for the study of metal-organic frameworks 

(MOFs) and other porous structures. In recent research, GASP has successfully identified factors governing 

internal flexibility in a novel MOF (Fig. 1B, C, D). 

 

 

A  B  C  D  

 

Fig. 1: applications of geometric simulation. Panel A: modelling of cage occupation in siliceous faujasite 

for the interpretation of experimental data. B: a recently synthesized MOF with internal flexibility. C: 

carboxylate-metal coordination in the as-synthesised framework. D: geometric simulation identifies steric 

clashes due to carboxylate hinge motion, limiting framework flexibility. 
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ABSTRACT 

The search for cheap source of raw material as chemical sources for zeolite A production and relative 

abundance of kaolin spread all over Nigeria, has necessitated this design work. This work was aimed at 

designing a plant for the production of 100 kg/day of zeolite A in its most economically viable way. A new 

and modified flow sheet was developed for Zeolite A Production from kaolin, subsequently material and 

energy balances were carried out using MathCAD, followed by detailed design of equipment and selection 

of all piece of equipment involved. Computer aided design of the crystallizer unit which was done using 

AutoCAD and Aspen hysys revealed that time can be saved while increasing productivity and accuracy 

relative to the obsolete manual methods. The crystallizer unit was fabricated and was tested to synthesize 

zeolite A and was subsequently characterized by XRD. From the Economic Analysis, it showed that a total 

investment of about                 would yield a net income of                    with pay-back-

period of 2
1
/2 years and return on investment of 44.9%. therefore, It can be concluded that  there is viability 

in investing in zeolite-A production from  kaolin when both economic and safety concern are considered. 
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Synthesis of zeolite with inexpensive raw materials has been an objective for most researchers in the zeolite 

community. For the purpose of cutting down cost, kaolin and bauxite, locally occurring abundant materials 

are being considered. Kaolins have proved successful in zeolite synthesis
1
. However, most studies involving 

the use of kaolin had to boost the silica content with reagents. 

Kaolin and bauxite are naturally occurring minerals in Ghana. Deposits of bauxite, (in million tons) in 

Awaso, Ashanti Region have been a major source of alumina used in the production of aluminum. Kaolin 

can be found in various areas such as Anfoega, Mankessim, Saltpond, Teleko-Bokasso and Wassa, local 

provinces in Ghana.  

 

 Table 1. chemical composition of bauxite and kaolin  

 

 SiO2 Al2O3 K2O TiO2 Fe2O3 Na2O MgO Total 

Bauxite  wt.% 1.12 88.6 trace 1.3 9.0 - - 100 

Kaolin  wt.% 69.58 20.54 5.59 0.95 1.08 0.28 1.98 100 

 

In the study, kaolin was converted to metakaolin at 600 °C. bauxite was added to kaolin and aged for 

different hours ranging from 24 to 96 hours. Different crystallization times were also considered. 

Crystallization was carried out at 105 °C for 3, 5, 24 and 96 hrs. Synthesized zeolites were confirmed by 

SEM, XRD and FTIR techniques. 

Under the varying conditions, different zeolites were produced. Maximum crystallization time was found to 

be 24 hrs. The relative crystallinity was found to be 92 %, 97%, 15% and 0 % for samples aged for 24, 48, 

72 and 96 hrs respectively. Cost of synthesized zeolite was estimated to be relatively low. 

       
    
Fig. 1:  SEM images of synthesized zeolite at different crystallization times (a) 3 hrs (b) 5 hrs (c) 24 hrs and 

(d) 96 hrs. 
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We present here a novel approach that combines structure solution with structure prediction, and inspires 

subsequent targeted synthesis of novel super-complex zeolites.
1
 We used rotation electron diffraction 

(RED)
2,3

 to identify that the unknown zeolite ZSM-25, whose structure remained unsolved for more than 30 

years,
4
 is related to the known PAU structure (Fig.1a-b). The structure model of ZSM-25 could be obtained 

by adopting the structure factor amplitudes and phases from the PAU structure (Fig.1c). The Rietveld 

refinement confirmed the structure model of ZSM-25 obtained from our novel approach is correct (Fig.1d).  

ZSM-25 has the largest unit cell volume of all known zeolites (91,554 Å
3
).  

Using this novel approach, we could then predict a family of zeolites, all related to the RHO structure. 

Starting RHO, the structure of other members is expended at two levels: expanding of the interpenetrated 

scaffolds and filling of the space between the scaffolds. The scaffolds in PAU and ZSM-25 are expanded 

from that of RHO by inserting two and three pairs of d8r and pau cages, respectively. We call RHO, PAU 

and ZSM-25 the 1
st
, 3

rd
 and 4

th
 generation of the RHO family, denoted as RHO-G1, RHO-G3 and RHO-G4, 

respectively. The space between the two interpenetrated scaffolds is filled by four types of cages (t-plg, t-

oto, t-gsm, and t-phi) to form fully four-connected frameworks. The former expansion is isoreticular, as seen 

in MOFs, while the latter occurs by embedding the cages in the inter-scaffold space. We call them 

embedded isoreticular zeolite structures. Our general approach can be applied not only to solve complex 

structures ab initio, but also to predict families of realizable porous materials.  

 
Fig. 1: a, the 2D slice of (h k 0) cut from the reconstructed 3D reciprocal lattice from the RED data. The 

symmetry m-3m has been imposed to the 3D RED data for a better comparison. b, Simulated (h k 0) 

diffraction pattern of the idealised PAU structure, with the structure factor phases marked in blue (180°) 

and red (0°). c, 3D electrostatic potential map generated by using amplitudes obtained from electron 

diffraction data of ZSM-25 and phases calculated from the structure of PAU. d, Rietveld refinement of as-

made ZSM-25. The observed, calculated and difference curves are in blue, red and black, respectively (λ = 

0.63248 Å). 
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This project focuses on developing accurate computational models to predict adsorption in Metal-Organic
Frameworks  (MOFs)  with  coordinatively  unsaturated  metal  sites  (CUS),  and applying  these  models  to
screen  MOFs  for  challenging  gas  separations,  such  as  ethane/ethylene  and  CO2/CH4.  Olefin/paraffin
separations  are  among the most  energy intensive  industrial  processes,  and replacement  of  conventional
distillation with adsorption processes relies on an effective choice of materials. The simulation of CO2/CH4

separation has also been selected as it  is key to improving natural gas combustion and ability  for high
distance transportation. CUS containing MOFs have the potential to be effective candidates for both of these
separations  due to  the possibility  to form highly favourable coordination  bonds between the metal  and
unsaturated hydrocarbons or CO2.

Modelling  of  these  systems  is  key  due  to  the  wide  variety  of  different  MOF  structures  that  can  be
synthesised. The caveat is that accurate predictions of adsorption in new MOFs by computer simulation
require the development of realistic molecular models. This is especially difficult for MOFs that contain
CUS. It has recently been demonstrated that conventional molecular models based on van der Waals and
electrostatic interactions alone are unable to correctly describe adsorption in CUS-containing MOFs1. In this
work,  we will  employ a  recently  proposed approach combining  quantum mechanical  calculations  with
classical  Monte  Carlo  simulations2,3.  We will  add this  new interaction  to  existing  simulation  software,
Music, to enable the electrostatics to also be accounted for due to its important role in CO2  adsorption.
Initially,  several  adsorption  isotherms simulated  will  be  validated  against  experimental  data  to  confirm
transferability of the model between different MOF structures and between different adsorbate gases. The
new model  provides  detailed  insight  into the  molecular  level  adsorption  mechanisms,  from which new
promising materials can be designed for these challenging separations.
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The nature, concentration and location of heteroatoms in zeolites and aluminophosphates (AlPOs) 

can have a significant impact on their properties. The partial replacement of Al by divalent atoms such as 

Zn
2+

, Co
2+

 or Mg
2+

 generates Brönsted acidity in AlPOs, as does the replacement of Si by trivalent elements 

like Al
3+

, B
3+

 or Ga
3+

 in zeolites. The location of the heteroatom in a particular T position determines the 

accessibility of the active sites to reagent molecules, the size of the transition state and the ability of the 

products to diffuse out of the structure. Therefore, knowing the exact location of heteroatoms is necessary to 

understand the catalytic performance of a zeolite. In some cases a particular zeolite or AlPO crystallises 

only in the presence of a heteroatom. For example, the aluminophosphates STA−1 (SAO) and DAF−1 

(DFO) can only be obtained in the presence of Mg
1,2

 or Zn.
3,4

, and Ge favours the formation of zeolites with 

double 4-rings (d4r’s). Thus the analysis of the distribution of heteroatoms in a framework can also provide 

insight into the mechanism of crystallisation of the zeolite.  

Diffraction techniques are a useful tool for these studies, especially if the heteroatoms are heavier 

scatterers than are the other framework atoms. A Rietveld refinement is generally initiated with a structural 

model where all the T atoms are Si (or Al and P in AlPOs). Once a reasonable fit to the profile is achieved, 

(with the extraframework species added to the model) the difference electron density map is expected to 

show peaks on the mixed Si/heteroatom T positions. Furthermore, the T−O bond distances and T−O−T 

angles for mixed positions should also reflect the heteroatom distribution. When both the heteroatom and 

the other framework atoms have a similar number of electrons, as in the case of Al and Si, indirect evidence 

about their location can be obtained from the positions of the structure directing agent (SDA) species.  

Some examples of the location of heteroatoms in different zeolites and AlPOs will be presented. In 

particular, the finer details of the structure of the germanosilicate ITQ−24 (IWR) synthesized in F
-
 medium 

using 1,3,5−tris(1,2−dimethylimidazolium) benzene hydroxide as the SDA will be examined.
5
 Ge atoms 

replace some of the Si in the d4r and in the single 4-rings to yield average compositions of [4Si,4Ge] and 

[3Si,1Ge]. The geometry of the framework in Cmmm (the highest possible symmetry) was strained, and 

Pban was found to be the correct symmetry. Other interesting examples are the zeolites synthesised 

following the “ADOR” strategy developed by the group of Russell Morris.
6
 In this approach, a lamellar 

zeolite is obtained by selectively hydrolysing the Ge atoms in layer-connecting entities, and these layers are 

subsequently reassembled in different ways to form new framework topologies. Deciphering the location of 

Ge in the parent material is fundamental to the understanding of the underlying mechanism. For example, 

the elucidation of the distribution of Ge atoms in the d4r’s of ITQ−22 (IWW) helped to explain the reason 

for the different outcomes when samples with different Ge content were used as parent materials.
7
 Finally, 

the analysis of the Al distribution in ferrierite samples synthesised with different SDAs will be discussed
8
. 
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Here we present the “rationally guided” synthesis of the novel small-pore zeolite PST-20 with the largest 

unit cell of all known zeolites and its crystal structure and CO2 adsorption properties.1 Very recently, we 

have solved the crystal structure of ZSM-25, which remained unsolved for 30 years,2 by a combined use of 

single crystal 3D electron diffraction data and the phases from the known PAU structure. By comparing the 

structural similarities of ZSM-25 and PAU structures, we have discovered a new structural principle, 

denoted embedded isoreticular zeolite structures. Thus, we could predict other members of a family of 

increasingly complex but structurally-related zeolites and this inspired synthesis of a more complex zeolite 

PST-20 (Fig. 1a). The successful synthesis of PST-20 was confirmed by rotation electron diffraction data 

and Rietveld refinement. It was found that while the crystallisation of PST-20 was sensitive to synthesis 

temperature and time, the presence of the alkaline-earth cations Ca2+ and particularly Sr2+ is required to 

direct its crystallisation. A pure sample of PST-20 was successfully prepared by addition of a small amount 

of Sr2+ to the synthesis gel. Na+-exchanged PST-20 (NaTEA-PST-20) showed high uptakes of CO2 with 

acceptably fast kinetics and low uptakes of N2 and CH4, suggesting that it is potentially attractive as a 

chemoselective CO2 adsorbent (Fig. 1b,c).  

 

 
 

Fig. 1: a, Tiling representation of 3D framework structure (left) and cross-section (about 12 Å  thick) 

perpendicular to the c-axis (right) of PST-20. b, Adsorption isotherms at 298 K of CO2 (navy), CH4 (green), 

and N2 (pink) for NaTEA-PST-20. Inset: CO2 adsorption-desorption cycles at 343 K. c, CO2 adsorption 

kinetics at 298 K and 1.2 bar on NaTEA-ZSM-25 (violet), NaTEA-PST-20 (orange), NaTEA-ECR-18 (navy), 

Na-Rho (pink), and K-chabazite (green).  
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Carbon dioxide (CO2) levels in the atmosphere are continuing to rise owing to anthropogenic emissions. 

Carbon capture and utilisation technologies give a means to incorporate CO2 into more useful and less 

environmentally harmful chemicals. High value products, such as polycarbonates, can be produced through 

photosynthetic and thermochemical catalytic conversion of CO2 and other substrates.  

 

The production of mono and polycarbonates from CO2 are a rapidly expanding field within CO2 utilisation. 

Accordingly, single-site heterogeneous catalysts capable of CO2 activation have been synthesised1,2. 

Isolated organocatalysts, Figure 1a, dispersed on mesoporous silica frameworks to obtain high surface-to-

volume ratios, allowing for the conversion of epoxides to monocarbonates with CO2 incorporation shall be 

presented. 

 

 

 

Figure 1: a) diagrammatic representation of isolated organocatalyst covalently anchored to mesoporous 

silica for CO2 activation b) 29Si solid-state NMR depicting covalent anchoring of catalyst onto silica 

 

As shown, Figure 1a, the in-situ formation of a carbene allows for CO2 activation in the form of a stable 

carboxylate species, for carbonate formation. The reproducibility of the catalytic data and confirmation of 

catalyst structure through characterisation techniques, Figure 1b, (solid-state NMR, BET, elemental analysis 

and TGA) reveals a stable highly active catalyst which retains activity over repeated cycles. Alteration in 

pore aperture of the mesoporous silica support was investigated with the view to controlling mass transport 

around the anchored organic moiety. A ranging from 30 to 250 Å in pore diameter an observable trend in 

activity has been recorded experimentally. This mimics previous work which has shown that anchoring of 

organocatalysts to solid supports not only provides the benefits of heterogenising the active species but 

increases the catalytic efficiency, measureable by TON and TOF values3.   
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Quasi equilibrated temperature programmed desorption and adsorption (QE-TPDA) of volatile 

hydrocarbons is a new experimental method
1
 developed for studying porosity of micro- and mesoporous 

solids, and successfully applied in studies on zeolites, mesoporous silicas, their carbon replicas and MOFs. 
 

Thermodesorption of hydrocarbons may be studied under quasi-equilibrium conditions in a flow system 

equipped with a chromatographic detector, utilizing He with small admixture of the adsorptive as a carrier 

gas. The QE-TPDA experiments are performed by controlled cyclic heating and cooling the sample. For 

zeolites, desorption from the micropores is observed in temperatures 100-400°C, depending on the 

molecular mass of the adsorbate. The QE-TPDA profiles of n-alkanes depend on both the framework type 

and the extra-framework cations, so they may be used for identification of the zeolitic structures. QE-TPDA 

of n-alkanes allows detection of the micropores, determination of their volume as well as the enthalpy and 

entropy of adsorption. In OE-TPDA profiles of n-nonane (used at the saturation partial pressure) additional 

low temperature maxima appear below 100°C, resulting from desorption of the molecules filling the 

mesopores. Mesopore size distributions calculated from the n-nonane QE-TPDA profiles according to a 

modified BJH method show very good agreement with those obtained from N2 desorption isotherms.
2
  

 

Main advantage of the QE-TPDA method is a wide choice of probe molecules differing in size and/or shape, 

that allow detailed characterization of the micropores. Recently formation of 12 MR channels in MCM-22 

zeolites interlayer-expanded by sililation was confirmed by QE-TPDA of cyclohexane. Application of 2,2-

dimethyloctane allowed discrimination between the bulk and subsurface micropores in nanocrystalline 

zeolites ZSM-5 (Fig.1),
3
 as well as in delaminated MCM-22

3
 and hierarchical BEA.

4
  

 

 

Fig. 1: QE-TPDA profiles of hexane and 2,2-dimetyloctane (DMO) observed for the nano- and 

microcrystalline zeolites ZSM-5. Low temperature desorption peaks of DMO correspond to large external 

surface and high content of subsurface micropores in the nanocrystalline zeolite, while the profiles of 

hexane prove identical microporosity of both zeolites, typical for the MFI framework.
3
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The potential of chitosan as a substitute for carbon black in the synthesis of zeolite with hierarchy of pore 
structures is explored. Raman and FTIR spectroscopy confirm the presence of Ti in isolated tetrahedral 
coordination while X-Ray diffraction shows phase pure TS-1 samples were obtained. The chitosan 
templated TS-1 displayed higher cyclohexene conversion but the selectivity to epoxide was affected.  
Introduction 
The use of titanium based MFI zeolite offer great opportunities in liquid phase oxidation reactions. 
However, the pore geometry of this catalyst has restricted their use for processing substrates of certain 
molecular dimensions which has limited the application of this catalyst in the liquid phase oxidation process 
in aqueous medium. Carbon black has been widely used as inert template in creating extra-large pores in 
zeolites. However, carbon black is not readily dispersed in water, and handling is difficult. In this report, we 
show that chitosan, a cheap, deacetylated derivative of chitin can act as an alternative to carbon black in the 
development of zeolite with hierarchy of pore geometry. The catalytic activity is correlated with the 
physical properties of the obtained zeolite. 
Methods and characterization technique 
The original TS-1 synthesis procedure1 was adopted with slight modifications. To the TS-1 gel, measured 
amount of chitosan was added.  In the crystallization step, TPAOH was mixed with the obtained dry powder 
and the moist powder was crystalized at 170OC. The products were characterised by X-ray diffraction, 
FTIR, Raman, UV-Vis and XAS at the Ti K-edge. 
The results of XRD analysis on chitosan synthesized samples match well with that of sample prepared 
without chitosan implying no negative influence of chitosan on the formation of phase pure TS-1 zeolite. 
Further to this, FTIR and Raman spectroscopy also confirm that chitosan do not obscure the incorporation 
of the titanium into the zeolite framework. This was further proven by comparing the Ti k-edge XANES of 
all chitosan templated samples with those of Ti containing model compounds of known Ti environments. 
The pre-edge intensity of all chitosan templated samples compare well with that of Ti(OSiPh3)4 with perfect 
tetrahedral coordination.  

 

Figure 1: Catalytic activity vs chitosan content of Chitosan templated TS-1 
The catalytic activity of the obtained zeolites was evaluated for epoxidation of cyclohexene with H2O2 as 
oxidant. Improved activity was achieved with zeolite synthesized in the presence of chitosan which could be 
attributed to induced mesopore in these samples. Depending on the synthesis method catalytic conversion 
(figure 1) and the selectivity to epoxide product vary significantly as compared to the reference material 
which was correlated to the framework titanium in the zeolite.  
Conclusions 
We show in this study that cheap and easy to handle chitosan can be used as replacement for carbon black in 
the synthesis of hierarchical TS-1. Chitosan had no effect on the phase purity of the zeolites. The templated 
zeolite showed improve activity in epoxidation of cyclohexene but selectivity was slightly affected.  

References 
[1] M. Taramasso, G. Perego, B. Notari, United states patent, 1983 

mailto:g.sankar@ucl.ac.uk�


Furthering the ADOR Process: The First Zeolite-AlPO hybrid 

D. S. Firth
1
, P. S. Wheatley

2
, M. Navarro-Rojas

3
, S. A. Morris 

4
, R. E. Morris 

5 

1University of St Andrews, United Kingdom, dsf5@st-andrews.ac.uk, 2University of St Andrews, United 
Kingdom, psw@st-andrews.ac.uk, 3University of St Andrews, United Kingdom, mnr3@st-andrews.ac.uk, 

4University of St Andrews, United Kingdom, sam28@andrews.ac.uk, 5University of St Andrews, United 
Kingdom, rem1@st-andrews.ac.uk  

 

Zeolites are an important class of materials with many industrial uses. Two important groups of zeolites are 

the aluminosilicates (T = Si or Al) and the aluminophosphates (T = Al or P). Many different atoms can be 

substituted into the frameworks, as long as they can adopt tetrahedral coordination. However despite many 

attempts, the incorporation of phosphorus within an aluminosilicate (or pure silica) zeolite has been limited, 

this work shows the formation of the first zeolite-AlPO hybrid. 

 

While early attempts by Flanigen and Grose were reported to be successful,
1
 Barrer failed to repeat these 

experiments, concluding that ‘Si-O-P bonds do not form with Si and P in tetrahedral co-ordination’.
2,3

 Later 

work has shown that it is possible to incorporate silicon within aluminophosphate frameworks.
4
 However 

these silicoaluminophosphate (SAPO) materials preferentially substitute phosphorus with silicon and not 

aluminium,
5
 thus avoiding the formation of Si-O-P bonds as stated by Barrer.  

 

The traditional synthesis of zeolites of all types has revolved around one-step solvothermal techniques. This 

synthesis procedure exploits reversible bond-making and bond-breaking processes to produce crystalline 

products. However such procedures also limit the incorporation of phosphorus as it allows the system to 

avoid any unfavourable situations, such as the formation of Si-O-P tetrahedral linkages. It is therefore 

suggested that in order to form such bonds a different synthesis procedure is required, one that avoids the 

reversible bond-making and bond-breaking processes, where the system is forced to accommodate these 

unfavourable linkages, with no opportunity to rearrange and avoid Si-O-P bonds. 

 

The use of the multistep ADOR (Assembly-Disassembly-Organisation-Reassembly) is  be used to overcome 

these issues.
6
 By synthesising the germanosilicate (UTL), removing the germanium by acid hydrolysis to 

form the layered structure (IPC-1P), then incorporating aluminium and phosphorus between the silicate 

layers during the reassembly process. It is possible to produce a material containing regions of silicate based 

zeolite structure with separate regions of fully connected AlPO structure, thus creating a novel zeolite-AlPO 

hybrid. 

Fig. 1: Representation of the ADOR process showing the hydrolysis of the Ge-UTL and subsequent 

incorporation of AlPO layers within the newly formed IPC-4 structure 
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Because of active development of ADOR strategy (Assembly-Disassembly-Organization-Reassembly) for 

zeolites synthesis, germanosilicates attract particular attention over the presence of germanate double-four-

ring (D4R) units in the framework
1
. One of the most promising materials for application of ADOR approach 

are zeolites IWW and ITH. Structures of these zeolites can be described as porous silica layers connected 

by D4Rs. The IWW zeolite possesses unconnected 8-ring pores and intersected 10- and 12-ring pores, the 

pore structure of ITH is formed by three sets of interconnecting medium-pore 9- and 10-ring channels. 

 

            
   ITH [010]           IWW [010] 

Fig. 1: The structure of zeolite IWW and ITH in 010 projections. 

Previously, the methods of the mesopores formation by post-synthesis treatments resulting in dealumination 

(e.g. steaming, acid leaching or their combination
2
) or in desilication (e.g. base leaching

3
) were described. In 

contrast to aluminosilicates characterized by statistical distribution of Al atoms in the unit cell lattice, the 

preferential location of Ge in D4Rs of germanosilicate frameworks can be used for the formation of 

transport pores with controlled size. 

The influence of demetallation conditions (temperature, pH, duration) and the characteristics of 

germanosilicate zeolites ITH and IWW (chemical composition, crystal size) on textural properties of 

demetallated derivatives was studied. 

The Si/Ge ratio in initial germanosilicate material determining the number of labile Ge–O(T) bonds was 

shown to have a big impact on the formation of transport mesopores under different treatment conditions. 

The degermanation of D4Rs in Ge-poor ITH (Si/Ge = 6) material in acid medium does not lead to the 

formation of any extra-porosity, whereas micro-mesoporous materials were obtained during the extraction 

of framework Ge from D4R in Ge-rich ITH (Si/Ge = 3 – 4).  

Furthermore, the increase of the mesopores volume (up to 0.20 – 0.22 cm
3
/g after 24h of treatment) with 

increasing of the hydrolysis temperature was observed for ITH and IWW materials. 
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Tetrahedral (Th) sites in microporous solids are widely reported as catalytic active centres in selective 

oxidation and acid-catalysed transformations.1–4 Controlling the nature of these active sites allows one to 

tune the Lewis acidity, Brønsted acidity, and redox centres of the catalyst. However, the inclusion of a 

second heteroatom allows for further optimisation of these properties alongside influencing the coordination 

geometry of the initial heteroatom.2–4 The incorporation of Sn into zeolitic and non-zeolitic architectures is 

receiving significant attention for its promising 

performance in Baeyer-Villiger oxidations. However, 

identifying the nature of Sn sites, particularly into 

AlPO-5 framework architectures, is poorly 

understood. The C-H activation of toluene to 

benzaldehyde is an example of upgrading chemical 

feedstocks into active intermediates for the synthesis 

of fine chemicals, pharmaceuticals and polymers. 

Although toluene oxidation has been studied 

extensively over transition-metal based systems and 

supported precious noble metals, the reaction is still 

particularly challenging due to the over-oxidation of 

toluene to benzoic acid. 

 

In this study, new Sn, CoSn and VSn AlPO-5 

catalysts were prepared and tested towards the 

liquid-phase oxidation of toluene. Identification of 

Sn within the framework sites was provided by X-

ray Absorption Fine Structure (XAFS) and 119Sn 

MAS-NMR analyses. The speciation of the second 

heteroatom (Co or V) into AlPO-5 frameworks was 

investigated using DR UV/Vis spectroscopy. 

SnAlPO-5 catalyst gave the highest conversion of 

toluene at ~10%, with selectivity to benzaldehyde of 

70%. The XAFS and 119Sn MAS-NMR analyses 

revealed a clear correlation between the 

identification of framework Sn sites and the activity 

reported, with all catalysts showing good selectivity 

to benzaldehyde. 
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Fig. 1: Liquid phase oxidation of toluene in 
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Determining the location of the organic structure-directing agent (SDA) inside the channel system of a 
zeolite is a long-standing problem in zeolite structural science. The tangible connection between the SDA 
used and the framework formed is of great value to our understanding of the synthesis process. Ideally, the 
SDA would be located using crystallographic methods. However, this is often limited by the quality of the 
X-ray powder diffraction (XPD) pattern of the material. It may not scatter to very high angles (low 
resolution) and the degree of reflection overlap may be high (large unit cell and/or high symmetry). 
Furthermore, the SDA is often disordered, and does not necessarily follow the symmetry of the framework. 
In 26 of the 96 new zeolite framework structures published since 1998, the SDA was located from the 
diffraction data, using either single-crystal techniques, or Rietveld refinement combined with a careful 
examination of the difference electron density maps. In 10 cases, molecular modelling was used to find the 
optimal location of the SDA. However, in by far the most cases (34), the problem was avoided by 
investigating the calcined material. In the remaining cases, the location of the SDA was not located for 
various reasons, or the material was prepared without an SDA. We have now developed an approach to this 
problem that is insensitive to low resolution, reflection overlap, and symmetry and works well with XPD 
data. Once the basic framework structure is known, the SDA can be included in the structure as a rigid body 
model, and its position and orientation optimized using a simulated annealing algorithm. Rietveld 
refinement can then be used to verify the location of the SDA. We have now used this approach in a few 
cases,1-3 but we were interested to see if it could be applied in a routine manner, and how the results 
compare with those obtained from molecular modelling. Therefore, synchrotron XPD data were collected on 
as-synthesized samples of SSZ-35,4 SSZ-53,5 SSZ-55,6 SSZ-56,7 SSZ-58,8 SSZ-59,5 and SSZ-60,9 all with 
known framework structures. In each case, the location of the SDA was estimated originally using 
molecular dynamics modelling.10 For SSZ-56, and SSZ-59, with 2-dimensional channel systems, the 
location of the SDA could be determined in a straightforward manner. All the others have 1-dimensional 
channel systems, and these required more effort. For most of these zeolites, the molecular modeling results 
compare well with those obtained from the XPD data, but there are also some clear differences. Based on 
the information obtained, we try to draw some conclusions about the synthesis, and framework formed. 
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Natural and synthetic zeolites have been used as ion exchangers for nuclear waste treatment due to their 

great selectivity and reasonable thermal stability, and radiation resistance. An alternative to standard gravity 

flow fixed bed systems is to achieve separation from the medium after ion exchange using a magnetic 

process. Magnetic composite materials can be prepared by binding together particles of magnetic materials 

and inorganic ion exchangers.1 In this work magnetic modifications were achieved via chemical co-

precipitation of iron oxide directly onto zeolite NaA, zeolite P2 and clinoptilolite3 particles with different 

Fe3O4 loadings.4, 5 Nano-scale Fe3O4 particles were observed on the surface of the zeolites by SEM, as 

shown in Fig. 1. Stronger magnetism but lower crystallinity were observed with increasing Fe3O4 loadings 

as well as a change in lattice parameter. The effect of added Fe3O4 on the removal of Sr2+, one of the most 

high-risk products from nuclear fission, by these magnetic zeolites was investigated. The ion exchange 

properties for Sr2+ are retained, although they may be hindered slightly by the Fe3O4 doping. A considerable 

recovery of the composite materials can be easily achieved after an ion exchange process using a magnet at 

a relatively low iron oxide content (20 wt%). The magnetic modification offers the advantage of efficient, 

easy and fast separation of the ion exchanger after a decontamination process.  

 

 

 

Fig. 1: Morphologies of (a) Zeolite A and (b) 30 wt% magnetite /zeolite A composite 
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Abstract 

The continual advances in material synthesis and the techniques to control the 

porosity and pore size of catalysts and adsorbents require tools that are sensitive to 

discriminate modifications to the material
[1]

.  Sorption of fluids such as argon or nitrogen is 

frequently used to quantify the pore volume and pore size distribution.  In this work, we 

examine the use of thermodynamics to assess the suitability of nitrogen, argon, and oxygen 

for the characterization of zeolites.  From the thermodynamic assessment, the adsorption 

potential distribution
[2]

 provides clear trends that are observed with respect to the chemistry 

of the zeolite (cation and silica to alumina ratio) and fluid sorption induced material 

deformation
[3]

.   

The thermodynamic assessment was also used to examine sorption interactions of 

nitrogen, argon, ethane, and ethene with MOFs.  The adsorption potential for these materials 

clearly distinguishes strongly interacting sorbates (nitrogen and ethene) from weekly 

interacting fluids (argon and ethane).  A non-parametric technique for calculating the heats of 

adsorption is also used to further emphasize the importance of a thermodynamic assessment 

in addition to the modeling of traditional textural descriptors (porosity and pore size 

distribution. 

 

Figure 1:  Nitrogen, oxygen, and argon sorption isotherms for sodium exchanged faujasite with a silica to 

alumina ration of 5 (left).  The Adsorption potential distribution for faujasite with silica to alumina ratios of 5, 

2.4, and 5.4 and sodium or hydrogen cations (right), 

[1] J. Kenvin, J. Jagiello, S. Mitchell, J. Perez-Ramirez, Langmuir 2015. 

[2] aM. Jaroniec, J. Choma, Mater. Chem. Phys. 1987, 18, 103-117; bM. Polanyi, Science 1963, 

141, 1010-1013. 

[3] H. S. Cho, K. Miyasaka, H. Kim, Y. Kubota, M. Takata, S. Kitagawa, R. Ryoo, O. Terasaki, J. Phys. 

Chem. C 2012, 116, 25300-25308. 
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Nitric oxide is a common air pollutant from car exhausts which we work to try and reduce through deNOx 

catalysis. In 1998, however, the Nobel Prize in physiology or medicine was awarded to R. F. Furchgott, L. J. 

Ignarro and F. Murad for their work identifying the biological importance of nitric oxide. It was shown to 

act as a signalling molecule in the cardiovascular system, controlling the widening of the arteries 

(vasodilation)
1
 and the inhibition of platelet adhesion,

2
 both of which are crucial in the treatment of many 

cardiovascular diseases. One potential use of nitric oxide producing materials is in the coating of stents. 

Stent thrombosis is a condition which occurs due to a build-up of platelets on the stent surface which 

narrows the artery.
3
 The vasodilation and anti-thrombotic properties of the nitric oxide released from the 

stent coating has potential to prevent this from occurring.  

 

Currently, there are numerous small pore zeolites which have been developed as deNOx catalysts for diesel 

engine exhausts.
4
 These catalysts work at high temperatures to break down nitric oxide into less toxic 

nitrogen and oxygen molecules. At lowered temperatures however, it is possible to apply these zeolites in an 

alternative manner and catalytically produce biologically active amounts of nitric oxide. This production is 

achieved using biologically available substrates, such as nitrosothiols and nitrites.  

 

 
 

Fig. 1: The effect of nitric oxide on reducing platelet aggregation in human blood. The NO-releasing zeolite 

(left) shows only single platelet cells, the NO-free zeolite (right) shows platelet aggregation.
5 

 

In this work, the aim was to establish the potential of deNOx zeolite catalysts as medical coatings which 

release therapeutic concentrations of nitric oxide. The syntheses of the deNOx catalysts SSZ-13 and SSZ-16 

were completed, along with the related structures of ferrierite, mordenite and UZM-4. These were then ion-

exchanged with copper to introduce an active metal into the channels. A nitric oxide analyser was used to 

monitor the turnover of nitrite into nitric oxide for each of the zeolites; this allowed us to identify which 

zeolites were suitable catalysts. 
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With the modern transmission electron microscopes (TEM) sub-angstrom resolution has become readily 

achievable overcoming the lateral resolution problem. Therefore, one of the major remaining challenges to 

tackle is the interaction between the high energetic electron beam and the sample. Zeolites, zeotypes and 

metal organic framework (MOFs) suffer dramatically from this interaction resulting in an irreversible 

framework disruption. Since the pioneers electron microscopy observations of zeolites in the 70’s, its 

application and image resolution has been always been limited by this high sensitivity making impossible to 

fully exploit the TEM capabilities. However, in recent years with the introduction of the spherical aberration 

correctors and paying special attention to the electron dose, images with unprecedented resolution has been 

able to be obtained, making feasible the truly identification of the atoms conforming the structure.  

In here, it is presented atomic-column resolution images which will provide new information on guest 

species
1,2

 within the zeolite cavities as well as the observation of structural defects
3
 with unprecedented 

resolution, Figure 1. In addition, metal organic framework (MOF) materials
4
, which have also been 

analysed, will be presented with virtual atomic resolution of the metals allowing for structure identification 

in direct space. Finally, new data on ion-exchanged ETS-10 material will presented proving the advantages 

of this technique to characterize the loaded compounds.   

 

 

Fig. 1: Cs-corrected STEM-HAADF image of FAU, where the spots correspond to Si and Al atomic 

columns. 
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Titanium dioxide (TiO2) has long been used as a photocatalyst in industry in its powdered form. However, 

due to its small particle size, removal of the TiO2 proves difficult unless the reaction solution has been 

centrifuged and filtered. Titanium silicalite-1 (TS-1) is a zeolitic compound with photocatalytic properties.  

These properties are attributed to the isomorphic substitution of TiIV into the zeolite lattice structure in place 

of Si, in a tetrahedral geometry. This study describes the preparation and testing of hierarchically porous 

TS-1 beads, which can be easily separated from reaction solutions and reused once they have been 

regenerated by calcination. 

 

Spherical TS-1 macrostructures were prepared resin macrotemplating. Clear TS-1 synthesis solutions were 

mixed with anion exchange resin beads and hydrothermally treated in autoclaves using a two stage 

temperature synthesis.1 Once prepared, the beads were calcined in order to remove organic components to 

produce self-bonded TS-1 beads. TS-1 beads with different Ti contents were prepared (in the range 1.3 to 

4.3 wt%) and used as photocatalysts for the degradation of methylene blue (MB) solution. Silicalite-1 (S-1) 

beads were also prepared to use as a reference sample. Prior to photocatalytic testing, samples were 

conditioned on a gyratory shaker in MB solutions for three hours to remove the effects of dye adsorption. 

Samples were then irradiated using a UV light source at 400 W/m2. Absorbance measurements were taken 

at 665 nm every 15 minutes using UV-Vis spectroscopy. MB degradation rates, determined at 35 °C, for S-1 

showed no photocatalytic activity, whereas TS-1 samples showed an increase in activity with increasing Ti 

content. Results for photocatalytic tests using samples after regeneration as well as comparison with a 

commercial PC500 anatase sample will be presented. 

 

 

Fig. 1: Scanning electron micrograph of TS-1 macrostructures. 
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Introduction 
  Microporous zeolites and zeo-types account for 40% of solid industrial catalysts owing to their 
excellent stability and shape selectivities.1 However, due to their interconnecting micropores, which are of 
comparable size to the organic substrates, these materials can exhibit poor mass-transfer that leads to lower 
reaction rates, increased coking and reduced versatility. To overcome those limitations mesoporous 
materials with adjustable larger pore sizes  (2-50nm) such as M41S have been synthesised and success has 
been found with these frameworks in the immobilization of larger functional groups for highly selective 
catalytic transformations.2 However, the mesoporous matierals are often less stable than their microporous 
counterparts, thus their industrial application has been restricted. Therefore, the creation of a novel 
architecture with both the advantages of a microporous (high acitivity and selectivity) and mesoporous 
(improved diffusion and versatility) system, a hierarchically porous system, holds great potential in the 
engineering of a superior catalyst with enhanced substrate scope and lifetime.  
  The methodolgy and strategy for designing hierarchically porous (HP) metal subsituted Me-AlPOs 
will be presented at the Conference. A direct comparision between the microporous and hierarchical 
analogues will be elucidated with a view to evaluating  structure-property relationships by the use of 
sophisticated characterisation techniques.  
 

Structure-property relationships  
  The versatile mesopore soft 
templating strategy was employed in 
combination with the traditional micropores 
structure directing agent in order to create 
the hierarchical systems. The resulting 
catalysts were probed using a number of 
characterisation techniques: In situ NMR, 
XANES, EXAFS, DR UV-Vis, TGA, BET, 
FT-IR, XRD, SEM, TEM and ICP-MS. The 
performance of the catalysts in acid 
catalysed reactions and in selective 
oxidation reactions were assessed. The life 
time of the catalysts were found to be 
enhanced by the inclusion of an auxillary 
mesoporous network, making the catalyst 

more sustainable and amenable for applications in the chemical industry.  
 
Significance 
  An array of hierarchical AlPOs were synthesised resulting in the creation of novel catalysts for 
industrially important chemical reactions (US Patent 62/092,471).3 At the Conference we will discuss the 
merits and versatility of our employed template method and highlight the enhanced catalytic potential of 
these novel hierarchical AlPOs.   
 
Acknowledgements 
  We would like to thank the EPSRC and Honeywell for funding.  
 
References 
[1] R. Raja, M. E. Potter, S. H. Newland, Chem. Commun., 50, 5940, 2014  
[2] S. H. Newland, D. J. Xuereb, L. Marchese, R. Rios and R. Raja, Catal. Sci. Technol., 5, 660, 2015 
[3] S. H. Newland, R. Raja, A. B. Levy, US Patent 62/092,471, filed 2014 
 



 

 

How Terahertz Vibrations can Reveal Pore Breathing and Structural Instability in 

Metal-Organic Frameworks 

M. R. Ryder123, B. Civalleri4, T. D. Bennett5, S. Henke5, S. Rudic2, G. Cinque3, F. Fernandez-Alonso2, 

J. C. Tan1 

1University of Oxford, United Kingdom, matthew.ryder@eng.ox.ac.uk, 2ISIS Facility, Rutherford Appleton 
Laboratory, United Kingdom, 3Diamond Light Source, United Kingdom, 4 University of Turin, Italy, 

5University of Cambridge, United Kingdom 

 

Zeolitic imidazolate frameworks (ZIFs) represent a major subfamily of metal-organic frameworks 

(MOFs).1,2 ZIFs combine the thermal and chemical stability of inorganic zeolites with the rich topological 

diversity and pore size tunability characteristic of MOFs. The structures of ZIFs comprise of tetrahedral 

metal centers (Mn+ = Zn2+, Co2+, Li+, B3+) bridged by imidazolate-derived linkers.3 

 

In this work4 we used high-resolution neutron and synchrotron vibrational spectroscopy, in conjunction with 

ab initio quantum mechanical modelling to study the vibrational properties and low-frequency 

conformational dynamics of three prototypical ZIF materials: ZIF-4, -7 and -8. The origin of the mid-

infrared (MIR) vibrational spectra can be explained by common characteristic vibrations (bond stretching 

and bending), for which their spectroscopic interpretation is well established. Even in materials, as complex 

as MOFs, the variations are minor. Therefore the aim of this work was to interrogate the low energy 

vibrational bands observed in the far-infrared (FIR) region of the spectrum (<400 cm-1), with particular 

emphasis on the low-frequency vibrations under ~3 THz (~100 cm-1). Unlike in MIR spectroscopy, since 

there are no known characteristic frequencies resulting from stereotypical functional groups, the 

identification of the nature of the vibrational modes is challenging and can only be established in 

conjunction with high-accuracy ab initio calculations. 

 

We pinpointed all major sources of vibrations, revealing the complex nature of the collective THz modes. 

We discovered that low-energy conformational dynamics offer multiple pathways to elucidate novel 

physical phenomena observed in MOFs. In the talk I will demonstrate how THz modes are intrinsically 

linked to anomalous elasticity underpinning gate-opening and pore-breathing mechanisms and also to shear-

induced phase transitions and the onset of structural instability. 

 
Fig. 1: Breathing motion of ZIF-7. 
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Fig. 1: QENS spectra at 300 K (Q 

= 0.9) of methanol adsorbed in the 

zeolites compared to resolution 

spectra (--) taken at 5 K. 

Significant broadening, thus free 

movement is shown in HY, while 

minimal broadening and thus 

immobility is shown in ZSM-5. 
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The total conversion of methanol to framework methoxy, and therefore completion of the first step of the 

methanol-to-hydrocarbons reaction in H-ZSM-5 was observed at room temperature using inelastic neutron 

scattering (INS) and quasielastic neutron scattering (QENS). The barrierless formation of framework 

methoxy species in this zeolite was supported through the observed immobilization of methanol upon 

adsorption into H-ZSM-5 using QENS (figure 1) and the absence of hydroxyl related absorptions from the 

INS vibrational spectra shown in figure 2. These spectra show agreement with DFT simulations of spectra 

generated from the methoxylated zeolite structure shown in figure 3. Crucially, this room temperature 

methoxylation was not observed in catalytically inactive zeolite HY of the same Si/Al ratio, where methanol 

was found to be highly mobile upon adsorption and the peaks associated with hydroxyl deformations and 

stretching were also found to persist in the INS spectrum. The absence of water in the H-ZSM-5 system 

suggests almost instantaneous methoxylation of the framework with water removal in the He/methanol gas 

stream as opposed to methoxylation over an extended period in the sealed system. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

These observations provide strong evidence that the initial step of the MTH process is barrierless in an 

active catalyst, and that crucially in this case the reaction is dependent on the framework structure, which 

plays an essential role in performance of this step, rather than just the acidic content of the zeolite catalyst.
 1

 

 

[1] A.J. O’Malley et al, Angew.Chem. Int. Ed. (2015) – Submitted (manuscript available upon request) 

Fig. 2: INS spectra of zeolite Y 

(top) and ZSM-5(bottom), 

showing removal of OH 

stretching upon room 

temperature adsorption in 

ZSM-5, compared to 

persistence of this band in 

zeolite Y. 

 

Fig. 3: Simulation structures 

of empty HY (top, left) and 

methoxylated HY (top, right). 

(bottom) Theoretical 

vibrational spectra of empty 

zeolite and methoxy group on 

the zeolite, showing close 

agreement with experiment. 
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The vast success of zeolites, comprising fields as diverse as industrial catalysis and medicine, has brought, 
in the last few years, the elusive goal of targeting new framework types to the forefront of research. The 
ADOR (assembly-disassembly-organisation-reassembly) method1 represents a feasible approach to be 
followed in order to achieve such a goal, transforming the way new, stable and active materials with 
targeted structures can be synthesised. This approach is based on the chemically-selective disassembly of 
hydrolytically-unstable frameworks and their successive controlled reassembly into solids with 
predetermined structures. In this contribution, we report the ADOR synthesis of 17O- and 29Si-enriched 
UTL-derived zeolitic frameworks and their subsequent characterisation through 17O and 29Si solid-state 
NMR, involving both 1D and 2D spectral techniques, at magnetic fields ranging from 9.4 T to 20.0 T. 
 
Exploiting the different stages characterising the ADOR process, the final hydrolysed products have been 
successfully 17O- or doubly 17O- and 29Si-enriched, allowing a complete and high-resolution spectroscopic 
investigation of the resulting zeolitic structures. Specifically, either a natural abundance Ge-UTL or a 29Si-
enriched Ge-UTL (starting from 18% 29Si-enriched Si(OEt)4) has been synthesised, used as the parent 
zeolite and then disassembled employing 41% 17O-enriched H2

17O in a low-volume HCl-catalysed 
hydrolysis reaction. The structural features of the resulting samples were then investigated. 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Sketch of the hydrolytic process occurring within the UTL layers (left). 17O NMR MAS spectrum    
(20 kHz, 20.0 T) of the doubly-enriched hydrolysed UTL sample (right). 

 
17O NMR was able to demonstrate the success of this enrichment process, pointing to 17O incorporation 
during hydrolysis and the evolution in time of different 17O spectral features. It has also been possible to 
selectively enhance the signal from Si-OH interlayer species in cross-polarised 1D spectra. Moreover, to 
resolve the intrinsically broad 17O spectral lineshapes, MQMAS and 17O-29Si correlation experiments were 
carried out, achieving a good resolution of 17O distinct sites and unveiling the spatial relations between 
different sets of 17O and 29Si chemical environments, respectively. Furthermore, 29Si NMR spectra have 
been usefully employed to track structural changes in the nature of silicon sites as a result of the 
experimental conditions applied during hydrolysis.  
 
In conclusion, we show how 17O and 29Si NMR-based structural investigation proves extremely helpful in 
order to gain insights into the ADOR mechanism, thus shedding light on the way new and targeted zeolitic 
structures could be achieved. 
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As a relatively new class of porous materials, conjugated microporous polymers (CMPs) are of growing 

interest because they are constructed solely by covalent links between light elements (H, B, C, N, O, etc.) 

and thereby featuring relatively high thermal stability, high porosity, and low density.1 In addition to 

intrinsic properties of porous materials, CMPs exhibits characteristics of conjugated polymers such as light 

emitting and electrical energy storage due to their π-conjugated skeletons. Due to a wide variety of organic 

functional groups, the application of CMPs can be expanded beyond the traditional uses of porous materials. 

However, CMPs are synthesized under kinetic control and irreversible conditions, yielding in solid 

precipitates with irregular shape that are insoluble in any common organic solvents.2 To realize the novel 

applications of CMPs, particularly in the device-typed applications, the preparation of CNPs thin film is a 

first, crucial step.3 

 

We report herein the fabrication and morphological control of thin films of carbazole-based CMPs by 

electropolymerization. As shown in Fig. 1a, the current during cyclic voltammetry increased as the cycle 

was increased, indicating the growth of polymer. Interestingly, for the first time, the resulting CMPs films 

showed the nanofibrous morphology (Fig. 1b). The morphologies of the resulting CMP films can be altered, 

being smooth surface or nanofibrous, depending on electrochemical conditions (e.g., types of supporting 

electrolytes, scan rate, and type and concentration of monomers). As conjugated polymers can possess redox 

reactions for electrochemical energy storage, known as pseudocapacitance, the electrochemical performance 

of the resulting CMPs films were evaluated in an organic electrolyte, yielding the specific capacitance of 

320 F g−1 at a scan rate of 2 mV s−1. Also, the morphologies of the resulting CMP films can affect their 

electrochemical capacitance, suggesting that the morphology of CMP films is of importance for energy 

storage devices, in addition to their own intrinsic electrochemical properties. In conclusion, the 

electropolymerization approach seems to be a reliable method for preparing CMP films with alternate 

morphologies. 

 
 

 

Fig. 1: a) Cyclic voltammograms during the electropolymerization of CMPs films. b) SEM image of the 

resulting nanofibrous CMPs thin films after 10 cycles. 
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Zeolites are commonly used in the treatment of radioactive waste. However, the acidity of these legacy waste 
pools often limits the use of zeolites due to loss of crystallinity. Microporous titanium silicates display 
different structural characteristics compared to conventional zeolites [1]. Sitinakite doped with niobium is 
commercially available for the selective uptake of caesium and is already used in the nuclear industry [2,3] 
 
The work presented here will focus on Natisite (Na2TiOSiO4), which is a layered titanium silicate displaying 
ion-exchange properties. The natisite structure consists of square pyramidal coordinated titanium, synthetic 
natisite has tetragonal space group P4/nmm, with a = b = 6.4967(8)Å and c = 5.0845(11)Å [4]. To date little 
work has been carried out on this material, however, we have recently shown that natisite and Zr-doped 
natisite have interesting ion-exchange behaviour [5]. The work presented here focuses on ion-exchange 
experiments carried out on Ti-natisite to determine the level of exchange. The ions of interest were Sr2+, Co2+, 
Cs+ and also Nd3+ (as a non-radioactive surrogate for U) and Ce4+ (as a surrogate for Pu). Competitive ion-
exchanges were then carried out using the main ions of interest and competing ions commonly found in waste 
water such as Ca2+ and Mg2+ in order to ascertain if natisite has a preference for one cation over another using 
techniques such as XRF, XRD and AAS. It was found that natisite has a high affinity towards Co2+, Nd3+ and 
Ce4+ even in the presence of competing ions. Finally the order of affinity for Ti-natisite will be compared to 
the Zr doped material. 
 
 
 
           
 
 

 
 
 
 
 
 
 
 
 

Fig1: Crystal structure of natisite. Corner sharing layers of SiO4 (blue) and TiO5 (purple) extending in the 
ab plane are separated by charge balancing cations (yellow).  
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Hydrothermal and microwave assisted synthesis of the layered titanium 
silicate Natisite. 
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Zeolites are traditionally synthesised using hydrothermal techniques. Changing the conditions 
in which these zeolites are synthesised can cause changes to the morphology and therein 
changing the properties of that material. Above this, traditional hydrothermal methods can be 
seen as unenvironmentally friendly with some reactions taking upwards of 14 days for the 
synthesis certain materials. This has led to research being conducted into more efficient 
techniques with one potential solution being microwave synthesis. Microwave synthesis can 
reduce reaction times from a matter of days down to several hours producing a high purity 
product with a narrow particle size distribution. With the renewed interest in nuclear power 
and the problem with the radioactive waste generated, a suitable material which can effectively 
remove the radioactive isotopes with minimal leaching is hoped to be identified and 
successfully synthesised. Microwave energy is seen as a greener alterative for the synthesis of 
these materials.  

A potential material is Natisite, Na2TiSiO5, which is a layered titanium silicate consisting of 
titanium in unusual square pyramidal coordination with sodium charge balancing cations 
located between the layers. Natisite crystallises in the tetragonal space group P4/nmm with 
a = b = 6.4764(2)Å and c = 5.0923(2)Å 1, 2. Phase pure natisite was successfully synthesised 
without the addition of seeds using hydrothermal and microwave assisted synthesis, reducing 
the reaction time from 120 hours to 18 hours. The products were characterised by XRD, SEM 
and EDAX. Both diffraction patterns show that Natisite has been successfully synthesised 
producing a crystalline sample without any obvious impurity phase in the range of 5-80˚.The 
resulting X-ray diffraction patterns show a slight loss of crystallinity when a microwave 
irradiated synthetic route has taken place.  The morphology of both was investigated using 
SEM shows a change in morphology from clearly form microcrystallites of around 10 um 
produced by hydrothermal methods to a uniform array of microcrystallites formed by 
microwave irradiation.  

 

 

 

 
 

Fig.1. SEM images of Natisite synthesized by hydrothermal (A) and microwave (B) methods. 
(C) XRD patterns of crystalline Natisite by hydrothermal (bottom) and microwave synthesis. 
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Preparation of luminescent materials using zeolites as hosts 
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The regular pore and channel structures of zeolites has led to much interest in them as host materials. 
Encapsulating materials within the pores of zeolites can often result in changing the optical and electronic 
properties of the guest material as the size and shape of the pore or channel will determine the maximum 
size of the encapsulated material 1. The photoluminescence of the lanthanide elements is dependent on the 
coordination environment. Recently Wang et al. used zeolite-L exchanged with lanthanide cations reacted 
with WO3 to prepare luminescent materials 2. It was found that the WO3 altered the coordination 
environment of the lanthanide cation which altered the intensity of the emission lines produced and 
prevented quenching. These luminescent materials have potential use in lamps and displays as they are 
stable to the high temperatures required. 

The work presented here focuses on zeolites with the faujasite topology (X and Y) and EMT. 
Lanthanide cations (Eu3+, Tb3+ Pr3+ and Ce3+) were exchanged into the zeolite pores and varying amounts of 
WO3 were added and the mixtures annealed at high temperatures. It was found that zeolites exchanged with 
Eu3+ and Tb3+ have to be annealed with WO3 in order to luminesce under UV light (254 nm) producing red 
and green light respectively. The exact shade of colour produced varied with Si:Al ratio of the zeolite and 
the amount of WO3 used in the annealing process. Zeolites exchanged with Ce3+/Pr3+produce purple 
luminescence without annealing with WO3. Emission spectroscopy was carried out to investigate the 
difference in luminescence between the samples. For the Eu3+ containing samples the 5D0→7F1 transition is 
not affected by the coordination environment, but the 5D0→7F2 transition is hypersenstitive and changes 
with coordination environment 3. The ratio of the two intensities can be used as a measure of asymmetry and 
the value of R becomes larger as the interaction of Eu3+ with its neighbours becomes stronger. It was found 
that Y/Eu/0.4 WO3 has R = 7.677 whilst 13X/Eu/0.4 WO3 has R = 3.4169 and it is believed this is related to 
the different locations of the lanthanide cations in the zeolite pores. 
 

 
Fig. 1: Emission spectra at 254 nm of 13-X exchanged with Eu3+ and annealed with varying amounts of 

WO3. 
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The pharmaceutical industry has advanced over the past few decades producing a vast variety of compounds 
which has increased the quality of life for both humans and animals.  Their use has increased to a high level, 
consequently generating a large quantity of waste that is slowly impinging on the environment we rely on.  
The waste pharmaceutical active compounds (PACs), being often found to be polar molecules that are 
soluble in water, as well as, often designed to be resistant to biological degradation, therefore, cannot be 
removed from wastewaters.  They are usually detected in very low (trace) concentrations (mg/L) 1. 
Nonetheless PACs are classified as “contaminants of emerging concern”, as in the long-term their 
continuous discharge may cause potential risk both for aquatic and terrestrial organisms2.  Therefore, there 
is a demand for adsorbent materials that can achieve higher efficacy and better selectivity in the removal of 
PACs, in a variety of conditions as common technologies used for water remediation are not suitable for the 
removal of complex polar molecules.  
 
The work presented here will focus on the zeolite Clinoptilolite absorbing three pharmaceuticals that are 
recognised as emerging contaminants of water; paracetamol, aspirin and ibuprofen.  Previous research3 has 
shown that Clinoptilolites absorption capacities can be adjusted by applying modification procedures.  
Clinoptilolite with extra metallic cations (Cu (II), Zn (II), Ni (II) or Mn (II)) in the pores have shown to 
form stable complexes with N- and O-donor groups present in or chosen pharmaceuticals 4.  Suggesting that 
Clinoptilolite and zeolites with similar pore size could be used effectively in the removal of investigated 
pharmaceuticals by adsorption. Therefore, our research aim is to see how changing variables such as: 
concentration, pH, contact time and temperature has on the affinity of the zeolite. The ion-exchange 
capacity and selectivity is studied using techniques such as powder X-ray diffraction, X-ray fluorescence 
and scanning electron microscopy.    
 

 
Structure representation of Clinoptilolite. 

References 
 
[1] - J. Hollender, H. Singer, Ch.S. Mcardell, in: P. Hlavinek, O. Bonacci, J. Marsalek, I.Mahrikova (Eds.), 
Dangerous Pollutants (Xenobiotics) in Urban Water Cycle, NATO Science for Peace and Security Series, 
Series C: Environmental Security, Springer, Dordrecht, 2008, pp. 103–116.  
[2] - Ch.G. Daughton, Environ. Impact. Asses. 24 (2004) 711–732.  
[3] - A. Godelitsas, T. Armbruster, Micropor. Mesopor. Mater. 61 (2003) 3-24.  
[4] - V. Rakic, N. Rajic, A. Dakovic, A. Auroux, Microporous & Mesoporous Materials. 166 (2013) 185-
194  

mailto:email@uclan.ac.ukcorresponding.author


 

 

Mesoporous molecular sieve HMS supported H4PMO11VO40 catalyst for the 
 isopropanol decomposition reaction.  

 

 

N.Salhi1,2, S.Benadji2 ,M.Boudjeloud2, A.Saadi2 , C.RABIA2 

 

1Laboratoire LCPMM, département de chimie, Faculté des Sciences, U.Blida, route de Soumaa BP Blida. 
2Laboratoire de Chimie du Gaz Naturel, Faculté de Chimie, USTHB 109 El-Alia Bab Ezzouar, Alger-
Algérie.      
nas.salhi@yahoo.fr     n_salhi@mail.univ- blida.dz 
 

 

Abstract 

 

Heteropolyacids (HPAs), H3+xPMo12−xVxO40 (x =1-3) having Kigging structure have attracted 
increasing interest especially for the selective oxidations of hydrocarbons. The strong Brönsted acidity of 

such compounds is well known to be favourable to selective oxidation reactions. However, their low surface 
area (<10m2/g) is always the main drawback. In order to overcome this problem, some recent works pointed 
out the use of suitable supports such as mesoporous silicates (MCM-41, HMS, CMI-1, SBA-15 …) 

providing high thermal stability, large surface area and high pore volume.  
The objective of this work is to support H4PMo11VO40 acid on the silicate mesoporous HMS and evaluate 

their catalytic properties in isopropanol decomposition reaction.  

H4PMo11VO40 heteropolyacid was supported on silicate mesopourous HMS by dry impregnation method 
with 3wt.% loading. Various techniques including: Elemental analysis, XRD, FT-IR-DRIFT, N2 

physisorption, TG-DTA and SEM analysis were used to characterize the fresh catalysts. Catalytic 
performances of supported HPAs were compared to those of HPAs bulk in the isopropanol decomposition 
reaction to propene, diisopropylether and acetone products at 75°C and atmospheric pressure.  

The physico-chemical characterization of the supported HPAs showed mainly undegraded primary 
Keggin structure with higher and homogenous dispersion of heteropolyacids on the HMS surface. A 

sensitive decrease of the HMS support surface area was observed in the presence of H4PMo11VO40 clusters. 
The impregnated material deposited on HMS support leads to uniform mesopores diameters. By TG-TDA 
analysis, HPA/HMS catalyst showed a higher thermal stability than pure HPA.  

H4PMo11VO40 heteropolyacid supported on mesoporous HMS appears to be more active  than free 
H4PMo11VO40  in isopropanol decomposition reaction to propene, diisopropylether and acetone.  

30wt% H4PMo11VO40 supported on silicate mesoporous HMS was successfully prepared with respect the 
primary Keggin structure. H4PMo11VO40 /HMS gives uniform mesopores diameters, higher dispersion on 
HMS surface and better catalytic performances than pure HPAs.  

These results could be related to the high and homogenous dispersion of HPA on the support. 
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Abstract 

 

Molybdenum and vanadium containing heteropolyacids (HPAs), H3+xPMo12−xVxO40 (x =0-3) are 

widely known to possess a strong Brönsted acidity and redox ability. The substitution of one or more 
molybdenum atoms in the primary structure of the Keggin anion by vanadium atoms leads to an 

enhancement of the oxidation potential of the HPA. However, owing to their small surface area (<10 m2/g), 
their catalytic performances are limited. Many studies have been carried to overcome this drawback by 
supporting HPAs on suitable mesoporous materials (HMS, MCM-41, SBA-15 …). Such compounds offer 

high thermal stability, large surface area and high pore volume.  
The objective of this work is to support 30 wt.% H3+xPMo12-xVxO40 (x=0-3) Keggin-type heteropolyacids on 

mesoporous HMS silicate material and evaluate their catalytic properties in isopropanol decomposition 
reaction. 
30wt.% H3+xPMo12-xVxO40 (x=0-3) HPAs were supported on HMS by dry impregnation method. Several 

physico-chemical techniques(elemental analysis, X-ray diffraction, transmission and diffuse reflectance 
(DR) FT-IR, nitrogen physisorption, thermal analysis (TG-DTA) and scanning electron microscopy (SEM)) 

were used to characterise fresh catalysts. The catalytic performances of supported HPAs were compared to 
those of pure one and tested in the isopropanol decomposition reaction to propene, diisopropylether and 
acetone products at 75°C and atmospheric pressure. 

    The physico-chemical characterization of the supported HPAs showed mainly undegraded primary 
Keggin structure and high dispersion of heteropolyacids on the HMS surface. The BET surface area (SBET) 

and the pore volume (Vp) of HMS decrease strongly in the presence of HPAs. The TG-DTA analysis 
showed that the obtained mesostructures HPA-HMS have a higher thermal stability than the HPA bulk.  
H3+xPMo12−xVxO40 heteropolyacids with x=0-3 supported on mesoporous HMS appear to be more active 

than H3+xPMo12−xVxO40 on bulk. 
Otherwise, the substitution of molybdenum by vanadium atoms gives higher activity in isopropanol 

decomposition to propene, diisopropylether and acetone reaction especially for H4PMo11V1O40. 
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The disproportionation of toluene over zeolites is being performed to transform the surplus toluene from 

refineries into more valuable products for the industry. Benzene and xylenes are in high demand in the 

petrochemical industry as raw materials for polyester fibers with p-xylene isomer being the most important 

isomer as it is used as a raw material for the production of tetraphthalic acid, which in turn is used in the 

making of polyester fibers 
1
.   

 

Toluene disproportionation reaction has been performed over many zeolites in the past. However, ZSM-5 

showed the best combination of toluene conversion and p-xylene selectivity due to the 10T atom pore 

channel system. ZSM-5 can be treated and modified in different ways to reach an optimum conversion and 

selectivity towards the para-isomer. Pre-coking of ZSM-5 using bulky molecules with larger molecular 

diameter than the pore opening and channel of ZSM-5 is one of the most investigated methods to maximize 

the p-xylene selectivity. Pre-coking is suggested to deactivate the external acid sites of the HZSM-5 to stop 

the non-selective isomerization to all three xylene isomers (e.g. 25% para, 50% meta and 25% ortho) on the 

surface. Serrano et al proposed that controlled coking with mesitylene led to coke formation on the external 

surface of HZSM-5 which improved the selectivity of p-xylene 
2
.  

 

Pre-coking of HZSM-5 (Si/Al=25) has been carried out at Manchester using mesitylene at 550 ⁰C and 

atmospheric pressure in a fixed bed reactor system. Three catalysts with different coke levels were tested for 

toluene disproportionation at 475 ⁰C and atmospheric pressure. 

 

   
 

Fig 1: Gas flow rate effect on p-xylene selectivity     Fig 2: coke% influence on p-xylene selectivity 
 

Increasing the nitrogen gas flow rate reduced the contact time of toluene with the catalyst and resulted in 

increasing the p-xylene selectivity. Coke content played a role in making the catalyst more selective towards 

p-xylene and ZSM-5 coked for 9 hours (coke= 7.5%wt) was the most selective to p-xylene (≥ 40%) amongst 

the three catalysts. As future work, silylation will be investigated as a modification method of HZSM-5. 
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Specific surface area of complex materials is a vital parameter for understanding catalytic activity, surface 

reactions, and physical phenomena such as dissolution or adsorption 

 

Often, a technique known as static volumetric analysis is used for determining specific surface area. In this 

technique, a sample is placed under a high vacuum. Gas, frequently nitrogen, is then introduced into the 

sample cell and allowed to equilibrate with the sample at the gas’s liquefaction temperature. The resulting 

change in gas pressure can then be used to infer the quantity of gas adsorbed to the surface. This technique 

is conceptually simple, but presents the analyst with two major obstacles. The first is that the process can be 

slow. The second is that the sample must be placed under high vacuum, requiring a time to draw the vacuum 

and ensure a sufficiently tight seal of the sample chamber.  

 

A second technique, known as flowing gas analysis is faster and, as such, has proven popular for routine and 

time sensitive analyses. In this technique, the sample is kept under a flow of inert gas, often helium. Gas, 

again frequently nitrogen is then introduced to the sample as a flowing gas mixture. The sample temperature 

is then lowered to the liquefaction temperature of the nitrogen. As the nitrogen is adsorbed, the 

concentration of the nitrogen exiting the sample chamber is lowered, and this change in gas concentration is 

monitored. The process is reversed by warming the sample and the quantity of desorbed gas is monitored by 

monitoring changes in gas concentration exiting the sample chamber. Since the system does not require high 

vacuum, measurement is often much faster and the system easier to maintain than static techniques. 

 

Flowing gas analysis has historically suffered some practical shortcomings. Gas composition is detected 

with extremely sensitive thermal conductivity detectors, such as those used on gas chromatographs (GC). 

These detectors are readily damaged by contact with oxygen or water vapour while in operation. Thus, the 

operator was required to ensure that the detector was protected at all times. In addition, traditional systems 

have been calibrated by injecting a quantity of nitrogen gas with a manual syringe. This technique requires a 

patient and skilled operator to ensure repeatable results.  

 

Both of these shortcomings can be addressed. Modern GC automated injection techniques include the use of 

injection loops to deliver extremely repeatable volumes of gas. In this way, detector calibration is rapid 

enough to be performed routinely and repeatability is significantly enhanced since operator skill is not 

required.  In addition, newer, more sensitive pressure switches allow automatic bypass of missing or broken 

sample cells, protecting energized detectors from atmospheric hazards. 

 

Here we discuss the flowing gas technique and commercial advances which overcome the above historic 

shortcomings. In addition, we discuss the importance of sample drying and weighing on the final results.  
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Electron crystallography is a very powerful technique for structural analysis of nano- and micron-sized 

crystals 
1
. We have developed rotation electron diffraction (RED) for automated collection and processing 

of 3D ED data 
2
. More than 1000 ED frames can be collected from an arbitrarily oriented crystal in less than 

an hour by RED (Fig. 1). The unit cell, possible space groups and ED intensities can be obtained. The 3D 

ED methods have shown to be very powerful and efficient for phase identification and structure 

determination 
3,4

. Now an unknown structure can be solved in less than 8 h, from the data collection to 

structure solution. Although it is possible to solve the structures from the RED data, the R-values are still 

very high (20-50%). The ED intensities are affected by absorption and multiple scattering. Radiation 

damage is also a limiting factor 
5
, which may lead to low resolution and incomplete data, as well as 

inaccurate intensities.  

Here we show how different data collection parameters of the RED method can affect the determination of 

unit cell, space group, and the accuracy of the atomic positions. The calcined zeolite silicalite-1, which is a 

pure silica form of the MFI framework family, was chosen as an example to optimize the parameters of 

RED method on structure analysis of zeolites 
6
.  

Accurate unit cell parameters could be obtained with a large tilt range. For normal unit cell determination, a 

large tilt step can be applied. On the other hand, for structure determination a small tilt step is preferred, as 

the intensities would be more accurate due to the fine sampling. The tilt step can affect intensities of the 

reflections, which cause inaccurate atomic positions and high R-values in the refinement. The resolution of 

RED data can also affect the refinement result and atomic positions. We will present how to optimize the 

data processing to obtain better ED intensities. 

 

 

 

Fig. 1: Illustration of a complete structure solution from Rotation Electron Diffraction (RED) data. 
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I22 is the general purpose small angle scattering beamline at Diamond Light Source catering for nanometre 

scale structural studies in chemistry, materials science, and biology. I22 can work at any energy between 3.7 

and 20 keV, but is optimised to work between 7 and 18 keV. This optimised range covers length scales from 

0.4 nm to 560 nm depending on sample to detector distance. 

 

The SAXS and WAXS detectors at I22 are a matched pair of Dectris Pilatus 2M hybrid pixel detectors, 

which can deliver extremely low background noise detection at frame rates up to 250 Hz. This combination 

is ideal for study of materials transformations or crystallisations on timescales of seconds to minutes. 

 

Data acquisition at I22 is run through the powerful Generic Data Acquisition (GDA) client, which allows 

tight integration of beamline, sample environment, and detectors in an easily scriptable manner, simplifying 

data collection for complex experiments. Data reduction is similarly streamlined and can be run in quasi real 

time. 

 

The end-station at I22 is an incredibly versatile space and can accommodate a wide variety of sample 

environments. 

 

An ongoing upgrade project for the beamline will deliver grazing incidence capability for the study of thin 

film materials in early 2016. 

 
 

Figure 1: Beamline schematic and available detector systems 
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In targeting organic linkers for the construction of open framework MOFs, pyrazine-2,3,5,6- tetracarboxylic 

acid (H4pztc) is very intriguing because of its rigidity, high symmetry, and the presence of ten (N and/or O) 

donor atoms.  This multi-topic ligand is among the linkers of highest denticities used in MOFs synthesis, but 

open framework 3D MOFs that are created from the combination of H4pztc and a lanthanide ion is scarcely 

reported [1-2]. We herein report the synthesis of two novel metal-organic frameworks 

{[Ln4(pztc)3(H2O)11]•10(H2O)}n (Ln = Gd(1), Tb(2); pztc = pyrazine-2,3,5,6-tetracarboxylate) with variable 

coordination spheres and with complex and unusual three dimensional structures, by the reaction of H4pztc 

with the respective Ln(III) salt in water under hydrothermal conditions. 

 
 

Fig. 1: 3-D open framework structure of lanthanide-pztc MOF with irregular shaped channels along the 

[001] crystallographic direction 

The asymmetric units in these compounds have four symmetry-independent Ln(III) ions and these are octa- 

and nona-coordinate centers, with irregular coordination polyhedral from [Ln(pztc)2(H2O)6], 

[Ln(pztc)2(H2O)4], [Ln(pztc)3(H2O)3], [Ln(pztc)3(H2O)], and [Ln(pztc)4]  cluster units.  The fully 

deprotonated ligand, pztc, binds to the Ln
3+

 ions through seven or through ten of its atoms (i.e. the 

maximum coordination number for this ligand). The three dimensional open framework contains irregular 

channels along the crystallographic direction [001] (Fig.1). The channels are approximately 12 Å wide at 

their largest portions and contain strongly hydrogen bonded water molecules of crystallization which further 

stabilize the structure. Details of their synthesis, structure, and magnetic properties will be presented. 
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In this study quasi-equilibrated thermodesorption measurements of hexane, nonane, cyclohexane, isooctane 

and 2,2-dimethyloctane were used to investigate differences in porosity resulting from expanding layers of 

MCM-22 zeolite (MWW type structure), which is caused by silylation, e.g. reaction with 

dimethyldietoxysilane,
1
 leading to insertion of -O-Si-O- bridges between the layers of the structure. In the 

case of MCM-22 expanding layers results in extension of the size of the windows leading to “supercages” 

from 10MR, typical for MWW type structure, to 12 MR in expanded zeolite (MCM-22-IEZ). 

 

Quasi-equilibrated temperature programmed desorption and adsorption (QE-TPDA), a novel technique of 

studying micro- and mesoporous materials,
2
 allows an accurate and relatively fast characterization of the 

micropores not possible with standard nitrogen adsorption, owing to a wider choice of probe molecules. QE-

TPDA profiles, represented as relationships between specific sorption rate (ssr) and temperature, consist of 

desorption maxima and adsorption minima observed during cyclic heating and cooling of the sample placed 

in a flow of a carrier gas with admixture of the adsorptive. Using different hydrocarbons as adsorbates it is 

possible to distinguish adsorption sites of a particular size, shape and accessibility.
3
  

 

Similar QE-TPDA profiles of hexane indicate that the micropore volumes in the parent and the expanded 

zeolite are similar. On the other hand, the low temperature maximum appearing in the profile of 

cyclohexane for MCM-22-IEZ, attributed to the 12MR channels formed upon the silylation, confirms 

increased accessibility of the micropores in the expanded zeolite. This finding is corroborated by 

thermodesorption of isooctane, showing much larger adsorption capacity of MCM-22-IEZ. All the QE-

TPDA results indicate more complex change in geometry of the micropores after expansion of the MWW 

structure than may be inferred from analysis of N2 adsorption isotherms.  

 

      
 

 

Fig. 1: QE-TPDA profiles of hexane and cyclohexane on MCM-22 and MCM-22-IEZ. 
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The use of Sn has attracted great interest for various applications in catalysis such as C–C bond cleavage to 

form carbonyl species.1,2 It is also reported that incorporation of Sn in the zeolite frameworks for example 

AlPO-5 improved its catalytic properties.3 Furthermore, adding a second element such as Co or Ti to the 

SnAlPO-5 structure greatly enhances 

their catalytic performance. However, 

the influence Sn isomorphous 

substitution on the local geometry and 

electronic properties of AlPO-5 is 

poorly understood. Therefore, in the 

current work we first studied SnAlPO-5 

using density functional theory (DFT). 

Spin polarized DFT calculations were 

performed using DMol3.4,5 DNP 

(Double Numerical plus Polarization) 

basis sets and GGA/PW91 exchange 

and correlation functional was 

employed.6  The overall quality for the 

DMol3 calculation was set to fine, and 

the convergence criteria for energy, 

force, and displacement were set to 

1×10−5 Hartree, 2×10−3 Hartree/Å, and 

5 ×10−3 Å, respectively. In addition, a 

default fine atomic orbital cutoff (4.8 

Å) was also adopted. The Sn 

substituted AlPO-5 structure was 

modelled using an AlPO5 framework 

with 144 atoms (Fig 1(a)). To 

compensate the charge due to the substitution of Sn for P in the AlPO-5 framework we protonated an 

oxygen atom next to the Sn atom (Fig 1(b)). We then performed a study to mimic hydrated experimental 

samples of Sn substituted AlPO-5 structures (Fig 1(c)). Experiments suggested the presence of SnO2 inside 

the framework, which was theoretically modelled by placing a SnO2 molecule near to the Sn atom in the 

AlPO-5 framework with two water molecules (Fig 1(d)). DFT derived bond lengths for Sn–O were then 

compared with the EXAFS data. DFT calculations showed Sn–O bond distances of 1.95 Å (Sn–O) and 2.12 

Å (Sn–OH) for the unhydrated system and 1.95 Å (Sn–O) and 2.12 Å (Sn–OH) for the hydrated systems. 

These values are consistent with the experimental findings. The local electronic properties were then 

investigated on the optimized structures. This study was then extended to Co and Ti isomorphous 

substitution of SnAlPO-5 to design novel catalyst with interesting catalytic properties. 
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Alkali metal cations are integral to the formation of zeolite structures and are known to highly influence the
aluminosilicate gel in hydrothermal synthesis without the use of organic structure directing agents (OSDA).1

It is widely reported that the Cs cation is essential in directing the RHO framework during the
hydrothermal process, particularly in the absence of OSDA.2-4 We investigated how the ratio of the Na and
Cs cations in the precursor gel impacted the crystallization of the zeolite RHO.5 Six samples of varying Cs
cation content were prepared under identical hydrothermal conditions and analysed using powder x-ray
diffraction (PXRD), field-emission scanning electron microscopy (FE-SEM) and magnetic angle spinning,
solid state nuclear magnetic resonance spectroscopy (SS NMR).

We saw that at low Cs cation contents the zeolite Na-X preferentially crystallized. Increasing the Cs
cation content saw the emergence of the zeolite RHO crystallizing, and consequently the formation of the
zeolite Na-X being impeded. FE-SEM analysis showed that when both zeolites were present two different
sized particle species were observed, as shown in figure 1. These two particles species were identified as the
larger particles pertaining to zeolite RHO and the smaller particles zeolite Na-X. We observed that
increasing the Cs cation content resulted in the two particle species becoming more similar in size and
morphology, as the zeolite RHO was crystallized exclusively.

Fig. 1: FE-SEM micrograph showing the two different particle species observed pertaining to zeolite RHO
and zeolite Na-X

In conjunction with the PXRD and SS NMR data, we managed to distinguish a specific Cs cation
content window where pure crystalline zeolite RHO can be synthesised without the use of OSDA. SS NMR
analysis of the 133Cs nuclei in the samples provided some new insights into Cs cation environments
observed between the two zeolites.

This research has given a new view into the relationship between the Na-X and RHO zeolites and
how growth occurs with varying alkali metal cation contents. Furthermore the use of mixed faujasite-type
and RHO zeolite systems in organic synthesis is of growing interest.6
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Silicon-rich zeolites (Si/Al > 8), such as ZSM-5, mordenite, ferrierite, and beta zeolite, represent catalytic 

materials with wide industrial application due to their high stability and unique properties of cationic species 

in these matrices. The positively charged extra-framework species, which are the active sites, balance the 

negative charge of framework AlO4
-
 tetrahedra and therefore they are located in the vicinity of AlO4

-
 in 

dehydrated zeolite matrixes. The determination of the positions of monovalent cations for each 

distinguishable T site occupied by Al (i.e., the siting of monovalent cations) is of great importance because 

the siting of monovalent cations affects the catalytic activity and selectivity. In the case of silicon-rich 

zeolites, the application of diffraction methods for the analysis of the siting of extra-framework cationic 

species in zeolite channels is significantly limited. We propose a new approach allowing the analysis of the 

siting of monovalent cations in silicon-rich zeolites. This approach is based on the combination of 

multinuclear MAS NMR experiments and periodic-DFT calculations. In this contribution, we will present 

our results regarding the siting of Li
+
 and Na

+
 balancing framework Al atoms located in all the 

distinguishable framework T sites of silicon rich zeolites of the ferrierite structure. Our results were 

obtained using 
7
Li, 

23
Na, 

27
Al, and 

29
Si MAS NMR spectroscopy coupled with periodic-DFT molecular 

dynamic calculations. Moreover, the corresponding NMR parameters are calculated employing the clusters 

approach and they are compared with our experimental MAS NMR results to unambiguously determine the 

siting of monovalent cations in the studied zeolites.  
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Zeolites are extremely important materials in many different applications, from catalysis in oil refining and 
automobile exhaust transformations, all the way through to ion exchange and medicine. Zeolites are defined 
as porous solids comprising tetrahedral building units, and their structural architecture plays an important 
part in their industrial utility. Several researchers, using computational techniques, have predicted that there 
are millions of different ways to link tetrahedral units together to form zeolite structures. However, we have 
only ever managed to make about 200 different structures, which means our synthesis success rate is 
between 0.001 and 0.01%! This is the zeolite conundrum. Why are we so poor at making zeolites? 
 
In this presentation I will look to answer this question by thinking about the limitations of traditional 
synthesis approaches and provide strategies by which such limitations will be overcome. I will introduce the 
ADOR1-3 (Assembly-disassembly-organisation-reassembly) mechanism of synthesis as a way by which 
'unfeasible' zeolites can be prepared as a way to solve the zeolite conundrum. 
 
During the presentation I will explain how we can prepare a host of new zeolite structures prepared using 
this approach; IPC-2, -4, -6, -7, -9, -10, -12 and -13 
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The Assembly, Disassembly, Organisation, Reassembly (ADOR) process has recently shown how a top-

down approach to zeolite synthesis can produce novel zeolites that are not within the expected energetic 

range.
1,2

 It relies on the rapid hydrolysis of structurally integral germanium to produce larger, silicon-rich, 

building units that can then be connected to form novel zeolites.  

The ADOR process is known to be made up of two separate reactions, namely, de-intercalation and 

silica rearrangement. De-intercalation describes the initial hydrolysis of structurally integral germanium out 

of the framework and silica rearrangement is the reorganisation of silicon from the layers to form new inter-

layer connectivities.
3
 This study shows how the rates of these two reactions, using calcined germanium 

zeolite UTL as the precursor, can be manipulated by varying experimental conditions such as HCl 

concentration, temperature and time. Germanium UTL contains pillaring germanium-rich double four rings 

(Ge-D4Rs), which separate silicon-rich UTL layers, Fig.1. 

The initial rapid hydrolysis has been followed via in-situ Energy Dispersive X-ray Diffraction at the 

Joint Engineering, Environmental, and Processing beamline, I12, at Diamond Light Source. It shows the 

rapid hydrolysis of parent zeolite UTL into the hydrolysed form IPC-1P under a variety of conditions.  

The slower reorganisation and rearrangement process was followed in-situ at I12 under varying 

conditions. Acid concentration (water – 12M HCl) was changed to reveal the influence of chlorine and 

acidity on the process. Temperature (RT - 150
°
C), along with reaction time (<12 hrs) was varied to study the 

kinetics of the reaction, and how the silicon rich layers organised and relaxed once the germanium pillars 

had been removed. 

A longer lab-based study was also undertaken to further investigate the effects of time (0.2 – 72 hrs), 

temperature (75 – 95 °C) and acid concentration (0.1 – 12 M). The results of which allow a detailed view of 

the reaction kinetics and mechanism. 
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Ge-D4Rs 

Hydrolysis 

Fig. 1: The hydrolysis of parent zeolite UTL (left) into layered IPC-1P (right). Tatoms (Si, Ge) are small spheres, oxygen atoms 

are large spheres, Ge-D4Rs are darker and highlighted. 
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Zeolites possessing high thermal and mechanic stability, adsorption capacity, and tuneable acidity deservedly 
dominate in the current petroleum-based industry.1 However, the usability of zeolites for transformation of large 
molecules being characteristic of fine chemical processes is limited by small size of their pores. Apparently, pore 
size tunability, exceptionally large surface area, high concentration of uniformly distributed active centers and 
practically unlimited number of available topologies and compositions make MOFs promising catalysts, which 
prospects are still insufficiently studied.2 

Our  contribution  is  aimed  at  the  comparative  investigation  of  the  catalytic  behavior  of  a  set  of  MOFs  
[Cu3(BTC)2, Fe(BTC), MIL-100(Fe), MIL-100(Cr), ZIF-8, MIL-53(Al)] and conventional aluminosilicate 
zeolites (BEA and FAU) in annulation of phenols with methylbutenol, Pechmann, Knoevenagel and Prins 
reactions producing valuable fine chemicals.  
While zeolites BEA and USY exhibited high activity in Pechmann condensation of resorcinol and pyrogallol 
with ethyl acetoacetate, the strong interaction of these phenols with catalytic centers of Cu3(BTC)2 resulted in 
destruction of the framework. At the same time, while low conversion of bulkier 2-naphthol was observed over 
BEA and USY, almost total transformation of substrate to the target product was achieved over Cu3(BTC)2 and 
Fe(BTC). The preferences of MOFs over zeolites in transformation of the most inert and bulky 2-naphthol is 
explained  in  terms  of  the  regularity  in  the  arrangement  of  active  sites  within  the  framework  of  Cu3(BTC)2, 
resulting in the existence of 2 active centers in the close proximity to each other, as well as in the optimum pore 
size. Compared with zeolites, Cu3(BTC)2 and  Fe(BTC)  appeared  as  active  and  selective  catalysts  for  
Knoevenagel condensation of cyclohexane carbaldehyde and benzaldehyde with active methylene compounds 
due to the absence of consecutive reactions of the primary condensation products and favorable diffusion of 
reactants and products in their pore system. The activity of investigated MOFs in Prins condensation of -pinene 
and paraformaldehyde increases with increasing of accessibility of Lewis acid centers (determined by the pore 
size of the catalyst) in the order ZIF-8 < MIL-53(Al) < MIL-100(Cr) < MIL-100(Fe) (Fig. 1). The presence of 
Brønsted acid sites within zeolites BEA and USY resulted in the formation of side products of -pinene 
isomerization, decreasing the selectivity of these catalysts in comparison to MOFs. 

 
Fig. 1: Yield of nopol in the Prins reaction (T=80 °C, acetonitrile as solvent, -pinene (4 mmol), 

paraformaldehyde (8 mmol), catalyst (0.2 g)). 
The obtained results clearly show that such specific features of MOFs as the regular arrangement of active 
sites, higher porosity and particular acidity (high concentration and mild strength of active centers) allow 
them competing with conventional zeolites in reactions which proceed under mild conditions.  
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Despite the fact that the synthesis of new zeolitic frameworks are extremely difficult to accomplish, a 

new transformative approach to produce novel zeolites which cannot be achieved through hydrothermal 

route has been designed. The key specimens are zeolites supported (“pillared”) by double-four-ring (D4R) 

units enriched in Ge. An originally 3D framework is transformed into 2D layered precursor with 

preservation of the layer structural integrity by a top-down protocol called ADOR
1
 (assembly, disassembly, 

organization, and reassembly).  

To hydrolyze a material into individual layers, microwave irradiation has been proposed as an alternative 

method to conventional reflux conditions. Microwave heating is a very efficient process regarding time, 

energy and homogeneous heating which can pave the way for a faster study of ADOR process and lead the 

synthesis of novel zeolite structures. 

The presence of aluminium controls several parameters in the synthesis of Ge-UTL zeolite. It lows down 

zeolite formation, affects the crystal size, influences the geometry of the pores and not to mention that it 

generates strong protonic acid centers.
2 

In this work, we have also found out that Al-Ge-UTL framework 

behaves differently from Ge-UTL zeolite while being hydrolysed using microwave. As a result, various 

phases are formed. IPC-6 with single-four-ring (S4R) units and oxygen atoms connecting layers was 

obtained after 5 min of hydrolysis of Ge-UTL zeolite as well as after 2 h. However, they differ in the peak 

intensities and in the position of the (200) peak. Independently of time, the same hydrolysis conditions yield 

to a phase closer to IPC-4 (PCR-type zeolite) when the starting material was Al-Ge-UTL zeolite (Fig. 1).  
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Figure 1.- Powder XRD patterns of Al-Ge-UTL and Ge-UTL zeolites after their hydrolysis by microwave 

irradiation. 

 

Another interesting zeolite structure with D4R connecting layers along [001], IWW, was used to confirm 

that ADOR strategy can be applied for other zeolite structures apart from UTL one. Its hydrolysis using 

microwave irradiation for 20 min lead to a new structure as it has been confirmed by XRD and HRTEM. 

This new zeolite has an promisisng structure with D4R and S4R connecting layers in a non-alternating way. 
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Aluminosilicate zeolite has been intensively studied due to its importance for industrial applications. An 
aluminum (Al) atom at the frameworked, tetrahedral sites (T-sites) makes a zeolite negatively charged and 
thereby requiring charge-compensating cations. These negative charges and cations are one of the most 
essential factors that determine physicochemical properties of zeolites. High content of Al atoms inside the 
framework is not always favorable since Al T-sites can be attacked by water molecules, making them 
comparably hydrothermally weak. The amount of Al in the aluminosilicate zeolites (typically expressed by 
a Si/Al molar ratio) is therefore the key parameter for evaluation of the physicochemical properties and 
hydrothermal stability. In addition, recent progress of analytical methods to probe Al T-sites enables us to 
reveal that even if the topology and Si/Al are identical, physicochemical properties can be changed due to 
the difference in Al distribution. Systematic evaluation of physicochemical properties of zeolites with a 
wide variety of topologies, a wide range of Si/Al, and various Al T-sites is of interest but it is a challenging 
topic since not all existing zeolites can be synthesized as aluminosilicates with desired Si/Al ratios and 
information of Al T-sites from analytical devices is still limited. Here, we attempt to understand the 
overview of (alumino)silicate zeolite system using molecular mechanics assisted by Monte-Carlo method. 
Initial aluminosilicate structures of 207 topologies of existing zeolites were randomly generated with 
different Si/Al ratios and various combinations of Al T-sites, in which SiO4 sites in the pure silica 
polymorph were substituted with AlO4H until Si/Al achieved desired values while avoiding Al-O-Al 
formation to obey Lowernstein's rule.1 Structure optimization was performed using SLC potential,2 
implemented in GULP package.3 The results shown in Fig. 1 reveal that the relationship between relative 
framework energy versus Si/Al varied in accordance with the framework topologies, suggesting that the 
stability of zeolites depend not only on the framework topology, but also on the Al content and Al T-sites. It 
implies that a given framework topology of zeolites has favorable Si/Al molar ratio and Al T-sites in nature. 

 
Fig. 1: Relative framework energy versus framework density for (a) pure silica and (b-f) aluminosilicate 

(Si/Al = 31, 15, 7, 3 and 1, respectively) polymorphs of the 207 existing zeolite frameworks. 
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Introduction 

Much attention has been paid to the oxidation of by-products of the petrochemical industry such as 

hydrocarbons. Oxidation of these to more valuable chemicals for use as feedstocks in the pharmaceutical 

industry is an attractive process, yet a difficult one. Saturated C-H bonds are notoriously hard to oxidise, and 

most methods used in industry depend on using expensive and harsh, dangerous, unselective and 

environmentally unfriendly reagents and solvents. Examples include a variety of heavy metal salts, often in 

the presence of strong mineral acids, generating large amounts of toxic waste. At the Conference we will be 

presenting a procedure for the oxidation of hydrocarbons using an easily separable aluminophosphate 

(AlPO) zeotype catalyst into which V and Ti ions have been isomorphously substituted (“VTi AlPO-5”). 

This catalyst has then been tested in the oxidation of hydrocarbons.  

 

Characterisation 

Phase-purity of the catalysts was confirmed by XRD, while UV spectroscopy indicates the incorporation of 

V and Ti into the framework, which is supported by EPR analysis. HYSCORE experiments unequivocally 

prove Ti
3+

 substitution into Al
3+

 sites. 

 

 

Fig. 1: Left; Oxidation of propylbenzene using VTi AlPO-5. Right; HYSCORE EPR results of VTi AlPO-5.
1
 

 

Catalysis 

After a screening of catalytic conditions, it was found that these catalysts yield, using relatively benign 

peroxides which give no toxic by-products and in absence of a solvent, at atmospheric pressure, 

regioselective oxidation products. The system is regioselective towards benzylic oxidation if this moiety is 

present, but the oxidising power of the system is strong enough to perform (sp
3
) oxidation of unactivated 

substrates in the absence of more reactive moieties. Furthermore, using just one equivalent of oxidant, our 

model substrate propylbenzene was converted to either propiophenone or benzoic acid, indicating the 

catalyst is sufficiently active to make a relatively mild peroxide cleave off an ethyl chain and oxidise it all 

the way to the carboxylic acid. Other reactions include the selective oxidation of tetralin to 1-tetralone, 

indan to 1-indanone, decalin to a variety of mono-alcohols and mono-ketones, and of several benzylic 

substrates to mono-acids and mono-aldehydes. All materials used are inexpensive, safe, and relatively 

harmless to the environment. Future reactions will focus on performing the oxidation using air instead, 

further increasing the green aspect of this project, as well as increasing the substrate scope. 
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The aldol condensation is a very important reaction in organic synthesis because it leads to the formation of
C-C bonds. These condensation reactions involve very reactive substrates which are able to develop a network
of reactions and therefore understanding and controlling the selectivity is essential. When the desired product
results from the condensation of the aldehyde or ketone, self or cross condensation is the main reaction,
followed by secondary reactions such as oligerization and polymerization.

The proposed mechanism for the aldol condensation in zeolites is an acid-catalyzed keto-enol tautomerization
of the acetaldehyde or acetone, a compound containing carbonyl group (C=O) which is normally in rapid
equilibrium with an enol tautomer, which contains a pair of doubly bonded carbon atoms adjacent to a
hydroxyl (-OH) group, C=C-OH. The keto form dominates the equilibrium for most aldehydes and ketones,
though the enol form is the important initial step to aldol condensation and other reactions of these molecules.
In this work we study the mechanisms of condensation reactions involving acetone and acetaldehyde as they
are key reactants in many simple transformations. Previous literature suggests that the tautomerization of these
molecules is dependent on the acidity of the zeolite, as the initial step in this reaction is the activation of the
acetone or acetaldehyde via protonation of the carbonyl carbon by an acidic hydrogen from the zeolite
framework. Hence in this research we focus on the effect of aluminium content and distribution across the
different acid tetrahedral (T) site positions of ferrierite (FER) and mordenite (MOR) zeolites on the
condensation reactions of acetone and acetaldehyde.

The structure and energetics of cells with isolated acid sites were studied using periodic DFT calculations with
the B3LYP functional and the CRYSTAL14 code. Supercells with periodic boundary conditions were used to
model infinite crystals of both FER and MOR. The geometry and energetics of neutral and protonated acetone
and acetaldehyde molecules have been characterised, as well as the reaction profile for proton transfer
between framework and admolecule. Modelling of catalytic reactions requires us to map the potential energy
along possible reaction coordinates for each elementary reaction step. The proton transfer is known to be
affected by the loading of basic molecules in the zeolite channels, hence we compared the energetics obtained
with one isolated acetone or acetaldehyde molecule, to those with pairs of admolecules (two of any possible
combination of acetaldehyde, acetone, water and methanol). A further aim is to study the enolisation of the
protonated admolecules. Protonation and enolization are the first steps towards condensation.

In all cases, the acidic H of zeolite framework is always bonded to the O of the Brønsted acid site and is
involved in a strong hydrogen bond with acetaldehyde. With the addition of a water molecule, complete
protonation does occur only in the small channels with T3 in MOR and T4 in FER,whereas with the co-
adsorption of a methanol molecule, complete protonation occurs at all T sites in all channels. The optimized
structures consist of stabilized protonated structure forming several hydrogen bonds and stabilizing
interactions with the zeolite framework keeping the complex intact.
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We present a new microwave synthesis of Linde Type N zeolite without organic structure directing agents 

(OSDAs).1 Linde Type N zeolite (framework type LTN) is one of the most complex zeolite structures with a 

very large unit cell. It has been synthesised previously using hydrothermal method. We also report syntheses 

of zeolite A with LTA framework without OSDAs, by hydrothermal methods at low temperatures (40°C – 

60°C). The as-synthesised zeolites were characterized using X-ray powder diffraction, solid state nuclear 

magnetic resonance, and scanning electronic microscopy. LTA and LTN frameworks are obtained at lower 

synthesis temperatures, while sodalite (SOD framework) is produced at higher temperatures, confirming the 

crystallization of denser zeolites at higher temperatures. 
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Do Primary Olefins form directly from Methanol over Zeolite Catalysts?
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Methanol can be produced via syngas from the steam reforming of natural gas or gasification of coal
or biomass. It can also be produced sustainably by the catalytic co-conversion of carbon dioxide and
hydrogen. The methanol obtained can then be converted over zeolite catalysts to hydrocarbons such
as light olefins, gasoline-range hydrocarbons, branched alkanes and aromatics. The conversion of
methanol to hydrocarbons can be divided into four steps: 1) the production of equilibrium products -
dimethyl ether (DME) and water from methanol; 2) the formation of the initial carbon-carbon bond
and primary olefins; 3) transformation of primary olefins to hydrocarbons such as higher olefins and
aromatics and 4) the simultaneous conversion of methanol or DME with primary olefins and
aromatics to hydrocarbons. There is a general consensus that the fourth step occurs via a dual olefin
and aromatic cycle, however, the formation of initial carbon-carbon bonds and primary olefins is
widely debated. Thus, our research aims to investigate methanol to hydrocarbons (MTH) conversion
by, firstly, critically reviewing all published theoretical calculations, kinetic and spectroscopic studies
on the initial carbon-carbon bond and primary olefin formation over HZSM-5 and HSAPO-34
catalysts. These catalysts vary in acidic strength and topology and lead to different product
distributions. We also investigate the feasibility of basic sites of zeolites to abstract protons from
oxonium ions and initial methane formed to give carbenes, oxonium ylides and methyl ethyl ether
and thereby suggest that a combination of direct mechanisms could be responsible for the
formation of primary olefins. This is more amenable to kinetic modelling studies which are
necessary to distinguish between competing mechanisms of the different chemistries and develop a
mechanistic approach towards understanding the product distribution obtained during MTH
conversion.
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The production of microporous structures with large pore size represents one of the most sought quests in 

zeolite science. Traditionally, the search for these materials has focused on the use of large organic 

molecules as structure-directing agents (SDAs); however, the use of such large molecules is currently 

reaching a limit imposed by the chemical requirements, specially solubility, hydrothermal stability and 

intermediate hydrophobicity, that organic molecules have to fulfil to behave as efficient SDAs. 

In our group, we have recently proposed a synthetic alternative based on the application of supramolecular 

chemistry, which drives the aggregation of organic molecules in multimolecular species by the 

establishment of strong intermolecular interactions, to promote the formation of supramolecular entities of 

larger size potentially able to direct the crystallization of large-pore materials.
1
 A simple way to realise this 

supramolecular self-assembly is by using organic molecules with aromatic rings as SDAs, since these 

molecules tend to form aggregates stabilized through π-π interactions.   

Following this idea, (1R, 2S)-ephedrine (EPH) (Fig.1) and derivatives have been selected as SDAs for the 

present work, because of their capacity to form supramolecular aggregates.
2
 The synthesis of microporous 

aluminophosphates has been carried out by hydrothermal methods in the presence of EPH as SDA. We have 

analysed a systematic variation of synthesis parameters (different dopants as Mg, Zn or Co and their 

content, organic/water contents, pH and crystallization temperature) in order to understand the factors that 

control the supramolecular chemistry during structure direction of microporous frameworks by these 

molecules.  

The obtained solids have been characterized by XRD, TGA, SEM/EDX, 
31

P-NMR, 
13

C-CP-NMR, UV 

absorption and fluorescence spectroscopy.  Fluorescence allows for the identification of the supramolecular 

state since when molecules are aggregated, the 

energy difference between the electronic levels 

decreases, and the emission band 

corresponding to aggregates is shifted to longer 

wavelengths with respect to the monomer 

emission (Fig. 1). Results show that EPH tends 

to direct the crystallization of the AFI structure 

in the presence of dopants. In the case of the 

synthesis without dopants, low-dimensional 

phases are obtained. Interestingly, our results 

show that aggregation depends strongly on the 

temperature (higher temperatures lead to 

higher aggregation), the amount of dopants 

(lower dopant contents involve a higher 

aggregation) and the organic content (a higher 

concentration of the organic molecules brings a 

higher aggregation) (Fig. 1).  
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