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Scientific Program 
 

8:15 – 8:55 Registration, Breakfast, Poster Setup  

8:55 – 9:00 Welcome Remarks 

9:00 – 9:40 Bert Sels (KU Leuven, Belgium) 

 
“Undervalued Benefits of Catalysis in Lignocellulosic Biorefineries for 

Chemicals Production” 

9:40 – 10:20 Wei Fan (University of Massachusetts Amherst) 

 
“Broadening the Scope for Siliceous Zeolites Synthesis Using Dry Gel 

Conversion” 

10:20 – 11:00 Coffee Break – Poster Session I 

11:00 – 11:40 David Flaherty (University of Illinois Urbana-Champaign)  

 
“Desirable Defects: Why Silanol Groups Affect Condensation and 

Epoxidation Reactions Differently in Ti-BEA” 

11:40 – 12:20 Poster Session II 

12:20 – 1:20 Lunch and Business Meeting 

1:20 – 2:00 Matthias Thommes (Friedrich-Alexander University Erlangen-Nürnberg) 

 
“Recent Advances in the Textural Characterization of Hierarchically 

Structured Nanoporous Materials” 

2:00 – 2:40 Selected Poster Presentations (2 x 15 min each) 

2:40 – 3:00 Coffee break 

3:00 – 3:40 Omar Abdelrahman (University of Massachusetts Amherst) 

 
“Predicting Molecular Adsorption Entropies in Confined Environments” 

3:40 – 4:20 Raul Lobo (University of Delaware) 

 
“Oxidative Methane Activation over Microporous Materials” 

4:20 Final remarks and meeting adjournment 

5:30 
 
Optional Chinese banquet at Sang Kee Noodle House (3549 Chestnut Street, 

Philadelphia, PA 19104)  
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Undervalued Benefits of Catalysis in Lignocellulosic Biorefineries for 

Chemicals Production 
 

Bert Sels 

 

Department of Microbial and Molecular Systems 

Centre for Surface Chemistry and Catalysis 

KU Leuven, Leuven, Belgium 

 

 

Bio sketch 

 

Bert F. Sels (1972), currently full professor at KU Leuven, obtained his Ph.D. in 2000 in the field 

of heterogeneous oxidation catalysis under the guidance of professor Pierre Jacobs. He was 

awarded the DSM Chemistry Award in 2000, the Incentive Award by the Belgian Chemical 

Society in 2005, and the Green Chemistry Award in La Rochelle in 2015. He is currently director 

of the Centre for Surface Chemistry and Catalysis (COK, 2015-2018). 

 

His research activities encompass the design of heterogeneous catalysts for the future challenges 

in industrial organic and environmental catalysis. He has about 300 peer reviewed papers with an 

h index of 71, and more than 17 200 citations (google scholar), and he wrote 26 patents. His 

expertise includes heterogeneous catalysis in bio-refineries and factories, the design 

of hierarchically structured zeolites and carbons, and spectroscopy and kinetics for the 

identification of catalytically active sites for small molecule activation. 

 

He is appointed active member of the Research Council of the University. He is co-chair of the 

Catalysis Commission of the International Zeolite Association (IZA) and co-founder of the 

European Research Institute of Catalysis (ERIC). He is member of the European Academy of 

Sciences and Arts, visiting professor in the Chinese Academy of Sciences, board member of the 

international advisory board of ChemSusChem (Wiley), ChemCatChem (Wiley), and he is 

currently associate editor of ACS Sustainable Chemistry & Engineering (ACS). 
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Broadening the Scope for Siliceous Zeolites Synthesis Using Dry Gel 

Conversion 
 

Wei Fan 

 

Department of Chemical Engineering 

University of Massachusetts Amherst, MA, USA 
 

Abstract 

 

Aluminosilicate forms of zeolites have been widely used as solid acid catalysts, adsorbents and 

ion exchangers. Owing to their high hydrothermal stability, hydrophobicity and dielectric 

properties, siliceous zeolites have shown exciting potential in several emerging applications such 

as separations, drug delivery and as low-k dielectric materials. However, the synthesis of 

siliceous zeolites remains a grand challenge – of the 239 zeolite frameworks recognized by the 

International Zeolite Association -Structure Commission (IZA-SC), less than 50 have been made 

in siliceous form.  

 

Siliceous zeolites have been synthesized by conventional hydrothermal synthesis with and 

without using fluoride, post-synthesis modifications, water-free solvothermal synthesis and dry-

gel conversion (DGC) method. Among these, conventional hydrothermal synthesis using fluoride 

has had the most success, with more than 90% of siliceous zeolites synthesized using the method. 

The success of the fluoride-mediated method in the synthesis of siliceous zeolites has been 

attributed to the charge balancing effect of the F- ions in the synthesis which balance the positive 

charge of the organic structure directing agent (OSDA) cations. The unique role of fluoride in 

zeolite synthesis has led to numerous new zeolite structures with varying compositions.[5] While 

indispensable as a synthetic tool, the use of fluorides, in particular hydrogen fluoride (HF), for 

practical applications of zeolites poses significant challenges due to cost and process safety-

related issues. Due to these reasons, it is important to develop fluoride-free routes for the 

synthesis of siliceous zeolites, which not only allow for environmentally-friendly synthesis, but 

also exhibit control over the framework and composition. Unfortunately, to date, less than 25 

zeolites have been directly synthesized in siliceous form without using fluoride, and no rational 

method has been proposed for the fluoride-free synthesis of siliceous zeolites. 
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In this talk, we will show that dry gel conversion (DGC) technique can overcome this challenge. 

Fluoride-free synthesis of two siliceous zeolites – AMH-4 (CHA-type) and AMH-5 (STT-type), 

has been achieved for the first time using the method. Siliceous *BEA-, MFI- and *MRE-type 

zeolites have also been synthesized in order to obtain insights into the crystallization process. 

Charge balancing interactions between the inorganic cation, organic structure directing agent 

(OSDA) and Si-O- defects were found to be an essential aspect of the synthesis method. We 

quantify this factor in terms of “OSDA charge/Silica ratio” of the as-made zeolites and 

demonstrate that the DGC technique is broadly applicable and opens up new avenues for 

fluoride-free siliceous zeolite synthesis. We will also show it is possible to incorporation of other 

heteroatoms (e.g., Sn and Ti) into zeolite frameworks and control the morphology of zeolite 

crystals using the DGC method. 

 

 

Bio sketch 

 

Wei Fan is an associate professor at Chemical Engineering Department of University of 

Massachusetts Amherst. Dr. Fan’s research group focuses on the rational synthesis of 

nanoporous materials by engineering their pore structure and size, surface properties and active 

sites based on the comprehensive understanding of their crystallization mechanism. Dr. Fan 

received his PhD from the University of Tokyo, Japan, and worked with Prof. Michael Tsapatsis 

in the University of Minnesota from 2007 to 2010 as a post-doc researcher. He started his 

research group at University of Massachusetts Amherst on 2010. He has published more than 90 

peer-reviewed papers on international journals including Nature Materials, Journal of the 

American Chemical Society, Angewandte Chemie International Edition etc. 
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Desirable Defects: Why Silanol Groups Affect Condensation and Epoxidation 

Reactions Differently in Ti-BEA 
 

David Flaherty 

 

Department of Chemical and Biomolecular Engineering 

University of Illinois, Urbana-Champaign, IL, USA 

 

Abstract 

 

Hydrophilic or hydrophobic environments can be created in the vicinity of Ti active sites through 

the use of direct synthesis of zeolitic structures (e.g., BEA, MFI) or by post-synthetic 

modifications that lead to intentional or unintentional differences in the densities of silanol nests 

(i.e., (SiOH)4 and (SiOH)2).  Defect-free, hydrophobic Ti- or Sn-containing zeolites have been 

reported to provide greater rates and selectivities for a number of reactions including 

epoxidations, glucose isomerization, and alcohol dehydration for decades, however, a detailed 

understanding of the causes for these phenomena is emerging more recently.  Here, we use a 

series of Ti-BEA catalysts that contain a wide range of silanol nest densities to demonstrate the 

influence of molecular interactions within zeolite pores that originate from the interactions of 

“solvents” with silanol defects. Measured heats of adsorption of CD3CN on Ti sites and the 

ligand to metal charge transfer energies of reactive Ti-OOH intermediates remain constant across 

these Ti-BEA structures, which suggests that the electronic structures of these active sites are 

equivalent. Consequently, differences in catalysis arise from direct interactions with silanol 

groups. 

 

As the density of silanol defects decrease in Ti-BEA, turnover rates for aldol condensation 

increase by two-orders of magnitude and the inhibiting effects of ethanol and water partial 

pressures become negligible. In situ FTIR spectra obtained for all Ti-BEA catalysts reveal large 

quantities of absorbed ethanol and only trace amounts of the active C2H4O-derived intermediates. 

Competitive adsorption of CD3CN and long-induction times for stable ethanol coverages suggest 

that the majority of the ethanol resides in pores as hydrogen-bonded networks. When ordered by 

hydrogen-bonds to silanol groups, these networks selectively stabilize other hydrogen bond 

donors and acceptors at Ti active sites.    
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In contrast, as silanol defect densities decrease across the same series of Ti-BEA catalysts, 

epoxidation turnover rates for 1-octene (with aqueous H2O2 in acetonitrile) decrease by 100-fold, 

contrary to conventional wisdom. These changes reflect an increase in apparent activation free 

energies for epoxidation that stem from large entropy gains caused by epoxidation transition 

states disrupting hydrogen-bonded clusters of water within pores. These interpretations are 

consistent also with observations that epoxidation rates that differ by less than a factor of two 

within anhydrous reactant mixtures (tert-butyl hydroperoxide, dry acetonitrile).  However, the 

addition of water (39 mM) increases epoxidation rates by 40-times in hydrophilic Ti-BEA but 

does not change rates in defect free catalysts.   

 

Collectively, these data and interpretations give new insight to the coupled molecular 

interactions between catalyst surfaces, adventitious solvating molecules, and reactive species on 

which we may build structure-function relationships to guide the use of outer-sphere interactions 

to increase catalytic rates and selectivities within zeolites. 

 

 

Bio sketch 

 

David Flaherty earned his B.S. in chemical engineering from the University of California at 

Berkeley in 2004, where he performed research with David Graves. He received his Ph.D. in 

chemical engineering from the University of Texas at Austin, where he finished dissertation 

under the guidance of Buddie Mullins in 2010.  He then was a postdoctoral scholar at the 

University of California, Berkeley with Enrique Iglesia.  He joined the faculty at the University 

of Illinois, Urbana-Champaign in 2013.  

 

He leads a research group working in heterogeneous catalysis and surface science that uses 

kinetic and spectroscopic methods to develop molecularly detailed mechanisms for catalytic 

reactions, for strategies to enable and acquire in situ spectroscopy of catalytically relevant 

species, and for translating this knowledge to develop catalysts and reaction schemes for 

sustainable chemistry. Current areas of research focus are investigations of environmentally 

benign catalytic oxidations and the conversion of biomass-derived species into more valuable 

chemicals and fuels. 
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Recent Advances in the Textural Characterization of Hierarchically 

Structured Nanoporous Materials 
 

Matthias Thommes 

 

Institute of Separation Science & Technology 

Friedrich-Alexander University Erlangen-Nürnberg, Germany 

 

Abstract 

 

In recent years, major synthetic efforts have been focused on the introduction of hierarchical 

pore structures into many different materials such as zeolites, carbons, silicas, MOFs, hybrid 

layered and pillared structures. Nanoporous materials which consist of hierarchical pore 

networks with pore widths spanning the entire micro-mesopore range (i.e. up to 50 nm) allow 

one to overcome accessibility and diffusion limitations associated with classical microporous 

materials for catalysis and separations.   

 

In this talk, recent developments in the structural characterization of these materials will be 

described. An accurate textural characterization is crucial not only within the discovery process 

of novel hierarchically ordered nanoporous materials but also contributes to advance their 

application in a variety of areas including heterogenous catalysis, separation, battery devices, 

drug delivery. Among a variety of techniques, gas adsorption is widely applied because it 

assesses a wide range of pore sizes, spanning the entire micro- and mesopore range. Within the 

last two decades major progress has been achieved in physical adsorption characterization also 

because of the development of advanced approaches based on statistical mechanics such as 

molecular simulation and density functional theory (DFT). This progress, coupled with the 

availability of high resolution experimental methodologies for the adsorption of various 

subcritical fluids (also allowing one to couple adsorption techniques with complimentary 

techniques such as small angle scattering), has led to major advances in the structural 

characterization of nanoporous materials.  However, major challenges still exist concerning an 

in-depth characterization of complex pore networks incl. hierarchical pore structures.  

Application of characterization techniques to hierarchical materials has revealed new phenomena, 

such as cavitation processes during desorption, and led to significant refinement of these 

techniques. 
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Bio sketch 

 

Prof. Dr. Matthias Thommes is since July1, 2018 the Head(Chair) of the Institute for Separation 

Science and Technology, which belongs to the Department of Chemical and Bioengineering at 

the Friedrich-Alexander University  Erlangen-Nürnberg, Germany. Before his appointment at the 

University Erlangen-Nürnberg, Prof. Thommes was Scientific Director at Quantachrome 

Corporation, Boynton Beach Fl, USA (from 2001 – June 2018).   

 

Dr. Thommes has been a Visiting Professor at University of Edinburgh, U.K /from 2012-2017) 

and currently holds also a Guest Professor position at Lorraine University, Nancy France. In 

addition he holds  leadership positions in a number of authoritative bodies in his field including:  

Council Member of the International Zeolite Association (IZA), Chairman of the IUPAC 

(International Union for Pure and Applied Chemistry) Task Group – “Physisorption of Gases, 

with Special Reference to the Evaluation of Surface Area and Pore Size Distributions” , 

Chair/Vice-Chair - Separations Division Area 2e,  American Institute of  Chemical Engineering 

(AIChE, from 2013 – 2017), Convener of the International Standard Organization (ISO) 

Working Group on Surface Area and Porosity,   Principal Scientific Advisor to the new ARPA-

E/DOE funded NIST/FACT laboratory (Gaithersburg, Maryland). Dr. Thommes has also been a 

member of the Board of Directors of the International Adsorption Society (IAS) from 2007-2013 

and a Council Member of the International Mesostructured Materials Association (IMMA, 2006-

2013).  He also serves in the as Editorial Board Member of the journal Adsorption, Journal 

Advanced Porous Materials, and Adsorption Science &Technology. 

 

Dr. Thommes has authored/co-authored more than 120 scientific papers, reviews and book 

chapters, patents as well as a monograph on the characterization of porous solids and  powders. 

He has given more than 200 presentations, incl. invited plenary and keynote lectures at 

prestigious international scientific conferences and universities all over the world. In addition, Dr. 

Thommes has been co-chairing various important scientific conferences (e.g., the CPM 

workshop series) and symposia in the field of adsorption and materials characterization.  
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Dr. Thommes has received his Doctorate in Physical Chemistry in 1993 at the Technical 

University Berlin (1992/93). From 1992- 1995 Dr. Thommes was a Project Scientist for a 

microgravity experiment on critical adsorption which was carried out on the EURECA mission 

of the European Space Agency (ESA). From 1996 to 1997, he was an ESA fellow and 

Postdoctoral Research Associate at the  Institute for Physical Science and Technology at the 

University of Maryland at College Park, USA. In 1998 he joined Quantachrome as Head of 

Applications Department at Quantachrome GmbH, Germany (until 2001).  

 

 



 
14 

 

Predicting Molecular Adsorption Entropies in Confined Environments 
 

Omar Abdelrahman 

 

Department of Chemical Engineering 

University of Massachusetts Amherst, MA, USA 

 
Abstract 

 

The adsorption of a molecule on a solid surface is at the heart of all heterogeneously catalyzed 

processes, ultimately influencing the rate at which surface reactions will proceed. While a 

molecule is typically stabilized through enthalpic contributions when adsorbing on a surface, the 

more restricted motion of an adsorbed molecule leads to a significant loss in entropy. While our 

understanding of adsorption has historically focused on enthalpic effects, significant strides have 

been recently made in providing quantitative descriptions of adsorption entropies for molecular 

adsorbates on single crystal surfaces. It however remains unclear whether such descriptions can 

be readily applied to more realistic systems, such as those of porous materials, where other 

effects may become relevant. One such significant effect is that of confinement, where an 

adsorbed molecule loses more entropy upon adsorption as it “feels” more the presence of its host 

adsorbent.  

To this end, we examine the entropy of molecular adsorption in confined environments, using the 

adsorption of alkanes and permanent gases in zeolites as a model system. Here we consider nine 

different zeolite frameworks including: MFI, TON, FER, CHA, BEA, MOR, LTL, KFI and FAU. 

Using only experimentally measured adsorption entropies, characteristic zeolite framework 

dimensions and statistical mechanics, we propose a simple predictive tool to for the entropy of 

molecular adsorption in any confined environment. Predictive capabilities of this tool can also be 

extended to systems where no confinement is experienced. Implications of the developed 

correlation and its broader applicability, beyond zeotype materials, is discussed. 

 

 

Bio sketch 
 

Omar Abdelrahman is an assistant professor in the Department of Chemical Engineering at the 

University of Massachusetts Amherst. Research in his group focuses on the development of 

catalytic strategies by which to utilize non-traditional carbon resources, upgrading them to 

commodity chemicals and fuels. This ranges from the development of novel solid base catalysts, 
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to developing tools by which to understand complex catalytic surface phenomena through 

experimental and theoretical investigations. Dr. Abdelrahman received his Ph.D. in Chemical 

Engineering from Syracuse University in 2016 working with Prof. Jesse Bond in the area of 

supported metal catalysis and microkinetic modelling, followed by a post-doc at the University 

of Minnesota with Profs. Paul Dauenhauer and Michael Tsapatsis, where he has worked on using 

phosphorous containing zeotype materials for upgrading biomass to polymer precursors.  
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Oxidative Methane Activation over Microporous Materials 
 

Raul F. Lobo 

 

Center for Catalytic Science and Technology  

Department of Chemical and Biomolecular Engineering 

University of Delaware, Newark, DE, USA 

 

Abstract 

 

Methane is an abundant, energy rich and—depending on location—inexpensive raw material for 

the preparation of more valuable molecules such as small olefins, methanol, and even larger 

hydrocarbons and oxygenates. The recalcitrance of methane to selective activation is a well-

known problem in catalysis and the recognition that small copper clusters in some zeolites can be 

used to selectively form methanol upon contact with methane and water has led to an extensive 

research effort to optimize conversion and selectivity of the reaction. Initial results have 

suggested that a practical answer to this vexing problem may be within reach. In this talk I will 

present recent results on the activation of methane using small copper clusters formed in small-

pore ion-exchanged zeolites such as high-silica chabazite (SSZ-13) and high-silica AEI-type 

zeolites (SSZ-39). We take advantage of the relative simplicity of the structure of these two 

zeolites to verify the presence of two types of di-copper clusters in the oxidized sample. These 

clusters have different stability and reactivity but they both appear to react to form methanol at 

different rates under similar conditions. We will compare our results to recent reports by other 

groups that use other zeolite systems, high methane pressure and/or water as the methane-

oxidation species. The advantages and disadvantages of this reaction system are considered and 

the long-term prospects of this reaction system for methane activation are discussed. 

 

 

Bio Sketch 

 

Raul F. Lobo is the Claire D. LeClaire professor of Chemical and Biomolecular Engineering at 

the University of Delaware and Director of the Center for Catalytic Science and Technology. His 

research interests span the development of novel porous materials for catalysis and separations, 

the chemistry of zeolites, catalysis for energy and the environment, and the scientific aspects of 

catalyst synthesis. He has published over one hundred fifty refereed reports and he is co-inventor 

in three US patents. He obtained his undergraduate degree in Chemical Engineering at the 
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University of Costa Rica in 1989 and later moved to California to pursue graduate studies in 

Chemical Engineering at Caltech. He worked for one year at Los Alamos National Laboratory, 

New Mexico as a postdoctoral fellow and he started his academic career at the University of 

Delaware in 1995. Prof. Lobo has conducted research in the use of zeolites for nitrogen/oxygen 

separations, and carbon dioxide separations from flue gases. He has contributed to the 

fundamentals of zeolite nucleation and crystal growth and to the application of zeolites for a 

number of catalytic applications. In particular his group research helped understand the 

mechanisms of reaction and stability of zeolite catalysts used for the removal of NOx gases from 

combustion exhaust, developed catalytic materials for the transformation of biomass-derived 

furans into commodity aromatic molecules such as xylenes and benzoic acid and discovered 

materials for the selective activation of methane using copper oxide clusters. 
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Following and Understanding the Hydrothermal Synthesis of FAU Zeolite with in-
situ Spectroscopies 

  

Sebastian Prodinger,1,† Miroslaw A. Derewinski1,Johannes A. Lercher1,2*  
1
 Institute for Integrated Catalysis, Pacific Northwest National Laboratory, Richland, Washington 99354 (USA) 

2
 Department of Chemistry and Catalysis Research Institute,  

Technische Universität München, Garching, 85748 (Germany) 

 

  
 The formation of zeolites is still a hotly debated topic due to the hydrothermal synthesis conditions making 

it extremely difficult to probe the transformation with in-situ techniques. In this contribution we will present the in-

situ application of advanced spectroscopic techniques, MAS-NMR and X-ray absorption spectroscopies to follow 

the transformation from an amorphous hydrogel into fully crystalline FAU. This will be supplemented with ex-situ 

characterization. Al-XANES is able to track the transformation of disordered amorphous gel into a more 

equilibrated secondary amorphous well below the detection limit of X-ray diffraction. The subsequent crystallization 

process can then be followed by in-situ 
27

Al MAS NMR and the changes in the line-width mirror the crystallization 

curve obtained by ex-situ techniques. However, to elucidate the mechanism of formation, 
23

Na MAS NMR was 

utilized highlighting how the speciation of the individual sodium species drives the process. In a stepwise process, 

sodalite cages are formed followed by their arrangement into the FAU supercage.
1
       

 
Figure 1. This poster will highlight a number of spectroscopies shown in this figure able to span across a multitude 

of scales to elucidate the formation principles for faujasite crystallization. 

 

Acknowledgements: The authors would like to thank additional contributors, A. Vjunov, J. Fulton, J. Hu and D. M. 

Camaioni. This work was supported by the Materials Synthesis and Simulation Across Scales (MS
3
) Initiative 

conducted under the Laboratory Directed Research & Development Program at PNNL and the U.S. Department of 

Energy, Office of Science, Office of Basic Energy Sciences, Division of Chemical Sciences, Geosciences & 

Biosciences. 

 

References 
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Exfoliation of Two-Dimensional Zeolites in Liquid Polybutadienes  
Sanket Sabnis1, Vijesh Tanna2, Chao Li1, Jiaxin Zhu3, Vivek Vattipalli1, Stephen 
Nonnenmann3, Guan Sheng4, Zhiping Lai4, H. Henning Winter1 and Wei Fan1  

1Chemical Engineering, University of Massachusetts Amherst, 686 N Pleasant St, Amherst, MA 01003  

2Polymer Science and Engineering, University of Massachusetts Amherst, 120 Governors Dr, Amherst, MA 01003  

3Mechanical and Industrial Engineering, University of Massachusetts Amherst, 160 Governors Dr, Amherst, MA 

01003  

4Physical Science and Engineering, King Abdullah University of Science and Technology, Thuwal, Saudi Arabia 

23955  

 

Two-dimensional zeolites (2DZs) are a new class of porous materials with the framework propagating only in two 

dimensions.1 2DZs with a high external surface area and short diffusion length have shown promising applications in 

high-throughput separation membranes and catalytic reactions involving bulky molecules.2-5 The state-of-the-art 

fabrication method for production of zeolite nanosheets with a well-defined microporous structure is melt-blending 

of these layered zeolite precursors with polystyrene in a twin-screw extruder.4 However, this method faces the 

challenges of high temperature operation, and the potential for damaging the structure of the nanosheets through 

high energy input.6 We report the exfoliation of layered zeolite precursors by suspending them in commercially 

available telechelic liquid polybutadienes at room temperature without any shear force.  

The 2D zeolite nanosheets with an MWW framework have an external surface with 12 membered ring (MR) pockets 

and 6MR transport limiting apertures, around 0.3 nm, and can potentially separate H2 from CO2. ITQ-1, a layered 

precursor of MWW framework, was successfully exfoliated, and single-layer-thick nanosheets were obtained by the 

novel exfoliation method. The layered precursor ITQ-1 was first swollen using a long-chain surfactant 

(cetyltrimethylammonium bromide) to increase its interlayer spacing. This was followed by hand-mixing the 

swollen zeolite with a liquid polybutadiene with functional end-groups. The zeolite was intercalated by the polymer 

and exfoliated merely by hand-mixing. The exfoliated zeolite nanosheets are large in size and can form a stable 

suspension in an organic solvent, providing exciting potential for the fabrication of zeolite membranes, composite 

materials and other applications. The exfoliation method can also be applied to other 2D materials.  
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Novel Al-rich Chabazite Compositions Enable Ar PSA 

 
Anthony Vallace1, Grant Kester1, William Casteel2, Garret Lau2, 

Roger Whitley2, and Charles Coe1 

 

1 
Department of Chemical Engineering, Villanova University, Villanova, PA 19085 

2 
Adsorption Technology Center, Air Products and Chemicals, Inc. 7201 Hamilton Blvd, Allentown, PA 18195 

 
It has been shown that single phase chabazite (CHA) in a mixed cation form (Na/KCHA (XKz~21%)) 

having an Si/Al (SAR) range of 1.35 to 1.6 has both high oxygen diffusivity (D/r
2
) and high kinetic selectivity of O2 

over Ar when compared to their respective pure cation forms as well as carbon molecular sieves (CMS), the current 

commercial adsorbent
(1)

. Due to the kinetic nature of the separation, the O2/Ar kinetic selectivity of Al-rich CHA 

was shown to be a strong function of the potassium cation exchange level as well as the SAR of the CHA at low and 

ambient temperatures. These CHA adsorbents were prepared by interzeolite conversion of Y-type zeolites in both 

powder and beaded form. The SAR of the CHA, formed by this interzeolite conversion is controlled by the Si/Al 

atomic ratio, the total alkalinity, and the water content. Activation studies needed for successful adsorption 

measurements clearly show that the Al content and K
+
 exchange level strongly affect the adsorbent’s hydrothermal 

stability.  After it was determined that 3K/unit cell with an SAR of 1.6 was the optimal CHA composition for 

removing O2 from Ar, kinetic and equilibrium ion exchange studies were used to optimize the batch ion exchange 

conditions for both a single and double contact Na
+
 exchange to obtain the desired potassium level. The adsorption 

properties at 175K for the single and double contact Na exchanged chabazites were consistent with those of 

3KNaCHA(1.6) prepared from a stoichiometric K
+
 back exchange of NaCHA(1.6), validating the batch exchange 

method. The adsorption properties of different pure and mixed alkali cation forms of CHA(1.4-2.4) at 175K show a 

significant decrease in Ar adsorption in 3KNaCHA at SAR<1.6. Kinetic adsorption data collected at 30°C also 

shows an optimal O2/Ar kinetic selectivity for the 3KNaCHA(1.6) composition. Simulation results predict that these 

novel Al-rich compositions provide similar Ar recovery and double the Ar productivity, compared to CMS, for an 

ambient temperature pressure swing adsorption (PSA) process.   
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Ethane Dehydroaromatization on Zn-ZSM-5 Catalyst 
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The role of various Lewis acid site (Zn
2+

 and Zn(OH)
+
) and BrØnsted acid sites in Zn/ZSM-5 for 

dehydroaromatization of ethane was studied. Varying amounts of zinc were loaded on silicalite-1 and H-ZSM-5 

(Si/Al=12-25) by ion exchange (resulting in Zn< 2.7% w/w, Zn/H
+
<0.8) or wet impregnation (resulting in Zn>5% 

w/w, Zn/H
+
>3). At 500 °C, different zinc sites in the form of Lewis acid sites or ZnxOy clusters can activate ethane. 

However, for ethane aromatization, Zn atoms should be in the form of Lewis acid sites, as ethane converts merely 

into ethene on 5% Zn/silicalite-1. The results indicated that by increasing the Zn/H
+
 ratio, the rate of aromatization 

increased, implyig the important role of Lewis acid sites compared to BrØnsted acid sites for catalyzing ethane 

aromatization. This was further confirmed by the FTIR spectra showing stronger interaction of ethene with      

Zn/ZSM-5 than with H-ZSM-5. 

To further study the role of Zn(OH)
+
 versus Zn

2+
 in ethane activation, Zn

2+
 sites were hydrolyzed by adding 

steam on Zn/ZSM-5 catalyst. Hydrolysis of Zn
2+

 sites was confirmed by FTIR spectra showing formation of 

Zn(OH)
+
 and regeneration of BrØnsted acid sites. In presence of steam, via hydrolysis of Zn

2+
 sites, aromatization 

was suppressed in favor of dehydrogenation, causing a drop in formation of methane and aromatics by factors of 3 

and 7, respectively. However, the change in product selectivity was reversible since by decreasing the vapor 

pressure of steam, aromatization activity was resumed. The results suggested that Zn(OH)
+
 sites were effective in 

ethane dehydrogenation but Zn
2+

 sites were required for aromatization. 
1,2
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Bifunctional Zeolite-Encapsulated Pt Catalysts for Tandem Aldol Condensation 
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 Supported metal nanoparticles (NPs) are widely used as catalysts in petrochemical and biomass processing, 

but frequently suffer from catalyst deactivation either due to sintering of NPs at high temperatures or leaching from 

the support caused by the weak NPs/support interaction. Encapsulating metal NPs into zeolites (M@zeolite) is a 

promising approach to address these challenges. In this work, Pt NPs were successfully encapsulated in zeolites with 

MFI topology.
1
 No sintering and leaching of NPs were observed on the encapsulated Pt@MFI materials. In addition, 

Pt@ZSM-5 catalysts with bifuctional metal/Brϕnsted acid sites were investigated for tandem aldol condensation and 

hydrogenation of furfural with acetone. The Pt@ZSM-5 catalysts showed highly selective production of 4-(2-furanyl) 

butan-2-ol from the furfural aldol condensation with acetone and its subsequent hydrogenation. 
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 Pressure swing adsorption (PSA) and temperature swing adsorption (TSA) are the most intensively studied 

and developed techniques for gas separation in industry. However, the desorption step of PSA and TSA requires 

either pressure or temperature changes which are inherently energy intensive and time consuming. Therefore, the 

development of more energy efficient gas separation technologies that do not rely on temperature and pressure 

changes are desirable. To go around the limitations of PSA and TSA, we have developed a fundamentally new 

technique called Supercapacitive Swing Adsorption (SSA), that achieves reversible adsorption and desorption by 

capacitive charging and discharging of high surface area activated carbon materials.  In a previous study, we 

presented an SSA device which is able to separate CO2 from a 15%CO2/85%N2 gas mixture stream.
1
 The present 

study is aimed at the investigation of different industrially relevant alkane and alkene separations using the SSA 

technology. Herein, we present the first results with methane as adsorbate. Our main aim was to see if CH4 can be 

reversibly adsorbed using SSA similarly to CO2, and what are the adsorptive and energetic characteristics of the 

process. Using a SSA module (shown in Figure 1), the adsorption and desorption of CH4 was detected by a pressure 

transducer measuring the pressure changes during the charge-discharge process, according to the ideal gas law: 

△PV= △nRT. We determined the SSA adsorption and energy characteristics for methane sorption using ten different 

potential differences: 0 to 0.125 V, 0 to 0.25 V, 0 to 0.75 V, 0 to 1.0V, 0 to 1.2 V, -0.5 to 1.2 V, -0.75 to 1.2 V, -1.0 

to 1.2 V, -1.2 to 1.2 V. We find that at positive potentials up to +1.2 V there is a desorptive (negative) SSA effect 

meaning that the SSA sorption capacity of the electrode in the charged state is smaller than in the uncharged state. 

At potentials between 0 and -0.5 V there is an adsorptive (positive) SSA effect, at potentials between -0.5 V and -1.2 

the effect becomes desorptive again. The largest amount of methane can be cycled between -0.5 V and +1.2 V (~28 

mmol/kg). The energy consumption is the smallest (46 kJ/mol) for the smallest potential swing (0 to 0.125 V), and 

increases monotonically with increasing potential difference. The charge efficiency is similar for all experiments 

(~0.03 methane molecules/elementary charge). The highest sorption rate is observed for potential swings between 0 

and +1V (18µmol/kg s). The time energy efficiency (mmol/(kJ s) increases with decreasing potential difference. The 

results show that SSA is applicable not only for ionizable gases like CO2 but also for non-ionizable gases like 

methane. These findings expand the technological scope of SSA beyond CO2 separations. 

 

 

 

 

 

 

 
 

 

                                     Figure 1. Schematics of a Supercapacitive Swing Adsorption module. 
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 Adsorption-induced deformation is a phenomenon of contraction or expansion of solid matrix caused by 

adsorption of gases
1
.  Adsorption-induced deformation of the zeolites can significantly influence their properties and 

behavior in industrial processes, for example, an efficiency of molecular-sieve separation
2
. Thus, the studying of the 

adsorption-induced deformation of zeolites is also of a great importance for the development of adsorption 

thermodynamics and for practical purposes. Adsorption-induced deformation can be predicted by simulation of 

adsorption coupled with the thermodynamic model of adsorption stress
3
 or by direct molecular simulation in osmotic 

ensemble
4
.  

  Zeolites type A, X, Y are well known synthetic structures, which have a wider range of industrial 

applications than the natural zeolites. Type of a zeolite depends on Si/Al ratio, which results in different parameters 

between these types. During the synthesis process, zeolites usually gain cations, i.e. Na+, Ca2+,  NH4
+ to balance a 

negative surface charge of a solid structure. In this work, we used Grand Canonical Monte Carlo (GCMC) ensemble 

to simulate adsorption of different gases (xenon, krypton, and CO2) in synthetic faujasite zeolites of types A and X 

with different framework cations: NaX, CaNaX, CaA. The simulations were performed using RASPA – open-source 

general-purpose classical simulation package
5
. The obtained isotherms predicted the features of experimental 

observations. We showed that a different amount of cations on a surface of the zeolite significantly influence the 

amount of gas adsorbed and a shape of the isotherm. We also showed that the results significantly differ from the 

model used in [3]. Since the adsorption deformation of microporous materials is very sensitive to the adsorption 

isotherm, our results may have an effect on interpretation of adsorption-induced deformation data of zeolites.  

 
Figure: Comparison of xenon adsorption isotherms obtained by GCMC simulation in CaNaX structure modeled as  

a spherical oxygen pore (blue line), detailed FAU-structure (green line) with results obtained by DFT method in [3] 

(red line) and experiment
6
 (dotted line). 

 

References 

[1] G. Y. Gor, A.V. Neimark, Appl. Phys. Rev., 4 (2017) 011303. 

[2] T. Bowen, R. D. Noble, J. L. Falconer, J. Membrane Sci., 245 (2004) 1. 

[3] P. I. Ravikovitch, A. V. Neimark, Langmuir, 22 (2006) 10864. 

[4] F.-X. Coudert et al., ChemPhysChem, 12 (2011) 247. 

[5] D. Dubbeldam et al, Mol. Simulat., 42 (2016) 81. 

[6] O. K. Krasil'nikova et al, Russian Chem. Bull., 26 (1977) 1099. 

 

  

A
d

so
rp

ti
o
n

,
m

m
o
l/

g

MC-spher. oxygen pore

MC-CaNaX

DFT (Ravikovitch)

exper iment



 
26 

 

Liquid Phase Spectroscopic Technique Development for Understanding Solvent 
Effects in Solid Acid Catalyzed Reactions  
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 Selecting the proper solvent is a major challenge involved in liquid phase reactions, as predictive 

understanding of how the solvent will affect reaction rates requires knowledge of the reaction mechanism and 

possible transition state structures. Most attempts to understand solvent effects involve screening multiple solvent 

choices via catalytic activity testing, with occasional aid from computational techniques, such as density functional 

theory (DFT) or molecular dynamics (MD). New or improved liquid phase experimental techniques are needed to 

provide insight into how solvent choice affects competitive adsorption, transport, and phase equilibria, especially in 

highly nonideal, porous materials like zeolites, where the system complexity makes using modelling techniques 

challenging.  

The primary technique of focus in this work is an attenuated total reflection infrared spectroscopy (ATR-

FTIR) cell used for probe molecule adsorption in the liquid phase. First, a general method is outlined for quantitative 

measurements of adsorbed probe molecules, leading to the first set of published pyridine extinction coefficients in 

the liquid phase. The newly quantitative ATR-FTIR was applied to a number of liquid phase applications including 

temperature programmed desorption (TPD) of pyridine in solvent and adsorption isotherms of pyridine and a model 

substrate in porous solid acids. The liquid phase TPD technique was extended beyond the solvent boiling point using 

a plug flow reactor (PFR) under back pressure. Pyridine was shown to desorb from zeolite Brønsted acid sites (BAS) 

at lower temperatures with increasing solvent dielectric constant. Further, pyridine desorption from BAS in n-

heptane was only minutely distinct from the traditional vacuum TPD result. The TPD results will lead to discussion 

about how solvent effects are dependent on the transition state structure.  

Quantitative pyridine adsorption isotherms on zeolites and mesoporous materials in the presence of solvent 

were used to estimate fundamental thermodynamic values between the external liquid and the porous phase (Keq, 

∆G, and activities in zeolite pores). The intent is that values from quantitative liquid techniques can be used to guide 

theoretical models of complex environments like solvent saturated porous materials. Other topics of discussion 

include the length scale that the confinement effect is relevant in porous materials, applying the ATR-FTIR 

technique to a model alcohol dehydration reaction, and preliminary data measuring liquid phase transport 

properties/diffusivities of probe molecules in zeolites.  
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The renewable production of p-xylene is of high industrial importance to reduce dependence on fossil fuels. 

Phosphorus containing zeolites (P-BEA, P-SPP) have shown very high selectivity towards p-xylene (>97%) from 

2,5-dimethylfuran and ethylene
1
, but the reasons for their high selectivity have not been addressed.  To elute the 

nature of their activity, p-xylene reactions were performed with phosphoric acid in different local environments 

within the reactor: adsorbed on the zeolite through ex-situ synthesis as with P-BEA, free phosphoric acid in the 

absence of solid support, and free phosphoric acid in the presence of solid support. We report free phosphoric acid is 

active in catalyzing the reaction in the absence of solid support, but the reaction selectivity is highly dependent on 

phosphoric acid concentration. The presence of solid support increases the selectivity to p-xylene even at high 

concentration of phosphoric acid; however, the physical properties of the support greatly influence the efficacy off 

phosphoric acid and affect the stability of the phosphoric acid adsorbed on the supports.  
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Abundant and low-cost shale gas has replaced naphtha as the feedstock of choice for C2-C4 olefin 

production that has led to a shortage of 1,3-butadiene (BD), a critical intermediate for the manufacture of synthetic 

rubber.
1
 The constrained BD supply has triggered price fluctuations and interest in on-purpose BD production.

1
 

Cellulosic ethanol is a sustainable feedstock quickly becoming mainstream and its conversion into BD significantly 

reduces lifecycle greenhouse gas emissions when compared to petroleum-derived BD.
2
 Supported ZrO2/SiO2 

catalysts show particular promise for the conversion of ethanol and the intermediate acetaldehyde to BD. However, 

the reaction over supported ZrO2/SiO2 catalysts remains poorly understood, with few mechanistic
3
 studies and no 

spectroscopic studies under reaction conditions. Supported ZrO2/SiO2 catalysts were synthesized by incipient-

wetness impregnation of zirconium n-propoxide, dried at room temperature and 300 °C in nitrogen and calcined at 

500 °C in air. The catalysts were spectroscopically characterized with in situ UV Raman spectroscopy and operando 

DRIFTS. In situ Raman spectra revealed that the supported ZrOx phase was present as a two-dimensional 

amorphous overlayer (≤ 1.8 Zr/nm
2
). During temperature programmed surface reaction, operando DRIFTS revealed 

that ethanol adsorbs as surface ethoxy (CH3CH2O*). Adsorbed acetaldehyde forms a surface enolate species 

(CH2=CHOH*) with increasing temperature, which is concomitant with the formation of adsorbed 3-hydroxybutanal 

(CH3CH(OH)CH2CHO*), crotonaldehyde (CH3CH=CHCHO*), and crotyl alcohol (CH3CH=CHCH2OH*). Finally, 

1,3-butadiene (CH2=(CH2)2=CH2) gas phase production is observed. The observed surface chemical transformations 

are the first direct evidence of key intermediates in the aldol condensation and Meerwein-Pondorf-Verley reduction 

mechanisms to yield BD over supported ZrO2/SiO2 catalysts.  
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 The acylation of furans with organic acid is potentially attractive for increasing the molecular weight of 

biomass-derived compounds in a controlled manner. Molecules greater than C-6, which are very abundant as the 

derivatives from biomass, are of great interest to be applied in related reactions. Although there has already have 

many studies about acylation reaction, most of them are focused on using Lewis acid catalysts or using Brønsted 

acid catalysts but with acid anhydrides or chloride of acid. It would be more efficient if we can perform acylation by 

using acid directly.  

 In this work, we focused on furan or 2-methylfuran and acetic acid as acylation reactants, using H-ZSM-5 

as catalyst, which will be proved to show excellent selectivity during reaction. Different effects such as temperature 

dependence, reactant ratio and concentration and feeding consequence are studied to help us understand the 

mechanism of such reaction. 2-methylfuran and hexanoic acid were studied in consequence to help us probing direct 

acylation with long-chain acid, which would be derived largely from biomass. Major conclusions are that the 

maximum yields are largely limited by equilibrium considerations for temperatures below about 523 K and that 

catalyst stability requires operating in excess organic acid. 
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Interfacial phenomenon-driven hierarchical structuring of hard templated 
asymmetric ultrathin carbon molecular sieves films 
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Hierarchical structuring of porous materials is beneficial for various applications ranging from membrane-

based separations, catalysis, adsorption, drug delivery to energy storage. This often requires simultaneous control of 

micropores/microstructure to impact function (e.g., high surface area, molecular size and shape selectivity), 

mesopores/macropores to facilitate molecular transport, and morphology (e.g., films, powders) to meet application 

needs.
1
 We have previously demonstrated the ability to hard-template extended carbon molecular sieve (CMS) 

films
2
 comprised of ultra-thin (ca. 10 nm) continuous carbon layers self-supported on three-dimensionally ordered 

mesoporous (3DOm) supports. The resulting mesostructure offers pathways for facile molecular transport and ease 

of access to microstructure, which we have shown can translate to improved properties in the context of electrolyte 

infiltration and charge transport for electrode and supercapacitor applications.
3, 4

 These ultrathin films can be 

directly transferred among various substrates through a facile water-assisted delamination technique without the 

need for depositing a protective/sacrificial polymer coating. While the hard templating strategy offers a clear 

approach for volumetric templating of ordered mesoporosity, the ability to simultaneously tailor the microstructure 

of these carbonaceous materials (i.e., alignment of graphitic planes, microporosity) can require high temperatures 

and metal catalysts.
5
 

Motivated by substrate-mediated molecular orientation effects identified for ~50-100 µm poly (pyromellitic 

dianhydride-co-4,4’-oxydianiline) (PAA) films under similar processing conditions,
6,7

 the large area associated with 

the template-replica interface in our 3DOm carbon films offers a previously unexploited handle for simultaneously 

tailoring microstructure of the replica phase. In this poster, we will show how template-replica interfacial effects and 

interfacial surface chemistry alone can be employed to tailor replica carbon microstructure under mild carbonization 

conditions (600-900 

C) and in the absence of specific metal catalysts when replica dimensions (i.e., distances from 

the silica template interface) are reduced by orders of magnitude (i.e., from ca. 100 µm to 1-10 nm scales). 

Specifically, we will show how temperature-tunable silanol surface chemistry of the template can be used to tailor 

the graphitic character (e.g., graphitic content relative to turbostratic carbon) of CMS replicas. The interfacial origin 

of this effect is confirmed through studies showing a decrease in graphitic character with increasing film thickness. 

Studies also show enhancement of graphitic character in thin carbon films as compared with untemplated carbon 

molecular sieves, with maximum sensitivity near the beginning of the carbonization process (around 600  

C). We 

hypothesize that the interface-mediated tunability of the replica graphitic character derives from adsorption-induced 

orientation of PAA molecules once the surface silanol density is reduced to the point of approximate registry with 

PAA molecular dimensions. CO2 physisorption studies show reduction in micropore volume in templated CMS 

materials at mild carbonization temperatures as compared to untemplated materials, thereby highlighting the impact 

of enhancement in graphitic content on CMS microstructure. Taken together, this templating approach offers a 

strategy for multi-scale control over film structure. 
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  The relative Brønsted-acid strengths of H-[Al]ZSM-5, H-[Fe]ZSM-5, H-[B]ZSM-5, silicalite, P-SPP, 

tungstated zirconia, ZrO2, and γ-Al2O3 were studied using H-D exchange with toluene and chlorobenzene. 

Temperature programmed desorption (TPD) of toluene-h8 and chlorobenzene-h5 from the deuterated forms of H-

[Al]ZSM-5, H-[Fe]ZSM-5, and P-SPP demonstrated that the temperature at which H-D exchange rates become 

significant change with the proton affinity of the aromatic molecule and the strength of the Brønsted sites. The 

steady-state, gas-phase reaction between D2O and the aromatic molecules were consistent with the TPD results and 

allowed the Brønsted-acid site strengths to be ordered as follows: H-[Al]ZSM-5 > H-[Fe]ZSM-5 > tungstated 

zirconia > P-SPP > H-[B]ZSM-5. H-D exchange was also observed at high temperatures with ZrO2 and γ-Al2O3 but 

it appears that the reaction mechanism with these Lewis acids is different because reaction with toluene and 

chlorobenzene occur at nearly the same temperature. It is suggested that the H-D exchange reaction with simple 
aromatic molecules is a useful way to probe Brønsted acidity in solids. 
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 The formation of zeolites is still a hotly debated topic due to the hydrothermal synthesis conditions making 

it extremely difficult to probe the transformation with in-situ techniques. In this contribution we will present the in-

situ application of advanced spectroscopic techniques, MAS-NMR and X-ray absorption spectroscopies to follow 

the transformation from an amorphous hydrogel into fully crystalline FAU. This will be supplemented with ex-situ 

characterization. Al-XANES is able to track the transformation of disordered amorphous gel into a more 

equilibrated secondary amorphous well below the detection limit of X-ray diffraction. The subsequent crystallization 

process can then be followed by in-situ 
27

Al MAS NMR and the changes in the line-width mirror the crystallization 

curve obtained by ex-situ techniques. However, to elucidate the mechanism of formation, 
23

Na MAS NMR was 

utilized highlighting how the speciation of the individual sodium species drives the process. In a stepwise process, 

sodalite cages are formed followed by their arrangement into the FAU supercage.
1
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 The selective catalytic reduction (SCR) of NOx with NH3 to environmentally innocuous N2 and H2O plays a 

crucial role in reducing undesirable NOx emissions from large utility and industrial boilers, municipal waste plants 

and incinerators. Metal promoted zeolites are also the new emerging SCR catalytic systems for NOx abatement in 

mobile applications and stationary installations. Many ion exchanged zeolites were reported to be active in NH3-

based SCR reaction, such as Fe, Cu, Mn, and Ce, with the iron- and copper-containing zeolites having highest 

activity. The Cu exchanged zeolite catalysts for diesel engines and power plants have received the most attention for 

NH3-based SCR of NOx in recent years. The objective of the current research is to examine the dynamics of the 

molecular structures of the catalytic active sites, surface intermediates and surface acidity of Cu–zeolite catalysts 

during the NH3-based SCR reaction. The Cu-zeolites catalysts were synthesized by aqueous-phase Cu ion exchange 

of the H-form zeolites (ACS material HSSZ-13, Si/Al=25, Pore diameter=1.0nm, SSA=671 m
2
/g) with a CuII(NO3)2 

solution (0.001−0.1 M, 99.999 wt.%, Sigma-Aldrich). The impregnated catalysts were initially dried at room 

temperature overnight, further dried at 120 
◦
C for 2hrs and calcined at 500

◦
C in flowing air for 4 hrs. In situ Raman 

and IR spectra of catalyst and surface intermediates were collected for dehydrated catalysts and during transient 

SCR reaction, respectively.  
The Cu-free HSSZ-13 zeolite exhibits modest activity for the steady-state SCR reaction with only ~40-50% 

NO conversion at 200
◦
C. The catalytic activity, however, greatly improves up to 90–98% NO conversion at 200

◦
C 

with increasing exchange of copper into the SSZ zeolite.[1,2] In situ Raman and IR spectroscopy reveal that the 

SSZ-supported CuxOyHz contain ZCuOH, Z2Cu, trans-μ-1,2-peroxo dicopper(II) ([Cu2O2]
2+

) and mono-(μ-oxo) 

dicopper(II) ([Cu2O]
2+

) sites.[1,3] In situ IR spectroscopy shows that both surface NH3* species on Lewis acid sites 

and surface NH4
+
* species on Bronsted acid sites are present in the catalyst and participate in the SCR reaction. The 

introduction of Cu increases the concentration of surface NH3* Lewis species and decreases the concentration of 

Bronsted NH4
+
* species. Although Cu increases the consumption rate of both surface ammonia species, the 

consumption of surface NH3* on Lewis acid sites is more significantly enhanced. 
  

 
References 
[1]  Ipek B., et al. ACS Catal , 7(2017) 4291-4303 

[2]  Paolucci, C., et al. Science ,  357(2017) 898-903  

[3]  Fickel, D. W., et al. Appl Catal B: Environmental ,102(2011) 441-448  
 

 

  



 
34 

 

Molecular Simulations Shed Light on Potential Uses of Ultrasound  
in Nitrogen Adsorption Experiments 

  

Max A. Maximov1 and Gennady Gor1
 

1
 Otto H. York Department of Chemical and Materials Engineering, New Jersey Institute of Technology,  

323 Dr Martin Luther King Jr Blvd, Newark, NJ 07029  

Nitrogen adsorption is one of the main characterization techniques for nanoporous materials. The experimental 

adsorption isotherm provides information on the surface area and pore size distribution (PSD) for a sample. In this 

work we show that additional insight into PSD can be gained when the speed of sound propagation through a sample 

is measured during nitrogen adsorption experiment. We analyzed published experimental data on ultrasound 

propagation through a nanoporous Vycor glass sample during nitrogen adsorption experiment [1]. We calculated the 

change of the longitudinal and shear moduli of the sample as a function of relative vapor pressure. We show that the 

shear modulus of the sample does not change upon filling the pores, evidencing that adsorbed nitrogen at 77 K has 

zero shear modulus, similarly to a bulk liquid. The longitudinal modulus of the sample behaves differently: it 

changes abruptly at the capillary condensation and keeps gradually increasing thereafter. We carried out Monte 

Carlo molecular simulations to predict the compressibility of adsorbed nitrogen and then calculated the longitudinal 

modulus of the nitrogen-saturated Vycor using Gassmann equation [2]. Our theoretical predictions nicely matched 

the longitudinal modulus derived from the experimental data. Additionally, we performed molecular simulations to 

model nitrogen adsorbed in silica pores of sizes ranging from 2 to 8 nm. We found that the isothermal elastic 

modulus of adsorbed nitrogen depends linearly on the inverse pore size. This dependence, along with the proposed 

recipe for probing the modulus of adsorbed nitrogen, sets up the grounds for extracting additional information on the 

porous samples, when the nitrogen adsorption is combined with ultrasonic experiments [3]. 

 
Figure: Relative change of the longitudinal modulus of a sample during nitrogen adsorption. The red solid line 

gives the modulus calculated based on the ultrasonic data for longitudinal and shear waves using. The black dotted 

line gives the modulus calculated from the combination of ultrasonic data (for longitudinal waves) and volumetric 

data for the mass change. The green dashed line gives the theoretical predictions. Both experimental curves are 

calculated based on the data from Ref. 1. 

. 
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 The creation of molecular building blocks capable of self-assembly into large complex, porous networks 

has been long sought after, and the pursuit of this goal has led to the creation of novel classes of materials like metal 

organic frameworks and covalent organic frameworks. Theoretically, these materials are capable of forming a 

tremendous variety of crystal structures, but most realizable structures tend to be decomposable into highly 

symmetric building blocks which favor the formation of homoporous and simple crystals. The less symmetric 

building blocks suitable for assembly into more complex structures tend to form polymorphous or disordered 

structures instead. In this work, we used Monte Carlo simulations of patchy molecules to show how adding chemical 

specificity building blocks can allow for even asymmetric molecules to self-assemble into ordered crystallites. We 

demonstrate the utility of such a strategy in creating complex, heteroporous networks and also as a means to tune 

feature of a crystal structure itself, for the purposes of structures discovery or for the control of relative pore sizes. 

We discuss heuristics for properly designing molecules so that they can assemble into target structures. 
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 Zinc exchanged ZSM-5 zeolite (Zn-ZSM-5) is a potential catalyst for ethane activation. Different zinc sites 

have been reported in the literature for the material. [1] Crystallographic studies of the zinc sites are difficult due to 

the many possible zinc environments and large number of T (Si or Al) sites. Zinc exchanged SSZ-13 zeolite (Zn-

SSZ-13) is proposed as a simpler model zeolite to study the reaction mechanism of specific zinc sites. Ethylene 

hydrogenation activities are tested on Zn-ZSM-5 and the Zn-SSZ-13 model to check if the model is representative of 

Zn-ZSM-5 catalytically. Powder neutron diffraction is used to locate the zinc site and to identify the site nature in 

the Zn-SSZ-13 zeolite. Neutron diffraction data of hydrogen/ethane doped Zn-SSZ-13 have also been collected. 
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Hierarchically structured zeolites, defined by mesopore-interconnected microporous domains, enable more efficient 

exploitation of micropore confinement for size and shape selective catalysis, owing to the reduction in transport 

limits offered by the mesopores.1 The mesopore topology also offers an environment that itself might be exploited 

for catalysis distinct from that taking place under micropore confinement, but possibly coupled to it. More 

specifically, judicious metal nanoparticle incorporation within the mesopore topology of hierarchically porous 

zeolites, and thus in close proximity to the micropores, offers a potential strategy for realizing tandem micropore-

/mesopore-confined catalysis: products of selective micropore-confined reactions readily diffuse through and react 

over mesopore-anchored metal nanoparticles for efficient “single-pot” catalysis. Towards this goal, this poster 

explores the role of the mesopore topology of hierarchically porous zeolites in the stabilization of metal 

nanoparticles (NPs).  

 

While bulk zeolites have commonly been used as supports for catalytic metal NPs, the level of NP loading tends to 

be limited by deactivation as a result of NP migration and coalescence/sintering under higher-temperature reaction 

conditions.2 Here, we demonstrate how the enhanced external surface area of hierarchically porous zeolites in 

combination with the specific texture of the mesopores can be exploited for enhancing NP dispersion and 

stabilization at several fold higher mass loadings than that which is possible with bulk microporous materials. 

Specifically, we study Pt loading of bulk silicalite-1 (ca. 5 μm) versus hierarchically structured self-pillared pentasil3 

(SPP) zeolites. A combination of nitrogen physisorption characterization of mesopore texture, ICP-MS 

quantification of Pt loading, and H2-TPD analysis of Pt dispersion before and after heat treatment indicates enhanced 

Pt NP dispersion and stability in the case of hierarchical SPP zeolite. The dramatic minimization of NP loading 

limits offered by hierarchically porous zeolites opens interesting possibilities for designing multifunctional zeolite 

catalysts with tailored metal functionality as a means for realizing selective and efficient “single-pot” catalysis.  
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