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Zeolite Applications in Environmental Catalysis: A Retrospective
Dr. Stanley Roth
Manager - Catalyst Development for Diesel Emission Control
BASF
25 Middlesex/Essex Tpk, Iselin, NJ 08830-0770
Stan.Roth@BASF.com
Zeolites have been used in emission control catalysts since the late 1990’s. The first application
was in passenger car diesel oxidation catalysts (DOC) where zeolites were used to absorb gaseous high
molecular weight hydrocarbons (HC). The role of the zeolite is to absorb HC at low temperature and then
release at higher temperature after the catalyst has attained sufficiently high temperature to be active for
HC oxidation.
The other application for zeolites in mobile emission control is use in selective catalytic reduction
(SCR) applications. Cu-ZSM5 was studied for many years as a catalyst for HC-SCR where HC is used as
a reactant for NOx reduction. Unfortunately these catalysts have never been widely commercialized
because they suffer from steam induced dealumination that irreversibly deactivates performance.
Zeolites have been successfully introduced in NH3-SCR applications, where NH3 is used as the
reductant for NOx. Development of both Fe-beta and Cu-CHA catalysts are discussed and activity in
different applications is compared. In all cases the requirement for hydrothermal durability in addition to
the catalyst performance imparted by the zeolite structure determines suitability to the application.

Speaker Biography
Dr. Stanley Roth received his Ph.D. in Inorganic Chemistry in 1982 from the University of
Illinois, then accepted a post-doctoral position at at Argonne National Laboratory studying deactivation
of fluid catalytic cracking (FCC) catalysts. In 1985 Stan joined Johnson Matthey, where he developed
catalysts for gasoline passenger car applications for 10years. Subsequently he joined Engelhard/BASF,
where he has been for the last 16 years developing catalysts for diesel passenger cars and heavy-duty
truck applications. Currently, he is a group leader with responsibility for development of catalysts for
future emission control regulations.
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Shape selectivity and selectivity in methanol to hydrocarbons conversion
Aditya Bhan
Department of Chemical Engineering and Material Science
University of Minnesota
Minneapolis, MN
This talk will outline mechanistic details of acid catalyzed reactions involved in the conversion of
methanol to light olefins with a particular focus on assessing the identity and reactivity of surface
intermediates and on the kinetic relevance of individual steps.
Non-petroleum resources will play a critical role in supplying the planet with energy carriers in
the future. The indirect C1 route for this conversion via methanol as a platform chemical is feedstock
agnostic and offers a high degree of flexibility in the choice of products. The methanol-to-hydrocarbons
(MTH) process, originally invented by Mobil, is unique in its ability to form carbon chains while
concurrently restricting carbon chain length based on the sub-nanometer pore size of the inorganic zeolite
catalyst. In the ‘hydrocarbon pool’ mechanism for MTH chemistry, olefin and arene intermediates,
contained within the zeolite micropores act as scaffolds for carbon-carbon bond formation. The catalytic
behavior of MTH systems is, therefore, determined not only by the structural and compositional features
of the zeolite but also by the organic co-catalyst that comprises the hydrocarbon pool. Our work to-date
has addressed (i) the marked diversity of zeolites in C1 homologation by assessing how speciation
preferences within this dual olefin and arene methylation cycles are altered depending on the zeolite
structure; and (ii) strategies to control selectivity in MTH at iso-conversion by co-processing an olefin or
aromatic feed to seed the hydrocarbon pool..

Speaker Biography
Aditya Bhan received his Bachelor of Technology (B. Tech.) in Chemical Engineering from IIT
Kanpur in 2000 and his PhD in Chemical Engineering from Purdue University in 2005. From January
2005 to August 2007, Dr. Bhan was a postdoctoral scholar at the University of California at Berkeley.
Since September 2007, Dr. Bhan has been an Assistant Professor in the Department of Chemical
Engineering and Materials Science at the University of Minnesota. Dr. Bhan leads a research group that
focuses on the structural and mechanistic characterization of inorganic molecular sieve catalysts useful in
energy conversion and petrochemical synthesis. His group at the University of Minnesota has been
recognized with the DOE Early Career Award, the NSF Career Award, the McKnight Land Grant
Professorship, and the 3M Non-tenured Faculty Award.
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Do Olefins Ru(i)n the Show in Paraffin Isomerization?
Dr. Friederike C. Jentoft

School of Chemical, Biological & Materials Engineering, University of Oklahoma
100 East Boyd Street, Norman, OK 73019-1004, USA
fcjentoft@ou.edu
Skeletal isomerization of paraffins is catalyzed by strong solid acids such as chlorided alumina,
sulfated zirconia and some zeolites, for example, H-mordenite [1]. Notwithstanding the fact that
commercial processes have existed for decades, some fundamental questions remain unresolved. For
stable operation, the solid acid catalysts are doped with a small amount of platinum (typically less than 1
wt%) and H2 is added to the feed. The combination of platinum and H2 is not only thought to limit
deactivation [2]; it has also been proposed to facilitate a reaction pathway via dehydrogenation,
isomerization of olefins and re-hydrogenation [3] and to lead to formation of additional acid sites through
the spill-over of hydrogen [4]. Most challenging is the isomerization of n-butane, which on zeolite
catalysts requires high temperatures that shift the equilibrium towards the straight-chain paraffin. This
behavior of butane, which contrasts it from the longer paraffins, is generally explained by the perception
that monomolecular isomerization is not possible with a C4-hydrocarbon, necessitating a bimolecular
pathway characterized by highly energetic transition states or intermediates.
We have investigated the isomerization of n-butane on H-mordenite and Pt/H-mordenite at
temperatures between 543 and 623 K and H2 partial pressures between 10 and 87.7 kPa (with the total
pressure being atmospheric) and have collected kinetic data as well as in situ spectroscopic data to follow
the evolution of carbonaceous deposits in parallel to catalyst performance. 13C-labeled nbutane was used
to track monomolecular and bimolecular pathways.
It will be shown that all reaction pathways of butane conversion on H-mordenite are ruled by
butenes, which were either added to the feed, formed in situ on the zeolite, or formed in situ on the
platinum. Under certain conditions and with a suitable catalyst, n-butenes may be fully in equilibrium
with n-butane, similar to reported observations with hexane [5]. Isomerization and disproportionation
show different butene partial pressure dependences, indicating different mechanisms. Butenes make
possible butane isomerization at temperatures at which usually no activity is observed [6], and
deactivation can be avoided through appropriate choice of conditions. Butenes are also precursors to
carbonaceous deposits, whose nature will be discussed and compared with that of deposits observed on
other acid catalysts.

References
1)
2)
3)
4)
5)
6)

Y. Ono, Catal. Today 81 (2003) 3.
R.A. Asuquo, G. Eder-Mirth, K. Seshan, J.A.Z. Pieterse, J.A. Lercher, J. Catal. 168 (1997) 292.
H. Liu, V. Adeeva, G.D. Lei, W.M.H. Sachtler, J. Mol. Catal. A: Chem. 100 (1995) 35.
H. Hattori, T. Shishido, Catal. Surveys Japan 1 (1997) 205.
P.B. Weisz, E.W. Swegler, Science 126 (1957) 31.
K.B. Fogash, Z. Hong, J.M. Kobe, J.A. Dumesic, Appl. Catal. A: General 172 (1998) 107.
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Do Olefins Ru(i)n the Show in Paraffin Isomerization?
Dr. Friederike C. Jentoft
Speaker Biography
Friederike C. Jentoft (née Lange) studied Chemistry in Germany, first at Eberhard-KarlsUniversität Tübingen and then at Ludwig-Maximilians-Universität München, where she obtained both her
degrees, “Diplom-Chemiker” (1990) and Dr. rer. nat. (1994). Her thesis research, which was conducted in
collaboration with Siemens AG, was supervised by Helmut Knözinger. Jentoft spent almost two years as
a postgraduate researcher in Bruce Gates’ group at the University of California in Davis, USA. In 1996,
she became research group leader in Robert Schlögl’s Department of Inorganic Chemistry at the Fritz
Haber Institute of the Max Planck Society in Berlin, Germany. In 2005, she obtained the Facultas
Docendi (Habilitation) in Physical Chemistry at Humboldt-Universität zu Berlin. In 2008, she was
appointed Associate Professor in the School of Chemical, Biological & Materials Engineering at the
University of Oklahoma in Norman, USA. In 2012, she was promoted to Professor. Jentoft received the
Award for Young Scientists (Carl Zerbe Award) of the DGMK, German Society for Petroleum and Coal
Science and Technology (1996) and a Young Scientists Prize from the International Association of
Catalysis Societies (2000). She joined the editorial team of Advances in Catalysis in 2008.
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Surface and Pore Structure Assessment of Hierarchically Structured
Micro/Mesoporous Molecular Sieves by Gas Adsorption
Matthias Thommes
Quantachrome Instrument, Boynton Beach, FL

Advanced physical adsorption characterization of the pore structure of zeolites and hierarchical
structured micro-mesoporous molecular sieves is crucial in order to optimize their use in catalytic and
adsorption applications. Within this context we will address important questions concerning the structural
analysis of novel, hierarchically structured micro-mesoporous molecular sieves (e.g. micro-mesoporous
ZSM-5 zeolite). In addition we will discuss the potential of physical adsorption (by combining argon
adsorption at 87 K with water adsorption at 298 K) for assessing important aspects of the surface
chemistry (e.g. hydrophoboicity/hydrophilicity). of micro-mesoporous zeolites.

Speaker Biography
Dr. Thommes received his Doctorate in Physical Chemistry in 1993 at the Technical University
Berlin (1992/93). From 1992- 1995 Dr. Thommes was a Research Associate at the Iwan-N.-Stranski
Institute of Physical and Theoretical Chemistry, Technical University Berlin and 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 Dr. Thommes joined Quantachrome, first as the Head of Application Department at
Quantachrome GmbH in Germany, and then in 2001 as Director of Applied Science at the Quantachrome
Headquarters in Boynton Beach, Florida, USA.
Dr. Thommes has authored/co-authored more than 90 peer-reviewed papers, reviews and
book chapters, as well as a monograph on the Characterization of Porous Solids and Powders. He has
given more than 1500 presentations, incl. invited plenary and keynote lectures at prestigious international
scientific conferences and universities all over the world. Dr. Thommes is a Visiting Professor at
University of Edinburgh, U.K, and is active as a member of a number of leading and authoritative bodies
in his field: Board of Directors of the International Adsorption Society (IAS), Council Member of the
International Mesostructured Materials Association (IMMA, 2006-2010), Member of the Advisory Board
of the journal Particle & Particle Systems Characterization, and Editorial Board Member of the Journal
Advanced Porous Materials.
Dr. Thommes is the Chairman of the new 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”. He is also Convener of the International Standard
Organization (ISO) Working Group on Surface Area and Porosity, and Chairman of ASTM C2803(Physical Properties of Ceramics).
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Pair Distribution Function methods: Applications to porous materials and
catalysis
Karena W. Chapman
X-ray Science Division, Advanced Photon Source, Argonne National Laboratory,
Argonne, Illinois, USA.
chapmank@aps.anl.gov
Understanding the structure and functional behavior of advanced functional materials, at an
atomic scale, is a longstanding characterization challenge. The pair distribution function (PDF) method
shows great promise for providing quantitative insights into these complex materials systems. Unlike
Bragg analysis which is “blind” to small nanoscale materials, amorphous systems or disorder within
crystalline systems, PDF methods provide atomic-scale structural insights with crystallographic resolution
in a diverse range of materials systems from nanoscale clusters to bulk materials, amorphous or
crystalline materials, and liquids or solids.
In the last decade, there has been a paradigm shift in X-ray PDF science. Advances in
experimental approach have reduced measurement times by many orders of magnitude from ~1 day to
fractions of a second. These innovations have enabled time-resolved experiments with sufficient
resolution to study reactions in solid materials, in-situ studies under challenging non-ambient conditions,
and combined multi-probe measurements. Thus, the PDF method is no longer a novelty technique used by
only by experts. It has become a broadly applicable materials characterization tool, capable of addressing
complex materials problems.

Speaker Biography
Karena majored in Chemistry at the University of Sydney, graduating in 2002. She completed a
PhD at the same institution in the Molecular Materials group of the School of Chemistry, working under
the supervision of Cameron Kepert on understanding the thermomechanical and gas sorption properties of
cyanide-bridged framework materials. In 2005, Karena moved to the X-ray Science Division at Argonne
National Laboratory where she was awarded the Arthur H. Compton Named Postdoctoral Fellowship.
Using the advanced synchrotron-based structural characterization tools she investigated the host-guest
interactions and piezomechanical properties of nanoporous materials including metal-organic framework
materials and zeolites. Assuming her current position as Chemist at the Advanced Photon Source at
Argonne National Laboratory in 2009, Karena is responsible for the development and operation of the
dedicated pair distribution function (PDF) beamline, 11-ID-B, the leading facility of this type worldwide.
She continues to apply PDF and other complementary methods to probe the local atomic structure and
binding of molecules at surfaces and pores for crystalline, amorphous, and nanoscale materials, alike..
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A General Method for Synthesis of Hierarchical Zeolites
Wei Fan
Department of Chemical Engineering, University of Massachusetts,
Amherst, Massachusetts, 01003, USA
wfan@ecs.umass.edu
Hierarchical zeolites with mesoporosity can enhance the catalyst performance including catalyst
lifetime, deactivation and selectivity by reducing diffusion limitation. In this study, we demonstrate that
the combination of hydrothermal synthesis method with confined synthesis method is a versatile approach
to fabricate hierarchical zeolites. Three dimensionally ordered mesoporous-imprinted (3DOm-i) zeolites
with well-controlled mesoporosity and acidity were synthesized within three dimensionally ordered
mesoporous (3DOm) carbon. It was found that the incipient wetness technique used to prepare the 3DOm
carbon can significantly affect the mesopore structure of the resulting carbon template. Combining
hydrothermal synthesis method with confined synthesis method offers a large variety of synthesis recipes
for controlling the framework, morphology and acidity of 3DOm-i zeolites. 3DOm-i ZSM-5, LTA, FAU,
BEA and LTL have been prepared by this method. The morphology of resulting 3DOm-i zeolite can be
tailored by hydrothermal synthesis conditions. Dilute initial synthesis solution favors the formation of
single crystalline 3DOm-i silicaite-1, while higher starting silica concentration results in polycrystalline
3DOm-i silicalite-1. The polycrystalline feature might benefit the disassembly of the resulting 3DOm-i
zeolites for the preparation of highly monodisperse zeolite nanocrystals. 3DOm-i ZSM-5 with tunable
acidities was also achieved by varying the Si/Al ratio in the initial synthesis solutions. The catalytic
performance of the 3DOm-i ZSM-5 was tested with the self-etherification of benzyl alcohol, a reaction
severely limited by the diffusivity of reactants and products in the micropores of zeolite catalysts. It was
revealed that the 3DOm-i structure can significantly improve the reaction rate by alleviating diffusion
limitation.

References
1. Fan, W.; Snyder, M. A.; Kumar, S.; Lee, P.-S.; Yoo, W. C.; McCormick, A. V.; Lee Penn, R.; Stein,
A.; Tsapatsis, M. Nat Mater 2008, 7, 984-991.
2. Chen, H.; Wydra, J.; Zhang, X.; Lee, P.-S.; Wang, Z.; Fan, W.; Tsapatsis, M. J. Am. Chem. Soc.
2011, 133, 12390-12393.
3. Wang, Z.; Dornath, P.; Chang, C.-C.; Chen, H; Fan, W. “Confined Synthesis of Three-Dimensionally
Ordered Mesoporous-Imprinted Zeolites with Tunable Morphology and Si/Al Ratio” Microporous
Mesoporous Mater. Submitted.

Speaker Biography
Wei Fan is an assistant professor at Department of Chemical Engineering, University of
Massachusetts Amherst. He received his PhD degree in chemical engineering at University of Tokyo,
Japan, at 2007 and studied in the Department of Chemical Engineering and Materials Science at
University of Minnesota with Prof. Michael Tsapatsis as a post-doc. He started his career at University of
Massachusetts Amherst 2010. He has more than 35 peer-reviewed publications in the field of zeolite
synthesis. His current research interest is rational synthesis of nanoporous materials for biorefinery,
separation and biomedical applications with engineering their pore structure and size, surface properties
and active sites.
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Studies of Industrial Applications of Zeolites at DuPont
David R. Corbin
DuPont Company, Central Research and Development,
Experimental Station E262/421,
Wilmington DE 19880
Zeolites are known for their versatility which allows them to be tested and potentially used in a
variety of industrial applications. This talk will span the gamut of industrial challenges ranging from
catalysis to ceramics and selective adsorption to flame retardancy in which zeolites provided potential
solutions. The main focus of the presentation will be on two specific applications: the design of new
catalysts for the selective synthesis of dimethylamine and the selective adsorption of isoflavones and
oligosaccharides from soy whey.

Speaker’s Biography
Dave Corbin received his BS in Chemistry from SUNY at Fredonia and PhD in Inorganic
Chemistry from University of Illinois at Urbana-Champaign working under Professor Galen Stucky. He
worked at The Standard Oil Company (Ohio) in Cleveland, Ohio, from 1980 to 1981. In late 1981 he
moved to DuPont Central Research and Development in Wilmington, Delaware and over the past three
decades has applied inorganic chemistry to such fields as catalysis, separations, hydrometallurgy,
ceramics, and metal fluorides with particular focus on zeolites and molecular sieve chemistry.
His work has appeared in more than 125 publications and 53 US Patents. He has coedited two books and is on the Editorial Board of Microporous and Mesoporous Materials. Recently,
Dave was awarded the Pedersen Medal by the DuPont Company. This award is named in honor of
DuPont chemist and Nobel Laureate, Charles J. Pedersen, and is awarded annually to scientists selected
from the thousands of scientists worldwide who work for DuPont in recognition of significant technical
achievements that reflect scientific excellence and outstanding contributions to DuPont.
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Templated Growth of Three-Dimensionally Ordered Mesoporous (3DOm) Zirconia
Materials as Tunable Catalysts for Biomass Conversion
Daniel G. Gregory, Mark A. Snyder1,*
Department of Chemical Engineering, Lehigh University, 111 Research Drive, Bethlehem, PA, 18015

Biomass offers a renewable carbon source that could be utilized as a raw material in the chemicals industry.
A potential route for the conversion of biomass feedstock’s into industrial chemicals is through the catalytic
conversion of biomass sugars (glucose) to furan based compounds through an aqueous reforming process. However,
to accommodate the transport of these bulky sugars within the catalytic framework, a new breed of hydrothermally
stable catalysts is required with either: a three dimensionally ordered mesoporous (3DOm) or a hierarchical micromesoporous pore topology. Zirconia offers a candidate catalytic material due to its hydrothermal stability and
surface properties. Additionally, recent synthetic techniques offer the ability to produce monodispersed silica
particles, which form a pore size-tunable colloidal crystal template when dried.[1] This work examines the use of solgel based zirconia precursors to prepare 3DOm zirconia through a hard templating technique. Dynamic light
scattering was used to select a zirconia precursor solution (zirconyl chloride octahydrate) for the infiltration of the
pre-formed mesoporous silica templates. The solutions were successfully templated, resulting in monoclinic and
tetragonal 3DOm zirconia upon removal of the silica template. Crystallinity was characterized with X-Ray
diffraction and Raman spectroscopy; while, nitrogen adsorption provided insight into pore size tunability and
resistance to collapse. Transmission electron microscopy was used to assess structural integrity and development at
various stages during calcination. Results suggest that the zirconia polymorphism is tunable by controlling the
degree of template-induced confinement during nucleation, crystallization, and higher-temperature processing of the
zirconia materials. Specifically, apparent stabilization of the tetragonal phase of zirconia (i.e., resistance of
tetragonal-to-monoclinic transformation) is achievable on the basis of confinement rather than through doping or the
incorporation of additives.

References
[1] W. Fan; M. A. Snyder; M. Tsapatsis, Nat. Mater., Vol 7 (2008) page 984.

Low Packing Fraction Crystalline Cavitands Exhibiting Molecule-Sized Cavities
Christopher M. Kane,1 Arash Banisafar1, Timothy P. Dougherty1, Leonard J. Barbour2, K.
Travis Holman1,*
1
2

Department of Chemistry, Georgetown University 37th and O Sts. NW, Washington, D.C., 20057
Department of Chemistry, Stellenbosch University, Private Bag X1, Matieland, 7602, South Africa

The development of new materials for application in gas storage 1, separations2 and sensing3 has garnered
much interest as the power of synthetic organic chemistry has afforded chemists the opportunity to widely optimize
the functionality of these materials. Typically, porous materials 4 have been utilized for such roles, including
coordination polymers or MOFs, COFs, PIMs, and porous organic cages.
[Ultra]microcavity materials – calixarenes, cryptophanes, cucurbiturils, etc., are not
formally defined as being porous, however possess molecule-sized void spaces and
should therefore afford the ability to optimize sorption/inclusion selectivity much like
ultramicroporous materials.5 It is anticipated then that this subclass of compounds may
have intriguing properties towards materials that exhibit porosity “without pores”6 or
display extreme confinement of gaseous species purely by van der Waal forces7.
Scheme 1. Schematic
Cavitands are ‘molecular vessels’ that have been widely investigated since Cram’s
representation and
seminal paper in 19828 and are amenable to structural fine-tuning by appending a
derived nomenclature
variety of functional groups onto the ‘rim’ (R), ‘feet’ (R’) and ‘bridge’ (Y) of the bowlof cavitand materials.
like moiety (R,R’,Y; Scheme 1). Due to their concave nature, members of this family
will be incapable of forming close-packed structures in their pure crystalline state, thus
it should be possible to exploit the voids of these materials for various purposes.
The cavitand Me,H,SiMe2 has shown a
remarkable ability to bind a wide variety of gases. To
probe structural factors at play with respect to
enclathration selectivity, x-ray crystal structures of
numerous isostructural xguest@Me,H,SiMe2 (x ≤ 1)
were obtained under ambient conditions or high
pressures for more volatile guests (Figure 1).
Thermogravimetric analysis (TGA) studies illustrate
the cup’s ability to confine certain gases up to 300 °C
above their normal boiling points (Ar, Kr, Xe, CH3F).
Single crystals of clathrates containing Kr, CH3F as
well as the hydrate of Me,H,SiMe2 have illustrated the
ability to be emptied using high temperature in a single
Figure 2. Thermal ellipsoid plots (50%) of select
crystal fashion without loss of crystal integrity. The
Me,H,SiMe2 inclusion compounds
sorption of water by Me,H,SiMe2 in a single crystal
(SC) fashion has also been performed (k = 1.4 x 10-4 hr-1), a. parameter rarely determined purely by single crystal xray diffraction (SCXRD). Other cavitand structures possessing microcavities will also be presented.
References
[1] Lin, X.; Champness, N. R.; Schroder, M. Top. Curr. Chem. 2010, 293, 35.
[2] Li, J.-R.; Ma, Y.; McCarthy, M. C.; Sculley, J.; Yu, J.; Jeong, H.-K.; Balbuena, P. B.; Zhou, H.-C. Coord.
Chem. Rev. 2011, 255, 1791.
[3] Yanai, N.; Kitayama, K.; Hijikata, Y.; Sato, H.; Matsuda, R.; Kubota, Y.; Takata, M.; Mizuno, M.; Uemura, T.;
Kitagawa, S. Nat. Mater. 2011, 10, 787.
[4] Rouquerol, J.; Avnir, D.; Fairbridge, C. W.; Everett, D. H.; Haynes, J. H.; Pernicone, N.; Ramday, J. D. F.; Sing,
K. S. W.; Unger, K. K. Pure & Appl. Chem. 2004, 66, 1739.
[5] Lin, Z.; Zou, R.; Liang, J.; Xia, W.; Xia, D.; Wang, Y.; Lin, J.; Hu, T.; Chen, Q.; Wang, X.; Zhao, Y.; Burrell,
A. K. J. Mater. Chem. 2012, 22, 7813.
[6] Barbour, L. J. Chem. Commun. 2006, 1163.
[7] Atwood, J. L.; Barbour, L. J.; Jerga, A. Science 2002, 296, 2367.
[8] Moran, J. R.; Karbach, S.; Cram, D. J. J. Am. Chem. Soc. 1982, 104, 5826.

Supercapacitive Swing Adsorption
Berenika Kokoszka, Cong, Liu, Kai Landskron
Department of Chemistry, Lehigh University, 6 East Packer Avenue, Bethlehem, PA 18015, USA
Carbon capture is essential for reduction of carbon dioxide (CO 2) pollution from flue gas which is emitted
during fossil fuel combustion. The flue gas is mainly composed of 15% CO2 and 85% N2 and it requires high
selectivity for gas purification. Some methods have been developed for carbon capture like Pressure Swing
Adsorption (PSA) or Temperature Swing Adsorption (TSA). Unfortunately, these techniques use a lot of energy
during desorption step what reduces power generation efficiency1-3. An ideally effective carbon capture technique
needs to promote CO2 adsorption and desorption at the proper times during the separation cycles, without incurring
a large parasitic energy load. Herein, we present a new gas adsorption technique, Supercapacitive Swing Adsorption
(SSA), which can reduce the energy load by an applied electric field to drive the adsorption of CO 2 by switching
electric bias on and off. All thermodynamics between adsorbent and adsorbate interactions are constantly modified
with external electric field. We show that reversible adsorption/desorption of CO 2 from 15% CO2 and 85% N2 gas
mixture can be achieved by capacitive charge and discharge of electrically conducting high surface area porous
carbon materials in aqueous sodium chloride electrolyte. The amount of adsorbed CO 2 scales proportionally with the
mass of the sorbent, which is inexpensive, robust and environmentally friendly.

References
[1] Giraudet, S.; Pre, P.; Le Cloirec, P. Modeling the Heat and Mass Transfers in Temperature-Swing Adsorption of
Volatile Organic Compounds onto Activated Carbons. Environ. Sci. Technol. 43 (2009) 1173-1179
[2] Sharma, P. K.; Wankat, P. C. Solvent Recovery by Steamless Temperature Swing Carbon Adsorption Processes.
Ind Eng Chem Res 49 (2010) 11602-11613
[3] Tokuyama, H.; Ishihara, N. Temperature-swing adsorption of precious metal ions onto poly(2(dimethylamino)ethyl methacrylate) gel. Reactive & Functional Polymers 70 (2010) 610-615

Hierarchically Structured Porous Materials towards High Performance
Molecular Separations and Reaction-Separation Technologies
Shih-Chieh Kung, Mark A Snyder*
Department of Chemical Engineering, Lehigh University, 111 Research Drive, Bethlehem, PA 18015
The ability to rationally design and synthesize porous inorganic particles and thin membranes with
hierarchically ordered micro- and/or mesoporosity, controlled morphology, and tunable pore topology
stands to impact selectivity and efficiency in catalytic, adsorption, membrane-based separations, and
reaction-separations applications. Motivated by applications requiring control over transport and
reaction of small to bulky molecules, this poster highlights efforts to identify assembly and templating
strategies capable of achieving materials spanning these scales. A facile nanotemplating approach is
developed and employed to realize these materials, and involves the synthesis and assembly of
size-tunable silica nanoparticles into ordered colloidal crystal structures as hard, sacrificial templates
for both direct and indirect porous replica formation. We develop various stages of materials assembly
emanating from controlled synthesis of primary inorganic nanoparticle building units with nanometer
resolution1-2, and encompassing their multi-modal (i.e., size, function) assembly into hierarchically
ordered porous structures3-6 and templating of higher-order porous materials7. Specific applications to
be highlighted in this poster include the scaffolded growth of ultra-thin microporous zeolite membranes,
as well as zeolite-inspired, template- and surfactant-free mesoporous materials with tunable
three-dimensionally interconnected mesoporosity and pore topology, including multimodal silicas,
metal-functionalized mesoporous silica substrates, and multi-modal porous carbons.

References
[1] T. M. Davis, M. A. Snyder, J. E. Krohn, M. Tsapatsis, Chem. Mater., 18 (2006) 5814
[2] T. Yokoi, Y. Sakamoto, O. Terasaki, Y. Kubota, T. Okubo, T. Tatsumi, J. Am. Chem. Soc., 128
(2006) 13664
[3] P. Kumnorkaew, Y. K. Ee; N. Tansu, J. F. Gilchrist, Langmuir, 24 (2008) 12150
[4] P. Kumnorkaew, J. F. Gilchrist, Langmuir, 25 (2009) 6070
[5]
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Assembly and scaffolding strategies for realizing ultra-thin inorganic films with tunable
porosity
Zheng Tian, Mark A. Snyder*
Department of Chemical Engineering, Lehigh University, 111 Research Drive, Iacocca Hall, Bethlehem, PA 18015

Ultra-thin ordered mesoporous and mesopore-supported microporous inorganic films on the order of tens of
nanometers in thickness bearing ordered pore topology hold exciting technological implications spanning, among
others, membrane separations, devices for integrated reaction-separations, and chemical sensing. Yet control over
film thickness and quality (i.e., minimizing defects like cracks and grain boundaries) has been a persistent challenge
in the fabrication of inorganic films supported on porous and non-porous substrates. This poster will highlight two
hierarchical synthesis strategies in which near-monolayer to multilayer colloidal crystal films composed of sizetunable silica nanoparticles (ca. 5-50 nm in size) are used to template replica films through interstice infiltration by a
wide range of carbon sources (e.g., furfural, phenol resin, vinyl alcohol, sucrose). In a first proof-of-concept, preassembled colloidal crystal films are employed as a robust framework for liquid and/or vapor-phase infiltration,
polymerization and pyrolysis of various carbon sources without pore contraction and/or collapse upon template
sacrifice. An alternative approach employs careful control over silica particles in sols containing monomeric and
oligomeric carbon precursors such that co-assembly of colloidal template particles and replica material into ordered
thin films can be achieved in a single step. The wide range of carbon sources accommodated by this templating
strategy can be employed as a handle for tuning final film properties including microporosity, mechanical stability,
and graphitic composition, among others. It also underscores the versatility of this approach, and the extension to
other classes of materials such as ordered porous metal oxide films (e.g., ZrO2) will be presented. The size
tunability of the primary silica particles and ability to control the thickness of multi-layer colloidal crystal film
templates translates into respective control over the resulting mesopore structure and film thickness scalability. The
result is robust, flexible mesoporous or mesopore-supported microporous films that can be transferred by stamp
techniques to various substrates (i.e. porous stainless steel support, FTO glass, conductive polymer sheets) for
potential applications as high-sensitivity, high flux membranes and promising counter-electrodes for dye-sensitized
solar cells.

Theoretical modeling of the conversion of furan to benzofuran during the catalytic fast
pyrolysis of cellulose
S. Vaitheeswaran and Scott M. Auerbach
Department of Chemistry and Department of Chemical Engineering,
University of Massachusetts, Amherst, MA, 01002
Catalytic fast pyrolysis (CFP) is a promising route to the production of renewable biofuels from cellulosic
biomass. Understanding the fundamental zeolite-catalyzed chemistry is crucial in optimizing the process and
making it commercially viable. Motivated by this need, we have studied the pathways by which furan is converted
into benzofuran in HZSM-5. Furan is one of the products of CFP and is often used as a model feedstock in lieu of
cellulose, while benzofuran is recognized as an intermediate on the pathway to desired aromatic compounds like
benzene, toluene and xylene. Using embedded cluster models of zeolites and QM/MM calculations with the
ONIOM methodology, we explore several gas-phase and zeolite-catalyzed pathways to identify the role of the
zeolite catalyst in these pathways. Our results strongly indicate that Diels-Alder cycloaddition between two furan
molecules is unlikely to lead to the formation of benzofuran inside the zeolite. Instead, the route to benzofuran is
initiated by the protonation and subsequent ring opening of one furan molecule. In addition, we locate transition
states for selected steps in the pathway using the climbing image nudged elastic band (CI-NEB) method. Our
calculations show that furan can be stably protonated at the oxygen atom in the gas-phase. However, in HZSM-5,
this particular protonated species is a transition state, not a stable intermediate. In the protonation of the C2 carbon
atom in furan, the zeolite structure is seen to undergo significant structural relaxation in going from the reactant to
the transition state to the product.

Mesoporous Aluminosilica with Crystalline Channel Walls
Manik Mandal,1 Yingwei Fei,2 and Kai Landskron1
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Mesoporos aluminosilica with crystalline channel walls was synthesized by high pressure and high
temperature treatment of a mesoporous aluminosilica/carbon nanocomposite material. The mesoporous
aluminosilica was synthesized through soft-assembly of commercially available Pluronic P123 block
copolymers as template and aluminosilica precursor followed by calcination under air. It was observed that
at a pressure of 4 GPa and temperature of 750 oC for 6 hr, the aluminosilica/carbon nanocomposite was
transformed into crystalline phase. The crystalline phase was quartz as seen from XRD analysis. Upon
removal of carbon phase by oxidation, the obtained material was mesoporous as confirmed by nitrogen
adsorption technique. The mesoporosity was also confirmed by transmission electron microscopy. Further
optimization of the synthesis conditions showed that the crystallization could be achieved at a pressure of 2
GPa and somewhat lower temperature. The synthesized material has potential to meet the conditions
required for cracking hydrocarbons at high temperature.

Adsorption-Induced Deformation of Mesoporous Solids
Gennady Gor,1 Alexander V. Neimark2
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Department of Chemical and Biochemical Engineering, Rutgers University, Piscataway, NJ, 08854

When a fluid gets adsorbed by a porous solid, the solid deforms. The character of deformation maybe
different: some materials swell, some contract. The magnitude of deformation also varies: for zeolites, activated
carbons and mesoporous molecular sieves (MMS) the relative change of a sample volume ΔV/V is small (~0.1%).
For aerogels and metal-organic frameworks ΔV/V could reach up to 30%. Understanding of mechanisms of this
phenomenon is crucial for enhanced coalbed methane recovery by CO2 injection1; it also offers methods for
measuring elastic properties of porous materials2,3. While adsorption-induced deformation has recently attracted
much attention of experimentalists4-6, a number of works giving quantitative interpretation of experimental data is
very limited.
In the current work we focus on deformation of mesoporous materials. Experimental measurements of
deformation for such systems have been known for decades 7, but the theory was lacking. Invention of MMS made a
revolution in adsorption science and also stimulated the progress in developing adsorption-induced deformation
theories. MMS offer unique opportunities for theory verification, thanks to their well-defined pore morphology and
narrow pore-size distribution. Using in situ small angle X-ray scattering (SAXS) one can measure how MMS lattice
parameter changes during adsorption, and, therefore, obtain a strain isotherm – expansion of a pore as a function of
adsorbate pressure.
The force which causes the deformation is so-called solvation pressure – the pressure which is exerted on the
pore wall by adsorbed fluid. The solvation pressure can be obtained from the grand potential of the pore with
adsorbed fluid. We calculate the grand potential based on two different adsorption theories: macroscopic DerjaguinBroekhoff-deBoer (DBDB) approach8 and microscopic Quenched Solid Density Functional Theory approach9.
Macroscopic approach reveals two different physical mechanisms causing non-monotonic strain isotherms:
Bangham effect – effective lowering of the surface free energy; and deformation by Laplace pressure at the curved
liquid-vapor interface. We found that the predictions of two approaches perfectly agree for mesopores > 8 nm. We
demonstrated also that the theoretical predictions are in good agreement with SAXS experimental data for water
adsorption in SBA-15 silica5 (Figure 1). The details of the method could be found in Refs 10 and 11.

Figure 1: Deformation induced by water adsorption on SBA-15
silica at 293 K. Experimental strain isotherm (points) is derived
from SAXS data. Theoretical predictions (line) are calculated using
the macroscopic theory based on DBDB approach. Figure is adapted
from Ref. 10.
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Mesoporous Spinel Oxides as Efficient Oxygen Evolution Catalysts
a

Jonathan Rosena and Feng Jiaoa
Department of Chemical and Biomolecular Engineering, University of Delaware, 150 Academy
Street, Newark DE, 19716

Promising alternative energy systems such as photosynthetic water splitting and carbon dioxide conversion
to liquid fuels both require the use of efficient water oxidation catalysts (WOC)’s. Currently, one of the major
limitations preventing the practical development of these systems is the expense of rare earth metal WOC’s such as
𝐼𝑟𝑂2 . Relatively inexpensive, first row transition metal oxide WOC’s have shown promise as a possible alternative
to noble metal catalysts. Of the most active of these materials, is the spinel 𝐶𝑜3 𝑂4 .[1] We have recently shown that
nanostructured cobalt oxide catalysts supported in mesoporous silica have been able to oxidize water with efficient
turnover rates and costs approaching practical use.[2] Of particular interest to current research is how the structure
of the cobalt oxide spinel correlates to its impressive activity. Understanding the importance of the spinel may lead
to the rational development of better transition metal based catalysts.
Plants or more specifically the complex photosystem two, which is responsible for the oxidation of water in
plants, has been studied as a source of inspiration in the development of inexpensive WOCs. Past research has
shown that a manganese oxide cubane core found in photosystem two is the active site for water oxidation.[3] This
cubane core found in plants closely resembles cobalt octahedral sites found in the spinel 𝐶𝑜3 𝑂4 . Additionally, the
spinel structure contains tetrahedral sites, which may affect the activity the catalyst by changing the electronic or
structural properties of the spinel material.
Our research has focused on understanding the importance of both sites on WOC activity by replacing
some of the cobalt with other transition and alkaline earth metals. Recently, we have successfully synthesized,
characterized, and photocatalytically tested several mesoporous metal-substituted cobalt oxide spinel materials in
near neutral conditions. Our results indicate in substitution of different metals into the spinel structure can strongly
affect the activity, stability, and structure of these catalysts.
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“Template-induced Structuring and Tunable Polymorphism of
Three-dimensionally Ordered Mesoporous (3DOm) Titania Materials”
Qianying Guo and Prof. Mark A. Snyder
Department of Chemical Engineering, Lehigh University
The hydrothermal instability of conventional catalyst supports, therefore, demands the development of
next generation materials for high-selectivity catalytic conversions in the biofinery (e.g.,
dehydration/oxidation chemistries, isomerizations). Specifically, hydrothermally stable heterogeneous
catalysts bearing three-dimensionally ordered mesoporous (3DOm) and hierarchical (i.e., macro-mesomicroporous) pore structures are sought in order to accommodate diffusion of bulky sugar molecules,
polysaccharides, and their derivatives. The enhanced hydrothermal stability and reducible structure of
titania establishes its promise as a robust substrate for liquid phase biofuel catalysis. A sacrificial
nanotemplating strategy involving the infiltration of colloidal crystals composed of size-tunable (ca. 10 nm
and larger) silica nanoparticles with titania precursor solutions followed by confined hydrolysis therein
enables the fabrication of three-dimensionally ordered mesoporous (3DOm) titania structures with
controlled pore body size in the range of nanometers to tens of nanometers. The hard silica template
enables calcination-induced improvement in titania crystallinity, with the templated pores robust to collapse
upon template removal. This approach results in 3DOm titania materials with attractive textural properties,
including surface areas (ca. 289 m2/g) and pore volumes that are up to four times and more than an order of
magnitude larger, respectively, then commercially available titania. Fundamental insight into titania
polymorphism (i.e., rutile, anatase, or fraction thereof) has been elucidated as it relates to its sensitivity to
the degree of titania confinement imparted by the template as well as the template surface chemistry.
Specifically, increasing confinement helps to stabilize the active anatase polymorph, while tuning the
density and type of surface silanol groups on the template enables fine control over fractional
polymorphism, the latter having potential implications on inherent reactivity. Functionalization of these
materials with inorganic (Pt) moieties has been studied for the purpose of creating multifunctional
dehydration-oxidation catalysts for processing of sugars. Template transfer techniques are under
investigation as a means for realizing uniformly distributed functionality and possible partial embedment
within the 3DOm titania structures for enhancing catalyst stability.

Synthesis, Structures and Photoluminescence Properties of a Series of
Alkaline Earth Metal-Based Coordination Networks Synthesized Using
Thiophene-Based Linkers
Xianyin Chen,1 Anna M. Plonka,2 Debasis Banerjee,*,1 and John B. Parise*,1,2
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Three alkaline earth metal (Ca, Sr) based coordination networks were synthesized using
2,5-thiophenedicarboxylic acid (TDC) under solvothermal conditions and characterized by single crystal
X-ray diffraction, thermal and photoluminescence methods. Two different solvents, namely DMF and
ethanol, were used to synthesize the networks, while keeping the synthesis temperature constant. The
photoluminescence measurements reveal strong correlations between luminescence properties, the crystal
packing and coordinated solvent molecules.

Synthesis of Transition Metal Phosphate Frameworks
Bryan T. Yonemoto,1 F. Jiao1,*
1

Department of Chemical & Biomolecular Engineering and Center for Catalytic Science and Technology,
University of Delaware, 150 Academy St., Newark, 19716

Transition metal phosphates made from Fe, Mn and Co are of interest because they possess unique catalytic
and electrochemical properties compared to metal oxides. To date, very few framework structures based upon these
metals have been successfully synthesized using traditional hydrothermal or solvothermal syntheses. In this
presentation we will discuss our results using ionothermal synthesis to make transition metal phosphates. 1 Using the
deep-eutectic solvent of choline chloride and N,N’-dimethylurea we have made 4 pure cobalt phosphate phases:
DEL-1 (novel), DEL-2 (novel), CoPO4-ABW and CoPO4-HEX. While investigating these materials we were able to
study how temperature, reaction time, and molecular amounts of water determine the recovered cobalt phosphate
phase. By slightly changing the deep-eutectic solvent to choline chloride and 2-imidizolidone we were able to
synthesize isostructural Co, Mn, and Fe phosphates with a DFT framework structure.
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High pressure cracking of n-hexane over H-ZSM-5
Jing Luo, Raymond J. Gorte*
Department of Chemical and Biomolecular Engineering, University of Pennsylvania,
Philadelphia, PA 19104 USA
The cracking of n-hexane over H-ZSM-5 has been studied at pressures from 0.03 to 137 bar, between 558 and
633 K, for application to endothermic reforming. The rates showed the effects of saturated adsorption for n-hexane
in the zeolite, with the reaction being first-order at low pressures and zeroth-order at high pressures. The activation
energy also changed with increasing pressure by an amount equal to the heat of adsorption of n-hexane in ZSM-5,
going from 170 kJ/mol to 90 kJ/mol. The selectivity for C-7+ products varied only with temperature and conversion.

Metal-Organometallic Frameworks Incorporating Metallocyclopentadienyl Moieties
Amanda N. Ley,1 Timothy G. Reynolds1, Sayon A. Kumalah Robinson1, Robert M.
Fairchild1, K. Travis Holman,*
1

Department of Chemistry, Georgetown University, 37th and O Sts NW, Washington, DC, 20057

Metal-organic frameworks (MOFs), or porous coordination polymers (PCPs), are a rapidly growing class of
porous materials with potential for various applications, including gas storage, separation, and catalysis. The rigidity
and tunability of MOFs allows for modification of the framework and consequently the functionality of the pores in
the material, particularly via choice of ligand. We have developed a series of new facially-metallated aryl
carboxylate ligands incorporating precatalytic metallocyclopentadienyl moieties. Using these ligands, we anticipate
the ability to photolytically activate catalytic [CpM] n+ species inside the parent framework. We have demonstrated
that such ƞ6-metallated carboxylic acid ligands sustain the porosity of a framework, and can result in materials with
large pore volumes.1 Several of these ligands have been reticulated into known MOF architectures (e.g. MIL-type,
UIO-type), resulting in isostructural metal-organometallic frameworks (MOMFs) with the ultimate goal of postsynthetic activation for heterogeneous catalysis.
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An Adamantane-Based 3D Covalent Organic Framework as HF-Resistant Ultra-Low
Dielectric Constant Material
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The continuing downscaling of microprocessor features demands the timely development of ultra-low
dielectric constant (ultra-low-k) materials to reduce resistive-capacitive (RC) delay, lower power dissipation, and
alleviate interline crosstalk.1,2 Known approaches to reduce the k value of a material include incorporation of
porosity and use of light constituent atoms. Here we show for the first time that covalent organic frameworks
(COFs)3,4 are a promising new class of porous crystalline ultra-low-k materials with higher porosity and lighter
constituent atoms than zeolites. A simple design strategy herein is employed for a 3-D porous COF with ctn net,
denoted as ACOF-1, based on an adamantane derivative, 1,3,5,7-tetrakis(4-(dihydroxy)borylphenyl)adamantane
(TBPA). This new class of highly porous materials are shown to have ultra-low-k value (1.91-1.24) by both
experiment and calculation. To the best of our knowledge, the k value of 1.82 at 1 MHz represents one of the lowest
k in all of low-k materials reported. Specifically, the ulta-low-k value has already met the target after the next decade
proposed by the National Technology Roadmap for Semiconductors (NTRS) in 2010 (k = 1.7-2.0, 2024). ACOF-1
also has excellent HF resistance, and it remained unchanged in terms of weight, color, and morphology in HF
solution for at least 24 hrs, which suggests that ACOF-1 is superior to silica based low-k materials in terms of HFresistance. Nanoindentation results show a elastic modulus of 7.0 GPa. These results combined suggest that porous
COFs are a promising new class of low-k materials.
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