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I, MICHAEL WARD, hereby declare the following: 

I. INTRODUCTION 

1. I have been retained on behalf of The Regents of the University of 

Michigan and The University of South Florida Board of Trustees (“Patent Owners”), 

in an inter partes review before the Patent Trial and Appeal Board (“PTAB” or 

“Board”) of U.S. Patent No. 10,633,344 (“the ‘344 patent”) (Ex. 1001) – IPR2023-

01346.  Counsel has asked me to offer technical opinions related to the ’344 patent 

relating to its subject matter.  

2. I have no financial interest in the parties or in the outcome of this 

proceeding.  I am being compensated for my work as an expert on an hourly basis.  

My compensation is not dependent on the outcome of these proceedings or the 

content of my opinions.  

II. QUALIFICATIONS AND BACKGROUND 

3. My education and experience are described more fully in my 

curriculum vitae, attached as Appendix A.  For ease of reference, I have highlighted 

certain information below. 

4. I received my B.A. in Chemistry from William Paterson College of 

New Jersey in 1977. I received my Ph.D. in Chemistry from Princeton University in 

1981 under the advisement of Professor Jeffrey Schwartz.  
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5. I was the Robert A. Welch Postdoctoral Fellow at the University of 

Texas at Austin in 1981 under Professor Allen J. Bard.  

6. From 1984 to 1990, I was a Research Scientist in the Central Research 

and Development Department at E.I. duPont de Nemours and Co., Inc. In that role, 

I performed research in sensor technologies and design and crystallization of organic 

electronic and optoelectronic materials.  

7. I then became an Associate Professor in the Department of Chemical 

Engineering and Materials Science (1990-93) and Graduate Faculty Member in the 

Department of Chemistry (1990 – 2006) at the University of Minnesota.  In those 

roles, I led a research group focused on sensor technologies, design and 

crystallization of organic materials, including hydrogen-bonded organic 

frameworks, and pathological biomineralization, polymorphism, including the 

design of molecular therapeutics for crystal growth inhibition related to the 

prevention of kidney stone disease.  A complete listing of the courses I taught during 

my tenure at the University of Minnesota is provided in my curriculum vitae attached 

hereto as Appendix A.  

8. I also served as the Co-Director (1998-99) and Director (1999-2005) of 

the University of Minnesota NSF Materials Research Science and Engineering 

Center, where I managed a broad portfolio of research activities in a variety of 
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materials science and engineering topics involving over twenty faculty and fifty 

graduate students.  

9. I also served as Director of the NYU Materials Research Science and 

Engineering Center from 2008-2017 where I continued my research efforts related 

to sensor technologies, design and crystallization of organic materials, including 

hydrogen bonded organic frameworks, polymorphism, and pathological 

biomineralization, including the design of molecular therapeutics for crystal growth 

inhibition related to the prevention of kidney stone disease.  

10. I was also the Chair of the NYU Department of Chemistry where my 

role was to oversee operations of the department, including the expansion of faculty 

and research infrastructure.  

11. In 2006 I founded the Molecular Design Institute at New York 

University. Between 2006 and 2024, I served as the Director of the Molecular Design 

Institute at New York University.  In that role, I managed the operations of an 

institute dedicated to the design of organic materials based on molecular 

components.   

12. I also have been a Professor in the Department of Chemistry at New 

York University since 2006. During my tenure, I created a course named Science 

and Materials, which covered topics relevant to the ’344 patent, including 

polymorphism, crystal growth, and X-ray diffraction.  A complete listing of the 
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courses I taught at New York University is provided in my curriculum vitae attached 

hereto as Appendix A. 

13. For the past 43 years, I have specialized in a broad range of topics, 

including, but not limited to, organic solid-state chemistry, electrochemistry, 

sensors, crystal growth and polymorphism, including pathological biomineralization 

and the design of therapies for kidney stones.  

14. Over the course of my career, I have worked, supervised, and consulted 

for formulation chemists and chemical engineers, and gained not only experience 

and expertise as to the technical field germane to the ’344 patent, but also as to the 

knowledge and abilities of persons working in that technical field.  My research and 

work experience has resulted in 285 publications, fifteen patents, and 289 invited 

speaking engagements.  

15. I am a fellow of several professional societies relevant to the subject 

matter of the ’344 patent, such as the American Chemical Society, the American 

Association for the Advancement of Science, the Materials Research Society, and 

European Academy of Sciences.  I also have been a member of the Advisory Council 

of the International Conference on the Chemistry of the Organic Solid State since 

1998 and was the co-organizer for the same in 2019. I have served as a member of 

the Editorial Advisory Boards for Crystal Engineering (2000-2010), Chemistry of 
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Materials (1995-1999), and Supramolecular Science (1995-1998), and as an 

Associate Editor of Chemistry of Materials (1999-2021).   

III. LEGAL STANDARD 

16. I understand from counsel that the best indicator of claim meaning is 

its usage in the context of the patent specification as understood by one of ordinary 

skill.  I further understand that the words of the claims should be given their plain 

meaning unless that meaning is inconsistent with the patent specification or the 

patent’s history of examination before the Patent Office.   

17. I further understand from counsel that the words of the claims should 

be interpreted as they would have been interpreted by person of ordinary skill in the 

art (POSA) at the time the invention was made (not today).  I have used the claimed 

priority dates of the ’344 patent – 2002/2003 – as the points in time for claim 

interpretation purposes (the “Critical Date”). 

18. I understand from Counsel that a patent specification must describe the 

claimed invention well enough for a POSA to understand that the applicant 

possessed the claimed invention at the time of the application but need not describe 

the claim limitations exactly.  This is called the written description requirement.  I 

further understand that the required level of detail for that description depends on 

the nature and scope of the claims, the existing knowledge in the relevant field, the 

extent and content of the prior art, and the maturity and predictability of the 
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technology.  I understand from Counsel that because written description is viewed 

from the POSA’s perspective, in some instances, an applicant can rely on well-

known concepts in the art to meet the written description requirement, and that the 

PTO has advised applicants against including detailed descriptions of well-known 

principles in the specification if such a description would be unnecessary for a POSA 

to understand and use the invention.   

19. I understand from Counsel that if the specification describes a 

representative number of species that fall within the scope of or structural features 

common to the members of a genus such that a POSA could understand the members 

of that genus, the written description requirement is satisfied.  

20. My understanding from Counsel is that a patent specification must be 

enabled – i.e., must sufficiently describe the manner and process of making and/or 

using the claimed invention so that a POSA, reading the specification, could make 

or use the invention without undue experimentation.  I understand from Counsel that 

determining whether undue experimentation is needed requires consideration of the 

following factors: (1) the quantity of experimentation necessary; (2) the amount of 

direction or guidance presented in the specification; (3) the presence or absence of 

working examples in the specification; (4) the nature of the invention; (5) the state 

of the prior art; (6) the relative skill of those in the art; (7) the 

predictability/unpredictability of the art; and (8) the breadth of the claims.  I 
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understand from Counsel that this analysis is done on a claim-by-claim basis, and 

that the patent challenger bears the burden of showing by clear and convincing 

evidence that a claim is invalid for lack of enablement. 

21. My understanding from Counsel is that, in an inter partes review, the 

petitioner bears the burden of proving that it is more likely than not that the patent 

is unpatentable.   

IV. PERSON OF ORDINARY SKILL IN THE ART 

22. Counsel asked me to provide my opinions through the lens of one of 

ordinary skill in the art (“POSA”) related to the ’344 patent at the time of the earliest 

possible priority date of the ’344 patent.  I understand from Counsel that the ’344 

patent claims priority to U.S. Provisional Application No. 60/360,768 (“the ’768 

application”) which was filed March 1, 2002, and the U.S. Application No. 

10/378,956 (“the ’956 parent application”) which was filed March 3, 2003.  Thus, I 

understand from Counsel the relevant time frame for a POSA would be March 1, 

2002, and March 3, 2003, which, like Dr. Rogers, I have abbreviated as 

“2002/2003.”  I have used the 2002/2003 date in my analysis herein. 

23. In his declaration, Dr. Rogers states the following when describing the 

high level of skill a POSA would require as of 2002/2003: 

a POSA as of 2002/2003 . . . would Ph.D. in chemistry or a related field with 
at least two years of experience in solid state chemistry, including experience 
preparing multiple-component crystalline solids and evaluating their single 
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crystal structures, and the POSA would consult with others having ordinary 
experience in other disciplines, such as formulation of pharmaceutical 
compositions comprising such multiple-component crystalline solids.  
Alternatively, a POSA as of 2002/2003 . . . would have had a Ph.D. in 
chemistry, pharmacy, or a related field with at least two years of experience 
in formulation of pharmaceutical compositions, and the POSA would consult 
with others having ordinary experience in other disciplines, such as solid-state 
chemistry, including experience preparing multiple-component crystalline 
solids and evaluating their single crystal structures. Alternatively, a POSA 
could have had a Master’s degree in one of the above disciplines plus 
relatively more experience.  

Ex. 1002 (Rogers Decl.) ¶19.  

 
24. I do not disagree with Dr. Rogers’s description of the level of skill a 

POSA would hold as of 2002/2003 and have therefore adopted it when formulating 

my opinions in this declaration. 

25. As of 2002/2003, I had the education, knowledge, and experience under 

Dr. Rogers’s definition of a POSA.  

V. MATERIALS CONSIDERED 

26. In preparing this declaration, I considered the materials in Appendix 

B, including the documents cited in this declaration, and the Declaration of Robin 

D. Rogers, Ph.D. in Support of Petition for Inter Partes Review (Ex. 1002).  

27. In writing this declaration, I also considered my own knowledge and 

experience, including my work experience in the fields of organic solid-state 

chemistry, polymorphism, crystallization and crystal growth, and crystal 

engineering; my experience in teaching those subjects and working with others in 



Case No. IPR2023-01346 
Attorney Docket No: 51957-0001IP1 

 

12 
 

those involved fields.  Additionally, I have considered various publications and 

materials, in addition to other materials I cite in my declaration.  

28. My opinions, as explained below, are based on my education, 

experience, and expertise in the fields relating to the ’344 patent.  Any figures that 

appear within this document have been prepared with the assistance of Counsel and 

reflect my understanding of the ’344 patent and related technology.  

29. Unless otherwise stated, my testimony below refers to the knowledge 

of POSA as of 2003/2003 or before.   

VI. BACKGROUND OF THE ’344 PATENT AND RELATED 
TECHNOLOGY 

a. Co-crystals 

30. Claims 10, 11, and 18 of the ’344 patent require “a co-crystal 

comprising supramolecular synthons[.]”  Ex. 1001 (’344 patent ) at claims 10, 11, 

18.  I understand from Counsel that, in the district court litigation, the Parties dispute 

the meaning of “co-crystal.”  I further understand that Patent Owners have defined 

“co-crystal” as a “multiple-component, single crystalline phase, having a fixed 

stoichiometry of its component compounds” and have adopted that construction in 

forming my opinions herein.  Ex. 1019 (Plaintiff’s Claim Constr. Br.) 11:4-10.  

31. In 2002/2003, co-crystals were known in the art, but knowledge of 

pharmaceutical co-crystals was emerging.  See Ex. 2007 (Walsh) at 186-87 

(disclosing carboxylic acid-pyridine supramolecular heterosynthon generating 
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binary crystalline phases involving rac-ibuprofen, rac-flurbiprofen, or aspirin); see 

also Ex. 2008 (Remenar) at 8456-57 (describing co-crystals of cis-itraconazole with 

1,4-dicarboxylic acids).  

32. Furthermore, as shown in Appendix C, the ’344 patent specification1 

includes nineteen examples, which describe the limitations of the claims 10, 11, and 

18. 

b. Hydrogen Bonding 

33. Claim 10 further requires supramolecular synthons formed through 

non-covalent hydrogen bonding between a first chemical functionality of the API 

and a second chemical functionality of the co-former.  See Ex. 1001 (’344 patent) at 

claim 10.  

34. A covalent bond is a type of chemical bond formed when two atoms 

share electrons between themselves in a molecule.  Covalent bonds are strong and 

stable, forming the basis for most organic molecules.   

35. Non-covalent interactions (or bonds), on the other hand, do not share 

electron pairs but are intermolecular forces (i.e., forces that occur between 

molecules) resulting from the attraction between molecules.  Non-covalent bonds 

 
1 I understand from Counsel that the ’344 patent claims priority to the ’956 parent application which was filed in 
March 2003. For the purposes of my analysis, I understand the disclosure in the specification in the ’344 patent and 
the ’956 parent application are the same.  Thus, any reference to the ’344 patent is interchangeable with the ’956 
parent application. 
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are relatively weak compared to covalent bonds.  In a co-crystal, because the API 

and a co-former are distinct molecules, the interactions between them are non-

covalent interactions.  Hydrogen bonds are a type of non-covalent interaction.  A 

hydrogen bond is primarily an electrostatic force of attraction between a hydrogen 

atom which is covalently bonded to a more electronegative “donor” atom, such as a 

nitrogen (N), oxygen (O), or fluorine (F) atom, and another electronegative atom 

bearing a lone pair of electrons—the hydrogen bond acceptor. 

36. One example of the differences between covalent and non-covalent 

bonding, including hydrogen bonding is the DNA double-helix.  DNA consists of 

two molecular chains.  As shown in the figure below, each molecular chain is held 

together by strong covalent bonds (unbroken lines) between the atoms in the chain, 

but the two intertwining chains are joined by non-covalent hydrogen bonds (dotted 

lines).  

 



Case No. IPR2023-01346 
Attorney Docket No: 51957-0001IP1 

 

15 
 

37. I also agree with the examples Dr. Rogers provides in his declaration 

showing hydrogen bonding between the claimed first chemical functionality and 

second chemical functionality.  See, e.g., Ex. 1002 (Rogers Decl.) ¶30 (figure 

showing hydrogen bond in red dotted line between hydrogen bond donor (in blue) 

and hydrogen bond acceptor (in green)); id. at ¶45 (figure showing hydrogen bond 

(light blue dotted line) between API as hydrogen bond donor and co-former as 

hydrogen bond acceptor).  

38. Fundamental hydrogen bonding principles were well-known in the art 

as of 2002/2003.  See Ex. 2009 (Yusov) at 756-58 (describing the history of the 

discovery and study of hydrogen bonding, beginning as early as 1912); see also Ex. 

2010 (Etter 1990) 257 (“Since hydrogen bonds were first proposed, efforts to 

characterize them, measure them, and understand them have proliferated. . . .  As it 

became obvious that these interactions occurred in many kinds of materials, and 

were important for determining the properties and activities of most biochemicals, 

hydrogen-bond classifications were developed[.]”); id. (discussing methods 

“allow[ing] one to characterize subsets of crystal structure or arrays, namely, the 

hydrogen-bonded subset”).   

39. Indeed, Dr. Margaret “Peggy” Etter, a key contributor to the 

development of solid-state chemistry for crystalline organic compounds, “published 

rules for hydrogen bonding in molecular crystals that provided priority rankings of 
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hydrogen bond pairing in the solid state based on a comprehensive set of 

observations . . , significantly advanc[ing] the understanding of hydrogen bonding 

in the organic solid state[,] creat[ing] a foundation for predicting molecular 

aggregation in crystals[, and] le[adding] to the use of hydrogen bonds as a design 

tool for the crystalline solid state.”  Ex. 2009 (Yusov) at 757; see also Ex. 2005 (Etter 

Rules) (identifying the aforementioned “hydrogen-bond rules”).  Dr. Etter made 

clear that her pioneering work in hydrogen bonding applied to co-crystals.  See, e.g., 

Ex. 2005 (Etter Rules) at 123 (discussing hydrogen bonding motifs in cocrystal of 

m—aminophenol and p-nitropyridine N-oxide). 

40. In her seminal paper describing the Etter Rules – “Encoding and 

Decoding Hydrogen-Bond Patterns of Organic Compounds” – Dr. Etter identifies 

“empirical hydrogen-bond rules useful for determining preferred modes of hydrogen 

bonding” and focuses her study on “[t]he collective behavior of hydrogen bonds in 

many different related structures[.]”  Id. at 121-22.  The rules are based on 

“[d]ifferent functional group classes show[ing] clear preferences for specific 

hydrogen-bond patterns in their crystal structures, despite the presence of other 

unpredictable and nonspecific lattice forces.”  Id.  “These preferences [(i.e. rules)] 

are most useful for predicting complete hydrogen-bond patterns of systems with a 

limited number of functional groups, or for predicting hydrogen-bond patterns of 

subsets of more complex systems” and “are to be used as indicators of hydrogen 
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bond preferences of a particular functional group, whether in the solid state or in 

solution, in the absence of other competing forces.”  Id.  To develop these rules, Dr. 

Etter used a database of crystal structures available at the time – the Cambridge 

Crystallographic Database – to evaluate the “function of hydrogen bonds in 

aggregate structures” and study “the behavior of parts of a molecule or of many 

molecules in relation to their hydrogen bonds[.]”  Id. at 123.  The “[e]mpirical 

hydrogen-bond rules (Table 1) are a way to use correlations that exist between 

functional groups and hydrogen-bond patterns.”  Id. 

41. Dr. Etter’s empirical hydrogen bonding rules are as follows: 

(1) All good proton donors and acceptors are used in hydrogen bonding. 
(2) Six-membered-ring intramolecular hydrogen bonds form in preference to 

intermolecular hydrogen bonds. 
(3) The best proton donors and acceptors remaining after intramolecular 

hydrogen-bond formation form intermolecular hydrogen bonds to one 
another. 
 

Id. at 124. 

42. Under Dr. Etter’s rules, “proton donors such as those in carboxylic 

acids, amides, ureas, anilines, imides, and phenols are nearly always used in 

hydrogen bonding in a crystal structure.”  Id. at 124.  Additionally, “intramolecular 

hydrogen bond[s] are more difficult to break than a comparable intermolecular 

hydrogen bond formed between similar donors and acceptors.”  Id.  “[T]he best 

donors (acid OH) are paired with the best acceptors (ring N)[,]” but “[w]hen 
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substituents are present . . . the relative accepting strengths . . . change in a 

predictable way, changing the aggregate hydrogen-bond patterns but still reflecting 

association of the best acceptor and the best donor.”  Id. at 125-26.   

43. Further, “[s]pecific hydrogen-bond rules, in addition to the three 

general rules [], can be derived for other functional-group classes,” many of which 

were available in the literature in 2002/2003.  Id. at 126.  And Dr. Etter describes 

how a POSA could, if desired, “see if preferences [we]re apparent” for functional 

groups of interest.  Id.  (“Graph-set frequency for the functional group of interest is 

monitored from sets of crystal structures to see if preferences are apparent, while 

perturbations of hydrogen-bond patters by competing functional groups give 

information about selectivity.”).  

c. Formulation of Pharmaceutical Compositions 

44. A POSA, in 2002/2003, would have viewed co-crystallization of an 

API as a purification step in the formulation of a pharmaceutical composition.  See 

Ex. 2011 (Morissette) at 276 (“Most APIs . . . are purified and isolated by 

crystallization from an appropriate solvent during the final step in the synthetic 

process.”).  Put differently, by the time a POSA arrived at the co-crystallization stage 

of the formulation process for a given API, he or she would have already tested and 

understood the solubility parameters of that API and any suitable co-formers, the 

types of available solvents and co-formers appropriate for pharmaceutical use, and 
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the solvent(s) and co-former(s) in which the API and co-former prospects would or 

would not be soluble.   

45. Additionally, a POSA would be aware of guidance available from the 

U.S. Department of Health and Human Services in 2002/2003 that listed solvents 

available at the time based on their assigned classes.  See Ex. 2012 (HHS Guidance 

2003) at 5-10.  Class 1 solvents were solvents to be avoided that “should not be 

employed in the manufacture of drug substances, excipients, and drug products 

because of their unacceptable toxicity or their deleterious environmental effect” or, 

if needed, “their levels should be restricted” as shown in the guidance document.  Id. 

at 5.  Such solvents included “known human carcinogens, strong suspected human 

carcinogens, and environmental hazards.”  Ex. 2013 (HHS Guidance 1997) at 3.  

Class 2 solvents were solvents “should be limited in pharmaceutical products 

because of their inherent toxicity” and include “nongenotoxic animal carcinogens or 

possible causative agents of other irreversible toxicity such as neurotoxicity or 

teratogenicity” and “solvents suspected of other significant but reversible toxicities.”  

Ex. 2012 (HHS Guidance 2003) at 6; Ex. 2013 (HHS Guidance 1997) at 3.  Class 3 

solvents were solvents with low toxic potential and that “may be regarded as less 

toxic and of lower risk to human health,” but were not supported by any “long-term 

toxicity or carcinogenicity studies” at the time.  Ex. 2012 (HHS Guidance 2003) at 

7.  The guidance also listed solvents that “may also [have] be[en] of interest to 
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manufacturers of excipients, drug substance, or drug products” but for which there 

was “no adequate toxicological data.”  Id. at 8.  

46. The POSA would use the aforementioned information along with the 

structures of the API and co-formers and the Etter Rules, to devise a manual or high-

throughput screening strategy (choice to be determined by the number of parameters 

to be tested) to identify and optimize the parameters for co-crystallization.  See infra 

Section VI.d (discussing high-throughput screening strategies); see also, Ex. 1028 

(Fleischmann 2003) (using manual screening strategy); Ex. 1007 (Ueto 2012) 

(same); Ex. 1027 (Reddy 2004) (same).  

d. High-Throughput Screening 

47. High-throughput screening uses robotics, data processing software, and 

detectors to automate the testing of the biological or biochemical activity of 

molecules or analytes.  Typically, high-throughput screening includes (1) preparing 

samples and compound libraries, (2) automating relevant benchtop testing 

procedure(s), (3) configuring a robotic workstation to execute the automated 

procedure(s), and (4) acquiring and processing the testing data.  High-throughput 

screening is typically performed by running an assay (i.e., an analytic procedure to 

qualitatively or quantitative measure something in a chemical element) in 

microplates (i.e., a flat plate with multiple wells used as small test tubes) using a 

robot programmed to run the automated procedure.  High-throughput screening 
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therefore allows for rapid, simultaneous testing of different conditions or variables 

for a given molecule or analyte, reducing the amount of time scientists spend running 

such tests.  The desired result (i.e., “hit”) in high-throughput screening is “typically 

an activity, or potency, [of a given molecule or analyte] that exceeds a predefined 

threshold.”  Ex. 2011 (Morissette) at 279. 

48. High-throughput screening techniques have been used in the 

pharmaceutical context since at least 2002/2003.  Id. (noting high-throughput 

screening was “widely applied in the pharmaceutical industry, most notably in the 

drug discovery arena”).  Specifically, high-throughput screening was (and is) used 

to identify or discover potential new crystalline forms of a given API (i.e., 

polymorphs) in diverse experimental conditions.  See id. at 276 (“Solid form 

screening is used to understand the effects that [composition] variables have on the 

polymorphic outcome of a crystallization experiment, so that a robust process can 

be identified to produce the desired crystal form.”); see also Ex. 2006 (Peterson) at 

10958 (reporting a “series of iterative high-throughput experiments for [the] 

generation and identification of acetaminophen polymorphs” across “thousands of 

crystallization conditions”).  It is important to understand and “select a form that 

exhibits the appropriate balance of critical properties for development into the drug 

product” because “[e]ach form displays unique physicochemical properties that can 

profoundly influence the bioavailability, manufacturability purification, stability and 
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other performance characteristics of [a] drug.”  Ex. 2011 (Morissette) at 276.  Thus, 

the goal of high-throughput screening of polymorphs is to determine which 

experimental conditions (e.g., crystallization methods, temperature, pH, and/or 

solvents) will form polymorphs of the API, so that the most stable form of an API 

can then be selected, manufactured, and formulated into the desired dosage form.   

49. In 2002/2003 a POSA would have been aware of the emerging use of 

high-throughput screening principles to evaluate which crystallization methods 

and/or other chemical and physical variables positively or negatively impact the 

crystallization of an API, either as a polymorph or co-crystal of the API, via high-

throughput crystallization screening.  See id. at 275 (“Emerging strategies to speed 

pharmaceutical development and capture solid form diversity of pharmaceutical 

substances have results in the emergence of [high-throughput] crystallization 

technologies.  The primary type of diversity [captured using high-throughput 

crystallization technologies] often refers to polymorphs . . . [h]owever, diverse salt 

forms, co-crystals, hydrates and solvates are also amendable to study in HT 

crystallization systems.”).  Similar to high-throughput screening where a given 

compound is tested against varying conditions to determine if it reaches a specific 

activity or potency, high-throughput crystallization tests “a variety of process 

methods, each having varying experimental conditions (e.g., temperature variations 

as a function of time)” to determine which set of conditions results in crystallization 
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of an API.  Id. at 279.  When a crystalline solid is formed it is called a “hit.”  Id.  

“Once a variety of conditions that can be used to produce a given crystal form on the 

microscale are identified in the [high-throughput] screen, scale-up studies are 

typically conducted to optimize the process for laboratory scale production.”  Id. at 

278.  High-throughput screening for crystal formation has a higher and reasonable 

success rate that reduces the amount of experimentation needed to obtain the same 

set of data.  See id. at 279 (“HT crystallization experiments can yield hit rates ranging 

from tens of percents to nearly 100% depending on the type of experiment and the 

process mode(s) used.”).  

e. Review of Declarations of Dr. Rogers and Dr. Appel 

50. Additionally, I have reviewed Dr. Rogers’s and Dr. Appel’s 

descriptions of the ’344 patent and the related technology, and agree with their 

summaries, except for a few points discussed below. 

51. Dr. Rogers states that “the challenged claims require that (i) the first 

chemical functionality of the API permits formation of API homosynthons when the 

API is in its pure form (i.e., the identical first chemical functionalities on adjacent 

API molecules interact (by non-covalent hydrogen bonding) with one another)[.]”  

Ex. 1002 (Rogers Decl.) ¶31.  While I agree that claim 10 of the ’344 patent requires 

that the first chemical functionality of the API permits formation of API 

homosynthons when the API is in its pure form, I disagree that that requirement 
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means “the identical first chemical functionalities on adjacent API molecules 

interact (by non-covalent hydrogen bonding) with one another.”  Rather, I 

understand the requirement that the first chemical functionality of the API permits 

formation of API homosynthons to mean that the first chemical functionalities on 

separate API molecules allow for such interaction, not that they must.  I understand 

this interpretation is consistent with the Patent Owner’s proposed construction of 

“permits formation of” in the corresponding litigation.  

52. Dr. Rogers states that “the [’344 patent] specification generally 

describes the purported invention as a research plan (i.e., a method) for ‘identifying 

complementary chemical functionalities to form a desired supramolecular synthon’” 

and that “Figure 24 of the ’344 patent exemplifies the inventors’ alleged research 

plan in a flow chart.”  Id. at ¶32.  I disagree.  The claims are directed to “a 

pharmaceutical composition comprising cocrystals[,]” not a research plan, as Dr. 

Rogers suggests.  Ex. 1001 (’344 patent) at claim 10 (emphasis added).  Indeed, the 

specification describes the subject invention as concerning “new solid phases 

identified or produced using the methods identified herein” including “a multiple-

component phase composition comprising a solid material (phase) that is sustained 

by intermolecular interactions between two or more independent molecular entities, 

in any stoichiometric ratio, wherein at least one of the independent molecular entities 

is a pharmaceutical entity,” the “multiple-component phase” being “ a discrete 
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supramolecular entity or polymeric structure.”  Id. at 5:4-13.  Thus, the specification 

describes the methods and the claimed compositions, not just the methods.   

VII. ANALYSIS 

a. The ’344 patent provides written description support for the 
claimed pharmaceutical compositions.  

53. Under the legal standards discussed in Section III above, there is 

sufficient written description support for claims 10, 11, and 18 at least because the 

specification provides examples that have common structural features as the 

members of the genus, including the claimed co-crystals.  See Appendix C.  

Specifically, the examples inform a POSA how to implement each of the claim 

limitations of claims 10, 11, and 18 by providing at least one example of each 

limitation. 

54. Additionally, the well-known principles of hydrogen bonding, 

including those set forth by Dr. Etter, would allow a POSA to postulate whether a 

co-crystal of an API satisfying claims 10, 11, and/or 18 would likely form, regardless 

of whether a particular polymorph of a co-crystal forms or not.  Specifically, in 

2002/2003 a POSA would have understood the likelihood of certain functional 

groups (e.g., carboxylic acids, amines, nitro, amides, pyridines, alcohols) to form 

supramolecular synthons and crystal packing motifs defined by those synthons, 

based on numerous examples in single-component crystals and literature 
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descriptions of hydrogen-bonding patterns.  This was codified by Dr. Etter’s seminal 

paper describing the “rules” for predicting hydrogen bonding motifs (a.k.a. graph 

sets) based on the “strength” of hydrogen-bond donors and acceptors.  See supra 

Section VI.b.  Thus, a POSA in 2002/2003 would also have a good understanding of 

the likelihood of certain functional groups forming supramolecular synthons, and 

indeed would understand the ranking of the likelihood of their formation in the event 

multiple hydrogen-bonding groups were present.   

55. For example, a POSA would have a good working knowledge of likely 

hydrogen-bonding interactions between a carboxamide and other hydrogen-bonding 

groups of co-formers, particularly because of the hydrogen-bonding motifs and 

“rules” studied for more than a decade prior to 2002/2003.  A POSA would have 

sufficient working knowledge of whether hydrogen-bonds between the API and 

some collection of co-formers was likely and, in the event of multiple potential 

synthons, the POSA would have a sufficient working knowledge of which ones 

would be preferred, even though other factors could steer synthon formation toward 

combinations that do not follow the ranking suggested by prior studies of single 

component compounds and Dr. Etter’s “rules.” 

56. Although these principles may not have been demonstrated at the time 

for co-crystal formation, the examples in the ’344 patent specification illustrate 

principles like those described for single component crystals with respect to synthon 



Case No. IPR2023-01346 
Attorney Docket No: 51957-0001IP1 

 

27 
 

formation.  It is true that examples in the specification provided do not account for 

every conceivable molecular entity and/or functional group, but a POSA would be 

most interested in forming any kind of co-crystal based on these principles, 

regardless of the details of crystal packing.  Moreover, in the event an API and/or 

the co-former were equipped with multiple functional groups, whether they formed 

homosynthons or heterosynthons, the primary interest of a POSA would be making 

a co-crystal, regardless of the detailed crystal packing or which combination of 

functional groups formed synthons. 

57. Thus, it is my opinion that a POSA, considering the examples provided 

in the specification and the well-established hydrogen bonding principles, would 

understand the inventors possessed the claimed pharmaceutical compositions as of 

2002/2003. 

b. The ’344 Patent enables the claimed co-crystals. 

58. Applying the legal standards discussed in Section III above, the 

specification fully enables at least claims 10, 11, and 18 of the ’344 patent for the 

reasons discussed below.  

i. Relative skill of those in the art 

59. As discussed in Section IV above, for the purposes of this declaration, 

I agree with Dr. Rogers’s description of the level of skill a POSA would have as of 

2002/2003 and have adopted that description when formulating my opinions.  I 
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further agree with Dr. Rogers that “the relative skill of a POSA [in 2002/2003] is 

high.”  Ex. 1002 (Rogers Decl.) ¶126.  Thus, a POSA would have understood the 

principles of hydrogen bonding, Dr. Etter’s “rules,” formulation of pharmaceutical 

compositions, co-crystal formation, and high-throughput screening.   

60. A POSA also would have understood how to reasonably predict that a 

co-crystal would form using, at least, the well-known hydrogen bonding principles 

set forth by Dr. Etter.  See supra, Sections VI.b, VII.a.    

61. And a POSA would have understood, when working with a specific 

API, which solvents and co-formers would be appropriate to use when formulating 

a pharmaceutical composition and how to go about selecting solvents and co-formers 

used in a specific pharmaceutical composition.  See supra, Sections VI.b, VI.c.   

62. Furthermore, a POSA would have known high-throughput screening 

techniques were available to test which co-former or solvent would form co-crystals 

with a given API, and that such techniques could be used to reduce the amount of 

experimentation required to find suitable conditions (e.g., solvents and/or co-

formers) for co-crystallization of a given API.  See supra, Section VI.d. 

63. For these reasons, I believe the POSA’s high level skill in the art weighs 

in favor of enablement.  

ii. The quantity of experimentation necessary 
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64. As discussed above in Section VI.d, a POSA would have known that 

high-throughput crystallization screening was available for testing of co-crystals in 

2002/2003.  The availability of this technique would have significantly reduced the 

length of time and effort required for a POSA to test for co-crystals under various 

conditions.  Specifically, a POSA would have understood that various crystallization 

conditions would be tested for crystallizing co-crystals, not unlike screening for 

polymorphs.  

65. Moreover, a POSA would make informed decisions about which 

solvent (or combinations of solvents) to test based on available guidance and general 

knowledge of solubility properties of various moieties in the API or co-former, so a 

POSA would not view the number of variables for testing to constitute undue 

experimentation.  See supra, Section VI.c.  Such experimentation would not be 

undue because high-throughput crystallization screening would minimize the 

amount of time and effort a POSA would expend to complete such testing.   

66. For these reasons, I believe this factor weighs in favor of enablement.  

iii. State and predictability of the prior art 

67. Dr. Rogers’s analysis of these enablement factors also discusses the 

difficulty of predicting supramolecular structures.  See Ex. 1002 (Rogers Decl.) 

¶120.  This is misplaced because claims 10, 11, and 18 are not directed to methods 

for preparing pharmaceutical compositions, but the compositions themselves.  See 
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supra, Section VI.e.  Additionally, Dr. Rogers discusses predicting whether a 

particular co-crystal will form, but that is not the correct analysis.  See Ex. 1002 

(Rogers Decl.) ¶78 .  Rather, to the extent prediction is relevant, the analysis is 

whether one can predict if a co-crystal satisfying the limitations of claims 10, 11, 

and/or 18 will form, not whether one can predict if a particular co-crystal will form.   

68. For example, Dr. Rogers relies upon Desiraju 2001 for the statement 

that “[a]s of 2002/2003, it was not possible to predict with any reasonable certainty 

whether a co-crystal would form between two or more components, or to the extent 

one did form, what non-covalent interactions, such as hydrogen bonding, would exist 

between the co-crystal components.”  Id. at ¶120 (citing Ex. 1024 (Desiraju 2001)).  

Dr. Rogers selectively quotes Desiraju for the proposition that “[i]n any 

supramolecular assembly, a large number of intermolecular interactions is possible 

– but only a few are actually observed.  The weakness of these interactions makes it 

difficult to predict supramolecular structures.”  Id. (citing Ex. 1024 (Desiraju 2001) 

at 398).  But Dr. Rogers ignores that Desiraju clearly states that the hydrogen bond, 

one of the most important interactions for forming homosynthons or heterosynthons, 

is the “master key” in steering crystal structure.  See Ex. 1024 (Desiraju 2001) at 399 

(“Although at a simple level molecular recognition can be said to hinge on isotopic 

interactions, at a higher level it is an anisotropic interaction that is the master key: 

the hydrogen bond.”) 
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69. Dr. Rogers further quotes Desiraju as stating “[p]redicting 

supramolecular structures is hard, not only because of the sheer numbers of possible 

interactions involved, but also because in energetic terms there is not much to choose 

between these various interactions . . . .”  Ex. 1002 (Rogers Decl.) ¶120.  The context 

of this quotation is important.  Here, Desiraju is pointing out that when there are two 

options for supramolecular interactions that are close in energy, it can be difficult to 

predict whether one is more favored than the other.  That is true as of 2003 and 

remains true today.  A POSA concerned with making a co-crystal, however, would 

not be concerned about which pairs of functional groups could form synthons.  The 

POSA would be principally concerned with making a co-crystal of a particular API 

regardless of which synthons promoted the formation of the co-crystal.  Moreover, 

a POSA would have had a good understanding of the likelihood of synthon 

formation from the state of the art at the time for single component crystals. 

70. Dr. Rogers further quotes Desiraju 2001 for the proposition that “[i]n 

crystal engineering, the supramolecular chemist aims to design and control packing 

arrangements to design crystals with specific properties.  But this is not routinely 

possible from knowledge of the molecular structure alone.”  Id. (citing Ex. 1024 

(Desiraju 2001) at 399).  Here, Desiraju acknowledges that the aim of a 

supramolecular chemist is to control packing arrangements to design crystals with 

specific properties.  The primary focus of the POSA, however, is to form a co-crystal 
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that forms because of supramolecular synthons, regardless of the details of the 

packing arrangements.  For example, packing arrangements can differ because of 

different molecular conformations, thereby generating different crystal structures, 

while retaining the same supramolecular synthon(s).  Similarly, packing 

arrangements can differ because of other non-covalent interactions between parts of 

molecules ancillary to the synthon functional groups.  A POSA here would not find 

these details relevant to the formation of a co-crystal via the supramolecular 

synthon(s), although alternative packing arrangements could affect co-crystal 

properties. 

71. Dr. Rogers further quotes Desiraju 2001 for the proposition that “[e]ven 

after identifying an important intermolecular interaction, failure to predict a crystal 

structure can arise because the same interaction can be used to make many different 

synthons.”  Id.  Here, Desiraju is pointing out the ability of a molecule to form 

different synthons through the same interaction.  This is evident in many examples 

of hydrogen-bonded synthons, as described by the graph set concept devised by 

Margaret Etter.  See, e.g., Ex. 2010 (Etter 1990).  The aim of the POSA is to form 

co-crystals using any of the synthons made possible by the functional groups of the 

API and co-formers, and any additional hydrogen bonds would be viewed as helpful. 

72. In Dr. Rogers’s declaration, he focuses much of his discussion about 

the enablement factors related to the state of the prior art and the unpredictability or 
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predictability of the art on what he claims are “numerous examples of failed attempts 

to predict whether a co-crystal would form at all and, if it did, what interactions 

would exist within that co-crystal.”  See Ex. 1002 (Rogers Decl.) ¶¶121-124.  These 

examples, however, do not support his claim.   

73. Dr. Rogers relies upon the 20% success rate reported in Fleischmann 

2003 (Ex. 1028) to support his assertion that the “co-crystal formation is challenging 

and unpredictable.”  Ex. 1002 (Rogers Decl.) ¶124.  A POSA would have understood 

that Fleischman reported two basic strategies for forming co-crystals with 

carbamazepine: (1) strategy 1 where the carboxamide homosynthon was maintained 

by the exterior H-donor and acceptor sites on the carbamazepine homosynthon are 

exploited with a non-acid co-crystal former; and (2) strategy 2 where the 

carbamazepine homosynthon was broken with carboxylic acid moieties generating 

a heterosynthon.  Ex. 1028 (Fleischmann 2003) at 910.  Fleischmann 2003 reported 

“[f]or the 10 new cocrystals reported, approximately 50 cocrystal formers were used 

with [carbamazepine], giving a success ratio of 20%.”  Id. at 911.  Dr. Rogers 

characterizes the remaining 80% as “failures.”  Ex. 1002 (Rogers Decl.) ¶124.  But 

a POSA in 2002/2003 would have recognized that the alleged “failures” in 

Fleischman were not reported; therefore, a POSA could not have drawn any 

conclusions as to whether these alleged “failures” included chemical functional 

groups that would have been expected to form heterosynthons with carbamazepine.  
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74. In addition, I would have viewed a 20% success rate in co-crystallizing 

an API as an acceptable benchmark for success, and I believe other POSAs at that 

time also would have.  Further, Dr. Rogers fails to note the successes in the 

remainder of the references he cites allegedly showing the exemplary “failed 

attempts to predict” co-crystallization.  See, e.g., Ex. 1027 (Reddy 2004) at 90, 92 

(reporting formation of carboxylic acid and amide co-crystal); Ex. 1025 (Aakeroy 

2003) at 164 (reporting that three compounds out of four formed co-crystals with at 

least one co-former); Ex. 1007 (Ueto 2012) at 487 (reporting, in Table 2, FS-NCT 

cocrystals formed in 15 of the 16 crystallization solvents).  

75. Dr. Rogers further points to the Fleischman 2003 article for the 

proposition that “the crystal packing of APIs tends to be even less predictable than 

that of other organics because they often have multiple avenues for self-assembly 

and are therefore predisposed to exhibit polymorphism.”  Ex. 1002 (Rogers Decl.) 

¶124 (citing Fleischman 2003 at 911 with emphasis added).  Again, here, a POSA 

would be concerned with whether a co-crystal would form and would not be 

concerned with predicting which particular polymorph would form. 

76. For these reasons, these factors weigh in favor of enablement.  

iv. The amount of direction or guidance presented and presence 
of working examples 
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77. As discussed above, a POSA would have understood how each of the 

limitations of claims 10, 11, and 18 functioned having reviewed the nineteen 

examples provided in the specification of the ’344 patent.  See supra Section VI.a, 

App’x C.  Each limitation is described in at least one example which is sufficient for 

a POSA to understand how the limitation would be implemented in the claimed co-

crystal.  

78. Additionally, the specification expressly provides descriptions of the 

types of appropriate APIs, co-formers, and solvents that could have been used in 

forming the co-crystals in the claimed pharmaceutical compositions.  Ex. 1001 (’344 

patent) at 9:27-40 (describing APIs), 3:35-37 (describing co-formers and solvents); 

Fig. 24 (providing scheme for preparing claimed co-crystals). 

79. For these reasons, this factor weighs in favor of enablement. 

v. The nature of the invention 

80. I agree with Dr. Rogers that the nature of the purported invention of 

claims 10, 11, and 18 of the ’344 patent is a pharmaceutical composition comprising 

co-crystals containing an API and a co-former having certain properties and non-

covalent hydrogen bond interactions.  

81. Given the highly sophisticated nature of the field and the high level of 

skill in the art for a POSA, I believe this factor weighs in favor on enablement.   
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82. Because seven of the eight factors considered in the enablement 

analysis weigh in favor of enablement, it is my opinion that claims 10, 11, and 18 of 

the ’344 patent are enabled.  

VIII. CONCLUSION 

83. I hereby declare that all statements made herein of my own knowledge 

are true and that all statements made on information and belief are believed to be 

true; and further that these statements were made with the knowledge that willful 

false statements and the like so made are punishable by fine or imprisonment, or 

both, under Section 1001 of Title 18 of the United States Code and that such willful 

false statements may jeopardize the validity of the application or any patents issued 

thereon. 
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135. Engineering Space Group Symmetry and Polar Order in Molecular Host Frameworks, K. T. Holman, A. M. 
Pivovar, M. D. Ward, Science 2001, 294, 1907. 
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151. Structure and Rheology of Hydrogen-bond Reinforced Smectic Liquid Crystals, S. M. Martin, Y.Yonezawa, M. 
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162. Chiral Discrimination in Low-density Hydrogen Bonded Frameworks, R. Custelcean and M. D. Ward, Cryst 

Growth. Des. 2005, 5, 2277. 
163. Directing Assembly of Molecular Crystals, M. D. Ward, MRS Bulletin Special Issue: Self-assembly in Materials 
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Cylinders, M. A. Horner, K. T. Holman, and M. D. Ward, J. Am. Chem. Soc. 2007, 129, 14640. 
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Chambers, B. D. Hamilton, M. A. Hillmyer, and M. D. Ward, Cryst. Growth. Des. 2008, 8, 3368.  
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Hosseini, Michael D. Ward, Cryst. Growth Des. 2009, 9, 2841. 
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Ward, Cryst. Growth Des. 2009, 9, 3803. 
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189. The Role of Chemical Interactions and Epitaxy during Nucleation of Organic Crystals on Crystalline Substrates, 
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207. Novel Cystine Ester Mimics for the Treatment of Cystinuria-induced Urolithiasis in a Knockout Mouse Model. 
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217. Effect of urinary macromolecules on L-cystine crystal growth and crystal surface adhesion. T. Mandal, A. G. 
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225. Cystine Growth Inhibition Through Molecular Mimicry: a New Paradigm for the Prevention of Crystal Diseases. 
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227. Versatile and resilient hydrogen-bonded host frameworks. T. Adachi, M. D. Ward, Acc. Chem. Res. 2016, 49, 
2669 – 2679. [featured on cover] 
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232. Multiscale Visualization and Quantitative Analysis of L-Cystine Crystal Dissolution. M. Adobes-Vidal, A. G. 
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178004. 
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258. ROY Confined in Hydrogen-Bonded Frameworks: Coercing Conformation of a Chromophore. S. Tang, A. 
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267. Tailor-Made Auxiliaries for Polar Growth from Melts. B. Kahr, A. G. Shtukenberg, J. Yang, M. D. Ward, Isr. J. 
Chem. 2021, 61, 1-8 DOI: 10.1002/ijch.202100048 
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282.  Supramolecular Mille-feuille: Adaptive guest inclusion in a new aliphatic guanidinium monosulfonate hydrogen-
bonded framework. A. M. Dillon, A. Yusov, M. T. Chaudhry, J. A. Newman, K. M. Demkiw, K. A. Woerpel, A. 
Y. Lee, M. D. Ward, Cryst. Growth Des. 2024, 24, 3483–3490. https://doi.org/10.1021/acs.cgd.4c00215. 
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284. L-Cystinyl bis(1,8-Diazaspiro[4.5]decane) as an Orally Bioavailable Inhibitor of L-Cystine Crystallization for 
Cystinuria: Spiro Bicyclic Diamine as a Bioisosteric Replacement for Piperazine. 
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285. Structure-activity relationships and pharmacokinetic evaluations of L-cystine diamides as L-cystinecrystallization 
inhibitors for cystinuria. L. Hu, H. Albanyan, J. Yang, X. Tan, Y. Wang, M. Yang, X. Zhong, M. D. Ward, A. 
Sahota, 2024, submitted, Med. Chem. Res., in press. 
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10. M. D. Ward and J. D. Rimer, Compounds as L-cystine Crystallization Inhibitors and Uses Thereof, US Patent 

9,040,261, May 26, 2015. 
11. M. D. Ward, Y. Li, C. T. Hu, Molecular Host Frameworks and Methods of Making and Using Same, US Patent 

11312681B2 issued April 26, 2022. 
12. D. G. Grier, M. D. Ward, X. Zhong, C. Wang, L. A. Philips, D. B. Ruffner, F. C. Cheong, Holographic 

Characterization of Protein Aggregates, US Patent 11385157B2 issued July 12, 2022. 
13. J. Yang, X. Zhu, B. Kahr, M. D. Ward, Crystalline Forms of Deltamethrin and Methods of Use Thereof, US 

11,582,971, February 21, 2023. 
14. X. Zhu, J. Yang, B. Kahr, M. D. Ward, Pesticidal Compounds and Methods of Use, Patent Pending, US 
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1. Brandeis University, November 1986, “Low Dimensional Organometallic Molecular Solids: Engineering of Solid 

State and Electronic Properties.” 
2. University of Oregon, January 1987, “Low Dimensional Organometallic Molecular Solids: Engineering of Solid 

State and Electronic Properties.” 
3. University of Texas at Austin, January 1987, “Low Dimensional Organometallic Molecular Solids: Engineering 

of Solid State an Electronic Properties.” 
4. American Chemical Society Meeting, Denver, April, 1987, “Structural Effects of Concantenated Donor 

Molecules in Low Dimensional Solids: Synthesis, Structural Characterization and Physical Properties of the [(h 
5-C5Me5)Ru(h6-C6Me6)][TCNQ] Polymorphs and [(h5-C5Me5)Ru(2,2-4,4-cyclophane)Ru(h5-C5Me5)][TCNQ]x 
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5. American Chemical Society Meeting, Denver, April, 1987, “Organometallic Donor-Acceptor Complexes with 
Non-Planar Constituents: The Zig-Zag Linear Chain Complex [(h6- C6Me6)2M][iso-C4(CN)6] (M=Fe, Ru).” 

6. University of Minnesota, 3M Lecturer, May, 1987, “Low Dimensional Organometallic Molecular Solids: 
Engineering of Solid State an Electronic Properties”. 

7. Electrochemistry Gordon Conference, January, 1988, “Redox Processes at Polymer Films and the Quartz Crystal 
Microbalance”. 

8. IBM, Almaden Research Center, January 1988, “Measuring Polymer Reactions at Open Circuit with the RRDE 
and the Quartz Crystal Microbalance.” 

9. University of New Mexico, Albuquerque, January, 1988, “Low Dimensional Organometallic Molecular Solids: 
Structural Design and Unusual Donor-Acceptor Interactions.” 

10. Princeton University, May, 1988, “In Situ Gravimetric Studies of Interfacial Electrochemical and Biological 
Processes on Piezoelectric Crystals, Redox Reactions and Biosensors.” 

11. International Conference on Synthetic Metals, Santa Fe, NM, June, 1988, “Electrocrystallization of Low 
Dimensional Solids: Directed Selectivity and Investigation of Crystal Growth with the Quartz Crystal 
Microbalance.” 

12. AT&T Laboratories, Murray Hill, NJ, August, 1988, “In Situ Gravimetric Studies of Interfacial Electrochemical 
and Biological Processes on Piezoelectric Crystals.” 

13. American Chemical Society Meeting, Dallas, Spring 1989, Magnetic Coupling Relationships for 
Bis(metallocene)benzene Complexes, w/ J. M. Manriquez, J. C. Calabrese, P. J. Fagan, A. J. Epstein and J. S. 
Miller, poster session 

14. University of Missouri, April 1989, “Control of Solid State Structure in Molecular Solids.” 
15. Midwest Organic Solid-State Chemistry Meeting, Minneapolis, MN, June 9 – 10, 1989- “Control of Solid State 

Structure in Molecular Materials.” 
16. Royal Society Meeting, Analytical Chemistry, Cambridge, UK, July 31-Aug 5, 1989- “Piezoelectric Detection of 

Biological Targets with the Quartz Crystal Microbalance.” 
17. Oxford University, UK, Aug 10-11, 1989- “In-situ Mass Measurements with the Quartz Crystal Microbalance.” 
18. Pennsylvania State University, October 25, 1989, “Piezoelectric Detection of Biological Targets with the Quartz 

Crystal Microbalance.” 
19. Foresight Conference on Nanotechnology, October 27 – 29, 1989, “Control of solid state structure in molecular 

materials by electrostatic self-assembly.” 
20. Electrochemistry Gordon Conference, January 1990, Ventura, CA, “In-situ Mass Measurements with the Quartz 

Crystal Microbalance.” 
21. EPSCOR Electrochemistry Conference, February 9,10, La Palguera, Puerto Rico, “In-situ Mass Measurements 

with the Quartz Crystal Microbalance.” 
22. OCRI Electronic Materials Conference, February 15, 1990, Ottawa, Canada, “Control of Solid State Structure in 

Molecular Materials.” 
23. Analytical Biosensors Gordon Conference, March 1990, Ventura, CA, “Piezoelectric Biosensing with the Quartz 

Crystal Microbalance.” 
24. Electrochemical Society Meeting, May 1990, Montreal, Canada, “Oxidation Chemistry of d0 Transition Metal 

Complexes.” 
25. Case Western Reserve University, Cleveland, OH, November 29, 1990, “Probing Interfacial Mass Changes with 

the Quartz Crystal Microbalance.” 
26. National Academy of Sciences Workshop on Oceanographic Sensors, Irvine, CA, January 7-8, 1991- 

“Piezoelectric Mass Sensors.” 
27. Chicago Section ACS Monthly Meeting, Chicago, IL, February 22, 1991, “Piezoelectric Mass Sensors.” 
28. Pittsburgh Conference, Reilly Award Symposium, Chicago, IL, March 6, 1991, “In-situ determination of the 

Radial Mass Sensitivity of the Quartz Crystal Microbalance.” 
29. American Chemical Society Meeting, Atlanta, Spring 1991, “In-situ determination of the Radial Mass Sensitivity 

of the Quartz Crystal Microbalance.” 
30. American Chemical Society Meeting, Atlanta, Spring 1991, “Electrocrystallization of Low-Dimensional 

Molecular Solids.” 
31. 7th International ICSCS Meeting, Compiegne, France, July, 1991, “Self-assembly principles in crystallization of 

molecular crystals.” 
32. University of Minnesota (Chemistry Dept.), October 11, 1991, “Probing Interfacial Mass Changes with the Quartz 

Crystal Microbalance.” 
33. ONR Biocorrosion Workshop, November 1-2, 1991, “New Directions for Characterization and Analysis of 

Microbiologically Induced Corrosion.” 
34. University of Minnesota (Chemistry Dept.), November 26, 1991, “Crystallization of Molecular Materials.” 
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35. Central Research & Development Department, E. I. 17uPont de Nemours & Co., April 22, 1992, “Molecular 
Interfaces: Scanning Tunneling Microscopy and Piezoelectric Transducers.” 

36. California Institute of Technology, Merck Centennial Lecturer, June 4, 1992, “Molecular Interfaces: Properties, 
New Materials and Sensors.” 

37. Seminar on Microfabrication and Biosensors, Anchorage, AL, July 22, 1992, “The role of radial sensitivity and 
viscoelastic effects in piezoelectric acoustic wave sensors.” 

38. Gordon Conference on Physical Electrochemistry, Colby-Sawyer College, New London, New Hampshire, Aug 
7, 1992, “Electrocrystallization of 1-D Materials.” 

39. International Conference on Synthetic Metals, Goteburg, Sweden, August 18, 1992, “Scanning Tunneling 
Microscopy Studies of Organic Conductors.” 

40. American Chemical Society Meeting, Washington DC, August 25, 1992, “Scanning tunneling microscopy of the 
organic semiconductor [(η-C5Me5)2Ru(1,4-22-cyclophane)][TCNQ]4.” 

41. American Chemical Society Meeting, Washington DC, August 27, 1992, “Chemical and Mechanical Properties 
of Self-assembled monolayers.” 

42. Lawrence Livermore Laboratories, Livermore, CA, December 9, 1992, “Molecular Single Crystal Interfaces: 
Electronic Properties, Structure and Crystal Growth.” 

43. Sandia National Laboratories, Albuquerque, NM, December 10, 1992, “Properties and Applications of AT cut 
Quartz Resonators in the Liquid Phase: Interfacial Processes and Sensor Design” 

44. University of New Mexico, Albuquerque, NM, December 11, 1992, “Molecular Single Crystal Interfaces: 
Electronic Properties, Structure and Crystal Growth.” 

45. University of Kentucky, Lexington, KY, February 15, 1993 (EPSCOR/NSF speaker program), “Interfacial 
Properties of Molecular Crystals: Molecular Level Imaging and Nucleation and Crystal Growth.” 

46. University of Kentucky, Lexington, KY, February 16, 1993, “Quartz Crystal Microbalance: Principles and 
Applications.” 

47. Princeton University, Department of Chemical Engineering, April 14, 1993, “Molecular Single Crystal Interfaces: 
Electronic Properties, Structure and Crystal Growth.” 

48. Unilever Corporation, Edgewater, NJ, April 15, 1993, “In-situ Characterization of Molecular Interfaces.” 
49. Electrochemical Society Meeting, Minneapolis Chapter, May 15, 1993, “Interfacial Investigations with the Quartz 

Crystal Microbalance.” 
50. Gordon Conference on Physical Organic Chemistry, Holderness School, Plymouth, NH, June 21, 1993, 

“Molecular Single Crystal Interfaces: Electronic Properties, Structure and Crystal Growth.” 
51. 11th International Conference on the Chemistry of the Organic Solid State, Jerusalem, ISRAEL, July 1993, 

“Molecular Single Crystal Interfaces: Electronic Properties, Structure and Crystal Growth.” 
52. Weizmann Institute, July 12, 1993, “Interfacial Investigations with the Quartz Crystal Microbalance.” 
53. Topographically Directed Growth of Organic Crystals on Molecular Single Crystal Substrates, P. W. Carter and 

M. D. Ward, Symposium on Chemically Sensitive Interfaces, 206th ACS meeting, Chicago, IL, August 1993. 
54. In-situ Atomic Force Microscopy of the Electrochemical Growth and Dissolution of Conductive Charge- Transfer 

Salts, A. C. Hillier and M. D. Ward, Symposium on Atomic and Molecular Views of the Electrode-Electrolyte 
Interface, 206th ACS meeting, Chicago, IL, August 1993. 

55. National Science Foundation Materials Chemistry Workshop, Albuquerque, New Mexico, November 21- 24, 
1993, “Nucleation and Growth of Molecular Crystals on Molecular Interfaces.” 

56. University of California, San Diego, January 20, 1994, “Nanoscale Nucleation and Growth of Molecular Crystals 
on Molecular Interfaces.” 

57. University of Arizona, January 21, 1994, “Nanoscale Nucleation and Growth of Molecular Crystals on Molecular 
Interfaces.” 

58. University of California, Santa Barbara, January 26, 1994, “Nanoscale Nucleation and Growth of Molecular 
Crystals on Molecular Interfaces.” 

59. University of Oregon, Eugene, January 28, 1994, “Nanoscale Nucleation and Growth of Molecular Crystals on 
Molecular Interfaces.” 

60. Electrochemical Society Meeting, San Francisco, May 22, 1994, Atomic Force Microscopy of the 
Electrochemical Nucleation and Growth of Molecular Crystals.” 

61. Gordon Conference on Crystal Growth, Proctor Academy, New Hampshire, June 27, 1994- “Solution Growth of 
Organic Crystals.” 

62. Princeton University, Materials Chemistry Symposium, November 2, 1994, “Nucleation and Growth of Organic 
Crystals: Are Interfaces Important?” 

63. Columbia University, November 1, 1994, “Nucleation and Growth of Organic Crystals: Are Interfaces 
Important?” 

64. Texas A&M University, December 6, 1994, “Nucleation and Growth of Organic Crystals: Are Interfaces 
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Important?” 
65. University of Texas at Austin, December 8, 1994, “Nucleation and Growth of Organic Crystals: Are Interfaces 

Important?” 
66. University of Utah, January 19, 1995, “Nucleation and Growth of Organic Crystals: Are Interfaces Important?” 
67. University of Utah, January 20, 1995, “Topological Similarities in Organic Crystals, Emulsions, and Block 

Copolymers.” 
68. South Dakota State University, EPSCOR Program, January 24, 1995, “Nucleation and Growth of Organic 

Crystals: Are Interfaces Important?” 
69. Yale University, February 1, 1995, “Nucleation and Growth of Organic Crystals: Are Interfaces Important?” 
70. University of Indiana, Bloomington, February 20, 1995, “Nucleation and Growth of Organic Crystals: Are 

Interfaces Important?” 
71. Purdue University, West Lafayette, February 20, 1995, “Nucleation and Growth of Organic Crystals: Are 

Interfaces Important?” 
72. Eli Lilly, Indianapolis, February 20, 1995, “Nucleation and Growth of Organic Crystals: Are Interfaces 

Important?” 
73. University of North Carolina, April 19, 1995, “Nanoscale Nucleation and Growth of Organic Crystals” 
74. Georgia Tech, April 20, 1995, “Nanoscale Nucleation and Growth of Organic Crystals” 
75. University of Georgia, April 21, 1995, “Nanoscale Nucleation and Growth of Organic Crystals” 
76. St. Olaf’s University, April 28, 1995, “Nucleation and Growth of Organic Crystals” 
77. European Conference on Molecular Electronic Materials, August 26 – 31, Mittelberg, Austria, Electrochemical 

Growth of Crystalline Organic Conductors: The Influence of Epitaxy and Commensurism on Film Properties 
78. NATO Advanced Research Workshop on Modular Chemistry, September 9 – 12, Estes Park, Colorado, 

“Nucleation and Growth of Crystalline Organic Materials: Epitaxy and Visualization at that Nanoscale.” 
79. Universite Catholique, Louvain-la-Neuve, Belgium, October 10, 1995, “Nucleation and Growth of 

CrystallineOrganic Materials: Epitaxy and Visualization at that Nanoscale” 
80. Universite Louis Pasteur, Strasbourg, France, September 27, 1995, “Nucleation and Growth of Crystalline 

Organic Materials: Epitaxy and Visualization at that Nanoscale” 
81. University of Stuttgart, Stuttgart, Germany, October 18, 1995, “Nucleation and Growth of Crystalline Organic 

Materials: Epitaxy and Visualization at that Nanoscale” 
82. Universite Louis Pasteur, Strasbourg, France, November 10, 1995, “Modular Control of Crystal Architecture with 

Two-Dimensional Hydrogen-Bonded Assemblies” 
83. Institute Charles Sadron, Strasbourg, France, November 14, 1995, “Nucleation and Growth of Crystalline Organic 

Materials: Epitaxy and Visualization at that Nanoscale” 
84. MPI, Mainz, Germany, November 21, 1995, “Nucleation and Growth of Crystalline Organic Materials: Epitaxy 

and Visualization at that Nanoscale” 
85. MPI, Mainz, Germany, November 21, 1995, “Modular Control of Crystal Architecture with Two Dimensional 

Hydrogen-Bonded Assemblies” 
86. Universite Louis Pasteur, Strasbourg, France, December 6, 1995, “Structure and Symmetry in Condensed Matter: 

Common Features in Organic Crystals, Polymers and Surfactants” 
87. California Institute of Technology, Pasadena, CA, January 29, 1996, “Nucleation and Growth of Crystalline 

Organic Materials: Epitaxy and Visualization at that Nanoscale” 
88. University of California at Irvine, January 30, 1996, “Nucleation and Growth of Crystalline Organic Materials: 

Epitaxy and Visualization at that Nanoscale” 
89. Pennsylvania State University, State College, PA, February 6, 1996, “Nucleation and Growth of Crystalline 

Organic Materials: Epitaxy and Visualization at that Nanoscale” 
90. Lehigh University, Bethlehem, PA, February 7, 1996, “Nucleation and Growth of Crystalline Organic Materials: 

Epitaxy and Visualization at that Nanoscale” 
91. University of Pennsylvania, Philadelphia, PA, February 12, 1996, “Quartz Crystal Microbalance: Principles and 

Methods” 
92. E.I. 18uPont de Nemours, Central Research and Development, April 23, 1996, “Modular Control of Crystal 

Architecture with Two-Dimensional Hydrogen-Bonded Assemblies” 
93. MRS meeting, Boston, MA, December 2, 1996, “Heteroepitaxial Growth of Molecular Films” 
94. University of California at Santa Barbara, January 14, 1997, “Nanoporous Molecular Sandwiches” Pillared Two-

Dimensional Hydrogen-Bonded Networks with Adjustable Porosity” 
95. Universite’ Louis Pasteur, March 27, 1997, “Self-Assembly of Crystalline Organic Materials: Epitaxy and 

Visualization at that Nanoscale” 
96. Americal Chemical Society Symposium on Materials Chemistry, San Francisco, April 15, 1997, “Nanoporous 

Molecular Sandwiches” Pillared Two-Dimensional Hydrogen-Bonded Networks with Adjustable Porosity” 
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97. Cornell University, Ithaca, NY, September 18, 1997, “Nanoporous Molecular Sandwiches” Pillared Two-
Dimensional Hydrogen-Bonded Networks with Adjustable Porosity” 

98. Kraft Corporation, Tarrytown, NY, September 18, 1997, “Nanoporous Molecular Sandwiches: Pillared Two-
Dimensional Hydrogen-Bonded Networks with Adjustable Porosity” 

99. Rohm & Haas Corporation, September 25, 1997, “Crystal Growth at the Molecular Level: Modification and Real-
Time Visualization” 

100. California Institute of Technology, October 16, 1997, “Pillared Hydrogen Bonded Networks with Adjustable 
Porosity: Molecular “Zeolite-like” Materials” 

101. University of California, Los Angeles, October 17, 1997, “Electrochemically Driven Self-Assembly of 
Molecular Films” 

102. School “Moderni Metodi Elettrochimici” Lectures, October 28 – 31, 1997, Padova, Italy, “Characterizing 
Electrodes and Electrochemical Processes at the Nanoscale with Atomic Force Microscopy” and “Fundamental 
Principles and Operation of the Electrochemical Quartz Crystal Microbalance” 

103. NATO Advanced Research Workshop, Current Challenges of Large Supramolecular Assemblies, Athens, 
Greece, October 31 – November 5, “Crystal Engineering with Two-Dimensional Hydrogen Bonding Networks” 

104. Fifth Chemical Congress of North America, Cancun, Mexico, November 11 – 15, 1997, “Nanoporous Molecular 
Sandwiches: Pillared Two-Dimensional Hydrogen-Bonded Networks with Adjustable Porosity” 

105. Tufts University, February 10, 1998, “Electrochemical Growth of Epitaxial Molecular Films” 
106. NIST, February 11, 1998, “Molecular Materials by Design: Clathrates with Predictable and Adjustable 

Architecture” 
107. University of Illinois, April 21, 1998, “Crystal Engineering with Flexible 2-D Molecular Networks” 
108. Hunter College, Twelfth Annual Symposium of the Center for Study of Gene Structure and Function, April 29, 

1998, “Molecular Materials by Design: Programmed Assembly of Molecular Networks for Functional Solids” 
109. Gordon Conference on Organic Structures and Properties, Fukuoka, Japan, September 4 – 10, 1998, “Predictable 

Architectures in Open Hydrogen-Bonded Frameworks” 
110. University of Toledo, February 16, 1999, “Predictable Architectures in Open Hydrogen-Bonded Frameworks” 
111. University of Akron, February 17, 1999, “Predictable Architectures in Open Hydrogen-Bonded Frameworks” 
112. Case-Western Reserve University, February 18, 1999,”Controlling the Assembly of Crystalline Molecular 

Materials” 
113. University of Dayton, February 19, 1999, “Pillared Hydrogen Bonded Networks with Adjustable Architecture 

and Porosity: Strategic Routes to New Materials” 
114. Michigan State University, 13th Annual CFMR Symposium: Crystal Engineering: Research and Applications, 

March 14 – 15, 1999, “Crystal Engineering of Molecular Scaffolds: Design and Applications.” 
115. University of California, Berkeley, April 2, 1999, “Crystal Engineering of Molecular Scaffolds: Strategic Routes 

to New Materials and Applications” 
116. University of California, Davis, April 1, 1999, “Crystal Engineering of Molecular Scaffolds: Strategic Routes to 

New Materials and Applications” 
117. Institut le Bel, Universite’ Louis Pasteur, Professor Invite’, March April 14, 1999, “Epitaxial Molecular 

Organization on Solid Substrates.” 
118. Argonne National Laboratories, May 6, 1999, Pillared Hydrogen Bonded Networks with Adjustable Architecture 

and Porosity: Strategic Routes for New Materials and Chemical Separations.” 
119. IBM, Yorktown Heights, June 2, 1999, “Controlling the Assembly of Crystalline Molecular Materials.” 
120. Gordon Conference on Chemistry of Electronic Materials, July 4 – 8, New England College, Henniker, NH, 

“Epitaxial Molecular Organization on Soft Interfaces”. 
121. Institut le Bel, Universite’ Louis Pasteur, Professor Invite’, July 10, 1999, “Principles for Crystal Engineering 

and the Construction of Hydrogen Bonded Frameworks.” 
122. Gordon Conference on Supramolecular Assemblies, August 1 – 5, New England College, Henniker, NH, 

“Assembly of Flexible and Porous Hydrogen-Bonded Frameworks.” 
123. William Paterson College of New Jersey, November 19, 1999, “The Future of Materials Science: The Integration 

of Chemistry, Physics and Biology.” 
124. Heartland Materials Symposium, University of Southern Illinois, October 22-23, 1999, “Crystal Engineering 

with Soft Lattices.” 
125. Princeton University, January 6, 2000, “Crystal Engineering with Soft and Topologically Adaptable Lattices” 
126. Gordon Conference on Electrochemistry, January 15-20, 2000, Ventura, CA, “Electrochemical Growth of 

Epitaxial Molecular Films.” 
127. Gustavas Adolphus University, February 16, 2000, “Scanning Probe Microscopy of Molecular Films and Protein 

Crystallization.” 
128. American Chemical Society, March 26 – 30, 2000, San Francisco, CA, J. S. Miller Materials Chemistry award 
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Symposium, “Pillared hydrogen bonded networks with adjustable architecture and porosity: Strategic routes for 
new materials.” 

129. American Chemical Society, March 26 – 30, 2000, San Francisco, CA, Symposium on Physcial Chemistry of 
Chirality, “Engineering of Polar Hydrogen-Bonded Lattices.” 

130. American Chemical Society, March 26 – 30, 2000, San Francisco, CA, Symposium on New Approaches to 
Separations, “New Strategies for Molecular Separations with Hydrogen-Bonded Host Frameworks.” 

131. Penn State, Hazleton, April, 2000, Mylar Giri Lecture, “Patterns of Assembly: From Molecules to Crystals.” 
132. University of Texas, Austin, Department of Chemistry, January 25, 2001, “Engineering Topology and Metrics 

in Flexible Hydrogen-bonded Inclusion Frameworks” 
133. Texas A&M, Department of Chemical Engineering, Lindsay Lecture, January 26, 2001, “Engineering Topology 

and Metrics in Flexible Hydrogen-bonded Inclusion Frameworks” 
134. Marvel Symposium, University of Arizona, March 11-13, 2001, “Engineering Topology and Metrics in Flexible 

Hydrogen-bonded Inclusion Frameworks” 
135. University of Toronto, Department of Chemical Engineering, February 28, 2001, “Engineering Topology, 

Porosity, and Metrics in Flexible Hydrogen-bonded Molecular Frameworks” 
136. Georgia Institute of Technology, Department of Chemistry, March 21, 2001, “Visualizing Molecular Assembly 

at Crystal Interfaces with Atomic Force Microscopy” 
137. Georgia Institute of Technology, Molecular Design Institute Lecture, March 22, 2001, “Topology and Metrics 

in Flexible Hydrogen-bonded Inclusion Frameworks: de novo Crystal Design” 
138. Weizmann Institute, Meir Lahav 65th Birthday Symposium on Supramolecular Architectures, April 1, 2001, 

“Crystal Growth Interfaces: From Dynamics to Structure” 
139. Weizmann Institute, Minerva Symposium on Molecular, Interfacial, and Biological Aspects of Mesostructures, 

“Engineering Topology, Porosity, and Metrics in Flexible Hydrogen-bonded Molecular Frameworks” 
140. University of California, Berkeley, April 18, 2001, “Engineering Topology and Metrics in Self-assembled 

Molecular Frameworks” 
141. ICCOSS XV, Mainz, Germany, July 26, 2001. “Crystal Growth Interfaces: From Dynamics to Structure” 
142. Northwestern University, October 16, 2001, “Engineering Topology and Metrics in Self-assembled Host 

Frameworks” 
143. University of British Columbia, Vancouver, February 5, 2002, 3M Award Lecture, “Building Crystal Houses.” 
144. Simon Fraser University, Vancouver, February 6, 2002, “Building Crystal Houses.” 
145. Clemson University, Clemson, SC, March 8, 2002, “Crystal Design and Engineering of Molecular Frameworks” 
146. American Chemical Society Meeting, Orlando, April 8, 2002, “Selective Nucleation and Discovery of Organic 

Polymorphs” (invited) 
147. Schering-Plough, Cranford, NJ, April 11, 2002, “Crystal Growth of Proteins and Small Molecule Organics: 

Visualization and Controlled Nucleation” 
148. Great Lakes Regional Meeting, Minneapolis, MN, June 4, 2002, “Crystal Design and Engineering of Molecular 

Frameworks” 
149. Pennsylvania State University, University Park, August 27, 2002, “Engineering Topology and Metrics in 

Selfassembled Molecular Frameworks” 
150. University of Michigan, Ann Arbor, MI, September 4, 2002, “Engineering Topology and Metrics in 

Selfassembled Molecular Frameworks” 
151. Aminoff Symposium, Swedish Academy of Sciences, Stockholm, Sweden, September 12, 2002, “Crystal 

Growth Interfaces: Visualization and Controlled Nucleation” 
152. University of Wisconsin, Madison, WI, October 1, 2002, “Engineering Topology and Metrics in Selfassembled 

Molecular Frameworks” 
153. University of Virginia, Charlottesville, VA, October 3, 2002, “Engineering Topology and Metrics in 

Selfassembled Molecular Frameworks” 
154. American Association of Pharmaceutical Scientists, Annual Meeting, Toronto, Canada, November 12, 2002, 

“Epitaxial Routes to Controlled Nucleation and Screening of Polymorphs” 
155. American Chemical Society, Southeast Regional Meeting, Charleston, SC, November 14, 2002, “Crystal 

Interfaces” 
156. Pohang University, Pohang, Korea, December 20, 2002, “Building Organic Crystals through Molecular Design” 
157. Brain Korea-21 International Symposium on Nanostructures, Seoul National University, December 21, 2002, 

“Building Organic Crystals through Molecular Design” 
158. University of Notre Dame, Notre Dame, IN, January 27, 2003, “Building Organic Crystals through Molecular 

Design” 
159. University of Colorado, Boulder, CO, January 28, 2003, “Building Organic Crystals through Molecular Design” 
160. ProSpectives ACS Conference on Polymorphism, Tampa, FL, February 24, 2003, “Interface Engineering for 
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Controlled Nucleation and Crystallization” 
161. ACS Colloid Division Nucleation Symposium, June 16-17, Georgia Tech, Atlanta, GA, “Epitaxial Nucleation 

of Organic Crystals” 
162. 3M Corporation, July 21, 2003, “Organic Thin Film Epitaxy” 
163. Crystal Growth of Organic Materials VI Conference (CGOM-6), August 17-22, Glasgow, Scotland, “Probing 

Crystal Interfaces and Crystal Growth with Atomic Force Microscopy” 
164. Arizona State University, October 21, 2003, “Engineering Crystal Architecture through Molecular Design” 
165. Eli Lilly Company, October 23, 2003, “Crystal Interfaces and Crystallization” 
166. University of Wisconsin, Milwaukee, October 27, 2003, “Engineering Crystal Architecture through Molecular 

Design” 
167. Medical College of Wisconsin, October 28, 2003, “Probing Kidney Stone Formation Processes with Atomic 

Force Microscopy” 
168. National Science Foundation Workshop on Reticular Chemistry, November 20-23, 2003, “Hydrogen-bonded 

networks in organic crystals, architectural isomerism, and symmetry transcending length scale” 
169. Allen J. Bard 70th Anniversary Symposium, December 19-21, 2003, “Probing Crystal Growth with Atomic Force 

Microscopy” 
170. University of North Carolina, February 10, 2004, “Engineering Crystal Architecture through Molecular Design” 
171. University of Florida, March 1, 2004, “Engineering Crystal Architecture through Molecular Design” 
172. ACS Meeting, Anaheim, CA, March 24, 2004, “Adhesion at Calcium Oxalate Crystal Surfaces: Probing Kidney 

Stone Formation Processes with Atomic Force Microscopy” 
173. 30th School of Crystallography, Erice, Sicily, June 9 – 21, 2004, Lectures on “Polymorphism and Structure-

Property Relationships” 
174. ACA Meeting, Chicago, IL, July 20, 2004, “Engineering Crystal Architecture Through Molecular Design: 

Applications of Supramolecular Assembly” 
175. Crystal Engineering Faraday Discussion 2004: New Trends in Crystal Engineering, Nottingham UK, 

September, 8-10, 2004, Keynote Lecture, “Structure and Order in Soft Matter: Symmetry Transcending Length 
Scale” 

176. Gordon Research Conference, Organic Structures and Properties, Les Diablerets, Switzerland, October 10 -16, 
2004, “Hydrogen Bonding Networks: Topology, Structure Prediction, and Length Scales” 

177. COST Chemistry Action: Organising Non-Covalent Chemical Systems with Selected Functions, Prague, 
November 5 – 6, 2004, Plenar Lecture,“Architectural Diversity in Crystalline Hydrogen-bonded Supramolecular 
Networks” 

178. Case Western Reserve University, November 18, 2004, “Molecular Recognition at Crystal Surfaces: Crystal 
Growth, Adhesion, and Kidney Stones” 

179. Illinois Institute of Technology, Chicago, IL, December 1, 2004, “Crystallization and Interfaces: A Microscopic 
View of Crystal Nucleation and Growth” 

180. University of Chicago, Chicago, IL, December 2, 2004, “Programmed Assembly of Crystalline Hydrogenbonded 
Frameworks: Architectural Diversity and Soft Building Blocks” 

181. Carnegie Mellon University, Pittsburgh, PA, December 10, 2004, “Molecular Recognition at Crystal Surfaces: 
Crystal Growth, Adhesion, and Kidney Stones”. 

182. University of California, Los Angeles, January 19, 2005, “Programmed Assembly of Crystalline 
Hydrogenbonded Frameworks: Architectural Diversity and Soft Building Blocks.” 

183. University of California, Santa Barbara, February 3, 2005, “Programmed Assembly of Crystalline 
Hydrogenbonded Frameworks: Architectural Diversity and Soft Building Blocks.” 

184. New York University, New York City, NY, March 1, 2005, “Diversity Among Similarity: Programmed 
Assembly of Organic Solid State Frameworks” 

185. New York University, New York City, NY, March 2, 2005, “Probing Crystal Interfaces at the Nanoscale: From 
Crystal Growth to Kidney Stones” 

186. University of Pennsylvania, Philadelphia, March 4, 2005, “Crystals Inside and Out: From Soft Crystals to Kidney 
Stones.” 

187. Princeton University, Princeton, March 23, 2005, “Regulating Crystallization at the Nanoscale.” 
188. MIT, Boston, April 1, “Programmed Assembly of Crystalline Hydrogen-bonded Frameworks: Architectural 

Diversity and Soft Building Blocks.” 
189. Princeton University, FMC Lecture, April 4, “Programmed Assembly of Crystalline Hydrogen-bonded 

Frameworks: Architectural Diversity and Soft Building Blocks” 
190. Princeton University, FMC Lecture, April 5, “Probing Crystal Interfaces at the Nanoscale: From Crystal Growth 

to Kidney Stones” 
191. Universite’ Louis Pasteur, April 22, 2005, “Diversity Among Similarity: Programmed Assembly of Organic 
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Solid State Frameworks.” 
192. Universite’ Louis Pasteur, April 28, 2005, “Regulating Crystallization at the Nanoscale.” 
193. Gordon Conference, Thin Film and Crystal Growth Mechanisms, Mount Holyoke College, June 26, 2005, 

“Probing crystallization and adhesion at crystal surfaces with atomic force microscopy” 
194. ICCOSS XVII, UCLA, July 25, 2005, “Probing Crystal Interfaces at the Nanoscale: From Crystal Growth to 

Kidney Stones” 
195. Cornell University, Ithaca, NY, November 10, 2005, “Probing Crystal Interfaces at the Nanoscale: From Crystal 

Growth to Kidney Stones” 
196. University of Chicago, Chicago, IL, November 14, 2005, “Programmed Assembly of Crystalline 

Hydrogenbonded Frameworks: Architectural Diversity and Soft Building Blocks” 
197. Pacifichem 2005, Honolulu, HI, December 15, 2005, Symposium on Science and Engineering of the Future with 

Multifunctional Conducting Molecular Materials, “Organic semiconductor architectures in field effect 
transistors” 

198. Pacifichem 2005, Honolulu, HI, December 15, 2005, Symposium on Biomineralization and Bio-Inspired 
Chemistry, “Toward solving the mysteries of calcium oxalate kidney stone formation” 

199.  City College of New York, New York, NY, April 3, 2006, “Diversity Among Similarity: Programmed Assembly 
of Organic Solid State Frameworks.” 

200. Gordon Research Conference on Biomineralization, Colby-Sawyer College, New London, NH, July 30, 2006, 
“Unraveling Pathological (in vivo) Biomineralization” 

201. Frontiers in Particle Science and Engineering, University of Leeds, Leeds, United Kingdom, September 6, 2006, 
“Exploring Crystal Growth and Aggregation at the Molecular Level.” 

202. University of Geneva, October 2, 2006, “Diversity Among Similarity: Programmed Assembly of Organic Solid 
State Frameworks.” 

203. University of Neuchatel, October 4, 2006, “From Organic Crystals to Soft Matter: Can Structure and Symmetry 
Transcend Length Scale?” 

204. University of Bern, October 5, 2006, “Constructing Hydrogen-bonded Host Frameworks by Molecular Design.” 
205. University of Fribourg, “Crystal Design with Compliant 2D Hydrogen-bonded Networks: Universal Principles 

Revealed?” 
206. University of Geneva, October 6, 2006, “Inorganic Solid State Chemistry and Pathological Biomineralization, 

and disease: Unraveling mysteries of kidney stone formation.” 
207. City University of New York, Hunter College, February 2, 2007, “Unraveling the Solid-State Chemistry of 

Pathological Biomineralization.” 
208. City University of New York, Queens College, February 26, 2007, “Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
209. William Paterson University, October 4, 2007, “Unraveling the Solid-State Chemistry of Pathological 

Biomineralization.” 
210. Rutgers University, October 16, 2007: “Diversity Among Similarity: Programmed Assembly of Organic Solid 

State Frameworks.” 
211. New York University, Department of Biology, October 22, 2007, “Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
212. Polytechnic University, October 25, 2007, “Diversity Among Similarity: Programmed Assembly of Organic 

Solid State Frameworks.” 
213. Hofstra University, November 7, 2007, “Unraveling the Solid-State Chemistry of Pathological 

Biomineralization.” 
214. New York University, 7th Annual Symposium of NYU Center for Genomics and Systems, May 30, 2008, 

“Pathological Crystals and Disease” 
215. American Crystallographic Association Meeting, Knoxville, TN, June 3, 2008, “Architectural Diversity and 

Elastic Networks in Crystalline Materials.” 
216. University of South Carolina, Columbia, SC, October 24, 2008, Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
217. American Association for Dental Research Nanosympoisum, Ann Arbor, MI, December 3, 2008, “Unraveling 

Pathological Biomineralization at the Nanoscale. “Architectural Diversity and Elastic Networks in Hydrogen-
bonded Host Frameworks: From Molecular Jaws to Cylinders to Capsules.” 

218. Rutgers University-Newark, April 9, 2009,  
219. University of Tennessee, Knoxville, TN, April 24, 2009, “Architectural Diversity and Elastic Networks in 

Crystalline Materials.” 
220. University of Wisconsin, May 6, 2009, “Crystallization at the Nanoscale: Regulating Polymorphism and Other 

Curiosities.” 
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221. Catalysis Club of Philadelphia, May 21, 2009, “Architectural Diversity and Elastic Networks in Hydrogen-
bonded Host Frameworks: From Molecular Jaws to Cylinders to Capsules.” 

222. ACS-ICSCS Colloid Symposium: Dynamics at Interfaces, June 18, 2009, “Dynamics of Pathological 
Crystallization (Keynote)” 

223. Biodel Corporation, Danbury, CT, July 1, 2009, “Probing Crystal Interfaces at the Molecular Scale: Growth, 
Dissolution, and Adhesion.” 

224. University of Texas, Austin, September 23, 2009, “Crystallization at the Nanoscale: Regulating Polymorphism 
and Other Curiosities.” 

225. NERM, Nanotechnology Symposium, Hartford, CT, October 8, 2009, “Crystallization in Nanospaces: 
Regulating Polymorphism and Other Curiosities.” 

226. NorthEast Corridor Zeolite Association, Philadelphia, PA, December 16, 2009, “Hydrogen-bonded “Zeolite-
like” Frameworks and Functional Materials” 

227. Bristol Myers Squibb, New Brunswick, NJ, March 3, 2010, “Crystallization at the Nanoscale: 
Regulating Polymorphism and Other Curiosities.” 

228. Yale University, New Haven, CT, October 20, 2010, “Pathological Crystallization: Kidney Stones and Pathways 
to Therapies by Molecular Design” 

229. New York University, Biomedical Chemistry Institute Symposium, January 28, 2011, “Prevention of L-Cystine 
Kidney Stones through Molecular Design.” 

230. City College of New York, Department of Chemistry, Biomedical Chemistry Institute Symposium, January 28, 
2011, “Prevention of L-Cystine Kidney Stones through Molecular Design.” 

231. Hunter College, May 6, 2011, “Crystal Growth Inhibitors for the Prevention of L-Cystine Kidney Stones 
Through Molecular Design” 

232. Rutgers University, Newark, September 16, 2011, “Crystal Growth Inhibitors for the Prevention of L-Cystine 
Kidney Stones Through Molecular Design” 

233. University of Puerto Rico, Rio Piedras, October 19, 2011, “Materials Research at NYU: From Particles to 
Biomedicine 

234. University of Puerto Rico, Rio Piedras, October 19, 2011, “Architectural Diversity in Hydrogen-bonded Host 
Frameworks: From Molecular Jaws to Cylinders to Organic Zeolites.” 

235. University of North Dakota, Abbot Lecturer, April 27, 2012, “The Rapidly Changing Face of Scientific 
Publication in the Internet Era.” 

236. University of North Dakota, “Pathological Crystallization: Kidney Stones and Pathways to Therapies by 
Molecular Design.” 

237. Rutgers University, Department of Genetics, June 11, 2012, “Pathological Crystallization: Kidney Stones and 
Pathways to Therapies by Molecular Design.” 

238. National Science Foundation, Material Genomic Initiative Workshop, December 13-14, 2012, “Crystallization 
and Pharmaceuticals.” 

239. Technion, Haifa, January 13, 2013, “Pathological Crystallization: Kidney Stones and Pathways to Therapies by 
Molecular Design.” 

240. Techion, Haifa, January 14, 2013, “Diversity Among Similarity: Programmed Assembly of Organic Solid State 
Frameworks.”  

241. Weizmann Institute, January 17, 2013, “Pathological Crystallization: Kidney Stones and Pathways to Therapies 
by Molecular Design.” 

242. Ben-Gurion University, January 18, 2013, “Pathological Crystallization: Kidney Stones and Pathways to 
Therapies by Molecular Design.” 

243. Weizmann Institute, Israel Rubinstein's 65th Birthday Celebration; January 20, 2013, “Crystallization in 
Nanospaces: Regulating Polymorphism and Other Curiosities.” 

244. Gordon Research Conference, Thin Films and Crystal Growth, University of New England, Maine, Monday, 
July 8, 2013, “Pathological Crystallization: Kidney Stones and Pathways to Therapies by Molecular Design.” 

245. SUNY Stony Brook, September 12, 2013, ““Pathological Crystallization: Kidney Stones and Pathways to 
Therapies by Molecular Design.” 

246. ACS on Campus, SUNY Buffalo, September 24, 2013, “Writing a Manuscript and the Peer Review Process.” 
247. 19th Larson Workshop, Association for Crystallization Technology, Indianapolis, IN, October 7, 2013, 

“Prevention of L-Cystine Kidney Stones via Manipulating Crystallization at the Nanoscale.” 
248. Union College, Schenectedy, NY, Department of Physics, October 17, 2013, “Crystallization in Nanospaces: 

Regulating Polymorphism and Other Curiosities.” 
249. University of Pittsburgh, Pittsburgh, PA, Department of Chemistry, October 31, 2013, “Diversity Among 

Similarity: Programmed Assembly of Organic Solid State Frameworks.” 
250. University of Florida, Gainesville, FL, Department of Chemistry, November 5, 2013, “Diversity Among 
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Similarity: Programmed Assembly of Organic Solid State Frameworks.” 
251. University of California at Berkeley, Department of Chemistry, December 6, 2013, “Pathological 

Crystallization: Kidney Stones and Pathways to Therapies by Molecular Design.” 
252. Tel Aviv University, Department of Chemistry, January 21, 2014, “Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
253. NYU Shanghai, April 15, 2014, “Pathological Crystals: From Spirals to Therapies.” 
254. Gordon Research Conference, Crystal Engineering, June 3, 2014, “Pathological Crystallization: Kidney Stones 

and Pathways to Therapies by Molecular Design.” 
255. Georgia Institute of Technology, Department of Chemistry, Department of Chemistry, Peter B. Sherry Memorial 

Lecture, October 2, 2014, “Pathological Crystals: From Spirals to Therapies for Stone Disease.” 
256. Lecturer, NATO Science for Peace and Security Programme, Crystallographic Course: Engineering 

Crystallography: from Molecular to Crystal to Functional Form, Erice, Sicily, June 5 – 14, 2015. 
257. CUNY Advanced Science Research Center, June 18, 2015, “Pathological Crystals: From Spirals to Therapies 

for Stone Disease.” 
258. CCNY, Department of Chemical Engineering, August 31, 2015, “Pathological Crystals: From Spirals to 

Therapies for Stone Disease.” 
259. MIT, Department of Materials Science and Engineering, September 17, 2015, “Pathological Crystals: From 

Spirals to Therapies for Stone Disease.” 
260. Clemson University, Department of Chemistry, October 23, 2015, “Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
261. Columbia University MRSEC Colloquium, December 1, 2015, “Diversity Among Similarity: Programmed 

Assembly of Organic Solid State Frameworks.” 
262. Mid-Atlantic Region Meeting, Riverdale, New York, NY, June 9, 2016, “Stopping crystal growth in its tracks: 

Pathways to therapies for pathological crystallization” 
263. University of Strasbourg, January 6, 2017, “Crystallization under Nanoscale Confinement” 
264. University of Strasbourg, January 11, 2017, “Hydrogen-bonded “Zeolite-like” Frameworks and Functional 

Materials” 
265. University of Strasbourg, January 13, 2017, “Stopping Crystal Growth in its Tracks: Pathways to Therapies for 

Pathological Crystallization” 
266. University of Warwick, February 22, 2017, “Stopping Crystal Growth in its Tracks: Pathways to Therapies for 

Pathological Crystallization” 
267. Imperial University, February 23, 2017, “Stopping Crystal Growth in its Tracks: Pathways to Therapies for 

Pathological Crystallization” 
268. ICCOSS XXIII, Stellenbosch, South Africa, April 6, 2017, “Stopping Crystal Growth in its Tracks: Pathways to 

Therapies for Pathological Crystallization” 
269. Abbvie Corporation, North Chicago, May 15, 2017, “Regulating Crystallization at the Nanoscale: From 

Confinement to Molecular Recognition” 
270. Brookhaven National Laboratory, January 23, 2018, “Hydrogen-bonded Frameworks with Malleable 

Nanocavities” 
271. 3rd Annual NYU-Tel Aviv Symposium, Tel Aviv, Israel, February 4 – 7, 2018, “Stopping pathological 

crystallization through molecular design: Therapies for kidney stone prevention. 
272. Weizmann Institute for Science, Rehovot, Israel, “Engineering more potent crystalline insecticides: science, 

ethical quandaries and alternative facts.” 
273. Brandeis University, April 9, 2018, “Stopping Crystal Growth in its Tracks: Pathways to Therapies for 

Pathological Crystallization.” 
274. SUNY Buffalo, Erich Bloch Symposium, June 4, 2018, “Fact-Driven Science Policy: A Case Study of 

Crystalline Insecticides.” 
275. University of Puerto Rico, Rio Piedras, January 18, 2019, “Hydrogen-bonding Frameworks with Adjustable 

Cavities.” 
276. Ben-Gurion University, Beer Sheva, Israel, January 6, 2020; Inaugural Joel Bernstein Memorial Lecture. 

“Manipulating Solid State Chemistry and Polymorphism: A Story of Contact Insecticides and Infectious 
Disease.” 

277. Weizmann Institute of Science, Rehovot, Israel, January 7, 2020. “A hydrogen-bonded framework toolkit for 
molecular structure determination.” 

278. Technion – Israel Institute of Technology, January 8, 2020, “Stopping Crystal Growth in its Tracks: Preventing 
Disease and Other Crystal Mysteries.” 

279. Dartmouth College, February 11, 2021, “Stopping Crystal Growth in its Tracks: Preventing Disease and Other 
Crystal Mysteries.” 
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280. ACS Spring Meeting, Symposium on Polymorphism, April 7, 2021, “Polymorphism properties and 
transformation pathways under nanoconfinement.”  

281. Clarkson University, Postdam, NY, November 21, 2021, “Stopping Crystal Growth in its Tracks: Preventing 
Disease and Other Crystal Mysteries.” 

282. University of Milan, Bicocca, June 27 – July 1, 2022 “A weeklong series of lectures for University of Milan 
materials science students.” 

283. Crystal Growth & Design Webinar Series, October 4, 2022, “Crystallization in Nanospaces: Consequences for 
Nucleation and Polymorphism” 

284. Drexel University, October 26, 2022, “Stopping Crystal Growth in its Tracks: Preventing Disease and Other 
Crystal Mysteries.” 

285. Xavier University of Louisiana, January 26, 2023, “Stopping Crystal Growth in its Tracks: Preventing Disease 
and Other Crystal Mysteries.” 

286. Xavier University of Louisiana, February 23, 2023, "Crystal Polymorphism and Sustainable Prevention of 
Infectious Disease." 

287. University of Granada, March 24, 2023, "Crystal Polymorphism and Sustainable Prevention of Infectious 
Disease." 

288. Instituto Andaluz de Ciencias de la Tierra, April 18, 2023, "Stopping Crystal Growth in its Tracks: Molecular 
Therapies for Pathological Crystallization." 

289. University of Granada, April 28, 2023, "A hydrogen-bonded framework toolkit for organic materials and 
molecular structure determination. 

 
290.  
External Funding 1990–present (does not include internal grants and awards) 

Agency  Title Dates Amount 
U Minnesota    
Dupont Piezoelectric sensors, unrestricted gift 1991-1993 $90,000 
National Science 
Foundation, Division 
of Materials Research 

Directing Growth of Molecular Crystals on 
Monolayers 8/1/91-7/31/94 $318,000 

Defense Advanced 
Research Projects 
Administration 

Lithium/Polymer Batteries: High 
Performance Electrodes (w/ three Co-Pis) 4/1/92-3/31/96 $3,250,000 

National Association 
of Corrosion 
Engineers 

In-situ Investigations of Microbiologically 
Influenced Corrosion 8/1/92-7/31/94 $40,000 

Office of Naval 
Research Electrocrystallization of Molecular Solids 5/1/93-4/31/96 $300,000 

Research Frontiers, 
Inc. Molecular Solids 9/1/93 – 2/28/94 $20,000 

Office of Naval 
Research /ASSERT 

Nanoscale Control of Structure in 
Electrocrystallized Molecular Solids 9/1/93-8/31/96 $111,000 

Office of Naval 
Research 

Atomic Force Microscope for Real Time 
Imaging of Electrocrystallization  11/15/93 $65,000 

National Science 
Foundation, Division 
of Materials Research 

Controlling Nucleation and growth of 
Molecular Crystals on Molecular Interfaces 8/1/94-7/31/97 $330,000 

Dupont Piezoelectric sensors, unrestricted gift 1995-1996 $25,000 

Kodak AFM studies of nucleation and growth of an 
organic dye 9/15/95-6/15/96 $50,000 

Office of Naval 
Research 

Electrocrystallization of Nanostructured 
Molecular Materials 5/1/96-9/30/98 $250,000 

National Science 
Foundation Acquisition of an X-ray Diffraction System  7/15/96-6/30/98 $138,200 

National Science 
Foundation Renovation of Amundson Hall 10/1/96-9/30/99 

$327,000 (+ 
$327,000 
UMN funds) 

Cargill Dow Epitaxially-promoted crystallization of 1996-1997 $80,000 
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poly(lacticacid)  
Affymax Surface Modification for Bioassays 1996-1997 $80,000 

Office of Naval 
Research /ASSERT 

Electrochemical Fabrication and Local 
Conductivity Characterization with Atomic 
Force Microscopy 

6/1/97-5/31/00 $127,655 

National Science 
Foundation, Division 
of Materials Research 

Creativity Extension: Controlled Nucleation 
and Growth of Molecular Crystals on 
Molecular Interfaces 

8/1/97-7/31/99 $265,000 

Dupont Piezoelectric sensors, unrestricted gift 1998-1999 $15,000 

National Science 
Foundation 

University of Minnesota Materials Research 
Science and Engineering Center (w/ co-PI F. 
S. Bates) 

9/1/98-8/31/02 $7,135,000 

Office of Naval 
Research 

Electrocrystallization of Nanostructured 
Molecular Materials 10/1/98-9/30/01 $300,000 

National Science 
Foundation  

Directed Templating and Synthesis of Low-
Density Molecular Crystal Frameworks 11/1/99-10/31/02 $456,000 

ONR/DURIP 
Atomic Force Microscopy System for 
Characterization of Nanoscale Redox Storage 
Systems 

June, 2000 $100,000 

Department of 
Veterans Affairs 

Influence of Crystal Structure on Kidney 
Stone 1/1/00 – 12/31/01 $6,000 

National Science 
Foundation, Division 
of Materials Research 

Gordon Research Conference: “Organic 
Structures and Properties”; New London, CT; 
June 17-22, 2000 

4/1/00-3/31/01 $5,000 

United States-Israel 
Binational Science 
Foundation 
 

Design and Growth under Corrugated 
Surfaces: Interdigitation, imprinting and 
growth of porous materials from the 
molecular level 

9/1/00 – 8/31/03 $75,000 

National Science 
Foundation Division 
of Materials Research 

University of Minnesota Materials Research 
Science and Engineering Center (P.I.; 
Director) 

9/1/02-8/31/08 $14,760,000 

National Science 
Foundation Chemical 
and Transport 
Systems-GOALI 

Tandem Computational and Experimental 
Combinatorics for Controlled Crystallization 
of Polymorphs 

4/1/03 – 3/31/06 $300,000 

Eli Lilly 
Tandem Computational and Experimental 
Combinatorics for Controlled Crystallization 
of Polymorphs 

3/1/03 – 2/28/04 $5,000 

National Science 
Foundation 

Functional Organic Solid State Materials 
Derived from Designer Host Frameworks 7/15/03 – 7/14/08 $580,000 

National Science 
Foundation 

Acquisition of a SQUID Magnetometer for 
Research and Education in Magnetic 
Materials (w/ 4 co-P.I.s)  

8/15/03 – 8/14/04 $184,592 

Xcel Energy 
Renewable 
Development fund 

Renewable Energy from Sunlight using 
Organic Photovoltaics (w/ 2 co-Pis) 1/1/05 – 12/31/07 $375,000 

University of 
Minnesota Initiative 
for Renewable Energy 
and the Environment 

Renewable Energy from Sunlight using 
Organic Photovoltaics (w/ 2 co-Pis)  1/1/05 – 12/31/07 $150,000 

Binational Science 
Foundation  

A Stereochemical Approach Towards 
Control of Crystal Nucleation and 
Polymorphism (with M. Lahav, I. 
Weissbuch, Weizmnn; M. A. Hillmyer) 

9/1/05 – 8/31/08 $100,000 

 
    

NYU    
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National Science 
Foundation (DMR-
0648788) 

NYU-CCNY REU for the Science and 
Engineering of Soft Materials and Interfaces 
(SESMI) 

03/01/07 – 02/28/10 $306,000 
 

National Institutes of 
Health (NIDDK R01-
DK068551-02A2) 

Crystal Aggregation in Kidney Stones  (with 
co-PI J. A. Wesson, Medical College of 
Wisconsin) 

08/01/06-07/31/09 $648,919 

National Science 
Foundation (DMR- 
0820341) 

NYU MRSEC: (PI, Director) 09/01/08-08/31/14 $7,200,000 

National Science 
Foundation (DMR- 
0906576) 

Crystalline Encapsulants and Functional 
Materials Through Molecular Design 06/01/09 – 05/31/13 $600,000 

Roche Pharmaceuticals  Stabilized amorphous formulations 05/01/09=08/30/11 $180,000 
National Science 
Foundation (CHE-
0840277) 

Purchase of a Cyber-enabled X-Ray 
Microdiffractometer for the NYC Region 09/01/09-08/31/12 $350,000 

National Science 
Foundation (DMR-
0923251) 

PREM: Nanoscale Imaging Systems (w/ 
Xavier University of Louisiana) 09/01/09 – 08/31/14 $3,000,000 

National Science 
Foundation (DMR-
0923251) 

 MRI: Acquisition of a Field Emission 
Scanning Electron Microscope (PI, w/ co-
Pis T. Bromage, D. Pine) 

09/01/09 – 08/31/13 $458,966 

National Science 
Foundation (CHE-
0958457) 

MRI-R2: Acquisition of a MALDI-TOF 
Mass Spectrometer (co-PI w/ P. Arora (PI), 
J. Canary) 

02/01/10 – 01/31/13 $318,425 

National Science 
Foundation (DMR-
1005017) 

Crystalline Encapsulants and Functional 
Materials Through Molecular Design: 
Supplement for the purchase of a variable 
temperature  microdiffractometer accessory  

06/01/10 – 05/31/13 $20,000 

National Science 
Foundation ARI-R2 
(CMMI-0957834) 

NYU Structural DNA Nanotechnology 
Facility (PI, w/ co-Pis N. Seeman, J. Canary) 10/01/10-09/30/13 $1,663,000 

National Science 
Foundation (DMR-
1206337) 

GOALI: Design of Crystal Growth Inhibitors 
for Kidney Xenostones (w/ co-PI Anthony 
Ford, Afferent Pharmaceuticals) 

06/01/12-05/31/16 $480,000 

National Science 
Foundation  (DMR-
1308677) 

Designer Molecular Frameworks and 
Functional Materials 09/01/13-08/31/17 $575,000 

Biogen, Idec, Inc. AFM of Protein Crystallization: A model for 
phase separation in protein solutions 12/1/14-11/30/16 $86,975 

National Science 
Foundation (DMR-
1420073) 

NYU Materials Research Science and 
Engineering Center: (PI, Director) 11/01/14-10/31/20 $14,400,000 

NIH-SBIR Instrument for Holographic Characterization 
of Protein Aggregates (w/ D. Grier, Spheryx) 06/01/16-09/31/16 $302,900 

NIH 1R01DK112782-
01 

L-Cystine Diamides as Inhibitors of L-
Cystine Stone Formation in Cystinuria (with 
Rutgers University (PRIME), Longqin Hu, 
Amrik Sahota) 

03/01/17-01/31/22 
$2,878,846 
NYU Share: 
$222,144 

National Science 
Foundation (DMR-
1708716) 

Crystallization under Nanoscale 
Confinement 07/01/17-06/31/22 $450,000 

National Science 
Foundation (DMR-
1856659) 

International Conference on the Chemistry 
of the Organic Solid State 

03/01/2019 – 
02/29/2020 $12,000 

United States-Israel 
Binational Science 

Engineering the Interface Between Contact 
Insecticides and Mosquitoes (Co-I) 

10/01/2019-
09/30/2023 $115,000 
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Courses Taught, University of Minnesota 
Year  Quarter Course No. Course title 
1990 Fall MatS3011 Introduction to the Science of Materials 
1991 Winter None assigned None assigned 
 Spring MatS 8481 Selected Topics in Materials Science and Engineering: “Molecular 

Crystals” 
 Fall MatS 5011 Introduction to the Science of Materials 
1992 Winter MATS 5202 X-Ray Structural Analysis 
 Spring MatS 8482 Selected Topics in Materials Science and Engineering: “Molecular 

Crystals” 
 Fall MatS 5011 Introduction to the Science of Materials 
1993 Winter MATS 5202 X-Ray Structural Analysis 
 Spring MATS 5455 Electrochemical Engineering 
 Fall MatS 5011 Introduction to the Science of Materials 
1994 Winter MATS 5202 X-Ray Structural Analysis 
 Spring ChEn 5301 Reaction Engineering Principles 
 Fall MatS 5011 Introduction to the Science of Materials 
1995 Winter MATS 5202 X-Ray Structural Analysis 
 Spring CHEM 5993 

MatS 8114 
Materials Chemistry 
Structure and Symmetry in Soft Materials 

 Fall Quarter Leave Quarter Leave 
1996 Winter MATS 5202 X-Ray Structural Analysis 
 Spring CHEM 5993 

MatS 8114 
Materials Chemistry 
Structure and Symmetry in Soft Materials 

 Spring ChEn 5301 Reaction Engineering Principles 
1997 Winter MATS 5202 X-Ray Structural Analysis 
 Spring CHEM 5993 Materials Chemistry 
 Fall MatS 3400 Mechanical Properties of Materials 
1998 Winter MATS 5202 X-Ray Structural Analysis 
 Spring ChEn5101 Principles of Chemical Engineering I 
 Fall MatS 3400 Mechanical Properties of Materials 
1999 Winter MATS 5202 X-Ray Structural Analysis 
 Spring MatS 8114 Structure and Symmetry in Soft Materials 
 Fall MatS 5011 Introduction to the Science of Materials 
2000 Spring MatS 2001 Introduction to the Science of Engineering Materials 
 Fall ChEn 4401 Chemical Engineering Laboratory I (Unit Operations) 
2001 Spring MatS 4002 Solid State Diffusion and Kinetics 
 Fall ChEn 4401 Chemical Engineering Laboratory I (Unit Operations) 
2002 Spring MatS 4002 Solid State Diffusion and Kinetics 
 Fall MatS 8001 Structure and Symmetry of Materials 
2003 Spring MatS 4002 Solid State Diffusion and Kinetics 
 Fall MatS 3011 Introduction to Materials Science and Engineering 

Foundation (BSF- 
2018298) 
National Science 
Foundation(DMR-
2002964) 

GOALI: Designing Adaptive Hydrogen-
bonded Frameworks for Molecular Structure 
Determination 

05/01/2020- 
04/30/2025 $502,215 

National Science 
Foundation (DMR-
2118890)  

DMREF: Accelerated discovery of 
metastable but persistent contact insecticide 
crystal polymorphs for enhanced activity and 
sustainability (with M. Tuckerman, J. Rogal, 
A. Shtukenberg) 

04/01/22 - 03/21/26 
 $1,713,569 

    
Pending NONE   
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2004 Spring MatS 4002 
MatS 8114 

Solid State Diffusion and Kinetics 
Structure and Symmetry in Soft Materials 

 Fall MatS 8001 Structure and Symmetry of Materials 
2005 Spring Leave Leave 
 Fall MatS 2001 Introduction to the Science of Engineering Materials 
2006 Spring MatS 8114 Structure and Symmetry in Soft Materials 

 
 
Courses Taught, New York University 

2006 Fall Release  Release 
2007 Spring MAP Energy and the Environment 
2007 Fall Chemistry Science of Materials 
2008 Spring MAP Energy and the Environment 
2008 Fall Chemistry Science of Materials 
2009 Spring Chemistry Science of Materials 
2010 Spring Chemistry Science of Materials 
2010 Fall Chemistry Science of Materials 
2011 Spring Chemistry Crystal Engineering (w/ Bart Kahr) 
2011 Fall Chemistry Science of Materials 
2012 Fall Chemistry Science of Materials 
2013 Fall Chemiatry Advanced General Chemistry I 
2014 Fall Chemiatry Advanced General Chemistry I 
2015 Spring CORE Energy and the Environment 
2015 Fall Chemiatry Advanced General Chemistry I 
2016 Spring CORE Energy and the Environment 
2016 Fall Chemistry Science of Materials 
2016 Fall Chemistry Professional Development in the Sciences 
2017 Fall Chemistry Science of Materials 
2017 Fall Chemistry Professional Development in the Sciences 
2018 Spring CORE Energy and the Environment 
2018 Fall Chemistry Accelerated General Chemistry 
2018 Fall Chemistry Professional Development in the Sciences 
2019 Spring Chemistry Inorganic Chemistry 
2019 Fall Chemistry Accelerated General Chemistry 
2019 Fall Chemistry Professional Development in the Sciences 
2020 Fall Chemistry Science of Materials (online) 
2021 Spring CORE Energy and the Environment (online) 
2021 Fall Chemistry Original Research Proposal (grad) 
2021 Fall Chemistry Graduate Seminar 
2022 Spring Chemistry Inorganic Chemistry 
2022 Fall Chemistry Original Research Proposal (grad) 
2022 Fall Chemistry Graduate Seminar 
2023 Spring  Sabbatical 
2023 Fall Chemistry Original Research Proposal (grad) 
2023 Fall Chemistry Graduate Seminar 
2023 Fall Chemistry Science of Materials 

 
Current and past group members (and current positions) 
(not including visiting scientists and approximately 60 undergraduates) 
 
Graduate Students 
Juan Wang (M.S., Minnesota, 1992; Dow Chemical) 
Thesis: A Quartz Resonator-Based Study of the pH Dependent Behavior of Amphoteric Polymer Films and Self-
assembled Thiol Monolayers 

Hei-ku Park (w/ W. Smyrl; Ph.D., Minnesota, 1992; Keimyung University, Daegu, Korea) 

67



May 13, 2024 

Thesis: Intercalation Processes in Thin Electroactive Materials 

Alex Katz (M.S., Minnesota, 1994; Cal Tech Ph. D.; Universite’. Louis Pasteur postdoc; faculty, Chem. Eng., 
Berkeley) 
Thesis: A Quartz Resonator-based Rheometer for the Dynamic Investigation of Viscoelastic Films 

Shulong Li (Ph.D., Minnesota, 1993, Milliken Research) 
Thesis: Conductive Polymer Fibers and Low Dimensional Organic Crystals 

Lynn M. Frostman (Ph.D., Minnesota,1995; Baker Chemical) 
Thesis: Growth of Molecular Crystals on Functionalized Monolayers 

Andrew Hillier (Ph.D., Minnesota, 1995; faculty, Chem. Eng., U. Virginia; faculty, Chem. Eng., Iowa State) 
Thesis: Assembly of Crystalline Molecular Lattices on Highly Ordered Substrates 

Victoria Russell (Ph.D., Minnesota, 1995; Eli Lilly postdoc; 3M) 
Thesis: Hydrogen-bonding and Control of Molecular Packing in the Organic Solid State with Implications for 
Materials Design 

Christopher Yip (Ph.D., Minnesota, 1997; faculty, Chem. Eng., U. Toronto) 
Thesis: Molecular Self-Assembly at Interfaces: From Crystallization to Protein-Ligand Binding 

Zuxuan Lin (Ph. D., Minnesota, 1996; Seagate) 
Thesis: Characteristics and Applications of the Quartz Crystal Microbalance with Liquid Media 

Cara Evans (Ph. D., Minnesota, 1998, UCSB postoc, Nestle, Lausanne) 
Thesis: Confinement of Dyes in Nanometer-Scale Domains 

Wei Wei Lee (Ph.D., Minnesota, 1999; Start up company, CA) 
Thesis: Structural Study of Vanadium Pentoxide Sols, Gels, and Xerogels 

Julie Last (Ph.D., Minnesota, 1999, Sandia, New Mexico) 
Thesis: Design and Fabrication of Crystalline Molecular Monolayers 

Dan Hooks (Ph.D., Minnesota, 2000, Los Alamos, New Mexico) 
Thesis:Epitaxial Nucleation and Growth of Molecular Films 

Adam M. Pivovar (Ph.D., Minnesota, 2000, NIST) 
Thesis: The Dynamic Behavior and Inclusion Selectivity of Guanidinium Organodisulfonate Host Lattices 

Eric P. Codner: (Ph.D., Minnesota, 2001, Startup company, Madison, WI) 
Thesis: Simultaneous Spectroscopic and Adhesion Measurements with a Tandem IR-JKR Instrument 

David Plaut (Ph.D., Minnesota, 2003; 3M) 
Thesis: Structural Characterization of Crystalline Ternary Inclusion Compounds at the Air-Water Interface 

Taesung Jung (BK-21 visiting student, Seoul National University, 2003 – 2004) 
Project title: Atomic Force Microscopy of Calcium Oxalate Crystal Growth 

Sidartha Mohapatra (w/ C. D. Frisbie; M. S., Minnesota, 2004, OrganicID, Austin, TX) 
Thesis: Stuctural, Morphological, and Electrical Characterization of Thin Films of Novel Organic Semiconductors 

Stephen A. Martin (Ph.D., Minnesota, 2004, MIT, postdoc; faculty member, University of Virginia) 
Thesis: Structure and Properties of Organic Materials Reinforced by Hydrogen Bonding 

Xiaoxia Sheng (Ph.D., Minnesota, 2004, MIT, postdoc; (Abbot, SoliPharma LLC, Hangzhou, China)) 
Thesis: Probing Crystal Growth and Adhesion Processes at the Molecular Level 

Jeong-Myeong Ha (Ph.D., Minnesota, 2006, Berkeley, postdoc; KIST, Seoul, Korea) 
Thesis: Crystallization, Polymorphism and Reactivity in Nanoscale Reactors 

Sang-Jae Park (M. S. 2005, Minnesota) 
Thesis: Reinforced Hexagonal Networks of Hydrogen-bonded Nanotubes 

Jinsoo Kim (KOSEF visiting student, Seoul National University, 2004 – 2005) 
Project title: Inclusion-based Separations of Molecular Isomers and Chiral Compounds 

Matthew J. Horner (Ph.D., Minnesota, 2006; Hutchinson Technology) 
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Thesis: Lamellar-Cylindrical Isomerism at Short Length Scales 

Brian Olmsted (Ph.D., Minnesota, 2010; Electrical Engineering, Minnesota) 
Thesis: Tandem Computational and Experimental Combinatorics for Controlled Crystallization of Polymorphs 

Elisey Yagodkin (Ph.D. student, transferred to different research group at University of Minnesota) 
Thesis: Organic Transport Materials for Field Effect Transistors 

Airon Soegiarto (Ph.D., Minnesota, 2010; Singapore, Import/Export) 
Thesis: Crystalline Hydrogen-bonded Frameworks 

Benjamin Hamilton (Ph.D., Minnesota, 2009; Mustang Engineering) 
Thesis: Crystallization in Nanoscale Reactors 

Yuzhou Liu (Ph.D, NYU, 2011; Milliken Corporation) 
Thesis: Rationally Tailoring Free Space within Hydrogen-bonded Frameworks by Designed Molecular Features 

Pengcheng Song (Ph.D, NYU, 2015; Weiita LED Lighting) 
Thesis: From micron to nano: Crystallization of colloid particles that mimic molecular crystals 

Zina Zhu  (Ph.D. NYU, 2013; postdoc, MIT; Milliken Corporation, Shanghai) 
Thesis: Rational Design of Crystal Growth Inhibitors for Treatment of Cystinuria Kidney Stones 

Wenchang Xiao (Ph.D., NYU, graduated 2015, startup, China) 
Thesis: Structures and Properties of Designer Hydrogen Bonded Frameworks 

Qi Jiang (Ph.D., NYU, 2015, Boehringer Ingelheim) 
Thesis:  Manipulating Crystallization: From Nanoscopic to Microscopic 

Laura Poloni (Ph.D., NYU, 2016, AbbVie, Chicago, Illinois, then McKinsey) 
Thesis: Site Discrimination by Molecular Imposters at Dissymmetric Molecular Crystal Surfaces 

Xiao Zhong (Ph.D., NYU, 2017, Evonik, Jersey City) 
Thesis: Self-Assembly at the Colloidal Scale 

Isabel Olson (Ph.D., NYU, 2019, Gilead Sciences, Inc.) 
Thesis: Simulations of Screw Dislocations in Molecular Crystals 

Yuantao Li (Ph.D., NYU, 2019, L.E.K. Consulting) 
Thesis: Stereochemistry, Photophysics and Diffusion in Designer Molecular Frameworks 

Xiaodi Zhong (current Ph.D. student, NYU, graduated 2021) 
Thesis Title: Dislocation-actuated Crystal Growth and Crystal Growth Inhibition 

Yang Wu (current Ph.D. student, NYU, anticipated graduation 2022) 
Tentative Thesis Title: Fabrication and Guided Motion of Microscale Swimmers 

Noalle Fallah (current Ph.D. student, NYU, graduated 2021) 
Thesis Title: Profiles and Pathways of Polymorphism 

Xiaolong Zhu (current Ph.D. student, NYU, graduated 2021) 
Thesis Title: Manipulating Solid Forms of Contact Insecticides for Infectious Disease Prevention 

Fangyuan Dong (current Ph.D. student, NYU, co-advised with M. Weck; graduated 2022) 
Thesis Title: Crystallization of Symmetry-controlled Colloidal Particle Assemblies 

Anna Yusov (current Ph.D. student, NYU, graduated 2023; McKinsey) 
Tentative Thesis Title: Guanidinium Sulfonate Frameworks with Chiral Guest Molecules 

Alexandra Dillon (current Ph.D. student, NYU, anticipated graduation 2024) 
Tentative Thesis Title: Chiral Hydrogen-bonded Molecular Frameworks 
 
Bryan Erriah (current Ph.D. student, NYU; co-advised with B. Kahr; anticipated graduation 2024) 
Tentative Thesis Title: Contact Insecticides 
 
Hengyu Zhou ((current Ph.D. student, NYU; co-advised with B. Kahr; anticipated graduation 2024) 
Tentative Thesis Title: Physical Properties of Organic Crystals 
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Leilani Smith (co-advised with B. Kahr; graduated with Master's degree, 2023) 
 
Postdoctoral Research Associates 
Phillip Carter (1991 – 93, Nalco) 
Project: Regulating Heterogeneous Crystallization and Polymorphism Through Substrate Design 
 
Mamoun Bader (1993 – 1994, Penn State, Hazleton; Alfaisal University) 
Project: Molecular Interfaces for Controlled Nucleation of Organic Crystals 

Michael Dvorak (1993 – 1994, faculty, Chemistry, St. Cloud State University) 
Project: Scanning Tunneling Microscopy of Organic Conductors and Superconductors 

Kelly Moran (1992 – 1993, postdoc, Bristol, UK) 
Project: Vanadium Oxide Energy Storage Materials 

Joachim Hossick-Schott (1994 – 1995, DataCard, Minneapolis) 
Project: Scanning Tunneling Microscopy of Organic Nanocrystals 

Salvatore Bonafede (1994 – 1995, NRL) 
Project: Regulating Polymorphism Through Ledge-Directed Epitaxy on Crystal Substrates 

Guangzhao Mao (1995 – 1996, faculty, Chem. Eng., Wayne State University) 
Project: Probing Crystallization of a Photographic Dye through Real-time in situ Atomic Force Microscopy 

Tim Stoebe (1996 – 1998, Seagate, Minneapolis) 
Project: Superspreading Surfactants 

A. Mannivanan (1996 – 1997, research associate, Univ. West Virginia) 
Project: Epitaxial Crystalline Organic Films 

Wenjie Li (1996–1997, startup company, California) 
Project: Pillared Hydrogen-bonded Host Frameworks 

Melanie Sullivan (1998 – 1999, Roche, Indianapolis, IN) 
Project Topic: Combinatorial Electrode Arrays for Optimizing Chiral Electrocatalysis 

Jennifer Swift (1997 – 1999 (faculty, Chemistry, Georgetown) 
Project Topic: Design of Crystalline Host Frameworks 

Mike Vela (1998 – 1999 (high school instructor, Boston) 
Project: Nanoscale Energy Storage Materials 

Travis Holman (1999 – 2001, faculty, Chemistry, Georgetown) 
Project: Symmetry and Metric Control in Hydrogen-bonded Host Frameworks 

Christine Mitchell (2000 – 2001, SSCI, West Lafayetter, IN) 
Project: Regulating Polymorphism of Pharmaceutical Crystals with Crystal-on-Crystal Epitaxy 

Shouwu Guo (2000 – 2002, postdoc, Northwestern University, Evanston) 
Project: Direct Visualization of Calcium Oxalate Crystallization with Real-time in situ Atomic Force Microscopy 

Radu Custelcean (2000 – 2002, Oak Ridge) 
Project: Introducing Chirality in Crystalline Hydrogen-bonded Frameworks 

Brian Holmes (2002 – 2004, staff scientist, NRL) 
Project: Synthesis of Organic Transport Molecules for Field Effect Transistors 

Sang-Ok Lee (Department of Defense, Seoul, Korea) 
Project: Enantioselective Separations via Self-assembly of Hydrogen-bonded Host Frameworks 

IlWon Kim (Soongsil University, Korea, Chemical Engineering, faculty) 
Project: Crystal Growth in Kidney Stones: Pathological Mineralization 

Sam Hawxwell (2007 – 2008; deceased, February 8, 2008)) 
Project: Adjustable Molecular Capsules 
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May 13, 2024 

Galia Mayaan (Technion, Chemistry, faculty) 
Project: Peptidomimetic Assemblies 

Jeffrey Rimer (University of Houston, Chemical Engineering, faculty) 
Project: Crystal Aggregation in Kidney Stones: Pathological Mineralization 

Zhihua An (NYU, clinical faculty) 
Project: Crystal Aggregation in Kidney Stones: Pathological Mineralization 

Daniele Musumeci (CUNY, York University, Chemistry, faculty) 
Project: Amorphous-to-Crystalline Transitions in Organic Solids 

David Ehre (Wiezmann Institute, research scientist) 
Project: Crystallization in Levitated Microdroplets 

Trina Mandal (NYU, clinical faculty) 
Project: Nanoscale Adhesion at Crystal Surfaces 

Stephanie Lee (Stevens Institute of Technology, Chemical Engineering and Materials Science, faculty)  
Project: Colloidal Particle Assembly under Electric Fields 

David Connors (Georgia State, lecturer) 
Project: Molecular Solid State Frameworks 

Takuji Adachi (University of Strasbourg) 
Project: Molecular Solid State Frameworks and Crystal Growth Dynamics 

Ran Drori (Yeshiva University) 
Regulation of Ice Nucleation with Biomimetic Molecules using Microfluidics 

Marcel Handke (startup) 
Project: Molecular Solid-State Frameworks 

Jingxiang Yang (present) 
Project: Polymorphic Contact Insecticides 
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Case No. IPR2023-01346 
Attorney Docket No: 51957-0001IP1 

APPENDIX B  

Materials Considered 

 2023-08-28 Paper 4 Petition for Inter Partes Review (’344 patent, claims 10,
11, 18) and all exhibits attached thereto

 2024-03-13 Paper 8 Institution Decision IPR2023-01346
 2023-08-28 Paper 4 Petition for Inter Parties Review (’344 patent, claim 16)

and all exhibits attached thereto
 2024-03-43 Paper 8 Institution Decision IPR2023-01347
 2023-04-13 Defendant Novartis Pharmaceuticals Corporation’s Invalidity

Contentions (Redacted)
 2024-05-23 Deposition Transcript of Dr. Robin Rogers and all exhibits
 2024-05-30 Errata of Deposition Transcript of Dr. Robin Rogers
 All documents and references cited in the Declaration of Dr. Michael Ward,

Ph.D dated 2024-06-05
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