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work which is oriented toward small nanotechnology businesses. Finally, Dr. John Balbus of
Environmental Defense presented the Nanorisk Framework developed jointly by Environmental Defense
and Dupont company, stressing the framework’s relevance to a wide variety of nanotechnology companies,
including both large and small enterprises.

12.7. Nanotechnology-Enabled Water Treatment

In lieu of having a CBEN-wide symposium, we opted last year to hold a
more focused workshop on NeWT (Figure 2). To assess the state-of-the-art
research opportunities and challenges, CBEN convened the NeWT Workshop
on February 23-25, 2007. It was multidisciplinary and multi-institutional,
drawing from universities and various departments across the country. Partici-
pants also came from national labs, government agencies, and NGOs. CBEN
graduate students and postdoctoral researchers also participated.

The specific objectives were to: 1) identify the critical needs in water b
treatment that have potential for widespread societal impact, 2) generate
ambitious and possibly revolutionary schemes for using nanotechnology for
water treatment, and 3) identify barriers that could prevent nanotechnologies
from being commercialized in this arena and propose solutions. From the 10
working groups that were eventually organized, the findings were summarized in short presentations and
written summaries. The desired outcomes of the Workshop were: 1) a focused and interactive community
of researchers active in this area, and 2) a review paper that summarizes the collective findings. Some of
the general conclusions drawn during the Workshop were that 1) economics would be the most immediate
and significant barrier to adoption of nanotechnology-based treatment systems, 2) EHS issues of nanoma-
terials in water cannot be ignored or marginalized, and 3) the greatest opportunities for new
nanotechnology-enhanced water treatment methods lie in developing countries, rather than developed
countries. These ideas will be discussed in the multiauthor review paper (led by Wong), to be submitted to
the journal Environmental Science & Technology. Professor Wong is also pursuing a possible chapter in a
book on nanotechnology for water treatment edited by EPA officials.

Nanotechnology-enabled Water Treatment

Figure 2. NeWT logo.

12.8. CBEN Sponsors France-USA Workshop on Nanotechnology for Cancer
Treatment

Revolutionary breakthroughs in the treatment of cancer were
showcased by scientific experts and innovators at the Second
Annual France-USA Science and Technology Workshop held on
Oct. 15-16, 2007 at Rice University. The workshop was hosted by
CBEN, the Institute of Biosciences and Bioengineering, and the
Richard E. Smalley Institute for Nanoscale Science and Technol-
ogy, in collaboration with the Alliance for NanoHealth and the
Office for Science and Technology of the Embassy of France.
CBEN also hosted an informational talk for students and faculty interested in research or collaborations
with the French atomic energy commission, the Commissariat & I'Energie Atomique (CEA). The CEA is a
government-funded technological research organization and leader in European nanotechnologies. The list
of speakers for the 2-day workshop included scientists from CBEN, MDACC, UTHSC, Baylor College of
Medicine, UC Santa Barbara. and various universities in France. A full program can be found at http://
cohesion.rice.edu/centersandinst/chen/events.cfm?doc_id=11634.
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Nanotechnology: Disruptive Technologies that Promise to Change How We Diagnose, Treat and
Prevent Cancer: Anna BARKER, Deputy Director for Advanced Technologies and Strategic
Partnerships, National Cancer Institute (USA)

Molecular probes for in vivo fluorescence imaging: Frangoise VINET, LETI, Laboratoire de
fonctionnalisation et chimie des microsystémes, CEA — Grenoble (France)

Ligand -directed Vascular Targeting and Molecular Imaging: Renata PASQUALINI, MD Ander-
son Cancer Center, University of Texas at Houston (USA)

Use of Optical imaging for detection, medical imaging and treatment of cancer using tumour tar-
geted peptides: Jean-Luc COLL, Unité INSERM 823, Institut Albert Bonniot (France)
Fluorescence instrumentation for molecular imaging: Philippe RIZO, LETI, Laboratoire Imag-
erie et systémes d’acquisition, CEA — Grenoble (France)

Molecular specific contrast agents: Rebekah DREZEK, Department of Bioengineering, Rice
University, Houston (USA)

Targeted and activated nanoparticles to improve tumor and metastatic ablation and therapeutic
compound delivery: Raphaél ROUSSEAU, Inserm U590, Centre Régional Léon Bérard, Lyon
(France)

Nanoshell enabled photonic based therapy of cancer: Jennifer WEST, Professor of Bioengineer-
ing, Rice University, Houston (USA)

RNA self-assebling nano-particles: towards applications in biology and nano-medicine: Luc
JAEGER, University of California, Santa Barbara (USA)

Liposomal delivery of sirna and anticancer agents: Gabriel LOPEZ-BERENSTEIN, MD Ander-
son Cancer Center, University of Texas at Houston (USA)

Development of specific micro/nano devices validating the concept of molecular biopsy:
Francois BERGER, Inserm U 318, Centre Hospitalier Universitaire de Grenoble (France)
Nanoparticles as Intracellular Targets to Produce RF-Induced Thermal Destruction of Cancer
Cells: Steven CURLEY, MD Anderson Cancer Center, University of Texas at Houston (USA)
New targeted anticancer agents evaluated using both in vitro and in vivo experimental tumour
models: Angelo PACI, Institut Gustave Roussy, Villejuif (France)

A novel generation of nanocarriers that inhibit P-gp: Jean-Pierre BENOIT, Université d'Anger
Inserm U646, Institut de Biologie et Technologie - Université d'Angers (France)

Cancer biomarker identification by nanochips: Fredika ROBERTSON, MD Anderson Cancer
Center, University of Texas at Houston (USA)

Nanosystems for the Delivery of Anti-Cancer Drugs: Gillian BARRATT, CNRS, Université de
Paris-Sud

Using Cryo-Election Microscopy to Probe Biological Nanomachine Structure and Function:
Michael F. SCHMID, Verna and Marrs McLean Department of Biochemistry and Molecular
Biology, Baylor College of Medicine (USA)

Innovation in immuno-monitoring: Patrice MARCHE, Inserm U548, Laboratoire d'Immu-
nochimie, Université Joseph Fourier de Grenoble (France)

Structure-Function Relationship and Nanotoxicity: A general introduction to nanomaterials and
their uses in medicine: Vicki COLVIN, Center for Biological and Environmental Nanotechnol-
ogy, Rice University (USA)

The European Policy in Nano Medicine : the Nano 2 Life Network: Jean-Marc GROGNET,
Direction de la Recherche Technologique, CEA Saclay (France)

The Cancer Nanotechnology Plan of the NIH and the Alliance for NanoHealth: Mauro FER-
RARI, University of Texas Health Science Center, President of the Alliance for NanoHealth,
Houston (USA)
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» Presentation of INSERM and its international programs: Florence BERANGER, INSERM Rep-
resentative, Embassy of France, Washington DC (France).

12.9. CBEN Hosts Visit from Royal Commission on Environmental Pollution

The Royal Commission on Environmental Pollution (RCEP) is an independent standing body of the
United Kingdom (UK) established in 1970 to advise the Queen, the Government, Parliament,and the public
on environmental issues. The Commission’s advice is mainly in the form of reports, which are the out-
comes of studies that review and anticipate trends and developments in environmental policies, identifying
fields where insufficient attention is being given to problems, and recommending action that should be
taken. The Commission generally selects its topics for study through consultation exercises. Previous stud-
ies have investigated the urban environment, the marine environment, chemicals and their regulation,
transport issues,and genetically modified organisms.

The aim of the study on The Environmental Effects of Novel Materials and Applications is to recom-
mend what the UK can do to manage the state of uncertainty with regard to the environmental and human
health impacts of novel materials and the lack of a governance structure to deal with them effectively. As part
of their study, the RCEP visited the United States in January 2008. Aside from stopping in Washington, DC
to meet with US government officials, the commission members traveled to Rice University to gather input
from CBEN on nanomaterial impacts on the environment. CBEN was the only academic center the RCEP
committee visited during their trip. A report on their findings is due to be published in November 2008.

12.10. Entrepreneurship Promotion

We believe that, as with biotechnology, many of CBEN’s technologies will find commercialization
through entrepreneurial ventures centered on our own academic inventions. Thus we have several pro-
grams designed to enhance and improve the academic-entrepreneurial activities. Many of these include
educational efforts for graduate students and faculty that are described in Section 11. Here we focus on the
portion of our entrepreneur program that aims to develop new business.

Rice University was ranked No. 1 in nanotechnology commercialization by Small Times magazine in
2005, which credited the university with “an ambitious nanotech initiative, a collaborative business school,
and an administration that supports tech transfer.”3 CBEN has been an important component of the univer-
sity’s overall strategy with respect to nanotech commercialization through our support of and engagement
with the Rice Alliance for Technology and Entrepreneurship, our entrepreneurial education initiatives (see
Section 11), and the start-up companies spun off from Center research.

In this reporting period, CBEN, through the Rice Alliance for Technology and Entrepreneurship,
held its seventh annual Nanotechnology Venture Forum. The Rice Alliance is a Rice community resource
that, through its Technology Venture Forums, brings together a talent pool of potential collaborators in
entrepreneurship ventures. These include scientists and engineers with the technical innovations at various
stages of development, venture capitalists, investment bankers, local entrepreneurs, faculty members,
recent MBA graduates, and students. These forums are structured around presentations by inventors, who
receive feedback on their innovations and business plans from a panel of experts.

The Nanotechnology Venture Forum was held at Rice University on January 24, 2008 and drew an
audience of more than 450. The keynote speakers were Ray Johnson, Chief Technology Officer of Lock-
heed Martin Corporation, Josh Wolfe, Founder of Lux Capital Management, and Chris Anzalone, CEO of
Arrowhead Research Corporation. In addition, presentations were made by CBEN faculty Michael Wong,
Pedro Alvarez, and Rebecca Richards-Kortum. Bruce Weisman gave an update on the successful expan-
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sion of ANF. Other presentations by Rice start-up companies included NanoSpectra Biosciences, Natcore,

and Unidym.

12.11. CBEN Knowledge Transfer Interactions

12.11.1 Interactions with Elected and Other Government Officials

Event Interaction Who Date
Meeting NSF Nano and Society Meeting Kulinowski Mar 2007
Scientific Argonne National Laboratory, Chicago, .
Advisory Board Meeting  lllinois LA Apr 2007
Kulinowski
Meeting Rep. John Culberson (R-TX) and graduate  Apr 2007
students
Massachusetts Institute of Technology (MIT)
] Seminar for Senior Congressional and
Symposium Executive Staff: “Tiny Technologies: Wong AP 0
Nanotechnology and Its Applications”
Congresswoman Eddie Bernice Johnson (D-
TX) [staff]; Senator Kay Bailey Hutchison (R-
TX) [staff, member]; Congressman Edward
Congressional M.arkey (D-MA) [member]; gongressman Kulinowski
Visits Day Nick Lampson (D-TX) [staff]; Congressman  and graduate = May 2007
John Culberson (R-TX) [member]; students
Congressman Mac Thornberry (R-TX) [staff];
Congressman Ciro Rodriguez (D-TX)
[member]
NSF National . . : .
Nanomanufacturing Network Nanoinformatics Strategic Workshop Colvin Jun 2007
NSE Site Visit Panel Network for Compgtatlo_nal Nanotechnology Colvin Jun 2007
Center, Purdue University
Seminar NIST, Gaithersburg, Maryland Colvin Jul 2007
Review Panel NSF Ngnotechnology Undergraduate Kulinowski Jul 2007
Education program
Environmental Protection Agency (EPA) _ _
Oral Comments Public Meeting on Voluntary Nanoscale Kulinowski  Aug 2007
Materials Stewardship Program
Grantees Interagency
Workshop on Environmental .
Implications of EPA Colvin Sep 2007
Nanotechnology
Peer Consultation on
Nanomaterials EPA, Arlington, Virginia Colvin Sep 2007
Characterizations
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Event Interaction Who Date
Standards for EHS
Research Needs for o Colvin Sep 2007
Engineered Nanoscale
Materials
NanoHealth Enterprise NIH, _NIEHS, N_atlonal Inst. of Biomedical Colvin Oct 2007
Workshop Imaging and Bioeng.
Meeting U.S. Representative Culberson Colvin Oct 2007
Susan Durham, International Radiation
Phone Conference Protection Association/Chemical Industries Colvin Oct 2007
Association (IRPA/CIA)
Meeting M.elgn}e Corcoran, IRPA/CIA, Quantico, Colvin Oct 2007
Virginia
Testimony Committee on Smence_ and Technology, U.S. Colvin Oct 2007
House of Representatives
Briefing Congressional Nanotech Caucus, Sen. Ron Colvin Nov 2007
Wyden
3 Melanie Corcoran, Jose Gonzalez, Brian .
Meeting Rosinski, IRPA/CIA Colvin Dec 2008
Conference Royall Commission on Environmental Colvin Jan 2008
Pollution, U.S. Consulate
12.11.2 Industrial interactions
Group Meeting Place CB.EN SETIAE Date
involved
Schering-Plough Phone call Kulinowski, Mar 2007
Baker
. . Mar 12
Invitrogen Corp. Eugene, Oregon Colvin 2007
Hewlett Packard Corvallis,Oregon Colvin I\g%rolf

Lockheed Martin

Washington, DC

Schering-Plough, Johnson &

Colvin, Adams May 2007

Johnson, Hoffman-LaRoche, . Kulinowski,
GlaxoSmtihKline, Novartis, Wyeth, Washington, DC Baker Jun 2007
Eli Lilly, PhARMA

Colvin,
Invitrogen Rice University Kulinowski, Jun 2007

others
Akzo-Nobel Rice University Colvin Jun 2007
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CBEN people

Group Meeting Place involved Date
Colvin,
. . . Kulinowski, Tao,
FEI Company Rice University Wilson, Jun 2007
Hartgerink
Lockheed Martin Rice University Kulinowsk, Jul 2007
others
Unidym Rice University UL, Aug 2007
others
Lockheed Martin short course on . . . Kulinowski,
nanotechnology Rice University Colvin, others Oct 2007
Advanced Energy Consortium  Rice University Colvin Jan 2008
LANCER Rice University Colvin Jan 2008

12.11.3 Representative Seminars on CBEN and ICON (only CBEN Management)

Title Venue Who Date
Sustainable Nanotechnology: . .
Making High Technology Safe égﬁgrﬁr;nual Meeting, San Francisco, Colvin Feb 2007
Technology torni
Environmental, Safety and Health
Aspects of Nanomaterials: Arizona State University (ASU), . .
Overcoming Barriers to Tempe, Arizona Kulinowski Mar 2007
Cooperation
Nanotechnology: The Science  American Bar Association Continuing . .
Behind the Headlines Legal Education, Phoenix, Arizona Kulinowski Mar 2007
Standards for Nanotechnology:
Essential Tools for Effective Materials Research Society (MRS), . .
Regulation and Risk San Francisco, California (el A AR
Communication
Clean Water from Small Materials: . . o
Nanotechnology in the gﬂgﬁrsgy r?f lIIIII.|rr]1(c)).|;5—Urbana, Urbana- Colvin Mar 2007
Environment paign, filinol
Safety by Design: A Principle for : . .
Green Manufacturing University of Oregon, Eugene, Oregon Colvin Mar 2007
Nanotechnology and
Environment—Applications and  Wheaton College, Chicago, lllinois Colvin Mar 2007
Implications
Building Safe Nanomaterials:
Physical and Chemical Columbia University, Seminar Series Colvin Mar 2007
Characterization
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Title Venue Who Date
NanoDay in New York, Columbia
What's So Big about Small Things University and City College of New Colvin Mar 2007
York
Cornell External Advisory Board . . .
for MRSEC Cornell University, Ithaca, New York Colvin Apr 2007
. , . The Academy of Medicine,
Cleaning the Worlds Water with Engineering and Science Nano Colvin Apr 2007
Nano Dirt )
Conference, Austin, Texas
L National Academy of Sciences, .
Sustainability for Nanotechnology Sackler Colloguium Colvin Apr 2007
Eco Nano:_ Impact of Engllneered 27th Blankenese Conference, Colvin May 2007
Nanomaterials on the Environment Hamburg, Germany
Society of Research Administrators/
Environmental, safety and health Toxics Use Reduction Institute (SRA/
aspects of nanomaterials: TURI) Risk Assessment for . .
: . S Kulinowski May 2007
Overcoming barriers to Nanomaterials: Current Developments
cooperation and Trends Full Day Continuing
Education Course
Nanotechnology: The Science  Fulbright & Jaworski Environmental : .
Behind the Headlines Law Seminar Kulinowski May 2007
. Swiss Reinsurance Company Risk .
Overview on Nanotechnology EHS Talk, Riischlikon. Switzerland Colvin Jun 2007
Nanotechnology Wh"?‘”"” School a}nd the Chemical Colvin Jun 2007
Heritage Foundation
Eco-Nano: Can an Emerging Wharton School and Chemical
Technology Develop without the  Heritage Foundation, Philadelphia, Colvin Jun 2007
Yuck Factor? Pennsylvania
Structure-Function R.ellatlonshlps 3rd International Symposium on Colvin Aug 2007
and Nanotoxicity Nanotechnology
Environmental and Health Effects
of Nanomaterials, Principles for Ltgn\(/)\/:(;g %Zﬂgrseisagrl/e as. Nevada Colvin Sep 2007
Making Systems Safe by Design P ' gas,
Nanotechnology: Benefits for Association of Official Analytical
Human Health & Analytical Chemists (AOAC) Annual Meeting , Colvin Sep 2007
Challenges Los Angeles, California
Nanotechnology in Biological and Umversn)_/ of Puerto Rico, San Juan, Colvin Sep 2007
Environmental Systems Puerto Rico
Eco-Nano: Impact of Engineered .
Nanomaterials on the Environment French/USA Nano Workshop Colvin Oct 2007
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Title Venue Who Date
Correlating the Physical and
Chemical Properties of Environmental Mutagen Society .
Nanoparticles to their Biological ~Annual Meeting, Atlanta, Georgia Colvin Oct 2007
Activity
Clean Water from Small International Institute for
Materials—Nanotechnology in the Nanotechnology (IIN) Symposium, Colvin Oct 2007
Environment Northwestern University
North American Emergency
Nanotechnology—What's So Big Management (NAEM) EHS .
about the Small Stuff? Management Forum, Vancouver, Colvin Oct 2007
British Columbia
Eco-Nano: Impact of Engineered im: DonSIq G. I_Dtaw?IZ/Iemgrllal Colvi Nov 2007
Nanomaterials on the Environment ~cc ore: SNIVETSIty oT New Lrieans, ovin ov
New Orleans, Louisiana
Understanding Nanomaterial European Science Foundation
Properties as Factors in Research Conference, Barcelona, Colvin Nov 2007
Nanotoxicology Spain
Nanotechnology: Benefits for .
Human Health & Analytical EH&S Panel and Small T|me§ Nano Colvin Nov 2007
Conference, Santa Clara, California
Challenges
Clean Water from Small materials:
Nanotechnology in the MRS, Boston, Massachusetts Colvin Nov 2007
Environment
Clean Water from Small materials: . : .
: NanoCenter Seminar, University of .
Nanotechnology in the Colvin Dec 2007
Envi Maryland, College Park, Maryland
nvironment
_Eco-Nano: The Impact of Nanomaterials Application Center .
Engineered Nanomaterials on the . Colvin Dec 2007
Envi (NAC) Colloquium, Houston, Texas
nvironment
Engineering Safe Nanoparticles for 3rd Annugl Engmee.red' Fine & .
. . NanoParticles Applications Colvin Jan 2008
Use in Composites -
Conference, Orlando, Florida
Australian-USA Workshop on
Product Safety and Sustainability Sustainable Nano-Manufacturing, Colvin Feb 2008
Brisbane, Australia
The Science Behind the Headlines Hous_ton Bar Association Environment Kulinowski Feb 2008
Section
Correlating Structure with Toxicity International Conference on
for Engineered Nanoparticles:  Nanoscience and Nanotechnology Colvin Feb 2008
Towards Safety by Design (ICONN) 2008 Conference, Australia
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12.11.4 NGO Interactions

CBEN people

Group Meeting Place involved Date
American Chemical Society, . . : Kulinowski,
Ray Garant Rice University Colvin, students Mar 2007
Consumers Union Conf. Call Colvin Mar 2007
ASTM International Committee Lo Colvin,
Meeting Norfolk, Virginia Kulinowski  ™May 2007
American Association of San Di Californi Colvi Jun 2007
Pharmaceutical Scientists an Diego, Lafiiornia ovin un
ASTM, Fred Klaessig Rice University Colvin, ' 5 2007
Kulinowski
Nanomedicine Workshop Rice University Colvin Aug 2007
American Institute of Chemical
Eng_lneers (AI_ChE)_NanoscaIe Webinar Kulinowski Oct 2007
Science Engineering Forum
(NSEF)
Panelist, ConsumersTalkNano,
Project on Em_erglng Online Kulinowski Oct 2007
Nanotechnologies and
Consumers Union
Michigan Nanotechnology Institute . . -
for Medicine and Biological Umv_ersny of Michigan, Ann Arbor, Colvin Oct 2007
Sci Michigan
cience
Nanotech Publ|c_ Private Woodrow Wilson Center, Washington, Colvin Oct 2007
Partnership DC
ASTM Meeting Tampa, Florida Colvin Nov 2007

National Association for
Environmental Management Web Conference Presentation Colvin Jan 2008
(formerly NAEM)

International NanoEHS Research

Collaboration Conference Call Colvin Feb 2008
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12.11.4.1Workshops

Event Meeting Place CB.EN SEIRlE Date
involved
Towards Predicting Nano- ICON workshop at Global Dialogue Kulinowski, Jun 2007
Biointeractions Centre, Ruschlikon, Switzerland Colvin
] Kulinowski with
Environment, Hea}lth & NanoTX 2007, Dallas, Texas Environmental Oct 2007
Safety Summit
Defense
Second Annual France-USA . . . West, Drezek,
Science and Technology Workshop Rice University Colvin Oct 2007
Steering Committee Meeting ICON, Rice University Kugr;(l)\\ll\iﬁkl' Oct 2007
12.11.4.2Media
Event Reporter CB.EN PETIE Date
involved
Interview Raquel Dillon, Freelance Writer Colvin Feb 2007
Interview A Fe_rnholm, SRS [REEENE Kulinowski Mar 2007
Council
Interview Popular Science Kulinowski Apr 2007
Interview Andrea Rock, Consumer Reports Kulinowski Apr 2007
Interview Inside EPA Kulinowski May 2007
Interview Ellzabgth Grossman, Discover Colvin May 2007
Magazine
Interview Ewen Callaway, The Scientist Colvin May 2007
Interview Ellzabe_th SIS, DI Kulinowski Jun 2007
Magazine
Interview Pat Rizzuto, Chemical Regulation Kulinowski Jun 2007
Reporter
Interview Sindya Bhanoo, Baltimore Sun Kulinowski Jul 2007
Interview Rich Acello, Small Times Kulinowski Jul 2007
Interview Ray Reed, Roanoke Times Kulinowski Jul 2007
Interview Charles Petit, Trust Kulinowski Jul 2007
Interview Rh_|tu Chatterjee, Environmental Kulinowski Aug 2007
Science and Technology
Interview Colin Finan, Inside EPA Kulinowski Aug 2007
Interview Steve .M|tchell, Pesticide and Toxic Kulinowski Aug 2007
Chemical News
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Event Reporter CE;E\II\IOIDVEeC;ple Date
Interview Susan Morrissey, C&EN Kulinowski Sep 2007
Interview Christine Ajudua, Esquire Colvin Sep 2007
Interview Danielle Kosecki, Prevention Colvin Jan 2008
Interview Andrew Burger, ECT News Network Kulinowski Feb 2008
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13. Shared Experimental Facilities

With the award of CBEN to Rice, the institution committed to an ambitious plan
that addressed not only the purchase of new equipment, but also a long-term strategy for
instrument management across campus. Central to our efforts was the launch of Rice
University’s Shared Equipment Authority (SEA), a faculty committee chaired by the
Director of CBEN with the administrative assistance of Rice’s Richard E. Smalley Insti-
tute, formerly known as the Center for Nanoscale Science and Technology (CNST 1993-

2005). At its inception in the fall of 2001, the SEA leveraged CBEN and internal fund-

ing to create an organized crosscampus facility for equipment management and

operation. The unique approach that CBEN made possible for shared equipment has

been recognized nationally; Small Times named Rice University the No. 2 top school in nanotechnology
facilities while the National Research Council (NRC) report on MidSize Facilities held up the SEA as a
model for shared instrument management.!

SEA serves many key functions for both CBEN and the university as a whole. It provides a home for
technical staff to maintain and train students on equipment. These positions were started by CBEN funds in
2001 and now are covered 100% by the university, which has added an additional five positions to SEA.
SEA also manages the financial aspects of equipment maintenance and user policies. During monthly
meetings, the faculty sets user fees, monitor equipment usage, vote to sell outmoded or underused instru-
ments, and write policies governing access and training issues. Rice has provided a full-time staff person
for billing and financial forecasting, a critical function for maintaining a financially viable facility. Finally,
SEA is ultimately responsible for equipment maintenance and training. Initially, the organization had 12
items of equipment to oversee, and after 60 months of operation, now manages more than 75 items. While
some of these were nominated by departments anxious to take advantage of SEA’s organization, many
were entirely new purchases.

13.1. Existing Equipment Before CBEN

Rice University laid the groundwork for our Center’s experimental facilities with their 1993-96
fund-raising campaign that established the Richard E. Smalley Institute for Nanoscale Science and Tech-
nology (formally known as the CNST). The campaign included a $5.5 million equipment fund for
nanoscience equipment. Our new (1997) nanoscience and technology building, Dell Butcher Hall, was
built with a state-of-the-art equipment room designed for vibrational and electrical isolation, and equip-
ment located in this facility initially included a Philips environmental scanning electron microscope
(SEM), a JEOL electron beam lithography system, two Digital Instruments atomic force microscopes
(AFMs), and a variety of smaller items such as sputter- and spin-coaters. Instrumentation located else-
where on campus and available for common use included a JEOL 2010CX transmission electron
microscope, a Nicolet Fourier Transform InfraRed (FTIR) microscope and an ISA™ Raman microscope.
In addition, the Texas Center for X-ray Crystallography, housed at Rice for many years, had its two single-
crystal, one powder, and one small-angle X-ray diffractometer.

13.2. Campus Initiative in EQuipment Management: The SEA

The maintenance and management of shared equipment is a serious organizational challenge at any
university; typically departments are the only entities given funds for such purposes and shared equipment
is left without any additional resources once the acquisition dollars have been spent. The obvious solution
of levying user fees to offset maintenance costs brings up a different set of organizational concerns, and
many universities that have created cost centers for shared equipment find them unable to sustain opera-
tions without substantial subsidies. For most shared equipment there is no clear authority in charge of
setting and spending user fees, and there is no central administrative organization to keep records of equip-
ment costs and to process and request user registration and instrument access. University administrators are
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reluctant to cede control of such activities to independent faculty. These problems undermine the overall
effectiveness and value of shared equipment in research.

CBEN, in addressing this challenge, was committed to forming at Rice a major instrumentation
facility for nanoscience and engineering. Its goal was to strengthen the Rice infrastructure for nanoscience
and engineering and leverage its funding internally to create an organized facility for equipment manage-
ment. With the award of CBEN to Rice, the institution committed to an ambitious plan that addressed not
only the purchase of new equipment, but also a long-term strategy for instrument management across cam-
pus. Central to those efforts was the launch of Rice University’s SEA, a faculty committee chaired by the
Director of CBEN, Dr. Vicki Colvin, with the Rice’s Richard E. Smalley Institute Director, Dr. Wade
Adams, as cochair.

To take full advantage of an extensive investment in nanotechnology instrumentation, a management
strategy was developed providing for long-term stewardship of the equipment. At its inception in the fall of
2001, the SEA leveraged CBEN and internal funding to create this organized facility for equipment man-
agement and operation. CBEN successfully advocated for Rice University to transfer control of all shared
equipment, approximately 20 instruments across campus, to a faculty oversight committee at the beginning
of the CBEN grant.

While the SEA was initially denoted as a CBEN initiative in internal Rice documentation, its mem-
bership is not limited to CBEN participants. The SEA Board, made up of a group of faculty and staff that
serve 3-year terms, is appointed by the deans in consultation with the chair of the SEA. It meets monthly
throughout the academic year to address many important policy issues governing access and training, quar-
terly consideration of internal and external user fees and user policies, and review of shared instrument
grants and consideration of strategic instrument acquisition. The SEA Board manages the financial aspects
of equipment maintenance and administers money raised from user fees to perform maintenance and oper-
ation and training on equipment. The board monitors equipment usage and annually assesses the value of
each instrument to research and determines the fate of outmoded or underused instruments.

The SEA also provides a home for technical staff to maintain instruments and train students on state-
of-the-art equipment. Three staff positions were started by CBEN funds in 2001 and their support is now
covered 80% by the university, which has added an additional five positions to the SEA. Rice has also pro-
vided a full-time staff-person for billing and financial forecasting, a critical function for maintaining a
financially viable facility.

Early organizational concerns about cost recov-
ery have been assuaged. The SEA originally
projected that only 25% of the costs for shared equip- [l
ment at Rice could be recovered by direct billing of 38
internal and external users if hourly fees were kept at Wf
the average nationwide values. However, effective
and efficient billing practices to ensure compliance
with operating policies, the addition of 29 external
corporate users (billed at higher rates), and the sup-
port for technical staff salaries from the university
have resulted in not only balanced budgets for the
past 3 years, but also the creation of a depreciation
reserve that will provide for payment of larger unex-
pected repairs. Also, the SEA is working with Rice’s CBEN graduate student using SEA managed AFM.
Office for Development to identify individuals and
private foundations who would donate money to establish an endowment for sustainability of equipment
operations, and an anchor donor was found who has started the fund at $150,000. The presence of an NSF
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center in nanotechnology is good leverage for this type of fundraising, and many of the same people who
contributed to the highly successful nanocampaign in 1993-96 are being approached again. However, to
maintain faculty confidence in SEA and its management, the university has agreed to maintain the techni-
cal staff positions associated with CBEN after the funding cycle of the Center and has committed to
sustaining shared equipment infrastructure at Rice as needed.

Perhaps the most surprising development over the past years has been the increasing interest from
departments in transferring their equipment into the SEA for operation and management; the benefits of
pooling the costs and overhead of running and recovering shared instrument costs are extensive, and the
SEA has inspired confidence that operational decisions will be made fairly and in a transparent fashion.
The Chemistry Department has transferred both the Mass Spectroscopy and the NMR facility to the SEA,
and the Biochemistry and Cell Biology Department has transferred its NMR facility to the SEA. The Gulf
Coast Consortium, a coalition of six Houston area biological and medical institutions (two universities,
three medical schools, and one cancer research institute), also transferred a new 800-MHz NMR to SEA
for management last year.

13.3. Strategic Equipment Purchases

Initially, the organization had 12 items of equipment to oversee, and after 60 months of operation,
now manages more than 75 items. While some of these were nominated by departments anxious to take
advantage of SEA’s organization, many were entirely new purchases. These new systems build on a set of
equipment purchased since 1996 using $5.5 million of private donor money given to the Smalley Institute.

CBEN equipment funds in 2001 added to the base of shared equipment, and CBEN members Colvin
and Drezek have both been successful at raising additional funds for new instruments through the NSF-
MRI program. During the first year of this Center grant, $1.3 million of internal cost-sharing funds was
expended for CBEN equipment. An SEM is now available to allow for the imaging of biological materials,
and nanofiltration and bone replacement polymers. An upgrade to Rice’s 10-year old TEM and the pur-
chase of three new TEMs have made student training much more effective and extensive. The upgrade
retrofitted the oldest microscope with a digital camera and software for routine high-resolution imaging
and made hands-on demonstrations of microscope procedures much more effective. CBEN purchased two
analytical instruments (atomic emission spectrometers) for the characterization of environmental processes
of nanomaterials.

CBEN also leveraged $433,377 of its equipment money with a Shared University Research (SUR)
grant from IBM® for a state-of-the-art parallel supercomputer with multiprocessor nodes running in
shared-memory SEP configuration through high-speed switches. The previous parallel machines at Rice
were dedicated to specific groups. This facility supports both the memory applications and the massively-
parallel message passing interface (MPI) codes.

Finally, the balance of roughly $280,000 was used for the purchase of the second TEM. This system,
which is also a JEOL 2010, has been optimized for use as a cryogenic TEM. Dr. Jane Tao, an assistant pro-
fessor in biology and an expert in cryo-TEM, is now involved as a characterization expert on projects in
Themes 1 and 2. Users are now routinely taking cryo-TEM images on the Rice campus, and this tool
addresses the need for characterization of bio-nanoconjugates throughout our Center.

Through a federal grant from the Department of Defense, Rice and CBEN have participated in a
statewide consortium for building infrastructure in nanotechnology called the Strategic Partnership for
Research In NanotechnoloGy (SPRING). Over the past 4 years, Rice University with CBEN’s help has
successfully drawn $7.5 million dollars from SPRING for equipment purchases aimed at developing nano-
technology infrastructure. Equipment purchases have all been placed under the management of the SEA.
This support was targeted at tools for characterizing the wet/dry interface and included electron micro-
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scopes, centrifuges, spectrometers, and optical microscopes. SPRING support also included most of the
apparatus to fully equip a new Class 1000/100 clean-room facility with tools for processing and character-
izing materials and devices with traditional and nontraditional lithography methods.

The first year’s SPRING funding of $1.5 million was used to equip the new clean room. The second
and third year’s funding—in excess of $4 million dollars—went to purchase equipment vital for CBEN’s
mission. Instruments purchased include a field emission TEM (JEOL 2100F) upgraded to full analytical
STEM mode, a second TEM optimized for biological systems (JEOL 1230), a preparative ultracentrifuge,
an NIR absorption and emission spectrometer, a confocal optical microscope, a carbon-enhanced cold
probe for increased sensitivity in proton and natural abundance carbon NMR experiments, and an AFM
capable of imaging biological samples in liquids. Also in the third year’s funding were investments in
upgrades to the mass spectrometer laboratory, the X-ray diffraction labs, adding needed analytical capabil-
ities to the JEOL 2010F, and particle analysis equipment for the environmental labs. In addition to the
purchases, a nanotechnology company donated a nanomanipulator (the Zyvex S100), now installed on the
new FEI Quanta400 environmental scanning electron microscope, for use in manipulating and probing
structures and materials at the nanometer scale. The donation, worth nearly $200,000, included service and
instruction on usage for a 2-year period.

SPRING is currently in its fourth and final year of funding. The $1.8 million funding has purchased
a Gatan image filter (GIF), energy dispersive X-ray spectrometer (EDS), and dark field detector for the
existing 2100F TEM, a Tousimis critical point dryer for the clean room, an Attocube cryo-probe station,
the FEI ESEM mentioned above, a Fischione plasma cleaner, and a Rigaku SAXS system for the X-ray
lab, as well as other smaller items for shared use.

13.4. Full-Time Staff for Training and Equipment Maintenance

The SEA has continued receiving support from departments, university administrators and students
over the past 6 years. Its growth continues, and additional university funds have been directed toward the
SEA to permit clean room, NMR and mass spectroscopy experts to be hired. These professional staff posi-
tions do not count as part of CBEN match money, but they are leveraged from the investment CBEN has
made in this critical area.

Usage of the SEA facilities continues to increase. A series of training sessions and users’ group
meetings, led by the professional technical staff of SEA, recognizes the needs of “exploratory” users. To
address their issues, workshops are held to illustrate how key instruments may be used to solve problems in
certain disciplines and sometimes to demonstrate new equipment from the manufacturers. Workshops have
recently been held in clean room operations, electron microscopy and mass spectrometry, and additional
workshops will be developed for other tools including FTIR and Raman microscopy. It is our intention that
these workshops will motivate researchers to invest the time required to become independent and success-
ful users.

Dr. Angelo Benedetto was the first full-time professional staff scientist hired for technical support of
SEA equipment, and he has the broadest scope including SEM, AFM, Raman and FTIR spectrometers,
thermal analysis, and optical microscopes. His user group is the largest, and he holds meetings for training
and updates of policy and procedures every 6 months. He also has the most responsibility for the SEA Web
site, http://lwww.ricesea.org, that describes the SEA and its current projects and instrument portfolio. The
site also includes the calendar interface, an efficient Web-based sign-up system for all instruments that is
very popular with users.

The two permanent, full-time professional technical staff positions hired during Y02 to oversee
experimental equipment, microscopist, Dr. Wenhua Guo, and structural biologist, Dr. Sean Moran, con-
tinue to train students and contribute to CBEN research. These staffers also share responsibility for

Shared Experimental Facilities 13-250


http://www.ricesea.org/

Center for Biological and Environmental Nanotechnology Annual Report-Y07

instrument maintenance, serve as the contact point for repairs, and offer training to students, postdoctoral
associates, and visiting scientists on their equipment. We have seen dramatic improvements in equipment
usage as these staff scientists have helped students and postdocs use instruments more efficiently. Clearly,
well-trained instrument users handle these expensive and sensitive instruments both more effectively and
more frequently. These professionals have also begun to contribute to the research enterprise; Dr. Guo, for
example, is an author on several CBEN publications where his expertise in electron microscopy was
required.

When the two mass spectrometers, the Finnegan MAT95 and the Brucker MALDI-TOF, were trans-
ferred to SEA in Y03, Mr. Yunxuan Xiao was also transferred from the Chemistry Department to the SEA
to operate, maintain, and train users in mass spectrometry. In addition to training students, mostly on the
MALDI-TOF, in the operation and analysis of mass spectrometers, Mr. Xiao also performed many analy-
ses of samples from researchers at Rice and from a number of external companies. Mr. Xiao left Rice in
2005, but the SEA continued its growth in mass spectrometry facilities, and the university supported,
through non-CBEN funds, the recruitment of Dr. Sandy Yates, an expert in the technique. Dr. Yates has set
up a new mass-spectrometry laboratory that houses the multimillion dollar investment in three new and one
reconditioned mass spectrometers made possible with the federal SPRING funds in spring of 2006. These
systems permit a wide range of mass spec analysis on solids, liquids and biological samples; the facility is
among the best of its kind in Texas.

Also in Y03, Dr. Lifan Chen was hired to set up and make operable the new Clean Room (also called
the NanoFabrication) Facility, as well as operate and train users on the XPS system. Dr. Chen’s 7 years
experience in clean-room operations paid off nicely as the facility came to fruition in the fall of 2004. With
an inductively coupled plasma reactive ion etcher, a plasma-enhanced chemical vapor deposition (CVD)
system, a mask-maker and a mask aligner and exposure, an e-beam evaporator, a spinner and hotplate, and
a rapid thermal processing station, along with an SEM, AFM, spectroscopic ellipsometer, profilometer,
dicing saw, polisher, and optical microscopes for nearby characterization, the NanoFabrication Facility is
finding immediate use by faculty and students in the physical sciences as well as the biological side of the
campus. Under the skillful guidance of Dr. Chen, a user group of approximately 50 trained persons was
established by the spring of 2005. The Clean Room Facility is now overseen by Mr. Patrick Johnson and
the latest user count exceeds 75.

In 2005 (Y04), Dr. Lawrence Alemany was transferred from Chemistry along with the three NMRs
(200, 400 and 500 MHz Brucker systems) to the SEA. Dr. Alemany brings more than 20 years of experi-
ence in both research and education to the SEA. In addition to operation and training activities, he also is
involved in teaching undergraduate courses in the operation of NMR and in performing research in collab-
oration with various faculty across the campus.

The hiring of Richard Crouse, a 29-year experienced professional” in X-ray diffraction and scatter-
ing, has enabled the SEA to perform a campus-wide assessment of X-ray facilities. As a result, a new
consolidated laboratory was created in the basement of the Space Science Building, and four X-ray sys-
tems have been moved from previously dispersed labs into one well-appointed facility. Two of the
instruments were acquired from an individual faculty member, and the Rigaku D-Max Ultima Il adds a
state-of-the-art system to the somewhat older but now upgraded Brucker SMART 1000 CCD single crystal
diffractometer, a Siemens GADDS 2D area detector multipurpose system, and the Siemens Kristalloflex
powder diffractometer. The newest Brucker Smart Lab system adds the rare, flexible small-angle/wide-
angle system to the X-ray lab. This was the first delivery of the Smart Lab in the USA. Richard Crouse has
extensive experience with Harvard University’s protein crystallography labs and with Rigaku Molecular
Structure Corporation.

Bo Chen started his position on September 1, 2006 as a research scientist at SEA. Currently he is in
charge of the XPS, BET surface analyzer, and plasma cleaner. He actively participates in training new
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users, gives advice and suggestions. He monitors the operations of the instruments to make sure that they
are running normally and data are being collected correctly. He also runs samples for internal and external
groups on XPS. He assisted with instrumental help when the new ESEM was installed, and he made him-
self readily available to assist with the training as needed.

As members of the SEA professional scientific staff, the group as a whole benefits from the strength
of numbers through sharing best practices, tips on training, operation of diverse equipment, and efficiency
in administration, as well as offering highly beneficial technical advice and suggestions to the SEA com-
mittee as a whole.

13.5. Program Highlights

CBEN continues to have a major impact on the equipment infrastructure and institutional setting for
shared equipment on the Rice campus. The highlights of our efforts toward building shared experimental
equipment include:

e Initiative and Stewardship of the SEA—a faculty-run organization made possible by the

shared equipment funds from CBEN

* National recognition of Rice’s SEA—Small Times named Rice University the No. 2 top school

in nanotechnology facilities while the NRC report on MidSize Facilities held up the SEA as a
model for shared instrument management
» Strategic equipment purchases—more than $9 million dollars of federal equipment money to
supplement existing instrumentation has augmented and extended the CBEN shared equipment
facilities started in 2001

* New technical staff positions—for instrument maintenance and the training of Rice’s diverse
student, post-doc, and research community has grown to eight full-time professionals, including
a mass spectroscopist, two NMR spectroscopists, two electron microscopists, an X-ray diffrac-
tionist, a clean-room specialist and a characterization specialist.

13.6. Cited Reference

1. National Research Council Report, “MidSize Facilities: The Infrastructure for Materials Research,”
The National Academies Press, 2006, pages 53-56.
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14. Personnel

CBEN'’s management structure has served the Center and its participants well over the years, and has
remained largely unchanged in basic structure since its inception. Two transitions in personnel this year are
important to note. The first is the departure of Professor Joseph Hughes (Georgia Tech) from direct partic-
ipation in the Center; he served as leader and then coleader (with Alvarez) of our nano-environmental
theme from 2004-2006, and his remaining Rice students have graduated. He will continue Center engage-
ment through the many shared grants and collaborations he has with CBEN faculty. This mutual decision
was motivated both by the demands of his expanded administrative role at Georgia Tech, as well as by the
barriers to forging a multi-institution organization late in the lifespan of a single-institution center. Even
without this formal arrangement we believe that the Rice-Georgia Technology collaboration in the environ-
mental area remains strong and growing and will be one of the many legacies of CBEN. The second is the
elimination of the trial “deputy director” role initiated in 2006. Originally this position was conceived to
relieve the director from operational and staff management functions; however, the culture of CBEN and
Rice is such that, especially during annual reporting and site visit seasons, the director-faculty member
must remain highly active in operations. To complement this function, CBEN now supports a half-time
Center Manager, Carlos Garcia, who develops Center budgets, reports, and oversees Center staff.

CBEN Management Structure

Director Senior Advisor
Professor ~ fr=rmrmrmrmr s s s s s s - Professor
Vicki Colvin Neal Lane

Internal ;
Review Board External Advisory

Theme Leaders Board

Executive Director of Center
Director for Policy Education Manager
Dr. Kristen Professor Gt Gt Center Members
Kulinowski John Hutchinson
Asst Dir Center Staff
of Education
Dr. Carolyn Nichol

The following sections describe in more detail the personnel and Center management. All individu-
als and activities are organized around four activities: strategic planning, resource allocation, assessment,
and operations.

14.1. Strategic Planning

In years 8-11, CBEN’s strategic planning process will focus less on defining the goals of the Center
and more on achievement of its now well-defined direction. The Center leadership and members will con-
centrate on operational strategies, tactical activities, and assessment of its programs to monitor progress
toward milestones. To this end, Center members will meet as a group once a year to evaluate and update
the strategic plan; more focused theme meetings occur more frequently and in these settings members dis-
cuss progress toward the milestones laid out for Center outcomes. These inputs are captured in CBEN’s
strategic plan, which is updated annually to reflect the progress and interests of our members.



Center for Biological and Environmental Nanotechnology Annual Report-Y07

For this activity, external feedback and input are essential. CBEN is fortunate to have Dr. Neal Lane
as a senior advisor to the Center to assist in this process. Dr. Lane’s extensive past experience as White
House science advisor and the director of NSF provides an important perspective for our planning process.
Since Dr. Lane is not directly involved in the management or research organizations of CBEN, he can
deliver an informed yet objective perspective about the Center from within Rice University. Dr. Lane chairs
CBEN’s External Advisory Board (EAB), which consists of a group of academics, government, and
industry members with interests and expertise related to CBEN’s mission. This group convenes annually,
and this year served as reviewers of this annual report and projects. Because of our focus this year on the
sustainability strategic plan, and our interest in reviews of this document, we choose to focus our EAB on
this document. Its members are also consulted on an ad-hoc basis throughout the year as needed by the
theme leaders or director.

14.2. Resource Allocation

Director Vicki Colvin is responsible for leading the annual resource allocation and project evaluation
processes. Research project evaluations begin by inviting existing project leaders to submit a progress
report and a future funding request. Our internal review process is governed by the internal review board,
which includes theme leaders Drs. Colvin, West, and Alvarez. (Dr. Colvin will appoint theme leaders annu-
ally based on the evolution of research and faculty availability and interest.) They are responsible for rank-
ordering all projects within their theme and proposing their annual budget in one of two annual budget
meetings. Because of our increased focus on sustainability, this year we relied heavily on our external advi-
sors to select new project and faculty directions. Their input, along with the rankings of the theme leaders,
was used to set the budgets for each project area within CBEN. Outreach projects undergo an internal
review process, with future budget requests produced through the consensus of the director for education
and the executive director for policy.

14.3. Assessment

CBEN assesses its performance using targets that address the number of interdisciplinary projects
started, publications with multiple member authorship, students coadvised by members, industrial connec-
tions established, commercial ventures started, and the impact of educational outreach programs. In years
8-10, as CBEN'’s engineering effort narrows to support its ambitious outcomes, specific projects will be
measured quite closely against their milestones. These quantitative goals are balanced by more qualitative
evaluations of member participation in extracurricular Center activities, such as outreach and seminars, and
visibility of the Center in the academic and national community. Currently, CBEN projects are judged in
our internal and external reviews by potential for relevance to the Center mission, potential for high impact,
probability of success, and now, in 2008-09, the connection to a strategic outcome for sustaining the
research.

14.4. Operations

The final function of CBEN management is day-to-day operations. The Center has a number of
responsibilities beyond its research activities, including Center-wide programs, internal and external
reporting, and industrial and educational outreach. These activities require great talent and dedication from
a professional full-time staff. A challenge for any center as it approaches sunset is the retention of these
staff; CBEN’s approach will be to find opportunities, where possible, to engage people half-time in its
operations so that their support is not wholly dependent on the Center funds. Carlos Garcia, for example,
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joined the Center this year as the Center Manager on a half-time basis to oversee activities such as the
annual conference, seminars, and research workshops.

As mentioned earlier, CBEN’s educational programs will be directed by Professor John Hutchinson
as director of education. We would like to emphasize that naming a single faculty member as director of
Center education does not reflect a lack of commitment to these outreach programs. All Center faculty are
required to make significant annual contributions to educational efforts, and many programs are lead by
faculty. This kind of volunteerism, however, cannot replace the focus and effectiveness of a full-time pro-
fessional dedicated to creating and nurturing our educational initiatives. For this reason, an associate
director of education, Dr. Carolyn Nichol, has oversight for CBEN’s educational programs. Dr. Nichol has
a PhD in chemical engineering, and has independently developed and taught courses as a lecturer in Rice’s
Bioengineering Department for the past 5 years. Prior to that, she was an assistant professor at the Univer-
sity of Texas M.D. Anderson Cancer Center in Houston for 5 years.

Executive director Dr. Kristen Kulinowski has responsibility for developing industrial outreach pro-
grams, including the activities of the new ICON (see Section 10), for managing the societal impacts work
and for all policy programming for the Center. Dr. Kulinowski’s efforts include active coordination of
CBEN faculty to identify industrial affiliates and the development of Center-industry partnerships. She
works closely with the Rice Office of Technology Transfer. In addition, Dr. Kulinowski serves as the Cen-
ter’s communications director, translating Center findings to the media, government, and public at large.
Dr. Kulinowski is assisted in running ICON by a full-time operations manager, Dr. David Johnson, whose
salary is drawn exclusively from ICON industrial membership fees.

As originally proposed, CBEN also supports staff for general administrative purposes. A Center
administrator is now filled by Janine Vails, our former accountant/bookkeeper. Ms. Vails is now respon-
sible for Center-wide purchasing, accounts, and financial reporting; in addition to her previous
responsibilities to maintain records, track Center expenses, and handle travel reporting. Events and Web
coordinator Chris Rodriguez organizes and stages events such as our technical conferences and workshops
and our public outreach events, updates our Web site content, creates and disseminates our Center newslet-
ter, provides a daily presence in our offices, fields phone calls and information requests, and performs
clerical tasks; and program coordinator Teresa Champion performs administrative duties for the director
and executive director. Part-time undergraduate help during the school year is also available for specific
project development.
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Table 4: NSEC Personnel

January 15, 2007 through January 14, 2008

Citi hip Status
Personnel Gender Race - US citizens and permanent residents only Ethnicity
Type Total = Female Male NA PI AA C A Mixed, NA, PI, AA Mixed - C, A Not Provided Other-Non US Hispanic | Disabled
Director(s) 3 2 1 0 0 0 3 0 0 0 0 0 0 0
Theme Leaders 2 1 1 0 0 0 2 0 0 0 0 0 1 0
Administrative Directors and Support Staff 9 5 4 0 0 2 7 0 0 0 0 0 4 0
Research
Senior Faculty 8 1 7 0 0 0 7 0 0 0 0 1 0 0
Junior Faculty 13 5 8 0 0 0 9 1 0 0 0 3 0 0
Research Staff 6 2 4 0 0 0 1 1 0 0 0 4 0 0
Visiting Faculty 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Industry Researchers 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Post Docs 10 3 7 0 0 0 5 3 0 0 0 2 2 0
Doctoral Students 35 17 18 0 0 1 20 2 0 0 0 12 3 0
Masters Students 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Undergraduate Students 5 3 2 0 0 0 2 1 0 0 0 2 1 0
Curriculum Development and Outreach
Senior Faculty 0 0 0 0 0 0 0
Junior Faculty 2 2 0 0 0 0 2 0 0 0 0 0 0 0
Research Staff 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Visiting Faculty 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Industry Researchers 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Post Docs 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Doctoral Students 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Masters Students 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Undergraduate Students 0 0 0 0 0 0 0 0 0 0 0 0 1 0
REU Student, if applicable
NSF REU Program 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NSF/NSEC Program REU 0 0 0 0 0 0 0 0 0 0 0 0 0 0
NSEC's Own REU 10 6 4 0 0 1 8 1 0 0 0 0 3 0
Other Visiting College Students 2 1 1 0 0 0 1 0 0 0 0 1 1 0
Pre-college (K-12) 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Students 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Teachers -RET 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Teachers - non RET 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Total [ 105 T 48 1 57 T o ] o 4 1 611 9 ] 0 [ 0 | 0 [ 25 [ 16 T 0
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16. Biographies

Zachary T. Ball, Ph.D.

Education

Ph.D. Chemistry, Stanford University, Stanford, CA (2004)
A.B. magna cum laude in Chemistry, Harvard University, Cambridge, MA (1999)

Recent Professional Experience

2006-Present  Assistant Professor of Chemistry and Norman Hackerman-Welch Young Investigator,

Rice University, Houston, TX

2004-2006 Miller Research Fellow, Miller Institute for Basic Research in Science, Berkeley, CA
Mar-Apr 2004 Visiting Researcher, Mahidol University, Bangkok, Thailand

Selected Awards

Norman Hackerman—Welch Young Investigator Award (2006-2009)

Miller Research Fellowship, Miller Institute for Basic Research in Science (2004-2006)
Althouse Family Fellow, Stanford Graduate Fellowship (2001-2004)

Undergraduate Research Fellowship, Harvard College Research Program (1996-1999)
National Merit Scholar (1994)

Selected Publications

1.

Ball, Z. T. “C-E Bond Formation Through Hydrosilylation of Alkynes,” In Comprehensive Orga-
nometallic Chemistry, 3rd ed.; Mingos, M.; Crabtree, R., Eds. Elsevier Ltd.: London, 2007; Vol.
10, pp 789-814.

Sivula, K.; Ball, Z. T.; Watanabe, N.; Fréchet, J. M. J. “Amphiphilic Diblock Copolymer Com-
patibilizers and Their Effect on the Morphology and Performance of P3HT:PCBM Solar Cells.”
Adv. Mater. 18, 206, 2006.

Ball, Z. T.; Sivula, K.; Fréchet, J. M. J. “Well-Defined, Living Polymers with High Fullerene
Content and Their Use in Block Copolymers for Solution-Phase and Bulk Organization.” Macro-
molecules 39, 70-72, 2006.

Trost, B. M.; Ball, Z. T.; Laemmerhold, K. M. “An Alkyne Hydrosilylation-Oxidation Strategy
for the Selective Installation of Oxygen Functionality.” J. Am. Chem. Soc. 127, 10028-10038,
2005.

Trost, B. M.; Ball, Z. T. “Alkyne Hydrosilylation Catalyzed by a Cationic Ruthenium Complex:
Efficient and General Trans Addition.” J. Am. Chem. Soc. 127, 17644-17655, 2005.

Trost, B. M.; Ball, Z. T."Synthetic Stitching with Silicon: Geminal Alkylation-Hydroxylation of
Alkynyl Carbonyl Compounds." J. Am. Chem. Soc. 126, 13942-13944, 2004.

Trost, B. M.; Ball, Z. T.; Joege, T. “A Chemoselective Reduction of Alkynes to (E)-Alkenes.” J.
Am. Chem. Soc. 124, 7922-7923, 2002.

Research Interests

Organometallic structure, reactivity, and catalysis. Artificial metalloenzyme design. Bioconjugation
and selective chemistry in living cells. Polymer chemistry.
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Junghae Suh, Ph.D.

Education

Ph.D. Biomedical Engineering, Johns Hopkins School of Medicine, Baltimore, MD 2004
Bachelor of Science, Chemical Engineering, Massachusetts Institute of Technology, Cambridge, MA 1999

Recent Professional Experience

7/2007-Present Assistant Professor, Department of Bioengineering, Rice University, Houston, TX

2007

Visiting Assistant Professor, Institute of Biosciences and Bioengineering, Rice University,
Houston, TX

2005-2007 Postdoctoral Research Associate, Laboratory of Genetics, The Salk Institute for Biological

Studies, La Jolla, CA

1999-2004 Graduate Research Assistant, Department of Biomedical Engineering, Johns Hopkins

University, School of Medicine, Baltimore, MD

Selected Publications

1. J. Suh, K.L. Choy, S. Lai, J.S. Suk, B. Tang, S. Prabhu, J. Hanes, “PEGylation of nanoparticles

improves their cytoplasmic transport,” International Journal of Nanomedicine, 2 (4), pp. 1-7,
2007.

J.S. Suk, J. Suh, S.K. Lai, J. Hanes, “Quantifying the intracellular transport of viral and nonviral
gene vectors in primary neurons,” Experimental Biology and Medicine, 232, pp. 461-469, 2007.
J.S. Suk, J. Suh, K.L. Choy, S.K. Lai, J. Fu, J. Hanes, “Gene delivery to differentiated neurotypic
cells with RGD and HIV Tat peptide functionalized polymeric nanoparticles,” Biomaterials, 27,
pp. 5143-5150, 2006.

J. Suh, D. Wirtz, J. Hanes, “Real-time intracellular transport of gene nanocarriers studied by mul-
tiple particle tracking.” Biotechnology Progress, 20, pp. 598-602, 2004.

J. Suh, D. Wirtz, J. Hanes, “Efficient active transport of gene nanocarriers to the cell nucleus,”
Proc. Natl. Acad. Sci. U.S.A., 100, pp. 3878-3882, 2003.

Synergistic Activities

Mentor for graduate and undergraduate underrepresented minority students in Biology, Earth
Sciences, and Bioengineering in Alliance for Graduate Education and the Professoriate (AGEP),
Rice University (Summer 2007)

Research lecture for underrepresented minority high school students, Center for Biological and
Environmental Nanotechnology Project Graduation Really Achieves reams (Project GRAD),
Rice University (Summer 2007)

Mentor for high school teacher, Mellonie Boyd, Center for Biological and Environmental Nano-
technology Integrated Physics and Chemistry-Nanotechnology Experience for Teachers (IPC-
NET) program, Rice University (Summer 2007)

Research mentor for undergraduate student, Isis Trenchard, Dept. of Biomedical Engineering,
UT Austin, NSF REU Program in Cellular Engineering, Rice University (Summer 2007)
Research mentor for high school student, Kshitij Desai, DeBakey High School for Health Profes-
sionals (Fall 2007 -).
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17. Honors and Awards

Faculty

Alvarez, Pedro

McKee Groundwater Protection, Restoration or Sustainable Use Medal
(WEF), 2007

Colvin, Vicki

American Association for the Advancement of Science Fellow, AAAS,
2007-2008

2007 Best & Brightest Honoree, Esquire Magazine, 2007

2006 Top Five (no. 2 of 5) Nanotech Breakthroughs of 2006, Forbes/
Wolfe Nanotech Report, 2006

Diehl, Michael R.

Rita Schaffer Young Investigator Award, The Biomedical Engineering
Society, 2007
National Science Foundation CAREER Award

Drezek, Rebekah

Era of Hope Scholar, 2007

ESI Fast Breaking Paper, 2007

Materials Research Society, 2007

Nano Tech Seminar Series, 2007

MD Anderson Cancer Center Pediatrics Grand Rounds, 2007
MD Anderson Cancer Center Phrase, 2007

Aspen Health Forum Fellow, 2007

Excellence in Teaching Award, 2007

Forbes Executive Women, 2007

RU Brown Foundation Undergraduate Teaching Grant, 2007
RU Initiative Faculty Fund Award, 2007

Distinguished Faculty Associate, 2007

Innovative Award, 2007

US/France Nanomedicine Symposium, 2007

Hartgerink, Jeffrey

Camille-Dreyfus Teacher Scholar Award, Dreyfus Foundation, July 2007
Hamill Innovation Award, Rice University, April 2007
CAREER Award (National Science Foundation) 2007-2012

Hutchinson, John

George R. Brown Certificate of Highest Merit, Rice University, May 2007

Lou, Jun

ORAU Ralph E. Powe Junior Faculty Enhancement Award, 2007
RU Brown Foundation Undergraduate Teaching Grant, 2007

Richards-Kortum, Rebecca

Keynote Lecture, The Academy of Medicine, Engineering and Science
of Texas Meeting, April 2007

Chester F. Carlson Award, American Society for Engineering Education,
June 2007

Senior Member, IEEE, 2007

Tour, James

Arthur C. Cope Scholar Award, American Chemical Society, August
2007

West, Jennifer

The Academy of Medicine, Engineering and Science of Texas O'Donnell
Award in Engineering

Wong, Michael

2007 Smithsonian Magazine’s America’s Young Innovator in the Arts
and Sciences: 37 Under 36, October 2007

Postdoctoral Associates & Graduate Students

Bickford, Lissett

National Science Foundation Graduate Fellowship Honorable Mention,
2007
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Advances in Optics Travel Award, 2007
SPIE Graduate Scholarship in Optics, 2007

Day, Emily

National Science Foundation Fellowship, 2007

Hartman, Keith

Norman Hackerman Fellowship in Chemistry, Department of Chemistry,
August 2007

Kamat, Neha

Beckman Fellow, 2007

Lewinski, Nastassja

National Science Foundation Graduate Fellowship Honorable Mention,
2007

SPIE Graduate Scholarship in Optics, 2007
Advances in Optics Travel Award, 2007

Mayer, Katheryn

Chevron Presentation Award, 215t Annual Summer Research
Collogquium of the Rice Quantum Institute

Tcherniak, Alexei

Shell Award for best presentation, 2007

Honors and Awards
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Table 6: Partnering Institution

Type Receives ~ Receives ~ Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner  Partner  Partner

I. Academic Partnering Institutions

Academia Sinica Institute of Physics, Taiwan X
Arizona State University

Baylor College of Medicine

Bremerhaven University of Applied Sciences

Brookhaven College Ellison Miles Geotechnology Institute

Columbia University

Duke University

Georgia Institute of Technology

Houston Community College

Houston Independent School Dist. X
Laredo Independent School Dist.

Michigan State University

Tuesday, March 04, 2008 Page 1 of 6
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Type Receives ~ Receives ~ Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner  Partner  Partner
Nankai University X

Napier University

North Carolina State University

Prairie View A&M University X

Stanford University

Texas Southern University X

The University of Texas Health Science Center - Houston

The University of Texas MD Anderson Cancer Center

Trinity College Dublin X

University of Bordeaux X

University of Houston

University of Minnesota X

University of Rochester

University of South Carolina

Tuesday, March 04, 2008 Page 2 of 6
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Annual Report-Y07

Type

Cabot Corp.

Receives  Receives Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner  Partner  Partner

University of Texas, Austin

University of Virginia

Washington University in St. Louis

Count: 29 Count: 2 0 2 0 0 0 0 4

I1. Non-academic Partnering Institutions

Alliance for NanoHealth

American National Standards Institute

Applied Nano Fluorescence, LLC X

Argonne National Laboratory X X

ASTM International

Bracewell & Giuliani, LLP X X

British Consulate X X X

British Petroleum (BP) X X

Brookhaven National Laboratory X

X X
Tuesday, March 04, 2008 Page 3 of 6
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Type

Clorox

Intel

Receives  Receives Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner ~ Partner  Partner
Carbon Nanotechnologies, Inc. (CNI) X X
Clarkson Aerospace X X
X X
Consumers Union
DuPont Corporation X X
Environmental Defense
Environmental Protection Agency (EPA) X
Foresight Institute
Frontier Carbon Corp X
Houston Children's Museum X
Houston Museum of Natural Science X
X X
Japanese Industrial Standards Committee X X
Laboratoire de Chimie Inorganique et Bioinorganique X X
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Annual Report-Y07

Type

L'Oréal

Receives  Receives Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner ~ Partner  Partner
Lockheed Martin X
X X X
Meridian Institute X
Mitsubishi Corporation X X X
Nanobusiness Alliance
Nanospectra Biosciences X X
National Institute for Materials Science (NIMS) X
National Institute of Environmental Health Sciences (NIEHS) X
National Institutes of Health (NIH) X
National Nanotechnology Coordination Office (NNCO) X
National Toxicology Program X
New Energy and Industrial Development Organization (NEDO) X
Oak Ridge National Laboratory (ORNL) X
Procter & Gamble X X
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Type Receives  Receives Minority Female  National Industry Museum International
Financial Financial Serving Serving Lab/other Partner Partner Partner
Support Support institution Institution govt
Name of Institution from center to the center Partner  Partner  Partner
Rohm and Haas X X
Sigma-Aldrich X X
Strategic Environmental Research and Development Program
(SERDP)
Swiss Reinsurance Company X X X
TDA Research, Inc. X
The National Institute for Occupational Safety and Health X
(NIOSH)
The National Institute for Public Health and the Environment, X
The Netherlands (RIVM)
ThermMed, LLC X
U.S. Consumer Product Safety Commission (CPSC) X
U.S. Food and Drug Administration (FDA) X
Unidym X
VWR X X
Woodrow Wilson International Center for Scholars
Count: 51 Count: 0 20 0 0 14 20 2 10
Tuesday, March 04, 2008 Page 6 of 6

Leverage

20-281





