
 
 

The Photopolymer Science and Technology Award to James V. Crivello 
 

 

 
 
The Photopolymer Science and Technology Award No. 091100, the Outstanding 
Achievement Award 2009, was presented to James V. Crivello, Professor in the 
Department of Chemistry and Chemical Biology, for his outstanding achievement 
in photopolymer science and technology, “Invention of photoacid generators and its 
contribution to advancement of microlithography”.  
 
 

 
Dr. Crivello received his Ph.D. in organic chemistry from the University of Notre Dame in 1966. He joined the 
General Electric Corporate Research and Development Center in 1966 and for several years was a research 
project manager. In 1980, he was elected a Coolidge Fellow by the staff at GE Corporate Research and 
Development and spent the 1986-1987 year in the Federal Republic of Germany working with Prof H. 
Ringsdorf.  He joined the faculty at the Rensselaer Polytechnic Institute in 1988 as Professor and currently he 
directs a number of graduate students and postdoctoral associates in various aspects of research in the synthesis 
of polymers and copolymers by cationic, free radical and transition metal catalysis. At the 2007 American 
Chemical Society Meeting in Chicago, Professor Crivello was honored as a fellow of the Polymer Materials 
Science and Engineering Division for his work in photoinitiated cationic polymerizations.  

Professor J.V. Crivello’s fields of activity include: organic nitrations, oxidations，arylations, polyimides, 
silicones, and new photo- and thermal initiators for cationic and free radical polymerizations. Among these, his 
discovery of photoacid generating systems was a key contribution to the success of nanolithographic resists. 
Chemically amplified resist systems were invented by Dr. H. Ito and his IBM coworkers and are presently used 
as nanolithographic resists. These resists consist of polymer having functional groups which on removal of a 
blocking group becomes developable in alkaline solution and photoacid generating materials as the essential 
key components. The only photosensitive component in this system is a photoacid generator that serves to 
generate a strong acid on exposure to a deep UV light that subsequently causes deblocking of the polymer. Dr. 
Crivello discovered a series of novel photosensitive diaryliodonium and triarylsulfonium salts that generate 
strong or Brønsted acids. These two classes of onium salts are highly photosensitive with quantum yields that 
range from 0.5-0.9. A large number of modified derivatives of the original sulfonium salts have been 
synthesized and several are now widely employed for the production of semiconductor devices by KrF and ArF 
nanolithography. The contribution of the invention of onium salts was undoubtedly significant and accelerated 
the success of the chemical amplification resist systems.  

In addition to the nanolithographic resist technology; onium salts are efficient photoinitiators for the 
polymerization of various monomers.  Depending on the specific application, one can utilize these 
photoinitiators to conduct either free radical or cationic polymerizations. The photolysis of onium salts produces 
a variety of active species that react further with proton donors to generate protonic acids. By choice of the 
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appropriate anion, MtX
n

-
, of a diaryliodonium or triarylsulfonium salt, the strengths of the photochemically 

generated acid can be varied from weak acids to powerful super acids. For this reason, these onium salts are 
widely employed in high performance negative working epoxy-novolak photoresists, where high relief images 
are required and for a wide variety of UV-curing applications. When onium salts are used in positive 
microlithographic photoresists where their function is to provide acids for catalytic photodeblocking reactions, 
anions such as perfluoroalkylsulfonates are usually employed.  In addition to the above-mentioned 
photoinitiators, a wide number of structurally diverse compounds have been designed and prepared to absorb in 
specific regions of the UV spectrum. Current intense research activity in this area suggests that onium salts will 
be a continued focus of the future effort to develop ever more sensitive photoresists with higher resolution 
capabilities. At the same time, onium salts are finding applications in many fields including: coatings, 
adhesives, printing inks as well as in many other aspects of thin film polymer and imaging technology.  

As described above, Dr. Crivello’s invention of photosensitive onium salts is one of the epoch-making events in 
the field of photopolymer technology, which is currently attracting many engineers and scientists.  
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2010 Aquatic Plant Science Award to Charles W. Boylen 

On January 19, 2010 The Northeast Aquatic Plant Management 
Society (a professional society of approximately 250 members 
from 10 Northeastern States comprised of university faculty, 
government scientist and regulators, and industry representatives) 
awarded Charles W. Boylen, Professor of Biology and Associate 
Director of the Darrin Fresh Water Institute their 2010 Aquatic 
Plant Science Award. The inscription reads: 
 
“For his dedication and leadership to the society’s scholarship 
committee, his mentoring and guidance to numerous students 
engaged in aquatic plant science and research, his vision and 
leadership role with the Darrin Fresh Water Institute and 
Department of Biology at Rensselaer Polytechnic Institute, his 
years of applied research, lengthy list of publications and his 
additional contributions to the field of aquatic plant science.”  
 

Sanmay Das Wins Prestigious NSF CAREER Award 

Sanmay Das, Assistant Professor of Computer Science has been awarded a National Science Foundation’s 
Career Award of $500,000 over five years entitled:  The Dynamics of Collective Intelligence”.  This project 
studies the design of information systems like wikis and information markets. Research in social science has 
established that often there is a ”wisdom of the crowd" -- i.e., collectives can display more intelligence than the 
individuals they are composed of. When such collective information systems work, they serve as superb 
aggregators and disseminators of information. However, fundamental computational challenges remain in 
understanding how to design them optimally. 

This research is advancing along several lines, including: 

(1)   general theories of how information is aggregated in different social media, developed and validated using 
real data gathered from existing databases and generated from user experiments;  
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(2)  algorithms for facilitation of user interactions so that the medium in question can deliver the promised 
results (for example, market-making algorithms for liquidity provision in information markets); 

(3)  theoretical and practical characterization of the possibilities for rogue users to manipulate collective 
wisdom systems; 

(4)  algorithms for detecting malicious users, and mechanisms that thwart miscreants.  

The research is naturally interdisciplinary in nature, drawing from machine learning and probabilistic reasoning, 
data mining and social networks, as well as finance and economics. It contributes to our understanding of 
complex social phenomena like the growth of information in wikis and blogs, as well as to the development of 
intelligent reasoning algorithms for agents in complex, uncertain multi-agent environments like markets. 

The design of agents that participate in markets and social systems improves the quality of online markets and 
improves information flow in virtual spaces. Further, insights gained from modeling market structures and 
social spaces can tell us how to design them better. For example, understanding the impact of different levels of 
central control on wiki articles or open source software projects yields guidelines for how much central control 
is optimal in different settings. 

In a world where computation and social systems are increasingly intertwined, the PI's research and education 
program exposes students to multidisciplinary ideas through the introduction of a new class on collective 
intelligence, social networks and e-commerce, and the development and extensive use of the very objects of 
study -- information markets and wikis -- in classroom and lab settings. The PI is also developing an 
experimental project for putting freely accessible course wikis online, similar to online course materials at other 
universities, but open to editing by the community. 

 
PCs Around the World Unite To Map the Milky Way 

At this very moment, tens of thousands of home computers around the world are quietly working together to 
solve the largest and most basic mysteries of our galaxy.  

The galactic computing project had very humble beginnings, according to Heidi Newberg, Associate Professor 
of Physics, Applied Physics, and Astronomy. Her personal research to map the three-dimensional distribution of 
stars and matter in the Milky Way using data from the extensive Sloan Digital Sky Survey could not find the 
best model to map even a small section of a single galactic star stream in any reasonable amount of time. 

Before taking the research to Berkeley Open Infrastructure for Network Computing (BOINC), Newberg worked 
with Malik Magdon-Ismail, Associate Professor of Computer Science, to create a stronger and faster algorithm 
for her project. Together they greatly increased the computational efficiency and set the groundwork for what 
would become the much larger MilkyWay@Home project. 

Enthusiastic and inquisitive volunteers from Africa to Australia are donating the computing power of everything 
from decade-old desktops to sleek new netbooks to help computer scientists and astronomers at Rensselaer 
Polytechnic Institute map the shape of our Milky Way galaxy. Now, just this month, the collected computing 
power of these humble home computers has surpassed one petaflop, a computing speed that surpasses the 
world’s second fastest supercomputer. For more details, see http://news.rpi.edu/update.do?artcenterkey=2685  
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Faculty News and Notes 

 
Saroj Nayak was recently promoted to Full Professor in the Department of Physics, Applied Physics and 
Astronomy.  Nayak’s research interests lie at the interface of physics, chemistry and engineering, with principle 
areas of focus on the study of atomic and electronic structures of matters using ab initio electronic structure 
calculation methods with classical and quantum molecular dynamics simulations and Monte Carlo methods. 
The two major recent focuses of Nayak’s research are: study of nanostructured materials and simulations of 
biological molecules using electronic structure methods.      
 
Ingrid Wilke, Associate Professor of Physics, Applied Physics, and Astronomy, presented an invited paper on 
"Terahertz radiation emission from silicon and magnesium-doped indium nitride" at OPTO-SPIE Photonics 
West: Ultrafast Phenomena in Semiconductors and Nanostructure Materials XIV.  The conference was held in 
San Francisco, CA, in January 2010. 
 
Shengbai Zhang, Professor of Physics and Kodosky constellation chair led a team of professors from MIT, 
Buffalo University, and Princeton University and won a three-year $1.8 million DOE project entitled: “Theory, 
Modeling, and Simulation: Defect Modeling beyond the Density Functional Theory”. It is known that defects 
play a central role in the electronic, optoelectronic, and photovoltaic semiconductors and nanostructures. One of 
the bottlenecks in the study of defects is the lack of accurate theory to reliably predict their physical and 
chemical properties. This new DOE project combines the state-of-the-art electronic theories from collaborators 
at four institutions to make a breakthrough in theory of defects that has predicted power for guiding 
experimental work. Understanding the defect and doping properties will eventually lead to the control of 
semiconductor functionalities, thereby drastically impacting the energy and technology futures of our nation and 
mankind.  
 

Xi-Cheng Zhang, Professor of Physics, Applied Physics, and Astronomy and Director of the        
Terahertz Center Announced a New Breakthrough for Remote THz Sensing 

 
The significant scientific and technological potential of mm/sub-mm acoustic and terahertz (THz) wave sensing 
and imaging has been the focus of considerable attention within many fields of research. However, the 
developments of remote, spectroscopic sensing technologies for both acoustic and THz waves are lagging 
behind compelling real-world needs. This is due to the challenge posed by high attenuation of mm/sub-mm 
acoustic waves, and by tremendous absorption by ambient moisture in the THz range. The objective of this 
work is to develop laser air-plasma technology to meet the great challenges of remote sensing with mm/sub-mm 
acoustic and THz waves. 
 
A focused optical pulse (mJ pulse energy and femtosecond pulse duration) in air creates a plasma. It is 
commonly known that pulsed, laser-induced plasma (filament) emits UV and visible fluorescence, as well as 
sound waves (photo-acoustics). Less known is that the fluorescence brightness and acoustic amplitude increase 
when a THz pulse is applied on the plasma. Also unknown is that a broadband THz signal can be coherently 
detected with the use of dual-color laser beam excitation. 
 
Ph.D. students, Jingle Liu and Ben Clouch, in Professor Xi-Cheng Zhang’s group in THz Center are the first to 
develop THz-enhanced acoustic (TEA) techniques and THz-enhanced fluorescence (TEF) with standoff sensing 
capability. By “seeing” THz-enhanced fluorescence (TEF), or “hearing” THz-enhanced acoustics (TEA), 
coherent detection of THz waves at standoff distance is feasible. If successful, the research would be 
transformative by enabling remote, pulsed THz wave sensing with fluorescence and acoustic techniques. The 
demonstrated sensing distance is 10 meters. They wish to extend the distances greater than 100 meters within 
two years.  Fig. 1 shows the schematics of TEF and its remote sensing capability. 
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a b 
Fig. 1. a The schematics of THz-enhanced fluorescence (TEF) for remote sensing of explosives.  b The measured THz waveforms by 
electro-optic sampling and TEF at different distances from plasma, respectively. Waveforms are normalized and shifted for clarity. 

 
Seed Grants Awarded to Faculty by Rensselaer 

 
The emerging work in social networking, immersive technologies, crowd sourcing, new interaction and 
communication modes, and other 21st century tools and technologies are having an enormous impact on 
science, engineering, and other academic disciplines.  This year, the Office of Research solicited cross-
disciplinary proposals for FY10 Research Seed Projects targeted to the emerging synergies between cognition, 
communication, culture and 21st century tools and technologies. 
 
The recipients of this year’s seed grants are: 

 
Title PI Co PI’s Amount 

 
Traffic Crowd Sourcing Using Mobile Sensors 

 
Xuegang (Jeff) Ban 

 
Qiang Ji 
Kristin Bennett* 

 
 $40,000 

 
Intelligent Sensory Substitution Algorithms for 
Tactile Music Communication in Web and  
Physical Spaces 

 
Jonas Braasch 

 
Jim Hendler 
Pauline Oliveros 

 
 $40,000 

 
Supercomputing Approach to the Analysis and 
Visualization of Very Large Socials Networks 

 
Jim Hendler 

 
Deborah McGuinness 
Peter Fox    

 
 $2,000 

 
Jeopardy Machine 

 
Barbara Cutler 

  
$42,000 

 
*Science Faculty are in boldface type 
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Amanda Cook has been awarded a NASA Postdoctoral Fellowship                                      
at Ames Research Center 

Amanda Cook, Ph.D. candidate in Multidisciplinary Science, who does research in Astrobiology with Douglas 
CB Whittet, Professor in the Department of Physics, Applied Physics and Astronomy will begin a postdoctoral 
fellowship following completion of her doctorate this spring. 

The NASA Postdoctoral Program (NPP) offers unique research opportunities to highly talented national and 
international individuals to engage in ongoing NASA research projects at a NASA Center, NASA Headquarters, 
or at a NASA-affiliated research institute.  These one- to three-year Fellowship appointments are competitive 
and are designed to advance NASA’s missions in space science, earth science, aeronautics, space operations, 
exploration systems, and astrobiology.   

As a postdoctoral or senior scientist, the Fellow will be conducting research of national importance and 
collaborating with distinguished scholars from the United States and the international community. The job is to 
do some lab work to correspond with measurements from a satellite called O/OREOS (Organism/Organic 
Exposure to Orbital Stresses).  There are several different flight spares of the satellite, and she will measure the 
samples from one of the spares.  In the lab, she will duplicate the experiments conducted on the satellite, and 
also do some further analysis of the resulting samples that is not possible on the satellite, to help determine how 
certain molecules have evolved under space conditions.   

The SEVO (Space Environment Viability of Organics) experiment monitors the stability of the chemical 
building blocks of life in our solar system and beyond. Four types of organic molecules will be housed in four 
local “micro-environments” on the satellite, mimicking interplanetary space, airless bodies (lunar, pre-solar 
nebulae), and Martian (dry and wet) conditions. Using its custom-designed in-situ spectrometer, the O/OREOS 
Satellite will record daily changes in ultraviolet and visible light absorption spectra of these compounds, 
revealing the consequences of their exposure to solar UV and visible light and space ionizing radiation. The 
successful NPP applicant will perform ground control experiments that will be compared to incoming flight 
data to aid in our understanding of the role that the unique space environment plays in the degradation of these 
compounds. 

The ground control experiments will be conducted on the flight spare satellite. The flight spare satellite, a 
duplicate of the orbital system, will be exposed on a delayed-synchronous basis to simulated solar UV-visible 
radiation and temperature fluctuations duplicating those indicated by flight telemetry data. The solar simulator 
will be equipped with a shutter to simulate orbital illumination conditions due to the slow (~ 1 rpm) rotation of 
the satellite and orbital light/dark cycles. 

Two additional sample carriers, duplicates of the flight unit, will also be measured. One will be stored at room 
temperature in the dark, the second exposed to shutter-modulated simulated solar illumination as for the flight 
spare. These two sets of cells will be measured daily by UV-Vis and IR spectroscopy. From the results, we will 
determine constraints on the photochemical reactivity of these compounds and characterize the kinetic details of 
photochemical degradation. We will perform high-performance liquid chromatography (HPLC) and/or gas 
chromatography-mass spectroscopy (GC-MS) analysis of all the films from these two sample carriers, 
comparing the UV-exposed and dark samples to identify photo-products and fragments that cannot be 
unambiguously determined via optical spectroscopy. 

Additional laboratory experiments with the 4 flight organic molecules are planned using infrared matrix-
isolation spectroscopy (IR-MIS), and possibly UV-MIS as well, in order to monitor UV degradation effects in 
well-defined vibrational bands; these samples will be exposed using either a solar simulator or UV H2-
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discharge lamp illumination to provide short-wavelength, high-energy UV radiation that simulates 
interplanetary and interstellar conditions, respectively. 

Here is a link to the Wikipedia article on the mission: http://en.wikipedia.org/wiki/O/OREOS 

 

Lisa Rogers has been awarded a NSF Mathematical Sciences                               
Postdoctoral Research Fellowship 

Lisa Rogers, Ph.D. student with Mark Holmes, Professor in the Department of Mathematical Sciences, was 
just awarded a prestigious NSF Mathematical Sciences Postdoctoral Research Fellowship.  These are highly 
completive, and one indication of this is that they only award 40 per year (which averages to less than one 
fellow per state).  The research project involves the development of a mathematical model to study the human 
sleep/wake cycle.   

The human sleep-wake system is a widely researched yet still only partially understood frontier in both the 
biological and mathematical sciences. Even though extensive measurements have been made of brainwave 
activity generated during sleep, and much progress has been made on the anatomy of the brain and it's 
neurotransmitters, even the basic questions associated with sleep as yet have no definite answers. For example: 
Why do we sleep? Do all animals sleep? Is the sleep function invariable across species? Should sleep be viewed 
as a recovery process? Does sleep contribute to brain function by reversing some consequences of wakefulness? 
Alternatively, is sleep a distinct state, not thought to directly contribute to waking brain function? There is a 
wide variation of sleep patterns within mammalian species, and thus it is important to stay focused on one 
particular system. In this case, we are focusing on the human system and we are constructing a neurochemically 
based mathematical system representing the essential steps in the dynamics of the human sleep-wake cycle.  

 

Rensselaer’s Darrin Fresh Water Institute (DFWI) to Offer the Semester of Study for 
Undergraduates at Lake George for the Fall 2010 

With a successful Fall 2009 Semester of Study, the DFWI and Department of Biology plan to repeat a unique 
opportunity for undergraduates with interests in interdisciplinary environmental research and education. This 
program is a full residential emersion experience at the Margaret A. and David M. Darrin '40 Fresh Water 
Institute on Lake George, Bolton Landing, NY.  The 7,500 sq. ft. teaching/research facility and the Education 
Center will be utilized to offer an intensive, highly focused semester of integrated classroom and fieldwork this 
coming Fall 2010.  The program of study advances Rensselaer’s goal of immersing students in the process of 
actually doing science with the aim of developing the critical thinking, analytical, and communication skills 
necessary to pursue environmental careers.  

The Semester of Study at the DFWI embodies both The Rensselaer Plan and the Undergraduate Plan.  We 
anticipate that the Semester of Study will increase the national/international reputation of Rensselaer and the 
DFWI in environmental research, education, and training.   

The Fall 2010 curriculum is based on a semester of 16 credit hours and will include the following: 

• Freshwater Ecology with Advanced Lab (4 credits, Boylen) – BIOL 4700 
• Applied Environmental Microbiology with Advanced Lab (4 credits, Nierzwicki-Bauer) – BIOL 4680 
• Out-of-Classroom Experience (3 credits) – BIOL 2930 
• Independent Research/Culminating Experience (4 credits) – BIOL 2900 
• Seminar Series in the Environmental Sciences (1 credit) – BIOL 4940 
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Connecting the program’s diverse educational activities will be a holistic, systems-based approach to 
understanding the complex inter-relationships between the environment and human activities. Participating 
undergraduates will experience a unique, rigorous training program in freshwater ecology and environmental 
science. The seminar series, featuring external scientists of national prominence will both enhance the student 
experience and strengthen relationships with other institutions.  These more personal one-on-one relationships 
will translate into more effective recruitment of undergraduate and graduate students, development of new 
research collaborations centered at Lake George, and raise national and international awareness of the Darrin 
Fresh Water Institute. 

 

Darrin Fresh Water Institute at Bolton Landing 

 

 
 

 

 
 

 

 
Students collecting samples and data from Lake George 
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Alumni News and Notes 

Richard van Duyne ’67 wins the ACS Award in Analytical Chemistry 

Sponsored by Battelle Memorial Institute 

Scientific discovery usually follows the group method for assembling a jigsaw puzzle: Lots of people each find 
a small piece. But sometimes scientists make revolutionary discoveries that trigger tidal waves of research. 
That’s the case with Richard P. van Duyne ‘67, the Charles E. & Emma H. Morrison Professor of Chemistry at 
Northwestern University, regarding his contributions to the field of Raman spectroscopy. 

In a series of journal papers that van Duyne began publishing in 1977, the spectroscopist described his research 
group’s observation that roughened silver surfaces could strongly enhance Raman scattering of molecules 
adsorbed on them. The studies led to the now well-established surface-enhanced Raman spectroscopy (SERS) 
method for probing molecules, a technique that can provide a signal enhancement factor of more than 10 billion 
relative to solution-phase measurements. 

In addition to his groundbreaking advances in SERS, a field that boasts nearly 10,000 research papers in 
physics, materials science, and all chemistry disciplines, van Duyne has made key contributions in resonance 
Raman spectroscopy, Raman and scanning-probe microscopy techniques, chemical and biological sensing, and 
art conservation science. He has also developed novel methods for elucidating the structure and function of 
biomolecules on surfaces. Van Duyne has also made critical contributions in nanoparticle optics and nanosphere 
lithography, an inexpensive and highly parallel technique for producing a large variety of nanoparticle structures 
and arrays in the 10–100-nm range. 

Van Duyne, 64, completed an undergraduate degree in 1967 at Rensselaer Polytechnic Institute and earned a 
Ph.D. degree from the University of North Carolina, Chapel Hill, in 1971. That was the year he began his 
academic career at Northwestern, where he has mentored nearly 70 graduate students and postdoctoral 
researchers. 

Van Duyne has published some 250 articles in scholarly books and journals and has served on the advisory 
boards of several publications including the Journal of Physical Chemistry, Accounts of Chemical Research, 
and Annual Reviews of Physical Chemistry. 

Van Duyne is the recipient of numerous awards and honors. For example, he was elected to the American 
Academy of Arts & Sciences and was recognized with the Earle K. Plyler Prize for Molecular Spectroscopy, the 
L’Oreal Art & Science of Color Prize, a National Science Foundation Creativity Extension Award, and the Ellis 
R. Lippincott Award. 

 
 

 

 

 

 

This  newsletter  is  prepared  monthly  during  the  academic  year  and  distributed  to  School  of  Science  faculty,  staff, 
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