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Broader Impacts – Description

Primary Categories of Broader Impacts
– Advance Discovery and Understanding While Promoting 

Teaching and Training
– Benefits to Society
– Broad Dissemination to Enhance Scientific and 

Technological Understanding
– Broaden Participation of Underrepresented Groups
– Enhance Infrastructure for Research and Education



Example: Broader Impact Statement for NSF 
IGERT proposal

Broader Impacts of this IGERT fall into these categories: 1) 
Improvement in the administration and extent of integrated graduate 
education at NCSU, 2) Impact on US integrated graduate education by 
testing a specific model of such integration, 3) Increasing the number 
of students from under-represented groups that receive 
interdisciplinary education, 4) Improvement of methodologies for
assessing and introducing new technologies, 5) Ph.D.s in biology, 
economics, and other social sciences who have tools needed for 
future interdisciplinary work. 6) Education of the local community. 
Furthermore, most of the target pest species are of importance in poor 
countries, and we will use existing and newly developed partnerships 
to set up internships and thesis projects in these countries. We have 
developed collaborative relationships with relevant programs at two 
Historically Black Universities in North Carolina, and will use specific 
fellowship and internship programs at NCSU to recruit students from 
underrepresented groups.



Example:  Broader Impact Statement for NSF 
ERC Proposal

Broader Impacts include an increasingly diverse 
and innovative pool of U.S. engineers; mitigation of 
global warming; aversion of an energy crisis; 
innovation in renewable energy systems developed 
with industry leading to new products, companies, 
and jobs; integration of innovation in multidisciplinary 
training for graduate and undergraduate students; 
broadening participation in power engineering 
through integrated research activities for K-12 
teachers and students; and improved faculty and 
graduate student skills in mentoring minorities and 
women. 



Examples of Broader Impacts

Excerpted from
NSF Broader Impacts Showcase

CD Compliments of the
2005 ACS Fall Meeting & Exposition



Research Experiences for Undergraduates in Environmental Sciences at Northern Arizona 
University

Shima’ nahasdza’a’n bee ‘iina’ (Mother Earth Gives Life) (DBI-0244221)
Molly S. Costanza-Robinson1 and Diana E. Anderson2

Northern Arizona University, Flagstaff, Arizona
1Department of Chemistry & Biochemistry; 2Center for Environmental Sciences & Education

The National Science Foundation Research Experiences for 
Undergraduates (REU) Site at Northern Arizona University (NAU) involves 
students in a 10-week summer research experience. The NAU REU “Shima’
nahasdza’a’n be ‘iiina (Mother Earth Gives Life)” program has provided 
research opportunities for 8-10 students in each of the past three summers. 
The majority of students are drawn from regional 2-year tribal colleges. Due 
to the proximity of NAU to the largest Indian nation in the country, research 
projects often focus on tribal land issues, such as the impact of grazing on 
grasslands, arsenic and uranium concentrations in groundwater, land use 
and the relationship to erosion, and agricultural ecology. Students choose 
from a diverse list of research projects representing a variety of 
environmental disciplines. Faculty Mentors from seven departments and 
programs at NAU have participated.

Northern Arizona University is a publicly assisted university with 
approximately 13,000 undergraduate and 6,000 graduate students. One of 
NAU’s goals is to be the Nation’s Leading University Serving Native 
Americans. In Fall 2004, NAU enrolled over 1,300 Native American students 
representing over 40 tribal affiliations from around the United States.

Located in an ecologically diverse region surrounded by federal, tribal, and 
state lands on the southern Colorado Plateau, NAU is an ideal place to train 
environmental scientists. The Center for Environmental Sciences & 
Education (CESE) has developed a strong tradition of collaboration across 
departmental and college boundaries.

Student Development
Group field-based research project. New this year! Three 2-day/2-night 
group research experiences at the Walnut Creek Research Station (WCRS) 
have been added to the program. Students collaborate on a field-based 
group research project, allowing the students to learn a common set of 
basic field skills and get to know each other in a relaxed and informal 
environment. Students present several short individual and group oral 
presentations about their work at the field site to develop their public 
speaking skills.

Student development seminars. During Week 1, students participate in a 
number of orientation seminars, including Laboratory Safety, Basic 
Laboratory Equipment, Keeping a Laboratory Notebook, Tour of 
Instrument & Computer Labs, and Introduction to Research. During 
Weeks 2-10, students spend one afternoon per week in seminars on 
scientific communication, scientific ethics, and special topics related to 
the WCRS group research project (e.g., data analysis). In the scientific 
communication seminar, students prepare a poster on their individual 
research project. 

Poster Session. Students present their findings in a poster session held 
jointly with cooperating summer research programs at NAU, including the 
NSF Undergraduate Mentoring in Environmental Biology (UMEB) and NIH 
Bridges to the Baccalaureate programs. Faculty Mentors and interested 
graduate students and faculty attend the poster session. Students gain 
confidence in discussing scientific topics and in answering questions about 
their research.

Field trips. Four all-day field trips are fun and educational, and introduce 
students to a variety of possible environmental science career opportunities. 
Students visit the Navajo Generating Station, Lowell Observatory, the 
Flagstaff Arboretum, Merriam-Powell Center for Environmental 
Research Elevational Gradient sites, the Museum of Northern Arizona, 
and the Grand Canyon Air Monitoring Network.  

Overview
Eight to ten students participate in the program each summer. The majority 
of students are recruited from regional 2-year tribal colleges, including 

Diné College (Tsaile, AZ and Shiprock, NM)
Crownpoint Institute of Technology (Crownpoint, NM)
Southwestern Indian Polytechnic Institute (Albuquerque, NM)

Students are also recruited from the Arizona community college system. 
Students earn 6-units of university credit for completing the intensive 10-
week summer program. A stipend, on-campus lodging and meal plan, and 
access to campus facilities (e.g., library, student recreation center) are 
provided. Students are paired with Faculty Mentors for individualized 
research projects and participate in a rigorous Student Development 
Program and a number of fieldtrips. The program concludes with a poster 
session and luncheon.

Faculty Mentors & Research
Mentors from seven departments and programs have participated:

Biological Sciences (B)
Center for Environmental Sciences & Education (CESE)
Chemistry & Biochemistry (C)
Environmental Engineering (EE)
Geology (G)
Institute for Tribal Environmental Professionals (ITEP)
School of Forestry (F)

Summer 2005 Research Projectsa

Bark Beetle Investigations Across an Elevational Gradient (F)

Chemical Genotoxicity of Uranium & Hexavalent Chromium (C)

Effects of Fire & Herbivory on Ethnobotanical Communities & Harvests (B)

Effects of Forest Management on Nesting Birds (CESE)

Mercury Deposition in Lakes via Fire & Subsequent Erosion Events (EE)

Microbial Biofilm Defense Mechanisms against Human Immune Responses 
(B)

Potentially Carcinogenic Uranium Species on Navajo Lands (C)

Working with Highschool Students to Study Surface Waters in the Flagstaff 
Area (ITEP)

a Anticipated projects at time of printing

Program DescriptionAbstract

Host Institution

Hands-on learning at a 
Merriam-Powell Center for 
Environmental Research 
Elevational Gradient site.

Planning sample collection 
at the Clarksdale Mine 
tailings.

A student answers 
questions about his 
research at the end-of-
program Poster Session.



DIVERSITY IN CHEMISTRY
Amanda Bryant-Friedrich, Oakland University

CHE-0239525
Undergraduate Research:  Through research directed 
towards an understanding of nucleic acid damage at the 
molecular level, undergraduate students (~5/yr) are fully 
submerge in scientific culture and are taught to develop 
and execute projects with high impact.  This model will be 
further extended to entering college and community 
college students through the establishment of an NSF-
Undergraduate Research Center (CHE-O418296).  This 
center is designed to reach large numbers of college 
students during or before their first academic year.
Diversification of the Chemical Workforce through 
Curriculum Development:  Diversity is essential for the 
advancement of the chemical profession.  This program 
seeks to address this issue through a curriculum which 
targets the following groups:
•Non-traditional students who have taken long breaks from 
academic studies due to personal circumstances.
•Students who received degrees in other scientific 
disciplines and would now like to obtain a graduate degree 
in chemistry.
•Students who are not prepared for the culture of a large 
graduate program.
•Students from underrepresented groups who either choose 
not to or do not feel prepared to compete first in a 
traditional graduate program.
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D.Becker, A. Bryant-Friedrich, C. Trzasko*, M. Sevilla, Radiation Research, 2003, 160. 174.  *Undergraduate researcher and graduate of diversity project. 



Recent Educational Impacts:  Outreach to High (and Middle) Schools
Kit H. Bowen, Jr., Johns Hopkins University

Award # CHE-0211522 Recent Educational Impacts:  Undergraduate Research
Kit H. Bowen, Jr.    NSF CHE-0211522

Visits to Our Laboratory Eight high school girls and their 
teacher from the AP Chemistry course at Roland Park Country 
School (RPCS) in Baltimore, MD visited our laboratory this fall.
They had been studying mass spectrometry in their class. We 
gave them a short lecture on the photoelectric effect, anion 
photoelectron spectroscopy, and the operating principles of 
several types of mass spectrometers.  Then, they went into the 
lab where two types of mass spectrometers (within their anion 
photoelectron spectrometers) were in operation.  On one, the 
mass spectra of silver atomic anions were being recorded, 
showing the two isotopes of silver.  On the other, the mass 
spectra of several anions produced from a nitrous oxide 
plasma were being measured.  Some of the students adjusted 
source and ion optical conditions in order to see the mass 
spectral intensities change. (A few years ago, we also hosted 
the St. Pius X middle school’s, math club in the lab.) 

Hopkins Undergraduates Two Johns Hopkins 
University undergraduates are presently doing research 
with us.  They are Cynthia Khoo, who is majoring in 
chemistry and psychology and Stacy Chang, who is 
majoring in behavioral biology. Cynthia was honored by 
the Maryland Section of the ACS last year as one of 
Maryland’s top chemistry students and will be entering 
a MDPhD program this coming fall. Stacy will spend a 
year doing research at Columbia Medical Center in the 
area of psychology before attending medical school.  
They have both worked in our lab for three years. We 
typically have two or three undergraduates working with 
us during the school year.  In the past, undergraduate 
researchers in our group have gone on to graduate 
school in chemistry at MIT, Cal Tech, Illinois, Syracuse, 
and Berkeley as well as in physics at Penn.

Recent Educational Impacts:  Outreach to High (and Middle) Schools
Kit  H. Bowen, Jr., Johns Hopkins University

Award # CHE-0211522

Top right:  Cynthia and Soren tune-up cluster anion signals.

Bottom right: Stacy and Andrej solder cables together.
Senior Projects Molly Ryan, a senior at RPCS who plans to study 
physics at Cornell University next year, and Krista Romita, also a 
senior at RPCS who is interested in a career in science as well, are 
both going to do their senior projects in our lab next semester.
Internships Stefan Schaffer, who is now a senior at River Hill High 
School in Clarksville,  MD, and who is interested in pursuing a career 
in chemistry and physics, worked with us doing research for most of 
this past summer (2004).  During 2002, another high school student, 
Joseph Mickel from Potomac, MD worked with us one afternoon a 
week for a semester.  Both Molly Ryan and Krista Romita are also 
planning to do summer internships with us next summer.  
Judging Science Fairs Two members of my group judged science 
fairs in 2004.  In February, Mike Nilles helped judge the science fair 
at Northwestern High School in Hyattsville, MD, and in May, Sarah 
Stokes judged the science fair at Forbush Middle and High Schools 
in Towson, MD.

Recent Educational Impacts:  Undergraduate Research
Kit H. Bowen, Jr., Johns Hopkins University

Award # CHE-0211522

Research Participation by a Faculty Member from a Non-PhD-Granting Institution
Kit H. Bowen, Jr., Johns Hopkins University

Award # CHE-0211522 Non-Hopkins Undergraduates This past 
summer, Ira Khanna, a rising senior at 
Virginia Commonwealth University, who is 
majoring in biomedical engineering, did a 
research internship with us for six weeks.  
During the previous summer (2003), Justin 
Moreo, an undergraduate from East 
Carolina University, did research with us for 
about a month.

Dr. Tariq Gilani, an Assistant Professor in the Physics Department at 
Millersville University in Millersville, PA has started working with us 
this school year.  Dr. Gilani earned his PhD in physics at Kyoto 
University.  Thereafter, he did a postdoctoral fellowship in physics at 
Pennsylvania State University.  Dr. Gilani is knowledgeable about a 
variety of the experimental techniques utilized in our laboratory.  He 
is currently familiarizing himself with our group and its projects 
through all day stays here every Wednesday.  It is his and our desire 
and expectation that he will become an integral part of our research 
group. 

Ira and Andrej work together on the pulsed machine



Dye Laser

Purdue Laser
Facility

Transportable Pulsed Laser System

Nd:YAG 2ω

Calvin College
UV-IR Laser Studies 
of Hydrogen Fluoride

Photoelimination

Kalamazoo College
Vector Correlation in 

NO-Containing Aromatics
and Organometallics

Hope College

Spectroscopy of 
Highly Excited States

UW-Eau Claire
Cavity Ringdown Studies

of Triplet Excited 
States

The aim of this grant is to 
augment existing laser 
spectroscopy systems at 
four primarily under-
graduate institutions 
(PUIs) in the Midwest. 
Research at PUIs is 
marked by close student 
mentoring that can mold 
career aspirations and 
maintain a vital 
population of expertly 
trained scientists. Yet the 
remarkable success of 
this educational model is 
threatened by inadequate 
access to specialized in-
strumentation and limited 
contact with other practi-
tioners. The transportable 
laser system addresses 
these needs. Individual 
research groups have 
periodic access to the 
new Nd:YAG-pumped 
dye laser at their home 
institutions, with the 
transportation, main-
tenance, and technical 
support coordinated by 
scientists at Purdue 
University.

MRI: Laser System to Enhance 
Undergraduate Research Programs

S. Drucker (PI), K. Muyskens, M. 
Muyskens, W. Polik, T. Zwier (Co-PIs), 

J. Bartz (Faculty Associate)
Award # CHE-0420928



Irving R. Epstein
Brandeis University

CHE-0306262
PI Irving Epstein and Professor of Russian Literature Robin Feuer
Miller have obtained grants totaling $1.3 million from Atlantic 
Philanthropies, a private foundation, to fund an interdisciplinary 
"Consilience Seminar" for Brandeis faculty members. Each year, 
about a dozen faculty meet once a week to discuss selected texts and 
their own research with an eye toward elucidating the overlaps and 
differences among the various disciplines. Faculty participants are 
chosen from all over the university - historians, anthropologists, 
painters, actors, physicists, philosophers... The group has visited 
Epstein’s lab and carried out experiments involving oscillating 
chemical reactions (see photos at right). He has led sessions on how 
notions like chaos and pattern formation in nonlinear chemical 
dynamics may have relevance in fields ranging from literature to fine 
arts to sociology.  For example, Shakespeare’s insight that “For want 
of a shoe a horse was lost,…” bears a striking resemblance to the 
“butterfly phenomenon” in chaos theory, where a tiny perturbation 
can have major effects on the long-term behavior of a system.  The 
seminar has spawned new cross-disciplinary research collaborations 
and has provided funding for new interdisciplinary and team-taught 
courses across the university.

-



Cassandra Fraser CHE-0350121
Broader Impacts:  A Common Course at UVA

Designing Matter is: an undergraduate course for 
credit and an open forum where students from across 
the disciplines and others from the university and local 
community come together to discuss cutting edge 
science and its implications for society.

Requirements: participation in weekly sessions and 
interdisciplinary discussion sections; readings and reflective 
essays.  Students keep lab notebooks, learn to write NSF 
style proposals and compete for funding for their projects.
For more information see:  www.designingmatter.net

Sessions:  Small to Large

Quantum Control

Nanotechnology (or Project Network)

Gene Therapy: Ethics and Science

Tissue Repair:  Stem Cells and Organs

Learning and Matter

Computer Graphics and Design Ethics

Matrix Redux:  Images and Words

Architecture and Landscapes

Human Environmental Footprint

Politics of Climate Change

Astronomy and the Origins of Matter

Magic Bullets: Drugs and their Delivery
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Microelectrochemical Assays:  from Academic Research to Business
Ingrid Fritsch, Department of Chemistry and Biochemistry, University of Arkansas, Fayetteville, AR 72701

Zoraida P. Aguilar, Vegrandis, LLC, Fayetteville, AR 72701

THE SCIENCE:  BENEFITS OF SELF-CONTAINED 
MICROELECTROCHEMICAL ASSAYS

THE SCIENCE:  BENEFITS OF SELF-CONTAINED 
MICROELECTROCHEMICAL ASSAYS

• analysis in turbid samples possible 
• use of opaque device materials o.k.
• manipulation of external electrodes not needed 
• small volume analysis (pL)
• low waste volumes
• high sensitivity (close proximity of electrodes to assay site)
• low background signal (low charging current)
• fast response times (short diffusion lengths)
• minimization of interferences (through redox cycling)
• amplification possible (through small volumes and/or redox cycling)
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OVERVIEW OF BROADER IMPACTSOVERVIEW OF BROADER IMPACTS
Research funded by the National Science Foundation at the University of 
Arkansas led to several broader impacts.  One was the stimulus for two startup 
companies, Vegrandis, LLC, and SFC Fluidics, LLC (SFC not discussed).  
Meanwhile, cooperation between the University and the Company has 
continued, leading to expansion of applications of benefit to society:  
environmental, clinical, drug and vaccine development, genetically modified 
plants, among others.  Other broader impacts include research training of 
graduate and undergraduate students, production of Ph.D. degrees, and return
of advanced degree recipients to the State of Arkansas.
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of advanced degree recipients to the State of Arkansas.

Use of facilitiesUse of facilities

Research with studentsResearch with students

• Two, SBIR Phase I Awards, Total: $140,000.• Two, SBIR Phase I Awards, Total: $140,000.EPAEPA

• Three,  SBIR Phase I Awards, Total:  $300,000.
• One, SBIR Phase II Award, Total: $500,000,  

plus additional $500,000  IIb opportunity.
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plus additional $500,000  IIb opportunity.

NSFNSF

NIHNIH • One, STTR Phase I Award, $100,000 
(in partnership with SFC Fluidics, LLC).
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Commercial Research and Development:  
Awards to Vegrandis, LLC, Based on Licensed Intellectual Property Originating 
from NSF-funded Academic Research

Commercial Research and Development:  
Awards to Vegrandis, LLC, Based on Licensed Intellectual Property Originating 
from NSF-funded Academic Research

via NSF Grantsvia NSF Grants

• Degrees completed: 4 Ph.D.s
• Degrees in progress: 3 Ph.D.s and 1 M.S.
• Undergraduate research students: 11
• Publications: 10 in peer-reviewed journals
• Patents and Patents Pending: 6
• Student research awards: 4 national, 2 statewide, 2 campus-wide
• Intellectual property led to two startup companies: Vegrandis, LLC, and      

SFC Fluidics (not discussed here)
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Direct Academic Outcomes from NSF GrantsDirect Academic Outcomes from NSF Grants

via Startup Company, Vegrandis, LLCvia Startup Company, Vegrandis, LLC

Economic Impact to State of Arkansas:
• Contribute to growth of high tech industry
• Employment of scientifically-trained staff
• Brought back to state: three U of A Ph.D.s as employees
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University of ArkansasUniversity of Arkansas

IMPACTS OF NSF FUNDING TO UNIVERSITY AND HOW 
THEY LED TO INITIAL STARTUP COMPANY SUCCESS
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1. Aguilar, Z. P.; Vandaveer, W. R.; Fritsch, I., "Self-Contained Microelectrochemical Immunoassay for 
Small Volumes using Mouse IgG as a Model System", Anal. Chem. 2002, 74, 3321-3329.

2. Aguilar, Z. P.; Fritsch, I.  “Immobilized Enzyme Linked DNA-hybridization Assay with 
Electrochemical Detection for Cryptosporidium parvum hsp70 mRNA”, Anal. Chem., 2003, 75, 
3890-3897.
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Academic funding from National Science Foundation : CHE-0096780 and CHE-9624114; Center for 
Sensing Technology and Research through NSF EPS-9977778 (and Arkansas Science and Technology 
Authority, 00-ARMF-06); University of Arkansas’ Innovation Incubator through NSF 0090596.
Assistance with science: Ms. Brigitte E. Factor, Ms. Mali Sirisena, and Ms. Eyitayo Fakunle.
Business contributions: Dr. Calvin Goforth, President of Virtual Incubation Company, LLC (VIC) and of 
Vegrandis, LLC, and all support staff at VIC. 
Encouragement to begin startup companies: Research and Sponsored Programs Office of the University of 
Arkansas
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EXPANDED APPLICATION TO Cryptosporidium 
parvum

EXPANDED APPLICATION TO Cryptosporidium 
parvum

• Waterborne pathogen in 80% of surface waters in USA
• One of top 5 pathogens causing 5 million deaths each year worldwide     

(13,000 children/ day)
• Infectious dose:  1-132 oocysts
• Thick-walled oocyst:  difficult to kill (heating, chlorination, ozone)
• EPA detection methods:  inadequate!  (5 days-4 weeks, 

$450-$750 / sample, inaccurate and imprecise, >100 oocysts/L 
detection)

• No effective treatment for cryptosporidiosis
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Summary for Mouse IgG StudiesSummary for Mouse IgG Studies

Proof-of-Concept Detection of Mouse IgG1Proof-of-Concept Detection of Mouse IgG1
INITIAL RESULTS AT UNIVERSITY OF ARKANSASINITIAL RESULTS AT UNIVERSITY OF ARKANSAS
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• Fast response: as soon as 30 s 
incubation with PAPP.
• Signal continues to increase as additional 
enzyme-generated product is produced.
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Solution after Incubation with Recessed 

Microdisk-Modified Microcavity

• The active immunoassay is only
at the recessed microdisk.  Thus, 
large signals at the working 
electrode for PAPR are due to 
enzymatic generation at modified 
recessed microdisk only.  
• This leads to possibilities for 
development of assay arrays. 
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Modified Recessed Microdisk

• Time for assembly (Ag & Ab-AP & rinsing) and detection (PAPP): < 30 min.
• Small volumes (~1/50 commercial):  1 µL for Ag and Ab-AP, & 200 nL for PAPP
• Detection limits for PAPR:  4.4 nM or 880 fmol.
• Detection limits for IgG (~1/100 commercial):  56 fM (9 pg/mL) or 56 zmol (9 fg).
• Not optimized for incubation times, geometry, or electrochemical technique
• Solved nonspecific adsorption problems to polyimide: minimize false positives
• Controlled location of immobilized immunocomponents: arrays possible
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Benefits to Society:  Expansion of ApplicationsBenefits to Society:  Expansion of Applications
• Cryptosporidium parvum:  mRNA -assay for heat shock protein 70 (indicates 
viability)2 and immunoassay for coat protein of oocyst
• Plasmodium falciparum (malaria): both DNA hybridization and immunoassay 
for liver-stage parasite (to be used in drug discovery and vaccine development)
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Further Expansion of ApplicationsFurther Expansion of Applications

INITIAL RESULTS AT VEGRANDIS, LLC on C. parvumINITIAL RESULTS AT VEGRANDIS, LLC on C. parvum

Self-Contained Microelectrochemical Immunoassay 
for Cryptosporidium  parvum

Self-Contained Microelectrochemical Immunoassay 
for Cryptosporidium  parvum

E. coli, ovarian cancer, genetically modified plants, allergens, interfacing with different microfluidics
platforms, interfacing with both bench-top instruments and portable hand-held instruments.

E. coli, ovarian cancer, genetically modified plants, allergens, interfacing with different microfluidics
platforms, interfacing with both bench-top instruments and portable hand-held instruments.
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µmC. parvum oocyst captured 
at a surface modified with 
an antibody that recognizes 
oocyst coat molecules.

C. parvum oocyst captured 
at a surface modified with 
an antibody that recognizes 
oocyst coat molecules.
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A broader impacts program focusing on
artesian well water quality on the Navajo
Reservation has been set up at
Northwestern. NU student Joseph Hoover
and Shiprock High senior student Christell
Begay carried out a field campaign in the
Red Valley Chapter and showed successful
uranium filtration using commercial water
filters tested at eight popular water wells.
Marketing campaigns promoting pitcher filter
use among the Indian Health Service
providers is being developed with the NU
business school. Dr. Fred Begay and
professors Hilary Arnold Godwin, Paul
Wang, and Franz Geiger carry out this work.

Franz Geiger Northwestern University Chemistry
Navajo Water Quality Program CAREER CHE-0348873



Carol Hirschmugl, University of Wisconsin-Milwaukee 
CHE- 9984931

Chemical Imaging of Individual Algal Cells
Alga 1

Replete with 
Nutrients

Alga 2
Starved of 
Nutrients

Average spectra and color coded clusters 

Objective: Measure and assess the abundance of 
macromolecular pools within and around algal cells under 
different external stresses. 

An international, interdisciplinary team (including a 
physicist from Jordan, Dr. Zuheir El Bayarri) is using high 
resolution chemical imaging combined with statistical 
analysis to understand the nutrient abundance within 
individual algal cells with infrared synchrotron radiation. 
This approach allows a rapid method for identifying the 
nutritional status and the physiological responses to 
perturbation in resource availability of natural and 
laboratory phytoplankton populations. For example, the 
abundance of the macromolecular pools is important for 
modeling the response  of algae to external stresses. This 
leads to a greater understanding of Harmful Algal Blooms 
(HABs) which can result from pollution from nitrates 
(fertilizers) or ammonium (sewage dumping) or changes in 
carbon supply (CO2). The work is being performed at the 
Synchrotron Radiation Center University of Wisconsin, 
Milwaukee.   The PI is assisting with the establishment of 
a synchroton in Jordan (SESAME) and is teaching Middle 
Eastern scientists the range of experiments available using 
this form of radiation.

Agglomerative Hierarchical (AH) clustering  methods are 
used to objectively cluster the spectra from individual  6 x 6 
micron pixels, arriving at average spectra.  In this way 
similarities and differences due to nutrient stress may be 
identified. 



Ralph Isovitsch, Michael R. Adams Ruquia Ahmed-Schofield
Xavier University of Louisiana 

CHE-0418645
The Xavier University of Louisiana (XU) chemistry 

faculty is creating a program that will initiate freshmen into 
its well-established culture of research that is nationally 
recognized for the number of chemical scientists it 
produces. 

This program will teach proper scientific skills via 
research experiences, increase awareness of chemical 
careers, and provide a diverse network of academic and 
personal support provided by instructors, upperclassmen, 
peers and practicing chemists from partner institutions.

Our program will have broad impacts for XU students 
and other educators. It will immediately make evident to 
students the connection between the classroom and real 
world problems. The dissemination of results from our 
program will allow other professionals to build upon and 
expand our successes at introducing freshmen to research. 
Our program will create for XU a local and eventually 
national reputation of excellence in preparing minority 
young adults for careers in the chemical sciences. The 
program will increase the number of XU graduates 
attending graduate school in Chemistry and it will create a 
larger pool of qualified applicants for upper level honors 
research programs at XU.

Sophomore chemistry major Vincent Vu pursues novel 
syntheses of metal nanoparticles.



Photonics of Aromatic Molecules
Frederick D. Lewis, Northwestern University, CHE-0400663

Front: Ligang Zhang, Huihe Zhu, Grace Delos Santos

Rear: Elizabeth Crompton, Fred Lewis, Shawn Balcome,

Paul Karagiannis, M. C. Sajimon

Broader Impacts of this Project

1. Training of undergraduate, graduate,   

and postdoctoral research students

2. Teaching activities

3. Outreach

4. International scientific cooperation

Katie Lovejoy – B.S. 2003

Fulbright scholar, Mainz, 
Germany ’04-’05

NSF Graduate Fellow, Chemistry
MIT ‘05

Todd Kurth – Ph.D. 2004    Elizaeth Cromption –Ph. D. 
2003

Physical Scientist, USDA    Technical Advisor, Leydig,

Peoria, IL Voit, & Meyer, Chicago

14th International Conference on Photobiology

Lewis, Majima (Japan), Shafirovich (NYU), Mizuno 
(Japan)



The NSF-REU Site in Chemistry & Biochemistry at CSULA
Dr. Scott Nickolaisen (P.I.), California State University, Los Angeles

Award: CHE-0353588
CSULA REU Participants: Summary of 
Student Diversity and Outcomes

The Department of Chemistry & Biochemistry at California State University, Los Angeles has hosted an 
REU site since 1989.  From its inception, the CSULA REU Program has focused almost exclusively on 
recruiting students from the many community colleges located within the Los Angeles Basin.  In 
particular, we strongly encourage participation by students from groups traditionally underrepresented in 
the chemical sciences.  We receive funding from the NSF Division of Chemistry to support ten students 
each summer,  Since 1989, a total of 172 community college students have participated in the CSULA 
REU Program.  

The primary goal of the CSULA REU Program is to give participants the opportunity to perform 
meaningful research in the chemical sciences alongside our faculty and undergraduate students with the 
aim of influencing these students early in their academic programs to pursue research careers in 
chemistry.

Hispanic participantsHispanic participants 49.5 %49.5 %

AfricanAfrican--American participantsAmerican participants 35.2 %35.2 %

Native American participantsNative American participants 1.9 %1.9 %

Pacific Islander participantsPacific Islander participants 1.9 %1.9 %

Female participantsFemale participants 62.9 %62.9 %

Participants completing B.S. degreesParticipants completing B.S. degrees 98.1 %98.1 %

Participants entering graduate Participants entering graduate 
programs in chemistryprograms in chemistry

53.3 %53.3 %

2001 CSULA REU participants: front row (l. to r.) 
Carole Baca, Karla Koti, Deborah Jones, and Maricela 
Castaneda.  Middle row: Wazir Ezedine, Kristen 
Wardlaw, Noelle Jensen, Shawna Hagger, and Hugo 
Nunez.  Back row: Tosa Ogboghodo, Eric Frommer, 
Lester Baron, and Dr. Scott Nickolaisen. 

Since 1990, REU participants have co-authored more than 
30 articles in scientific journals describing their research 
results.  Additionally, many more research presentations 
have been given by CSULA REU students at regional and 
national meetings.  Most participants continued to pursue 
research opportunities as undergraduate students upon 
matriculation at their chosen four-year universities.  And 
as indicated in the summary table, the majority of REU 
participants enter graduate programs in the chemical 
sciences upon completion of their bachelor degrees.  This 
is evidence of the power and effectiveness of an early 
research experience in a student’s academic and career 
development.

Some of the 2004 CSULA REU participants : (l. to 
r.) Jorge Martinez, April White, Marisol 
Fernandez, Stephanie Osonkie, Gezman Adullahi, 
and Liza Sargsyan



Research Experience for Teachers (RET) Program
Teri W. Odom

CHE-0349302

The Effects of Non-specific Protein and Lipid Binding on Gold Nanoparticles

First Year RET: Representative Research Projects

The RET Program is an opportunity for high school teachers and community college faculty to participate in 
research during the summer. Prof. Teri Odom is the Program Director for this two-year program. There are 
two primary objectives of this program: (i) to equip science teachers with tools for scientific and 
professional advancement; and (ii) to transfer the summer research experience into the class-room so that 
student achievement can be improved. 

Prof. Odom mentors and works closely with each participant to design inquiry-based learning activities for 
their students and others based on the principles from the previous summer’s research. The RET program 
is quite effective at broadening the participation of under-represented minorities; in the MRSEC and NSEC 
programs at NU, half of the participants were women, and over one-third of the teachers were from 
underrepresented minorities or teach at minority schools.

Second Year RET: Curriculum Concepts and Activities

Patterning of Catalytic Particles via Dip-Pen Nanolithography Towards Controlled Architectures of 
Carbon Nanotubes



Musical Science:  Chemistry of Historic Organ Pipe Materials
Catherine M. Oertel, Cornell Center for Materials Research      Cornell 

University, Ithaca, NY 14853

Using Chemistry to Preserve Historic Pipe Organs K-12 Outreach:  Science of Musical Sound

Photos courtesy of Ibo Ortgies, 
Göteborg Organ Art Center

Across Europe, historic pipe organs are 
suffering from corrosion that destroys their 
pipes and prevents them from sounding. One 
such organ, built in 1636 in Lübeck, Germany, 
is pictured at left along with a close-up of a 
damaged pipe.    

These organs – endangered species of 
the musical world – are valuable 
examples of pre-industrial artisanship 
and technology.  There is a role for 
chemists in determining the cause of this 
corrosion and how it may be prevented.

Our research approach involves a combination of analysis of historic 
samples and laboratory simulations in which new samples are 
exposed to corrosive conditions. 
A corroded pipe from a 1770 Italian organ 
(right) has been analyzed using x-ray 
diffraction, SEM/EDX, and optical microscopy.

An SEM image (left) of an FIB-milled cross-
section in a sample exposed to acetic acid vapor 
shows the interface between the metal and the 
corrosion layer.  Ongoing studies aim to 
correlate metal composition and microstructure 
to the location of corrosion attack.  

An understanding of the properties 
of sound waves – their 
wavelengths, frequencies, and the 
pitches they produce – is a 
national and New York State 
learning standard.  The newly 
developed “Pipes You Can Play”
module involves middle school 
students in a hands-on activity that 
introduces these ideas while 
highlighting the connections 
between music and science.

Students make (left) 
and play (below) 
panpipes from PVC 
pipe.

Above, a graduate 
student volunteer helps  
students use an 
oscilloscope to see a 
panpipe’s sound waves. 

Students see the same 
principles at work in their 
own instruments (above) 
and in Cornell’s historic 
Sage Chapel organ (left).

Acknowledgements:  NSF Discovery Corps Program (Grant CHE-0412181), Cornell Center for Materials Research (NSF Grant DMR-0079992),                                            
Cornell Nanoscale Science and Technology Facility, Professor Shefford Baker, Professor Jan-Erik Svensson, Göteborg Organ Art Center



50 mL centrifuge tube containing an 
aqueous  suspension of goethite particles.Lee Penn 

University of MN - Minneapolis 
CHE-0346385
From Particles to Atoms is a program geared towards 
middle school students and has two major goals.  The first 
is to guide students from synthesizing their own 
nanoparticles to characterizing their particles using light 
microscopy to characterizing their particles at atomic-
resolution using electron microscopy. For most students 
in this age group, this program will provide their first 
opportunity to directly observe the atomic structure of 
solid crystalline materials.  The second goal of this 
program is to provide an invaluable experience to the 
chemistry majors who design and run this program, 
particularly those who anticipate teaching careers at the 
junior and senior high school levels.

Microscopy Camp 2005 (so named as to avoid biasing 
pre-camp data collection regarding concepts of the atomic 
structure of solid materials) will be held in August of 
2005.  It will feature microscopes ranging from student 
light microscopes to our FEI Tecnai F30 high-resolution 
electron microscope.  Samples examined will be iron 
oxide nanoparticles prepared by the students participating.  
At the conclusion of the camp, students will paint a mural 
using iron oxide nanoparticles and post images to our 
Microscopy Camp website.

Transmission Electron 
Micrographs (middle 
and lower) of goethite 
nanoparticles.  In the 
lower image, an 
atomic-resolution 
image is shown.



CHE-0133237 - Fundamental Studies of In Situ Biosurfactant Production 
and the Attendant Impact on Metal Interactions with Soil Surfaces

Raina Maier and Jeanne Pemberton, University of Arizona & Cindy Larive, University of Kansas

This novel collaboration combines the expertise of an environmental 
microbiologist with that of two chemists to better understand the 
role of biosurfactants produced by bacteria in toxic heavy metal 
fate and transport in the environment. Surfactants produced by 
microorganisms are one mechanism by which the bioavailability of
organic and inorganic compounds is enhanced. In particular, 
Pseudomonas aeruginosa produces two types of rhamnolipid
biosurfactants (monorhamnolipid and dirhamnolipid) that have been 
shown to bind toxic heavy metals and alter mineral surface 
properties. These properties can influence solubilization and 
sorption of metals from insoluble mineral oxides or can potentially 
be exploited for bioremediation purposes. The efficiency of these 
processes will profoundly influence the fate and transport of 
metals in surface and subsurface soils as well as groundwater 
environments.

This interdisciplinary research has implications beyond metal fate 
and transport in soil. Biosurfactants are one class of secondary 
metabolites produced by soil microorganisms. Our results make 
clear that secondary metabolite conditioning of soil surfaces has 
the potential to influence processes in soil that ultimately mediate 
soil formation and function. Soil function, the ability of soil to 
respond to environmental and anthropogenic perturbation and to 
support agriculture, will become increasingly important as world
population and stress on natural resources increases. Thus, this
project serves as a model for cross-cutting interdisciplinary 
efforts needed to advance science at the interface between 
disciplines.
This project also has multidisciplinary educational activities that 
reflect the creative fusion of these two disciplines. Chemistry 
graduate students working on this project pursue formal minors in 
environmental chemistry and the environmental microbiology 
graduate students pursue formal minors in chemistry. A new 
undergraduate laboratory experience on chromatographic 
purification (SPE) and analysis (RPLC) of rhamnolipids from 
bacterial cultures has been completed and will be introduced this 
fall into an analytical chemistry course for nonmajors (CHEM 323), 
largely from microbiology and environmental sciences.

Examples of Advances and Discoveries

ATR-FTIR adsorption isotherm of monorhamnolipid (RL) adsorbed to 
γ-alumina at pH = 6.3. Experimental data were fit with a Frumkin
model that includes attractive lateral interactions between RL units.

θ
θ

θ=
+

−

−

Kce
Kce

a

a

( )

( )1

Frumkin isotherm

-20 0 20 40 60 80 100 120 140 160 180

0.0

0.2

0.4

0.6

0.8

1.0

θ

[RL] (µM)

Fit quality: χ2 = 0.001
R2 = 0.994

Kads = 1.16 (± 0.02) x 105

a = -1.37 ± 0.02

50 nm

25

5025

0
0

50 nm

25

0
250 50

AFM images of rhamnolipid assemblies on highly ordered pyrolytic graphite (HOPG).  Image A shows 
organized assemblies of rhamnolipid alone with spacing of 5.50 nm (see red lines). Image B 
shows organized assemblies of rhamnolipid-Cu2+ complexes with spacing of 3.12 nm.

First AFM images of biosurfactant on a surface

Flavolipid from Flavobacterium sp. MTN11 – a 
new class of biosurfactants

ESI-MS negative ion mode spectrum of 
monorhamnolipid (RL) produced by P. aeruginosa
ATCC 9027 after extraction and purification. 
This spectrum clearly shows the grade of purity 
obtained using the purification protocol 
developed in our lab. The m/z at 475, 503 and 
531 are monorhamnolipids with different lipid 
alkyl chain lengths. The peak at m/z 333 
corresponds to the lipid chains without the 
rhamnose sugar moiety.
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Development of a purification 
protocol for monorhamnolipid

ESI-MS positive ion mode spectrum of solution 
of [RL2Pb(II)] complex (pH 9.3.) Inset: Isotopic 
distribution of the peak at 711.0 for [RL-H + 
Pb2+]+. Peaks at m/z 707, 709, 710, 711 
correspond to the lead isotopes 204Pb, 206Pb, 
207Pb and 208Pb, respectively. 
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Exploring rhamnolipid sorption by surfacesProject Description

Broader Impacts

Gene regulation of rhamnolipid production

We are developing a real-time reverse transcriptase PCR 
(RT-PCR) assay to evaluate relative gene expression for 
mono (rhlB) and dirhamnolipid (rhlC) production during 
exposure of P. aeruginosa to metals.  Housekeeping genes 
(expressed all of the time) are used as internal standards.

Discovery of a new biosurfactant

100 bp rhlB rhlC rpoD rpoS fabD 100 bp
Ladder                                                          Ladderhousekeeping genes

Chemistry and Microbiology personnel supported by this project
From left to right:  Valeria Ochoa Herrera, Julie Neilson, 
Ariel Lebron-Paler, Sadie Iverson, and Vanessa Stedronsky



http://www.ollusa.edu/news/viewarticle.asp?ID=199

Junior contributes to geoscience research at SBU-Stony Brook

Junior environmental science major Terry Minjares had never 
studied mineralogy, but that didn’t stop her from contributing 
important research to the area of geoscience.  Minjares completed 
an internship with the Center for Environmental Molecular 
Science at the Stony Brook University at Stony Brook, where she 
assisted in research to test the effects of pyrite (commonly called 
fools’ gold) in breaking down organic pollutants. 

“I was intimidated at first,” she said.  “But I read some books on 
my own... , and I quickly became confident in my ability to do 
the research project”.

Minjares worked with Martin Schoonen, Professor of Geochemistry 
at Stony Brook University-Stony Brook, and two Stony Brook 
graduate students.  Minjares conducted experiments where she 
replaced the iron in the pyrite by nickel, and then tested the effects 
the new compound had on decomposing ribonucleic acid (RNA). 

“Her work was first-rate in a subject that is not simple,” said 
Schoonen.  “The research is of such quality… [we] have every 
intention to write this up as a publication.”.. 

The Center for Environmental Molecular Science (CEMS) is an NSF 
Environmental Molecular Science Institute (EMSI) located at Stony Brook 
University, with collaborators at Brookhaven National Laboratory (BNL), Temple 
University and Penn State University. Education and outreach programs aimed at 
undergraduate students from smaller institutions, particularly those from groups 
underrepresented in science, are one of the important broader impacts of the 
Center’s activities. CEMS accepts 8-10 students for a 10 week summer program in 
which students work closely with faculty and graduate students on research 
projects related to environmental chemistry and geochemistry. 

The focus on students from smaller institutions offers a research experience to 
students who would not normally have opportunities for laboratory research on 
current problems having societal relevance. Mentoring directly by faculty provides 
students with a taste of graduate student life and allows them to gain a better 
appreciation of the academic research environment.  We strive to provide a sense 
of community among the students. The students meet weekly to present their 
research results to their peers and CEMS researchers.  They are housed together 
in the same dormitories and participate in a wide range of activities - from 
camping, canoeing trips to cooking communal meals.  Visits to other laboratories 
at Stony Brook and BNL in our multidisciplinary Center are organized to increase 
the students’ exposure to a wider range of environmental research activities.

An emphasis is placed on presentation of results. Kathryn Cole, a CEMS 2003 
summer research student from Fairfield University, CT, was the first author of a 
paper “2H MAS NMR studies of deuterated goethite (α-FeOOD)”, published in an 
ACS journal. Terry Minjares recently presented her research results at the ACS 
meeting in San Diego, March 2005. CEMS provides undergraduate students with a 
unique perspective for problem solving that is not readily obtained in a traditional 
educational model.

CEMS 2004 REU participant Shanna
Chambliss, (left) a student from Elizabeth City 
State University in Virginia, worked with Prof. 
Fisher in Marine Sciences, on  “The Effects of 
Selenium on Mercury Toxicity and Grazing 
Copepods.

Research Opportunities at an EMSI
for Undergraduate Students from Smaller Institutions

Mirza I. Beg, Andrea R. Illausky, Clare P. Grey, Richard J. Reeder
Center for Environmental Molecular Science

Stony Brook University, Stony Brook, NY  11794
http://www.cems.stonybrook.edu

Environmental Molecular Science Institute  
CHE- 0221934

Maria Teresa Minjares from OLLU, San Antonio, TX, was one 
of our summer research students from Summer 2004



COACh
To identify and implement strategies to eliminate gender inequities.

To develop and conduct professional skills workshops in leadership, negotiation and communication to
enhance the success of women science and engineering faculty. 

To develop and implement programs for institutions on how to increase the recruitment, hiring, retention and  
success of women in academia in the sciences and engineering.  

Working to level the playing field for women scientists in academia.
Current Projects and Goals:

http://coach.uoregon.edu

Coaching Strong Women in the Art of Strategic Persuasion
The Chemistry of Leadership
From Postdoctoral to Professor: Skills for Success

COACh Workshops

Over 280 women 
chemists have attended 
these workshops at ACS 
and AIChE national 
meetings.

Over 500 additional women in
• Physics
• Mathematics
• Chemistry 
• Biochemistry
have attended these COACh developed workshops at 
professional meetings or home institutions.

• Geology
• Engineering
• Biology 
• Computer Science

Assessing Workshop Impact: 2-3 years later
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The Chemistry of Climate Change and Sustainable Energy

Jeffrey I. Steinfeld           
Massachusetts Institute of Technology   

DUE-0053247 and CHE-0328221

The prospect of global climate change with its attendant 
adverse consequences, resulting in large measure from 
fossil fuel combustion, is a matter of great current concern. 
And yet, few Americans know how their energy is produced, 
or where it comes from. Two NSF supported initiatives 
sought to address this problem. A CD-ROM, developed in 
collaboration with the Advanced Technology Environmental 
Education Center, provides resources for educators on 
climate change and sustainable energy, along with material 
on six other current environmental issues. To reach the 
professional chemistry community, a symposium was held 
at the 226th National Meeting of the American Chemical 
Society,  at which climate science leaders from universities, 
government, industry, and NGOs offered their views on the 
current state of climate science, modeling, and greenhouse 
gas measurements; coupling between climate change and 
atmospheric chemical cycles involving ozone, aerosols, and
oxidizing radicals; and technology options for energy 
production in a "greenhouse constrained" world. 

Both technical and policy aspects were considered 
at the symposium, including the viewpoint from 
developing countries. The symposium concluded 
with a panel discussion on communication and 
perception of this complex set of issues among the 
public, students, and policymakers.

In order to make the content of the Symposium 
available to as large an audience as possible, the 
presentations and associated materials were made 
available on a web site, 
(http://lfee.mit.edu/education/acsclimate/ ). 

Acknowledgments. Financial support for the Symposium was provided by the American Chemical Society Committee on Science, the National 
Science Foundation (CHE-0328221), and a Type SE grant from the ACS Petroleum Research Fund (39938 – SE). Preparation of the CD-ROM in 
collaboration with the Advanced Technology Environmental Education Center was supported by the National Science Foundation (DUE-0053247).



CRAEMS: Molecular Environmental Chemistry of Mn Oxide Biomineralization
(CHE-0089208) Bradley Tebo, Scripps Institution of Oceanography/UCSD; Garrison Sposito, University of California at Berkeley; 

John Bargar, Stanford Synchrotron Radiation Laboratory; Thomas Spiro, Princeton University

Microbially Mediated Manganese and 
Iron Oxidation in the Biosphere. 
Symposium held at the 227th ACS 
National Meeting, Anaheim, CA Mar28 
– April 1, 2004.

Synchrotron Techniques for 
Environmental Microbiology and  
Biogeochemistry. Workshop held at 
the  SSRL User’s Meeting, Stanford, 
CA, October 8,  2003.

This workshop was attended by more than 70 scientists, most of whom were 
graduate students and postdoctoral researchers. Attendees hailed from academic 
institutions and national laboratories around the United States and abroad.  11 
Speakers presented talks on techniques and biogeochemistry investigations.

This symposium received the highest turnout (110 
people) for a single talk in any of the six symposia 
hosted by the ACS Geochemistry division at the 
227th ACS national meeting. Thirty-five presenters 
participated in three half-day sessions and a poster 
session. An estimated 36 graduate students and 
postdoctoral researchers participated as presenting 
authors or coauthors. George Luther, 2004 ACS Symposium

Symposia and Workshops Software

One of the major technical products of our collaborative project has been a general-purpose 
data-processing interface, SIXPack, for analyzing X-ray absorption spectra. This software 
package has been highly successful, rapidly gaining popularity throughout the wider 
environmental chemistry and materials science communities. Included with the standard 
distribution for the software package IFEFFIT, SIXPack is already in use on three continents. 

Our collaborative project has organized two well-attended open meetings designed to 
facilitate interactions between academic and nonacademic scientists, graduate 
students, and postdoctoral researchers, and to share research results on 
biogeochemistry with emphasis on processes involving Mn and Fe.

Mechanism of Bacterial Mn(II) Oxidation 
Mn(II)+Enz

Mn(II)=Enz

Mn(III)=Enz

Mn(IV)=Enz
Mn(III)(aq)

Mn(II)+MnO2 MnO2

O2

(1)

(2)

(3)

O2

Webb et al. (2005), Proceedings of the National Academy of Sciences, 102, 5558.

Bacterial Mn(II) oxidation:

• Drives oxidative leg of global biogeochemical Mn cycle.

• Drives production of reactive nanoparticulate Mn oxides.

• Directly impacts global carbon fixation, contaminant and 
nutrient cycling in soils. 

What are the mechanisms of bacterial 
Mn(II) oxidation?

Our results show:

• Mn(II) is enzymatically oxidized to Mn(III).

• Mn(III) is enzymatically oxidized to Mn(IV).

• Both oxidation steps are accomplished by the multi-
copper oxidase enzyme product of the mnxG gene.

• Provides a ubiquitous and facile source of the powerful 
oxidant Mn(III) in the environment.

Above: possible oxidation pathways.  Below, oxiation of Mn(II) 
by Bacillus SG-1 in the presence of pyrophosphate.
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Structural Chemistry of Bacteriogenic Mn Oxides 

(20, 11)
Sea Water SG-1 biooxide

Mn oxide 
encrusted cells:

500 nm

P. putida biooxide

P. putida:                    c-
disordered hexagonal 

birnessite

150 nm

P. putida

Bacillus SG-1

(20, 11)

WAXS data:

Mn4+

vacancies

Bacillus SG-1:                   c-
disordered pseudo-

orthogonal birnessite

Ordered Mn3+

Ca2+

Webb et al. (2005), American Mineralogist (in press); Webb et al. (2005), Geomicrobiology Journal (in 
press); Villalobos et al., (2005) American Mineralogist (submitted).

Environmental Mn oxide nanoparticles:
• Created by bacterial oxidation of Mn(II).
• Primary sources/sinks for Mn(II) in the environment.
• Sequester heavy metals and degrade organics to help control 
contaminant and nutrient cycling in soils and natural waters.

• Electron acceptor for microbial respiration in soils. 

In-situ SR-based EXAFS and WAXS:
• P. putida: biooxide is a c-disordered hexagonal birnessite, 1/6th of 
layer Mn4+ sites are vacant.

• Bacillus SG-1: sea water biooxide is a Ca-bearing c-disordered 
pseudo-orthogonal birnessite. Presence of Ca2+ promotes stability 
of the pseudo-orthogonal structure relative to hexaonal form. This is 
believed to be the dominant Mn oxide in the marine water column.

• Biooxides are two-dimensional nanoparticles!: 6 - 9 nm diam. (P. 
putida) and 16 nm diam. (Bacillus, SG-1), ~3 nm thick.

• Edge sites are abundant and are believed to be highly reactive.

What is this material and what are its properties?

2003 Workshop 
on Synchrotron 
Techniques for 
Environmental 
Microbiology and 
Biogeochemistry
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Scientists at UMass are working with middle school

students to investigate the fate of arsenic leached from

wood pressure-treated with chromated copper arsenate.

Students work initially on a class project investigating

arsenic in a park near their school.  In the second semester,

they work in small groups on projects that they devise

themselves.  Issues about arsenic from sources other than

pressure treated wood are investigated. To support these

investigations, UMass graduate student, Richmond

Ampiah-Bonney, is developing chemical analysis

technologies to measure arsenic compounds in soil, plants

and water that can be used in schools.  Richmond works

with teachers on summer research experiences and helps in

the classroom.  At the end of the second semester a science

fair was held at the school; earlier in the semester, selected

students participated in a science fair at the National

Organization for the Advancement of Black Chemists and

Chemical Engineers, winning first and third place prizes.

Students visited the Chemistry Department at UMass for a

demonstration filled field trip.

Integrating research and teaching: tracking

arsenic in the environment
University of Massachusetts Amherst

Award # CHE 0316181 PI Julian Tyson

Teachers learn how to measure As

 during summer research

Taking a wipe sample

Richmond helps out in the classroom

Using the Hach test kit.

Coming up with questions 

about arsenic

Working on a science fair project

Presenting at the science fair

Award of prizes

Winners at NOBCChE

Fun with liquid nitrogen



CAREER: Nonlinear Raman Based Noisy Light 
Spectroscopic Studies of Liquids

Darin J. Ulness, Concordia College, Moorhead, MN
Award # (CHE-0341087)

Many excellent young scientists are interested in becoming a 
professor at a smaller college after receiving their degrees, but 
Ph.D. training does not provide a complete picture of what life is 
like for a professor at a PUI. Often these scientists are unable to 
overcome their lack of genuine understanding of the PUI 
enviroment. For example, many consider research and teaching to 
be separate aspects of a faculty member’s activity rather than 
deeply coupled within the general philosophy of science training
at the PUI. Secondly, they often do not fully appreciate the 
obstacles to productive undergraduate research that are inherent at 
PUIs. Finally, it is clear they have not experienced the type of 
student–faculty relationships that are common at PUIs. 

A major aspect of this CAREER grant is the incorporation of a 
strong emphasis on teaching training  into the post-doctoral 
position. Therefore, along with time devoted to research on this
project, the post-doctoral researcher will have the opportunity to 
teach undergraduate courses under the tutelage of the PI and other 
members of the experienced faculty at Concordia College, 
Moorhead, MN. During a two year period the post-doctoral 
researcher will gain experience teaching both general and physical 
chemistry. This significant teaching experience will be of great
value to the young scientist as he or she applies for faculty 
positions at other schools. Photo by John Borge

L to R: Dr. Eric Booth, 
Lindsay Weisel, Pye Aung

Acknowledgements: Pam Mork and Donald Krogstad for much guidence of Dr. Eric Booth towards his goal of becoming a professor



Spontaneous and Forced Modulation of Electrosprays
Akos Vertes, The George Washington University
CHE-0415521
Broader impact
Electrospray ionization mass 
spectrometry is a cornerstone of 
proteomics, a vigorously developing field 
that promises to revolutionize medicine. 
Enhancing the analytical technology in 
this area has far reaching implications in 
our ability to diagnose diseases, to 
develop new drugs and to devise new 
medical strategies. These projects can be 
viewed as examples of how understanding 
basic phenomena through research have a 
direct impact on vital technologies and, as 
a consequence, on society.

Development of human resources
Students at undergraduate and graduate 
levels participate in the research. They 
acquire modern technical skills and learn 
how to present the findings at local as well 
as at national meetings. Most 
importantly, they learn how to utilize the 
scientific method to explore their subject 
and ultimately how to use all these skills 
to contribute to society.
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ChiralChiral NMR Shift ReagentsNMR Shift Reagents
Thomas J. Wenzel, Department of ChemistryThomas J. Wenzel, Department of Chemistry

Bates College, Lewiston, MaineBates College, Lewiston, Maine
CHECHE--02447420244742

HUMAN CAPITAL OTHER IMPACTS

Presentations at professional meetings by Presentations at professional meetings by 
undergraduatesundergraduates

PeerPeer--reviewed publications with reviewed publications with 
undergraduate coauthorsundergraduate coauthors

Invited book project on Invited book project on chiralchiral NMR shift NMR shift 
reagents (Wiley Press)reagents (Wiley Press)

Collaborative work with international Collaborative work with international 
research groups in Japan and France.research groups in Japan and France.

Invited review articlesInvited review articles

Invited encyclopedia articlesInvited encyclopedia articles

Developing other uses of Developing other uses of chiralchiral reagents reagents 
that are already commercially availablethat are already commercially available

Potential for commercialization of new Potential for commercialization of new 
chiralchiral discrimination reagentsdiscrimination reagents

RESEARCH GROUP – SUMMER 2004
Front row (l to r): Jan Collins – high school chemistry 
teacher; Aleena Ali – rising senior; Catherine Dignam –
Camille and Henry Dreyfus Fellow
Back row (l to r): Tom Wenzel; Jason Zopf – rising senior; 
Monique Brown – rising sophomore; Jim Maldonis – rising 
junior; Chris Richards – rising senior
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