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Executive Summary

A Committee of Visitors of the Chemical Sciences, Geosciences, and Biosciences
(CSGB) Division of the Office of Basic Energy Sciences reviewed nine programs in this
Division on April 6-8, 2005, focusing on assessment of (1) processes used to solicit, review, and
reach decisions on proposals, document decisions, and monitor progress on funded proposals; (2)
how the award process has affected the breadth and depth of portfolio elements, including
quality of science and the national and international standing of these elements within the
boundaries of DOE missions and available funding; and (3) the programs’ progress in achieving
BES long-term goals. The years covered by this assessment are 2002, 2003, and 2004. Thirty-
three COV members were chosen by COV Chair Gordon Brown based on expertise, and a desire
to achieve a balance in terms of (1) those receiving BES support vs. those not receiving support;
(2) members from universities, national labs and federal institutions, and industry; and (3) gender
and race diversity. Each COV member was assigned to one of six subpanels representing the
nine programs, with a chair from each subpanel responsible for producing a written summary of
findings, comments, recommendations, and ratings of progress toward achieving long-range BES
goals.

The 2005 COV found the CSGB Division to be well managed and in excellent shape,
with clear evidence that the proposal solicitation, review, and action process is working well and
that the quality of science, depth and breadth of portfolio elements, and national and international
standing of these elements are very good to excellent in all nine programs reviewed. The
number of active proposals in the Division currently numbers 931. In addition, the nine
programs were rated “Excellent” in 21 categories with respect to the long-term goals of the
Office of Basic Energy Sciences, with only three “Effective” ratings out of 24 applicable
categories and no “Insufficient” ratings. The COV found the Division management and staff to
be very responsive and well organized during the review, which greatly facilitated our
assessment. The COV identified two areas requiring significant attention by CSGB Division and
Office of Basic Energy Science management. One is the continuing lack of an integrated Office
of Science-wide database on proposal review, tracking, decision/documentation, and monitoring
(on funded proposals) processes and lack of standardized database software that allows rapid and
efficient searches for information on PI’s, reviewers, proposal actions, and Pl productivity. The
second is the need for the Office of Science to implement ways to track gender and race diversity
of PI’s at universities and DOE laboratories as well as the diversity of reviewers. Continuing
inattention to diversity issues will have a potentially long-term adverse effect on workforce
development.

We summarize below the major findings, major recommendations, and ratings of the
CSGB programs.

Major Findings of the COV
1. The solicitation process for proposals is adequate for national lab scientists but requires
some additional development in the case of university scientists.

2. The review process is fair, of very high quality, and very efficient in terms of time between
submission and decision on renewal proposals. The time between submission and decision
on new proposals should be shortened from the current one-year average. The COV found
close accord between reviews and funding decisions in the proposal jackets reviewed.



3. The completeness of documentation of decisions by Program Managers was generally found
to be outstanding, with only minor improvements needed in one program (Photochemistry
and Radiation Research) in more clearly documenting the reasons for declinations.

4. The lack of an integrated Office of Science-wide or BES-wide computer database and lack
of standardized database software is viewed as a major shortcoming of the proposal review,
tracking, decision documentation, and funded-proposal monitoring process. This same
problem was cited in the report of the 2001 CSGB COV chaired by W. Carl Lineberger, as
well as in the report of the 2003 Materials Sciences and Engineering COV chaired by John
C. Hemminger.

5. Monitoring of funded proposals by Program Managers is generally good and utilizes
information provided in annual reports and at annual contractors meetings, as well as
occasional contacts with PI’s at national scientific meetings when possible.

6. Contractors meetings are viewed by the COV as extremely important to the program
monitoring process by Program Managers and to individual P1’s vis-a-vis their interactions
with other grantees and Program Managers. Such meetings also help create research
portfolios that are focused on areas relevant to the DOE mission and long-term BES goals.

7. Program Managers have too few opportunities to visit grantees at national laboratories and
academic institutions or to meet with them informally at scientific conferences. The primary
limitation appears to be the low travel budget available to Program Managers.

8. The quality of science funded by the CSGB programs was found to be generally outstanding,
with world leading and pioneering projects in many areas and outstanding PI’s in most cases.

9. There is an excellent balance of funded projects with respect to innovation, risk, and
interdisciplinary research in most programs. However, the Energy Biosciences program is
not as well integrated with other programs in the Division as it should be.

10. The COV strongly endorses the BES practice of providing long-term support to very high
quality programs run by top PI’s, including those in universities and national labs. We also
endorse the stewardship role BES plays in providing long-term support of national lab
programs and PI’s, particularly for programs critical to national security.

11. Low turnover of PI’s in the various programs was noted by several of the subpanels. This
problem potentially could lead to slower evolution of portfolio elements than desirable with
respect to new investigators and new science thrusts. An exception was noted in the
Geosciences program where a number of new investigators have been funded over the past
three years.

12. The depth of the research portfolios in the CSGB Division (as measured by total number of
investigators, their career stage, the total amount of funding, and discipline diversity) is good
in most cases; however, the COV found that some improvement is needed in the Heavy
Element Chemistry program, which supports fundamental actinide and fission product
research. Insufficient depth in this program may ultimately affect its viability. This
program is of critical importance to the DOE mission and to our national security, and BES
is the only source of funding for Heavy Element Chemistry.

13. Average award sizes were found to be too small for individual investigator proposals,
averaging about $135K/year (NSF Chemistry averages about $150K/year for individual
investigator proposals). If this average level of annual funding is continued by the CSGB
Division, it could impact the retention of top PI’s in the future.



14.

15.

16.

17.

The national and international standing of many of the portfolio elements was found to be
outstanding, with unique results of high impact in many cases. One portfolio element that
would benefit from careful review and evaluation is the Radiation Research program.

The integration and co-location of theory, computation, and experimentation is a unique
strength of the national lab programs funded by the CSGB Division.

The level of diversity in BES programs in terms of career stage, race, and gender in the
ranks of PI’s and reviewers was thought by some COV members to be too low, although
additional information is required to come to definitive conclusions as diversity data in BES
are not readily available. The perceived lack of diversity in BES programs, if true, will have
a potentially long-term adverse effect on workforce development.

The number of Program Managers in the Energy Biosciences, Chemical Physics, and
Catalysis & Chemical Transformation programs was found to be too few and jeopardizes the
future quality of these programs, given the large number of funded proposals, the complex,
multi-disciplinary nature of the portfolio elements, and their importance to DOE missions
and long-term BES goals.

Major Recommendations of the COV

1.

The COV strongly recommends the development of standardized database software and a
coherent BES-wide computer database that would include information on reviewers,
proposal tracking, documentation of decisions, and funding history and productivity of
investigators. The establishment of an effective database is seen by the COV as mandatory to
the effective management of a program as diverse and complex as the BES research
portfolio. Implementation of this recommendation would require new resources, which
should be provided by the Office of Science.

Improved solicitation of proposals from university scientists is desirable through various
avenues, including “Dear Colleague” letters of the type used by NSF and a wider distribution
of program announcements. Workshop reports are generally available on the Internet
(http://www.science.doe.gov/bes/chm/Publications/publications.html), and this URL should
be included in all program announcements and solicitations.

The COV recommends inclusion of additional non-funded participants in the annual
contractors meetings, particularly young investigators and underrepresented minorities, with
their expenses covered by the Division when possible. This practice would enhance the
impact and breadth of the program by encouraging new participants and educating both
contractors and non-contractors about possible research avenues. It could also potentially
address diversity issues noted earlier.

The annual travel budget of Program Managers should be increased by 40-50% in order to
allow them to visit grantees and to attend at least two major national meetings each year, as
well as one more topical conference and the annual contractors meeting. Attendance at
national meetings and topical conferences should be strongly encouraged by Division (and
OBES) management as part of the expected Program Manager activities.

In order to enhance cross-fertilization between different programs within the Division, the
COV recommends that Program Managers attend contractors meetings in other Division
programs when possible and potentially useful.
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Anonymous mail reviews should be sought and used in evaluating all proposals, including
multi-investigator proposals from national labs and universities, where site reviews are
commonly the primary means of evaluation. This recommendation would result in an
additional workload for Program Managers.

The BES practice of providing long-term support to very high quality research programs that
address the DOE mission and long-term BES goals should be continued. The COV
recognizes, however, the importance of bringing in the best new investigators when their
proposed science is better than that currently being funded.

The COV strongly recommends that the CSGB Division consider implementing a young
investigator program that would encourage younger university scientists and engineers to
become involved in research relevant to the DOE mission and long-term BES goals.
Implementing this recommendation would require reallocating some of the existing funding
within the Division.

The current practice among Program Managers of setting aside funding in anticipation of
renewal proposals from existing PI’s limits turn-over in programs and should be carefully
monitored in order to insure that the best mix of continuing and new programs is funded.

All programs in the CSGB Division should explore mechanisms of co-funding between
programs to facilitate cross-fertilization where it makes sense. Such cross-fertilization could
also be facilitated by holding joint contractors meetings when there is significant overlap
between portfolio elements in different programs or when new opportunities for cross-cutting
research are recognized.

A plan should be developed to better integrate portfolio elements in the Energy Biosciences
program with the Photochemistry & Radiation Research, Catalysis & Chemical
Transformation, and Geosciences programs. The COV noted a number of similar portfolio
elements in these different programs as well as opportunities for significant cross-
fertilization.

Because of the need to appoint new Program Managers in the Energy Biosciences program,
the Division should take this opportunity to reevaluate and refocus this program in accord
with the overall directions and mission priorities of BES and the Division.

A careful review of the organization and staffing of the Radiation Research program is
strongly recommended as a means of increasing its national and international standing.

Maintain and if possible expand funding in the Heavy Element Chemistry program and in
other areas of particular importance to the DOE mission, especially for those programs with
no other realistic funding sources. This is extremely important for maintaining the workforce
in areas of importance to the DOE mission.

In light of relatively flat funding within BES, the COV recommends that BES prioritize its
funding portfolio in order to continue supporting areas critical to DOE missions at an
appropriate level.

We recommend that the DOE should design appropriate methods to monitor gender, race,
and career-stage diversity within programs through consultation with colleagues at other
federal agencies. Diversity issues within the Division (and BES) could be addressed through
the appointment of a Diversity Committee, which should report its findings and
recommendations to the next COV. The overall goal of this effort should be to develop and
nurture a diverse work force while focusing on excellent science aimed at the missions of
DOE.



17. The COV recommends that the Division be allocated at least three new Program Manager
positions to be distributed among the Chemical Physics, Catalysis & Chemical
Transformation, and Energy Biosciences programs. These three programs are the largest in
the Division in terms of number of funded proposals, and they comprise complex research
portfolios in scientific areas that are evolving rapidly and hold great promise for
breakthroughs in energy research.

Ratings of CSGB Programs on Progress Toward Meeting the Long-Term Goals of BES

The four long-term goals of BES can be summarized as follows: (Goal a) modeling,
characterizing, analyzing, assembling, and using new materials and structures for energy-related
applications; (Goal b) demonstrating progress in understanding modeling and controlling
chemical reactivity and energy transfer processes in various phases, at interfaces, and on surfaces
for energy-related applications; (Goal c) developing new concepts and improving existing
methods for solar energy conversion and other major energy needs identified by BES; and (Goal
d) demonstrating progress in conceiving, designing, fabricating, and using new instruments to
characterize and ultimately control materials. The ratings of each CSGB program with respect to
progress in meeting these goals by 2015 were generally Excellent, with 21 Excellent ratings (the
highest rating), only three Effective ratings, and no Insufficient ratings (the lowest rating). Four
ratings of Not Applicable were assigned. See pp. 48-58 for full details.
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I. Introduction, Membership, and COV Procedures

A Committee of Visitors was convened at DOE headquarters in Germantown, MD on
April 6-8, 2005, to conduct a detailed assessment of the Chemical Sciences, Geosciences, and
Biosciences (CSGB) Division of BES, covering the years 2002, 2003, and 2004. The assessment
focused on the following three areas, as stipulated in the charge to BESAC by Dr. Raymond
Orbach, Director of the Office of Science. This charge was passed on to the COV by BESAC
Chair Dr. John C. Hemminger (see Appendix D):

(1) Assessment of the efficacy and quality of processes used to solicit, review, recommend,
and document proposal actions and to monitor active projects and programs

(2) Assessment of how the award process has affected the breadth and depth of portfolio
elements and the national and international standing of these elements within boundaries
of DOE missions and available funding

(3) Assessment of the program’s contribution to progress in achieving BES long-term goals
(see Appendix D, pp. 25-26 for detailed statements of these goals)

Members of the COV were selected by COV Chair Gordon E. Brown, Jr. in consultation
with BESAC Chair John C. Hemminger, CSGB Director Walter J. Stevens, and members of the
CSGB Division; however, Brown made the final selections. The CSGB Division consists of nine
programs within three teams (Fundamental Interactions, Molecular Processes and Geosciences,
and Energy Biosciences Research) that cover a broad range of scientific disciplines within the
chemical sciences, geosciences, and biosciences (Figure 1). Because of this scientific diversity,
a relatively large number of members (34) was desirable in order to provide the range of
expertise needed to evaluate the large variety of research portfolios spanning these disciplines.
The COV members were spread over six subpanels, including (1) Atomic, Molecular, and
Optical Science / Chemical Physics (two programs), (2) Photochemistry and Radiation
Research, (3) Catalysis and Chemical Transformation, (4) Chemical Energy and Chemical
Engineering / Separations and Analysis / Heavy Element Chemistry (three programs), (5) Energy
Biosciences, and (6) Geosciences. In selecting COV members, attention was paid to achieving a
balance in terms of (1) members not receiving financial support from the CSGB Division (44%)
vs. those receiving CSGB support (56%); (2) members from universities (62%), national labs and
federal institutions (32%), and industry (6%); and (3) diversity of members (15% women and 3%
minority). A listing of COV members and their affiliations is provided in Appendix A (p. 17).

Prior to meetings of individual subpanels, the charge to the COV was presented by Dr.
John C. Hemminger, Chair of the Basic Energy Sciences Advisory Committee. This
presentation was followed by overviews of the Office of Basic Energy Sciences by Dr. Patricia
Dehmer, Associate Director of Science for the Office of Basic Energy Sciences, and of the
CSGB Division by Dr. Walter J. Stevens, Division Director, Dr. Eric Rolfing, Team Leader in
Fundamental Interactions, and Dr. John Miller, Team Leader in Molecular Process and
Geosciences. Following these overviews, COV Chair Gordon Brown discussed instructions to
the COV and went over the meeting schedule. This was followed by a forty five-minute
executive session of the COV, without CSGB Division staff, in which procedures were clarified
and questions were answered.
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Figure 1: Organizational Chart of the Chemical Sciences, Geosciences, and Biosciences
Division

The COV agenda (see Appendix B, pp. 18-21), which was drafted by Walt Stevens and
modified by Gordon Brown, provided time for each of the six subpanels to examine about a
dozen “jackets” from university and national laboratory principal investigators selected by each
Program Manager as representative of their program. Several COV members felt that more time
should be allocated in future COV meetings to review additional jackets. Each jacket consisted
of a proposal, mail reviews, written summaries of panel reviews (for most national lab proposals
and some academic proposals involving major programs), response from PI’s (in some cases),
correspondence between Program Directors and PI’s, recommendation of the Program Manager,
response of the CSGB Division Director, and summary of actions taken. Jackets from both
proposals funded and proposals not funded were examined for the period 2002-2004, and all
jackets within each program were available for review by each subpanel upon request. Each
subpanel had a chairperson responsible for preparing a written summary of subpanel findings,
comments, and recommendations, as well as ratings of programs in terms of their progress
toward the goals of the Office of Basic Energy Sciences. These subpanel chairpersons also
chaired a “second-read” group for each program within the CSGB Division, which followed the



“first-read” subpanel meetings. Members of the second-read group were chosen to provide a
broader overview of each program and the processes used in making decisions on individual
proposals. In addition, “merge meetings” were held following the first- and second-read group
meetings to integrate the findings and recommendations of the primary and secondary groups of
readers. Members of the first-read, second-read, and merge groups are listed in Appendix C.

I1. Major Findings, Comments, and Recommendations of the COV

The detailed findings, comments, and recommendations of each of the six subpanels
regarding assessment areas (1) and (2) above are presented in Appendix E. Here, we summarize
the most important findings and comments, including those common to more than one subpanel.
Major recommendations in response to these findings are presented in section I1.B.

A. Findings and Comments
a. Solicitation of Proposals, Adequacy of Reviews and Reviewers, Decisions, Documentation

Solicitation. Most subpanels felt that the solicitation process is adequate, and that most funded
proposals are consistent with the priorities and criteria stated in each program’s solicitations and
announcements. However, one subpanel representing three CSGB programs (Chemical Energy
& Chemical Engineering / Separations and Analysis / Heavy Element Chemistry) felt that
solicitations are not adequate for universities except in the case of new focused thrusts, where
white papers announcing new funding opportunities are widely disseminated. In contrast, there
was general consensus that solicitation of proposals from national laboratory investigators was
adequate. This perceived difference may reflect the fact that national laboratories have
laboratory program managers who are responsible for announcing BES proposal calls and
deadlines to lab scientists and for coordinating group proposals with CSGB Division Program
Managers. No such coordination exists within many universities where it is the responsibility of
individual investigators to seek out BES proposal calls on the Internet or through contact with
Program Managers. The fact that new investigators can submit unsolicited proposals at any time
is viewed as very positive by the COV.

One subpanel (Geosciences) felt that it would be beneficial to clearly state in program
announcements and in directions to reviewers the ongoing DOE missions and their relevance to
proposal evaluation. When this point was raised by COV Chair Gordon Brown with CSGB
Division management following the COV meeting, the response was that this information is not
included because mission relevance evaluation is the job of the Program Managers. In spite of
this response, clearer guidelines on criteria used in evaluating mission relevance would be
desirable in program announcements. The Geosciences subpanel also felt that the common
policy of discussing pre-proposals by telephone should be stated in Requests for Proposals and
that RFP’s should also include an up-to-date list of topical areas that are currently of interest to
the program.

Review of proposals, quality of decisions, documentation of review/decision process. There was
consensus among the subpanels that the proposal review process is fair and of very high quality.
The reviewers chosen by Program Managers are generally adequate in number and are well



matched in expertise to the project under review, and the quality of reviews is impressive. In
situations in which reviewers disagree, additional reviewers are typically enlisted by the Program
Managers. The use of written assessments by proposal reviewers rather than numerical rankings
(as is done by the National Science Foundation) is viewed as positive by the COV. The reviews
and funding decisions were found to be in close accord for the jackets reviewed.

There was also clear evidence that the Program Managers use excellent judgment in
aligning borderline funding decisions with the directions and priorities of their programs. This
practice leads to research portfolios with excellent focus in most cases.

Several subpanels noted that there is a tendency to obtain a relatively high fraction of
mail reviews from other program participants, which is believed to be more a reflection of low
rate of review return by those not funded by the program rather than lack of effort by the
Program Manager in soliciting reviews from a variety of reviewers. An inadequate number of
industrial reviewers is used by Program Managers, particularly in research areas relevant to
industry (e.g., catalysis). No significant conflicts of interest in choice of reviewers were noted.

Another finding common to several of the subpanels is that anonymous mail reviews are
not used for all proposals from national laboratories (the Geosciences Program is an exception as
are the heavy element chemistry and catalysis programs at LANL). In those cases where only
site visit teams review group proposals at national labs, anecdotal evidence suggests that this
practice may lead to “softer” reviews for such proposals. Both site reviews and mail reviews
serve important functions, but a number of COV members feel that it is important to avoid the
appearance that review criteria are different for national labs and universities. It was also noted
that national lab and university investigators are sometimes able to respond in writing to site
reviewers’ questions and criticisms prior to funding decisions by CSGB Program Managers. The
Chemical Energy & Chemical Engineering / Separations and Analysis / Heavy Element
Chemistry subpanel noted that some PI’s at national laboratories do not receive critical
comments from reviewers and suggested that feedback from Program Managers is sometimes
lost in the chain of command at the national labs. Another finding noted by several subpanels
concerned the lack of adequate documentation on “action items” resulting from the feedback
provided to BES program managers at the national laboratories. As a consequence, it is difficult
to determine what action national laboratory PI’s had taken to correct deficiencies in proposals
cited by reviewers. This shortcoming was mentioned also in the 2001 COV report. In spite of
these findings, the COV applauds the ongoing efforts by CSGB Program Managers and Team
Leaders to make the review process between university and national laboratory proposals more
parallel, as was strongly recommended in the 2001 COV Report for this Division.

Efficiency of review process and time to decision. All of the subpanels found that the proposal
submittal/review/decision process for renewal proposals was efficient in terms of time between
submittal and decision, which is typically six months. When necessary, Program Managers
contact reviewers to hasten responses, which helps insure a rapid decision on both solicited and
unsolicited proposals. The time to decision on new proposals currently averages about one year
from date of submittal, which should be reduced in order to bring it more in line with the typical
6-month decision time on new proposals at NSF. The additional time required for actions on
new proposals in the CSGB Division is dependent on when they are submitted; when submitted



early in the FY, uncertainties in next FY funding slows the decision process because of the
practice among Program Managers of reserving funding for anticipated renewal proposals.

Completeness of documentation in making recommendations. Documentation of the review,
tracking, and decision process was found by most subpanels to be outstanding in terms of
completeness. However, one subpanel (Photochemistry & Radiation Research) found that the
reasons for declinations were not as clearly spelled out in the Program Manager’s
recommendations to the Division Director as is desirable, although such reasons are contained in
the individual reviews. This shortcoming could result in additional work by members of the next
COV in assessing documentation as well as inadequate justification for declinations in proposal
action summaries prepared for Team Leaders and the Division Director.

Inadequacies of reviewer and proposal tracking database. The lack of a fully functional and
integrated Office of Science-wide or BES-wide reviewer (and proposal tracking) database (and
standardized database software) is seen by all subpanels as a major ongoing problem within the
CSGB Division and other Divisions within the Office of Basic Energy Sciences. This problem
was also noted in the 2001 Report from the CSGB COV chaired by W. Carl Lineberger and in
the 2003 Report from the Materials Sciences and Engineering COV chaired by John C.
Hemminger. Although a database effort does exist at the Office of Science level, it is
surprisingly ineffective based on discussions with Program Managers. This shortcoming has
several significant impacts on the efficient functioning of the CSGB Division, including (1) extra
work by Program Managers in creating their own informal databases using spreadsheets or
individually generated database software, (2) overuse of some reviewers and underuse of others,
(3) inappropriate requests to former mentors or close collaborators of PI’s to serve as reviewers,
and (4) additional work by Program Managers in tracking the length of active grants, the number
of new proposals, and portfolio turnover and in tracking the responsiveness of reviewers and
quality of reviews. Although statistics on workforce diversity are not gathered by BES, if they
were gathered in the future in a way similar to that used by the National Science Foundation,
database software would allow the tracking of the number of women and targeted minority
groups involved in BES projects and programs — a highly desirable practice.

b. Monitoring of Active Projects and Programs

Monitoring of projects and programs is accomplished by written annual progress reports,
one-on-one contact between Program Managers and PI’s at scientific meetings when allowed by
PM travel budgets, annual contractors meetings, and, in the case of many national laboratory and
multiple Pl programs, site visits. The COV views the annual contractors meetings as arguably
the single most important means of monitoring projects and programs and in building cohesive
programs within the research portfolios of the Division. These meetings may also stimulate
collaboration and synergy among laboratory and university research groups and help showcase
important research findings prior to publication. Two subpanels (Catalysis & Chemical
Transformation, Chemical Energy & Chemical Engineering / Separations and Analysis / Heavy
Element Chemistry) noted that PI’s don’t always provide consistent information in the annual
reports, including lack of a clear listing of publications associated with the most recent funding
cycle of a proposal. They also noted that it is not clear how or if Program Managers use the
material in the annual reports in monitoring projects. The main source of mid-course monitoring



of projects appears to be via the annual contractors meetings.

A major finding of the COV is that Program Managers have too few opportunities to visit
grantees in both national laboratories and academic institutions, or to meet informally with them
at prominent scientific conferences. This situation results from a rather low travel budget for
Program Managers. Attendance at national meetings and topical conferences should be strongly
encouraged as a normal part of the duties of a Program Manager.

c. Breadth, Balance, and Depth of Portfolio Elements, including Overall Quality of the Science

Overall quality of the science. All of the subpanels found that the research funded by the CSGB
Division is world leading and pioneering in many areas, including

(1) coherent (quantum) control of atomic and molecular processes

(2) molecular-scale studies of heterogeneous catalysis

(3) gas phase kinetics and dynamics

(4) photochemical behavior of a variety of complex molecular assemblies, model biological
materials, and liquid and membrane interfaces

(5) radiation damage in inorganic and biological materials

(6) solar energy conversion

(7) investigations of biomimetic models for photosynthesis, which could ultimately lead to
direct photochemical conversion of water to hydrogen and oxygen

(8) development of noble metal nanoparticle catalysts on metal oxide supports that are highly
reactive and selective

(9) mechanism-based ligand design for catalysts

(10) new catalyst design concepts from informatics-based data analysis of high through-put
experiments and quantum chemistry calculations

(11) characterization of active catalytic sites and structure in complex materials using new “wet”
electron spectroscopy methods at the Advanced Light Source (LBNL)

(12) heavy element and separations chemistry highly relevant to DOE missions

(13) characterization of cell wall carbohydrate components in plants

(14) development of new approaches to studies of single molecules and molecular machines

(15) studies of one carbon metabolism by bacteria, which leads to methane production

(16) studies of the photosynthetic manganese complex in plants

(17) bioengineering di-iron enzymes used for oxidation catalysts

(18) discovery and characterization of bacterial phytochromes, which has opened a new field of
bacterial biochemistry

(19) use of state-of-the-art synchrotron radiation methods to probe chemical and microbial
interactions at mineral-water interfaces, where most chemical reactions relevant to the
Earth’s near-surface environment occur

(20) development of new instrumentation for isotope ratio measurements, which has been used to
understand the complicated dynamics of isotopes in nature

(21) use of molecular modeling of chemical reactions that proceed by multiple pathways in
aqueous solutions

(22) use of supercomputers, which is part of the Office of Science Computing Initiative to invert
three-dimensional geophysical data (see Section I11, Justification of Rating for details).



These research areas are producing scientific results of outstanding quality by all
measures considered by the COV, including scientific impact and PI recognition through awards
and National Academy of Sciences memberships. These examples also illustrate the breadth
and depth of the research portfolios within each of the programs of the CSGB Division.

Balance of projects with respect to innovation, risk, and interdisciplinary research. There is
clear evidence that the Division has an excellent balance of projects with respect to innovation,
risk, and interdisciplinary research. One example cited by the subpanel on AMO Science and
Chemical Physics involved the funding of a speculative new project on development of new
methods for cooling molecular beams. In spite of mixed reviews, the AMO Science program
funded this research on a probationary basis for 18 months, after which a program review
showed that the research was not meeting expectations and the funding was stopped. In spite of
this lack of success, the AMO Science and Chemical Physics subpanel felt that this project was
well worth trying and that it may eventually evolve into a technique of great use to the AMO
Science program. Another example cited by the same subpanel is the encouragement given by
BES to AMO scientists involved in planning the first experiments using the XFEL to study
ultrafast atomic and molecular processes, such as the forming and breaking of chemical bonds in
molecules. More generally, new initiatives, including those in nanoscience, quantum control in
AMO Science, catalysis, and theory and computation, are having a significant impact on various
CSGB programs.

Evolution of portfolios with respect to new investigators and new science thrusts. The COV
found the degree of turnover in the various programs within CSGB to be low, which is related to
the low number of new proposals. Although the stability of funding implicit in this low turnover
rate of PI’s is considered to be positive, two subpanels (Photochemistry & Radiation Research,
Chemical Energy & Chemical Engineering / Separations and Analysis / Heavy Element
Chemistry) felt that the current situation may ultimately limit the best mix of science being
funded by CSGB. It was pointed out by the subpanel on Chemical Energy & Chemical
Engineering / Separations and Analysis / Heavy Element Chemistry that only three new
investigators were added to this program during the last three years. In contrast, the Geosciences
subpanel found that a healthy number of new investigators had been added to this program
during the same time period. Several of the subpanels commented that the Program Managers
have worked hard to ensure evolution of portfolio elements through their active stewardship,
which includes responding to community opinions about emerging research areas as expressed at
contractors meetings and workshops, as well as proposal pressure.

Most of the subpanels noted that Program Managers have insufficient funding to allow
them to attend a sufficient number of national meetings where they could more effectively gauge
the opinions of their communities and be exposed to the most cutting edge science in a timely
fashion. Increasing the number of scientific meetings attended by Program Managers could well
accelerate evolution of research portfolios within CSGB programs.

The Photochemistry & Radiation Research subpanel noted that inclusion of non-funded
participants in contractors meetings, particularly young investigators, could encourage new
participants in a program and could also educate both contractors and non-contractors about
possible research avenues.



Although the depth of the various research portfolios in CSGB is considered to be good
by most of the subpanels, some improvement is desirable in several portfolios. One example is
the Heavy Element Chemistry program, where insufficient depth may ultimately affect the
viability of this program and further limit the number of young scientists being produced in the
declining number of university groups who do heavy element chemistry. Faculty hiring practices
in universities are not likely to be impacted by increased DOE funding in this mission-relevant
area. Nonetheless, this particular program is considered to be of critical importance to the DOE
mission, and the lack of depth could impact the viability of the future workforce in this area.

Relationship of the portfolio to other parts of the Division. The AMO Science program in
particular couples very well with a major new initiative within BES to establish the world’s first
x-ray free electron laser (XFEL) — the Linac Coherent Light Source at SLAC — which is being
stimulated in part by the AMO Science program because of the shift in emphasis from electron-
atom collisions to ultrafast processes, particularly those that can be examined using 3™ and 4™
generation synchrotron x-ray sources. One subpanel (Chemical Energy & Chemical Engineering
|/ Separations and Analysis / Heavy Element Chemistry) commented on the overlap of some
portfolios in various programs in BES and suggested that broader announcements of contractors
meetings to grantees in different programs could further encourage cross-fertilization.

The Energy Biosciences program would benefit from a clearer interface with other
programs in the Division such as Photochemistry & Radiation Research, Catalysis & Chemical
Transformation, and Geosciences. For example, basic research on the mechanisms of
photosynthesis and light energy conversion in microorganisms and plants could involve a
combined approach of molecular, photochemical, and biophysical methods; catalytic principles
as revealed from molecular studies of enzymes could lead to development of novel, useful
synthetic catalysts; and synergistic research in molecular microbial geochemistry could lead to
new understanding of the nanoscience of natural materials. The Energy Biosciences program
should also capture the opportunity to include genome-enabled mechanistic research on
molecular processes in microorganisms and plants in its research portfolio.

Appropriateness of award scope, size, and duration. There was a consensus among the
subpanels that average award size is too low, being some $15-20K lower per year than a typical
individual investigator grant from NSF-Chemistry. In light of current budget projections over
the next few years, an increase in average award size could lead to fewer proposals funded. One
subpanel (Chemical Energy & Chemical Engineering / Separations and Analysis / Heavy
Element Chemistry) pointed out that by constraining the size of individual awards to university
researchers, BES has managed to assemble an amazing range of projects aimed at DOE missions.
They also pointed out that long-term funding of some of the top people in these research areas
argues in favor of sustaining funding for productive scientists. However, a potential
consequence of the current level of funding per Pl pointed out by two subpanels (Photochemistry
& Radiation Research, Catalysis & Chemical Transformation) is that it poses a significant risk
to the maintenance of excellence the program has enjoyed, with the very best PI’s potentially
seeking more substantial funding for the same projects elsewhere and leaving the program.
Ideally, it was felt that funding should provide support for at least two and preferably three
persons (e.g., two graduate students and a post-doc) per year per grant. This same subpanel
expressed some concern regarding the (larger) size of grants made to individual PI’s who hold



joint university and national lab appointments, relative to average award sizes to university
researchers without national lab affiliations.

In light of relatively flat or declining funding for research projects within BES, the COV
feels that BES must continue to prioritize its funding portfolio in order to continue supporting
areas critical to DOE missions. In order to achieve this goal, it may be necessary to consider
reducing the size of some portfolio elements or programs. The subpanel responsible for review
of the Heavy Element Chemistry program felt that this program does not have access to other
sources of federal funding and that this should be considered when prioritizing the mix and
amount of funding among BES programs.

The COV strongly supports the BES practice of providing long-term support to very high
quality programs. Such long-term stability has been very important to the success of past and
current BES programs by attracting top PI’s and leading to many successes in research that
require sustained support of individual Pl or multi-PI projects over a number of years. While
turnover in programs is necessary to bring in new PI’s, it should be not be done at the expense of
long-term, highly successful PI’s who continue to be productive and innovative and address the
DOE mission. This is especially true of top national laboratory PI’s whose continuing
employment depends on their success in garnering DOE research funding on a continuing basis.
However, renewal proposals that do not meet the scientific standards set by new proposals
should not be funded. In this regard, the common practice by Program Managers of setting aside
funds for anticipated renewal proposals should be carefully monitored to help ensure that the
highest quality science is ultimately funded, either through renewal proposals or new proposals.

d. National and International Standing of the Portfolio Elements

Uniqueness, significance, and scientific impact of the portfolios. There was the general finding
among the subpanels that the various program portfolios are having great impact, with numerous
examples cited. A common comment was the importance of a close coupling of theory and
experiment. AMO Science should be considered an enabling science because of its use of
photons, electrons, neutrons, and heavy ions in research on basic physics at the quantum scale.
As such, it has many connections with and significant impact on many research areas of interest
to BES, including complexity, physics of extreme conditions (short time scales and high
temperatures), and the use of lasers to control interactions and make new quantum structures.
The Chemical Physics Program in gas phase kinetics and dynamics is considered to be a unique,
world-leading activity relevant to combustion, and thus impacts the broader energy mission of
DOE. One unique aspect of this program is that one of its major aims is to gain predictive
capabilities for combustion, which is at the heart of almost all energy usage. One recent success
in this program is the new understanding of combustion processes in diesel engines gained by
applications of laser-induced fluorescence. Newer research activities in the Chemical Physics
portfolio include surface physics aimed at understanding chemical reactivity on the molecular
level at interfaces and in clusters. This area is also a major emphasis in the Geosciences program
where the focus is on natural materials, including nanoparticles and interfaces.

The research portfolio in the Photochemistry & Radiation Research program received
mixed reviews. Part of the portfolio is uniquely focused on the science of photo-initiated events



in the context of energy-related problems and includes many world-leading groups. In contrast,
elements of the Radiation Research program are not considered as strong by the COV. The
COV considers the Catalysis & Chemical Transformation portfolio to constitute the nation’s
leading program in catalysis. However, there was some concern expressed by the Catalysis &
Chemical Transformation subpanel that care should be taken not to overemphasize multi-
investigator, multi-disciplinary programs relative to single investigator programs in the more
technologically driven research on catalysis. Another example of scientific impact was provided
by the subpanel on Chemical Energy & Chemical Engineering / Separations and Analysis /
Heavy Element Chemistry who cited the unique computer program SIMION, which is used
almost universally to model ion motions in mass spectrometers and was created by scientists
funded by the CSGB program. The same subpanel also pointed out that integration and co-
location of theory, computation, and experimentation is a unique strength of the national lab
programs.  This practice has led to synergy and notable achievements in catalysis,
thermophysical properties of fluid mixtures, protein structure and function, and properties of
electrolytes.

Stature of portfolio principal investigators in their fields. All of the subpanels found that the
PI’s supported by the CSGB Division are generally excellent and include Nobel Laureates, many
National Academy of Sciences members, and winners of major awards in their disciplines. In
the Energy Biosciences program alone, more than 20 scientists funded by this program have
been elected to the National Academy of Sciences.

Leadership position of the portfolios in the nation and world. The AMO Science and Chemical
Physics portfolios lead the nation and world in gas-phase chemical kinetics and dynamics,
synchrotron light source development, and VUV spectroscopy. They have also achieved
national and world leadership positions in several new areas, including condensed phase and
interfacial chemical dynamics, quantum control of atoms and molecules, and nanoscience. Solar
energy conversion, which is the largest single component of the Photochemistry & Radiation
Research portfolio, has also achieved very high standing. Catalysis research funded by the
Program in Catalysis & Chemical Transformation is considered to be the best in the US.
Groundbreaking work funded by Energy Biosciences helped lead to the recognition of a third
kingdom of organisms, the Archea. Also noteworthy is the leadership position of the Energy
Biosciences portfolio in research on photosynthesis in plants. In the Geosciences, world-leading
research on interfacial geochemistry and geomicrobiology comprises a major part of the portfolio
of this program.

e. Diversity Issues

Although the COV was not asked to consider diversity issues and was provided no
information on diversity by the CSGB Division, the COV perceived a lack of diversity—career
stage, race, and gender—in many facets of the BES program. Women, targeted minorities, and
young investigators were felt to be underrepresented in the ranks of PI’s, reviewers, and program
managers. If our impressions are correct, this will have potentially long-term adverse effects on
workforce development and on the quality of the programs in BES.
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f. Staffing Issues

Three of the CSGB programs (Chemical Physics, Catalysis & Chemical Transformation,
and Energy Biosciences) have larger than average proposal loads, with 166, 135, and 266
proposals currently funded, and comprise large, complex research portfolios in scientific areas
that are evolving rapidly and hold great promise for breakthroughs in energy resea