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The molecular education and research consortium in undergraduate computational
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George C. Shields, Department of Chemistry, chemistry (MERCURY) consortium, established in 2000, has contributed greatly to
Furman University, Greenville, SC 29613. the scientific development of faculty and undergraduates. The MERCURY faculty
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peer-reviewed publication rate from 2001 to 2019 of 1.7 papers/faculty/year is 3.4
times the rate of the physical science faculty at primarily undergraduate institutions.
We have worked with over 1000 students on research projects since 2001, and 75%
of our undergraduate research students have been under-represented in chemistry,
either female or students of color. Approximately half of our alumni attend graduate
school for the purpose of obtaining advanced degrees in STEM fields, and two-thirds
are female and/or students of color. We have had more than 1600 attendees at
18 MERCURY conferences, including 111 invited speakers, 61 of whom have been
female and/or faculty of color. In this paper, the research accomplishments, transfor-
mational outcomes, and scientific productivity of the MERCURY faculty are
highlighted.
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1 | INTRODUCTION

The molecular education and research consortium in undergraduate computational chemistry (MERCURY) consortium was formed during the
1999 to 2000 academic year, and a history of the evolution of the consortium has been published.[*! That paper traced how the consortium
grew from seven faculty at liberal arts colleges in the Northeast in 2001, when the first National Science Foundation (NSF) Major Research
Instrumentation (MRI) grant was received to support the consortium to 27 faculty at predominately undergraduate institutions (PUls) in 2019.
It also detailed the huge impact the annual MERCURY conference has had on the productivity of our undergraduate research groups. In the fall
of 2019, we invited more faculty into the consortium, so we are now 38 faculty working with undergraduate research groups at 33 institutions
across the country. MERCURY has been supported by five NSF MRI grants, as well as internal funds from Hamilton College, Armstrong Atlantic
State University, Bucknell University, and Furman University, to support hosting the shared computational resources and the annual confer-
ences, and by all the colleges and universities in the consortium who have committed to paying for their faculty and students to attend the
annual meeting. In this paper, | will outline the scientific productivity, both in terms of research accomplishments and transformational out-
comes, that the first five NSF MRI grants enabled, and then highlight the ongoing research efforts of the 38 MERCURY faculty in the consor-
tium today. Research Accomplishments and Transformational Outcomes align with the NSF criteria for grant funding, which are Intellectual

Merit and Broader Impacts.

Int J Quantum Chem. 2020;e26274. http://q-chem.org © 2020 Wiley Periodicals LLC. | 1 of 22
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2 | RESEARCH ACCOMPLISHMENTS (INTELLECTUAL MERIT) AND TRANSFORMATIONAL
OUTCOMES (BROADER IMPACTS) OF THE FIVE MERCURY NSF MRI PROPOSALS

2.1 | First NSF-MRI Award, August 28, 2001, $400 000, CHE-0116435

“Acquisition of High Performance Computers for the Northeastern Undergraduate

Research Chemistry Consortium”

211 | Research accomplishments

The seven faculty who started the consortium were Jeffery Greathouse (St. Lawrence, environmental), Maria Gomez (Vassar, materials), Carol
Parish (Hobart & William Smith, physical organic), Ramona Taylor (Holy Cross, environmental and materials), Martha Reynolds (Colgate, bio-
inorganic), Marc Zimmer (Connecticut, bioinorganic), and George Shields (Hamilton, biophysical). Over the 3-year grant period, the seven faculty
published 44 research papers in peer-reviewed journals with their students.2~#>! This equates to two published papers per year per faculty mem-
ber, which is four times higher than the usual productivity of a faculty member at a PUI as documented by Research Corporation.*®! Further, in
the first 4 years after the consortium was established, the number of external grant awards received by the faculty more than tripled, and the
MERCURY investigators raised more than $4 million to support computational chemistry research involving undergraduate students. The bulk of
this funding was used to provide summer stipends, which allowed students to be immersed fulltime in research. Mentoring provided by senior
researchers to junior researchers and networking at the national meeting have contributed greatly to the high rate of success in recruiting and
retaining students, particularly those from under-represented groups. The seven MERCURY investigators worked with more than 110 undergradu-
ates on research projects during the first 3-year grant period. Marc Zimmer's Chemical Reviews article on green fluorescent protein has been cited
over 770 times in the Web of Science (WOS) database.l**! Maria Gomez's PNAS paper on the hydration and mobility of aqueous OH™ has been
cited more than 130 times in WOS."®! The Shields lab's work on pKj, calculations invigorated the field, with two JACS papers cited more than
445 times each,?®24 and two other research papers cited more than 140 times each in WOS.1223! Similarly, the lab's JACS paper on water clus-

ters in the atmosphere has been cited more than 130 times.2¢!

2.1.2 | Transformational outcomes

This proposal requested $780 220 from NSF, matched with $400 000 by Hamilton College and $215 000 from the Consortium Colleges, to
support the acquisition of high-end computers for the seven researchers and their students. The consortium purchased two workstations for
each institution to serve as local graphics and a 32-processor Origin 300 and an 8-processor Origin 300 located at Hamilton College. In addi-
tion, we built a 30-node Beowulf Cluster for the consortium. We used NSF funds to hire a system administrator, and we organized an annual
conference for any and all undergraduates to present their work in computational chemistry, to learn from our invited speakers, and to network
with other students and faculty in attendance. The consortium has attracted many more women into this traditionally male-dominated research
area. Three of our research groups consisted of at least 40% African-American or Hispanic-American students. This proposal had a particularly
positive impact on the careers of Maria Gomez and Carol Parish. Gomez moved from Vassar College to Mt. Holyoke College in 2003 and cur-
rently occupies the Elizabeth Page Greenwalt Chair in Physical Sciences. She was awarded a Henry Dreyfus Teacher-Scholar Award in 2007. She
directs the “Passport to Chemistry Adventure Program” supported by Dreyfus. Parish moved from Hobart & William Smith Colleges to the Uni-
versity of Richmond in 2005, where she occupies the Floyd D. and Elisabeth S. Gottwald Chair in Chemistry. She is the recipient of numerous
awards throughout her career, including the Henry Dreyfus Teacher-Scholar Award (2005), the ACS Stan Israel Award for Advancing Diversity
in the Chemical Sciences (2011), the Council on Undergraduate Research Goldwater Mentor Award (2016), the ACS Committee on Minority
Affairs Zaida C. Morales-Martinez Prize for Outstanding Mentoring of ACS Scholars (2017), and the ACS Award for Research at an Undergrad-
uate Institution (2019).

22 | Second NSF-MRI Award, August 3, 2005, $100 000, CHE-0521063

“Acquisition of a Linux Cluster for the Molecular Education and Research Consortium in
Undergraduate computational chemistry (MERCURY)”
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2.2.1 | Research accomplishments

Undergraduate faculty Maria Nagan (Truman State, biochemistry), Glénisson de Oliveira (Rhode Island College, physical), Wingfeld Glassey
(Hobart & William Smith, physical), and Tricia Shepherd (Westminster College, Utah, physical) joined Gomez, Parish, Shields, and Zimmer, while
Reynolds, Greathouse, and Taylor left the consortium, as did Glassey before the end of the grant period. The Principal Investigator (Pl) invited five
additional investigators into the consortium during the grant period: Mauricio Cafiero (Rhodes College, biochemistry), Kelling Donald (University of
Richmond, chemical bonding), Becky Eggimann (Wheaton College, IL, solvation), Daging Gao (Queensborough Community College of CUNY, physical

[47-961 \which translates to

organic), and Eric Patterson (Truman State, physical organic). These MERCURY investigators have published 50 papers,
1.9 publications/faculty/year (seven faculty were in the consortium for 3 years; five were in the consortium for 1 year). This is 3.8 times the

national average (0.5 pubs/faculty/year).*¢!

2.2.2 | Transformational outcomes

The 12 MERCURY consortium Pls worked with 140 undergraduate students, 13 high school students, 7 high school teachers, and 6 senior scien-
tists at their institutions over the 3-year grant period. Of the 140 undergraduates, 89 were female, 14 were Asian, 13 were Black or African-Amer-
ican, and 12 were Hispanic or Latino. A total of 101 undergraduates were female and/or students of color, which is 72% of the undergraduates
trained in our labs. Our students won 20 national or international awards such as Goldwater Scholarships and Fulbright Fellowships during this
period. We hosted three more MERCURY conferences in the summers of 2006, 2007, and 2008, with a total of 251 participants. Over 75% of
the participants were undergraduates or high school students. Over 50% of the speakers and 50% of the participants were women or students of

color.

23 | Third NSF-MRI Award, July 15, 2008, $229 000, CHE-0521063, CHE-1044256

“Acquisition of a High Performance Computer for the Molecular Education and Research Consortium in Undergraduate computa-
tional chemistry (MERCURY)”

2.3.1 | Research accomplishments

Both de Oliveira and Gao left the consortium and Clifford Padgett (Armstrong Atlantic State University, biochemistry) and Adam Van Wynsberghe
(Hamilton, biochemistry) were invited into the consortium in the second year of the grant. MERCURY faculty published 62 publications during the
third MRI grant period,!”” 18! that is, an average of 1.7 papers published per investigator per year, a rate 3.4 times the average rate at PUIs.[4%!
The Shields lab's papers on water clusters have been cited over 150 and 190 times,[*3%14%] and their review article on pK, calculations has been

cited over 130 times.[*?%]

2.3.2 | Transformational outcomes

This proposal funded $229 000 for an SGI Altix 450. The 13 MERCURY investigators worked with 165 undergraduates over the 3 years of this
grant. Of the 13 MERCURY investigators, five are female; and of the 13, three are Hispanic, one is Asian, and one is Black. The diversity of the
Pls, as well as their overall commitment to inclusion of all interested students in their work, is reflected in their work with their undergraduate
research assistants. A total of 197 personnel worked on this project as a result of this award. This includes three other senior researchers/techni-
cians, five postdoctoral associates (one Asian female, a Black female, and a Black male), 165 undergraduates, three high school students, 11 pre-
college teachers, and one post-baccalaureate fellow. Of the 165 undergraduates, 92 were female (55%); 26 of the 165 were Asian (16%), 21 were
Black (13%), and nine were Hispanic (5%). Of the 92 females, 14 were Asian, 13 were Black, and two were Hispanic. Thus 34% of the undergradu-
ate student researchers were students of color. Including all female and male students, 119 of the 165 were female and/or students of color,
which is 72% of the total.
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24 | Fourth NSF-MRI Award, August 22, 2012, $200 000, CHE-1229354

“MRI: Acquisition of High Performance Computers for the Molecular Education and Research Consortium in Undergraduate com-
putational chemistry (MERCURY)”

24.1 | Research accomplishments

Padgett left the consortium, Gao (Central State) rejoined, and Kelly Anderson (Roanoke College, physical), Aimée Tomlinson (North Georgia College,
physical), and Sudeep Bhattacharyay and Jim Phillips (University of Wisconsin-Eau Claire, biophysical and physical) joined, bringing the total to

[159-237]

17 MERCURY investigators. We published 79 peer-reviewed papers, or 1.5 papers/faculty/year, which is three times the rate for physical

science faculty at undergraduate institutions.[®! The Shields group's collaboration with Brooks Pate resulted in a Science paper on the structures

(1601 \yhich has been cited over 250 times. They showed conclusively that three (H,O), isomers

and energetics of the gas-phase water hexamer,
are formed in a low-temperature beam, and that the cage is the lowest energy isomer.[*¢?! Patterson published a paper in Science on the fate of
metabolites of the steroidal growth promoter trenbolone acetate, which is administered to beef cattle. Based on the chemistry, they concluded
that predictive models and risk assessment must take into account the transformation products of high-risk environmental contaminants such as

[169]

endocrine-disrupting steroids.[*®* Parish and Donald published a paper in JACS on halogen bonding in DNA base pairs, which has been cited

over 70 times in WOS.

24.2 | Transformational outcomes

During the 3-year period of this grant, the 17 MERCURY investigators worked with 200 undergraduates, and over 75% of them were female
and/or from under-represented groups. In addition, 16 high school students, 2 post-baccalaureate alumni, 2 technicians, 4 post-doctoral
researchers, and 1 staff research scientist worked with the MERCURY investigators.

2.5 | Fifth NSF-MRI Award, September 1, 2016, $225 000, CHE-1626238, 1662030

“MRI: Addition of High Performance Computers for the Molecular Education and Research Consortium in Undergraduate compu-
tational chemistry (MERCURY)”

2.5.1 | Research accomplishments

Undergraduate faculty George Barnes (Siena, physical), Chrystal Bruce (John Carroll, physical), Nick Boekelheide (Colby, biophysical), JiaJai
Dong (Bucknell, biophysics), Dmitri Kosenkov (Monmouth, physical), Ashley Ringer McDonald (Cal Poly, biophysical), Bill Miller 1l (Truman State,
biochemistry), Juan Navea (Skidmore, physical), Joshua Schrier (Haverford, Physical), Isaiah Sumner (James Madison, biochemistry), and Mychel
Varner (lona, physical) joined the consortium in 2016. Boekelheide left in 2017 for family reasons, and in 2017/2018 we added Heidi
Hendrickson (Lafayette College, Physical), Kedan He (Eastern Connecticut State University, biological), Aurelia Ball (Skidmore College, biochemis-
try), and Joseph Baker (The College of New Jersey, biochemistry). In 2018, Marc Zimmer, one of the original senior investigators, retired from
the consortium. Eggimann and Gao left the consortium as well, bringing the total to 27 faculty at 24 different institutions. The faculty publi-

[240-248] 3nd 115 peer-reviewed research papers.[242-3¢3] This comes to

shed 2 peer-reviewed books, 2382391 9 peer-reviewed book chapters,
1.6 peer-reviewed products/faculty/year during the 3-year grant period, which is 3.2 times the rate of publication for natural science faculty at

PUIs ]

2.5.2 | Transformational outcomes

Overall, during the 2016 to 2019 grant period we worked with 325 undergraduates, of which 71% were female and/or students of color. In addi-

tion, nine high school students, two post-baccalaureate fellows, three master's students, two post-doctoral researchers, and a staff research
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scientist worked with the MERCURY investigators. We held four successful conferences, averaged 102 attendees, with an average of 52.5 under-

graduate poster presentations. Of our 24 speakers, 16 were female and/or faculty of color. We held pre or post-conference MolSSI programming

workshops each summer. Shields is on the MolSSI Science & Software Advisory Board. McDonald and Ball are both MolSSI associates and are

well known for their development of undergraduate programming curriculum and MolSSI workshops.

2.6 | Summary of impacts, 2001 to 2019
2.6.1 | Research accomplishments (intellectual merit)

One of the challenges to the overall undergraduate research movement is that the ability of undergraduate research to advance scientific knowl-
edge remains undervalued.*¢#3¢%! From 2001, when the first NSF-MRI grant was funded, through the summer of 2019, the MERCURY investiga-
tors have published 361 peer-reviewed publications, including 2 in Chemical Society Reviews, 1942691 1 in Chemical Reviews,*" 1 in Nature Reviews
Chemistry,®?®) 3 in  Science,*%1842721 2 in  Nature?’*%** 2 in Angewandte Chemie International Edition,*?73*! 13 in
JACS,[20:24:26,36,59,71,84,112,136,169,289,315,336] 54 3 i PNAS.[>148318] We published 44 papers during the first MRI grant period,?**! 50 during the
second MRI grant period,'“”=%¢! 62 during the third MRI grant period,””"*°8! 79 during the fourth grant period,!*>?72%"! and 126 peer-reviewed
papers during this fifth grant period.238-3¢%! Clearly, the impact of undergraduate researchers working with motivated and skilled faculty for the

advancement of scientific knowledge is highly significant.

2.6.2 | Transformational outcomes

From 2001, when the first NSF-MRI grant was funded, through the summer of 2019, the MERCURY investigators worked with 888 students on
research projects. Without double-counting female students of color, 75% of our undergraduate research students have been female and/or stu-
dents of color. Approximately half of our graduates attend graduate school for the purpose of obtaining advanced degrees in STEM fields, and
approximately two-thirds are female and/or students of color. Since the start of the MERCURY consortium, students mentored by MERCURY fac-
ulty have won more than 50 national awards, including 1 Rhodes, 10 Fulbright Fellowships, 21 Goldwater Fellowships, 2 Gates Cambridge Schol-
arships, and more than 20 national graduate fellowships (NIH, NASA, NDSEG, NSF). We have had more than 1600 attendees at the
18 MERCURY conferences, and 111 speakers, 61 of whom have been female and/or faculty of color.

In terms of operations and maintenance, we have had no major downtime, and usage history reveals that all MERCURY investigators have had
adequate computer time on the various HPC clusters we have obtained from MRI funds. Pl Shields has invited new investigators into the consortium
when others left in order to optimize the use of these clusters. We have demonstrated how to maximize the investment NSF has made in us.

3 | OVERVIEW OF PAST AND CURRENT MAKE-UP OF FACULTY IN THE MERCURY
CONSORTIUM

Since 2016, the resources of MERCURY were primarily used by 27 researchers (Anderson, Ball, Baker, Barnes, Bhattacharyay, Bruce, Cafiero,
Donald, Dong, Gomez, He, Hendrickson, Kosenkov, McDonald, Miller, Nagan, Navea,"/> Parish, Patterson, Phillips, Schrier, Shepherd,
Shields, Sumner, Tomlinson, Van Wynsberghe, and Varner) and their undergraduate students. These 27 research groups kept the clusters fully
occupied and used local and national resources as needed (NSF XSEDE and DOE NERSC). Dong has left the consortium, and we added 12 new
faculty at the end of 2019, 8 at the Assistant Professor level and 4 at senior levels. This brings the consortium to 38 researchers at
33 institutions.

Involvement in a highly mentored exciting undergraduate research project is the key to cultivating and retaining student interest in the sci-
ences and is therefore an excellent means for increasing the diversity of the chemistry community. It has been conclusively demonstrated that

active learning has an outsized impact on retaining female and students of color in STEM fields,[3¢¢!

and a highly mentored original research
project where the student is in charge of his or her own project is the ultimate active learning experience for all students.[26>367:368] The three
senior faculty who formed the MERCURY consortium in 2000 are Maria Gomez (Mount Holyoke, materials), Carol Parish (University of Rich-
mond, physical organic), and George Shields (Furman, physical). The 23 faculty who joined in the second, third, fourth, and fifth grant proposals
and still remain in MERCURY are Kelly Anderson (Roanoke College, physical), Joseph Baker (The College of New Jersey, biochemistry), Aurelia
Ball (Skidmore College, biochemistry), George Barnes (Siena, physical), Sudeep Bhattacharyay (University of Wisconsin-Eau Clare, physical bio-
chemistry), Chrystal Bruce (John Carroll, physical), Mauricio Cafiero (Rhodes, biochemistry), Kelling Donald (Richmond, chemical bonding),

Kedan He (Eastern Connecticut State University, biological), Heidi Hendrickson (Lafayette College, Physical), Dmitri Kosenkov (Monmouth,
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physical), Ashley McDonald (Cal Poly, biophysical), Bill Miller Il (Truman State, biochemistry), Maria Nagan (Truman State, biochemistry), Juan
Navea (Skidmore, physical), Eric Patterson (Truman State, physical organic), Jim Phillips (University of Wisconsin-Eau Clare, physical), Joshua
Schrier (Fordham, Physical), Tricia Shepherd (Westminster, physical), Isaiah Sumner (James Madison, biochemistry), Aimée Tomlinson (North
Georgia College, physical), Mychel Varner (lona, physical), and Adam Van Wynsberghe (Hamilton, biochemistry). Nagan and Patterson moved to
SUNY Stony Brook as lecturers, and they both run productive undergraduate research groups. Shepherd has moved to Franklin & Marshall
College.

The 12 additional investigators who joined this academic year are Sarah Arradondo (Washington), Rob Berger (Western Washington), Clyde Daly
and Casey Londergan (Haverford), Wallace Derricotte (Morehouse), Jay Foley (William Paterson), Lindsey Madison (Colby), Caitlin Scott (Hendrix), Pat-
ricia Soto (Creighton), Tyler Luchko (Cal State Northridge), Simbarashe Nkomo (Oxford College), and Anton Oliynyk (Manhattan), bringing the total
number to 38 faculty at 33 different institutions. Londergan is Professor and Chair of his department, Berger, Soto, and Luchko are Associate Profes-
sors, and the other eight are Assistant Professors. Scott is a MERCURY alumna (Gomez lab), who joins Miller and Varner as alumni of MERCURY fac-
ulty (Nagan and Parish labs), and all three attended MERCURY conferences and used MERCURY resources as undergraduates.

The 38 MERCURY investigators now include 11 full Professors, 10 Associate Professors, 15 Assistant Professors, and 2 Lecturers (formerly full
Professors). We know from experience that this balance will allow for effective mentoring across the consortium. The success of MERCURY mem-
bers is in large part due to the network and support of the group.!”) As the consortium has grown, we have formalized the mentoring process to
ensure that each member has a small network to which they belong in addition to being supported by the larger consortium. The 12 new members
will be assigned to a mentoring group to provide access to the knowledge and strategies of established members and allow a seamless transition into
the consortium. Activities for mentoring groups include monthly web meetings, writing groups, pre-submission review of manuscripts and grant pro-
posals, and in-person meetings at conferences. Strategies for improving and balancing teaching, research, and service obligations have been particu-
larly helpful to new faculty. The consortium in general and mentoring groups in particular ameliorate the isolation many computational chemists at

PUIs feel. Mentoring networks have been shown to improve career success at all stages of an academic careert®¢”!

and are an important contributor
to the career satisfaction and productivity of MERCURY consortium members. Chrystal Bruce, who is a co-Pl on two relevant grants from NSF and
the Department of Education totaling $2 293 515 (Advancing STEM Careers by Empowering Network Development; Linked Learning and Early
Warning Approach for At Risk Student Success), is responsible for managing and assessing the value of our mentoring groups.

Undergraduate research is the key to cultivating and retaining student interest in chemistry, and we offer as many of these research opportu-
nities as possible to first and second year students.®7%3711 MERCURY faculty are well funded to support student stipends, with 17 NSF, 2 NIH,
4 ACS/PRF, 2 Dreyfus, 1 Jeffress Foundation, and 3 Research Corporation grants as Pls to support research ($6.37M) as well as 3 other grants as
co-Pls or senior personnel (SP) for research projects ($3.51M). In addition, Schrier is the Pl of a DARPA grant worth $7.2M and Bruce is the PI of
a DOE grant worth $650 000. All told, as of the 2019/2020 academic year, 22 of the 38 MERCURY faculty hold 41 grants as Pls, worth
$14.57M, and are co-Pls/SP on another $3.51M. We expect that the mentoring aspects we have developed over the years will greatly enhance
the productivity of our newest members, as it has for others. And the addition of computing resources will enhance our undergraduate research
programs. The pictures of the 38 MERCURY faculty are shown below.

Anderson Barnes

Bhattacharyay Berger Bruce Cafiero
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4 | OVERVIEW OF MERCURY FACULTY RESEARCH EFFORTS

MERCURY faculty's research efforts are summarized briefly below, starting with the faculty who have been in the consortium the longest, and
proceeding to our newest members.
Maria Gomez's research: The Gomez group focuses on charged defect conduction paths with applications to fuel cells. Her earlier

k[132,133,167,187,236]

worl| showed that there are many possible proton pathways contributing to overall conduction in doped perovskites. Her group

showed that, in BaD,Zr; ,O3., perovskites, an oxygen vacancy'>”?

near an Al dopant increases the barrier for proton escape from the dopant due
to lattice rearrangement, while one near Sc and Y dopant decreases the barrier for proton escape from the dopant, suggesting that the oxygen
vacancy can increase proton conduction in some cases. They are exploring how long-range proton conduction pathways change as a result of local
structure distortions induced by oxygen vacancies and proton/oxygen vacancy correlation, using extensions of their earlier path-searching tech-

[132,167,187.236.372] jlong with dynamical methods,®73%74! to quantify the effect of a delocalized oxygen vacancy on oxygen vacancy

nigues
conduction.

Carol Parish's research: The Parish group employs the tools of quantum mechanics, conformational searching, and molecular dynamics
(MD) simulation to answer questions about the structure, energy, reactivity and/or dynamics of motor proteins, polymerases, damaged DNA,
petroleum combustion intermediates, neurosteroids, and ion-gated membrane receptors.[1315:17:58,59,126,127.169.217.218,220] cyrrent projects
include (a) performing highly correlated, multireference quantum chemical calculations on diradical intermediates found in petroleum combustion,
and in formation of anti-cancer warhead drugs and fullerene nanoparticles; (b) using highly efficient sampling techniques to study the dynamics of
HIV-1 protease flap motions and ionotropic glutamate (iGIuR) receptor behavior; and (c) designing novel polyoligomericsilsesquioxane ligands for
HIV protease to understand host-guest interactions between iGIuR proteins and endogenous ligands. These projects are computationally very
demanding and depend on the availability of fast compute cycles with high-speed interconnects.

George Shields' research: The Shields group has published a series of papers on accurate relative and absolute calculations of pK, values,
including careful examination of the best theoretical and experimental values for the free energy of hydration of fundamental ions, and the opti-
mum computational procedures for determining deprotonation equilibrium constants in aqueous solution.[1?:202324122.1791 Ap outgrowth of the

group's interest in biochemistry!¢?71:101:107-109,.200375-3781 g ,nderstanding the structure of water,12>2¢377-381 |eading to accurate calculations of

[28,60,67,102,131,143,144,160,178,199,223,272]

gas-phase water clusters, which led to research that focuses on modeling the formation of atmospheric

aerosols.[287:293:326.3491 ypderstanding this process will yield information about the initial growth of atmospheric aerosols and address the large
uncertainty associated with the role of aerosols in global warming.l70:100:130:159.161,162,198,327]

Mauricio Cafieros' research: The Cafiero group studies the binding of small molecules to proteins and the conformations of small peptides.
They investigate acetaminophen metabolism by a sulfotransferase enzyme (SULT1A3),1*%”! using an active site model from a crystal structure®®?
using DFT and MP2 methods. Working with an experimental collaborator, they expanded this study to how a suite of catecholaminic and cat-
echolic molecules interacts with SULT1A3,22%22%0 SULT1A1, catechol-o-methyltransferase,?*® phenylalanine hydroxylase,*># tyrosine

[308]

hydroxylase, and other enzymes/receptors. They are also working on the discovery of inhibitors for the LpxC enzyme for Gram-negative

bacteria [285:305.383,384]
Kelling Donald's research: In the Donald research group, work is focused on (a) halogen bonding and other sigma hole interactions in organic

and inorganic systems,[?10278]

(b) fluxionality in planar inorganic clusters and the nature and potential control of so-called molecular
machines, %8263 () the evolution of structural preferences and thermal stability in metal halide and hydride molecules, clusters, and
corresponding extended solids,’322(d) the stability and catalytic applications of structurally interesting or unusual main-group and transition-metal
organometallic compounds, 532313513851 (q) the stabilization of unusual bonding arrangements, including planar tetra-coordinate and other

2331 and

unusual coordination environments,[*72 (f) quantifying currently qualitative but transferrable concepts in chemical bonding,
(2) aromaticity and analogous phenomena in non-hydrocarbon systems.3838¢! The MRI resources are essential for calculations on large and
heavy elemental systems.

Maria Nagan's research: The Nagan group models RNA to understand how chemical functional groups affect structure and biological func-
tion. In addition to the standard bases in RNA, there are naturally occurring, post-transcriptionally modified bases. MD studies of human
tRNAYS2 found that the Né-threonyl-moiety at position 37 is required for maintenance of the anticodon stair-stepped conformation required for

correct codon recognition,>®’

and systematic natural bond orbital analysis revealed that strong electrostatic interactions between the backbone
and the 34th base are key to retaining the structure.[*®>) A better force field for nonstandard bases is being developed to match experimental
sugar pucker ratios.

Eric Patterson's research: The Patterson group explores issues of environmental chemistry via quantum chemical modeling, including the
chemistry of steroids that are common contaminants in surface and wastewater. Working with collaborators at lowa State, they have recently
established that trenbolone, a bovine growth hormone, completes an unexpected photochemical hydration/thermal dehydration cycle that pro-
longs its presence in surface waters.!*84
Tricia Shepherd's research: The Shepherd group is studying the transport of water and ions in confined environments because it is central to

understanding protein channels in biological systems and material applications involving nanomembrane technology. They plan to build on their
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(3881 and carbon-

success incorporating the monoatomic water (mW) model®®” and complementary coarse-grained interactions including ions
based nanoparticles.[164237:389 They will extend their analysis to study interactions between water and ions under confinement at the hydropho-
bic nanopore surface.

Adam Van Wynsberghe's research: The Van Wynsberghe lab is investigating the kinetics and pathways of ligand association to the influenza
viral protein neuraminidase (NA).13¢! His group has developed a multi-scale methodology to describe the complete binding trajectories of small
molecules binding to either the active or secondary site of NA, by first using Brownian dynamics to compute the distal diffusional approach, and
then transitioning to equilibrium MD once the ligand and the protein become proximal, which captures the association dynamics over multiple
time scales, followed by post-processing MD trajectories using MM/GBSA to provide insight into the favored pathways of binding. To achieve
adequate sampling, they carry out thousands of 5-ns trajectories for this system.

Kelly Anderson's research: The Anderson lab uses Monte Carlo molecular simulation techniques to study a variety of complex chemical sys-
tems. Currently, their attention is focused on the interactions of multicomponent liquid solutions with solid substrates.?°!! Additional work has
focused on mixtures of alkanes with other organic species (alkenes, alcohols, perfluoroalkanes).

Sudeep Bhattacharyay's research: The Bhattacharyay group studies the chemistry of enzymes, such as the role of dynamics and quantum
mechanical tunneling in a flavin-containing enzyme.[370.391 Using extensive MD simulations, they are developing a molecular model of the inter-

[290391] 5nd exploring the role of macromolecular crowding on conformational

[174,195,204,205,332]

play of dynamics and quantum tunneling in enzyme catalysis,
dynamics and enzyme catalysis of bacterial prolyl-tRNA synthetase.

James Phillips's research: The Phillips group studies condensed-phase effects on the structural properties of molecular complexes: primarily
electron donor-acceptor systems (eg, CH3CN-BF3),*?22%%! and hydrogen-bonded/proton transfer systems.?”%! Using low-temperature IR spec-
troscopy, they assess the extent of structural change across various media via measured frequency shifts. Computations are vital for characteriz-

[181,213.393] 5 to enable them to

ing gas-phase systems and providing direct insight into the mechanism for medium-induced structural change
identify promising targets and focus their experimental efforts.[*833943%31 Following up on their initial work on group IV halides (MX4: M = Ti, Si,
Ge; X = F, CI),211:298310] they are exploring the nitrile and imine complexes of the monoalkyl analogs (MX3R) of these acids.

Aimée Tomlinson's research: The Tomlinson group studies how the electronic, optical, and structural properties of conjugated oligomer mate-
rials vary as a function of conjugation. Using a combination of organic synthesis, theoretical calculations, and physical measurements, they carry
out systematic investigations of novel cross-conjugated oligomers based on the benzo[1,2-d;4,5-d']bisoxazole (BBO) moiety. This unique
electron-deficient ring system with two distinct conjugation axes, namely 2,6-conjugation through the oxazole rings, and 4,8-conjugation through
the central benzene ring and spatially segregated frontier molecular orbitals (FMO)s, provides a platform for tuning the LUMO or HOMO by vary-
ing the nature of the substituents and their arrangement around the central molecule.!163164:192.207.396,397]

George Barnes's research: The Barnes group studies the reaction dynamics that take place in tandem mass spectrometry systems, in particu-
lar, MS™?! techniques for proteomic analysis, which involve the initial separation of an ion of interest (MS step 1), which is then highly energized
and dissociates. The dissociation products are then mass-analyzed (MS step 2), which leads to sequencing information. However, the presence of
post-translational modifications (PTMs) of peptides, such as methylation, acetylation, phosphorylation, sulfonation, and disulfide bonding, can
greatly complicate the identification of the peptide sequence. PTM is a common occurrence in biological systems, and can occur at the N- or C-
terminus as well as the side chain of an amino acid. It has been estimated that between 40% and 70% of MS!?! spectra cannot be matched or are
misidentified.®%®! Because of its utility, there is significant interest in understanding the chemical and physical characteristics of MSM?
systems.[37974%7] The Barnes group has studied surface-induced dissociation (SID) of protonated peptides colliding with organic self-assembled

(4111 \yhich has demonstrated

monolayer (SAM) surfaces“®-41 a5 well as reactive landing (RL) of protonated peptides on modified SAM surfaces,
the importance of proton mobility and noncovalent interactions.

Chrystal Bruce's research: The Bruce lab focuses on understanding the molecular-level interactions that exist between biologically relevant
molecules, specifically small molecule DNA minor groove binders and protein/ligand interactions. Retinoic acid (RA), a form of vitamin A, was orig-
inally predicted to reduce the spread of cancer. But in some cases, cancer cell growth has been found to be actually promoted by the introduction
of retinoic acid in vivo in rats.**?! This observation was explained by the concentration ratios of two proteins in the specific cell type (FAPB5 and
CRABPII). When RA binds to FABPS5, a survival pathway is created in the cancerous cells and results in cell proliferation. In the presence of
CRABPII, RA is carried to retinoic acid receptors (RAR), which leads to apoptosis and the inhibition of tumor growth. The Bruce group has publi-

(312 3nd are studying small molecules that may promote the natural

shed the first MD study showing the structure and dynamics of these systems,
apoptotic process when bound to FABPS5.

Dmitri Kosenkov's research: The Kosenkov lab is studying fundamental interactions of electronic excited states of organic chromophores
used as molecular sensors (eg, pyridinium N-phenolate betaine dyes and boron-dipyrromethene) in organic solvents to obtain detailed atomistic-
level knowledge of mechanisms of energy transfer,**® and to continue to enhance their expertise in modeling intermolecular
interactions,#4~41¢! fragmentation EFP and FMO methods,?34417418] and hybrid QM/MM methodologies that interface electronic structure
methods for electronic excited states with EFP.1*1"]

Ashley Ringer McDonald's research: The McDonald group studies molecular interactions in complex macromolecular systems using correlated

electronic structure techniques and molecular simulations to computationally characterize ligand/aptamer binding to understand the structural
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and energetic changes that occur in molecular recognition events involving DNA and RNA aptamers. They are also developing a computational
model of MEK1, a key protein involved in the RAF-MEK-ERK cascade, which is activated in many tumor cell lines and in the tumors of cancer

patients, 3!

which they will use to screen small molecule inhibitors of MEK1. This project is not feasible without MERCURY's resources.

Bill Miller IllI's research: The Miller group studies problems in biochemistry using MD, including studies on DNA-binding pro-
teins.[218:220,274,294,295,299,303,329,331,352] Cyrrent work includes designing an isoflavanone derivative for aromatase inhibition to treat endometri-
osis and inhibiting the aggregation of amyloid beta proteins found in the brains of patients with Alzheimer's disease (AD). Specifically, they are
studying a class of molecules called polyphenols that have shown promising experimental results for AD.

Juan Navea's research: The Navea group investigates problems in physical chemistry of interfaces. This includes how tropospheric gases bind
to atmospheric aerosols, leading to various coordination modes between the surface (aerosol) and the substrate (adsorbed trace gases).[#20-4241-
JAmong the components of aerosols are semiconductor compounds, such as TiO,, that can trigger photo-induced heterogeneous reactions on the
substrate.[*?5-427] They are modeling the nitrate-TiO, interface using computational chemistry methods. In addition, they investigate the sub-
strate's vibrational frequency shifts resulting from the co-adsorption of water and nitrates on TiO, active sites.[428-430] Modeling the aerosol
interaction with trace atmospheric gases will add to our understanding of the indirect effects of atmospheric aerosols on climate change. Moving
from computational studies using PC workstations to the MERCURY resources has been essential to increase the computational efficiency of our
surface-substrate models.

Joshua Schrier's research: The Schrier group uses simulations and machine learning to understand and design organic-inorganic hybrid mate-
rials for energy and environmental problems. In particular, they are interested in understanding the role of noncovalent interactions in controlling

inorganic topologies,**® the role of reaction conditions and reagent properties on reaction outcome,33”

and how human biases in experimental
decision making hinder progress in machine learning using those datasets.®* Current computational work will contribute to understanding
molecular interactions in the formation of precursor solutions and electrolyte solution properties.

Isaiah Sumner's research: The Sumner group uses classical MD, ab initio molecular dynamics (AIMD) and electronic structure theory to study
enzyme mechanisms. The transfer of an acetyl group or ubiquitin to a target protein are two examples of a process called protein post-
translational modification (PTM), which allows cells to rapidly respond to internal and external stimuli. Despite the importance of acetyl and
ubiquitin transferases,[*432! there are currently no studies that conclusively show the enzymes' reaction pathways.*33-43%! The group aims to
determine and compare the reaction pathways for representative members of the acetyl and ubiquitin transfer family of enzymes using AIMD
and QM/MM electronic structure calculations.°*345) MERCURY resources are crucial to the success of this project.

Mychel Varner's research: The current research of the Varner group concerns reactions of neonicotinoid insecticides with atmospheric spe-
cies and collaboration with a synthetic organic chemist, requiring high-level ab initio calculations on small complexes. They also investigate new
particle formation (NPF) in the atmosphere,[*3¢437] and have shown that although amines typically have concentrations 1 to 3 orders of magni-
tude lower than that of NH3 in the atmosphere, they still play an important role in driving NPF.12%7!

Sarah Arradondo's Research: The Arradondo lab characterizes various noncovalent interactions within interesting systems using ab initio
methods and density functionals in conjugation with large, robust basis sets.[438-441 They are currently investigating the different configurations
within several room-temperature ionic liquids along with the hydrogen-bond networks that these materials have with water and how these inter-
actions may affect the materials' bulk-phase properties when including a co-solvent.

Joseph Baker's research: The Baker group uses MD simulations to investigate the biomechanical properties of type IV pilus (T4P) filaments
and the interactions of ionic liquid/deep eutectic solvents with proteins and membranes. They use a comprehensive, multi-scale computational
approach, including both all-atom and coarse-grained MD simulations, to characterize the T4P structural ensemble, identify the most important
inter-monomer interactions for T4P stability and strength, and develop a coarse-grained model to accurately describe the force-transitioned state
of a T4P filament.[**244%] They also investigate the influence of ionic liquids and deep eutectic solvents on the conformation of proteins and small

[281,444] [340]

peptides including Trp-cage and insulin, and also how these solvents embed in the lipid bilayer and impact the permeability of lipid bila-

yers to small molecules.

Aurelia Ball's research: The Ball group aims to understand how intrinsically disordered proteins interact with and influence more structured

proteins in order to perform their function as part of different cellular and disease processes,?>!

[333]

including studying how the disordered HIV pro-
tein Vif interacts with human proteins to protect the virus from antiviral defenses, and characterize the binding pathway for a proline-rich dis-
ordered peptide that binds an SH3 domain to pass information in cellular signaling.

Robert Berger's research: The Berger group uses DFT to study the relationship between the structure and properties of crystalline materials,
primarily for solar energy conversion. Most projects focus on predicting and understanding the effects of structural tunability (via doping, substi-
tution, temperature-controlled distortions, and/or strain) on the electronic band structure and band gap of light-absorbing perovskite compounds.
These perovskites include both halide photovoltaics (eg, CHsNH3Pbl3)*4%! and oxide photocatalysts (eg, SrTiO3).44¢*47) They use the VASP code,
and MERCURY resources will facilitate the computation of larger-unit-celled structures (eg, layered and/or doped perovskite superstructures).

Clyde Daly's research: The Daly research group will use computations of vibrational spectroscopy to investigate the dynamics and structure

[448-454]

of complex condensed-phase systems, and use nonequilibrium MD to investigate nanomaterials. Specific projects include (a) using

machine learning techniques to build more accurate maps between QM calculations of vibrational frequencies for single reporters and classical
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simulations of their condensed phase dynamics, (b) simulating the spectroscopy of CO, and water in mixtures of ionic liquids,#4844%:451453]

(4501 and (d) determining the

(c) describing the sequestration behavior of acyl carrier proteins using Raman spectroscopy of attached alkyl probes,
interaction between biomolecules and nanomaterials using nonequilibrium MD simulations. These projects require a wide range of computing
resources and software, so the MERCURY resources are essential.

Wallace Derricotte's research: The Derricotte group focuses on studying the effect of noncovalent interactions on reaction mechanisms with
a new method that involves decomposing the reaction force using symmetry-adapted perturbation theory (SAPT).*>>! They have developed a free
open-source Python package, PYREX (PYthon Reaction Energy eXtension), that implements their SAPT reaction force method and numerous
other techniques that provide novel insight into the chemical and physical driving forces of chemical reactions (https://github.com/WDerricotte/
pyrex). They are investigating a series of antioxidant molecules to quantify the effect of noncovalent interactions between the antioxidant and
various reactive oxygen species. This project absolutely requires the MERCURY computing resources.

Jonathan Foley's research: The Foley lab leverages multi-scale theoretical and computational approaches, bridging quantum mechanical and
electrodynamics methods, to study fundamental aspects of light-matter interactions and to enable the design of materials to control light, heat,
and chemical reactivity. Key scientific outcomes so far include the discovery of an emergent optical phenomenon in composite nanoparticles

known as “scattering-mediated absorption”,43¢-458]

rials for harnessing heat.[4>%:460!

and the development of an open-source software package, WPTherml, for designing mate-

Kedan He's research: The He group has expertise in electronic structure methods,*¢%

and is currently developing machine learning algo-
rithms for fast mining to extrapolate meaningful information from databases of chemical structures to discover and design molecules with impor-
tant biological properties, such as (a) ligand and structure-based virtual screening to discover novel EGFR inhibitors, and (b) virtual screening and
identification of potential illegal synthetic cathinones.

Heidi Hendrickson's Research: The Hendrickson lab uses computational methods to (a) utilize and develop multiscale computational
approaches (DFT, QM/MM, MD) to model charge transfer and transport properties in semiconducting polymeric materials,”?””! (b) utilize compu-
tational methods (protein-ligand docking, QM/MM, MD, protein network analysis) to identify and characterize protein-ligand interactions in G-

[318]

protein coupled receptors, and (c) utilize electronic structure calculations to characterize highly absorbing species in atmospheric brown car-

bon aerosols.'33

Casey Londergan's research: The Londergan group uses all-atom simulations of proteins with artificial “vibrational probe” functional groups
to better understand the experimental data associated with IR and Raman spectra of those probe groups. They conduct well-sampled MD simula-
tions in explicit solvents to understand the protein's overall conformational distribution; then they include the probe groups explicitly and use
fragment-potential-based frequency calculations®¢? to directly simulate the spectra.

Tyler Luchko's research: The Luchko lab uses computational methods to study the solvation of small molecules and biomolecules at the

14631 which uses statistical

molecular scale. They are actively developing the 3D reference interaction site model (3D-RISM) of molecular solvation,
physics to predict the molecular distribution of explicit, all-atom solvent models around solute molecules and calculate the solvation thermody-
namics from these distributions.1*¢*! Using 3D-RISM, they can predict properties of the solute molecules, such as solvation free energy, enthalpy

[467) and the distribution of water and ions around solutes.[468-474

and entropy,*®> hydrophobicity,[*6®! protein-drug binding affinities,

Lindsey Madison's research: The Madison group studies vibrational motions of clathrate hydrates, a naturally forming crystalline phase of
water characterized by the presence of nonpolar, small molecules such as carbon dioxide or methane.[4”247%] Better understanding of this material
can advance knowledge about the role clathrate hydrates play in global climate change,*’#! the unintentional and disastrous formation in

[475,476]

pipelines, and their relevance in astrochemical reactions.””! More fundamentally, clathrate hydrates are a unique host-guest system

because the relatively weak intermolecular forces that hold the lattice together result in an extremely flexible host.”8~48% The group studies the

vibrational wave function of these materials to predict the complete vibrational spectrum and compare them to classical MD simulations,#8%481

as well as electronic structure calculations of small and medium-sized clusters.1#82-485]

Simbarashe Nkomo's research: The Nkomo research group,#8¢-48

working in collaboration with an experimental organic synthesis group,
uses computational methods to study the stability properties of cyclobutadiene derivatives and uses the information to propose synthetic routes
for highly conjugated target molecules such as 10,11diphenylcyclobuta[5,6]pyrazino[2,3f][1,10]phenanthroline.

Anton Oliynyk's research: The Oliynyk group studies intermetallic compounds and combines machine learning methods with experimental
research.*?0-4%%! They study the inorganic chemistry of intermetallic materials with focus on energy-converting materials and mechanical proper-
ties such as hardness and wear resistance.l*”3! The materials are synthesized directly from elements by high-temperature methods, including arc-
melting and sintering. A cutting-edge machine learning-driven approachl®’? is utilized to guide the discoveries of novel materials and screen
chemical space for potential compounds, and computational methods are used for structure prediction from first principles.

Caitlin Scott's research: The Scott lab*?6-5°1 yses computational tools to predict the structures of G-protein-coupled receptors (GPCRs) at
various stages of activation for structure-based drug design.[’°2-5%4! Approximately one-third of drugs approved by the FDA target this family of
proteins.°°>! Unfortunately, GPCRs are quite flexible and dynamic, and despite the recent advances in protein crystallography, the conformations

of GPCRs at various activation states remain unknown. The group will use the MERCURY computational resources to run MD simulations of the
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proteins in a solvated and neutralized lipid bilayer at room temperature and pressure to simulate the proteins in a realistic cellular environment to
determine the stability of protein-drug complexes.
Patricia Soto's research: The Soto group focuses on deciphering the pathological folding behavior of prion proteins, the main component of

the infectious prion agent responsible for prion disorders,>%®!

using computational biophysics techniques. The conformational conversion of the
cellular form of the prion protein PrP® to the misfolded and aggregated isoform PrP%¢ is the key pathological event in prion diseases.>®”) MER-
CURY's facilities are instrumental to examining the hypothesis that prion protein-RNA molecule interactions modulate the protein dimerization
mechanism in a protein-sequence-dependent manner. To this goal, they will implement a multi-scale computational protocol that benefits from

[508] k [509]

their demonstrated experience in identifying structural dynamics features of prion protein peptides' and prion protein in the bul

5 | CONCLUSIONS AND EDUCATIONAL IMPACT

We believe that mentoring students in meaningful research projects is a valuable and integral part of being a research-active chemist at an under-
graduate institution, and we choose careers at PUIs with the intention of focusing our energy on undergraduate student involvement. Our objec-
tive upon forming the MERCURY consortium was to help our undergraduate research programs to flourish, and this has indeed occurred. To
highlight one measure of success, from 2001 to 2019, we have published an average of 1.7 papers/year/faculty, which is 3.4 times more than the
usual productivity of a faculty member at a PUL®! From 2001 through the summer of 2019, the MERCURY faculty published 361 peer-reviewed
products, including 2 in Chemical Society Reviews, 1 in Chemical Reviews, 1 in Nature Reviews Chemistry, 3 in Science, 2 in Nature, 3 in Angewandte
Chemie International Edition, 13 in JACS, and 3 in PNAS. We have demonstrated that the MERCURY consortium provides an ideal environment for
providing research experiences for undergraduates. We are a productive and synergistic consortium with a diverse group of students and faculty;
two-thirds of our students over the past two decades were female or students of color. Every time we expand our consortium, we further
increase the number of high-quality undergraduate research experiences and enhance diversity in the chemical sciences workforce.

When we started in 2001, our goals were twofold: (a) to acquire a supercomputer that would allow us to train undergraduates in computa-
tional chemistry, and (b) to achieve excellent research results. Our diverse research interests required a computational system that would allow us
to run quantum and MD simulations with a variety of different software. Our students were excited and inspired by participating in cutting-edge
research projects, so that many of them matriculated to graduate work, or became citizens with a keener understanding of what research is and
how it works. The technical support we hired as part of the first grant was essential for maintaining our shared computer system and ensuring that
we split computer time fairly. We had diversity in mind from the very beginning, both with the selection of the initial faculty in the consortium
and in the mindset of the faculty. Our idea was to form a northeastern consortium, where we could easily share ideas at an end of summer confer-
ence, and learn and network with scientists at research universities, industry, and government laboratories. After our first grant, it dawned on us
that we could be national in scope, and as we added resources with subsequent NSF MRI grants, we expanded nationally.

We realized that the conference was the single most brilliant initiative we had started, and we found money to support it after the first grant
period. From the very beginning, we opened the meeting to everyone from any institution, with the stipulation that only undergraduates present
posters during the poster session. The mentoring, networking, and inspiration that happens at the annual conferences is a must for our faculty,
and faculty who stop attending conferences with their students generally realize it is time to step out of MERCURY. Faculty who we invited to
join MERCURY are motivated to have active and diverse research groups, and we ask their deans and provosts to make sure they have funding to
attend our meeting. As time went on, Shields became better at advising speakers on how to structure their talks for the most benefit to the PUI
audience. Our undergraduates moved from just listening in the early days, to listening and asking questions in later conferences. A key component
of the meetings' success is the undergraduate poster session, where experts are present to talk with students at their posters and with the PUI
faculty who attend the meeting, increasing the value of the meeting for everyone in attendance. In addition, the meeting provides a dedicated
time for the MERCURY faculty to mentor and advise each other. Students from any one particular research group are always amazed to learn
how their own work is put into context and are stimulated by the problems that other groups are trying to solve, as well as their methods for try-
ing to solve them. STEM conferences have historically suffered from a lack of female and minorityfaculty representation, and our efforts to recruit
diverse speakers is another key part of the conference as students have visible role models, both from the invited speakers and from the other
PUI faculty in attendance. We have had more than 1600 attendees at the 18 MERCURY conferences, with 111 invited speakers, 61 of whom
have been female and/or faculty of color. One of the advantages of NSF funding is that the required annual evaluations focus the entire MER-
CURY faculty on student outcomes and research results. Faculty returning from the conference to their home institutions are motivated as they
start the next academic year. Overall, our main goals have not changed and we have been thrilled with our joint success.

The MERCURY consortium has been an outstanding program that has contributed greatly to the development of scientifically trained under-
graduates, with a particular focus on diversity and inclusion.’”) Without double-counting female students of color, 75% of our undergraduate
research students have been female or students of color. About half of our alumni attend graduate school to obtain advanced degrees in STEM

fields, and approximately two-thirds are female and/or students of color. Students mentored by MERCURY faculty have been recognized with
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more than 50 national awards, including 1 Rhodes Scholarship, 10 Fulbright Fellowships, 21 Goldwater Fellowships, 2 Gates Cambridge Scholar-
ships, and more than 20 national graduate fellowships (NIH, NASA, NDSEG, NSF). For more information, see https://mercuryconsortium.org.
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