How to write a successful NSF proposal

The best things you can do to prepare:
 Be a proposal reviewer/panelist yourself.
 Meet with the NSF program director in your area.

e Read successful (and unsuccessful) proposals and
their reviews.

 Ask a knowledgeable colleague to critiqgue your
proposal before you submit it.



Who are the reviewers?

Reviewers are typically busy academics like you. They
appreciate good basic science.

Some will have intimate knowledge of the problem you are
researching, most will not.

A clear, well-written proposal helps §
the second group appreciate the
value of your ideas.

You will need to convince them
early that the problem is important g
and that your idea is great.




Outline of a 15-page NSF proposal

1-2 pp. of broad context and background
 Why is the problem important?

 What is already known about it? (it's important to do your
homework thoroughly here!! — shoot for 100+ references)

 What are the major goals for 5-10 years?

2-3 pp. of prior work/your current research on the problem

« Be explicit about the key contributions you have made
(high profile, published papers are very useful here)

 This is a good place for the required “results from prior NSF
support,” if applicable.

5-7 pp. of proposed work, well illustrated and focused on
basic science questions. OK to intersperse some current work
here.



Organization of the research section

Graphics are important: 1-2 per page
 Even small figures convey a lot of visual information, and
help break up the text for the reviewer.

Bulleted guestions are useful for the reviewer.

PROPOSED RESEARCH Campbell and kers ™ Ther harve turned ap g Furprises, such that these observations, especially with Ta(V') oxides under oxidizing comditions, do not fit

Background and Objectives

The goal of this project is to explore new chemistry in the aren of layered inorgamic solids
A two-dimensionally bonded crystals, livered solids offer some special opporimitics for
discovering mwl exploiting unique chemical renctivity and physical properties, Most
recently and famously this has been illustrated by the electronic properties of graphene,™
but there are many other dasses of layered wolids with interesting properties that derive
from their dimensionality. These inclode supmte and nithenate superconductors,”™
pictide * layered and charge densaty wave
materials,” ites with colossal i J* halfmetals, ™ magnetically
frustrated lattices, ™™ electron-delocalized mixed valent cxides,”’ intermediate temperature
proton conductors,” Ethinm battery cathode materials,” ™ and multiferroic thin fims.***
The pasticular focus of our laboratory has been to use this rich vaniety of layered solids as
building blocks, manipulating them in rational ways to make solids md thin films with
designed structares. We bave devieed reactions to exfoliate layered solids into colloids of
individual sheets and nanoscrolls, to re-stack the sheets laver-by-Jayer on surfaces, and 1o
react the layers topochemically to muke mew two- amd three-dimensionally borded
materials. Some of the recent bighlights from this project are illustrated in Fig. 1

a8 amomalously strong bol\dil\l between Am and CeOy, which results in stabilization of
catalytic Au manoparticles.””  Jarvie and Carter have wed ﬁm—pnnclnlcn electronic
structure calculations to model the metal'metal oxide interface ™™ They point out the
importance of covalent bonding and panticularly d-clectron acid-base effects, which are
well known from the earlier literature on ewly-late tansiton metal alloys such os
ZeP ™ Nuzzo and Dubeis have argued that strong metal-suppost intersctions correlate
with the tendency nf warly and late wansition metals 1o form intermetallic d.luyv under
reducing conditions.™  Not coincidentaily, Ze-Pt, Sc-Pt, and related alloys™ " as well as
noble metals suppotted on W- or Nb-doped TiO: ™™ are of interest for electrocatalysis, in
part because the d-acidbase bonding interaction prevents metal oxidation and dissalution
in the comrosive enviromment of llw fuel cell cathode. While much remumins 1o be leamed,
the | data aned cal ly point 1o the of local,
wovabent bonding in controlling adhesson and reactivity at the metal-oxde interface.

Whale stadying the uuﬂummn of aniomie nanoparticles inte cationic layered hosts,” we

dentally di d a kel balizati M'IUIEOH]\HU RhOs, and Rh
nanopartiches on early tramsition metal (Nb, Ti, Ta) oxide namosheets™ The effect is quite
striking in that large Rh(OH); 3H:0 microparticles formed by base hydrolysis of RhCly
{Cig. 2¢) spontanecusdy break up isto 1-2 am particles that evenly decorate the sheets (Jg.
2a). The Rh{OH); 340 nanopasticles dehydrate to Rhz0; and are redisced to even smaller

the conventional SMS1 picture that involves reduction of an early transition metal codde."™

We would Eke 10 explore this chemistry in more detail, quantifying the thermodynamics
and obtunmg a detailed pacture of the bonding at the metal'odde imerface for a range of
late transition metals and codde mpports. Oxide nanoshoete are particubarly good media
for sudying these questions because they present 3 very high surface aren, becanse their
structure is tl-defined, and because surface-bound particles are

wasily imaged.

Fig. 3. ITC duta for the
addiion of RhCl; wokstion
= - — ™ = TBAH: CaNby O

HHH sheets i encess THAOH

selition. Eaddh exethermic
v-num

ke anly in the tirtion
cormeeponds 10 the mm of
Beats of  hydeolyss,
neutralizeion. ad wirface
termtiens. The first two
[T ——
abemce of sanosheets 1
shisin  the  thind by

st B W)
[TEETTITY

AbLaN.C RbLab.O.F . B atipicddi whiss Boae T 350 "o 1 Nodnen, bt ey ot Aearanbin Some fundamental questions that we will seek to aswer in this part ofthe project are:
(SR G, —)kl:\- ripening below 500 'C, even af loadings a high a 10 wi%. In contrast, on nanosheets that * What is the nature of the chemical bond at the interface between late transition
' . do mot support d-acid/base interactions (synthetic mica and a-Zr phosphate), the particles motal or metsl oxide nanoparticles and ewrly transition metal coxide spports?
__ -p | | | coulesce at much lower temperatures. lsothermal Stration calosimetry (ITC), Clg. 3, shows N :il‘;"' doe the oxidation elate o the metl wifict the interfacial bonding?
= il + What ase the periodic trends in the strengths of these interfacial bonds?
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Some fundamental questions that we will seek to answer in this part of the project are:
What is the nature of the chemical bond at the interface between late transition

Ivtically relevant

supported metal icles, especially under
What chemical mechanisms - aggregation, coalescence, ripening - cause particles o
row in these systems under catalytically relevant conditions?

7 et T e o o o = The
ITC technigue is a sensitive method for measuring enthalpy changes in the sub-mJ range.
It is particularly well suited to reactions in dilute solutions or suspensions. 1TC titrations
(Fig. % can measure both the enthalpy mnd entropy changes of these reactions, becase the
equilibrium constant {(and therefore AG") can be extracted from the binding wwotherm.
Accurate AG” and 45" values are obtnined cnly when the titration samples the part of the
iotherm in which all epecies in equilibrizm re present im measarable amounts. We have
recently used this technique to measure AH', AG" and AS” for intercalation and n‘-mch:m
af exfoliated sheets and for exchange of CH0y” ions info charge-inverted clays. ™" We will
wse ITC titrations to mearure the thermodynamics of deposition of metal hydroxide
manopartcles on lamellar oxides that include mamosheets of early transition metal oxides, as

LE R

metal or metal oxide nanoparticles and early transition metal oxide supports?

* How does the oxidation state of the metal affect the interfacial bonding?

*  What are the periodic trends in the strengths of these interfacial bonds?

* How does the interfacial bonding affect the thermal and chemical stability of
supported metal nanoparticles, especially under catalytically relevant conditions?

*  What chemical mechanisms - aggregation, coalescence, ripening - cause particles to
grow in these systems under catalytically relevant conditions?

well as contrel samples (synthetic Ruoromica and zirconium phosphate nanosheets) that
ase not expected to have sromg bonding interactions. The pH and comcentrations of
precussars will be adjusted to sample the appropriate regions of the binding isotherms

c-6




What to propose

NSF supports transformative research but reviewers are
very conservative. One bad score can kill your proposal.

Use the Eklund 1/3 — 1/3 — 1/3 formula:

 1/3 of the research plan is devoted to
iIdeas that you are 90% sure will work.

 1/3is more exploratory (with contingency
plans). This is where you convince the
reviewers you are doing something novel.

« Final 1/3 can be really creative, but must

: Peter Eklund
acknowledge the risk.



What to propose

NSF supports basic scientific research but is responding to
pressure to be more relevant/applied.

* If you can articulate your ideas in the form of questions,
you are proposing to do basic science.

* A good strategy is to use a list of questions as the outline
In your proposed research section.

» Ask yourself (as the reviewer’s will ask): Is what | am
proposing at the intellectual forefront of the field?

Knowledge vs. widgets:
What will we learn that we don’t know now?
Not: What will we have that we don’'t have now?



Selling a practical idea (if you must)

Not: We will develop a system that will diagnose
cancer early, to the great benefit of humankind.

Instead:
It is Iimportant to diagnose cancer early because...
It can’t be done now because...

We are going to make it possible by solving the
following fundamental problems...

We will then demonstrate what we have learned In the
following model system...



Outline of a 15-page NSF proposal (cont’d)

2 pp. of broader impact

* Integrating education and research

* Preparing students for careers in STEM

e Qutreach beyond the university community

1 p. summary, timeline, human resources (optional)
« Briefly summarize key elements of the proposal

« Which students will perform which tasks (both
research and education/outreach)

Final 1-2 paragraphs, a conclusion about why this
research is important, and what long-term benefit it will
bring to the scientific community.



The most common reasons for negative reviews

The proposed work is not novel (“it's already been done”)
The ideas are not exciting or significant

No track record in the area, lack of preliminary data

Not enough detail about what is being proposed

Poor balance of proposed research/outreach

The plan is too ambitious/not realistic
Avoid laundry lists of tasks and ideas!

The proposal is poorly written
It should provide a concise review & road map for the work
Anticipate problems and their solutions
Spell check!
Print the proposal out and check it over carefully



Additional Resources

Cindy Grimm’s website, How to Write an NSF Proposal
(Washington U.)

http://www.cs.wustl.edu/~cmg/NSF/nsf.html

Susan Finger’s website, Advice on Writing Proposals to
the National Science Foundation (Carnegie Mellon)

http://www.cs.cmu.edu/~sfinger/advice/advice.html

Steven Driese’s top 10 tips (from Galil Ashley/Rutgers)
http://sas.rutgers.edu/component/docman/doc_downloa
d/432-top-ten-tips-on-how-to-write-a-successful-nsf-
proposal
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