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Research Community: Earth and Environmental Sciences

A Continuation of Community Building | ..

STATE UNIVERSITY
Maniana Ranateineaiagy Faciin [N

« 2017 Goldschmidt Conference +—— =500
« 2018 Goldschmidt Conference
« 2018 NanoEarth Workshop

Nanoscience in the Earth and Environmental Sciences—Research and
Teaching Opportunities

A Pre-Meeting Workshop In Association with the Goldschmidt 2017 Conference &

Nanoscience in the Earth and Environmental Sciences--From Theory to
Practice

A Pre-Meeting Workshop in Association with the Goldschmidt 2018 Conference
Dates: August 11-12, 2018; Location: Boston, MA USA

L ] /7
SClence Currentlssue  Firstrelease papers  Archive  About v |\ Submit many

HOME » SCIENCE »> VOL. 363, NO. 6434 » MATURAL, INCIDENTAL, AND ENGINEERED NANOMATERIALS AND THEIR IMPACTS ON THE EARTH SYSTEM
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Natural, incidental, and engineered nanomaterials and
their impacts on the Earth system

NanoEarth Workshop 2018

Virginia Tech, Blacksburg, VA Thin Towte of Bngs. raiacaturig s Tl Thmss gh Hanogacacioncs

April 19-22, 2018

: L
MICHAEL F. HOCHELLA JR. - DAVID W. MOGEK . JAMES RANVILLE IRVING C. ALLEN . GEORGE W. LUTHER . LINSEY C. MARR . B. PETER MCGRAIL Conveners:
R — Michael Hochella, Virginia Tech/PNNL (USA). David Mogk, Montana State University (USA); Jim Ranville,
Colorado School of Mines (USA)
MITSU MURAYAMA . MIKOLLA P QAFOKU . KEVIM M. ROSS0 . NITA SAHAL PAUL A SCHROEDER . PETER VIKESLAND . PAUL WESTERHOFF, AND ¥1 YANG
(This workshop is by invitation. Details of workshop cutcomes will be posted for community use)
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229 Citations, 10/28/2021 et | Workshop Overview
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Research Community on nano-Earth Systems

Nano-ES intersects National Priorities targeting Climate Change; Energy
Generation, Storage, Transmission; Clean Water; Environmental and -

r

Human Health; as well as NSF Convergence Research —

EARTH COMPONENTS PREGURSORS

Soils/regolith  Walersheds  Atmosphere Electrons & protons  Small molecules/chusters
Continents Elements & sns Palyalomic ions

NANOMATERIAL
v CYCLE

Coordinated by MONT, nanoEarth, nano@Stanford, NCI-SW

Annual workshop with participants from all nano-ES sites, open registration =\
— MONT hosted first workshop, Convened virtually in May 2021 (Y6 of NNCI)

Week-long staff exchange program (start in Y7)
— Staff Exchanges will be delayed due to COVID concerns
NNCI nano-ES Use/Toolset Inventory (Y6) S T I Vs

— In Y6 nano-ES will begin assessing NNCI "landscape" for serving users
engaged in earth systems science: tools/expertise available, level of usage, gaps; understand §
unique needs e.qg. for preparation of "dirty" samples

Joint REU program with regular NNCI cross-site virtual activities (start Y6?)
— Each of our sites will have at least one Nano ES REU participant
— Consult with GEO-REU Network run by Val Sloan at the Univ Corporation for
Atmospheric Research (UCAR); try to learn "best practices"
— Facilitate connections for REU faculty in Nano ES
— Advertise Nano-ES REU across NNCI sites

N National Nanotechnology
IN, Coordinated Infrastructure
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Research Community: Earth and Environmental Sciences: 2021 Workshop

MONTANA

STATE UNIVERSITY

[Montana Nanotechnology Facility

Nanotechnology in STEM > NNCI 2021

Nanotechnology in STEM

Nanotechnology: an Emerging

NNCI Nanoscience Earth and Environmental Science Research Community
Science Virtual WorkShOp

Needs and Opportunities

May 24-25, with optional 'Office Hours with Experts' on May 26, 2021
Days begin at: 11am ET/ 10am CT/ 9am MT/ 8am PT (Duration: 4 hours each day)

An Emerging Teaching
Opportunity

Evidence-based Teaching
Practices

Workshop Overview

Nanoscience is a frontier area of research that provides abundant

opportunities in many different scientific and engineering disciplines. Currently, the Earth and
environmental sciences are underrepresented in their participation in this revolutionary field of study,
which currently contributes to nano-enabled products worth roughly $2 trillion annually! There is
currently an amazing arsenal of analytical methods that are available to characterize the identity,

Background Nanoscience
Resources for Instructors

Nanoscience Literature for
Earth and Environmental
Science

Instruments and Analytical
Methods Common to Nano morphology, composition (bulk and surface), chemical state, atomic structure and related chemical and
physical properties of nanoparticles, nanosheets and nanorods. This workshop will focus on practical
aspects of using this instrumentation (e.g., AFM and Electron microscopy, surface analysis, fractionation
methods, ICP-MS, light-scattering, among many others) in doing nanogeoscience. Topics to be covered
include sample collection in the field, sample preparation/preservation, and instrumental data
acquisition, reduction, and representation. The workshop will include invited presentations and group
discussions to explore modern advances of nanoscience as applied to the Earth and Environmental
Sciences. This is an invitation to all Earth and Environmental scientists to join the workshop to learn
more about the emerging research and education opportunities afforded by nanoscience, to identify
opportunities and needs of conducting nanoscience in the Earth and Environmental Sciences, and to contribute to planning for future research and education initiatives.

Registry of Analytical
Geochemical Equipment

Ethics

National Nanotechnology
Coordinated Infrasctructure

Workshops and Events

NNCI Workshop Spring 2021

NNCI Conveners: David Mogk, MONT, Tonya Pruitt, NanoEarth,
Kate Maher, Nano@Stanford, Paul Westerhoff, NCI-SW
Monica Bruckner, SERC/Carleton College

https://serc.carleton.edu/nnci_spring2021/index.html

N National Nanotechnology
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Workshop Goals

Introduce the geoscience community to new
advances and opportunities to do research
in nanoscience

Help participants stay current about data,
tools, services, and research related to
nanoscience.

Address the "big science questions” related
to nanoscience in the Earth and
Environmental Sciences

Build collaborations; develop research
networks to facilitate nanoscience research
in the Earth and Environmental Sciences.
Introduce education outreach efforts for
Nano-EES.

Workshop Program

20 invited speakers

150 registrants

Break out “listening” sessions for NNCI to
get community feedback

“Office Hours With Experts”, to provide
high-quality interactions between NNCI labs
and new users to design new research, build
collaborations

Recorded talks and PPTs posted on websites




Research Community: Earth and Environmental Sciences: 2021 Workshop

V.I rtual fo 'm at a l lowed for g reate r pa rtiCi pation a nd Workshop Facilitation, Communication, Design, and Active Learning Table
-i n C l u S-iv-i ty; reac h ed a d -ive rse a n d -i n te rn at-i On a l a u d -i e n Ce . ::;:;:é{:;:;an ratings for each statement targeting workshop facilitation, communication, design, and active
. . . . The design of the workshop facilitated exchange of expertise among participants 3.89
Topical break-out sessions provided important feedback to The workshop sessions were well faciltated 3.94
The pre-workshop communications gave me the information | needed to learn 3.94
N N C I leaderS . abo:'t and preparFt'a for the ulu'arksh':.lpg
The workshop events engaged me in active learning related to its goals. 3.59
Interactive “office hours” provided direct information Opportunifies, ... and Outreach Table
. Table 2. The mean ratings for each statement targeting new opportunities, data, implications, collaborations,
between experts and novices. and outreach (n=18)
e “The breakout session that | was in was informative as we learned the problems resereh n nanoscince hrough the Natondl Nanctechmolopy Coordinated |
that researches are dealing with.” 'F’I‘flr“‘“uc_“_"e (NNCI) program U Jo
e “The most valuable part of the workshop, for me, was meeting people with similar n:,,':,:.::,::: N stay current about ata, tools, services, and research refated to '
research interest gn.ifar whom work gtfacjﬁﬁgs that understand my nano needs. ?dd;ess the "big science ql:estion:" re.latled to nanosci;nce: na.norlnate:cials in the 3.78
This really made me feel that | finally have a community with which | can discuss nanomateias an theirchemical propertesat he nanoscale, mpacts o
.'-dE‘ES, Cﬂ”ﬂbﬂfﬂfE, and learn.” h ;a::ma;e:als :t‘aatu‘r:I annld int:identa:.}l ont::e En:irt;nr:i:: and hun'fan health. —
e “Survey of available instrumentation and methods from different labs. Because one e '
can learn what's available and get up to speed on current methods.” Introduce education outreach efforts for nano-Es. 3.67
https://serc.carleton.edu/nnci_spring2021/index.html Listserv established with 225 members

N National Nanotechnology
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Expanded Tutorial Webpages on Analytical Methods used in

Characterization of Nanoparticles

M

MONTANA

STATE UNIVERSITY

Montana Nanotechnology Facility

Nanotechnology in STEM > Instruments and Analytical Methods Common to Nano

Nanotechnology in STEM

Nanotechnology: an Emerging
Science

Needs and Opportunities

An Emerging Teaching
Opportunity

Browse Geochemical Analytical Instruments and
Techniques

Each of these pages contains information about each instrument or technique including what it is,
fundamental principles, how it works, applications, strengths and limitations, sample preparation, dat:
collection, results, and preparation, and if available, literature and teaching activities/resources.

Evidence-based Teaching
Practices

Background Nanoscience
Resources for Instructors

Nanoscience Literature for
Earth and Environmental
Science

These resources were originally developed under the Integrating Research and Education project.

X-ray Crystallography
Instruments and Analytical
Methods Common to Nano « Single-crystal X-ray Diffraction--Christine M. Clark, Eastern Michigan University and
i . Barbara L. Dutrow, Louisiana State University

Registry of Analytical

Geochemical Equipment « X-ray Powder Diffraction (XRD)--Barbara L. Dutrow, Louisiana State University and
Ethics Christine M. Clark, Eastern Michigan University
National Nanotechnology Electron Microbeam
Coordinated Infrasctructure

Workshops and Events « Electron Probe Micro-analyzer (EPMA)--John Goodge, University of Minnesota-Duluth

< T | AL coan <. Ll L

Instruments and Analytical Methods Common to Nanoscience

Nanotechnology in
STEM

Nanotechnology: an
Emerging Science

Needs and
Opportunities

An Emerging
Teaching
Oppornunity

Evidence-based
Teaching Practices

Background
Manoscience
Resources for
Instructors

Manpicience
Literature for Earth
and

In aggregate, these “primers” on
analytical instrumentation and methods
are the most used webpages on the site

Sclence

Instruments and
Analytical Meshods
Camman ta Nano

Reglstry of
Analytical
Geochemical
Equipment
Ethies.

National
Nanotechnology

Coordinated
Infrasctructure

Workshaps and

Read more about Geochemical Instruments al

Shoc = S Sl

Auger Electron Spectroscopy

David Megk, Imaging and Chemical Analysis Laboratory, Montana State Uy

What is Auger Electron Spectroscopy

Auger Electron Spectroscopy (AES) is a surface-sensitive analytical methey
materials (typically 1-5 atomic monolayers, 3-10 nm depth). AES is widel
and i Sciences (see below). AES has been applied
catalysis, REDOX, photolytic, and dissolution/precipitation reactions, and
detecting all elements except for H and He. Because AES uses a focused
surfaces is possible. Quantitative analysis of surface compesition is poss]
standards. Coupled with a sputter gun, chemical stratigraphy on an atom|

technigue that provides information that is complementary to other surfal
Secondary lon Mass Spectrometry (ToF-5IMS), and “bulk” analytical metho
methods.

Fundamental Principles of Auger Electr]

Electron-Sample Interactions result in a number of responses such as sec
to image and obtain chemical information about materials, The presence
The Auger electron has a very low energy and Is readily sorbed by the sur]
escaped from the near-surface environment of the top few atomic monol

=

- mwrumenty and Anshyscal

angtechaokagy: an Emerging
Seience

Needs and Qoperusities
An Emerging Tewcsing
Opgomaniy
Evidence-tased Teaching
Practices

Barkground Nansscience
Resources far Insirecsons

Nangscience Literaere for
Earth and Ervirsnmenta
Science

Methads Commen 1o Haso
Regiviry of Anaiytical
Ceschemical Equamest

Beaicy

Nationat Rasatacsnoiogy
Coordinased infrasctrucsers

Workshaps and vents

et lovheed

Typas of interactions betwesn electrons ard & sample o

https://serc.carleton.edu/msu_nanotech/methods.html

N National Nanofechnology
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X-Ray Photoelectron Spectroscopy (XPS; aka Electron Spectroscopy for

Chemical Analysis, ESCA)

Duvie Mgk, knaging and Charveal Anshysis Laboeatiry, Mostana State University

What is X-Ray Photoelectron Spectroscopy?

X-ray photoelectron spectroscopy (XPS) is a surface sensitive, non-destructive
technique used routinely to analyze the outermast ~10 nm (~30 atomic layers) of natural and engineered
mazerials. XPS is routinely used to determine 23 the composition of material surfaces (elemental identificatioa),
the relative abundances of these companents on surfices (semi-guantitative analysish, and <) the chemical

of polyvalent lons by measuring the binding energies of elements which |5 related to the nature and

gt of thes ehemsical bonds. XPS is used b aces of diverse maneriats
Inoeganic compesnds iminerals, semiconductor
and engineered materials. X5 s used 10 support research on surface-mediated processes such s sorption,
catabysis, o precipitaticn, gorresion, and evapeea pusition Lype resctions. B 15 almest
alwarys the case that the surface composition and chemistry of materials, measured on the ceder of a few
atomic layers (=10 nm). is diflerent from the "bulk” Compesition determintd by methods Such 35 erergy
deiperiive gt EDDS) with exeitation welurss that ca extend as rwch a5 3 microns into the matesial

dissel

described by Bnstein (1905, and was

st in response b
e winshd be produted From 4 material when the
ng energy of electrons n that material: the energy is

ssensity or duration of expasure 1 the inCAnt ecromagnetic
Fadiation, The Rinetic £neegy of an emitied ehectron is related 1o the bindiag energy of exch election, dnd
becawte atoms have multiple orbitals at differest energy states, the resulling response will be 4 range of
emitted electrons with different binding energies fand kinetic energies) thus produting an XFS spectrum.

These relations are represented By the equation

Exinete = Eghoton i) = Eninding - @

Were D 18 the Kinetic energy of the photoelectron measured by the instnamest, Exscar i the energy of
the incident photan [X-ray in this case, which is 3 known and fixed value), Esnseg 15 the binding energy of a
gven electran, and o is the work Runction, the emrgy difference between the vacuur energy (Ev) bevel and

the Fermi (Ef) level of a solid.

v, Kal Sieghaie and colleagues from Upptala Unkersity in Swedtn recogeized the potential of usieg
photoelections for chemical analysis (thus, Electron Speciroscopy for Chemical Analysis] and was awarded the
Mokl Prize for Physics in 1981 foe these contribations.

Binding
Enargy




New: Registry of Analytical Instruments Available in the NNCI Used in the

Earth and Environmental Sciences

This website is a clearing house M

MONTANA

service: e b

Montana Nanotechnology Facility

° For Iab managers to bu.ild the.ir Nanotechnology in STEM > Registry of Analytical Geochemical Equipment
user base; Nanoscience Registry of Analytical Instruments Commonly Used in Earth

Nanotechnology: an Emerging

« For researchers, instructors, and Scionce and Environmental Science Research Through the National

students to gain access to AEmg:hg Nanotechnology Coordinated Infrastructure (NNCI) Program

Opportunity

analytical eq u'i pment; and , Evidence-based Teaching The National Nanotechnology Coordinated Infrastructure (NNCI) Program "provides researchers from academia, small and large

Practices companies, and government with access to university user facilities with leading-edge fabrication and characterization tools,

° To bui ld Capacity by Opt-i m-iz-i ng the Eackground Nanoscience instrumentation, and expertise within all disciplines of nanoscale science, engineeringand technology". In developing this Registry

of Analytical Instruments, our goal is to a) optimize the use of resources already invested by NSF in instrumentation and
Resources for Instructors

. . . infrastructure facilities, b) expand the human capital of researchers who are trained to apply this instrumentation to emerging
Use Of eX] St] ng analyt]cal Nanoscience Literature for research questions in the Earth and Environmental Sciences, and c) continue to build the NNCI network with users from diverse

Earth and Environmental backgrounds and facilitate new collaborations.

equipment and promote training of

Instruments and Analytical

Nano-geoscientists. Methods Common 9 aro + 1ab managers build their user base;

This Registry of Analytical Instrument service is provided to help:

A Gl AR h instruct d students t i t lytical i tt t scholarl k; and
T Geochemical Equipment + researchers, instructors and students to gain access to analytical equipment to support scholarly work; and,
OO S O S no S n Instrument Registry « build capacity by optimizing the use of existing analytical equipment to support excellence in science and the training of geoscientists.

Tool Areas or Sub-Fields E——
° This Reg‘istr’y Analytical Instrument Database Add Your Instrument to the Analytical Instrument Registry

Use the form below to enter your instrument into the database. Please complete a separate entry for each instrument, 5o that each will appear when the database is searched.

The following instruments can be searched by keyword or by using the "narrow the view" function on the right side of your screen. Additional geochemical instruments may be

. . N .
° I S Mo re t h a n a I-I St a listed in the On the Cutting Edge Petrology Geochemical Instrument Browse. Note that if you navigate away from this page without submitting the form, any work you have completed will be lost and not submitted. Thus, it may be helpful to prepare
) your responses in Word and then copy and paste them into this form.
h b l d t b h Refine the Results! Note that the information needs to be uploaded into the database manually, so it will be a few days before your entry appears on our website.
seéarchabte database
Analytical Instrument Type General Contact Information
. o Sort by: sort Electron Microbeam 8 matches Name of Facility:
° Force Microscopies 1 match [
Results 1 - 19 of 19 matches Other Zmatches Institution:
Sample Preparation Equipment & Facilities 4 matches [Carleton Col
m etad ata . Other Spectroscopies 2 matches arleton College J
) An Integrated FFF-splCP-QMS System at the Colorado School of Mines Aquatic Nanoparticle/Colloid Analysis Lab part of NNCI Surface Spectrascopies 3 matches URL:

Whole Rock Analysis 1 match
Instrument Collection

X-Ray Diffraction 1 match

. .
° F d E ES l t An Integrated FFF-spICP-QMS System at the Colorado School of Mines Aquatic Nanoparticle/Colloid Analysis Lab Skip to
ocused on a 1cations Main ContentSkip Lab Contactinformation

To make contact about this facility, or for more information about the instrumentation, please contact

. Includes resources beyond Secondary lon Mass Spectrometer at Arizona State University part of NCI Instrumens Collecton [“’"‘“‘ Name:

Secondary lon Mass Spectrometer at Arizona State University Skip to Main ContentSkip to Navigation Your Account ...

NNCI to larger EES community ot oL T_S000R Ve Toch s oW e i

NanoEarth JEOL IT-500HR at Virginia Tech Skip to Main ContentSkip to Navigation Your Account ... ‘

https://serc.carleton.edu/242625 : : i
User interface: search by instrument type or free text || e

Contact Phone:

N National Nanofechnology
IN, Coordinated Infrastructure

Template for lab managers to enter key
information 7




Example: Instrument Registry Data

Sheet

Auger Electron Spectroscopy System Integrated with EDS and EBSD at the
Imaging and Chemical Analysis Laboratory (ICAL), MSU-Bozeman

Montana State University-Bozeman

https://physics.montana.edu/ical/index.html

Contact Information

Sara Zacher (Lab Manager) or Recep Avci (Lab Director)
406 994 4199

ical@sympa.montana.edu

Bozeman

MT

Instrument Type

Auger Electron Spectroscopy System Integrated with EDS and EBSD

Field Emission SEM scanning electron microscope--for high resolution imaging down to 5 nanometers

AES Auger Electron Spectroscopy (or SAM Scanning Auger Microscopy)--for surface analysis of all elements of Z>3
(Li), and surface elemental mapping

EDS energy dispersive spectrometer--for "bulk" compositional analysis of elements; X-ray elemental mapping

EBSD detector for in situ phase identification using electron diffraction and determination of crystallographic
orientation.

This Phi 710 NanoAuger Probe is a unique analytical system that includes: 1) Field Emission SEM imaging for spatial resolution
down to 5 nanometeers; 2) AES detector for surficial compositional analysis for atomic monolayers on surfaces, with detection of
light elements down to Li; 3) Ar-beam ion gun for "dusting off" surfaces of environmental contaminants and depth profiling
capabilities; 4) EDS detector for "bulk" compositional analysis and X-ray elemental mapping of materials, and 5) EBSD detector for phase identification using electron
diffraction and determination of crystallographic orientation. These numerous analytical methods can be used in near-real-time to fully characterize in situ the identity, crystal
structure and orientation, bulk composition, and surface composition of sub-micron to micron particles. Charge compensation methods are used to analyze insulating
materials because conducting coats cannot be applied to AES samples.

MODEL:

e Phi 710 NanoAuger Probe

Application:

Application:

Auger Electron Spectroscopy (AES) is a surface sensitive method used to analyze the composition of one or a few atomic layers (~1 nanometer) on material surfaces. All elements of Z>3
L) can be detected. Semi-quantitative analyses are obtained using published elemental sensitivity factors. Depth profiles of chemical stratigraphy on material surfaces is obtained using
an Ar ion sputter gun. Full spectrum surveys are obuined to determine the inventory of elements on a material surface, and “multiplex” routines are used to scan specific energy windows
to focus on specific elements. Micron-scale maps can be obtained to show the distribution of elements on material surfaces. The AES instrument at ICAL is built on a field emission SEM
for high resolution imaging, and s also equpped with EDS and ESSD detectors. So near real<time data can be obtained in situ on the same spot for nane-scale morphology, bulk
composition, surface compasition, atemic structure (1o identify the phase) and crystallographic orientation.

Applications include

» Study of surface mediated reactions such as sorption, catalysis, dissolution/preciptation products, REDOX reactions
* Analysis of thin films and surface coatings
= Imaging (size, shape, morphology)

» Crystallographic orientation

. b matrix d...)

= Textural relations (intergrowths, overgrowths, epitaxial..)

= Interfaces

Typical Use:

AES i5 widely used in research in
= Energy (generation, storage, transfer)
* Microelectronics
= Metallurgy

= Earth and Sciences licati are i ing as charge pensation methods are i

N National Nanofechnology
IN, Coordinated Infrastructure

Conditions for Use:

As a regional user facility, ICAL encourages users to acquire training throwgh our Short Courses so that the design and implementation of experiments is done 1o meet specific user-
defined research objectives. Collaboration with ICAL staff is encouraged. Submitted samples can also be analyzed on a contract basis (i.e. lab personnel will do the work). ICAL is also
available to do inary “proof-of P, including of i o address the defined rasks, daa acquistion, and data interpretation o
help support future funding and collaboration opportunities.

User Fees:

Contact the lab manager for details about user fees. In general, user fees are applied only 1o actual beam time for instrument use and s1aff time.

Instrument Priorities:

ICAL seeks to accommodate all users who rely on high-quality, rapid turn-around results for both scademic research and research and development projects for industrial partners. The
lab manager helps d access by: a) with funded research projects; b) collaborations with academic colleagues; ©) contract work with industrial partners,
and d) education and outreach activities (class i class projects, study and thesis research projects, e1¢.). ICAL is a node of the National Nanotechnology
Coordinated Infrastructure program, and our mission Is to extend use of these instruments to suppart research acrass the STEM disciplines in academic and corparate research. Some
limited funds are available throwgh the NNCI/MONT NSF award to support pllat research projects, Please visit hitps://nanc.montana.edu) for details,

Remote Use:
Remote operation is not directly possible for any of the ICAL instruments. But in response to the COVID lockdowns, we have implemented use of real-time video delivery to allow external
users to ohserve analysis of their samples and to provide for direct and d king as the i proceed.

Sample Preparation:

Samples are typically analyzed "as received”. The AES operates under Ultra High Vacuum (UHV) so volatile materials should be avoided. Samples are commonly mounted on a conducting
matertal such as indium, a $i wafer, or TEM-style Cu grid, Samples are typically exposed to a gentle Ar beam application to remove sorbed environmental layers.

Standard Collections/Lab Blanks:

Standardization for AES analysis is difficult and not commonly done.

Software:

AES data collection provides retrospective analysis as every pixel of the image contains the full Auger spectrum,

Educational Use:

Class i are available for Class are available for K-12 Undergraduate student research projects are invited Graduate student research
projects are invited Tutorials and other educational materials related to the lab are available ICAL routinely offers class demonstrations and supports course projects across the STEM
disciplines, We encourage interested users to take our 10 hour shart courses in the operation of each instrument to become independent users of this facility as part of our professional
training program.




Thank youl!

National Nanotechnology
Coordinated Infrastructure
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