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Welcome to the Fall 2006 National Nano Infrastructure
Network (NNIN) / Nano Coordinating Office (NCO)
newsd etter. The purpose of thisnewdetter isto highlight the
nano-rel ated cgpabilitiesof theUniversty of Minnesotafacilities,
present abrief introductionto afew of our users, and inform
you of futureevents.

NNIN iscurrently initsthird year of operation. Thegrantis
expected to run for fiveyears, with renewal for another five
yearsconsdered very likely. Thiswill bethefirst year that the
nodeswill beeva uated, with changesinfunding based ontheir
performance. Inmost areas, Minnesotahasdonewd |, witha
very largenumber of users. Our largest problemisapaucity in
thenumber of externa users, particularly academicresearchers.
Unlike Stanford and the east coast schools, wearenotina
region of the country with ahigh concentration of research
universities, so attracting this type of user is difficult.
Furthermore, becausewehave so many internd users, theratio
of externd tointernal, which NSF usesasaprimary yardstick
of our success, ishard to improve. Please recommend the
nano labsto colleagues—send Becky (vondi001@umn.edu)
contact information for anyonewho might beinterested in our
fadlities

Thisyear will seeachangeintheNCO aswell. TheUniversity
has allocated funding to improve the competitiveness of its
researchersworking in Nano. The nature of these changes
hasnot yet been fully worked out. Look for an updateinthe
January newdetter.
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Crack inlatex coating induced by plungefreezingintoliquid
ethane. Latex particlesareeongated to form pull-outs. Some
of them break into two parts. Publishedin Macromolecules
2006, 39, 5531-5539. Courtesy Xiaobo Gong and
ProfessorsL. E. Scrivenand H. Ted Davis.

Reminder: If your work uses CharFac, NFC, or PTL, please
add thefollowing in the acknowledgements section of any
publication: “Parts of this work were carried out in the
Minnesota (Characterization Facility, Nanofabrication Center,
or Particle Technology L ab) whichreceivespartia support from
NSF through the NNIN program.”

Nanotechnology News from the University of Minnesota is published by the
University of Minnesota's Nanotechnology Coordinating Office and made possible
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CHARACTERIZATION FAcCILITY NEWS

CHARFAC DIRECTOR'SM ESSAGE

CharFac Director,

! Greg Haugstad

We are excited to announce a new era of Raman
microscopy, one of several developments providing
spectroscopic chemical imaging. 1n Raman spectroscopy,
irradiation excites chemical vibrations. Changesinthe
wavel ength of the scattered light appear as spectral peaks
corresponding to different energies of excitation. Rather
thanimage one excitation, our new Witec confocal Raman
microscope allows collection of afull spectrumat each
pixel location, and in amatter of minutes. Thuscomplex
spectrd fingerprintscan berenderedinimages. User training
in Raman isnow being scheduled with staff member Dr.
Jinping Dong. Raman analyses have been performed on
specimens such as polymer-drug complexes, carbon
nanotubes in polymer matrices, geological silicates,
nanoparticles and self-assembled monolayers. Some of
thesefirst resultsarefeatured on the next page.

K eeping with thetheme of chemical imaging, wehighlight
other additionsto the CharFac: time-of-flight secondary ion
mass spectrometry (ToF-SIM'S), atomic force microscopy
intemperature-controlled digital pulsed force mode (T-
DPFM), and energy-filtered cryogenic transmission e ectron

(continued, top right)
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microscopy (cryo-TEM). The ToF-SIM Simages below (top)
areof gold and auminum linesgrown onsilicon. Inadditionto
selected demental masses (bright), onecan discriminate other mass
fragmentsat the surface (e.g., organic contamination). Aswith
Raman, full spectroscopicimaging can be performed: abroad
mass spectrum acquired at each location.

Whereas Raman and ToF-SIM S can spatially resolvedownto a
few hundred nanometers, AFM in T-DPFM can resolve below
100 nm. Thetip-sampleadhesionimage (below bottom) isof a
phase segregated blend of poly ethyl/methyl methacrylate (PEMA/
PMMA) heated abovethe glasstransition temperature (Tg) of
PEMA suchthat its“ stickier” (brighter) domainsaredistinguished
fromtheglassy PMMA. “Forcespectroscopy” imaging also can
be performed by measuring the distance-dependent tip-sample
forceat each pixel location. Such detailed analysesof approach-
retract cyclesmay be needed to clarify contrast mechanisms.

ToF-SIMSimagesof gold

== and aluminum linesgrown

on silicon. Si and Au

== atomic mass images
shown.

Si

W Tip-sample adhesion

image of a phase
- '100nmi
h‘i MMA

segregated blend of poly
ethyl/methyl methacrylate
(PEMA/PMMA) heated
abovetheglasstransition
temperature of PEMA.
Finally, anew 300-kV cryo TEM (FEI) will be operational by
early 2007. Thissystemincludes 3D reconstruction and energy-
filtered images (energy lossas €l ectron beam traverses specimen)
to better control chemica contrast. Check for moredetailsinour
winter newd etter.

StAFFNEWS

Dr. Stuart McK ernan hastaken apostioninthe central anaytical
labs of 3M. Wewish Stuart well in hisfuture endeavors. Upon
defending, Jngshan Dong will bejoining the CharFacin electron
microscopy with anemphasisoncryo TEM. Dr. Bing Liuisanew
postdoc working half-timein the CharFacin surface analytical
techniques (XPS, Auger, ToF SIMS).

www.nnin.org



CHARFAC FEATURED USsErRAND RESEARCH

Determining the Orientation and Dispersion of Electro-oriented Carbon Nanotubes Using

Raman Microscopy
Randy A. Mrozek, Advisor: T. Andrew Taton, Department of Chemistry, University of Minnesota

Single-walled carbon nanotubes (SWNTS) are conductors, and composites
of SWNTs and commodity polymers are conductive, processible materias
that are useful for avariety of technological applications. Because SWNTs
have such large aspect ratios, they form percolating, conducting networks
through the composite at very low (< 1 wt %) loadings. Conductivity can
be achieved at even lower loadings if the molten composite material is
poled in an electric field—such that the nanotubes are oriented to
electrically “short” the field gap—before it is cooled into its desired form.

Randy Mrozek, a graduate student working with Professor Andrew Taton
in the Department of Chemistry, has recently used the new WITec confocal
Raman microscope to characterize the dispersion and orientation of
nanotubes in poly(styrene-isoprene-styrene) (SIS) thermoplastic Randy Mrozek
elastomers. The instrument collects Raman spectra from individual, finite SLERT T 2 S

g . ... niversity of Minnesota
volumes and then maps specified peak intensities as two- or three-
dimensional images. The Raman spectrum of the bulk composite shows distinct peaks that correspond to SWNTSs
(G band, 1500-1600 cm*) and polymer (C-H, 2775-3000 cmrt). Asaresult, it was possible to construct independent

Raman images of the two components of the material. Because

400- the microscopeisconfocal, it canimage deep into the material,
and can collect Raman spectra as a function of depth (Z-scan)

340 or as X-Y cross-sections at a specific depth. As expected, the

£ g0 image of the polymer component showed equal concentration
3 throughout the sample. The image of the nanotubes, on the
g 3707 : | other hand, showed two interesting features: first, that the
“ 30- ii| nanotubes were successfully oriented by the applied field, as
A | I 1 shown by the vertical streaksinthe SWNT Z-scan image; and

e |y "iu o Ul second, that the field had also attracted the dispersed SWNTs
340d¢ b L L T to the sample surface. The intense Raman signal from the

0 1000 2000 3000 a000  hanotubes makes confocal Raman microscopy an idea tool
Wavenumber {cm”) to pinpoint the location and orientation of SWNTs in the

composite material. Randy expects to use this technique to
help determine the field requirements to produce alignment,
minimize migration, and lead to the production of bulk aligned
materials that exhibit anisotropic electrical and other material
properties.

Top: Raman spectrum of a SWNT-polymer composite. The
red peak is specific to SWNTSs, and the green peak to the
polymer matrix.

Bottom left: Z-scan (vertical dlice) image of the polymer
component.

Bottom right: Z-scan of dispersed SWNTSs.
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NANOFABRICATION CENTER NEWS

NFC DIRECTOR'SM ESSAGE

NFC Director,
Seve Campbell

This has been arather quiet period in NFC with regard to
significant changesin equipment or staff. Our Lab Manager,
Greg Cibuzar, discusses planned upgradesto our microfluidics
capabilitiesinhiscolumninthissection. Inaddition, aspart of a
successful $150,000 NNIN Major Research Instrumentation
Award obtained from NSFthisspring, wewill betaking delivery
of anew HS200A Optica Profiling System. Thissystem uses
confocal
microscopy and
andysstechniques
to enable non-
contact 3-
dimensional
surface imaging
with submicron
horizontal
resolution and a
vertical resolution
of several
nanometers. The
system will have

Confocal image of amicrofluidic flow
(continued, top right) channel from H-S.

NANOFABRICATION CENTERAT
THE UNIVERSITY OF MINNESOTA
1-165 Electrical Engineering/Computer Science
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www.nfcumn.edu
M ain telephone: 612-624-8005
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Steve Campbell, Director
Greg Cibuzar, Lab Manager
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an automated x-y stagefor detailed mapping of the surface.
Thesystemwill beanimportant tool for anyoneinterestedin
MEMS, microfluidics, critical dimensions, resist and etch
profiles, defect characterization and film topography. We
expect the system to be available later this fall. Go to
www.hyphenated-systems.com for moreinformation.

M I CROFLUIDICSPROCESSING

Microfluidicsisthe namegivento fluid-based devicesand
systems with features at the microscale. Examples of
microfluidic devicesincludeminiaturecapillary dectrophoress
arrays, DNA amplification systems, and blood processing
devices. Fabrication of thesetypesof devices can bedone
using materialssuch assilicon, silicon dioxide, and various
glasses, or organic polymerssuchasPDMS, polyimideand
SU-8. Inconjunctionwith agroup of faculty members, NFC
staff members are working to develop processes for the
fabrication of microfluidicsdevicesusngavariety of materids.
Aspart of thiseffort, we areadding equipment. Recently we
placed ordersfor two piecesof equipment that arecritical to
bonding the componentsof the microfluidicsdevicetogether.
Thefirgtisavigblelight flip chip bonder. Thistool will endble
the alignment and bonding of the device componentsto a
positional accuracy of two microns, and can handle samples
to 100mm sguare, with maximum temperature and applied
pressureof 400° C and 20kg equivaent. Inorder toimprove
the bonding of polymers, we are also purchasing a UV
processing chamber to treat the surfaces of polymerswith
ozoneprior tobonding. If you need asssancewithfabrication
of microfluidic devices, please contact usfor help.

SAFETY TRAINING

NFCisoffering safety training for new userstwiceeach month.
Onthefirst Thursday of every month, thetraining sessions
begin at 1:30PM, and on thethird Thursday of the month
sessionsheginat 10:00AM. Thetrainingincludeswatching
our safety video and taking abrief quiz. Also, aNFC staff
member providesatour showing someof the safety related
equipment and the gowning process used for the NFC
cleanroom. Finaly, thereistraining onusingthe Coral lab
software. The safety training takes about two hours to
complete, and must be done before userswill be granted
accessto NFCfacilities.

www.nnin.org



NFC FEATURED USER AND RESEARCH

Polymer MEMS and Microfluidic Biochip

Professor Euisik Yoon, Dr. Hyung-Kew Lee and Young-Ji Kim
Department of Electrical & Computer Engineering, University of Minnesota

Professor Yoon's research interest is on the integration of NEMS/
MEMS devices with interface circuitry on a single-chip platform. He
joined the University’s Department of Electrical and Computer
Engineering in the fall of 2005. Since then, he has established a few
biomedica applications of flexible polymer sensors and microfluidic
devices, which have been fabricated at the Nanofabrication Center
(NFC). Recently, his group has successfully implemented the multiple
stacking of polymers with embedded copper interconnection layers to
build an 8 X 8 tactile image sensor array for three-axis contact force
measurements (Fig. 1). This sensor allows the mapping of stress
distribution normal to the sensor surface as well as the shear stress
applied in the same plane. Professor Yoon isexploring many interesting
applications of this device such as artificial human skins in remote
surgery, virtual reality and transposing sensory systemsfor theimpaired.

Minsgi?:é;’:;m?gfoégrfgg Sc"gn?;uter The microfluidic biochip is another thrust of his group’s efforts to
Engineering realize the cell-based assay on a chip (Fig. 2). This prototype device

allows a high-throughput drug (or reagent) screening for the cells
captured in atwo-dimensional microwell array by selectively delivering adrug (or reagent) to thetarget microwells.
This chip employs the full electrical control which has the capability to manipulate cells a single cell resolution
by using el ectromagnetic forces. Theinitial applications of the device will focus on muscle stem cell differentiation
studies and cancer cell drug screening. This effort involves collaboration with researchers in the Stem Cell
Institute and Medical School here at the University. By combining Professor Yoon's previousindustrial experience
in Silicon Valley with the interdisciplinary collaboration of researchers at the Medical Schoal, it is expected that
some of the microfluidic devices coming out of his group’s work will be used in practical biomedical applications.
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Fig. 2 Microfluidic biochip for cell-based assay
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PARTICLE TECHNOLOGY LABNEWS

PTL DIRECTOR'SMESSAGE

Distinguished McKnight University Professor,
5 David Y.H. Pui

We havejust compl eted two successful short courses: Aerosol

and Particle Measurement (August 14-16, 2006) with 52

registrants, and Air and Gas Filtration (August 17-18, 2006)

with41 registrants. Thisisthe 31% offering of the M easurement

courseand the 10" offering of the Filtration course. Thisyear’s
courses attracted registrantsfrom Norway, Switzerland, Korea,

China, England, Germany, Canadaand the United States. The
M easurement course had two afternoons dedi cated to laboratory

sessionsat the Particle Technol ogy Laboratory and at TSI Inc.,

a co-sponsor of the course. Registrants learned the latest

advancesin instrumentation and measurement techniques. With

21 lecturersfrom around the country and overseas, it was our

annual reunion among friendsto reminisce and to discuss new

developmentsinthefield. Theregistrantshave expressedtheir

satisfactionwiththecourseofferings. Wehavefound cons stently

year after year that 80% of the registrants come asaresult of

recommendations by their colleagues who had attended

previoudy.

Our focus now turnsto the hosting of the International Aerosol
Conference, September 10-15, 2006, in Saint Paul, Minnesota

(continued, top right)
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(http://www.aaar.org/iac2006). We expect to have more
than 1,200 registrants from 40 countries attending this
conference. |AC 2006 isthe main event for international
aerosol associations and is held once every four years.
Aerosol isan enabling disciplinewith many applications,
including nanotechnol ogy, semiconductor manufacture, air
pollution, bioaerosol, global climatic effects, emissonsfrom
energy technologies, and environmenta hedthandinhalation
therapy. Theattendeeswill comefrom academia, industry
and government sectors. There will be nanotechnology
sessionsthroughout thefive-day conference, and atechnical
tour of the Particle Technology L aboratory, for which the
200 availablereservations have already beenfilled. The
Particle Technology Laboratory, a component of the
Minnesota node of the National Nanotechnology
Infrastructure Network (NNIN), isboth ahost and asponsor
of theevent. Wewill distribute printed NNIN flyersand
newdetterstothel AC registrants. Webdievethisconference
will hepinform many regisirantsof theNNIN ingenera and
theMinnesotanodein particular.

| AC 2006

The 7" International Aerosol Conference (IAC) will beheld
September 10-15 at the Radisson Riverfront Hotel in Saint
Paul, Minnesota. Theconference, co-chaired by David Pui
of the PTL and Gilmore Sem of TSI, Inc., issponsored by
theAmerican Association for Aerosol Research (AAAR) on
behalf of the International Aerosol Research Assembly
(IARA).

Theconferencewill feature:

e over 1,150 high-quality papersonthelatest aerosol
science and technology

o severd specidty symposaincluding aseriesof four
on nanoparticle-related topics

e I16tutoriastaught by expertsinthefield

e 23exhibitorsof instrumentation and other aerosol
research-related goodsand services

A tour of univerdty particle-related research will includethree
world-renowned centers - the Particle Technology
Laboratory, the Center for Diesel and Renewable Fuel
Research and the High Temperature and Plasma L aboratory
- dl located within the Department of Mechanica Engineering.

www.nnin.org



PTL FEATURED USER AND RESEARCH

A Novel Templating Route Towar ds Shaped Silica NanoparticlesWith M esopor osities
Fan Li, Advisor: Andreas Stein, Department of Chemistry, University of Minnesota

Silica nanoparticles with mesoporosity are of great interest due to their potential applications in enzyme
encapsulation, drug delivery and ascell markers. They cana so serve asbasic building blocksfor more complicated
porous materialsand as hard templatesfor porous structures with other compositions. Typically, the preparation
involves spontaneous nanoparticle growth with supramol ecular templating. However, dueto the complex, multiphase
interactions in such systems, process optimization to obtain size and shape control is challenging. In addition,
particle agglomeration usually isabig concernin this context.

Self-assembly is a simple but
efficient way towards 3D
nanostructured materials with
different morphologies. Many
complicated structures with
perfect ordering can be achieved
fromtheassembly of smpleunits.
In this project, we started from a
polymeric template via self-
assembly, and used it to control the | 1l ¢ o :
silica evolution. Through a - = ) e
template-controlled evolution, N | ' )
silica nanoparticles were formed
with well-defined shape and size
distribution. Because the
morphology evolution of
nanophased silicaisvery delicate
and extremely sensitive to the
experimental conditions, a :
detailed characterization is Third year graduate student Fan Li of the University of Minnesota’s

indispensable for thisresearch. Department of Chemistry

At the University of Minnesota Particle Technology Laboratory, a liquid suspension of the solid particles is
aerosolized and theliquid evaporated. Theresultant airborne nanoparticle sizedistributionischaracterized witha
scanning mobility particlesizer (SMPS). Theresolution and accuracy of the SMPSis better than 5% for particle
diameter and 10% for concentration. It can readily resolve the dried silica particles from the generally smaller
non-volatile residue particles coming from droplets not containing silica particles. This technique possesses
low-detection limit at ppb level with capability down to several nanometers. Thusthe silica particle evolution
process can be carefully monitored, which is very supportive to the mechanism analysis and also facilitates the
process optimization.

In summary, the templ ating-based strategy guaranteed uniform dimensionsand specified sizedistribution for the
resulting silicaparticlesand eliminated the agglomeration effect common in traditional syntheses. Theexploration
of different structural featureswith avariety of materialsisvery promising.
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The IT Characterization Facility mission relates directly to the core
teaching, research and outreach missions of the University.

Provide centrally accessible materials characterization instrumentation for
researchers, maintained and upgraded by experts.

Build, preserve and upgrade the knowledge and skills required for the optimal
operation and research capability of the instrumentation.

Teach University researchers to apply this instrumentation, knowledge and
skillsmost fruitfully.

Make the instrumentation, knowledge, skillsand training available to entities
external to the University of Minnesota, to a degree that does not detract from
the preceding mission clauses.

The Nanofabrication Center (NFC) is an interdisciplinary facility
supporting faculty and industrial research within the I nstitute of
Technology to foster education, research and industrial collaboration in
microelectronics and other related research involving nanofabrication.
Capabilities include:
- E-Beam, lonBeam & Mask Making

Optical Photolithography

Chemical VVapor Deposition

Metalization & Sputtering

Dry Etching

Annealing, Oxidation & Doping

Weafer Bonding, Polishing & Sawing

The Particle Technology Laboratory mission is to foster research and
educate students and the greater community in the areas of aerosol and
small particle research and instrumentation. Major facilities of the
laboratory include:

Cleanroom, wind tunnel, filter testing, plasmaand vacuum facilities.
Instruments for particle generation, measurement, sampling and analysisin
the 0.002 to 100 um diameter range.

Gas-, liquid- and surface-borne particle measurement instrumentation
Single-particle mass spectrometer

Bioaerosol sampling and measurement capabilities
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