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INTERFACES

The Newsletter of the Center for Materials Research & Analysis at the University of Nebraska-Lincoln

Facility Focus (I): Multi-
purpose X-Ray System

By Brian Jones

A state-of-the-art multi-purpose X-Ray
diffractometer(XRD) system islocated intheCenter
for Materia sResearchand AnalysisX-Ray Materials
CharacterizationFecility. Thepurposeof thisacquisition
is to support the recently awarded NSF Materias
Research Scienceand Engineering Center (MRSEC)
grant,aswell asindividud investigatorsattheUniversity
of Nebraska by providing new capabilitiesaswell as
dramatically increasingresearchproductivity.

Thetotal cost of thesystemwas$360,000. 70%
camefromthefollowingfundedgrant proposa: Acqui-
sition of an X-Ray Diffractometer for Nanoscience
Research and Education, submitted to the National
ScienceFoundation’ sMgjor Research Instrumentation
(MRI) Program. The remaining 30%was shared by the
Centerfor MaterialsResearchand Anaysis, theCollege
of Artsand Sciences, the Department of Physics and
Astronomy, andthe Officeof theViceChancellor for
Research.

TheBruker-AXSD8Discover Diffractometer
systemincludesthefollowinghighlightedhardware:

* HI-STAR AreaDetector

* Centric¥+CircleEulerianCradle

* Laser/Video SampleAlignment System
* Hi-Flux InPlaneHardware

» Goebel Mirror

* VV-GrooveGeCrystal Monochromator
* Tilt Stage

» Domed Hot Stage

* Dua BeamPath Analyzer Module

The D8 Discover diffractometer system can

be easily reconfigured for thefollowing applications
not possible with currentinstrumentation:

continued on page 5

From the Director

Thisissue of Interfaces once again indicates the high
level of research activity in materials and nanoscience by our
faculty, studentsand postdocs. | will add tothedetailed reports
elsewhere afew recent developments of interest.

Our NSFMaterialsResearch
Science and Engineering Center
(MRSEC) hosted its annual two-day
Review and Symposium on Septem-
ber 23 and 24. Webenefitedfromthe
comments and suggestions of our
External Advisory Board including
Drs.Bill Gallagher (IBM), DexinWang
| (NVE), Shufeng Zhang (Missouri),
| Malcolm Stocks(Oak Ridge), and Ron

s Goldfarb(NIST). TheSymposiumwas
entitled “Emerging Challenges in
Nanomagnetics,” and featured invited talks by Shouheng Sun
(IBM), GeorgeHadjipanayis(Delaware), R. Ramesh (California-
Berkeley), DanRalph (Cornell), Scott Chambers (PNNL), Sankar
Das Sarma(Maryland), and ShanWang (Stanford). Bothevents
were stimulating and educational .

continued on page 4
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Recent Achievements of Center Researchers

Sigma Xi Honors to CMRA Faculty, Saff

and Sudents

Reuben D. Rieke (Chemistry), won the Outstanding Scientist
Award for the discovery and development of procedures for
preparing active metals, known as “Rieke Metals,” and for
investigations of the new chemistry these active metals have
made possible.

Ber nard Doudin (Physics) and Xiao ChengZeng (Chemistry),
wereselectedfor Outstanding Y oung Scientist Awards. Doudin
wascited for investigationsof thenovel magnetic and transport
properties of nanostructured nanowires and nanocontacts.
Zeng was cited for the discovery and investigation of novel
forms of water existing within confined spaces and for the
discovery of thenovel, metal like propertiesof nanometersized
silicon tubes.

Shelli Krupicka was selected for the Support of Research
Awardfor her outstanding and efficient work asadministrative
coordinator for the Center for MaterialsResearchand Analysis.
Hae-KyungJeongand Cheol-SooY ang, Graduatestudentsin
Physicsand Astronomy, wereselected for Sigma Xi Outstand-
ing Graduate Student Awards.

Best Paper Awards

B Thepaper, “ ExchangeCouplinginP(V DF-TrEE) Copolymer
Based All-Organic Compositeswith Giant Electrostriction,” by
J.Y.Li,aSPIE11thAnnual International Symposium onSmart
Structures & Materials, March 16, 2004, San Diegowassel ected
as best paper in Mechanics and Materials Systems. Physical
Review Letter 91, articlenumber 217601.

B Thepapers, “Nanomagnetics,” by R. Skomski, published
inJ. Phys.: Condens. Matter 15 No. 4, R109-R142 ( 2003) and
“Spin -Dependent Tunnelling in Magnetic Tunnel Junctions,”
by Evgeny Y. Tsymbal, publishedinJ. Phys.: Condens. M atter
15No. 20, R841-R896 ( 2003) were selected astwo of thebest

papersof 2003 in JPCM.

Degree of Doctor Honoris Causa

John Woollam was selected to receive the Degree of Doctor
Honoris Causa from Linkoping Institute of Technology at

LinkopingUniversity.

Recent Patents

Bernard Doudin, Cheol-SooY ang, Andr e Sokolov, Sy-Hwang
Liou,LuYuan,“Applicationof HighSpinPolarizationMaterials
inTwoTermina Non-V dlatileBistableMemory Devices,” Patent
#6,657,888,12/2/2003.

P.A. Dowben, “Boron-Carbide and Boron Rich Rhobohedral
Based Transistors and Tunnel Diodes,” United States Patent
6,600,177, issued July 29, 2003.

Peter A. Dowben, Shireen Adenwalla, Brian W. Robertson,
M engjun Bai, “Boron-CarbideSolid StateNeutron Detector and
Method of Using the Same,” United States Patent 6,771,730,
issued August 3, 2004.

Peter A.Dowben,AnthonyN.Caruso,and Y arodavL osovyj,“N-
Type Boron-Carbide Semiconductor Polytype and Method of
Fabricating the Same,” United States Patent 6,774,013, issued
August 10, 2004.

F. Namavar, “Nanocrystalline, Homometallic, ProtectiveCoat-
ings for Orthopedic Prosthesis,” U.S. Pat. Appl. Publ. 16 pp.
CODEN: USXXCOUS2003229399A 120031211 CAN 140:19917
AN2003:971784.

D.J. Sellmyer and C.P. L uo, “High Anisotropy Perpendicular
and Longitudinal Recording Mediaand Methodfor Their Prepa
ration,” Patent #6,555,252 B2, | ssued 4/29/2003.

Paper in Science

“Spinning Continuous Fibers for Nanotechnology,” by Yuris
Dzenis was published in Science on June 25; for details see
pages 8-9 (an abbreviated version of the published paper).

continued on page 4
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Zeng Named Guggenheim Fellow

Reprinted with permission from Scarlet (4/15/04), written by Kelly Bartling

Xiao Cheng Zeng, WillaCather Professor of
Chemistry, has received a prestigious John Simon
GuggenhemMemoria FoundationFellowshipfor 2004.
The 185 artists, scholars and scientists named in the
2004 United Statesand Canadacompetition were se-
lected from more than 3,200 applicants for awards

S metallic nanotube

totaling$6.9million.

Zeng' sfellowshipselectionisfor hisresearch
in novel nanostructure of silicon. Zeng in February
publishedapaper onsilicon nanotubesintheProceed-
ingsof theNationa Academy of Sciences. Itwashis
third paper inamajor international sciencejournal in
threeyears, twobeingonlow dimens ona water andice,
includingthediscovery of “ Nebraskalce,” inNaturein
2000 and 2001.

Zeng' sresearch hasfocused oncomputational
andtheoretical studiesof liquids, solids, thinfilms,inter-
faces, nanotubesand nano-clusters, withfurther interest
incomputati onal nanotribology and modeling of atomic
forcemicroscopy.

His UNL appointments are in the Center for
Materid sResearchand Analysis andintheDepartment
of Chemistry. Heearned hisbachel or’ sdegreeat Peking
University andhisPh.D. at Ohio StateUniversity. He
was hired at UNL in 1993. In 2002, he received the
appointment of Willa Cather Distinguished Professor

after earning full professor in2001.

Zeng sad hisfelowshipwill dlowforadditiona
timeandtravel tocollaboratewith hisresearch partner,
Hideki Tanakaof OkayamaUniversity in Japan, and
other scientistsin Asiawithwhomhehasworkedonthe
sliconnanotuberesearch.

“Thisgivesmeopportunitiestoexploremore
possibilitiesonthisresearchandtravel to collaborate
withmy partnersinHongK ong, Beijingandel sewhere,”
hesaid.

TheaverageGuggenheimfellowshipawardin
2004is$37,362, according to the Guggenheim press
release, whichfeatureZeng’ sresearchamong someof
itsmostinterestingand unique.

“l amreally fortunateto havebeen sel ectedand
singledout,” hesaid.” | d sohopethat thisreflectswell on
theUniversity.”

Thefellowshipisoneof severa notedinannual
Indicatorsof Quality reportsthat highlight data, factsand
figuresforinclusioninvariousquality reviews. UNL has
had only five other Guggenheim fellowssince 1962,
accordingto Guggenheimrecords. Past winnershave
includedHenry Baumgarten, Chemistry; Paul A. Olson,
English, 1962; Paul A. Johnsgard, Biological Sciences,
1970; Craig Eckhardt, Chemistry, 1979; andJm C. H.
Wang Chemistry, 2001.

Guggenheim Fellowsareappointed based on
di stingui shed achievement and exceptional promisefor
future accomplishment. What distinguishes the
Guggenheim Fellowship program from othersisthe
widerangeininterest, age, geography andinstitutionsof
thoseit selectsasit considersapplicationsin 79fields
fromthenatural sciencestothecreativearts. Many of
theseindividuals hold appointmentsin collegesand
universities with 87institutions being represented by
oneor moreFellows.

Scoresof Nobel Laureates, Pulitzer and other
prizewinners appear ontheroll of Fellows,including
Ansel Adams, Aaron Copland, Langston Hughes,
Henry Kissinger, VIadimir Nabokov, LinusPauling,
Martha Graham, Philip Roth, Derek Wal cott, James
Wartsonand EudoraWelty.



Center for Materials Research and Analysis Newsl etter

INTERFACES i

Recent Achievements,
continued

continued from page 2

Senior Honors Thesis Advisor Award
Susan Hallbeck wassel ected as Senior Honors ThesisAdvisor
for Jonathan M or se (Biological Systems Engineering) 2002-
2003, and Lawton Verner (Biological Systems Engineering)
2002-2003.

Student Awards

Theposter of Anthony Caruso, Andrew Harken, Ellen Day,
ShampaAich andJiheeKim wasselected asoneof thebest nine
out of 91 entriesin the Sigma Xi Graduate Student Research
Poster Competition, held on Wednesday, 21 April 2004 as part
of theUNL Research Fair.

National Engineering Conference in Lincoln
The Department of Engineering Mechanics and College of
Engineering, UNL hosted the41st Technical Conferenceof the
National Society of Engineering ScienceinLincolnfromOct. 10-
13,2004. Over 350 papersinall areasof engineering sciencewere
presented at the Conference. The Conferencewasco-Chaired by
two CMRA members, Dr. Joseph Turner and Dr. Y urisDzenisof
theEM Department withDean David AllenservingasChair. For
moreinfovisit: http://www.nuengr.unl.edu/ses2004/

The following CMRA-affiliated students have earned their
PhDs during 2003 and 2004: Aliekber Aktag (Physics, R. D.
Kirby), Jaeil Bai (Physics, X. Zeng), Tikhon Bykon (Physics,
X.Zeng),Y.Hu (Eng.Mech., R.Feng),H. Huang (Eng. Mech.,
R. Feng), Hae Kyung Jeong (Physics, P. Dowben), Alexei P.
L eonov (Chemistry, J.M. Takacs), MinghaoQin (Eng. Mech.,
Y. A. Dzenis), Steve Schuet (Chemistry, J. Belot), Valeriy V.
Smirnov (Chemistry, S.DiMagno), Y ongkui Wen (Eng. Mech.,
Y .Dzenis), XiangfaWu (Eng.Mech., Y . Dzenis), Cheol SooY ang
(Physics, B. Doudin), Liyong Yang (Eng. Mech., J. A. Turner).

Thefollowing CMRA-affiliated studentshaveearnedtheir M. S.
degreesduring2003and2004: Navid Attar zadeh (Mech. Eng.,B.
W. Robertson), S.Balaz (Physics, P. Dowben), Ravi Babu Billa
(College of Engineering, J.I. Brand), Shicheng Ding (Henry)
(Elect. Eng., R.J. Soukup), Dangquin Feng(Physics, P. Dowben),
Goutam Ghoshal (Eng. Mech., J.A. Turner), Jianxin Han
(Chemistry, J.M. Takacs), Yogesh Kane (Eng. Mech., JA.
Turner),DanLiu(Eng.Mech.,J.Li),Roshanak Nilchiani (Eng.
Mech., JA. Turner), Heliang Qu (Eng. Mech., J. Li), Vignesh
Ramakrishnan (Elect. Eng., R.J. Soukup), SathishRamamoor thy
(Eng.Mech., J.A. Turner), Negadip Rao(Eng. Mech.,J.Li),S.
Xue(Eng. Mech., R. Feng).

Brad Peterson (Physics, S. Ducharme) has earned his B.S
degree.

From the Director,
continued

continued from page 1

Another minisymposium, “ Biomedical Applicationsof
Magnetic Nanostructures,” wasorganized by Professor Diandra
L eslie-Pelecky and held hereon October 8, 2004. The speakers
and attendeesweretreated tothelatest research advancesinthis
field that bridges magnetic materialsand medicine.

| have been involved with several faculty and admin-
istrators from neighboring states in founding the Northcentral
States Nanosystems Consortium. A couple of meetings have
been heldin South and North Dakotawith theaim of promoting
collaborative research in materials and nanoscience in our
region. Several proposals already have been submitted, and a
series of web-based research seminars has been initiated.

A large group of Nebraska researchers attended the
Magnetism and Magnetic Materials Conference in November,
inJacksonville, Florida. TheNebraskacontingent presented 25
papers, one of the largest set from any university at this
conference.

| am sad to report the passing of our former colleague,
Professor Frank Ullman, of Electrical Engineering. Frank col-
laborated effectively over many years with Professor John
Hardy in Physics, and made many advancesin the understand-
ing of ferroelectric materials. Frank and hiswife Deb had lived
in Californiafor several years, near one of their daughters.

Anothertransitionisthat of Dr. JoannaClark, whowas
our Materials Specialistinthe CMRA Crystallography Central
Facility. Joannanow hastwo small children who need more of
her attention. Her contributionswill be missed.

Recently the NU Administration requested progress
reports on centers and programs supported by the Nebraska
Research Initiative. Thus| prepared and submitted reports on
CMRA, Nanoscale Materials for Information Technologies,
Quantum Information Technol ogy, and Nanosciencefor Energy
Technologies. Involved faculty havemadeimpressiveprogress
including obtaining about $82.5 million in external research
support since 1988, about 40 patents (about 1/3 of theuniversity
total inthepast four years), and growthin external support from
about $1 millionperyearto$8millionper year. Ourfaculty should
be gratified by their achievements.

Finally, CM RA administerstheNanoscal e Scienceand
Technology Program of Excellence supported by special fund-
ingfromtheUniversity. | am pleasedtoreport that seven of the
eleven faculty hires have been completed and a search is
underway for the eighth thisyear. Wewelcomethe three most
recent hires, Professor Ravi Saraf in Chemical Engineering, and
Professors Wonyoung Choe and Barry Cheung in Chemistry.
We are most grateful for the strong support of our research
programs by the university administration at all levels.

David J. Sdllmyer
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Facility Focus, continued

* Grazinglncidenceln-PlaneXRD (GIIXD)

* GrazinglncidenceXRD (GIXD)

» X-Ray Reflectivity (XRR)

* High-Temperature, Orientation SensitiveXRD
* High-ResolutionXRD (HRXRD)

* Texture(PoleFigures)

* Residual Stress

* Microdiffractionand Capillary Diffraction

Now this multi-purpose X-Ray system has
been put into use.

Figure 1. Multi-purpose X-Ray system

Facility Focus(ll):  Equipment
Upgrade in Electron Microscopy

By Xingzhong Li & Brian W. Robertson

Composition analysis of materidsinCMRA’ s
el ectronmicroscopes has been greatly enhanced by
the addition of the latest digital signal processors,
computers, and software, purchasedwith ONRfunds
from iXRF, Inc., to the X-Ray detectors on both the
SEM andthe TEM.

In the case of traditiona analog signal
processing, the preamplifier output signal isfurther
processed in the main amplifier to obtain the proper
pulseamplitudeand shape. Theoutput of theamplifieris
digitized withananal og-to-digital converter (ADC) and
fedintoahost computer for processing anddisplay.

Inthedigital system, all processingisdonewithin
thedigital module. Oncethepreamplifier signd isdigi-
tized, all further manipulation of thesigna islinear and

5

continued from page 1

noisefree. Digital filteringispreciseandreproducible
comparedwiththenon-ideal behavior associatedwith
anal ogcomponentsandfinitetolerance. Moreover, digi-
tal filtering is not constrained to those filter shapes
realizablewith physical components, therefore, pulses
areresolved better intimeand amplitudeto giveim-
provedthroughput, greater light element sengitivity, and
lower detectability.

The new system attached to the JISM 840A
SEM (seeFigure?2) providesvastly improved X-Ray
gpectrumacquisitionfromindividua locations, linesand
areas of samples. Inaddition, useof thenew systemwith
theSEM dlowsresearcherseasily toobtaincomposition
profiles and elemental and material phase maps and
simultaneousdigital images—all fromawWindowsXP
environment that makesdataprocessing, archiving, and
electronicfiletransfer by e-mail, ftp or web transfer
graightforward.

The new system on the JEM 2010 TEM wiill
allow better, morereadily quantified datatobeacquired,
especially for thelightest elements—down to atomic
number 4. At small cost, thissystem could befurther
upgradedfor lineprofiling of elemental composition,
acrossinterfacesfor example.

Figure2. Thenew systemattached
to the ISV 840A SEM.
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CMRA Welcomes Fereydoon Namavar - sycaudarsirhac

Asdirector of Nano-Biotechnol ogy at theUni-
versity of Nebraska Medical Center (UNMC) and a
professor intheDepartment of Orthopaedic Surgery and
Rehabilitation, Dr. Fereydoon Namavar takesabroad
perspectiveontheworld’ stiniest particles. Heisusing
nano-technol ogy tosolvesome*big” biomedical prob-
lems. Dr. Namavar isdevel oping new nanostructure
materia sanddiagnostictechniquesforinvitroandinvivo
applicationsto maximizethelifetime of orthopaedic
implantsand minimizethe
needforrevisonsurgery.

Morethan 500,000
jointreplacement surgeries
are performed in North
America each year. The
procedureinvolvesimplant-
ing a prosthesis with two
interfacing surfaces, onea
metal alloy and the other
plastic. Jointreplacementis
aremarkably successful procedurethat restoresmobility
to patients suffering from arthritis or injury, but the
devicesaren' tawaysdurableenoughfor activepatients
or heavier patients. And because people are living
longer, they often faceasecond replacement surgery.
These“revision” surgeriescanbemorepainful, more
expensiveandlesssuccessful thantheorigina surgery.

“If thenanocrystdlinesuperhard coatingsweare
devel oping canreducewear inorthopaedicimplantsand
extendthelifeof theprosthes's,wecouldeiminatemuch
patient sufferingand saveheadthcaredollars,” saysDr.
Namavar. Inaddition, thesenanocrystallinecoatings
havethepotential for evenbroader biomedical applica-
tions. “ Thistechnology couldhelp control bonegrowth
throughsurfacedesign, provideinfection-resistant coat-
ings for orthopaedic and dental implants, and much
more,” hesays.

Before coming to the UNMC in 2002, Dr.
Namavar was senior scientist and director of
Nanotechnol ogy at SpireBiomedical in M assachusetts
wherehedevel oped varioussuper-hard, wear-resistant
coatingstoincreasethelifetimeof bearing surfaces. His
research at Spire Biomedical had a wide range of
applications, rangingfromgeothermal drill bitstoortho-

Dr. Fereydoon Namavar

paedic artificid implants. Asamanager of Advanced S--
Based Technol ogy for Spire’ sOptoe ectronicsheworked
onfabricationof componentsfor optoel ectronicsinte-
gration of Si systems. In 1992 he led a group that
developed one of thefirst (nanocrystalline) Si-based
visbleheterojunctionLED’s.

A native of Iran, he earned aB.Sc. degreein
physics from Tehran University and later studied in
England. Heearned aDoctor of Sciencedegreewith
summacumlaudeinnuclear physicsanddidresearchat
thelnstitutefor Nuclear and Radiation Physicsat the
KatholiekeUniversiteitLeuveninBelgium. Hisbroad
scientificexperienceencompassesnuclear physics, ra
diation damage, radiation hard el ectronicsmaterials,
high-temperatured ectronicsmateria s, optoel ectronics,
waveguides, modulators, optical beamsteeringdevices,
thinfilmsandnanotechnology.

Dr. Namavar’ sNano-Biotechnology L abora-
tory islocated in the Scott Technology Transfer and
Incubator Center (STC) near theformer Ak-Sar-Ben
racetrackinOmaha. Histeamrecently purchasedanion
beam assisted deposition (IBAD) systemwhichcom-
bines physical vapor deposition with concurrent ion
beam bombardmentinahighvacuumenvironment. Dr.
Namavar’ sresearchincludes:

* Application of nanotechnology intotal joint
arthroplasty for: reducingthewear of orthopaedicim-
plants,and controllingthebonegrowththroughmaterial
andsurfacedesign,

* Devel opment of smartinfection-res stant coat-
ings for orthopaedics and dental implants.
In vitro and in vivo absolute wear measurements of
orthopaedicimplants,

* Devel opment of medical imaging technol ogy
by non-ionizingradiation.

Some of his accomplishments have been re-
portedinScientificAmerican(“Holey Silicon,” March
1992), The Wall Street Journal, Science, and other
publications. Hiscollaborationswith scientistsaround
theworld haveresultedinmorethan 150 publications
andsevera patents. Hispersonal interestsrangefrom
gardeningandclassica musictoarcheology andhistory.
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The research of Prof. Ducharme's group is
focused on the unique propertiesof ultrathinferroelectric
filmsof polyvinylidenefluoride(PV DF) copolymersmade
by Langmuir-Blodgett (LB) deposition. PVDF isacrys-
tallinepolymer similarinstructureto Teflon™, but witha
large permanent electric polarization, making it aferro-
electric (in anal ogy with the permanent magneti zation of
ferromagnetic materials). PVDF is widely used piezo-
electricmaterial for acousticand el ectromechanical trans-
ducers.

The ferroelectric polymer project started a de-
cadeagowithtwo of themost powerful tool sof science—
coincidence and opportunism. Ducharme and Prof.
Vladimir Fridkin of thel nstitute of Crystallography, Rus-
sian Academy of Sciences, Moscow, had just received a
grant from the National Science Foundation (NSF) to
develop the PV DF copolymersfor usein photorefractive
nonlinear optics. Meanwhile, Fridkin's associates Kira
Verkhovskaya and Alexander Bune, along with Serguei
Palto from the LB group of Lev Blinov, decided, against
the recommendation of their senior colleagues, to make
LB filmsfromthesepolymers. Now thiswasa'bad idea,’
becausevinylidenefluorideisnot agood amphiphile, has
ahydrophilic polar component, but no oily hydrophobic
component that would stabilizeit at thewater surface. The
results, however, were spectacular.

Alexander Bune, Fridkin’ sPhD student, cameto
Lincoln in 1995 with some of the first ferroelectric LB
filmsin his pocket. The datafrom Moscow and Lincoln
convinced the three teams that they had something spe-
cial. Therefore, withthe NSF spermission, they immedi-
ately abandonedtheoriginal plananddoverightintostudy
the unique ultrathin ferroelectric crystals. Among the
discoveriesreported by Buneet al., werethediscovery of
two-dimensional ferroelectricity and the first measure-
ments of the intrinsic ferroelectric coercive field and
intrinsic switching dynamics. This work was cited in
PhysicsUspekhi in 1999 asoneof 30 especially important
and interesting problems” in physicsand astrophysicson
the verge of the 21% century,” by editor V. L. Ginzburg,
who had developed the origina mean-field theory of
ferroelectric with L. D. Landau in 1946.

“Based on my experience and wisdom, | often
counsel studentsand junior colleaguesthat thismeasure-
ment is spurious, or that experiment won't work,” said
Ducharme, “ but our most excitingdiscoverieshaveproved
thecontrary.” Thiscontrarinesswasevidentinthediscov-

Research Spotlight: Stephen Ducharme

eriesof Bune, Choi, Borca, and, morerecently, Mengjun
Ba (PhD 2002). Mengjun showed a mottled-looking
atomic force microscope (AFM) image to Ducharme,
who pronouncedit®junk”, somemistakeduringannealing
usually smooth LB films. Bai not only showed that the
results were not junk, but that they were natural mesa
formations, 10 nm high by 100 nmin diameter, that form
spontaneoudly, by plasticcrystallineflow intheparael ectric
phase, during annealing of only the thinnest LB films.
These ‘nanomesas’ turned out to be highly crystalline,
oriented andferroel ectric, with propertiesnearly identical
to the bulk.

The nanomesas are the basis of novel
nanomechanics theories of CMRA member Jiangyu Li
(Engineering Mechanics), who has shown that careful
structuring of piezoelectric nanocomposites can lead to
electromechanical responsedramatically higher than any
of the individual components. Li shares an NSF
nanomanufacturing grant with Ducharmeandisjoinedin
the study of nanoscale ferroic composites. Li and
Ducharmeare joined by JohnBelot and Takacs, Y ongfeng
Lu (Electrical Engineering), and Mel, as well as Jerry
Bernholc (N. Carolina State) and Simon Phillpot (U.
Florida) in several new proposals seeded by a Research
Cluster Grant from the UNL Vice Chancellor for Re-
search.

Severa other groups joined in to study the
properties of these unique films. CMRA member Peter

Dr. Ducharme is making two-dimensional ferro-
electric films with the Langmuir-Blodgett.

continued on page 8
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Research Spotlight:Continued

Dowben’ sgroupin Physicsmade several key discoveries
of their own—a surface metallicity transition by Jaewu
Choi (PhD 1998) and a bulk stiffening transition by
Camelia Borca (PhD 2001), and STM imaging and
nanoscal e polarization manipulation by Jiandi Zhang (a
former post-doc) at Floridal nternational University. Neu-
tron and X-ray diffraction studiesled by CMRA member
Shireen Adenwalla (Physics and Astronomy) have ad-
vanced our understanding of thestructural transitions(like
thedtiffeningtransition), theinterplay among polarization,
structure, and electric field (M att Poul sen, BS 2000), and
couplinginmultilayers(JiheeKim, PhD candidate). Wai-
Ning Mei (UNO Physics) and his group have made
considerable progress in ab-initio cal culations that com-
pare well with Choi’s band-structure studies and Bai’s
precision IR-VIS-UV ellipsometry studies done in col-
laboration withthe J. A. Woollam Company. Jim Takacs
and his group in Chemistry have been synthesizing ana-
logues of PVDF that Poul sen has shown make better LB
films, yet remain good ferroelectrics.

Applied research with the ferroel ectric polymer
L B filmsincludesthedemonstration of aworking nonvola
tilememory element (Tim Reece, M S 2002) and devel op-
ment of alaser imaging technique, scanning pyroelectric
microscopy (Brad Peterson, BS2004). Alsocritical tothe
memory applications, Christina Othon’s PhD research
focuses on the study and control of extrinsic polarization
switching.

The CMRA and the Nebraska Research Initia-
tive have been very supportive of the ferroelectric poly-
mer research, enabling many important discoveries and
seeding several new projects that are already bearing
fruit. Thework hasbeenreportedwidely,inmajorjournals
like Nature, Physical Review Letters, and Applied Phys-
ics Letters, and at numerous international conferences.
External grant funding hasbeen provided by theNSF, the
Office of Naval Research, the Air Force Office of
Scientific Research, the Petroleum Research Fund, the J.
A. Woollam Company, and the Hewlett Packard Corpo-
ration.

Ducharme, a native of central Massachusetts,
earned aPhD in Physicsin 1986 with Jack Feinberg at the
University of SouthernCalifornia. Hewasan early recruit
tothe CMRA, joining thefaculty in 1991 after two years
withIBM, whereheand W. E. Moerner (now at Stanford)
devel oped thefirst photorefractive polymers. Ducharme
is now a full Professor and Vice Chair of the UNL
Department of Physics and Astronomy.

Spinning Continuous Fibersfor
Nanotechnology

Nanotubesof carbon and other materialsarearguably
themost fascinating nanomaterial splaying animportant rolein
nanotechnology today. Their unique mechanical, electronic,
and other propertiesare expected toresult in revolutionary new
materialsand devices. However, thesenanomaterial s, produced
mostly by synthetic bottom-up methods, are di scontinuousthat
leadsto difficultieswiththeir alignment, assembly, and process-
inginto applications. Partly because of this, and despite consid-
erable effort, aviable CNT-reinforced supernanocompositeis
yet to be demonstrated. Advanced continuous fibers produced
arevolution inthefield of structural materials and composites
inthelast decades. Fiber properties are known to substantially
improve with adecrease in their diameter. However, conven-
tional mechanical fiber spinning techniques cannot produce
fiberswith diameters smaller than about 2 micrometers. Most
commercial fibersare several timesthat diameter, owing to the
trade-offs between the technological and economic factors.

Electrospinning technology enables production of
continuous nanofibersfrom polymer solutionsor meltsin high
electricfields. A thinjet of polymer liquidisejected, elongated,
and accelerated by the electric forces. The jet undergoes a
variety of instabilities, dries, and is deposited on a substrate as
arandom nanofiber mat. There interest in the electrospinning
and el ectrospun nanofibers has been growing steadily sincethe
mid-1990s, triggered by potential applicationsof nanofibersin
the nanotechnology. Over a hundred synthetic and natural
polymers were electrospun into fibers with diameters ranging
from afew nanometersto micrometers (panel A).

The main advantage of this top-down
nanomanufacturing processisitsrelatively low cost compared
to that of most bottom-up methods. The resulting nanofiber
samples are often uniform and do not require expensive purifi-
cation (panels B,C). Unlike submicron-diameter whiskers,
nanorods, carbon nanotubes, and nanowires, the electrospun
nanofibers are continuous. Asaresult, this process has unique
potential for cost effective electromechanical control of fiber
placement and integrated manufacturing of two- and three-
dimensional nanofiber assemblies. In addition, the nanofiber
continuity may aleviate, at least in part, concerns about the
properties of small particles, which have begun to catch the
attention of the public [Washington Post, “For Science,
Nanotech PosesBig Problems” by Rick Weiss, Sunday, Jan. 31,
2004]. Nanofibers are expected to possess high mechanical
properties combined with extreme flexibility. The nanofiber
assemblies may feature very high open porosity coupled with
remarkabl e specific surfacearea. Usesof nanofibersincompos-
ites, protective clothing, catalysis, electronics, biomedicine
(including tissue engineering, implants, membranes, and drug
delivery), filtration, agriculture, and other areas are presently
being developed. Clearly thereisagrowing interest in the pro-

-- By Yuris Dzenis
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cess, but the results reported to date are centered mostly on the
empirical production and the proposed uses of polymer
nanofibers. At the same time, thorough understanding of the
mechanisms of jet formation and motion is needed for the
development of robust methods of process control. Analysisof
the electrospinning processis complicated by el ectromechani-
cal coupling, non-linear rheology, and unusual jet instabilities.
Some progresswasrecently made on modeling of jet initiation.
Steady-state spinning was model ed in the non-linear rheol ogic
regime important for polymer jets. Experimental observations
and modeling of bending (or whipping) instability produced a
major breakthrough in process analysis and understanding.
Theseinstabilitiesareresponsiblefor both rapid jet thinningin
this process and the resulting random nanofiber orientation.

Morerecently, three major breakthroughswere made
that areexpectedto havelastingimpact onthequality and scope
of the applications. First, several methods of nanofiber align-
ment were devel oped that can be roughly classified into meth-
ods "directing’ or suppressing jet bending instabilities. The
methods need to be further improved because most produce
only partial alignment, but theresultsshow promise. Alignment
canrevolutionizeexisting and help devel op entirely new appli-
cations of nanofibers. The modified methods demonstrate the
feasibility of integrated nanofiber manufacturing and placement
or assembly (panelsD,E) that can beextremely economicwhen
compared to the postprocessing methods that are currently
being developed for carbon nanotubes. In the second break-
through, the original process used with high polymershasbeen
modified and applied, incombinationwith sol-gel chemistry, to
produce continuous ceramic nanofibers. These nanofibers can
bebeneficial intheareasof catalysis, tough and high-tempera-
ture ceramics, active and sensing materials, and many others.
Nanocrystalline nanofibers such as the one shown in panel F
may lead to supertough ceramics. Along with the polymer and
polymer-derived carbon and ceramic nanofibers, the sol-gel
derived ceramic nanofibers provide a comprehensive
nanomaterial and nanomanufacturing platform for extremely
broad variety of applications. In the third breakthrough, a
method of co-axial electrospinning was devel oped and used to
producecontinuouscoated and hollow nanofibers. Thismethod
allows a single step production of continuous nanotubes or
nanopipes that complements the multiple-step template meth-
ods of tube production demonstrated earlier.

Despite considerable recent progress, serious chal-
lenges remain. Improved models of the process are needed to
achievebetter understanding of themechanismsof jet thinning.
In particular, thermal and mass transport within the jet in con-
junction with solvent evaporationis crucial for jet thinning,
solidification, and formation of nanofiber molecular structure.
The evaporation leads to inhomogeneous transient concentra-
tionand temperature profilesthat effect local rheological and
other properties of thefluid, and, therefore, jet thinning. The

major experimental challengeisto develop robust methodsfor
manufacturing extremely small nanofibers. Although diameters
assmall as3to 5 nanometerswerereported, nanofiberssmaller
than about 50 nanometers in diameter cannot currently be
produced uniformly and repeatedly for most materialssystems.
The effects of solvent evaporation and jet instabilities on the
diameter reduction needtobestudied morecarefully. Thorough
experimental analysisof thecomposition of theel ectrospinning
instability zonemay provideinsight onthetemporal and spatial
evolution of jet instabilitiesand jet thinning. Another needisto
model nanofiber deposition on substrates, both stationary and
moving, which canhel pimprovethenanofiber alignment using
the newly developed methods and may also lead to the devel-
opment of novel techniques. M ultiplejet el ectrospinning should
also be analyzed and jet interactions with each other aswell as
with the modified field configurations used in the alignment
methodsshoul d becharacterized and modeled. Multiplejetsare
critical for the scale-up of the nanofiber production process.
New elegant processes yielding high aeria jet densities are
expected to be devel oped. Analysis and implementation of the
combined methods involving ultrasmall diameter jets, align-
ment, and multiple jet spinning are expected to be especially
challenging.

Electrospun continuouspolymer, carbon, and ceramic
nanofibers have considerable advantages when compared to
the discontinuous carbon or other nanotubes or nanorods in
terms of the cost, health concerns, and the possibility of inte-
grated one-step manufacturing of assemblies. A fundamental
experimental and theoretical analysis of the process is needed
to develop flexible and reliable methods of fabrication of
nanofibers and their assemblies and composites.
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FIGURE (adapted from the perspective on materials science, Y. Dzenis, Sci-
ence, Vol. 304, 25 June 2004, 1917): (A) Comparison of commercial advanced
carbon fiber, one of the smallest advanced fibers available, and electrospun
continuous nanofiber. Comparison of (B) vapor grown commercial carbon
nanofibers and (C) electrospun carbon nanofibers showing substantially better
nanofiber uniformity and sample purity. (D and E) Examples of highly aligned
and spaced linear and orthogonal assemblies of continuous nanofibers produced
by the gap method of alignment developed by UNL. (F) Cross-section of pioneer-
ing continuous nanocrystalline zirconia nanofiber produced at UNL for poten-
tial applications in supertough ceramics.
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