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Computers don’t grow on trees, but with a 
little prodding from engineers, nature can 
produce computer components.

MSE associate professor Ray Phaneuf 
has developed a template nature can follow 
to produce “self-assembling” structures. The 
template causes atoms to be arranged in a 
defined pattern that can serve a variety of 
purposes—a semiconductor in a laptop, a 
component in a cell phone or a sensor in a 
wearable device.

The idea of self-assembly in nature 
has long been known—crystallization is 
one such process; the formation of shells 
into spirals is another. However, researchers 
have been limited to the designs that nature 
already knows how to make. Phaneuf ’s 
work introduces a man-made template that 
nature then follows, addressing a number of 
manufacturing difficulties.

“While we understand how to make 
working nanoscale devices, making things 
out of a countable number of atoms takes a 
long time,” Phaneuf said. “Industry needs to 
be able to mass-produce them on a practical 
time scale.”

The template process can be used by 
device manufacturers to mass-produce tiny 
components rapidly and efficiently, reduce 
costs, shrink device sizes, and improve devices’ 
functionality in ways previously not possible.

“The same template can be used 
thousands of times,” Phaneuf said. “This 
results in enormous savings.”

Phaneuf says his work is one step in a 
“cocktail” approach to computer assembly—an 
engineer’s dream in which one could “mix up” 
a computer the same way one mixes a drink.

“Imagine you shake up a cocktail and 
spill it onto a table,” Phaneuf said. “The 
liquid will collect in pools in a manner 
designated by nature.

“Now imagine that first you coated 
the table with wax and scraped a pattern 
into it. Now when you spill the liquid 
onto the table, it collects in the pattern 
you scraped into the wax—it assumes 
the form you want it to take. When we 
apply this idea to manufacturing nanoscale 
computer components, collections of atoms 
become ordered, accessible, controllable and 
reproducible—characteristics crucial to their 
use in high-tech devices.”

These devices could include those 
used in the growing field of quantum 
computing, which is believed to hold 
promise for carrying out exceptionally 
difficult mathematical processes, Phaneuf 
said. An application of the templates might 
be self-assembly of coupled quantum dots 
to form “qubits,” the building blocks of 
quantum computers. According to Phaneuf, 
templating could be used to make the 
manufacture of this highly complicated 
system more feasible: “Addressing individual 
qubits might be done optically, to get around 
the problem of trying to wire them all up.”

Templating for Directed Self-Assembly
PhANEuF gROuP RESEARCh, PRESS RELEASE gEt NOtiCED
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on radiation chemistry of chlori-
nated biphenyls at the 25th Miller 
Conference on Radiation Chemistry.

Our undergraduate program 
has received a large boost with 
the opening of the new Modern 
Engineering Materials instructional 
Laboratory, a cross-disciplinary 
undergraduate teaching lab in the 
Jeong h. kim Engineering Building. 
the lab is run by the MSE depart-
ment and used to teach fundamen-
tal concepts of materials science 
to a range of students, from fresh-
man engineers to upperclass-
men in MSE, Bioengineering and 
Mechanical Engineering. You can 
learn more about the lab and its  
facilities in this issue (see p. 3), and 
by visiting www.memil.umd.edu. 

if you are in the washington, D.C. 
area, please stop by and learn 
about all the new things that are 
happening. if you are an alumnus, 
please keep us informed on the 
changes in your career.

Robert M. Briber 
Professor and Chairman, MSE

templating, continued from p. 1

Phaneuf ’s work focuses on silicon and 
gallium arsenide components. Silicon is 
the prevalent material for components in 
computers while gallium arsenide is used 
more often in cell phones.

The templates are created using 
photolithography (a process akin to 
photography, in which the template is 
chemically developed after being exposed to 
light) and etching, or by “nanoscraping,” in 
which an atomic force microscope is used to 
selectively scrape the pattern into the template.

Phaneuf ’s work has generared a buzz 
from across campus to “across the pond.” A 
recent Clark School press release covering 
the work, titled “‘Nature-Made’ Computers,” 
has received wide attention from the media.  

2008 hAS 
BEEN A 
BANNER YEAR 
FOR thE 
DEPARtMENt 
OF MAtERiALS 
SCiENCE AND 
ENgiNEERiNg. 
Dr. oded Rabin 
has joined us as 
a new assistant 
professor (see 
p. 8), and also 
holds a joint 
appointment 
in the institute 
of Research 
in Electronics 

and Applied Physics. Dr. Rabin 
received his Ph.D. from Mit in 
2004 and held postdoctoral 
appointments at harvard Medical 
School at Massachusetts general 
hospital and at u.C. Berkeley. his 
research interests include new 
synthetic strategies to produce 
nanomaterials suitable for a range 
of applications including sensors, 
thermoelectrics, and markers for 
medical imaging diagnostics. 

Our faculty and students con-
tinue to win honors. Professor luz 
martinez-miranda was elected a 
fellow of the American Physical 

RoBERT m. BRiBER

Society with the Council of the 
APS citing her “for sustained 
achievements in recruiting, men-
toring, and advancing women and 
minorities in physics…” (see p. 8),  
and senior undergraduate maeling 
Tapp was one of 20 students 
selected nationally to receive an 
Accenture Scholarship (see p. 6). 
Dan Janiak, a MSE graduate stu-
dent, was named a Fischell Fellow, 
which will provide support for him 
to work his thesis project develop-
ing novel polymers that can sense 
specific viruses (see p. 6).

Exciting and successful research 
projects continue to emerge from 
MSE faculty labs. Professor Ray 
phaneuf’s work on directed self-
assembly was published in Physical 
review Letters (PRL, 2007, 97, 
126101) and has made headlines, 
including an interview on BBC 
Radio. Professor John Cumings 
presented an invited lecture at 
the 2008 March meeting of the 
American Physical Society on 
his work on artificial spin ice, a 
novel class of meta-materials (see 
p. 4). Professor ichiro Takeuchi 
and i both gave invited lectures 
at the 2007 Fall MRS meeting in 
Boston and Professor mohamad 
Al-Sheikhly presented his work 

It has been picked up by over 75 online 
and print news outlets around the world, 
including ComputerWorld, The Seattle Times, 
PC World, Semiconductor International, Sensor 
Magazine, and PhysOrg.com. The attention 
led to Phaneuf being interviewed for more 
in-depth stories on BBC Radio, on CTV76 
News (regional cable), in Nanomaterials 
News, and in the University’s own newspaper, 
The Diamondback.

For a technical overview of Phaneuf ’s work, 
please see our related research feature on page 4.

▲ professor RAymonD pHAnEuf (left) is 
interviewed by ctv76’s SAADiA vAn WinKlE 
(center) About his group’s  templAting 
reseArch.

mse grAduAte student yi qi from the cumings 
reseArch group shows A “metA mAteriAl” to 
university president dr. C.D. moTE, JR. on the 
nisplAb’s Jeol 2100f Atomic-resolution field 
emission trAnsmission electron microscope 
(fe-tem) displAy.   
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NiSPLAB wELCOMES uMD 

PRESiDENt, vPS FOR RESEARCh

University of Maryland President Dr. C. D. 
Mote, Jr., Vice President for Research Mel 
Bernstein and Associate Vice President for 
Research Development Ken Gertz recently 
toured the Nanoscale Imaging, Spectroscopy 
and Properties (NISP) Laboratory, the 
university’s premiere electron microscopy 
research and training facility serving the areas 
of chemistry, biology, geology, physics, mate-
rials science, and all of engineering. Assistant 
Professor John Cumings hosted the visits.

Cumings gave Berstein and Gertz an 
overview of the lab’s unique capabilities and 
new, cutting-edge equipment, including 
a JEM 2100 LaB6 transmission electron 
microscope (TEM) coupled with fiber optic, 
video-rate imaging, which allows scientists 
to observe devices and conditions both in 
situ and in real time; a new Hitachi SU-70 
field emission scanning electron microscope 
(FE-SEM)—the first of its kind installed 
in the U.S.—equipped with an energy-
dispersive x-ray spectrometer (EDS) used 
for elemental mapping; a JEOL 2100F 
atomic-resolution field emission transmission 
electron microscope (FE-TEM); and a JEOL 
JXA-89 electron microprobe equipped with 
a wavelength-dispersive x-ray spectrometer 
(WDS), used primarily in materials and 
geology research.

Cumings hopes their visit will contribute 
to the NISPLab’s goals. “Our desire is to a 
large extent to get the word out to attract 
new users, new benefactors, and new funded 
research projects,” he explains. “The Office of 

the Vice President for 
Research is a great 
place to centralize 
all of these efforts.” 
Contacts brought 
in by the UMCP 
Division of Research 
help support faculty 
and students using 
the lab.

Graduate students Yi Qi (MSE) and 
Kamal Baloch (Chemical Physics), and 
postdoctoral researcher Todd Brintlinger, 
demonstrated equipment and discussed 
recent research with Mote during his visit. 
Brintlinger highlighted the new FE-SEM’s 
ability to perform elemental mapping and 
capture color in realtime. Qi presented 
the group’s development and study of a 
new “meta material”—a manmade crystal 
designed to help researchers understand 
the behavior of ice (see p. 4)—while 
Baloch reviewed an ongoing project in 
thermal electron microscopy that will allow 
researchers to observe nanoscale devices as 
they are tested under varying conditions. 

NSF BOOStS NANOtECh 
CuRRiCuLuM

MSE Lab Coordinator Robert Bonenberger, 
Ph.D., MSE Professor and Chair Robert 
M. Briber, Department of Mechanical 
Engineering Associate Professor Hugh 
Bruck, Jaime Cardena-Garcia, Ph.D., and 
MSE Associate Professor Luz Martinez-
Miranda recently completed work on an 
NSF-funded project titled “Development 
of Educational Materials and Acquisition 
of Equipment for a Nanoscale to 
Microscale Engineering Laboratory.” The 
project, supported by the NSF’s Course, 
Curriculum and Laboratory Improvement 
(CCLI) program, was used to develop new 
laboratory experiments that effectively 
engage undergraduate engineering students 
in the scientific processes and exploration of 
concepts in nanotechnology. Work funded 
under the proposal also helped integrate 
significant advances in nanotechnology 
research with the undergraduate engineering 
laboratory curriculum through the 
development of a new teaching lab.

Two significant experimental systems 
were assembled to give students an enhanced 
laboratory experience: a pair of micro-tensile 
testers, used for determining the mechanical 
properties of micron-scale devices and 
materials; and an integrated nanoindentation/

scanning probe microscope (SPM) testing 
system, used for measuring the hardness and 
elasticity of materials at the nanoscale, and for 
imaging samples.

The equipment forms the core of the new 
Modern Engineering Materials Instructional 
Laboratory (MEMIL). Located in the Jeong 
H. Kim Engineering Building, the 2241 ft2 
facility serves as a shared undergraduate lab 
for materials testing and characterization and 
is used to accommodate the needs of multiple 
departments within the Clark School.

Bonenberger explained the importance of 
the new equipment to students’ educational 
experiences: “Materials’ properties are different 
at the micron and nanoscales—it seems 
like you have to rewrite the laws of physics. 
Things that are unimportant at the macro 
scale suddenly become very relevant. This 
equipment allows students to understand that. 
It also exposes them to concepts and tools that 
can be used for cutting edge research. It’s a 
hook to get them interested in materials.”

NANOCENtER highLY RANkED

Small Times ranked the Maryland 
NanoCenter #5 in education and #7 in 
research nationwide in its annual survey of 
trends in nanotechnology and microtechnol-
ogy in its 2007 May/June issue. 

The survey highlights UMD’s strengths 
in scanning probe microscopy, the major 
growth in microelectromechanical systems 
(MEMS) on the campus and research 
involving combinatorial nanomaterials 
engineering, nanoparticle synthesis and 
biotechnology. Further strengths include 
faculty hiring, new facilities, undergraduate 
work in MEMS and nano, and proximity 
to federal labs, according to the survey. The 
NanoCenter’s partnership with the National 
Institute of Standards and Technology and 
the university’s new Center for Nanoscale 
Science and Technology were also cited.

The NanoCenter is a joint initiative 
between the Clark School, the School of 
Chemical & Life Sciences and the School of 
Computer, Mathematical & Physical Sciences.

UM+clarkschoolNEWS
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ARtiFiCiAL SPiN iCE

Assistant Professor John Cumings

Water, and its solid form, ice, are among the 
most ubiquitous materials on the surface of 
our planet.  However, ice still carries many 
mysteries in its scientific understanding. For 
example, in its low temperature structure, 
the oxygen atoms show perfect crystalline 
order, but the hydrogen atoms (protons) 
are randomly arranged consistent with the 
so-called Bernal-Fowler rules. Briefly, these 
rules state that 1) two protons are strongly 
bound to each oxygen atom (“two in”) 
and 2) each oxygen atom is weakly bound 
to two protons from neighboring water 
molecules (“two out”). Unexpectedly, this 
simple rule does not give a single simple 
structure. Instead, there is a vast manifold 
of low-energy configurations of protons that 
all obey the two-in two-out ice rule, and 
the structure will in general exhibit disorder. 
Unfortunately, this disorder is difficult to 
study directly, and many of the remaining 
mysteries of ice pertain to it.

In my group, we are trying to unlock 
some of these mysteries by studying a 
magnetic analog to ice, dubbed “artificial spin 
ice” [1].  In the artificial material, nanoscale 
NiFe ellipsoids behave like individual 
permanent bar magnets. To fabricate the 
artificial ice, I and my group members, Yi Qi, 
Todd Brintlinger, and Stephen Daunheimer 
use nanolithography to pattern the ellipsoids 
on a periodic lattice with the nearest-neighbors 
interacting at a common vertex.  On the 
square lattice, the magnetic interactions 
influence the preferred magnetic configuration 
of nearest-neighbors to be two pointing in 
and two pointing out, showing the same basic 
ordering rules as ice.  The difference is that 
now we can actually image the configurations 
directly using electron microscopy.  

We have recently obtained notable 
results by changing from the square lattice to 
the triangular Kagome lattice (shown in the 
figure at right).  On the Kagome lattice, the 

featuredRESEARCH

tEMPLAtiNg FOR DiRECtED SELF-
ASSEMBLY

Associate Professor Raymond Phaneuf 

Recognizing that nature is capable of 
producing extremely large numbers of small 
scale structures at a rapid rate, a number 
of scientists suggested that a solution to 
the problem of creating high densities of 
nanometer scale structures is self assembly. 
One of the problems with implementing self 
assembly for nano-engineering is that one 
obtains only those structures that nature will 
provide. The ideal solution, which many 
researchers, including my research group at 
the Laboratory for Physical Science, are now 
pursuing, is called directed self assembly, 
where a template is fabricated to guide 
nature in deciding how to assemble very 
large numbers of structures quickly.

The template can be made in a number 
of different ways—lithography followed 
by etching is one of the approaches used 
in my group at present. We make many 
different patterns on a given substrate 
simultaneously, allowing the effect of the 
pattern length scale to be explored. An 
example is shown in the figure below, 
where defined pits of varying diameters and 
spacings onto a gallium arsenide surface 
have been created. Additional GaAs is now 
grown onto this template, and the effect 
of the length scale on how new structures 
self-assemble during growth is observed. 
We find that large period structures amplify 

during growth: the pits effectively grow 
deeper, while those whose period is below 
a certain characteristic size relax during 
growth. This characteristic size moves to 
larger values as we grow thicker films, and 
so eventually even large period structures 
relax, but the surface shows a transient 
instability. We’ve explored the temperature 
dependence, and find that the nature of 
the instability changes beneath ~540°C; 
rings of material form around pits during 
growth beneath this. We explain this change 
based on competing kinetic effects: one is 
associated with a barrier that atoms feel on 
diffusing across a step from above, which is 
important at low temperatures. The second 
is a faster collection of atoms by larger 
terraces, important at high temperatures. 
In future work, we’ll extend our patterns 
downward to nanometer dimensions.

In related experiments, we have 
patterned stepped silicon surfaces, and 
measured how the length scale of our 
pattern affects the self assembly of bunches 
of steps during heating in vacuum. Beneath 
a characteristic length scale bunches of 
straight steps form, while above this the 
bunches form near sinusoidal shapes, with 
the waviness of the bunches decaying at the 
same rate as the height.  This length scale 
is set both by the stiffness of the steps and 
their interactions.

References:

T. Tadayyon-Eslami, 
H.-C. Kan, L. C. 
Calhoun and R. J. 
Phaneuf, “Temperature-
Driven Change in the 
Unstable Growth Mode 
on Patterned GaAs(001).” 
Phys. Rev. Lett. 97, 
126101 (2006).

T. Kwon, R. J. Phaneuf 
and H. C. Kan, “Length-
scale dependence of the step 
bunch self-organization on 
patterned vicinal Si(111) 
surfaces.” Appl. Phys. Lett. 
88, 071914 (2006). PAttERNED gaAs(001) SuRFACE CONtAiNiNg ARRAYS OF CYLiNDRiCAL 

PitS, 50 NM DEEP, with vARYiNg DiAMEtER AND SPACiNg.
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A SELECtiON OF iNvitED LECtuRES BY MSE FACuLtY iN 2007-08

Sreeramamurthy Ankem

“the role of deformation twinning on creep of titanium Alloys.” with p.g. oberson. the 
6th pacific rim international conference on Advanced materials and processing, Jeiu island, 
korea, november 2007.

“the role of twinning on the room temperature creep behavior of titanium Alloys.” with 
p.g. oberson. 11th world conference on titanium, kyoto, Japan, June 2007.

Mohamad Al-Sheikhly

“kinetics of remediation of polychlorinated biphenyls (pcbs) induced by electron beam 
irradiation in Aqueous and Aqueous micellar solutions, and transformer oil.” 25th miller 
conference on radiation chemistry, buxton, united kingdom, April 2007.

“radiation-induced destruction of volatile organic compounds in Aqueous solutions by dual 
oxidation/reduction mechanisms.” prospects and challenges in Application of radiation for 
treating exhaust gases. international Atomic energy Agency (iAeA), warsaw, poland, may 
2007. 

“Advances in electron beam grafting of isopropylacrylamide (ipAA) to a  poly(ethylene 
terephthalate) (pet) membrane for cell sheet detachment.” 1st research coordination 
meeting of the international Atomic energy Agency  on development of novel Adsorbents 
and membranes by radiation-induced grafting for environmental and industrial Applications, 
vienna, Austria, november 2007.

Robert M. Briber

“soft matter and neutron scattering: An overview and future perspective.” plenary talk, 
American conference on neutron scattering, santa fe, nm, may 2008.

“folding of rnA, sAXs studies of a model system.” with s. moghaddam, J.-h. roh, g. 
caliskan, s. chauhan, l. guo, d. thirumalai, and s. woodson. materials research society, 
boston, mA, november 2007.

John Cumings 

“Artificial kagome spin ice.” American physical society march meeting, new orleans, lA, 
march 2008.

gottlieb Oehrlein

“plasma-surface interactions with Advanced polymers for nanoscale patterning of 
materials.” 60th Annual gaseous electronics conference, Aip, Arlington, vA, october 2007.

“studies of plasma-polymer interactions for nanoscale patterning of materials.” invited talk 
at the 6th eu-Japan Joint symposium on plasma processing in okinawa, Japan, April 2008.

Alexander Roytburd

“domain structure in thin films and multilayers.” American physical society march meeting, 
denver, co., march 2007.

“domain evolution in graded ferroelectric films.” mrs fall meeting, boston, mA,  
december 2007.

gary Rubloff

“is there vacuum in nano?” vacuum technology and coatings exposition, italian vacuum 
society, milan, italy, oct. 2007.

“visions of nano and micro.” fbk-irst colloquium, trento, italy, october 2007.

Joonil Seog

“unfolding and refolding behavior of rossmann fold integrin i domain measured directly 
using optical tweezers.” university of tokyo, tokyo, Japan, november 2007

ichiro takeuichi

“combinatorial discovery of a pb-free morphotropic phase boundary.” piezoceramic society 
of Japan meeting, tokyo, Japan, July 2007.

“combinatorial investigation of functional thin film materials.” Japan–u.s. workshop on 
materials informatics and combinatorial sciences, university of tokyo, Japan, July 2007.

“high-throughput investigation of soft-hard magnetic bilayers.” mrs, boston, mA, november 
2007.

“gradient libraries for development of new functional materials.” gordon research 
conference on chemistry at interfaces, waterville valley resort, nh, July 2008.

invitedLECTURES

artificial ice is observed to perfectly obey its 
corresponding “ice rule” (two-in, one-out; or 
one-in, two-out).  These results were recently 
published in Phys. Rev. B [2], and presented 
in lecture titled “Artificial Kagome Spin Ice” 
at the 2008 March Meeting of the American 
Physical Society. We are currently working 
to further understand the results through 
neutron scattering studies of larger arrays and 
by studying the effect of lattice imperfections, 
such as missing elements or lattice distortions.  
It is known that some types of lattice defects 
can remove the proton disorder from ice 
creating an ordered state, but little is known 
about why this occurs. In the near future, we 
hope to reproduce this ordering phenomenon 
in specially-modified artificial ice to learn why 
it occurs in real ice. 

References:

[1] R. F. Wang, C. Nisoli, R. S. Freitas, J. Li, W. 
McConville, B. J. Cooley, M. S. Lund, N. Samarth, C. 
Leighton, V. H. Crespi, and P. Schiffer, “Artificial Spin 
Ice.” Nature, 439, 303 (2006).

[2] Yi Qi, T. Brintlinger, and John Cumings, “Direct 
Observation of the Ice Rule in Artificial Kagome Spin 
Ice.” Physical Review B, 77, 094418 (2008).

(A) A tEM iMAgE OF thE ARtiFiCiAL SPiN 
iCE CREAtED BY thE CuMiNgS gROuP.  (B) 
A CLOSE-uP iMAgE OF A SMALL REgiON 
OF thE ARtiFiCiAL SPiN iCE.  EACh LiNk iS 
ONLY 500 NM iN LENgth.  (C) A LORENtz 
tEM iMAgE OF thE SAME REgiON AS (B).  
hERE thE MAgNEtiC DiRECtiON CAN BE 
DEtERMiNED BY thE BRight AND DARk 
LiNES iN EACh LiNk.  DESPitE ShOwiNg 
DiSORDERED CONFiguRAtiONS, EACh 
vERtEx OBEYS thE iCE RuLE.
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which there is currently no vaccine. He takes 
advantage of the Functional Macromolecular 
Laboratory’s relationship with the National 
Institutes of Health, using their facilities 
to cultivate the parvovirus capsids—non-
infectious shells—he needs for his work.

When he applied for the Fischell 
Fellowship, Janiak took his ideas a step 
further by explaining how his hydrogels 
could be incorporated into marketable 
medical devices and used to improve existing 
procedures. The entrepreneurial nature of the 
Fellowship, he says,  prompted him to “think 
outside the lab” and about the potential 
future of his work. He has even received 
business and product development advice 
from fellowship sponsor and alumnus Dr. 
Robert E. Fischell (M.S. ’53), the inventor 
of numerous biomedical devices.

The most rewarding outcome of his 
work, Janiak says, would be to see his 
polymers and techniques used in an industrial 
research setting to aid in vaccine development. 
“Any time you start a project you want to 
have some commercial application for it, and 
in our case I think vaccine purification is one 
of best ones possible.”

tAPP wiNS ACCENtuRE 
SChOLARShiP

MSE senior Maeling Tapp is one of fewer 
than 20 students nationwide to be named 
the recipient of an Accenture Scholarship. 
Accenture is a company that provides 
consulting, technology, research and 
outsourcing services to a variety of industries 
around the world.

According to the Accenture web 
site, the Accenture Scholarship Program 
For Minorities “was created to encourage 
minorities to pursue degrees in engineering, 
computer science, and a variety of programs 
related to information systems and decision 
or management sciences.” Recipients of the 
merit-based $2500 scholarships are chosen 
based on their GPAs, majors, extracurricular 
activities, and the quality of the essays they 
write as part of the application process.

studentNEWS

JANiAk NAMED 2007 FiSChELL 
FELLOw 

In the not-so-distant future, you may find 
yourself less likely to suffer from a viral  
infection thanks to more plentiful vaccines, 
have it treated more effectively if you do 
get one, or possibly even have viruses 
filtered right out of your blood. Materials 
Science and Engineering (MSE) graduate 
student Dan Janiak is working to make 
that happen, and a proposal outlining 
his solution, “VIPER: Solutions for Viral 
Diagnostics,” earned him the 2007 Fischell 
Fellowship in Biomedical Engineering.

The fellowship is a unique opportunity 
for talented and innovative graduate students 
interested in applied research and product 
design in the biomedical industry. It features 
a $35,000 12-month stipend, full tuition 
waiver, full health benefits, and is renewable 
for up to 5 years.

Janiak, who works in the Functional 
Macromolecular Laboratory and is advised 
by its director, Fischell Department of 
Bioengineering Professor Peter Kofinas 
(who is also appointed to MSE as an affiliate 
faculty member), is engineering polymers 
capable of recognizing and capturing 
specific peptides, proteins, and larger 
macromolecular structures—in his case, 

viruses. The polymers take the form of 
molecularly imprinted hydrogels, highly-
absorbent, water-insoluble substances that, 
he explains with a laugh, “look like pieces 
of Jell-O.”  The gels are imprinted with a 
specific virus’s shape. When molecules of 
that target virus are filtered though the gels, 
they—and only they—fit snugly into the 
imprint cavities and are trapped.

In diagnostic and treatment 
applications, the hydrogels could be used 
in blood tests as a means of detecting viral 
infection, and in hemodialysis, a process 
in which unwanted molecules are removed 
from the blood—probably best known as the 
waste-filtering treatment given to patients 
suffering from kidney failure. The hydrogels 
Janiak is developing could be used in new 
kinds of hemodialysis in which they would 
serve as tailor-made filters, catching blood 
borne viruses like HIV. Cleaned blood would 
be then returned to the body. While filtering 
cannot cure a viral illness, it can help 
patients feel better by removing viruses as 
they are produced by infected cells. This new 
technology could be integrated into existing 
medical equipment at a low cost to hospitals 
and other healthcare facilities.

Janiak’s work could also benefit vaccine 
production. When a vaccine, which is made 
from inactive virus particles, is produced, 
the particles that are needed must be 
separated from the biomass in which they 
reside. Currently, this is a time-consuming 
and difficult process.  According to Janiak, 
the biomass could be filtered through an 
imprinted hydrogel, which would trap only 
what is needed to make the vaccine while 
letting debris pass through. For this portion 

of his research, 
he is testing the 
effectiveness of 
the hydrogels on 
Human Parvovirus 
B19, a fever-and-
rash illness that 
typically affects 
babies, and for 

SAmplES of JAniAK’S impRinTED (REDDiSH-
BRoWn) AnD non-impRinTED (WHiTE/
ClEAR) HyDRogElS. THE impRinTED 
HyDRogEl oBTAinS iTS REDDiSH-BRoWn 
ColoR fRom THE TARgET molECulE, 
BovinE HEmogloBin.

DAn JAniAK    
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BANERJEE SELECtED FOR FutuRE 
FACuLtY PROgRAM

MSE graduate student Parag Banerjee 
(advised by Professor Gary Rubloff) was one 
of only 20 students from throughout the Clark 
School chosen to participate in this year’s 
Future Faculty Program. Banerjee will be part 
of the program’s second cohort of students.

The Future Faculty Program (FFP), 
launched in 2007, was created to prepare 
students for academic careers in top-50 
engineering schools by helping them hone 
their skills in areas such as technical and 
grant writing, curriculum development, 
teaching, research, oral presentations, 
and interviewing. The program includes 
seminars, a teaching practicum, and a 
research mentoring practicum, and takes 
3-5 semesters to complete. Participants are 
known as Future Faculty Fellows, and receive 
a supplementary stipend of up to $10,000 
over the course of the program. One half of 
the funds are reserved for travel to attend 
professional conferences.

Banerjee was motivated to apply to the 
program by its uniqueness. “None of the 

[other graduate] 
schools I applied to 
actually had such a 
program in place,” 
he says. “People talk 
a lot about going 
into academia, but 
when you ask them 
[about it], there’s a 
lot of tacit knowledge 
that they bring along 
with them, but that 
they were never 
trained in.”

Banerjee, who 
studies energy harvesting and energy storage 
devices in the Laboratory for Advanced 
Materials Processing, may seem to be on a 
path to professorship less taken: after earning 
his M.S., he worked in industry for 6 years. 
But, he explains, he had wanted to become 

members of the “new And improved” mrs university student 
chApter. top, l-r: professor lourdes sAlAmAncA-ribA (Advisor), 
susAn beAtty buckhout-white (vice president), erin robertson 
(president), enrique cobAs (student member). bottom, l-r: chris 
metting (treAsurer) And pArAg bAnerJee (secretAry).

a professor all along, and the delay was part 
of his plan: “Engineering is a very applied 
profession and if you want to become a good 
teacher you really have to appreciate how 
technology is put into practice in the real 
world. It was very important for me to go 
out and get some industrial experience, and 
then come back for the Ph.D. I think it will 
make me much more effective.” Participating 
in the Future Faculty Program is another 
part of his plan to become the best professor 
he can be. “I think this is a very powerful 
program that’s going to help us out in the 
long run.”

gRADuAtE SOCiEtY RECEivES MRS 
ChARtER

MSE Professor Lourdes Salamanca-Riba 
and graduate student Enrique Cobas 
accepted a Certificate of Charter on behalf of 
the Department’s Materials Science Graduate 
Society (MSGS) at the 2007 Materials 
Research Society (MRS) Fall Meeting. The 
charter officially recognizes MSGS, which 
is advised by Salamanca-Riba and MSE 
Assistant Professor John Cumings, as a 
university chapter of the society.

Membership in MRS, a national 
professional society, provides the group 
with a variety of benefits, including travel 
support for student 
members to attend 
society meetings, 
distinguished 
speaker support, 
special project 
grants, access to 
video archives, 
networking 
opportunities, 
and promotional 
materials for use at 
events.

“This charter is 
a great milestone for 
the MSG Society,” 
said its president, 

MSE graduate student Erin Robertson. 
“We have been an active society for two 
years now. We’ve been involved with setting 
up seminar speakers, inviting prospective 
employers to speak, hosting prospective 
student open house events, bike trips to 
Harper’s Ferry, and many others. Being an 
MRS chapter will open up new avenues for 
our members in terms of jobs, contacts, and 
access to research journals. We hosted a new 
membership drive in January 2008. I am 
very excited to see where the future of the 
MSG Society will go.”

MSE Professor and Chair Robert M. 
Briber credited Robertson and MSGS’s vice 
president Susan Beatty Buckhout-White, 
who were involved in the founding and  
organization of MSGS, with laying much  
of the ground-
work for the 
society’s success.
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facultyNEWS

RABiN JOiNS FACuLtY

The Department is pleased to welcome 
its newest faculty member, Assistant 
Professor Oded Rabin. Rabin holds a joint 
appointment with the Institute for Research 
in Electronics and Applied Physics (IREAP).

Rabin received 
his Ph.D. from 
the Massachusetts 
Institute of 
Technology (MIT) 
in 2004. His 
research program 
focuses on nanoscale 
structures and 
their interaction 
with their chemical 
and physical 
environment. 
His Materials 

and Interface Nanotechnology Lab will 
develop synthetic strategies to make useful 
nanoparticles, nanowires, and nano-
structured thin films.

Rabin’s research interests include 
chemical sensing and molecule-nanoparticle 
interactions; advanced materials for 
thermoelectric energy generation; applications 
of nanoparticles as biomarkers for imaging, 
diagnosis, and repair; porous anodic alumina 
scaffolds; and molecular and nanoparticle 
transport in microfluidic devices.

Before joining the Clark School, 
Rabin held postdoctoral positions with the 
Harvard Medical School at Massachusetts 
General Hospital, and with the University of 

California, Berkeley.

MARtiNEz-
MiRANDA 
ELECtED  
APS FELLOw

Associate Professor 
Luz Martinez-
Miranda (also 
affiliated with 
the Maryland 

NanoCenter and Graduate 
Program in Bioengineering) 
has been elected to Fellowship 
in American Physical Society 
(APS). The Council of the 
APS cited Martinez-Miranda 
“for sustained achievements 
in recruiting, mentoring, 
and advancing women and 
minorities in physics; for engaging K–16 
students in the excitement of research; and for 
being a superb role model through her elegant 
research to understand liquid crystal systems 
and further their application.”

Founded at Columbia University in 
1899, APS has 46,000 members and is the 
publisher of Physical Review Letters, the top 
physics journal in the nation. APS Fellows 
constitute no more than one half of one 
percent of the total membership.

Martinez-Miranda’s primary areas of 
research are in liquid crystals for biological 
studies and general engineering applications 
(displays and other devices), and X-ray 
scattering techniques of liquid crystal and 
other materials. She is currently studying the 
interaction of liquid crystal with nanoscale 
materials. Since nanometer-sized liquid 
crystal phases are found in the cell walls of all 
living creatures, her studies have implications 
in the healthcare field and the study of 
biological interactions, particularly where 
nanoparticles are used as carriers for the 
delivery of treatment.

Martinez-Miranda joined MSE (then 
the Department of Materials and Nuclear 
Engineering) in 1995, and contributed to 
the creation of its undergraduate program, 
including the design of two of its junior 
year materials labs. She has continued her 
involvement with MSE undergraduates, 
serving as one of the department’s advisors, 
and is active in mentoring-oriented 
programs such as the University’s Materials 
Science and Research Engineering Center’s 
Research Experience for Undergraduates 
(MRSEC REU), and the Alfred P. Sloan 
Foundation’s efforts to increase and support 

underrepresented American 
minority Ph.D. students 
in math, science and 
engineering. She was part 
of a team that recently 
completed a NSF-funded 
project to develop new 
laboratory experiments 
that effectively engage 

undergraduate engineering students in 
the scientific processes and exploration of 
concepts in nanotechnology. (See related  
story, p. 3.)

BRiBER tEAChES NEw “MARquEE 

COuRSE”

MSE professor and Chair Robert M. Briber is 
teaching one of the University of Maryland’s 
new Marquee Courses in Science and 
Technology. The primarily 100-level courses, 
which fulfill undergraduate CORE require-
ments, are aimed at non-science majors and 
examine science and technology’s roles in his-
torical and contemporary issues, including 
energy, the environment, and medicine.

Briber’s course, ENMA 150: The 
Materials of Civilization, covers the role of 
materials throughout history to the modern 
day, providing students with an understand-
ing of the basic science that controls material 
properties and insight into the future of tech-
nology based breakthroughs in the materials 
that are driving the fields of nanotechnology, 
nano-medicine, microelectronics and biomate-
rials. The course includes a variety of hands-on 
demonstrations and guest speakers.

“Teaching this course is really enjoyable,” 
says Briber. “I have a broad selection of stu-
dents in my class and every lecture is a stimu-
lating experience, with wide ranging questions 
and a lot of discussion. We’re exploring how 
advances in materials are often directly coupled 
to advances in civilizations throughout history. 
It’s a combination of learning about materials 
and the development of technology.”

For more information on the Marquee 
Courses, visit marqueecourses.umd.edu.

oDED RABin

luZ mARTinEZ-miRAnDA

RoBERT m. BRiBER
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OEhRLEiN StuDiES 
PLASMA/wALL 
iNtERACtiONS ON 
SABBAtiCAL

Professor Gottlieb Oehrlein 
was a guest faculty member of 
the Materials Research Division 
at the Max-Planck Institut für 
Plasmaphysik (IPP) in Garching, 
Germany during his 2007 sabbatical. He was 
invited to participate in a project conducting 
research on plasma-materials interactions for 
fusion reactor design because of his expertise in 
plasma-surface interactions.

In nuclear fusion, two deuterium atoms 
(hydrogen isotopes) fuse to form helium 
atoms while simultaneously releasing energy. 
The creation of fusion reactors used to pro-
vide a clean, inexhaustible source of energy 
and has been a goal of physicists around the 
world for over 50 years. Progress, Oehrlein 
explains, has been slow but steady. Current 
approaches being considered involve the use 
of two hydrogen isotopes called deuterium 
and tritium, which fuse to produce helium 
and a neutron. Deuterium, derived from 
water, and tritium, derived from a neutron/
lithium reaction, are plentiful. Tritium, while 
radioactive, has a distinct advantage over ele-
ments currently used in nuclear fission: its 
half-life is only 12 years. While that may seem 
like a long time, it’s an instant compared to 
the half-lives of various isotopes of plutonium 
(about 25,000 years for plutonium-239) and 
uranium (greater than 240,000 years).

In 2008 the construction of the 
International Thermonuclear Experimental 
Reactor (ITER) began in Cadarache, France. 
The ITER project is an international collabo-
ration performed under the auspices of the 
International Atomic Energy Agency, and is 
scheduled to begin plasma operation in 2016. 
The ITER reactor is not meant to produce 
energy for commercial consumption, but to 
enable systematic studies of a fusion plasma 
reactor under conditions that are required for 
future fusion-based power plants.

The materials used for 
crucial components of its 
design, however, have not 
been finalized. In order to 
produce its projected 500 
megawatt output of energy, 
its hydrogen gas fuel must 
be superheated into plasma, 
establishing conditions simi-
lar to that inside of a star. 

In research conducted so far, contamination 
of the plasma and plasma interaction with 
the reactor walls—in particular with carbon 
fiber-based plasma-facing components—have 
presented challenges for the scientists working 
on the project.

Oehrlein’s extensive experience studying 
plasma-surface interactions with hydrocar-
bon-based photoresists in his plasma etch-
ing research at the Laboratory for Plasma 
Processing of Materials made him a natural 
choice for a project team member, and, he 
says, he will be able to continue some of the 
work at the University of Maryland.

Oehrlein chose his sabbatical project 
for its potential, quality and challenge. “The 
Max-Planck Institut für Plasmaphysik is one 
of the leading centers in the world focused 
on the development of suitable materials and 
plasma-facing components for fusion reac-
tors,” he said. “My sabbatical enabled me to 
gain an overview of an important technology 
that has some connection with my current 
work, and understand the scientific questions 
that matter. Working with my colleagues 
at Garching has enabled me to make a very 
important scientific contribution in this new, 
promising area. My stay at IPP also enabled 
me to become familiar with important inter-
national activities and current problems rel-
evant to fusion devices, and could provide an 
evolutionary path for my research.”

“I am very thankful to the University 
of Maryland for enabling this sabbatical,” 
Oehrlein added, “and also to the IPP for host-
ing me. It is difficult to imagine a research 
institute that would have been more welcom-
ing, fun and suitable for achieving my goals.”

oEHRlEin’S plASmA-SuRfACE 
inTERACTion STuDiES

in one set of eXperiments 
performed by pRofESSoR oEHRlEin 
And colleAgues T. SCHWARZ-
SElingER, K. SCHmiD, m. SCHlüTER And 
W. JACoB At mAX-plAnck-institut für 
plAsmAphysik, gArching, germAny, 
the interAction of quAntified 
deuterium (hydrogen) Atom beAms 
with hArd A-c:h (A-c:d) films wAs 
studied At A substrAte temperAture 
of 320 k. the results of this work 
provide new insights on this 
Aspect of the interAction of A 
deuterium plAsmA with plAsmA-
fAcing componenents (pfc) bAsed 
on cArbon. film modificAtion And 
erosion were investigAted in reAl-
time by ellipsometry in An ultrAhigh-
vAcuum pArticle-beAm setup At 
gArching. the chAnge of deuterium 
(d) AreAl density As A function 
of d (h) Atom beAm eXposure time 
wAs meAsured ex situ by nucleAr 
reAction AnAlysis with 3he ions At 
690 kev.

oehrlein And colleAgues were Able 
to distinguish three sequentiAl 
stAges of d (h) interAction with 
hArd A-c:h (A-c:d) films. the first 
stAge is isotope eXchAnge of the 
hydrogen isotopes in the film 
with those from the beAm. the 
first stAge is relAtively fAst And 
eXtends to A depth of ≈1.5 nm from 
the surfAce. it is completed After 
After A totAl hydrogen fluence of 
≈2x1018 cm-2 And corresponds to An 
eXchAnge of ≈5x1015 Atoms cm-2. the 
cross-section of isotope eXchAnge 
determined is equAl to thAt of 
hydrogen AbstrAction from  An 
A-c:h surfAce. this is followed 
by creAtion of AdditionAl c-d 
(c-h) bonds At An AreAl density 
of ≈3x1015 cm-2 in the neAr-surfAce 
region. A soft A-c:d lAyer with A 
thickness of ≈1.5 nm is formed, And 
its formAtion is complete After A 
totAl hydrogen fluence of About 
2x1019 cm-2. during the third stAge, 
steAdy-stAte erosion of the A-c:h 
film is seen. in this phAse, the soft 
A-c:d lAyer with roughly constAnt 
thickness (≈1.5 nm) remAins At the 
film surfAce And is dynAmicAlly 
reformed As the underlying hArd 
A-c:h (A-c:d) becomes thinner. the 
current results on d (h) Atom/A-
c:h (A-c:d) film interActions provide 
new insights on the consequences 
of long-time plAsmA eXposures of 
pfcs which Are relevAnt to future 
plAsmA systems operAted under 
steAdy-stAte conditions.

inDEPTH

goTTliEB oEHRlEin
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MSE FACuLtY CONtiNuES tO 
PRODuCE “RESEARCh LEADERS”

MSE professors Robert M. Briber, John 
Cumings, Ray Phaneuf, Gary Rubloff, 
and Lourdes Salamanca-Riba were among 
the university faculty members recently 
recognized for their efforts in bringing 
sponsored research dollars to campus. This 
is the second year in a row that MSE has 
produced five Research Leaders—one-third 
of its full-time faculty.

Briber (MSE Chair) was recognized 
for his project with the National Institute 
of Standards and Technology Center for 
Neutron Research on using cold neutron 
scattering spectroscopy to characterize a 
range of advanced materials. These materials 
encompass functional materials, hydrogen 
storage materials, fuel cell membranes, 
nanoparticles, and soft materials, as well as 
many others.

Cumings receives funding from 
Agilent Corporation, the National Science 
Foundation, and the University of Maryland’s 
Materials Research Science and Engineering 
Center (MRSEC). His research focuses on 
using electron microscopy to uncover the 
behavior of nanomaterials and nanodevices. 
The electron microscopes recently acquired 
by the NISPLab make his work possible. In 
particular, the new JEOL-2100 microscope 
has the capability to image magnetic fields 
in nanostructures in real-time while dynamic 
processes, such as passing electrical current 
though the structures, occur.

Phaneuf received a grant from the 
National Science Foundation to extend his 
studies of patterning in probing unstable 
growth on GaAs surfaces down to the 
nanometer scale using electron beam 
lithography. This will be complimented 
by kinetic Monte Carlo simulations to 
determine the atom-scale mechanism leading 
to the transient instabilities he and his group 
have identified. Phaneuf has continuing 
support through the NSF on a NIRT project 
with MSE Professor Gottlieb Oehrlein, 
Professor David Graves at UC-Berkeley, 
and Professor Grant Willson at UT-Austin 
on resist-plasma interactions; and the 
UM-MRSEC on quasi-1D organic electronic 
interfaces. He is supported by the Laboratory 
for Physical Sciences to carry out work using 
metal nanoparticles to enhance interactions 
with light, including fluorescence, energy 
harvesting, and metamaterials.

Rubloff (MSE, ISR and Director, 
Maryland NanoCenter) is one of a group of 
Clark School faculty members that continues 
to receive funding from the Robert W. 
Deutsch Foundation to develop a nanoscale, 
microfluidic biochip that can serve as a 
tiny drug discovery laboratory. He and a 
cross-disciplinary team of colleagues were 
also recently awarded the National Science 
Foundation’s newest and most competitive 
grant for Emerging Frontiers in Research 
and Innovation in Cellular and Biomolecular 
Engineering (EFRI-CBE). Rubloff has 
also been responsible for a number of large 
awards in his role as NanoCenter Director, 

including multi-investigator Federal grants 
and the State’s Sunny Day funding.

Salamanca-Riba is a member of the 
NSF-funded Materials Research Science and 
Engineering Center (MRSEC). Her research 
at the center focuses on the characterization 
of ferroelectric and ferromagnetic materials, 
including nanocomposites. She was also the 
PI of the Materials Research Instrumentation 
proposal for the acquisition of analytical 
instrumentation for the electron microscopes 
in the NISPLab. She uses the microscopes 
extensively for research and teaching.

AL-ShEikhLY iNvitED tO 
iNtERNAtiONAL CONFERENCE

The Brazilian Association for Nuclear Energy 
(ABEN) invited MSE professor Mohamad 
Al-Sheikhly to be a guest speaker at a 
“triple conference” that included the 2007 
International Nuclear Atlantic Conference, 
the 8th Meeting on Nuclear Applications, 
and the 15th Meeting on Reactor Physics 
and Thermal Hydraulics. The event was held 
September 30th to October 5th, 2007, in 
Santos, SP, Brazil.

Al-Sheikhly participated in a Round 
Table titled “Future Trends of Nuclear 
Applications: Nanotechnology, Nuclear 
Medicine, Radiation Processing and 
Radioisotope Technology.”

RuSh ELECtED NSSA FELLOw

Adjunct professor Dr. John J. Rush was 
chosen as one of nine inaugural Fellows of 
the Neutron scattering Society of America 

(NSSA), out of over 1000 
members. The citation 
reads: “For a career 
of visionary scientific 
leadership in promoting 
the field of neutron 
science in the U.S.” For 
the past two years, Rush 
has been engaged in joint 
research with scientists 
at the NIST Center for 

facultyNEWS continued

Al-SHEiKHly CumingS RuBloff SAlAmAnCA-RiBA
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recentGRADUATES

2007-2008 B.S. gRADuAtES

elyse canosa

Joshua davis

michael dollinger

colin heikes

Abiodun osho

christina senagore

maeling tapp

Alvin wilson

2007–2008 Ph.D. gRADuAtES

Jason hattrick-Simpers: A combinatorial investigation of 
magnetostriction. Advisor: ichiro takeuchi

Alia weaver: ionizing radiation-induced copolymerization of 
2-ethylhexyl Acrylate and Acrylic Acid and ionomer formation. 
Advisor: Al-sheikhly

Joon hyuk Yang: the Attachment and characterization of dnA 
probes on gaAs-based semiconductor surfaces. Advisor: Al-sheikhly

De-hao tsai: understanding electric field-enhanced transport for 
the measurement of nanoparticles and their Assembly on surfaces. 
Advisor: Zachariah

Jung-Chul An: synthesis, characterization and kinetic studies of 
ionizing radiation induced intra and inter crosslinked polyvinyl 
(pyrrolidone) nanohydrogels. Advisor: Al-sheikhly

studEntAWARDS

uNDERgRADuAtE AwARDS FOR 2007-2008

learn more about these students at: 
www.mse.umd.edu/undergrad/profiles

Chairman’s Outstanding Senior Award: maeling tapp

Outstanding Materials Student Service Award: christina senagore

the Department of Materials Science and Engineering Student 
Research Award: colin heikes

Neutron Research (NCNR) investigating the 
key properties of metal hydrides and new 
coordination framework compounds.

ChRiStOu DESigNS BEttER LASERS 
FOR thREAt DEtECtiON

MSE Professor Aris Christou has developed 
a new way of building solid state, tunable 
surface emitting lasers capable of detecting 
multiple biological and chemical threats in 
the atmosphere. The lasers could be used 
to improve existing environmental safety 
devices, and can be mass-produced at current 
manufacturing facilities. 

The lasers Christou works with are built 
at the nano- and micron scales, and are similar 
to those used in fiberoptic networks and 
small electronics. The light they emit is in the 
infrared range, invisible to the human eye. 

Christou uses a technique called 
molecular beam epitaxy to “grow” his 
lasers from the bottom up by depositing 
one molecular layer of material at a time. 
Ultimately, thousands of tiny lasers, called 
“mesas” because of their shape, rise up from 
the surface of an indium-gallium-arsenide 
wafer to a height of one micron—thinner 
than a sheet of paper. 

Christou’s new lasers overcome two 
major stumbling blocks: spanning 3-6 
microns in wavelength, they make headway 
into the critical 3-20 micron range required 
to detect chemical and biological agents; 
and are individually tunable, meaning 
their wavelengths can be adjusted. This 
could greatly improve the flexibility and 
effectiveness of the devices people use to scan 
for hazardous materials.

Christou and his colleagues presented 
their work in late 2007 at the SPIE Europe 
Remote Sensing Conference in Florence, 
Italy. Christou was also invited to present 
his work as a late paper at the Photonics 
West conference. The project was funded 
by the NASA Space LIDAR Technology 
Center under the UMD-NASA Cooperative 
agreement.
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innovations, applications and opportunities 
engineering has to offer with female high 
school students and their families.

Flanagan and McCann discussed how 
they became interested in materials science 
and engineering, how the MSE program 
prepared them for their current positions, 
the career outlook for materials scientists, 
and why they felt young scientists should 
consider majoring in MSE.

ALuMNi: PLEASE SEND your NEwS tO 
bioechemmse@umd.edu OR flevine@umd.edu.

mSE Alumni pRESEnT AT WiE 
ConfEREnCE

MSE alumni Erin Flanagan (B.S. ’06) 
and Chandler McCann (B.S. ’05) spoke 
to a standing-room-only crowd about their 
experiences in the Department’s undergradu-
ate program and as employees of Micron 
Technology, Inc., which manufactures 
memory and other components for a variety 
of electronic devices.

Their presentation, part of a larger 
session called “Engineers Make Things 
Better,” was part of the First Annual Women 
In Engineering DREAM Conference, 
which has been established to recruit, retain 
and advance women in engineering; and 
to provide a forum at which to share the 

alumniNEWS

flAnAgAn (lEfT) AnD mcCAnn (RigHT)


