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We encourage feedback and suggesƟons for the content of future newsleƩers. We are especially 
interested in receiving research highlights from CNMS users that may be featured in future is-
sues of this newsleƩer. Please email us any Ɵme you have an important paper that is accepted 
for publicaƟon. 

Visit CNMS on Facebook! 
 

Check out our website!  

 
As your elected 2014 User ExecuƟve CommiƩee (UEC) 
Chair, Welcome to the CNMS!  This year already has an 
exciƟng start for us with our new CNMS Director, Hans 
Christen, the addiƟon of the  world-class ShaRE electron 
microscopy and atom probe tomography facility into the 
CNMS user program, and the rollout of the new website.  
The CNMS provides users with access to a complete suite 
of nanoscience research and fabricaƟon capabiliƟes.  The 
UEC was established as an imparƟal body to facilitate an 
acƟve dialog between you, the User community, and the 
CNMS leadership.  The UEC is here to voice your quesƟons 
and comments and we value your input.  We are conƟnu-
ally looking for new ways that the User community can 
become engaged with the CNMS for mutual benefit. Feel 
free to contact me or any of the UEC members directly, or 
anonymously via the “Feedback” buƩon on the CNMS website.  Your feedback improves the Us-
er experience and helps make the most of the CNMS resources to advance science and technolo-
gy.  Here are a few comments we recently received during our annual survey: 
 

• “As an undergraduate research assistant, this was a unique opportunity for me 
to get microfabricaƟon experience at a world-class facility. Thank you for fur-
thering my educaƟonal experience.” 

• “Because I come from a small university without the infrastructure to support 
some of our research projects, the access to the faciliƟes at the CNMS is criƟcal 
to our success. Moreover, the training from the staff and the annual workshops 
provide opportuniƟes for my students that they would not have otherwise.” 

•  “I am impressed by the scienƟfic quality of support given by the facility staff. 
My group has had user projects at CNMS since 2007. This collaboraƟon has 
become very valuable for us…” 

2014 CNMS UEC Chair: 
Vivek Prabhu, NIST 
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The UEC is responsible for planning the annual CNMS User MeeƟng with Workshops, so please 
hold the week of September 15-19, 2014 and visit the website for more informaƟon.   
 
Lastly, I wish to thank our outgoing UEC Chair, Tony Hmelo (Vanderbilt University), who will conƟn-
ue to serve as Past Chair, ex officio and Tony Haynes the CNMS User Program Manager for making 
2013 a success for the CNMS as we look forward to 2014. 
 
Vivek Prabhu 
NaƟonal InsƟtute of Standards and Technology 
Gaithersburg, Maryland 

 
 

The UEC elecƟons have concluded and our user community has elected a new commiƩee to serve 
us. 
 
Chair (succession from 2013 Vice-Chair)– Vivek Prabhu (NIST) 
Vice-Chair—Nazanin Bassiri-Gharb (Georgia Tech) 
Secretary—Milan Buncick (Aegis Technologies Group) 
 
At-Large Members – 
    Nina Balke (ORNL/CNMS) 
 Zheng Gai (ORNL/CNMS) 
 Marian (Molly) Kennedy (Clemson U.) 
 Martyn McLachlan (Imperial College, London) 
 Megan Robertson (U. Houston) 
 Ray Unocic (ORNL/CNMS) 
 Rafael Verduzco (Rice U.) 
Past Chair, ex officio member: Tony Hmelo (Vanderbilt University) 

 
 

Hans Christen named CNMS Director 

Hans M. Christen has accepted the posiƟon of  Director of the 
Center for Nanophase Materials Sciences, effecƟve January 1, 
2014.  
 
Hans joined ORNL in 2000 and led the Thin Films and Nanostruc-
tures group from 2006 to 2013. In 2013, he became Associate Di-
rector within the Materials Science and Technology Division and 
has managed the DOE Materials Sciences and Engineering Pro-
gram from 2011 through 2013.  
 
He received a doctorate in physics from the Ecole Polytechnique 
Fédérale, Lausanne, Switzerland, in 1994 for research performed 
at the IBM Zurich Research Lab. Hans' research has focused on the 
effects of epitaxial strain, spaƟal confinement, and interfacial mechanisms on the properƟes of 
complex-oxide thin films, in parƟcular ferromagneƟc, ferroelectric, and mulƟferroic perovskites. He 
has authored over 150 scienƟfic publicaƟons and several patents, is a fellow of the American Physi-
cal Society, and has served on a number of NSF and DOE review panels.  
 
“I’m very honored to be given the opportunity to serve the CNMS in this role,” Hans says. “The 
CNMS is a fantasƟc place to perform cuƫng-edge research, and the user community is what makes 
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us different from other research insƟtuƟons. In fact, the strong interacƟon between engaged users and dedicated CNMS staff 
leads to much more than a few isolated research projects – it defines who we are as a Center and determines the direcƟon we’re 
taking within the field of nanoscience. I’m really looking forward to geƫng to know many of the users and their research, and I’m 
commiƩed to the success of the CNMS as a facility that helps advance the research goals of a broad range of producƟve users.” 

 

New equipment/capabili es 

Microscopy Capabili es added from merging Shared Research Equipment (ShaRE) User Facility 
with CNMS 
 

A suite of world-class electron microscopy 
and atom probe tomography capabiliƟes 
were added to CNMS and now users can 
take full advantage of the unparalleled ca-
pabiliƟes for sub-Å imaging, chemical analy-
sis, and in situ/operando S/TEM characteri-
zaƟon . The figure illustrates some of the 
TEM/STEM instruments added to CNMS 
and further details can be found on the 
CNMS website. 
There is also the opportunity to apply atom 
probe tomography (APT) resources to 
nanostructured materials. The figure below 
shows the CAMECA LEAP 4000X HR instru-
ment used for APT and a Materials Today 
highlight from E. Marquis from University 
of Oxford [E. Marquis et al., Mater. Today 
13, 34–36 (2010)] showing how APT has 
proven very powerful to analyze the atomic 
structure of bulk oxides.   

Probing the improbable: 
imaging C atoms in alumi-
na:  Scanning electron mi-
croscopy image of the 
etched polycrystalline alu-
mina surface revealing grain 
boundaries; (b) Focused ion 
beam prepared atom-probe 
tomography specimen con-
taining a grain boundary 
near the apex of the speci-
men; (c) atom-probe to-
mography reconstrucƟon 
showing carbon segregaƟon 
at this parƟcular grain 
boundary; (d) Concentra-
Ɵon profile across grain 
boundary along the red 
arrow shown in b). 
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    FEI Titan S 60-300    Hitachi HF 3300 Nion     Ultra STEM 100 

Cameca LEAP 4000X HR 
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Improvements We Want to Keep Quiet 

The Imaging and Nanoscale CharacterizaƟon group is making a few improve-
ments to their imaging capabiliƟes which they would like to keep quiet.  Spe-
cifically, they have moved three scanning probe microscopes to the ultra-quiet 
environment of the Advanced Materials Laboratory (AML).  The AML was de-
signed for high-resoluƟon microscopy and houses ORNL’s top electron micro-
scopes.  Both electron and now scanning probe microscopes in this excepƟonal 
environment are available through the CNMS user program. 
 
The three scanning probe microscopes include two atomic force microscopes 
from Asylum Research (Cypher and MFP-3D) for ambient and liquid imaging 
and a SPECS Joule-Thomson combinaƟon scanning tunneling and non-contact 
atomic force microscope for cryogenic imaging in ultrahigh vacuum. The new 
environment for the Cypher and MFP-3D microscopes has demonstrated par-
Ɵcular improvements for force distance and electrochemical dilatometry ex-
periments at liquid-solid interfaces.  Measurement techniques presently imple-
mented for the SPECS combinaƟon microscope include tunneling microscopy, 
scanning tunneling spectroscopy, force-distance spectroscopy and Kelvin probe 
force microscopy. The accompanying UHV system is equipped for UHV surface 
preparaƟon and organic thin film/molecular deposiƟon.  The low-noise envi-
ronment parƟcularly adds the ability to study a single molecule for extended 
Ɵmes and enables spectroscopy to measure local electronic density of states. 
 
 

 

 

 

Joule-Thomson Low Temperature Scanning Tunneling and Non-Contact 
Atomic Force Microscope  
This scanning probe microscope is a commercial microscope from SPECS GmBH, 
fiƩed with a custom-designed molecular beam deposiƟon system. OperaƟons tem-
peratures range from 1-77 K with intermediate temperatures using a heater at the 
sample stage. The microscope head has an independent Ɵp and sample exchange, 
provides opƟcal access to the Ɵp-sample juncƟon, and has four contacts on the 
sample holder for in-situ transport experiments. It offers excellent driŌ stability at 
4K of <100 pm/hr (parallel to the surface) or beƩer. The microscope operates as a 
Scanning Tunneling Microscope (STM), a frequency-modulated non-contact Scan-
ning Force Microscope (FM-ncAFM) or a combinaƟon thereof. For FM-ncAFM, a 
sharp metal Ɵp is mounted at the end of a length-extension quartz resonator with 
Q-factors above 50000. Measurement techniques presently implemented include 
tunneling microscopy, scanning tunneling spectroscopy, force-distance spectrosco-
py and Kelvin probe force microscopy. The microscope is controlled by a flexible 
Nanonis/SPECS controller that allows incorporaƟon of custom-designed imaging 
and spectroscopy modes.   
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Atomic imaging in liquids is demonstrated for 
calcite in deionized water using the Cypher atom-
ic force microscope in its previous home (upper) 
and its new low-noise (lower) environment. 

 

New Joule-Thomson cooled STM/nc-AFM 
for atomic imaging and spectroscopy at 1 K. 



2014A Proposal Call Results 
For the 2014A Proposal Call, there were 135 proposals submiƩed and 104 were approved.  There are also projects from prior 
cycles that have been granted extensions bringing our acƟve project count to more than 290. 

Postdoctoral Opportuni es at the CNMS 
The program is open to all qualified U.S. ciƟzens and non-U.S. ciƟzens. Visit the website for more informaƟon and links to view 
other opportuniƟes at ORNL. 

 

 

New Capability Helps Overcome Limita ons in the Study of Energy and Materials Applica ons 

Researchers at the NaƟonal InsƟtute for ComputaƟonal Sciences (NICS), the Center for Nanophase Materials Sciences at Oak 
Ridge NaƟonal Laboratory (ORNL), and the University of South Carolina (USC) have developed a new computaƟonal capability to 
study the dynamics of prospecƟve energy materials under diverse environmental situaƟons. This new method employs quantum 
mechanics to understand how nuclear effects change the dynamics of nanoscale materials. The researchers used the NICS-
managed Kraken supercomputer to perform massively parallel modeling and simulaƟon studies in which a graphene (carbon) 
flake was bombarded by an ensemble of 1,000 hydrogen atoms to examine the likelihood of accumulaƟon (adsorpƟon) of the 
hydrogen on the porous graphene surface. They found that quantum nuclear effects are responsible for increased adsorpƟon 
selecƟvity of deuterium over hydrogen on graphene. Understanding how materials with light nuclei—most especially hydrogen—
behave on nanoporous surfaces is essen-
Ɵal in the design of new materials for 
energy science applicaƟons. 

This work has been highlighted at the 
University of Tennessee website and was 
recently published in the Journal of 
Chemical Theory and ComputaƟon. 
Along with Jacek Jakowski of NICS, the 
research team members and co-authors 
of the arƟcle were Sophya Garashchuk 
and Lei Wang of the Department of 
Chemistry and Biochemistry at USC, and 
Bobby Sumpter of the Center for 
Nanophase Materials Sciences and Com-
puter Science and MathemaƟcs Division 
at ORNL.  

 

New Twist on Epitaxial Growth Opens New Possibili es for Two-Dimensional Materials 

Researchers at Oak Ridge NaƟonal Laboratory (ORNL) and the University of 
Tennessee (UT) have developed a new technique for creaƟng a two-
dimensional hybrid material of graphene and boron nitride that has a seam-
less boundary. “People call graphene a wonder material that could revolu-
Ɵonize the landscape of nanotechnology and electronics,” ORNL’s An-Ping Li 
said in a press release. “Indeed, graphene has a lot of potenƟal, but it has 
limits. To make use of graphene in applicaƟons or devices, we need to inte-
grate graphene with other materials.” 

This latest ORNL/UT work, which was published in the journal Science 
(“Heteroepitaxial Growth of Two-Dimensional Hexagonal Boron Nitride Tem-
plated by Graphene Edges”) was also highlighted in the IEEE Spectrum. 
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LeŌ: A snapshot of a graphene (carbon) flake under bombardment by an ensemble of 1,000 hydrogen 
atoms. Right: Graph of the Ɵme-dependent absorpƟon probability of hydrogen on the graphene flake. 
The results were obtained from classic dynamics, computaƟonal quantum-mechanical approximaƟons, 
and from exact quantum evoluƟon. 
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 User Spotlight  

Parikshit Moitra – Graduate Research Assistant at Vanderbilt University 

“I am currently performing research in the field of electromagneƟc metamateri-
als, composites in which structuring is used to engineer the effecƟve opƟcal prop-
erƟes of the material. I find this field fascinaƟng as metamaterials can exhibit nov-
el opƟcal properƟes such as negaƟve refracƟve index, ultrahigh index, and zero 
index, properƟes not available in naturally occurring materials. In my recent pro-
ject conducted at CNMS, I experimentally realized a zero-index metamaterial 
(ZIM) at opƟcal frequencies using all-dielectric consƟtuents, allowing us to avoid 
the absorpƟon loss that is typically present in metal-based metamaterials. ZIMs 
are parƟcularly interesƟng as they can be used to realize direcƟonal transmission 
and coherent spontaneous emission from incoherent emiƩers embedded within 
the material. The fabricaƟon of the ZIM required experƟse in silicon growth and 
paƩerning, including etching through thick mulƟlayer films. Due to both the 
knowledge base and tool availability, CNMS was the ideal place to perform this 
research. The ZIMs created at CNMS had Ɵght dimensional tolerances and the 
CNMS staff provided expert guidance and assistance in their realizaƟon. I especial-
ly want to acknowledge the guidance from Ivan Kravchenko, Nick Lavrik, and Dayrl 
Briggs, all of whom I worked closely with in accomplishing this research.” 

Parikshit Moitra graduated with Bachelor of Engineering from Jadavpur University, India and is currently pursuing his Ph.D. at 
Vanderbilt University under the guidance of Prof. Jason ValenƟne. The goal of his research is to explore novel low-loss met-
amaterials and photonic devices using all-dielectric implementaƟons. 
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CNMS Staff Spotlight 
 
Anton Ievlev – Postdoctoral Researcher at the Center for Nanophase Materials Sciences  

“I study processes of polarizaƟon reversal in ferroelectric materials. In my research, I 
use Scanning Probe Microscopy which reveals processes occurring at the nanometer 
scale. Results of this research can be used for development of a new generaƟon of non-
linear opƟcal devices and ultrahigh density data storage devices. CNMS has a great set 
of scanning probe microscopes with outstanding characterisƟcs and unique techniques 
that allows advanced invesƟgaƟon and provides excellent experience for users. More-
over CNMS offers great opportuniƟes from theoreƟcal modeling to experimental inves-
ƟgaƟons using neutron scaƩering. All these factors create an aƩracƟve atmosphere for 
scienƟsts all around the world.” 

Anton Ievlev received his B.S., M.S. and Ph.D in Physics of condensed maƩer from Ural 
Federal University, Ekaterinburg, Russia.  For his graduate research, he studied ferroe-
lectric single-crystals of lithium niobate and stronƟum-barium niobate using scanning probe microscopy. Part of his graduate 
research was done at the CNMS as a user project. Anton is currently a Postdoctoral Associate in the CNMS Imaging and            
Nanoscale CharacterizaƟon group. 
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