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CLAIRE Brings Clectron Microscopy to Soft Materials
Berkeley Researchers Develop Breakthrough Technique for NonHrvasive Naro-
cale Imaging

“eature Story Lynn Yarris (510) 486-5375 = MAY 14, 2015

Soft matter encompasses
3 broad swath of
naterials, including
iguids, polymers, gels,
foam and - most

250 nim
—

mportantly -
Jiomolecules. At the CLAIRE image of Al nanostructures with an inset that
1eart of soft materials, showrs 8 cluster of six Al nanostructures.

zoverning their overall

Jroperties and capabilities, are the interactions of nano-sized components.
Ohserving the dynamics behind these interactions is critical to
Jnderstanding key biological processes, such as protein crystallization and
netabolism, and could help accelerate the development of important new
echnologies, such as artificial photosynthesis or high-efficiency
ahotovoltaic cells. Observing these dynamics at sufficient resolution has
aeen a major challenge, but this challenge is now being met with a newy
1on-invasive nanoscale imaging technigue that goes by the acronym of
_LAIRE.

CLAIRE stands for “cathodoluminescence activated imaging by resonant
=nergy transfter.” Invented by researchers with the U.5. Department of
Fnergy (DOE)s Lawrence Berkeley Mational Laboratory (Berkeley Lab) and
he University of California (UC) Berkeley, CLAIRE extends the incredible
-esolution of electron microscopy to the dynamic imaging of soft matter.

Traditional electron microscopy damages soft materials and has therefore
mnainly been used to provide topographical or compositional information
about robust inorganic solids or fixed sections of biological specimens,”
says chemist Maomi Ginsberg, who leads CLAIRE's development. “CLAIRE
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allowws Us to convert electron microscopy iNto a new non-invasive imaging

mnodality for studying soft materials and providing spectrally specific
information about them on the nanoscale.”

Ginsherz holds
appointments with Berkeley
Lab's Physical Biosciences
Division and its Materials
Sciences Division, as well as
UC Berkeley's departments
of chemistry and physics.
She is also a member of the
Kavli Energy Nanoscience
Institute (Kavli-EMSI) at
Berkeley. She and her
research group recently
demonstrated CLAIRE'S
imaging capabilities by
applying the technigue to

luminum nanostructures and polymer films that could not have been

directly imaged with electron microscopy.

What microscopic defects in molecular solids give rise to their functional

ptical and electronic properties? By what potentially controllable process
o such solids form from their individual microscopic components, initially

N the solution phase? The answers require observing the dynamics of

=lectronic excitations or of molecules themselves as they explore spatially

Weterogeneous landscapes in condensed phase systems,” Ginsberg says. “In

ur demonstration, we obtained optical images of aluminum
Tanostructures with 46 nanometer resolution, then validated the non-

nvasiveness of CLAIRE by imaging a conjugated polymer film. The high
esolution, speed and non-invasiveness we demonstrated with CLAIRE

Jositions us to transform our current understanding of key biomolecular

nteractions.”

CLAIRE waorks by
=ssentially combining the
Jest attributes of optical
and scanning electron
mnicroscopy into a single
maging platform.
>Canning electron
microscopes use beams
of electrons rather than
ight for illumination and
nasnification. Wiath rmuch
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CLAIRE imaging chip consists of a ¥AlO3:Ce scintillator film
sUpported by LaAlO3 and SrTiQ3 buffer layers and 8 5i
frame. Al nanostructures embedded in 5i02 are positioned
below and directhy against the scintillator film. ProTEK B3
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-horter wavelengths than

shotons of visible light, electron beams can be used to observe objects
tundreds of times smaller than those that can be resolved with an optical
mnicroscope. However, these electron beams destroy most forms of soft
natter and are incapakle of spectrally specific molecular excitation.

sinsherg and her colleagues get around these problems by employing a
arocess called “cathodoluminescence,” in which an ultrathin scintillating
film, about 20 nanameters thick, composed of cerium-doped ytrium
luminum perovskite, is inserted between the electron beam and the
sample. When the scintillating film is excited by a low-energy electron beam
about 1 KeV), it emits energy that is transferred to the sample, causing the
-ample to radiate. This luminescence is recorded and correlated to the
=lectron beam position to form an image that is not restricted by the optical
diffraction limit.

Developing the scintillating film and integrating it into a microchip imaging
device was an enormous undertaking Ginsberg says, and she credits the
talent and dedication” of her research group for the success. She also gives
nuch credit to the staff and capahilities of the Molecular Foundry, a DOE
Office of Science User Facility, where the CLAIRE imaging demonstration

nas carried out.

The Molecular Foundry truly enabled CLAIRE imaging to come to life,” she
=ays. “We collaborated with staff scientists there to design and install a high
=fficiency light collection apparatus in one of the Foundry's scanning
=lectron microscopes and their advice and input were fantastic. That we
“an work with Foundry scientists to modify the instrumentation and
=nhance its capabilities not only for our own experiments but also for other
Jsers is unigue.”

#fhile there is still more work to do to make CLAIRE widely accessible,
Ginsberg and her group are moving forward with further refinements for
several specific applications.

We're interested in non-invasively imaging soft functional materials like the
active layers in solar cells and light-emitting devices,” she says. “Itis
=specially true in organics and arganic/inorganic hybrids that the
norphology of these materials is complex and requires nanoscale
esolution to correlate morphological features to functions.”

sinsherg and her group are also working on the creation of liquid cells for
bserving biomolecular interactions under physiological conditions. Since
=lectron microscopes can only operate in a high vacuum, as molecules in
he air disrupt the electron beam, and since liguids evaporate in high
facuum, agueous samples must either be freeze-dried or hermetically



2 EciEl I SpPIELal LEN S,

We need liguid cells for CLAIRE to study the dynamic organization of light-
Harvesting proteins in photosynthetic membranes,” Ginsberg says. “We
-hould also be able to perform other studies in membrane biophysics to
see how molecules diffuse in complex environments, and we'd like to be
ahble to study molecular recognition at the single molecule level.”

N addition, Ginsberg and her group will be using CLAIRE to study the
dynamics of nanoscale systems for soft materials in general.

We would love to be able to observe crystallization processes or to watch a
naterial made of nanoscale components anneal or undergo a phase
ransition,” she says. “We would also love to be able to watch the electric
double layer at a charged surface as it evolves, as this phenomenon is
“rucial to battery science.”

4 paper describing the most recent work on CLAIRE has been published in
he journal NMare Leffers. The paper is titded “Cathodoluminescence-
tetivated Manoimaging: Moninvasive Near-

-ield Optical Microscopy in an Electron Microscope.” Ginsberg is the
“orresponding author. Qther authors are Connor Bischak, Craig
Hetherington, Zhe Wang, Jake Precht. David Kaz and Darrell 5chlom.

This research was primarily supported by the DOE Office of Science and by
‘he Mational Science Foundation.

Additional Information

“or more about the research of Maomi Ginsberg and her group go here
-or more about the Molecular Foundry 20 here

-or more about Kavli-EM5I g0 here
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_awrence Berkeley Mational Laboratory addresses the world's most urgent
scientific challenges by advancing sustainable energy, protecting human
1ealth, creating nevy materials, and revealing the origin and fate of the
Jniverse. Founded in 1331, Berkeley Lab's scientific expertise has been
-ecoghized with 13 Mobel prizes. The University of California manages
Herkeley Lab for the .5, Department of Energy's Office of Science. For more,
Asit v lbl.gov.

DOFE's Office of Science is the single largest supporter of basic researchin
‘he physical sciences in the United States, and is working to address some
of the most pressing challenges of our time. For more information, please
Jdsit the Office of Science wehsite at science.energy. 2oy,
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