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Nanoscale Characterization in the
Physics Department

» Computational studies
- Mitas, Bernholc, Buongiorno Nardelli, Sagui, Roland

+ Spatially resolved studies
- Pearl, Scanning probe microscopy
- Rowe, PEEM
- Hallen, NSOM Nanoraman
- Ade, 2-D spatially resolved STXM (& XAFS)

* Dynamic motional studies
- Clarke, Molecular rotors through electrical studies
- Bochinski, Molecular rotors through optical studies
- Krim, Molecular origin of friction and lubrication
- Riehn, Biomolecules in nanochannels
- Weninger, Bio molecular motion studied by FRET
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Computational Physics:

Mitas, Bernholc, Buongiorno Nardelli, Sagui, Roland

-Carbon nanotubes
-silicon nanoparticles
-biomolecules

-electronic/transport properties of
hanostructures ~
-nanoconfinement effects
-protein dynamics
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Pearl group: Probing surface chemical reactions, interactions,
and behavior of single molecules with atomic scale tools
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Rowe group (former Nemanich group students):
Photoelectron emission microscopy of molecules on surfaces

PEEM at Duke FEL Lab with sample prep & e 5 m
transfer chambers. Fix wavelength & Py
record image; then change wavelength.

Also use AFM in solution on same surfaces.
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Taken at 244 nm incident light
PEEM Image of Fibrinogen on Oxidized Silicon, resolution ~10 nm (maybe better)

Electron emission microscope: spatial determination of a material’'s photothreshold

with a resolution of less than 100 nm www.physics.ncsu.edu
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Hallen group: Nano-raman spectroscopy
Rb-doped KTP

(5 um square)

Near field scanning
optical microscope
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Ade group: Scanning transmission X-ray microscopy
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* Organic photovoltaic devices (PFB and F8BT based)
* Quantitative, simultaneous composition and efficiency

maps

— No imaging artifacts such as coupling to topography
» Potential of 10 nm spatial resolution in near future

(now 50 nm)
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Clarke Jgroup: Electrical measurements of molecular rotation —

with particular interest in observing phase transitions in self-
assembled monolayers

_fotator phase  crystalline forms

disordered

< ®  Before film molecular hopping =
6.0x10" -
* *  After film oM
L

T

5.0x10°

4.0x10”

Dissipation Factor (tan d)

3.0x107

1 N L 1 ()

100 150 200 250 300 350 400

Temperature (K)

www.physics.ncsu.edu

NC STATE UNIVERSITY



Bochinski group: Motional dynamics of molecules on
surfaces through optical measurements

» Development of novel optical techniques to
detect/control motion in self-assembled
L S monolayers.
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Krim group: Quartz crystal microbalance studies of atomic-

scale friction

Nanotribology

Our research program is unique
world-wide, exploring the nano-
scale origins of friction with a
quartz crystal microbalance
technique that the Pl developed
in the late 1980’s with the
support of NSF.

This year we 9 @
published the

first systematic study of how
molecular rotation impacts
sliding friction . [1] Our results
were featured in both Nature
Nano-technology and Nanozone

news.

[1]T. Coffey and J. Krim, “C60 molecular
bearings and the phenomenon of
nanomapping’,

Phys. Rev. Lett. 96, 186104 (2006)

Upper: Artist’s rendition of the atomic vibrations
that give rise to phononic friction, recently
confirmed by our experiments.

Lower: schematic of the quartz crystal oscillator
technique employed by our research group.
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Riehn group: Biological molecules confined in nano scale

containers

Figure 9 Nanofabrlcatlon capabilities (SEM). (a) Kink in 50-nm nanochannel, (b) tailored
nanoenvironment (100-200 nm wide), (c) horizontal nanofluidic channel (100 nm) with
perpendicular nanofluidic electrode (80 nm).
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Weninqer JQroup: Conformational dynamics of individual
biological molecules through optical measurements
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Fluorescence Resonance Energy Transfer
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Neuronal SNARE protein Open/Close
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DNA mismatch repair proteins
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DNA mismatch repair proteins
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DNA mismatch repair:
DNA Bending Model

Bent, specific Unbent, specific
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Nanometer scale motion is critical to

bio-molecule function, and FRET can
measure 1t
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<4 Nanoscale Characterization in the
‘g‘ Physics Department

- Computational studies -nanostructures and molecules
- Mitas, Bernholc, Buongiorno Nardelli, Sagui, Roland

+ Spatially resolved studies -topography along with

- Pearl, Scanning probe microscopy spatial elemental, chemical,

- Rowe PEEM . -
' electronic information
- Hallen, NSOM Nanoraman f

- Ade, 2-D spatially resolved STXM (& XAFS)
» Dynamic motional studies

- Clarke, electrical studies -surface attached monolayers

- Bochinski, optical studies -biological molecules
- Krim, friction and lubrication

- Riehn, Biomolecules in nanochannels
- Weninger, FRET
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