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EDUCATION
Ph.D. in Physics — Ohio University, USA, November 2014

Dissertation: “Scanning Tunneling Microsocopy Investigation of Electric Polar Molecular Self-Assembly

and Acrtificial Electric Polar Molecular Rotors”
B.Sc. in Physics — East China Normal University, China, June 2007

Dissertation: “Scanning Electron Microscopy Study of Nanotubes Morphology and Its Electric

Conductivity”

RESEARCH EXPERTISE

UHV-LT-STM applications including single molecule imaging, tunneling spectroscopy, vibrational
spectroscopy, and spectroscopic mapping.

Single atom and single molecule manipulations with LT-STM; lateral manipulation, vertical
manipulation, and inelastic electron tunneling (IET) induced manipulation.

Molecular Rotors, Molecular Motion Dynamics, Molecular Self-Assembled Architectures, Dipolar
Molecules, and Charge Transfer Molecular Complexes on Surfaces.

RESEARCH EXPERIENCE

Ohio University — 2008 to present — group of Prof. Saw-Wai Hla

developed STM methods for novel materials engineered by building charge transfer molecular
complexes
achieved controlled directional rotation of artificial molecular motors by selecting the location of

electron injection and electron energy.

developed braking mechanism for molecular motors to stop and restart its rotation.

investigated lateral movement mechanisms and collision dynamics of molecular motors on Au(111)
surface induced by STM tip.

successful formations of different molecular motor assembled networks on metallic surfaces.
engineered self-assembled molecular architectures by atomicscale modification of the molecules.
investigated how non-covalant forces play roles in molecular self-assembly.

East China Normal University — 2003 to 2007 — group of Prof. Zhuo Sun

Investigated chemical growth temperature dependence of nanotube morphology and electrical
conductivity.

Improved nanotubes electrical conductivity by mixing bitumen.

NOTABLE HONORS

First prize winner of Ohio University Student Research and Creativity Activity Expo 2011
Second prize winner of Ohio University Student Research and Creativity Activity Expo 2009
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INSTRUMENTATION EXPERIENCE

- Experience on design and construction of molecular evaporation sources.

- l'am the tool custodian of one of the ultrahigh vacuum low temperature scanning tunneling microscopy
(UHV-LT-STM) systems in Prof. Hla lab. In that capacity, | am fully responsible for the maintenance
and operation of the UHV-LT-STM system. My duties include reconstruction of the STM scanner, and
UHV components, sample holder and its heating and cooling stages, STM electronics and high voltage
amplifier, and turbo molecular pumps. | am also responsible for designing necessary parts of the sample
holder, and ordering the lab supplies including samples, and electronic components.

RESEARCH SUPERVISION
- | have assigned to train an Ohio U graduate student, Ms. Sushila Khada, for her MS thesis research.
- I have also supervised a number of undergraduate research assistants.

PUBLICATIONS
Published:
1. U. G. E. Perera, F. Ample, H. Kersell, Y. Zhang, G. Vives, J. Echeverria, M. Grisolia, G. Rapenng, C.
Joachim, and S.-W. Hla. Controlled Clockwise and Anticlockwise Rotational Switching of a Molecular
Rotor. Nature Nanotechnology 8, 46-51 (2013).

Sample Media News:

The Telegraph Newspaper (UK):
http://www.telegraph.co.uk/science/9923965/Steam-age-computers-could-be-tailor-made-for-the-molecular-world.html
Columbus Dispatch Newspaper:
http://www.dispatch.com/content/stories/science/2013/02/24/24-team-goes-small-to-create-nano-motor.html
Foresight Institute News: http://www.foresight.org/nanodot/?p=5491

Submitted:

2. Y. Zhang, H. Kersell, V. lancu, R. Stafik, U. G. E. Perera, Y. Li, A. Deshpande, K. F. Braun, G.
Rapenne, and S.-W. Hla, Adding Communication to Molecular Nanomachines: Synchronized and
Coordinated Rotational Switching of All Nanomotors in a Network (reference number: NNANO-
14091645), under review in Nature Nanotechnology.

3. Y. Zhang, K.-F. Braun, and S.-W. Hla. Mechanical Flexure and Vibrational Maps of Individual
Sexiphenyl Molecules on Ag(111), submitted to Applied Physics Letters.

To be submitted:
4. Y. Zhang, J. Neiderhousen, N. Koch, and S.-W. Hla. Engineering of Molecular Self-Assembled
Architectures Using Polar Molecules. (Research completed. Manuscript under preparation).

5. Y. Zhang, G. Perera, and S.-W. Hla. Charge Transfer in an Artificial Antenna Molecular Complexes.
(Research completed. Manuscript under preparation).


http://www.telegraph.co.uk/science/9923965/Steam-age-computers-could-be-tailor-made-for-the-molecular-world.html
http://www.dispatch.com/content/stories/science/2013/02/24/24-team-goes-small-to-create-nano-motor.html
http://www.foresight.org/nanodot/?p=5491%20%20%20

Yuan Zhang yz111607@ohio.edu 740-274-2040 page 3 of 4

SELECTED PRESENTATIONS

Contributed Talks

e Charge Transfer in 6T+TBrPP-Co Molecular Complex on Cu(111): a Low Temperature STM Study.
American Physical Society March Meeting; Portland, OR (2010)

e Charge Transfer in 6T+TBrPP-Co Molecular Complex on Cu(111): a Low Temperature STM Study.
American Vacuum Society Meeting; Nashville, TN (2011)

e Single Molecule Rotor with Dipolar Arms: a Low Temperature STM Study. Regional American Physical
Society March Meeting; Ohio University, Athens, OH (2012)

e Controlled Clockwise and Anticlockwise Rotational Switching of a Molecular Rotor. NSS-8 International
Workshop on Nanoscale Spectroscopy and Nanotechnology, Chicago, IL (2014)

Contributed Poster

e Study of Dynamic Properties of Ferrocene Molecular Rotors on Au(111). American Physical Society
March Meeting; Portland, OR (2010)

e How Dipoles Interaction Drives Molecular Self-Assembly: A Low Temperature STM Study. NSS-8
International Workshop on Nanoscale Spectroscopy and Nanotechnology, Chicago, IL (2014)

MEMBER OF
American Physical Society
American Vacuum Society

SELECT SKILLS

scanning tunneling microscopy (STM) | scanning tunneling spectroscopy (STS) | spectroscopic mapping |effusion
cell design and use | molecular deposition | surface catalysis | scanning electron microscopy (SEM) | ultra-high
vacuum (UHV) | cryogenics (liquid nitrogen, helium) | mass spectrometry | Matlab | Adobe Illustrator | LaTeX |
creative problem solving | independent learning | intragroup and international collaboration | chemical hygiene
certification.

TEACHING EXPERIENCE
Graduate Teaching Assistant for Undergraduate Courses in Physics — 2007 to 2012
- Taught various laboratory courses, assisted in homework help sessions, proctored exams
Elective coursework in Physics Education
Participated in multiple physics outreach programs
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Professor. Department of Physics and Astronomy, Ohio University, Athens OH 45701. Phone:
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Publication Abstracts

1). Controlled Clockwise and Anticlockwise Rotational Switching of a Molecular Motor. U.G.E. Perera. F.
Ample, H. Kersell, Y. Zhang, G. Vives, J. Echeverria, M. Grisolia, G. Rapenne, C. Joachim, S.-W. Hla Nature
Nanotechnology 8, (2013) 46-51.

Abstract: The design of artificial molecular machines often takes inspiration from
macroscopic machines. However, the parallels between the two systems are often only
superficial, because most molecular machines are governed by quantum processes.
Previously, rotary molecular motors powered by light and chemical energy have been
developed. In electrically driven motors, tunneling electrons from the tip of a scanning
tunneling microscope have been used to drive the rotation of a simple rotor in a single
direction and to move a four-wheeled molecule across a surface. Here, we show that a
stand-alone molecular motor adsorbed on a gold surface can be made to rotate in a
clockwise or anticlockwise direction by selective inelastic electron tunneling through different subunits of the
motor. Our motor is composed of a tripodal stator for vertical positioning, a five-arm rotor for controlled
rotations, and a ruthenium atomic ball bearing connecting the static and rotational parts. The directional rotation
arises from sawtooth-like rotational potentials, which are solely determined by the internal molecular structure
and are independent of the surface adsorption site.

2). Adding Communication to Molecular Nanomachines: Synchronized and Coordinated Rotational Switching of
All Nanomotors in a Network. Y. Zhang, H. Kersell, R. Stefak, G. Rapenne, S.-W. Hla. (under review in Nature
Nanotechnology, reference number: NNANO-14091645)

Abstract: One of the goals of nanotechnology is to assemble billions of nanomachines packed in a tiny area that
can be operated under control; their rotation can be synchronized and information can be coherently transferred to
multiple destinations within nanometer range. Realizing this goal requires developing a system in which
nanomachines can communicate each other. Here we show that by exploiting dipolar interactions between the
rotor arms of self-assembled double-decker class molecular motors in a hexagonal network, synchronized and
coordinated rotations of the motors can be performed using an electric field of a scanning tunneling microscope
tip as an energy source. Remarkably, all the rotors can be simultaneously rotated when the applied bias is above
0.9 V at 80K due to the degeneracy of the ground state rotational energy in the hexagonal dipole network. Below
this bias, slight reorientations of individual rotors can occur. A careful analysis reveals that the rotor
reorientations here are not random, but they are coordinated to minimize the energy within the hexagonal dipole
network, and the rotation direction is dependent on the initial rotor alignment. Meanwhile, the STM images reveal
that individual molecular motors are rotating on this surface down to a substrate temperature of 7K. By using
STM manipulation schemes, we are able to reposition molecular rotors on the surface into desired location.
Moreover, the rotation of the motor can be terminated by putting a molecular block as a break. This work is a step
forward for the development of solid state compatible and responsive multi-component molecular machines.



3). Vibrational Spectroscopy of Single and Self-Assembled Para-Sexiphenyl on Ag(111). Y. Zhang, K.-F. Braun,
and S.-W. Hla. (submitted to Applied Physics Letter).

Abstract: We present the mechanical flexure and vibrational properties of para-sexiphenyl at single molecule level
on a Ag(111) surface using a low temperature scanning tunneling microscopy, d’l/dV? tunneling spectroscopy,
spectroscopic mapping, and molecular manipulations. d’l/dV? tunneling spectroscopy of isolated sexiphenyl
molecules on Ag(111) reveals two low vibrational modes, which are quenched in the case of the self-assembled
sexiphenyl layer. Lateral manipulation of a single sexiphenyl across a Ag(111) atomic step highlights how the
molecule diffuses across step-edges; the molecule can easily conform across the step and it recovers original
configuration after the manipulation.

4). Engineering of Molecular Self-Assembled Architectures Using Polar Molecules.Y. Zhang, J. Neiderhousen, N.
Koch, and S.-W. Hla. (Manuscript under preparation).

Abstract:  Molecular self-assembly happens in a
pre-defined manner. Self-assembled structure and
properties are pre-defined by the nature of
molecular chemistry, and this imposes nano
engineering limitations. Therefore, an important
objective of molecular self-assembly research is to
seek possibilities to control or even alter molecular
self-assembly processes. To achieve this goal, a
comprehensive understanding of the forces responsible for the individual molecules to self-assemble is required.
By introducing a slight atomic modification (replacing two hydrogen atoms with two fluorine atoms), 6Ps self-
assembly structure can be completely altered. The assembly structures of two isomers meta-2F-6Ps and ortho-2F-
6Ps reveals that by positioning two fluorine atoms at different sites isomer molecule assembly behavior can be
altered completely. This study reveals that atom-atom interaction at interfaces plays a more dominant role over
the localized dipole interactions in this system.

-

5). Charge Transfer in an Artificial Antenna Molecular Complexes. Y. Zhang, G. Perera, and S.-W. Hla.
(Manuscript under preparation).




