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e Controlled atomic doping of a single C60
molecule
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Controlled Atomic Doping of a
Single C,, Molecule

R. Yamachika, M. Grobis, A. Wachowiak, M. F. Crommie*

We report a method for controllably attaching an arbitrary number of charge
dopant atoms directly to a single, isolated molecule. Charge-donating K atoms
adsorbed on a silver surface were reversibly attached to a C_, molecule by
moving it over K atoms with a scanning tunneling microscope tip. Spectroscopic
measurements reveal that each attached K atom donates a constant amount
of charge (~0.6 electron charge) to the C_, host, thereby enabling its molecular
electronic structure to be precisely and reversibly tuned.
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C., on Au(111): topograph
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C., on Au(111):
spectroscopy
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C., on Au(111): Molecular orbitals
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C., on Au(111): Understand Molecular Orbitals
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C., on Au(111): Reduced Charging Energy
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Topographs Spectroscopy
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Workfunction and Level Alighment
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Charge Transfer: Enhanced Screening
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Charge Transfer: Jahn-Teller Effect
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Experiment: Aj; =0.4-0.1eV
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A. Auerbach, et al., PRB 49, 12998 (1994)
O. Gunnarsson, PRB 51, 3493 (1995)
V. Brouet, et al., Struct. & Bonding 109, 165 (2004)



e Controlled atomic doping of a single C60
molecule

E Radially averaged cross sections
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e Controlled atomic doping of a single C60
molecule

A K doped C,, spectroscopy
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e Controlled atomic doping of a single C60
molecule
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e Controlled atomic doping of a single C60
molecule

Two peak fit to LUMO+1 resonance
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* Atomic collapse resonance on graphene

Science: Vol. 340, p. 734 (2013)

Observing Atomic Collapse
Resonances in Artificial Nuclei on

Graphene

Yang Wang,"?* Dillon Wong,"* Andrey V. Shytov,® Victor W. Brar,"? Sangkook
Choi,” Qiong Wu,"? Hsin-Zon Tsai,' William Regan,'? Alex Zettl,"? Roland K.
Kawakami,” Steven G. Louie,"? Leonid S. Levitov,* Michael F. Crommie'?t

'Department of Physics, University of California at Berkeley, Berkeley, CA 94720, USA. *Materials Science
Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720, USA. *School of Physics, University
of Exeter, Stocker Road, Exeter EX4 4QL, UK. *Department of Physics, Massachusetts Institute of
Technology, Cambridge, MA 02139, USA. *Department of Physics and Astronomy, University of California
at Riverside, Riverside, CA 92521, USA.



* Atomic collapse resonance on graphene

Stability of Atom

Classical physics: unstable
(energy is unbounded)
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* Atomic collapse resonance on graphene

Dirac-Keple Problem

m # 0 €1 =7n\,x’/1—C2

Dirac (1929)

What happens at
Z>137?




e Atomic collapse resonance on graphene

Dirac-Keple Problem
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e Atomic collapse resonance on graphene
Dirac-Keple Problem
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* Atomic collapse resonance on graph

Dirac-Keple Problem

Challenge: How to verify such theory?
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e Atomic collapse resonance on graphene

Dirac-Keple Problem

Can be modeled by charged impurities:

@ No mass => no discrete states, continuous
spectrum

@ Manifestations: quasistationary states, resonances

@ Strong effects in vacuum polarization, no cutoff at
Compton wavelength



e Atomic collapse resonance on graphene
Dirac-Keple Problem

Dirac equation:
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e Atomic collapse resonance on graphene

Dirac-Keple Problem
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e Atomic collapse resonance on graphene

Dirac-Keple Problem

Subcritical case:
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e Atomic collapse resonance on graphene

Dirac-Keple Problem
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* Atomic collapse resonance on graphene
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. Atomlc collapse resonance on graphene
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* Atomic collapse resonance on graphene
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* Atomic collapse resonance on graphene
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* Atomic collapse resonance on graphene
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Self regulated Gd atom trapping in open Fe
nanocorrals

PHYSICAL REVIEW B 90, 045433 (2014)

Self-regulated Gd atom trapping in open Fe nanocorrals

R. X. Cao,'! Z. Liu,' B. F. Miao,' L. Sun,! D. Wu,! B. You,' S. C. Li,! W. Zhang,' A. Hu,! S. D. Bader,” and H. F. Ding'-"
'National Laboratory of Solid State Microstructures and Department of Physics, Nanjing University, 22 Hankou Road,
Nanjing 210093, People’s Republic of China
*Materials Science Division, Argonne National Laboratory, 9700 South Cass Avenue, Argonne, Illinois 60439, USA
(Received 11 February 2014; revised manuscript received 4 July 2014; published 31 July 2014)

Utilizing open Fe nanocorrals built by atom manipulation, we demonstrate self-regulated Gd atom trapping
in open quantum corrals. The number of Gd atoms trapped is exactly determined by the diameter of the corral.
The quantization can be understood as a self-regulating process, arising from the long-range interaction between
Gd atoms and the open corral. We illustrate with arrays of open corrals that such atom trapping can suppress
unwanted statistical fluctuations. Our approach opens a potential pathway for nanomaterial design and fabrication
with atomic-level precision.



* Self regulated Gd atom trapping in open Fe
nanocorrals

Gd in Fe corral on Ag(111)

| * Experiments
—— Guide for the eyes
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* Self regulated Gd atom trapping in open Fe
nanocorrals
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* Self regulated Gd atom trapping in open Fe
nanocorrals




* Self regulated Gd atom trapping in open Fe
nanocorrals




* Self regulated Gd atom trapping in open Fe
nanocorrals
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* Lock-in technique (brief introduction)
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* Lock-in technique (brief introduction)

Basic idea behind the Lock-in




* Lock-in technique (brief introduction)

Basic idea behind the Lock-in
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How to find a person in such situation?



* Lock-in technique (brief introduction)

Basic idea behind the Lock-in

Ways to find a person:

» Position

» Color

» Wave hand/flag

» Synchronized action
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Basic idea behind the Lock-in

Lock-in



