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Surface Photochemistry
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Mechanisms of Photo—Induced Reactions
Mo(CO)s on Si(lll)’?x'?

1) Desorption via Substrate Heating
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2) Dissociation via Adsorbate Excitation
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3) K-Induced Electron Attachment Dissociation
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Direct Adsorbate Excitation
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Photoelectron Mechanism
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Objective

How to achieve atomic scale resolution
In probing matter with electromagnetic
radiation?

e Spectroscopy

e Optical Phenomena



Resolution of Optical Spectroscopy
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Tip-Induced Plasmon Modes
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Combination of Electromagnetic Radiation
With Spatial Resolution of the STM

Molecule




Molecules in Double Barrier Junctions
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Oxide spacer
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e The oxide film spacer increases the lifetime of the
transient charged molecular state created after electron
Injection/withdrawal.



Single Molecule Electroluminescence
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Photon Emission from Single Molecules:
Zn-Etioporphyrin on Partially Oxidized NiAI(110)

Zn-Etioporphyrin
NiIAI(110)



Zn(ll) Etioporphyrin on Al,O; &
NIAI(110)




Mechanism of STM-Iinduced Electroluminescence :

STM tip Vacuum Molecule Oxide  NiAl



Mechanism of STM-Iinduced Electroluminescence :

STM tip Vacuum Molecule Oxide  NiAl



Mechanism of STM-Iinduced Electroluminescence :

STM tip Vacuum
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Light collection setup (electroluminescence)

Focusing Mirror 2

Lens
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Mirror 1
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CCD Camera
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Photon Emission From Molecules
on Oxide Films
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TIF — Ag vs. W Tips
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Tunneling Electron Induced
Single Molecule Fluorescence: Zn-Etioporphyrin

Photon energy (eV)
207 191 178 166 155 146 1.38
I I -

A A

800

Photon counts

Normalized counts

600 650 700 750 800 850 900
Wavelength (nm)



Spatial Dependence of
Single Molecule Fluorescence
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Tunneling Electron Induced
Single Molecule Fluorescence
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RF Induced Rectification Current
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STM Apparatus
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Origin of Rectification Current
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Spatlal Localization of RF Field
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Double Modulation
Vibrational Rectification
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Vibrational Rectification Current:
C,D, and C,H, on Cu(001)
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Vibrational Rectification Microscopy:
C,D, and C,H, on Cu(001)




Rectification of Single Mn Atom
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Photon Induced Tunneling

Tip Vacuum Molecule Oxide NIAI




Single Molecule Electron Transfer




Mechanism of Photon-Induced
Electron Transfer to a Single Molecule

Tip Vacuum MgF Oxide HNiAl



Photon-Induced Electron Transfer
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Photon Induced Tunneling

Tip Vacuum Molecule Oxide NIAI




Spatial Variations of Electron Transfer
within a Single Molecule
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Ultrafast Optical Spectroscopy with Spatial
Resolution of the STM

Laser

Pulses Molecule

e Femtosecond Lasers:
Chemistry at the Temporal Limit

e Scanning Tunneling Microscopes:
Chemistry at the Spatial Limit
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Prospects

Instrumentation Development
e Electron Spin
- microwave-RF excitation
- T =~ sub-K, B~ 10 Tesla Zeeman
spectroscopy
- spin interactions: Kondo, nanomagnetism
e Laser-STM
- simultaneous spatial + temporal limits
1A-10fs
- sub-molecular photochemistry,
non-linear optics
e Non-Vacuum Environment
- biological systems



<1K,9 Tesla UHV STM




Mn Chains: 1 to 16 Atoms
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Spin-Dependent Tunneling

£ Topography
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Photon Emission from molecules
on metal surfaces
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Tunneling Electron Induced
Single Molecule Fluorescence
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IET vs. Single Molecule
Fluorescence:
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Inelastic Electron Tunneling Spectroscopy (STM-IETS)
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Frequency Dependence of
RF Voltage Across Junction
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Monitoring Photon-Induced Electron Transfer
In a Single Molecule




Single Molecule Photon Induced Electron Transfer
with Sub-Molecular Spatial Resolution
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Single Molecule Vibronic States: MgP
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Neutral and Charged States: MgP

>

O

04+ -—Forward
-  — Backward
03 MO —> M1
m L
20.2
% 0.1
00
-15 10 05 00 05 10 15
Sample bias (V)
B C _
DE |



Experimental Setup

Focusing Mirror 2

Lens
\ Collection

Mirror 1

Spectrometer &
CCD Camera

UHV
Collection Efficiency: 0.1% chamber



Plasmon modes in the STM junction
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Double Modulation Spectroscopy
Modulate RF Signal at o,
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Vibrational Rectification: Single 12C10Q & 13C180
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Single Molecule Photon Induced Electron Transfer
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Single Molecule Photon Induced Electron Transfer
with Sub-Molecular Spatial Resolution
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Monitoring Photon-Induced Electron Transfer
In a Single Molecule
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Single Molecule Electron Transfer
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