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Molecule-Semiconductor Interfaces

Renewable Energy Technologies and Interfacial Dynamics
Nanostructure Enabled Catalysis

R. Li et al., ACS Energy Lett. 6, 1849 (2021)
M. Grätzel, J. Photochem. Photobiol. A-Chem. 164, 3 (2004)

Dye-Sensitized Solar Cell Windows,

SwissTech convention center at EPFL

Organic Semiconductors

S. Ajisaka et al., Sci. Rep. 5, 8312 (2015)

OPV integrated solar trees of

German Pavilion Expo 2015

Y. Tachibana, L. Vayssieres, and J. R. Durrant, Nat Photon 6, 511 (2012)
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Time-Resolved Experiments - Seeing How They Run

Henry Thomas Alken (1785 – 1851)
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Competing Models for Ru535-ZnO Charge Injection

Biphasic Injection Model Interfacial Exciplex Model

Kallioinen et al., JPC-B 106, 4396 (2002)

Anderson et al., JPC B 107, 14414 (2003)

Benkö et al., JPC-B 108, 2862 (2004)

Anderson and Lian, Annu. Rev. Phys. Chem. 56, 491 (2005)

Furube et al., JPC-B 107, 4162 (2003)

Katoh et al., Coord. Chem. Rev. 248, 1195 (2004)

Němec et al., PRL 104, 197401 (2010)

Tiwana et al., ACS Nano 5, 5158 (2011)

Catching Electrons off Work

~ 5 Å

~500 fs
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Competing Models for Ru535-ZnO Charge Injection

Catching Electrons off Work

~30 nm

Human Rhinovirus
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Competing Models for Ru535-ZnO Charge Injection

Catching Electrons off Work

~30 nm

Human Rhinovirus

500 fs : 1s ≈ 1s : 63,000 yrs

≈
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Competing Models for Ru535-ZnO Charge Injection

Catching Electrons off Work Trick 1: Ultrafast Stroboscope

Trick 1I: A Local Observer – Inner-shell Photoelectron Spectroscopy
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We Need a Really Big Laser…

LCLS, Menlo Park 

CA
LCLS Undulator Hall 

2012

1964
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LCLS Undulator Hall 

2012

1964

…and a Really Big Team!

We Need a Really Big Laser…
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Femtosecond Atomic-Scale Perspective of Interfacial Charge Transfer

Δt=500 fs

pump on

pump off

Binding Energy (eV)

Siefermann, O.G., et al., JPCL 5, 2753 (2014)

O.G. and M. Gühr, Acc. Chem. Res. 49, 138 (2016)
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Femtosecond Atomic-Scale Perspective of Interfacial Charge Transfer

Siefermann, O.G., et al., JPCL 5, 2753 (2014)
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Time-Resolved XPS of Interfacial Dynamics– From Concept to Reality
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TRXPS Concept (2012) FLASH Measurement (2023)

Au4f5/2

Au4f7/2

LCLS I: 120 Hz

FLASH: 4 kHz

LCLS II (2025+): 100+ kHz 



Fundamentals of Solar Light Harvesting: Ultrafast X-Ray Insights into Interfacial Electron Dynamics          – Oliver Gessner         – DOE BESAC Meeting, Sep. 25, 2024

Picosecond Time-Resolved XPS @ ALS – An Ultrafast Electron Stroboscope

A. Shavorskiy, O.G., et al., RSI 85, 093102 (2014)

S. Neppl, O.G., et al., Faraday Discuss. 171, 219 (2014)

S. Neppl and O.G., J. Electron Spectrosc. Relat. Phenom. 200, 64 (2015)

Mobile TRXPS Setup @ ALS BL 11.0.2

~127 kHz Pump / ~3-500 MHz Probe Time-Tagging 

Approach
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Interfacial Charge Transfer Dynamics Across >5 Orders of Magnitude in 

Time

Δt ~ 300 ps

TRXPS Responses Differ on Two Sides of the Interface

Transient Peak Shifts and 

Broadening

t = 0 fs

< 500 fs

z ≈ 4nm~ 300 ps

~ 0.01-6 μs

LCL

S

ALS

S. Neppl, J. Mahl, O.G., et al., J. Phys. Chem. Lett. 12, 11951 (2021) ;  ACS Appl. Nano Mater. 4, 12213 (2021)

Possible ZnO Bottleneck: Electron

nanoconfinement in defect-rich surface 

region

of nanoporous network, traps abundant
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Organic SemiconductorsMolecule-Semiconductor Interfaces

Renewable Energy Technologies and Interfacial Dynamics
Nanostructure Enabled Catalysis

S. Neppl, J. Mahl, F.M. Toma, O.G. et al., J. Phys. Chem. Lett. 12, 11951 (2021)
F. Roth, M. Borgwardt, W. Eberhardt, O.G., et al., Nat. Commun. 12, 1196 (2021)

F. Roth, W. Eberhardt, O.G., et al., Phys. Rev. B 99, 020303(R) (2019)

New Path for Light-to-Charge 

Conversion

in Metal-Organic Heterojunction

Decoding the Lifecycle of Photogenerated 

Charges

Observing Electrons Harvesting 

Light

on the Nanoscale

DESY Photon 

Science 

Highlight 2021

M. Borgwardt, F. M. Toma, M. Blum, O.G., et al.,

J. Phys. Chem. Lett. 11, 5476 (2020)
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