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O 40.1 Tue 14:00 H6
Manipulation of Optical Phonons in Strained Bi/Si(001)
Heterostructures — eFaBiaAN THIEMANN and MicHAEL HORN-VON
HoEGEN — University of Duisburg-Essen, Lotharstr. 1, 47057 Duis-
burg, Germany

Intentionally manipulating phononic properties in materials can cause
dramatic changes in their dynamic behavior. A system that responds
especially strong to structural changes is Bi due to its strong electron-
phonon coupling and its inherent Peierls distortion. This renders the
optical A14 mode — oscillating along the [111] direction — sensitive to
changes in the electronic system and coherently excitable upon pho-
toexcitation. When grown on Si(001) bismuths lattice matches in the
[110] direction, resulting in a compressive strain in the [110] direction,
whereas the films are [111] oriented. The strain is relieved rapidly while
increasing the thickness from 10 to 16 BL. This is predicted to influ-
ence the Peierls distortion heavily. In this work we extensively studied
the impact of strain and confinement on the photoexcited coherent
A1y mode’s frequency and dephasing in Bi/Si(001) heterostructures
by in-situ transient-reflectivity spectroscopy. We observe a dramatic
blueshift up to 0.2 THz, that can be preciesely tuned by the film thick-
ness. The frequency however does not follow exactly the strain pa-
rameter and behaves differently in two regiemes. We attribute this
discrepancy to the confinement in the [111] direction and the influence
of the strongly shifting electron surface state.

0O 40.2 Tue 14:15 H6
Coherent modulation of the charge density wave gap in 1T-
TiSe:; probed by tr-ARPES — eJAN BOHNKE, STEPHAN SCHMUT-
ZLER, MEHUL JoTsHI, CORNELIUS GAHL, and MARTIN WEINELT —
Freie Universitat Berlin, Fachbereich Physik, Germany

Tuning the charge density wave (CDW) gap in 1T-TiSe2 allows for the
de/stabilization of the phase transition. An optical excitation breaks
long-range order of the CDW state and results in a semi-metallic state
on an ultrafast timescale as free carriers near the Fermi-level enhance
Coulomb screening [1,2]. By employing time-resolved ARPES with
1.55 eV pump and 6.2 €V probe pulses, we discover for the first time
fluence-dependent coherent modulations of the charge-density wave
gap (closing and opening) in 1T-TiSez at the Brillouin zone center.
While for low excitation fluences, we mainly observe signatures of the
CDW connected Afg mode (3.45 THz), the optical A1z phonon mode
(6.1 THz) modulates the electronic structure near the gap for the high
fluence regime. For an intermediate fluence we detect the transition
from the A’{g to the A1z mode. As we additionally find three image-
potential states on the surface of 1T-TiSe2, we can confirm the samples’
low defect density at the surface after in-vacuum cleavage.

[1] T. Rohwer et al., Nature 471, 490-493 (2011)

[2] M. Huber et al., Sci. Adv. 10, eadl4481(2024)

O 40.3 Tue 14:30 H6
Impact of Coherent Phonons on Time-Resolved Optical Prop-
erties of WTe; — eFRANCESCO SAMMARTINO!, MANUEL Tuniz!,
WiBkE Bronscu?, Fuwvio Parmiciant’2) and FEpErico CILENTO?

— 1Universita degli Studi di Trieste — ?Elettra - Sinctrotrone Trieste

We study the ultrafast dynamics of tungsten ditelluride (WTez) along
both its in-plane axes, by time-resolved reflectivity (TR-R) and time-
resolved second-harmonic generation (TR-SHG) experiments with a
varying pump fluence.

We identify two phonon modes: the shear phonon mode at 0.24 THz,
indicative of uniform in-plane atomic shifts and detected in both TR-R
and TR-SHG signals, and one at 2.4 THz, detected solely in the TR-R
signal. We observe a large, fluence-dependent shift of up to ~90° in
the initial phase of the shear mode coherent oscillation, obtained in a
narrow fluence range.

This evidence suggests that the excitation density can be used as a
powerful knob to control the initial phase of the atomic displacements
in a layered material.

O 40.4 Tue 14:45 H6

Controlled formation of thermodynamically unaccessible sur-

Location: H6

face structures — eSimoN B. HOLLWEGER, ANNA WERKOVITS, and
Oriver T. HormaNN — Institute of Solid State Physics, Graz Uni-
versity of Technology, Austria

It is well known that organic molecules adsorbed on surfaces can form
a variety of different surface structures. Which structure is the most
favored one at a given temperature and pressure is determined by ther-
modynamics. However, in this study, we propose the idea of a mecha-
nism with which we can control the formation of a specific metastable
surface polymorph that can not be reached thermodynamically. With
targeted temperature and pressure changes, a rearrangement process of
the adsorbed molecules out of thermodynamic equilibrium is triggered.
For specifically designed systems, this rearrangement of the adsorbed
molecules leads to a kinetically trapped metastable surface polymorph.
As a proof of principle for this proposed mechanism, kinetic Monte
Carlo simulations of planar molecules adsorbing on a square lattice
are conducted. We show that a metastable upright-standing structure
of the planar molecules can be reached with a specific temperature and
pressure profile applied to the system.

0 40.5 Tue 15:00 H6
Out of the Crystalline Comfort Zone: Sampling the Ini-
tial Oxide Formation at Cu(111) — eFEeLix Riccius, NicoLas
BeraMmaNN, HEnDRIK H. HEeENEN, and KARSTEN REUTER — Fritz-
Haber-Institut der MPG, Berlin, Germany

The oxidation of transition metal surfaces is widely recognized as a
complex process that still bears many open questions, specifically at
the microscopic level. Atomistic simulations could potentially un-
cover crucial insights, but state-of-the-art approaches are predomi-
nantly guided by human chemical intuition, leading to highly idealized
surface representations. Here we demonstrate a systematic approach to
model high-quality surface-phase diagrams, using the early oxidation
of the Cu(111) surface as an example. To this end, we train a MACE
machine learning interatomic potential (MLIP) to density functional
theory calculations and combine its fast and accurate energetics with
replica exchange molecular dynamics. We extensively explore the vast,
thermodynamically relevant phase space and further develop surface
phase diagrams based on increasingly involved theoretical frameworks.
Our approach yields a comprehensive structural ensemble that predicts
early Cu(111) oxidation to be characterized by O-Cu-O ring patterns,
bearing significant disorder. Within the computed surface evolution,
we recover trends in O-Cu-O ring distribution as a function of reac-
tion conditions in line with scanning tunneling microscopy data. Our
study illustrates how MLIPs and extensive sampling can be leveraged
to rationalize metal surface oxidation fully in silico without the need
to rely on experimental guidance.

0 40.6 Tue 15:15 H6
Photo-induced carrier and structural dynamics in anatase
TiO2 nanosheets — eZuipENc Huancb2, Yan Yan?, XINXIN
Cueng?3, R. J. DwayNne MiLLER?, and R. KRaMER CAMPEN! —
IFaculty of Physics and Center for Nanointegration (CENIDE), Uni-
versity of Duisburg-Essen — 2Max Planck Institute for the Structure
and Dynamics of Matter — 3SLAC National Accelerator Laboratory
— “Departments of Chemistry and Physics, University of Toronto

Ultrathin anatase TiO2 nanosheets with {001} facets have significantly
higher activity for light-induced Hy evolution than other TiOg2-based
materials. The mechanism of this enhancement is not understood.
Gaining such insight requires understanding the dynamics of charge
carriers and their interactions with lattices after optical excitation.
Here we characterize structural and charge carrier dynamics in these
materials following UV excitation using ultrafast electron diffraction
and transient absorption spectroscopy.

We observed an ultrafast lattice expansion and distortion in the
nanosheets, occurring earlier than the Debye-Waller effect. Density
Functional Theory (DFT) calculations suggest that the lattice expan-
sion and distortion are induced by the trapping of charge carriers and
the formation of large electron polarons. Compared to TiO2 nanopar-
ticles, the nanosheets exhibit significantly higher polaron populations,
which explains their enhanced photocatalytic properties.



