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CO molecular tilting detected by red-shifted
TERS

FAYETTEVILLE, GA, USA, August 8, 2023
/EINPresswire.com/ -- The interaction
between a probing tip and an
adsorbed molecule can significantly
impact the molecular chemical
structure. The tip-induced bond
weakening, tilting, and hopping
processes of a single molecule were
investigated by sub-nanometre
resolved tip-enhanced Raman
spectroscopy (TERS). The C-O
stretching mode is always redshifted as
the tip approaches, revealing the
weakening of the C-O bond. Further
analyses of the vibrational Stark effect
and TERS imaging suggest a delicate
tilting of the adsorbed CO molecule.

The invention of scanning probe microscopy (SPM) techniques, including scanning tunnelling
microscopy (STM) and atomic force microscopy (AFM), has led to a paradigm shift in the
visualization and understanding of surface structures and related properties at the atomic scale.
In most imaging cases, the SPM tip only acts as a perfect probe to characterize the intrinsic
properties of the surfaces and adsorbed molecules, and the influence of the tip is usually
ignored. On the other hand, the SPM tip is also capable of manipulating single molecules on
surfaces. In this case, the tip-molecule interaction is in action, and in some cases, the
approaching tip can push a molecule away. However, the detailed physico-chemical mechanism
of how this happens remains elusive due to the challenge of tracking the structural variations at
the single-chemical-bond level during the tip-approaching process.

In a new paper published in Light: Advanced Manufacturing, a team of scientists led by
Professors Zhenchao Dong and Yao Zhang from the University of Science and Technology of
China have developed a new approach for in-situ tracking tip-induced molecular configurational
changes by Angstrom-resolved TERS, providing new opportunities for the visualization and
understanding of surface structures at the atomic level.
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By adopting carbon monoxide (CO) molecules adsorbed on Cu(100) as a model system, they
used tip-enhanced Raman spectroscopy (TERS) to explore the tip-induced bond weakening,
tilting, and hopping of a single CO molecule on the surface. Vibrational frequencies can provide
structural and strength information about chemical bonds, which has been demonstrated by
STM-based inelastic electron tunnelling spectroscopy (IETS) at the single-molecule level.
Nevertheless, IETS is usually sensitive to vibrational modes close to the Fermi level, and the C-O
stretching vibration energy approaches the detection limit. Indeed, most gap-distance-
dependent IETS studies on CO molecules have focused on the frustrated rotation (FR) and
frustrated translational (FT) modes in the low-frequency region. However, these low-frequency
modes are associated with in-plane vibrations parallel to the surface. They cannot directly reveal
the changes in the bond length and tilting angle of the adsorbed CO molecule.

In contrast, TERS is a technique with both sensitive chemical specificity and high spatial
resolution and can provide rich vibrational information over a wide range of vibrational
frequencies. Recent advances in TERS not only demonstrated its powerful chemical mapping
capabilities at the single-molecule level, but also pushed the spatial resolution further down to
the Angstrom scale, allowing probing of the bond breaking and making processes, as well as
highly localized surface chemistry at the single bond level. This ability makes it possible to
directly monitor the strength variations of single chemical bonds under different tip—molecule
interaction conditions. In fact, previous TERS studies have indicated that the C-O stretching
vibration of a CO molecule attached at the tip apex is highly sensitive to the variations of local
electrostatic fields.

By using sub-nanometre resolved TERS, the research team not only determine the adsorption
configuration of a CO molecule adsorbed on Cu(100), but also unravel the microscopic
mechanisms of tip-induced bond weakening, tilting, and hopping of a CO molecule on the
surface. Specifically, the vibrational frequency of the C-0 stretching mode is always redshifted as
the tip moves closer to the top O atom of the upright CO molecule, which signifies the
weakening of the C-O bond owing to tip—molecule interactions. Further investigations on the
vibrational Stark effect at different gap distances, together with theoretical simulations of the
optimized CO adsorption configurations, indicate that such tip—-molecule interactions can be
classified into two regions, van-der-Waals attractive interaction and Pauli repulsive

force, depending on whether the tip-molecule distance is smaller or larger than the van der
Waals separation of ~3.65 A between the Ag atom at the tip apex and the O atom of the CO
molecule.

Their results demonstrate that TERS can provide an insightful understanding of the chemical
structure, tip—molecule interactions, and tip-induced molecular motions at the single-bond level,
which opens up a promising route to explore the microscopic mechanisms of surface reactions
and catalysis.

H#it#

References


https://www.light-am.com/article/doi/10.37188/lam.2022.052

Funding information

This research received funding from the National Key R&D Program of China, the National
Natural Science Foundation of China, the Strategic Priority Research Program of the Chinese
Academy of Sciences, the Anhui Initiative in Quantum Information Technologies, and the China
National Postdoctoral Program for Innovative Talents.

DOI

https://www.light-am.com/article/doi/10.37188/lam.2022.052

About Light: Advanced Manufacturing (LAM)

Light: Advanced Manufacturing (LAM) is a new, highly selective, open-access, and free-of-charge
international sister journal of the Nature Journal Light: Science & Applications. The journal aims
to publish innovative research in all modern areas of preferred light-based manufacturing,
including fundamental and applied research and industrial innovations.

Wendy Chen
TranSpread

+1 865-405-5638
email us here

This press release can be viewed online at: https://www.einpresswire.com/article/648846543

EIN Presswire's priority is source transparency. We do not allow opaque clients, and our editors
try to be careful about weeding out false and misleading content. As a user, if you see something
we have missed, please do bring it to our attention. Your help is welcome. EIN Presswire,
Everyone's Internet News Presswire™, tries to define some of the boundaries that are reasonable
in today's world. Please see our Editorial Guidelines for more information.

© 1995-2023 Newsmatics Inc. All Right Reserved.


https://www.light-am.com/article/doi/10.37188/lam.2022.052
https://www.light-am.com/
http://www.einpresswire.com/contact_author/4236005
https://www.einpresswire.com/article/648846543
https://www.einpresswire.com/editorial-guidelines

