RAMAN SPECTROSCOPY

Tip-enhanced Raman spectroscopy can be used to characterize the relationship between the topography and the
chemical activity of individual surface sites.

Guillaume Goubert and Richard P. Van Duyne

dvances in heterogeneous catalysis
Amust rely on the rational design of

new catalysts. is requires the ability
to characterize the relationship between
topography and chemical reactivity at the
single site level. Measurements should be
designed to extract the molecular structure
and the adsorption geometry at the same
time. Transmission electron microscopy
and scanning probe microscopy deliver the
required spatial resolution; but fall short on
chemical information content. On the other
hand, vibrational spectroscopy provides
detailed information on the structure and
identity of adsorbates; but is usually limited
in resolution by the di raction of light.
Writing in Nature Nanotechnology, Bin Ren
and co-workers from Xiamen University
and the University of South Carolina
now present a study of surface sites
using tip-enhanced Raman spectroscopy
(TERS) in which they have demonstrated
a spatial resolution of 3 nm paired with
the chemical information content of
Raman spectroscopy*.

TERS is a member of a family of
techniques designed to overcome the
optical di raction limit by using the local
electromagnetic eld concentrated at a sharp
tip (near- eld)2 Among these techniques,
TERS has demonstrated the highest
resolution, with recent reports reaching
sub-nanometre levels® and the ability to
discriminate between neighbouring surface
phases or molecules*®. In TERS, a sharp
tip, made of a plasmonic metal (usually
Au or Ag) is scanned over a surface with
sub-nanometre precision using a scanning
probe setup. e volume between the
probe and the surface contains an intense
electromagnetic eld (hot spot), which maps
the Raman response under the tip apex
during scanning (Fig. 1a,b).

Ren and co-workers prepared a well-
de ned surface consisting of a submonolayer
coverage of Pd on top of a Au(111) surface.

ey studied the chemisorption of phenyl
isocyanide (PIC) on Au and Pd terraces
versus step sites. TER spectra show clear
di erences between Au and Pd domains due
to the di erences in surface coverage and
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Figure 1| Nanoscale resolution at a Pd/Au interface using Raman spectroscopy. a, Experimental setup
for TERS using a scanning tunnelling microscope. The signal comes from a very small volume under

the tip apex. b, Energy diagram for Raman scattering showing the wavelength-shifted Stokes signal.

¢, Raman spectra can reveal bands related to di erent surface sites originating from di erent adsorption
geometries. d, TERS can be acquired at di erent points over the surface to provide nanoscale resolution

with a rich chemical content.

chemisorption properties of PIC on the two
di erent metal surfaces. e researchers
also acquired TER spectra across Pd/Au
atomic steps. e TERS line scans show that
a peak characteristic of the C=N moiety of
the PIC molecules, which is directly bound

to surface atoms, is redshi ed by 60 cm™ at
the Pd edge compared with the Pd terrace
(Fig. 1c). isis consistent with DFT
calculations that show that the degree of
back donation from the d band of the metal
to the antibonding 7* orbital of PIC at the
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step site is greater than at the terrace sites.

is back donation weakens the C=N bond
which should make PIC more reactive on Pd
steps than on Pd terraces.

But more importantly, Ren and co-
workers have demonstrated that vibrational
spectroscopy can be used to study well-
de ned surface features at the atomic level.
Until now, TERS mapping of reaction sites
(with resolutions only as high as 10 nm) has
been limited to ill-de ned surfaces where
no structure—activity relationships could be
derived’. Interestingly, Ren and co-workers
observe an increased TERS signal at the
step edge, possibly due to an increased eld
concentration at sharp metallic features
(lightning rod e ect). is means that TERS
can be speci cally sensitive to sharp features
on a catalytic surface such as steps, kinks,
isolated adatoms or metal/oxide interfaces,
which are thought to be the active sites in a
variety of reactions.

However, in order to be more readily
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