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The very symmetric § molecule constitutes a
remarkable model system for studying electron-phono
couplings at interfaces. Indeed, despite its site
molecule possesses a simple vibrational spectrbat, t
comprises only four infrared-active {4,) and 10 Raman-
active (2A; + 8Hy) modes. Pure 4 is a semiconductor
having an electronic band gap of about 2.2 eV. [bhest
unoccupied molecular orbital (LUMO) can accept op t
six electrons as it is of tsymmetry. In the fullerides, the
LUMO is filled gradually with electrons from intealated
alkali donors (K, Rb,...). The electronic propertiek o
these materials are strongly affected by electtoompn
couplings, and superconductivity occurs in mamCd
compounds (up to 29 K for RBgg). Electron transfer to
Ceo arises also from adsorption on metallic surfade2).
The interface vibrational spectrum is strongly @#resto
the fullerene charge state (2), which is tunablealigali
doping (3). Phonon couplings to the LUMO ofCin
particular, can be examined specifically by surface
vibrational spectroscopy (4).

Infrared-visible sum-frequency generation spec-
troscopy (SFG) probes selectively surfaces andfades
of centrosymmetric media. It relies on a seconceprd
nonlinear optical process. Two laser beams, aleisihe
at w,s and an infrared one abg, are focused at the
probed interface, and a third beam generated asuhe
frequencywses = Wis + WR is analyzed as a function of
wgr. Resonant enhancement of the SFG intensity is
observed whemyr matches the frequency of a vibration
that is both IR and Raman active. In this resp8&G
provides a vibrational fingerprint of the interfacewo-
color SFG allows to scam,is as well, so that electronic
transitions can be examined. Doubly resonant SFB- (D
SFG) occurs when the SFG signal is enhanced simul-
taneously by coupled vibrational and electronicnira
sitions. In the case of materials with inversiomsyetry,
DR-SFG probes thus specifically interfacial eleatro
phonon couplings. Recently, the first studies et&bnic
transitions in metals and molecules by two colat BiR-
SFG spectroscopies were reported (5-9).

We developed a complete two-color SFG set-up
with which we investigated electron-phonon couirag
Cso/metal interfaces and, in particular, at thg/8g(111)
interface. In principle, the symmetry ofsdforbids the
detection of its vibrations by SFG. However, therRa-
active Ay(2) pentagonal pinch mode gains large IR and
SFG activities at these interfaces, due to an fatex
dynamic charge transfer resulting from #g2) coupling
to the {, LUMO (5). Using two-color SFG, we detected a
huge enhancement of the nonlinear response obthkiyt
symmetric Ay(2) vibration for sum-frequency energies
above the molecular electronic gap (FIG. 1), shgvwihe
mode coupling to electronic transitions. We attiébthis
resonance to the coupling of the pentagonal pinodem
with the t, lowest unoccupied molecular orbital (LUMO)
of Ceo. The coupled electronic transition is in the ranfe
2.5 to 2.7 eV. The occurrence of DR-SFG explaires th
very strong intensity of theAy(2) vibration measured
previously by SFG at the single visible wavelengit®32

nm, very close to the maximum of the electronic

resonance.
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FIGURE 1: SFG spectra of adnultilayer on Ag(111)
for 532 and 647 visible wavelengths, showing the
occurrence of DR-SFG for thé\(2) mode at the
Ceo/Ag(111) interface.
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