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Electrons at a metal boundary can oscillate collectively 
(surface plasmons) and produce mixed transverse and lon
gitudinal electromagnetic (EM) fields which decay expo
nentially normal to the surface. I Surface EM field enhance
ment due to resonant excitation of surface plasmon modes 
has been found to be important in surface enhanced Ra
man scattering (SERS).2 Model calculations predict simi
lar enhancements in the photochemistry of absorbates.3 

While surface photochemistry has attracted considerable 
interest in the last few years, direct experimental evidence 
for surface plasmon induced processes leading to bond 
cleavage is quite rare.4 Recent studies have shown that 
desorption of metal atoms can be stimulated by excitation 
of collective oscillations in small metal clustersS and 
smooth metal films.6 The detailed mechanism, however, is 
still under discussion. 7 

We report here the enhanced photodissociation (hv 
=3.5 eV) of MO(CO)6 adsorbed on thin Al films under 
resonant surface plasmon (SP) excitation. Using p
polarized light, resonant excitation can be achieved by 
scanning the angle of incidence in Kretschmann's config
uration for attenuated-total-reflection (ATR).8 The photo
dissociation of Mo ( CO ) 6' adsorbed on various substrates, 
closely resembles the optical absorption spectrum of the 
free molecule, supporting the dominance of a direct exci
tation mechanism.9 Consistent with this we find that direct 
excitation is responsible for photon-driven MO(CO)6 dis
sociation in the absence of AI. Thus, we expect the strong 
evanescent surface plasmon fields at the AI-adsorbate in
terface to enhance the photolysis of weakly held MO(CO)6' 
To study these enhancement effects we chose an excitation 
wavelength (351 nm) close to the 360 nm cutoff of the 
optical absorption spectrum of Mo ( CO ) 6' 10 

The experiments were performed in a URV chamber 
(2X 10- 10 Torr) with a lOX 10 mm rectangular quartz 
prism, which could be cooled with liquid nitrogen to 120 K 
and heated via IR irradiation to ~ 550 K. 11 The Al films 
were freshly evaporated in URV at room temperature; the 
thickness was determined by a quartz crystal microbal
ance. Under these conditions, a continuous film with a 
roughness (surface height variance) of a few nm will be 
formedY With the sample at 120 K, Mo(CO)6 was dosed 
through a tube, which faced the front surface (film side) of 
the prism at a distance of ~ 3 mm (3L dose in all experi
ments; estimated coverage 2 ML). The prism was irradi
ated through its hypotenuse with polarized light of an ex
cimer laser (hv=3.5 eV, pulse energy 1.7 mJ/cm2, spot 
diameter 4 mm) [see Fig. lea)]. The incident angle (azi-
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FIG. 1. (a) Schematic illustration of the experimental configuration: 
MO(CO)6 is adsorbed on a quartz prism covered with a 180 A AI-film. 
The light enters through the prism hypotenuse at the internal angle 0. 
The desorption yield is monitored with a quadrupole mass spectrometer 
(QMS). (b) Top traces: CO desorption yield (28 amu) during photolysis 
of MO(CO)6 at 351 nm as a function of the internal angle 0 for po and 
s-poiarization, respectively. Bottom trace: MO(CO)6 cracking signal at 98 
amu (X 100 sensitivity) during photolysis. 
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muth of the prism) was recorded and converted to the 
internal angle 0. A quadrupole mass spectrometer (QMS) 
was used for time-of-flight (TOF) mass spectroscopy and 
to monitor the yield of desorption products during irradi
ation (integrated TOF spectra). 

Surface plasmons can be excited with p-polarized, but 
not s-polarized, light. We have, therefore, measured the 
CO desorption yield from Mo (CO) 6 preadsorbed on a 180 
A Al film as a function of the internal angle [Fig. 1 (b), top 
traces]. For p polarization, starting from a low level at 40° 
the CO signal rises sharply at the critical angle (0c=42.6°) 
and peaks at 45°. 13 The results are independent of the scan
ning direction. Comparing the signal below 0 c with its 
peak value, an enhancement ratio of 32 is obtained. During 
these measurements, the total coverage was depleted by 
less than 10%. For s polarization, however, the CO signal 
stays nearly constant (middle trace). The observed peak in 
the CO yield for p polarization must therefore result from 
surface plasmon excitation. 

At the surface plasmon resonance the absorbance in 
the Al film is close to unity and might lead to thermal 
desorption. Figure 1 (b) (bottom trace) shows that there is 
no thermal desorption of the parent molecule [no fragmen
tation signal of MO(CO)6 at 98 amu in the QMS ionizer]. 
This proves that the observed CO originates from the dis
sociation of adsorbed MO(CO)6' From TOF measure
ments (not shown), we obtain the same mean translational 
energy (Etrans ) 12k = l00±20 K for CO desorption from 
both Mo(CO)6-AI-quartz and MO(CO)6-quartz, i.e., 
thermal accommodation is realized. This is consistent with 
studies of the gas phase dynamics which show that photo
dissociation occurs through an excited state whose average 
lifetime is long compared to that required for intramolec
ular vibrational energy transfer. 14 

The results suggest that the photolysis ofMo(CO)6 on 
Al under resonant surface plasmon excitation is driven by 
direct excitation. The enhancement effect can simply be 
explained by the EM field enhancement at the SP reso
nance. The calculated electromagnetic field strength at the 
vacuum interface of a perfectly smooth 180 A Al film on 
quartz peaks at 0=44.3°; the enhancement ratio of -70 is 
twice that of the experimentally observed enhancement in 
CO yield. The corresponding ratio of the optical absor
bance in the Al film of - 8 cannot account for the observed 
enhancement. However, above 0 sp, the measured CO yield 
falls off slower than the calculated EM field, assuming a 

perfect film. An effective dielectric constant for the adsor
bate layer will account for some, but not all, of the discrep
ancy. For the most part, the slower falloff can be accounted 
for in terms of surface roughness, which enhances photon
SP coupling. Roughness has been shown to broaden and 
shift the SP resonance by several degrees to higher internal 
angles. 15 

In summary, we have demonstrated that surface plas
mon oscillations, excited at an adsorbate covered metal
vacuum interface, can effectively couple to the electronic 
system of an adsorbed molecule. For p-polarized light in
cident at the surface plasmon resonant angle in an A TR 
configuration, we observe a strong enhancement (32X) of 
the photodissociation rate of Mo (CO) 6 adsorbed on a thin 
Al film. This is attributed to a direct excitation by the 
enhanced evanescent electromagnetic fields. 
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