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Abstract: 
temporal resolution studies of optically initiated dynamics at interfaces are presented. 

Results from a new experimental technique for simultaneous spatial and 

Understanding surface mediated reactions involves the correlation of local electronic and 
topological structure with reactivity. Further, an improved understanding of localized 
reactivity would benefit h m  dynamical studies. [ 11. Towards this end, a new experimental 
techuique for obtaining simultaneous spatial and temporal resolution of optically initiated 
dynamics at interhces is presented. The method, based on the integration of femtosecond- 
optical spectroscopy and scanning probe microscopy (FOS-SPM), is capable of spatial 
localization of optically induced phenomenon at intdaces. Spatially localized, time 
resolved spectroscopic measurements are achieved via coupling of the metal SPM tip to an 
optical field at the interhqe.[2,3] FOS-SPM has been shown to be capable of identqing 
and differentating between difFermt opto-elecQonic mechanisms, specifically multi-photon 
ionization @PI) and optical rectification.[4] Preliminary results on the application of FOS- 
SPM to study localized surface reactivity are presented. 

The experimental technique employs the ultrafast pulses of a TiSapphire laser, cu 25 
femtoseconds, to optically excite a thin sample film in the Kretschmann-Raether attenuated 
total reflection configuration[5]. This excitation geometry allows unobstructed optical 
access to the sample from below and detection of both the forward reflected light, for 
example in a pump-probe measurement, or surface generated second harmonic signal. 
Additionally, a scanning tunneling microscope (STM) is positioned above the thin sample 
film to detect photo-induced modulations of the sample as well as to cause spatially 
localized perturbations via coupling of the probe tip to the excitation field.[6] Thus, the 
STM is used both to detect the effects of optical excitation as a fimction of pumpprobe 
pulse separations to yield a time resolved signal with temporal resolution on the order of the 
excitation pulse duration and to (spatially) localize optical measurements of the surface 
with spatial resolution determined by the interaction area of the probe tip with the 
excitation field and the surface. 

Multi-photon ionization &om a thin (-50 nm), vacuum deposited Ag film has been 
detected as a photo-induced current through the variably biased STM. The bias dependence 
of the MPI signal is highly asymmetric and is enhanced when the surface (tip) is negatively 
(positively) biased, consistent with electrons being drawn more effectively to the tip when 
the appropriate bias is applied. The temporal profile of this signal, shown in Fig lA, is 
found to be pulse width limited, in agreement with previous studies[7], and matches the 
time resolved surface second harmonic optical signal. The latter is equivalent to a pulse 
cross-correlation and w a s  recorded simultaneously in the forward direction. The power 
dependence of the MPI signal, shown in Fig lB, reveals a two-photon mechanism at lower 
powers and a three-photon mechanism at higher powers. This result is interpreted as 
indicating that there are a range of ionization thresholds across the different surface sites. 
Thus, those sites with what is effectively a lower work function or larger localized surface 
plasmon field[8] may be considered as being more reactive for photo-induced process. A 
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correlation of site reactivity with structural features may have implications for the design of 
opto-electronic and photo-chemical devices with enhanced efficiency and sensitivity. 

This correlation has been measured; SPM images of the photo-induced signal and the 
surface topography of an Ag film are shown in Fig 2. The photo-induced image, shown as a 
contour plot overlaid on the top half of Fig 2, highlights a correlation between the edges of 
topographical features and an enhancement in the photo-induced signal. This image w a s  
recorded with the tip within electron tunneling distance from the surface so the photo- 
induced mechanism may be different than the MPI process of Fig 1, which is based on free, 
ionized electrons. The bias dependence, laser power dependence, and time dependence of 
the signal are being studied at different locations on the surface to clanfy the imaging 
mechanism. Ongoing work will further aid in the understanding of the relationship between 
structural features and site reactivity. 
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Figure 1. (A) Time resolved photo- 
induced SPM detected MPI signal. 
(B) Power dependence of MPI 
mechanism, open circles, with 
quadradic ft, line with solid squares, 
and cubic fit, line with solid triangles. 

Figure 2. Simultaneous photo-induced 
and constant current STM topography 

on 5 0 n m  Ag film. Photo-induced signal 
is shown as contour plot overlaid on the 
top half of the STM image to highlight 
the image correlation.Height Scale: 10 
nm range; from black, 0, to white, 10 nm 
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