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INTRODUCTION

CW light:  * excitation of adsorbate-substrate bond
¢ hot atoms

ns lasers: * substrate mediated
* nonthermal electrons

fs lasers: ¢ substrate mediated
¢ highly nonlinear vyields
¢ thermal electrons
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SURFACE PHOTOCHEMISTRY

clean Pt(111) surface at 90 K...



SURFACE PHOTOCHEMISTRY

dose with Oz and CO...
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photons excite sample...
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..breaking and rearranging bonds



SURFACE PHOTOCHEMISTRY

VERITAS — DISCLAIMER

The phenomena depicted in this animation
are entirely fictitious. Any resemblance to real
phenomena is purely coincidental.

.breaking and rearranging bonds
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UHYV SURFACE SCIENCE CHAMBER
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SURFACE CHARACTERIZATION
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HIGHLIGHTS

¢ Yield at 800 nm
e Strong nonlinearity: Yo F©

¢ (ross-correlation time: 1.8 ps
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ELECTRON TRANSFER
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ELECTRON TRANSFER

DIET yields linear and and low...

Solution: DIMET (many short-lived attachements)

A Misewich, T.F, Heinz, DM, Newns, Phys. Fee, Lett. 08 (1992) 3737 p
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» Nonthermal Pt electrons excite adsorbates

» How are the products formed?

O,+ CO — ¢ - C0O,+ O



FEMTOCHEMISTRY PATHWAYS

» Nonthermal Pt electrons excite adsorbates

» How are the products formed?

PO, +C"°0 5 2 5 CO,+ 0
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WHICH PATHWAY?

hv+CO —» CO

/
CO+ 0O, — CO, — CO,+O
/
CO'+0, — CO+0O, — CO+0,

.. but we see more U, desorption of
O /Pt than from CO/O, /Pt
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WHICH PATHWAY?

hv+ 0, —» 207

/
O+ CO — CO,
/
20" - O,



WHICH PATHWAY?

hv+ 0, —» 207

/
O+ CO — CO,
| /
207 - O,

... but we see no mixing of oxygen isotopes



WHICH PATHWAY?

hv+0, -5 O,



WHICH PATHWAY?

hv+0, -5 O,

/
O, +CO — CO, - CO,+0O



WHICH PATHWAY?

hv+0, -5 O,

/
O, +CO — CO, — CO,+ 0O
/
0, —» O,



WHICH PATHWAY?

hv+0, -5 O,

/
O+ CO — CO, — CO,+ O
/

— O,

£

O,

... but the CO never loses its oxygen atom



WHICH PATHWAY?

O, desorbs molecularly
It CO, is produced via a COS" intermediate,
then the oxygen atoms are highly inequivalent

(if, on the other hand, it is produced via an
atomic pathway, O capture is highly efficient)



B T S T EE R e A T e A et e e e N K T
A R T i i e e e L T TAKY

» For 267/-nm and 400-nm pulses, photochemistry
becomes nonlinear at 10 uJ /mm?2

» O, desorbs molecularly

» CO, formation likely proceeds viaa CO,
intermediate with highly inequivalent O atoms



SRR A S C. N CL U S I O N S’

» Nonthermal electrons created by femtosecond
pulse important

» Femtosecond lasers greatly enhance surface
reaction cross sections

» Isotope substitutions help understand pathway
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