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The dissociation of methane on Pt(111) was studied using quantum state-resolved methods and reflection absorption
infrared spectroscopy (RAIRS), at a surface temperature of 150 K where the nascent reaction products methyl(ads) and

H(ads) are stable and accumulate on the surface. RAIRS used here for state-resolved reactivity measurements, enables us

to monitor the methyl(ads) uptake during molecular beam deposition. The results show that methane dissociation is not
only both translationally and vibrationally activated process but also can be bond-selective.
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Fig. 1. A series of RAIR spectra collected during E.=0.79
eV CH, molecular beam deposition on a Pt(111) surface at
T,=150 K. Two peaks correspond to the anti-symmetric CH3
bend overtone and the symmetric CH3 stretch absorptions
respectively.
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Fig. 2. (color online). (a) RAIRS-detected uptake curves of
CH3s(ads) coverage on Pt(111) at 7,= 150 K as a function of
incident CH4 dose for different incident translational energies
E. (laser-off condition). (b) CHs (ads) uptake curves for
incident v;-excited CH4. Open circles correspond to the laser-
off result with the highest E; of 0.34 eV used for the laser-on
experiments which demonstrates that the observed CH;
coverage is only due to incident v;-excited CH..
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Fig. 3. (color online). (a) Initial sticking probability S, of
CH.s on Pt(111) for laser-off and state-specific excitation of
the vs as a function of incident translational energy E.. Dashed
lines are S-shaped reactivity curves fitted to the data to
determine a vibrational efficacy 7(vs) of~0.71. (b) CHs(ads)
saturation coverage as a function of initial sticking probability
So (laser-off) and So(vs).
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Fig. 4. (color online). A comparison of RAIRS spectra after
80 min deposition of CH3D on Pt(111) at 7,= 150 K for the
laser-off condition (bottom) ; for the vi-excited laser-on
condition (top).
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Fig. 5. (color online). Methyl product uptake curves for CH3
D incident on Pt(111) at 7s= 150 K for the laser-off condition
(open square) ; for the vi-excited laser-on condition (filled
square).
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