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Overview

Objective
Measure equilibrium adsorption of oxygen molecules on gold
cluster anions in the size range n = 7-26

Methods

» Sputter ion gas aggregation cluster source
» Radio frequency ion trap
- temperature controlled (120-400 K)
- cluster storage (t <600 s)
- mass spectrometry (R=M/AM=<500)

Results

* Equilibrium formation of [Au (O,) ] observed for m=1-3
- dependence of K, on n
- formation/relaxation rates



Introduction

The catalytic reactivity of gold clusters has been an active area of
research since experiments? and analysis® demonstrated the
formation of CO, following co-adsorption of O, and CO on
supported gold clusters. In particular the back donation of electrons
to the gold clusters supported on MgO substrates?23 motivated gas
phase measurements of the adsorption of O, and CO on gold
cluster anions# and also calculations®> of O, adsorption on gas
phase anions. The anion measurements were performed in a the
pulsed flow-reactor and observed single molecule uptake of O,
throughout the even number cluster size range n=2-22. However
calculations®’ suggested that adsorption on the odd ones or
multiple O, molecules adsorption were expected.

Measurements of the diffraction of small gold anions have been
underway in our laboratory during the past year. This ongoing
research will concentrate on the changes in cluster structure
induced by the adsorption of O, which has been discusseds>?9
previously. It has been necessary to determine the O, adsorption
parameters required by the planned diffraction experiments. This
poster describes the preliminary results of these measuements.



Experiment Instrument
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Experimental Data Sequence

Load Cool Hold ions to react Eject &
~1s ~3s 0~600s detect ~0.5s
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O, Adsorption vs Au,-
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O, Adsorption vs Au,-
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O, Adsorption vs Au,-
P(O,) = 10E-4 torr Hold = 50s
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O, Adsorption vs Au,-
P(O,) = 10E-4 torr Hold = 50s
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Relative AG for single O, absorption: Size dependence

—a&— Equilibrium measurement under 150K
0204 m- Results in ref [4]
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Kinetics of O, Adsorption on Au,-

AU; + 0, == (Au,0; ) * —s (Au,0;)
<To;] >(Aun05)
keff 1
%AUE = —Ker AU,
d

E(Aunog) = Keir AU,

’ =kf[02](kc[02]+kr)
Tk +k [0,] + K,




[Au,] and [Au,O,]

1.0 =

Aug +0, — (Au,O,)

T=300K P(O,)=3x 10> Torr
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Pressure Dependence: Aug + O, — (Au,O,)
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Comparison of Reaction Rates

radiative limit: pressure — 0

Aug + O,

Aug* + CO (Ref. 10)

K, Increase, k, decrease with similar k;



Summary

« Measured equilibrium adsorption of single oxygen molecule
on gold cluster anions in the size range n = 7-26

* Observed multiple adsorption of oxygen molecules on
certain
special size, such as n=20 and 22.

* Vibrational relaxation is about 10 times as radiative rates
under experimental conditions

» Effective formation rates for [Au,(O,)]" are significantly less
than for [Au (CO)]*
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