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17322-A6  Characterization of Ligand-Free
Copper and Silver Clusters and Their Reac-

tions to Form Metal Cluster Oxides and

Halides

James L. Gole, Georgia Institute of

Technology

Metal clusters represent unique inter-
mediate states of matter, the analysis of
whose properties should reveal much about
the growth of atoms into small metal parti-
cles, the development of features in the
bulk metallic phase, and, within themselves,
a very intriguing dynamic behavior. Fur-
ther, sufficient evidence now exists to
demonstrate that metal clusters are of im-
portance to the fundamental mechanisms of
catalysis and numerous chemical conversions.
Thus, the basic properties (geometry, bond
strength, reactivity) of small metallic
clusters, M,(2<n<6), have become the sub-
ject of intense theoretical and experimen-
tal study.l

As a contribution to the understanding
of these intermediate and unique states of
matter,the goal of our experimental re-
search effort has been to (1) develop in-
tense cluster sources? and characterize the
molecular electronic structure and hence
bonding in select small metal aggregates
and (2) study the nature of the oxidation
processes which small metal aggregates
undergo.

We have developed a source configura-
tion which lies intermediate to a low
pressure effusing molecular beam and a high
pressure flow device, generating substan-
tial concentrations of small metal clus-
ters which are then exposed to an oxidi-
zing environment. This "high flux" non-
effusive source has been combined with
those techniques which have proven invalu-
able for the study of highly exothermic
chemiluminescent reactive processes across
a wide pressure range3’4 to probe the opti-
cal signatures of those reaction products
associated with the oxidation of small
copper (Cugt03)? and silver (Ag +03) 3,3
clusters with further extension to select
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transition (Mnx+03,Crx+O3)6 metals. From
these studies we have obtained the first
quantal information on the energy levels
and optical signatures of several metal
cluster oxides, MpOy(n>2). These studies
serve to outline the potential for chemi-
luminescent probes of polyatomic metal
cluster oxide quantum levels,5 not only
within themselves but also as a means of
suggesting future laser fluorescent probes
of the metal cluster oxides. In addition,
they are beginning to reveal a rather uni-
que dynamics associated with the oxidation
of small metal clusters.

The most extensive work on copper and
silver cluster oxidation has yielded a
wealth of information on the vibrational
level structure of Cug0 and AgnO (esp.
Ag-0) and demonstrated an expected red
shift in spectral emission features upon
traversal of the series Mp0O as n increases
from two. This work has also focused our
attention on the rather unique molecular
electronic structure of the excited states
of silver dimer.

Our research effort has also focused
on the formulation of intense continuous
sources producing small cold metal clusters
in supersonic expansion at concentrations
up to 1012/¢cc (Na3,Cu3,(Ag3)).2s7 The
products of expansion are studied using a
combination of cw dye lasers and mass
spectrometry. While the application of
these sources has focused primarily on the
study of copper clusters, their potential
extension to the transition metals, speci-
fically to nickel trimer,7 is now well
underway and initial results have now been
obtained on the gas phase nickel trimer
spectrum. The development of these intense
sources is necessary for the observation of
the internal mbde structure associated
especially with polyatomic metal clusters
or the polyatomic products of metal cluster
oxidation, in many instances, may be plagu-
ed by the rapid depletion of excited state
populations via either non-radiative pro-
cesses,.photodissociation, or predissocia-
tion, either before the emission of a
monitoring photon can occur or before an
appropriate spectroscopic probe can be made
operative (for example, TPI spectroscopy).
The metal cluster sources are formulated
in order to overcome inherent loss mechan-
isms.

(1) '"Metal Clusters'", edited by M.
Moskovits, John Wiley and Sons, New
York (1986).
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17322-A6 Characterization of Ligand-Free
Copper and Silver Clusters and Their Reac-
tions to form Metal Cluster Oxides and

Halides

James L. Gole, Georgia Institute of

Technology

Metal clusters represent unique inter-
mediate states of matter whose basic prop-
erties (geometry, bond strength, reactivity)
have become the subject of intense theoreti-
cal and experimental study.l As a contri-
bution to the understanding of these inter-
mediate and unique states of matter, the
goal of our experimental research effort
has been to (1) develop intense cluster
sources allowing the mapping of the molecu-
lar electronic structure and hence bonding
in select small metal aggregates and (2)
study the nature of the oxidation processes
which these small aggregates undergo. These
studies have not only revealed a unique
reaction dynamics but also the manifestation
of an intriguing temperature dependent dyna-
mic behavior associated with the clusters
themselves.

We have developed two source configura-
tions which lie intermediate to a low
pressure effusing molecular beam and high
pressure flow device, generating substan-—
tial concentrations of small metal clusters
which are then exposed to an oxidizing en-
vironment. In one configuration, an intense
near supersonic metal flow expands into a
low pressure environment where it is bathed
by a concentric flow of a given oxidant. In
a second configuration, a non-effusive
metallic flow is bathed in an entrainment
gas at room to LNy temperature to induce
clustering, the clusters then being oxidi-
zed in a multiple collision intermediate
pressure environment. These "high flux"
noneffusive sources have been combined with
those techniques which have proven invalu-
able for the study of highly exothermic
chemiluminescent reactive processes across
a wide pressure range2 to probe the optical
signatures of those reaction products asso-
ciated with the oxidation of small copper
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(CuX+Og,Clz,Cl)3’5 and silver (Ag,+03,
012)3’ clusters with further extension to
select transition metals (Mnx+03,Cr+O3)3’7’8
From these studies we have obtained the
first quantal information on the energy
levels and optical signatures of several
metal cluster oxides, MnOy(nzZ) and pre-
liminary data on the copper cluster chlori-
des. In addition it has been possible to
study the manifestations of ultrafast energy
transfer among known excited electronic sin-
glet states and previously uncharacterized
triplet states of CuCl.? These studies
serve to outline the potential for chemi-
luminescent probes of polyatomic metal
cluster oxide and halide quantum levels3,5
not only within themselves but also as a
means of suggesting future laser fluores-
cent probes of the metal cluster oxides

and halides.

From these studies, we have obtained
quantal information on several previously
uncharacterized metal cluster oxides. This
work includes the analysis of two and poss-
ibly three low-lying electronic states of
Ag20,3’6 allowing an evaluation of the
ground state vibrational constants for the
asymmetric AgAgO isomer. We have obtained
a plethora of information on the vibration-
al level structure of the CuCu03>4 and
Cu, O (x_33)4 copper cluster oxides. Further,
in studying the multicentered Cuy (x>3) +
Clp reactions, we have tentatively identi-
fied the chemiluminescent emission spec-
trum of the CuyCl molecule formed in the
multicentered Cu3+Cly + CupCl + CuCl reac-
tive encounter. We have also studied the
reactions of small manganese clusters,
obtaining the first Mn20 emission spectrum
which demonstrates that this molecule takes
on an ionic form corresponding to (Mn26+)
(0)6‘ where the an‘S+ stretch frequency
is found to fall between that of Mny and
Cry. Finally, additional data obtained
on the copper and silver systems has
demonstrated an expected red shift in
spectral emission features upon traversal
of the series M,0 as n increases from two.
This work has also focused our attention
on the rather unique molecular electronic
structure of the excited states of silver
dimer and trimer.

(1) 'Metal Clusters'", edited by M.
Moskovits, John Wiley and Sons, New
York (1986).
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