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The IR spectroscopic investigation of both the adsorption of carbon monoxide and the interaction of
oxygen and CO on the surface of copper colloids is described for the first time. The copper colloids were
produced by pyrolysis of [Cu(OCH(Me)CHzNMezJz] in hot n-hexadecylamine. Upon contact to synthetic
air Cu/CuxD core-shell particles are formed, The treatment of these particles with CO results in the
reestablishment of pure Cu(O) particles. These results demonstrate that small molecules penetrate the
ligand shell of the nanoparticles and reversibly adsorb at the surface without affecting the particle morphology
and size distribution.

1. Introduction

The Cu/ZnO system represents a prototype for the
investigation of the so-called strong metal support inter-
action.1.ZThe particular interest originates from the fact
that it is employed in the large-scale industrial synthesis
of methanol from CO, COz, and Hz3 and in fuel cell
technology.4 However, many questions are still the object
of controversial discussion, including the microscopic
nature of the active species and exact role of the different
components of the catalyst. 5.6As a result of their intrinsic
complexity, industrially applied catalysts are extremely
difficult systems to understand. Highly sophisticated
model studies are conducted onZnO single-crystal surfaces
covered with copper clusters under ultrahigh vacuum
(UHV) conditions,?'-9 Conclusions about the influence of
the shape and size of the metal clusters on the catalytic
properties as well as the special function of the substrate
can be achieved with these model catalysts. Avital problem
of this approach, however, consists of the pressure gap
between UHV studies and the catalytic process typically
operated at high pressure and the materials gap between
ideal single-crystal surfaces and highly defective supported
nanoparticles. Surface-stabilized nanoparticles of defined
size and shape dispersed as colloids represent a rather
well-defined model system for unsupported particles,
which can be operated at high pressure. Another advan-
tage might be the solubility of those particles in various
solvents based on the ligand sphere around them. The

.To whom correspondence should be addressed at Ruhr Uni-
versitiit Bochum, Lehrstuhl fUr Anorganische Chemie II, Univer-
sitiitsstr. ISO, D-44780 Bochum. Phone: +49 (0)23432-24174.
Fax: +49 (0)234 32-14174. E-mail: roland.fischer@rub,de.

t Chair of Inorganic Chemistry II. Ruhr-University Bochum.
! Chair of Industrial Chemistry, Ruhr-University Bochum.
(1) Klier, K Adv. Catal. 1982. 31. 243. .
(2) Waugh. K C. Catal. Today 1992. 15, 51
(3) Hansen, J. B. Handbook ofHl'terogeneous Catalysis; Wiley- VCH:

New York, 1997; Vol. 4, p 1856.
(4) Rostrup-Nielsen, J. R Phys. Chern. Chern. Phys. 2001, 3, 283.
(5) Ostrovskii, V. E. Catal. Today 2002, 77, 141.
(6) Nakamura, J.; Choi, Y.: Fujitani, T. Top. Catal. 2003, 22, 277.
(7) Ludviksson, A.; Ernst. K H.; Zang, R; Campbell, C. T. J Catal.

1993, 141, 380.
(8) Boccuzzi, F.: Chiorino, A. J Phys. Chern. 1996, /00,3617.
(9) Lindsay, R; Gutierrez-Soza, A; Thornton, G.; Ludviksson, A.;

Parker, S.; Campbell, C. T. Surf Sci. 1999, 439, 131.

solubility offers the possibility to apply numerous ana-
lytical methods and might as well offer a new parameter
for optimization, aiming at some kind of "homogenization
of heterogeneous catalysis" from a more general point of
view. However, this ligand sphere can also cause a
profound problem: as a result of their large surface area,
nanoparticles are generally promising for applications in
catalysis,lO but the necessity of stabilizing them raises
the fundamental question as to whether the ligand sphere
influences the surface reactions and the adsorption
properties.

In situ attenuated total reflection (ATR) infrared
spectroscopy is a powerful tool to study the solid-liquid
interface.11 In the present paper, this particular method
is used to study the adsorption of carbon monoxide on
copper colloids as well as the redox chemistry of the system
at high pressure for the first time. The synthesis of copper
colloids by pyrolysis of the organometallic precursor [Cu-
(OCH(Me)CHzNMezhJ 1 in n-hexadecylamine (HDA) has
recently been published by our group,IZ

2. Experimental Section

The precursor [Cu(OCH(Me)CHzNMezJz] 1 was prepared
according to the synthesis described by Burho and co-workersl3
by an alcohol-exchange procedure ofcopper(II) methanolate with
the corresponding amino alcohol. For the preparation of the
particles, 7 g of HDA was first heated to 383 K in a vacuum to
dry and degas the solvent and was then heated to 523 K in an
Ar atmosphere. The reaction was initiated by adding a solution
of 320 mg (1.2 mmol) of 1 in 4 mL of dried and distilled
n-octyJamine rapidly under vigorous stirring. Upon injection of
the dark violet precursor solution, the colorless amine solution
turned to deep red and the temperature dropped to 498 K. After
30 min, the reaction was terminated by cooling the solution to
room temperature. The workup procedure consisted ofsuspending
the resulting red solid in methanol and separating the clear
methanolic solution of the excrescent HDA from a red precipitate
composed ofHDA-capped Cu colloids by centrifugation. Addition
of toluene to the precipitate resulted in a clear, deep red solution
of copper nanoparticles. Exposure to air oxidizes the colloidal

(10) Roucoux, A.; Schulz, J.; Patin, H. Chl'm. Rec'. 2002, 102,3757.
(11) BCtrgi, '1'.; Baiker, A. J. Phys. Chern. B 2002, 106, 10649.
(12) Hambrock, J.; Becker, R; Birkner, A.; Weiss, J.; Fischer, R A.

Chern. Commun. 2002, 68.
(13) Goel. S. C.;Kramer, KS.; Chiang,M. Y.;Burho. W. E. Polyhedron

1990. 9, 611.

10.1021/la0482554 CCC: $27.50 @ 2004 American Chemical Society
Published on Web 09/21/2004




