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Preparation of ZnO colloids by pyrolysis of [MeZnOiPr]4 in the presence
of hexadecylamine and probing the surface chemistry of the nanoparticles
by CO/CO2 adsorption studies followed by FTIR†
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ZnO nanoparticles with an average diameter of 3.5 nm were prepared by employing a new thermolysis
route where the presence of catalytic amounts of water was essential for the completion of the reaction.
The use of HDA as the capping ligand provided particle solubility in a wide range of non-polar
solvents. The material was characterized using HRTEM, UV-VIS, DLS and XRD. In order to evaluate
it as a model for MeOH active catalyst support, gas adsorption studies monitored in situ with FTIR
were successfully employed. The facile penetration of CO2 molecules through the organic shell and their
subsequent conversion to a CO32 species at the oxide surface is presented and discussed.

Introduction
The synthesis of methanol from CO, CO2, and H2 (syngas) in the
liquid phase has been achieved recently by using free-standing
ZnO promoted Cu nanoparticles stabilized as colloids.1,2 Such
a quasi-homogeneous catalyst exhibiting highly dispersed
nanoparticles offers the opportunity to gain deeper insights into
the reaction mechanisms and the nature of the active sites on
conventional Cu–ZnO solid state catalysts, which still remain
controversial.3,4 Surface rich ZnO, i.e. supported ZnO–Al2O3
alone is a catalyst as well but the reaction is activated at much
higher temperatures of >400  C and follows a different mechanism, whereas the Cu–ZnO system operates at 220  C.5 In both
cases, the adsorption and the chemistry of CO and CO2 on the
ZnO surface plays a crucial role.6 For example, it was demonstrated recently, that the special structural relationship between
Zn2+ and O2 on the mixed terminated (10-10) surface is
important for the facile activation of CO2 leading to a tridentate
binding mode of the strongly adsorbed carbonate.7 In addition,
O2 vacancies have been suggested as the site for CO adsorption
and possible further transformation on Cu-free ZnO solid state
catalysts.5 We were thus led to develop nanocrystalline freestanding ZnO particles, stable as colloids and matching the
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requirements for comparison with the aforementioned colloidal
Cu–ZnO1,2,8,9 and ZnO-free Cu10 systems as well.
The nanochemistry of ZnO is vast with numerous interesting
applications11–14 beyond catalysis and a great deal of research
efforts have been devoted to developing the tools for controlling
the nucleation, growth and morphology of nanoscaled ZnO
particles. The arsenal of methods commonly used for nano-ZnO
preparation ranges from vapour phase synthesis, sol–gel chemistry, co-precipitation, and micro emulsion, hydrothermal/solvothermal treatment to template syntheses.15–21 It seems that wet
chemical routes involving the appropriate choice of precursor,
surfactants and additives generally provide superior fine tuning
of the particle shape and size distribution. Oleic acid, for
example, is known to direct the growth of zinc oxide and titanium dioxide, thus the resulting particles have a one dimensional
morphology.22,23 Similarly to fatty acids as surfactants, long
alkyl-chain amines are known to stabilize both, small metal and
metal oxide particles.17,24,25 Generally, it is known that these
additives are no hurdle for reactive gasses to penetrate through
the surfactant shell to the surface of particles allowing catalytic
reactions.26 In particular, we have probed the surface redox
chemistry of HDA (hexadecylamine) stabilized Cu particles24
and the surface species of oleic acid stabilized composite Cu–
TiO2 particles with CO by FTIR.23 Now we wish to present our
related results on the preparation and CO/CO2 adsorption
studies on almost monodisperse HDA stabilized ZnO nanoparticles of 3.5 nm in size, prepared by the controlled thermolysis
of [MeZnOiPr]4 (Me ¼ CH3; iPr ¼ CH(CH3)2]4 in HDA solution.
Zinc heterocubanes of the general formula [RZnOR0 ]4 (R ¼
alkyl, halide; R0 ¼ alkyl, silyl) and in particular [MeZnOSiMe3]4
and [MeZnOiPr]4 have been investigated as precursors for ZnO
nanomaterials. They model a cut-out of the ZnO solid state
structure on a molecular level and are thus attractive as singlesource precursors for ZnO.27 [MeZnOSiMe3]4, however, shows
quite a complex decomposition chemistry leading to Zn and/or
ZnO depending on the conditions its behaviour is related to
isoenergetic Zn–O/Si–O bonds. Nevertheless we have obtained
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