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Abstract
The primary objective of the project is to produce new catalytically active transition

metal systems for reduction and utilization of CO.. In this project two catalysis concepts are
considered. The first one is straightforward reduction of CO, either via reversed water-gas
shift reaction or via electro and photo chemical methods. The second approach consists of a
one-pot reaction, which combines CO, reduction to CO with secondary catalysis reaction,
hydroformylation of alkenes to aldehydes and alcohols. Additional goals are:

- Design of sustainable synthesis methods and catalytic processes

- Improving sustainability of catalysis reactions

- To understand properties and phenomena underlying the activities of studied

compounds

To meet these goals the project is divided into three main tasks: 1) Design, synthesis
and characterization of ligands and new transition metal compounds. 2) Catalytic testing of the
new compounds. 3) Computational studies to shed light on the factors behind the catalytic
activity.

Allocation of the tasks:
- Joensuu group
o Conventional synthesis of ligands and metal complexes
o Structural characterization of new compounds
0 CO; reduction via reversed water-gas shift reaction, hydrofomylation utilizing
CO, as feedstock



0 Molecular modeling

Grenoble group
0 Synthesis of new ligands and complexes by conventional, electrochemical and
photochemical methods.
o0 Electrochemical and photochemical characterizations of the new compounds
0 Electrochemical and photochemical reduction of CO,
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Activities

1.

CO2Green Kick-off meeting, Département de Chimie Moléculaire (DCM) Université
Joseph Fourier, Grenoble, France, January 29, 20009.



2. KETJU annual seminar, Helsinki Suomenlinna Sea Fortress, Helsinki, Finland,
February 10-11, 2009.

3. 18th International Symposium on the Photochemistry and Photophysics of
Coordination Compounds (18th ISPPCC), Sapporo, Japan, July 4-9, 2009
“Photoredox reaction vs. CO dissociation in [Os(diimine)(CO),Cl,]”

4. CO2-SUSE —seminar, Abo Akademi Process Chemistry Centre, Laboratory of
Industrial Chemistry and Reaction Engineering, Abo, Finland, October 8-9.10,
2009.

5. CO2Green 1% Follow-up meeting, 13-15.1.2010, University of Eastern Finland,
Department of Chemistry, Joensuu, Finland, January 13 -14, 2010.

Progress of the project

As originally planned, the focus of the research during the first year of the project has
been on synthesis of new nitrogen donor ligands and metal carbonyl complexes of late
transition metals. A series of new carbonyl containing complexes of Fe, Ru, Os,Ir and Rh with
nitrogen donor ligands, such as polypyridines, oximes, imidazole derivatives, and N,N'-
(isopropyl),-1,4-diaza-1,3-butadiene have been synthesized and characterized.

Catalytic testing as well as computational studies has been started. Polymeric
[Ru(CO)4)n synthesized via reductive carbonylation from RuCls, has found to be active both in
conventional hydroformylation and in RWGSR-hydroformylation. In the latter case,
conventionally used CO is replaced with CO, feedstock.

Series of Ru, Os complexes have been preliminarily tested in electrocatalytic CO,
reduction at the analytical level. Some of the new complexes show promising results and this
work is in ongoing.

Computational work has started with the analysis of the properties of [Ru(CO)4], and
[Ru(L)(CO)2]n (L= 2,2’-bipyridine ).

The synthesis task has been carried out in collaboration between the participating
groups. New complexes synthesized in Joensuu have been sent to Grenoble for
electrochemical analysis, photochemical studies and electrocatalytic testing. Similarly, ligands
and complexes synthesized in Grenoble, have been sent to Joensuu for further synthesis,
structural characterization and catalytic testing in reversed water-gas shift.

During the second and third year the role of the project catalysis will be emphasized.
In the field on synthesis, the selection of new complexes is planned to be extended with
multinuclear systems. Also, search for new active and environmentally more benign iron
complexes will continue.



