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Highly functional supramolecular architectures are the key to biochemical processes such as light
harvesting, site and shape selective chemical reactions and the interconversion of energy between
different physical or chemical forms. The non-covalent assembly of multiple functional components
provides an atom efficient way to access polyvalent structures. Nature has implemented such
architectures through a relatively small toolbox of macromolecular building blocks, namely proteins
and polysaccharides. With the emergence of synthetic polymer chemistry and of metal organic
frameworks, unnatural macromolecular architectures have been developed and established as
functional materials in many applications including catalysis and photovoltaics.

Two of the Pls (ECC, CEH) have been concerned with elaborating the structural elements
in molecular components which control 2D-pattern formation in self-assembled monolayers at

- atomically flat surfaces [1-3]. In parallel they have developed synthetic
;sﬁw@hﬁ’: .+ systems to probe the key molecular recognition elements and algorithms
\.:-_‘*‘éieh-.:" @}{@}j controlling the ass_embly of coordination. polymers and 3D molecular
] frameworks. In particular they studied the influence of the metal-ions used
for complexation and the organic linker component upon the resulting
architecture of the resultant 2D or 3D frameworks. By judicious selection of heteromultitopic
bridging ligands with metal binding sites optimised for different metal ions, an exquisite level of
molecular control in the assembly of heterometallic extended 2D and 3D structures with precisely
positioned metal ions has been achieved [4,5].

It has recently been demonstrated, that on-surface reactions [6,7] can be used for the
synthesis of 2D coordination and covalent polymers [8,9] which exhibit highly interesting electronic
[10] and magnetic [11,12] properties arising from the interaction of the substrate and the molecular
layer.

In this project, groups from the University of Basel (ECC, CEH) and PSI (TJ) who have
investigated similar periodic polymer systems from distinctively different scientific perspectives will
join forces. The key expertise of ECC and CEH in the design and synthesis of self-organising
materials and of TJ in studying and understanding the structure and properties of self-assembled
and self-organised structures will be combined. It is this multidisciplinary and multicultural
approach that makes the project appropriate for the the SNI doctoral programme. The added value
of the proposal is multifold: We aim to understand the growth, topology, topography and
morphology of surface-templated coordination polymers as they evolve from 2D monolayer islands
to multilayers and surface supported bulk-like structures. This will be studied and compared with
the wealth of bulk properties known from previous work.

Substrates will include low reactivity metals such as gold, as well as oxygen terminated
metals and metal oxides and ionic crystal carpet layers which can modulate the interaction
between the substrate and the coordination polymer layers. New generations of organic ligands will
be designed to be commensurate with the selected surface chemistry and topography. In addition
to the established solution casting methods of monolayer preparation, we will also investigate CVD
and MOCVD techniques as well as sublimation for delivering the metal centres to self-assembled
monolayers of ligands.
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The host-guest properties of the surface metallopolymers will be investigated.
Guest molecules such as Cgo which have been established both in 3D bulk




[13,14] as well as in 2D layers [15,16] will be delivered by solution casting or co-sublimation to
assess the full complexity of the materials structure and to investigate the property tuning possible
in such novel systems.

A jointly supervised PhD student, with a masters degree in nanosciences or chemistry will first gain
experience in the preparation of coordination polymers in the Housecroft/Constable group while
attending selected lectures in preparation for this project. In this period, combinatorial studies of the
metal and ligand toolbox will be made as a close collaboration of the two groups to optimise in-situ
preparation parameters .

After one year, we plan that the student is introduced to the multi-chamber in-situ
preparation and characterization system in the TJ group and starts to explore the best growth
conditions and substrates for the surface template formation of tpy based coordination networks.
The focus of the research is on the characterization of sub-monolayer and monolayer thick
coordination networks by high resolution Scanning Tunneling Microscopy and Spectroscopy. In
conjunction with X-ray photoelectron spectroscopy revealing the chemical species involved in the
formation of the coordination network [17,18], the network architecture and morphology (defect
densities, crystallographic parameters, etc.) will be assessed in the initial phase of surface
templated growth. Important factors are: the substrate type and its surface termination (N, S, O on
metals), the coordination metal (to be deposited separately or to be provided by diffusion from the
substrate) as well as the molecular linker. These studies will provide unique mechanistic and
structural insights into the growth of 3D coordination networks. An important issue will be the
discussion of the different formation mechanisms ‘in-situ and on-surface’ and ‘in-solution’ on
physico-chemical grounds. This also links up to earlier work in the nanolab where ‘in-situ and on-
surface’ supramolecular chemistry has been discussed in comparison with the corresponding in-
solution behavior [19,20].

In the third year, the focus of the project will be the assessment of the physico-chemical
properties of the periodic structures beyond their coordination architecture. This will involve the
substitution of molecular linkers with selected functional groups containing photonic or redox active
units and the study of the correspondingly modified properties both in the Chemistry and in the
Physics Department as well as at the Paul Scherrer Institut where unique and highly sensitive
photon methods are available in the form of X-ray Absorption Spectroscopy [21], Near Edge X-ray
Absorption Fine Structure [22], Surface XRD and also - if needed — ‘ambient’ XPS to compare
coordination networks prepared in solution, ‘in-situ and on-surface’.
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