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8 Summary 

Self-assembly of organic molecules could be a feasible bottom-up 

approach to build nanostructures suitable for future electronic devices. In 

this thesis, we studied self-assembled structures on metal surfaces as well 

as on graphene. We addressed two research questions. On a fundamental 

level, we studied the driving mechanisms of a self-assembly structure 

(Chapter 4) as well as the subtle, yet peculiar, influence of graphene on 

the final nanostructure (Chapter 5). Bridging towards a possible 

application, we explored a model systems of self-assembled charge-transfer 

complexes (Chapter 6) and established the feasibility of graphene based 

organic electronic devices (Chapter 7). 

We probed the structural properties of our systems using scanning 

tunneling microscopy (STM) on the nanoscale and low-energy electron 

diffraction (LEED) on the larger-scale. In one instance, we also studied the 

chemical environment of our adsorbents using X-ray photoelectron 

spectroscopy (XPS). The electronic properties were explored using 

scanning tunneling spectroscopy (STS), ultraviolet photoelectron 

spectroscopy (UPS), and angle-resolved photoelectron spectroscopy 

(ARPES). 

In Chapter 4 we report on the study of a tailor-made organic 

molecule on Au(111) using STM and LEED. The compound was 

specifically synthesized to exhibit great conformational flexibility. Upon 

adsorption, we found a self-assembled arrangement stabilized by H-bonding. 

Within the arrangement, the compound exhibited several different 
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conformations. Annealing the sample did not alter the conformational 

composition of the molecules on the surface, yet increased the long-range 

order of the arrangement. Increasing the lateral pressure by means of 

molecular coverage saw the emergence of an additional arrangement. 

Within the second arrangement, the compound still exhibited a 

conformational difference to the in gas phase energetically preferred one. 

However, unlike in the first arrangement all molecules showed the same 

conformation in the second arrangement. The observed behavior of the 

compound was independent of other sample preparation parameters, such 

as deposition rate. We hence established a solely coverage-controlled 

transition from a monomorphic system with only one molecular 

arrangements into a polymorphic system with two coexisting arrangements. 

This result is very different to earlier reports of the same compound on 

Ag(111), showcasing that high conformational flexibility can be utilized to 

achieve different self-assembly behavior on similar surfaces. 

In Chapter 5 we used STM, LEED, and STS to study the self-

assembly of a linear molecule bearing two carbonitrile recognition sites on 

HOPG as well as graphene on Cu(111). Upon adsorption, the molecules 

assembled in close-packed structures of parallel molecules stabilized by a 

mixture of H-bonding and dipolar coupling between neighboring, oppositely 

oriented carbonitrile groups. The structures exhibited a peculiar shift along 

the long axis of the molecules. On HOPG, this shift occurred every fourth 

molecule, while on graphene on Cu(111) two structures coexisted with the 

shift every fourth or fifth molecule, respectively. Such shift was not 

reported for similar molecules on metal substrates or in the bulk phase. We 
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conclude (i) that this shift is a unique feature of the self-assembly of this 

molecule on graphitic substrates and (ii) that one layer of graphite, i.e., 

graphene, suffices to induce said shift. 

In Chapter 6 we discuss the self-assembly of an electron-donating 

and an electron accepting molecule on Ag(111). In the homomolecular 

layer, the electron acceptor assembled into a porous network that was 

commensurate with respect to the substrate as revealed by STM and LEED. 

In contrast, the electron donor assembled into a commensurate close-

packed network. Upon intermixing the two molecules, the complementary 

nature of the two molecules facilitated a close-packed structure with a 1:1 

ratio of acceptor and donor. The mixed layer was not commensurate with 

the underlying substrate and furthermore the electron donor underwent a 

conformational change when compared to the homomolecular layer. XPS 

measurements confirmed the successful mixing of the two molecules. Upon 

probing the electronic structure of the systems, UPS and ARPES 

measurements revealed significant changes in the occupied states of the 

molecules upon intermixing. STS measurements showed the emergence of 

a new unoccupied state spatially homogeneously distributed across both 

molecules. The observed electronic changes signified a successful 

hybridization of the two molecules upon co-adsorption on the Ag(111) 

surface. Hence, we showcased in this chapter a model system for self-

assembled, charge-transfer complexes possibly useable in molecular 

electronics. 

In Chapter 7 we present the self-assembly of two compounds, 

namely benzene-tribenzoic acid (BTB) and trimesic acid (TMA), on 
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graphene on Ir(111) and the influence of the molecular adlayer on the band 

structure of graphene. Both molecules differ in size, but share a threefold 

symmetry as well as three carboxyl groups as recognition sites for H-

bonding. By means of STM and LEED, we studied the self-assembly of 

each compound in dependence of the molecular coverage. For BTB, we 

determined a transition coverage between a honeycomb and a close-packed 

structure. In contrast, TMA exhibited, between a honeycomb and a close-

packed structure, flower structures of varying size. As a result, we were 

unable to establish clear transition coverages between those structures. 

When probing the band structure of graphene after deposition of different 

molecular coverages, we found that the Dirac point of the Dirac cone 

shifted towards higher binding energies. This shift was more pronounced 

for higher molecular coverages as well as for TMA in comparison to BTB. 

Hence, we established a correlation between the density of carboxyl groups 

on graphene and the shift of the Dirac point. Most surprisingly, for the 

highest studied coverage of TMA we observed a significant opening of the 

Dirac cone of 300 meV. While a gap opening of graphene induced by 

molecular adsorption has been theoretically predicted, it has hitherto not 

been directly observed. Our study therefore is the first experimental proof-

of-principle for the feasibility of graphene based organic electronic devices.
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