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Summary:  
Fundamental studies of material surfaces are of continued interest to the development 

and improvement of many modern technologies, such as catalysis, energy efficient electronics, 
and high-capacity batteries, to name a few. This dissertation targets two distinct sets of molecule-
surface interactions relevant to the continued development of structure-property correlations 
important to both heterogeneously catalyzed nitrogen reduction reactions and engineering 
considerations specific to the function of organic electronic devices (OED). These include Haber-
Bosch interactions at model molybdenum-nitride interfaces and separation-dependent 
interactions between a series of simple aromatics and Ru(0001) used to model a metal contact. 
Van der Waals inclusive Density Functional Theory (DFT) represents the primary investigative 
approach used throughout both portions, but results obtained from parallel ultrahigh vacuum 
(UHV) surface-science experiments are also presented when discussing the OED-specific work. 

 
Molybdenum-nitrides have recently received considerable renewed interest as active sites 

for ammonia synthesis and related denitrogenation reactions. Here, we focus on nitrogen fixation 
reactions on Mo- and N-terminated versions of δ-MoN(0001)/Ru(0001) thin-films. A comparative 
analysis to analogous predictions reported for ammonia synthesis at Mo-terminated γ-Mo2N(111) 
sites demonstrates a near-total dependence on the atomic surface-structure of the nitride with 
little to no impact resulting from significant changes in sub-surface structure/stoichiometry. 
Changing from Mo- to N-terminated versions of the film drastically changes the intermediate 
reaction barriers such that the rate limiting step in the overall ammonia evolution reaction 
mechanisms changes from NHx hydrogenation to N2 dissociative adsorption when comparing 
these extremes. Specific values and further contextualization within existing literature and 
ongoing experimental studies are provided within the body of the chapters corresponding to this 
work. 

As a general rule, OEDs require contact to conventional charge-carrying materials to 
function as designed. Often these materials are metals, to which organic backbones are typically 
bound using custom-tailored terminal anchor groups. While significant molecule-surface charge-
transfer is clearly expected at sites making direct contact to the metals, it is less clear to what 
extent charge-transfer may impact electronic structure within OED elements located nearby, but 
not in direct contact with the metal sites. To explore this possibility, we created a series of 
computational models consisting of benzene and pyridine molecules held at various fixed 
distances from an Ru(0001) substrate (both with and without 2-dimensional hexagonal SiO2 thin-
films present between the probe molecules and the metal). In both cases, significant metal-to-
molecule charge-transfer is noted when allowing the molecules to bind directly to the Ru interface, 
but virtually no interaction is noted when increasing metal-molecule separations between 5 and 
15 Ǻ, both with and without inclusion of SiO2 thin-films placed between molecule and surface. An 
analogous series of experiments investigating pyridine-Ru interactions introduced after exposing 
controllably varied SiO2/Ru(0001) thin-films to varied doses of pyridine at various sample 
temperatures exhibits behavior similar to that predicted by theory. Specifically, molecules 
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reaching the Ru interface bind strongly in a manner exhibiting indirect evidence of molecule-
surface charge-transfer via shifts in work-function measured by Xray photoelectron spectroscopy 
(XPS), while molecules present at the SiO2 interface show no evidence of molecule-surface 
charge-transfer and only weakly physisorb based on temperature programmed desorption (TPD) 
results. 
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