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Abstract of Thesis  
Solid surfaces have been serving as a playground of physics since the development of ultra-high vacuum 
environments and advanced experimental techniques for their syntheses and characterizations. Significant 
discoveries have been unraveled ranging from strange electronic states that are only observable in the presence of 
surfaces and interfaces, to the better understanding of gas molecules-surfaces reactions. In the past decade, there 
have been considerable interests in the behavior of electron spins in solid surfaces and their manipulations in 
electronic devices have given birth to the field of spintronics. Similarly, the effects of solid surfaces on the 
electronic and nuclear spins of molecules involved in many heterogeneous catalytic reactions have been gaining 
recognition among surface physicists and chemists. These imply that one can tune the physical properties of solid 
surfaces by intelligent materials design to influence and manipulate the electronic and nuclear spin states. 
Fundamental to such design strategies is how to take advantage of symmetry and its breaking processes. Broken 
symmetries can lead to drastic changes in the electronic, magnetic and structural properties of solids and 
molecules, which in principle can be used to manipulate the behavior of electron and nuclear spin states. In this 
dissertation, we presented the manipulations of electrons and nuclei spins using symmetry-driven designs of solid 
surfaces by considering two case studies using a combination of first principles calculations based on the density 
functional theory (DFT) and model Hamiltonian calculations. In the first case study, we introduced a new way of 
designing dilute magnetic semiconductors by taking advantage of the layered structure of a semiconducting oxide 
in introducing magnetic and non-magnetic impurities. By means of intelligent materials design calculations, we 
showed how the local symmetry breaking introduced by impurities at the interstitial regions changes the crystal 
fields of its surrounding in solids and induce electron polarization at the surface layer. We also found that the 
formation energies of interstitial impurities in a semiconducting lead oxide (PbO) surface are lower compared to 
their substitutional counterparts due to the unique bonding mechanism with the host crystal atoms. This bonding 
results in splitting of d-orbitals of interstitials that induce spin-polarization and magnetic moments in the 
surface. We also found ferromagnetic spin ordering that persists above room temperature which is stabilized by 
the exchange of electrons between impurities through oxide atoms. Further, we have shown that the magnetic 
moments are strongly enhanced by hole carrier doping which can be attributed to the emptying of the minority 
spin states, giving rise to stronger spin-polarization in the crystal. In the second case study, we demonstrated 
from quantum dynamics calculations how the introduction of steps on solid surfaces breaks the rotational 
symmetry of adsorbing H2 that leads to the lifting of the angular momentum levels degeneracies and nuclear spin 
states transition. We also showed that H2 adsorption on stepped Pd surface is governed by a highly anisotropic 
potential energy surface (PES) that favors adsorption of parallel- over perpendicular-oriented molecules. By 
solving the quantum motion of H2 in this anisotropic PES, we found that the two lowest energy states correspond 
to para and ortho nuclear spin isomers, respectively. Upon comparing the gas and adsorbed phase rotational 
energy levels, we found that ortho H2 have higher desorption energy compared to para H2, implying a separation 
of the nuclear spin isomers by adsorption on stepped metal surface. We further showed that the presence of steps 
on metal surfaces promotes H2 nuclear spin transition by enhancing the surface-molecule hybridization. We have 
concluded that the key to faster ortho-para conversion is to bring H2 to the so-called molecular chemisorbed state 
where there is a significant overlap of the surface and molecule wave functions. This is only realized by 
introducing steps on surfaces.  
The results of this dissertation have significant impacts on the design and development of spintronics materials 
as well as important contributions to the realization of hydrogen-based society. 




