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Synopsis 
 

 Correlating STM/S, UPS, XPS, AES, APECS, and ZPS. 
 Formulating bond relaxation and electronic binding energy associated with ill-

coordinated atoms. 
 Quantifying coordination-resolved bond length, bond energy, energy density,  

atomic cohesive energy, and energy levels of an isolated atom and their shifts. 
 Clarifying physical origins and constraints in energetic spectroscopy identities as 

quantum entrapment and polarization. 
 Unifying under-coordinated adatoms, defects, monolayer skins, nanocrystals, and 

hetero-coordinated interface and alloys. 
 

 
Complementing STM/S and U/XPS, BOLS-enabled 
ZPS distills atomistic, dynamic, and quantitative 
information of local bond relaxation and associated 
energetics, localization, quantum entrapment, and 
polarization of electrons associated with adatoms, 
point defects, terrace edges, monolayer skins, 
nanosolids, impurities, and interfaces. Derivatives 
resolve the performance of these ill-coordinated 
atoms, which dominate ubiquitously hetero-
coordination Chemistry and under-coordination 
Physics. 
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Abstract 

Coordination-resolved bond relaxation in length and energy and the associated electronic dynamics 

pertaining to under- and hetero-coordinated atoms dictate the performance of adatoms, point defects, 

terrace edges, surface skins, impurities, and hetero-junction interfaces, as well as nanostructures of 

various shapes. However, extraction of such local and quantitative information from measurements 

remains a great challenge. This treatise aims to show the latest progress in this regard with focus on the 

advancement of the BOLS-TB (bond order-length-strength correlation and tight-binding approximation) 

approach and the theory-enabled zone-resolved photoelectron spectroscopy (ZPS) and their applications. 

The theory-enabled approach has enabled clarification, correlation, formulation, and quantification of the 

electronic binding energy that shifts with the coordination and chemical environment. Systematic analysis 

has been conducted on: i) Pt and Rh adatoms, W, Re, and Rh terrace edges, graphite monolayer skin and 

point defects; ii) layer and orientation resolved fcc(Pd, Rh, Pt, Ag, and Ir), bcc (W, Fe), and hcp(Be, Ru, 

Re) surfaces, iii) carbon allotropes and Si clusters; iii) Au, Ag, Cu, Ni, Pt, Pd and Rb nanoclusters as a 

function of size; and, iv) Ag/Pd, Cu/Pd, and Be/W interfaces. Exercises have led to quantitative 

information of the local bond length, bond energy, binding energy density, atomic cohesive energy, 

energy levels of an isolated atom and their bulk shifts. It is clarified that: i) perturbation to the 

Hamiltonian by the under-coordination-induced bond contraction, the hetero-coordination-induced bond 

nature alteration, and the polarization of the nonbonding electrons dictates intrinsically the binding energy 

shift; ii) the local densification and quantum entrapment results in the globally positive core level shift, of 

which the extent is proportional to the local bond energy relaxation; and iii) the polarization of the 

nonbonding states by the densely-entrapped bonding electrons screens and splits the crystal potential and 

hence shifts the binding energy negatively. Most strikingly, it has been clarified that: i) Pt adatoms and 

CuPd alloy serve as acceptor-type catalysts because of the dominance of entrapment while Rh adatoms 

and AgPd alloy as donor-type catalysts due to the dominance of polarization; ii) the graphitic Dirac-Fermi 

polarons result from the isolation and polarization of the dangling bond electrons by the densely-

entrapped local bonding electrons surrounding the graphite surface defects and at the graphene zigzag 

edges. Findings not only demonstrate the power of the BOLS-TB-ZPS in complementing scanning 

tunneling spectroscopy and photoelectron emission spectroscopy but also the essentiality of the 

perspective of bond and non-bond formation, dissociation, vibration and relaxation and the associated 

dynamics and energetics of charge repopulation, polarization, densification and localization in 

engineering bonds and electrons towards devising functional materials.  
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