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What is Density Functional 
Theory?

(DFT) is a quantum-mechanical method used in 
chemistry and physics to calculate the electronic 

structure of atoms, molecules and solids. It 
simplifies the problem of having many ions 

interacting at once by removing exchange and 
correlation and creating 1-electron states in an 
external electric field. DFT calculations also take 

place at absolute zero and in vacuum. This 
means that a) temperature and pressure and b) 
exchange and correlation needed to be added 

back into DFT results to approximate 
experiments at standard conditions.

• Quantum ESPRESSO is an open-source software package to do 
electronic structure calculations based on plane wave DFT, 
employing pseudopotentials and multiple structure relaxation 
schemes

• All bulk solids and their surfaces are solved at absolute zero and in 
vacuum

• The ICSD has over 280,000 crystal structures.
• 80% of the crystals are classified in a structure type and there are 

roughly 9,000 different structure types.
• We need to search for the structure type that is appropriate to our 

problem and any related structures with similar chemistry. (PbO, 
PbCO3, PbHPO4, etc.)

• These structures are the input for our DFT simulations

Data + DFT + More Data
• The input of our DFT is structural data that comes from 

crystallographic structural databases.
• The output of DFT calculations are electronic states, fully 

relaxed structures, and total energies.
• Total energy is ΔE or in terms of thermodynamics, a change in 

internal energy ΔU. 
• ΔU to ΔG: add a zero-point energy correction to obtain the DFT 

piece, ΔG1 = Eproducts – Ereactants + ZPE - TΔS
• ΔG1 : The computable DFT piece that is bond making and bond 

breaking. 
• ΔG2 = ΔGSHE

0 – neeUSHE – 2.303nH
+kT pH + kT ln a(Hx AOy)z−is the 

tabulated data with Nernstian corrections. This was informed by 
experimental data (Pourbaix diagram).

• - Add them together, (ΔG1 + ΔG2)

Methodology
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Statement of the Problem
Lead release in water systems can cause devastating 

effects in communities. We need to better understand 
the atomistic processes that lead to protective thin film 

formation or lead release. The tool that we can use to do 
this is first principles density functional theory. It yields 

atomistic information on the solid state and its electronic 
structure. This tool can be used to better understand 

processes that occur in vacuum or in an aqueous 
environment, but will be even better if we add in real 

world data to approach real world conditions.


