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Taylor expansion of

the energy in its

constituting variables,

the number of electrons

𝐍 and the external

potential 𝐯(Ԧ𝐫)

Introduce pressure into the Conceptual

DFT framework through the XP-PCM

model to simulate pressure in static

calculations.

Examine the influence of pressure on

existing reactivity descriptors and

identify new response functions with

respect to pressure.

The molecule interacts with a dielectric medium through

electrostatic interactions and Pauli-repulsion.

Repulsion of ρ by external medium (Z0)

{qi} from 

medium on 

surface due 

to solute (ε0)

The cavity volume is 

stepwise (f) reduced 

starting from a standard 

PCM cavity (vdW spheres)

Along the cavity scaling, 

the medium is modified 

(ε(f) & Z(f))

With decreasing cavity 

size, the energy increases, 

and the pressure is 

obtained as:

𝐩 = −
𝛛𝐄

𝛛𝐕𝐜

XP-PCM

DFT/PBE0/aug-cc-pVTZ /Gaussian16

XP-PCM model using an in-house

Julia code

IEF-PCM with cyclohexane as solvent,

barrier hardness of 6 and dielectric

constant of 1.0025

Cavity constructed from Rahm radii

set with a reference scaling factor of

1.3

Finite difference approximation for

electronegativity and chemical

hardness, constrained XP-PCM

cavity upon ionization (isochoric).

Polynomial fitting for energy

derivatives with respect to pressure.

Radial Distribution Function,

Quantum Similarity Index and

Kullback-Leibler Information

Deficiency to study electron density.

(python 3.9 & Multiwfn 3.8dev)
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Now: introduction of additional variables such as electric

fields, magnetic fields, external force, …

Identification of

chemical concepts such

as electronegativity and

chemical hardness

The first order response of the

energy with respect to pressure

can be considered as the

electronic volume.

Small value

Periodic Patterns

Good correlations

Ionization potential and electron affinity, components

of the electronegativity, both decrease under external

pressure. The electronegativity also decreases under

pressure and trends in its derivative can be explained on

the basis of the aforementioned electronic volume

argument.

Chemical hardness is found to increase under pressure,

providing a periodic pattern similar to the

electronegativity. Additionally, the cube of the softness

correlates excellently with the isotropic polarizability for

atoms when the pressure is raised. Finally, the derivatives

with respect to pressure of S³ and α also correlate with an

R² = 0.94.

The electron density is analyzed using three

different approaches:

RDF:
- Clear shift of electron density from the peripheral to

the internal region of the atom

- Maximum decrease around the cavity boundary

QSI:
- Quantitative, periodic 

trends

- More sensitive to 

pressure for more 

electropositive elements

- Generally minor effect 
ΔSKL

- Similar periodic 

pattern

- greatly improved 

sensitivity

By extending CDFT to include

pressure as an external variable, new

response functions could be

identified.

The electronic volume was found as

the first order response of the energy

with respect to pressure.

On the basis of electronic volumes,

trends in other derivatives (IP, EA, EN

and Hardness) could be rationalized.

The softness-polarizability

relationship persists at increasing

pressure.

Periodic trends in the electron density

could be identified through the radial

distribution function, the quantum

similarity index and the information

deficiency.


