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Drug Discovery and Development

Drug

Discovery

Drug

Development

Molecule: 
▪ Binding
▪ Toxicity
▪ Metabolism
…

Crystal: 
▪ Thermal stability
▪ Solubility
▪ Physical stability
…

Tablet: 
▪ Efficacy
▪ Dose adjustment
▪ Clinical trial
…
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Optimize molecular crystals with MedeA VASP

Structure Property

02
Calculate the mechanical properties of molecular crystals with MedeA MT

Elastic Property 

03

Calculate the NMR properties of molecular crystals with MedeA VASP

Nuclear Magnetic Resonance (NMR) Property 

04

Calculate Gibbs free energy of molecular crystals with MedeA Phonon

Calculate the heat of sublimation of molecular crystals with MedeA VASP

Calculate the cohesive energy density with MedeA LAMMPS and MedeA CED

Thermal Property 



Databases

Direct access to experimental and 

calculated structure data gathered 

over decades – InfoMaticA

MedeA

VASP, LAMMPS

Compute Engines

MT, Phonon, CED, Flowcharts which facilitate 

modeling, analysis, and property prediction 

Property Modules 

Generation of large and consistent sets 

of computed data & descriptors

High Throughput  



Introduction

• See MedeA tutorial Exploring Molecular Crystal 
Polymorphs at http://my.materialsdesign.com/tutorials

• Objective: Learn how to utilize MedeA tools to calculate the structural, 
mechanical, Nuclear Magnetic Resonance (NMR), and thermodynamic 
properties of paracetamol polymorphs.

• Modules: MedeA VASP, MedeA MT, and MedeA Phonon
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Optimize molecular crystals with MedeA VASP

Structure Property

Elastic Property 

Nuclear Magnetic Resonance (NMR) Property 

Thermal Property 
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Paracetamol Crystals



Van der Waals Force Field
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Van der Waals Functional
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Van der Waals Functional
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Van der Waals Interactions in Paracetamol
Experimental and calculated lattice parameters

Van der 
Waals 

forcefield

LDA PBEsol PBE DFT-D3     0-
damping

DFT-D3    BJ-
damping

Tkatchenko-
Scheffler

TkatchenkoS
cheffler + 

SCS

DFT-D2 Many-body 
dispersion 

energy

DFT-dDsC

Da (%) -2.1 0.5 1.2 -0.1 -0.1 -0.3 0.1 0.0 -0.1 -0.7

Db (%) 0.8 7.6 7.9 2.8 2.3 2.6 3.6 -0.1 2.5 0.5

Dc (%) -0.4 1.9 4.1 1.5 1.4 1.6 1.8 0.2 1.3 0.2

Db (%) 0.2 -0.5 -0.2 0.0 0.0 0.4 0.2 0.3 0.1 0.4

DV (%) -1.8 10.4 13.7 4.3 3.5 3.8 5.5 0.0 3.6 -0.1
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Van der Waals Interactions in Paracetamol
Experimental and calculated lattice parameters

Van der 
Waals func.

optB86b-
vdW

optB88-
vdW

optPBE-
vdW

rPW86-
vdW2

revPBE-
vdW

BEEF- vdW rev-vdW-
DF2

Experiment
al data

Da (%) -0.2 0.2 1.1 2.3 4.4 2.7 0.2 6.8850 Å

Db (%) 1.6 1.5 3.1 2.7 8.3 6.3 1.3 8.5819 Å

Dc (%) 0.8 0.9 1.8 2.8 4.0 3.1 0.6 11.519 Å

Db (%) 0.4 0.3 0.0 0.2 -0.4 -0.2 0.0 99.12 deg

DV (%) 2.1 2.6 6.1 7.9 17.7 12.6 2.2 672.01 Å3

Van der 
Waals 

forcefield

LDA PBEsol PBE DFT-D3     0-
damping

DFT-D3    BJ-
damping

Tkatchenko-
Scheffler

TkatchenkoS
cheffler + 

SCS

DFT-D2 Many-body 
dispersion 

energy

DFT-dDsC

Da (%) -2.1 0.5 1.2 -0.1 -0.1 -0.3 0.1 0.0 -0.1 -0.7

Db (%) 0.8 7.6 7.9 2.8 2.3 2.6 3.6 -0.1 2.5 0.5

Dc (%) -0.4 1.9 4.1 1.5 1.4 1.6 1.8 0.2 1.3 0.2

Db (%) 0.2 -0.5 -0.2 0.0 0.0 0.4 0.2 0.3 0.1 0.4

DV (%) -1.8 10.4 13.7 4.3 3.5 3.8 5.5 0.0 3.6 -0.1



Outline

Structure Property

02
Calculate the mechanical properties of molecular crystals with MedeA MT

Elastic Property 

Nuclear Magnetic Resonance (NMR) Property 

Thermal Property 



Outline

Structure Property

Elastic Property 

03

Calculate the NMR properties of molecular crystals with MedeA VASP

Nuclear Magnetic Resonance (NMR) Property 

Thermal Property 



NMR Chemical Shift

• See MedeA tutorial NMR Properties of Alanineat
http://my.materialsdesign.com/tutorials

• Objective: Learn how to calculate the Nuclear Magnetic Resonance (NMR) 
property of materials.
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NMR Properties of Paracetamol

Electric Gradient Field is second derivative of the electrostatic 

potential generated by the charge distribution of the electrons and 

nuclei:

Asymmetry parameter after diagonalization of Electric Gradient

Fields:

[1] Angew Chem Int Ed Engl. 2008; 47(38): 7328–7331

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18683840


NMR Properties of Paracetamol

Quantity VASP EXP[1]

𝛿𝑖𝑠𝑜𝐶7(𝑝𝑝𝑚) -13.1 171.5

𝛿𝑖𝑠𝑜𝐶4(𝑝𝑝𝑚) -28.8 154.1

𝛿𝑖𝑠𝑜𝐶7 − 𝛿𝑖𝑠𝑜𝐶4 15.7 17.4

Electric Gradient Field is second derivative of the electrostatic 

potential generated by the charge distribution of the electrons and 

nuclei:

Asymmetry parameter after diagonalization of Electric Gradient

Fields:

[1] Angew Chem Int Ed Engl. 2008; 47(38): 7328–7331

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=18683840


Outline

Structure Property

Elastic Property 

Nuclear Magnetic Resonance (NMR) Property 

04

Calculate Gibbs free energy of molecular crystals with MedeA Phonon

Calculate the heat of sublimation with MedeA flowchart and MedeA VASP

Calculate the cohesive energy density with MedeA LAMMPS and MedeA CED

Thermal Property 



Paracetamol Polymorphs

P21/c Pbca

Pna21



Gibbs Free Energy

Thermodynamic functions:

• Cv: heat capacity

• E(T)-E(0): change in vibrational internal energy from 0 K

• S(T): vibrational entropy

• -(A(T)-E(0)): change in the vibrational Helmholtz free energy

• E(T): change in vibrational internal energy plus the ZPE

• A(T): internal energy plus vibrational Helmholtz energy

• alpha: coefficient of linear thermal expansion

… … … … … … … …

Gibbs: G(T) = U + ZPE + PV – TS(T)

Helmholtz: F(T) = U + A(T) = G(T) - PV

24



Gibbs Free Energy
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Heats of Sublimation

26

of molecular crystals:

Energy of bringing a molecule from the solid state into the gas phase

ΔEsubl = E(molecule, gas phase) - E(molecule, solid)



Automated with the Flowchart

• Jobs >> New Job… >> Open Library

• Flowcharts.kit/VASP/Calculate sublimation energies of 
molecular crystals.flow



MedeA CED
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Etot(n, VP, T)

-

E1

+ + … + +

E2 En-1 En

Etot(n, V, T) : energy of a configuration obtained from a NVT molecular dynamic
trajectory at T with VP corresponding to a volume containing n molecules and
fixed by density obtained for a pressure P

Ei : intramolecular energy of

the ith molecule, extracted from V as evaluated in the vacuum

Vmolar : molar volume of liquid at T and P

CED =
Etot(n, 𝑉𝑃, T) − σi=1

n Ei

𝑉𝑚𝑜𝑙𝑎𝑟



Conclusions

➢MedeA VASP can capture lattice constants of Paracetamol very well via 
considering Van de Waals interaction.

➢It’s handy to:

I. Utilize MedeA MT to calculate elastic properties.

II. Utilize MedeA VASP to calculate NMR properties.

III. Utilize MedeA Phonon to calculate Gibbs free energy.

IV. Utilize flowcharts and MedeA CED to calculate energy of sublimation.

➢MedeA’s high-throughput calculations enable leveraging today’s unprecedented 
compute power
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List of Resources
➢Tutorials:

• Exploring Molecular Crystal Polymorphs with MedeA (pdf, zip): Learn how to utilize MedeA® tools to 
calculate the structural, mechanical, Nuclear Magnetic Resonance (NMR), and thermodynamic 
properties of paracetamol polymorphs.

• Introduction to MedeA VASP (pdf, zip): Learn how to set up and run VASP first principles calculations 
with MedeA®.

• Phase Stability of ZrO2 (pdf, zip): Learn how to calculate the phase stability of ZrO2 phases from 
Gibbs free energies using MedeA Phonon.

• NMR Properties of Alanine (pdf, zip): Learn how to calcute the Nuclear Magnetic Resonance (NMR) 
property of materials with MedeA VASP.

• Introduction to MedeA MT: Elastic Properties of TaN (pdf, zip): Learn how to calculate the mechanical 
properties of crystals with MedeA MT and MedeA VASP.

• Phase stability of molecular crystal polymorphs: Learn how to calculate the phase stability of 
paracetamol polymorphs from Gibbs free energies using MedeA Phonon.

• Cohesive Energy Density (CED) of Hydrocarbons (pdf, zip): Learn how to calculate the cohesive 
energy density of compounds with MedeA LAMMPS and MedeA CED.

➢Webinars:

• https://www.materialsdesign.com/webinars/recorded/ VASP in MedeA: A Fast Way- From Models to 
Reliable Results

• https://www.materialsdesign.com/webinars/recorded/ Predicting Elastic Properties Using Ab Initio and 
Forcefield Based Simulations

https://download.materialsdesign.com/files/tutorials/Tutorial-Exploring-Molecular-Crystal-Polymorphs.pdf
https://download.materialsdesign.com/files/tutorials/Tutorial-Exploring-Molecular-Crystal-Polymorphs.zip
http://download.materialsdesign.com/files/tutorials/Tutorial-Introduction-to-MedeA-VASP.pdf
http://download.materialsdesign.com/files/tutorials/Tutorial-Introduction-to-MedeA-VASP.zip
http://download.materialsdesign.com/files/tutorials/Tutorial-Phase-Stability-of-ZrO2.pdf
http://download.materialsdesign.com/files/tutorials/Tutorial-Phase-Stability-of-ZrO2.zip
http://download.materialsdesign.com/files/tutorials/Tutorial-NMR-Properties-of-Alanine.pdf
http://download.materialsdesign.com/files/tutorials/Tutorial-NMR-Properties-of-Alanine.zip
http://download.materialsdesign.com/files/tutorials/Tutorial-Elastic-Properties-of-TaN.pdf
http://download.materialsdesign.com/files/tutorials/Tutorial-Elastic-Properties-of-TaN.zip
https://download.materialsdesign.com/files/tutorials/Tutorial-Cohesive-energy-density-CED-of-hydrocarbons.pdf
https://download.materialsdesign.com/files/tutorials/Tutorial-Cohesive-energy-density-CED-of-hydrocarbons.zip
http://my.materialsdesign.com/webinar-15
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UGM Plenary Talks and Trainings

From National Security to Energy Security: How Computational Chemistry is Defining Science at SRNL by Dr. 
Lindsay Roy

Getting to know the MedeA Software Environment by Dr. Taylor Juran, Dr. Marianna Yiannourakou

Interatomic Potentials - Why We Still Need Them and How Can We Improve Them by Prof. Richard Catlow
FRS

MedeA LAMMPS: Robust Gateway to Molecular Dynamics by Dr. Ray Shan 

The Random Phase Approximation: A Practical Method Beyond DFT by Prof. Georg Kresse

MedeA VASP 6: Random Phase Approximation, Electron-Phonon Coupling, GW by Dr. David Reith

Modelling Catalyst Deactivation; Multiscale Modeling of Zeolite Catalysis by Prof. Rutger van Santen

MedeA Transition State Search: Calculating Energy Barriers of Chemical Reactions and Diffusion Processes 
with Ease by Dr. Rene Windiks

Computational Pharmaceutical Science: Guiding Experiments in a Sea of Variables by Dr. Kevin J. Gagnon

Exploring Molecular Crystal Polymorphs with MedeA: Applications in the Pharmaceutical Industry by Dr. Siwen 
Wang

https://www.materialsdesign.com/webinars
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