
Casos de Estudio usando 
Materials Studio 

Javier Ramos  
Biophysics of Macromolecular Systems group  

(BIOPHYM) 

Departamento de Física Macromolecular 

Instituto de Estructura de la Materia – CSIC 

j.ramos@iem.cfmac.csic.es 

 

 



Case of Study 1: DFTB+ / Reflex / Sorption Modules 

 
Covalent Organic Frameworks (COF) are crystalline porous  

polymers  with  periodic  ordering  of  organic building  blocks: 

 Applications in gas storage 
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 Photoconductive devices 

 Energy conversion and storage 

 Heterogeneous catalysis 
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HPB-COF 

 (HexaPhenylBenzene Covalent Organic Framework ) 

HBC-COF 

 (HexaBenzoCoronene Covalent Organic Framework ) 
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Pawley Refinement with REFLEX 

 The periodic surfaces were built with the 

builders of Materials Studio 

 

 DFTB+ geometry optimizations of the 

monolayers and stacking layered structures for 

HPB-COF and HBC-COF were performed 
 

 HPB units offer a loose stacking, whereas the 

graphitic units enable a tight layering of 2D sheets 



HPB-COF 
Experimental 

Pawley Refinement 

Eclipse AA stacking 

mode 

Staggared AB stacking 

mode 

HBC-COF Experimental 

Pawley Refinement 

0.8 Å slipped AA stacking Staggered AB stacking 

mode 

Simulated 

Simulated 
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Adsorption isotherm simulations  Sorption module using COMPASS force field 

 The difference between  experimentally observed  BET  surface  areas  and 

theroretical values is related to the crystallinity of the COF samples. 

 The high theoretical surface area of HPB-COF compared with that of HBC-COF is 

cuased by a large c and a low monomer molecular weight 
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Electronic properties using DFTB+ 
HPB-COF 

HBC-COF 

Eclipsed AA packing 

ΔEgap(HOMO-LUMO) = 2.17 eV 

 

0.8 Å Slipped AA packing 

ΔEgap(HOMO-LUMO) = 1.71 eV 

 

 A low energy gap facilitates charge carrier transport in the frameworks (HBC 

superior in charge carrier transport) 

 Frontier orbital mapping suggests that the HOMO is centred on the HPB and HBC 

vertices, whereas the LUMO is located on the phenyl edges 
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Case of Study 2: DMOL3 

 
DFT calculations of H2O and O2 dissociative 

adsorption on graphene 
 

All the structures contain a 18 Å vacuum layer to 

minimise the non-physical interlayer interactions 

A 3x3 3 supercells were used  

PW91 with DNP as basis set. Grimme dispersions 

for the dispersion corrections 

Position and orientation of the small molecules are 

affected by the defects. 



Case of Study 2: DMOL3 

 Calculation of the reaction pathways for the dissociative adsorption of a water and oxygen on graphene. 
 

 Ebar  dissociative adsorption 

reaction barrier 

 Erbar  reverse dissociative 

adsorption reaction barrier  

  Er    dissociative adsorption 

reaction energy 

  Err    reverse dissociative 

adsorption reaction energy 

 

 In general, only a chemical 

reaction with an energy barrier of 

less than 0.75 eV typically occurs 

under ambient conditions 

 

 For graphend, the dissociative 

adsorption of O2 is easier than 

that of H2O.  

 in the case of graphene with 

defects, H2O is easier to be 

dissociatively adsorbed, as well 

as desorbed than O2 



Case of Study 3: ONETEP 

  Nanoparticles have been shown to have an 

effect on protein structure and interfere with 

protein self-assembly leading to the development 

of amyloid fibrils responsible for many debilitating 

diseases, such as Alzheimer’s, Parkinson’s and 

prion related diseases  

 Behavior of amyloidogenic apoC-II peptide in the 

presence of carbonaceous nanoparticles, the 

most prevalent form of nanoparticles found in the 

environment. 
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C60 
 

Nanotube 
 

Graphene 
 



Case of Study 4: Powder Solver (Reflex) 

 
 Evaluation of the crystal energy landscapes 

of a series of porous organic cages, for 

which small changes in chemical structure 

lead to completely different crystal packing 

arrangements and, hence, porosity 

 The crystal structures and the resulting 

porosity of these molecular crystals can 

generally be predicted in silico, such that 

computational screening of similar 

compounds should be possible 
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Case of Study 4: Powder Solver (Reflex) 

 
 Evaluation of the crystal energy landscapes 

of a series of porous organic cages, for 

which small changes in chemical structure 

lead to completely different crystal packing 

arrangements and, hence, porosity 

 The crystal structures and the resulting 

porosity of these molecular crystals can 

generally be predicted in silico, such that 

computational screening of similar 

compounds should be possible 1,3,5 triformylbenzene 

1,2 ethylenediamine 



Low mode Conformer Search for 

each cage molecule  

(Schrödinger software) 

Lowest energy conformer 

 B3LYP/6-31G** 

(Gaussian03) 

Powder Solver: Simutaled Annealing 

Molecular Geometry Rigid 

Intermolecular forces: COMPASS 

Result: Low energy crystal during at the end of a iterative process. 

(Materials Studio) 

Lattice Energy minimisation using all structures within 40 kJ/mol 

obtained in the previous step. 

(DMACRYS) 
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CC1 polymorph α´ 
RMSD = 0.697Å 

CC1 polymorph β´ 
RMSD = 0.393Å 

Experimental (Red) 

Predicted (Blue) 

Experimental powder X-Ray 

diffraction for CC4-R β´ (red) and 

simulated from the lowest energy 

predicted CC4-R (blue) 

CC4-R polymorph β´ 
RMSD = 0.167Å 
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clusters Aun in the size range of n= 15 – 19 
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Case of Study 6: Amorphous Builder/Forcite/Dmol3 

 
 Polyaniline holds a special position amongst the family of 

conducting polymers because of its unique and novel 

properties with wide potential applications in micro/nano 

devices, supercapacitors, nanomaterials, solar cells, color 

displays, and polymer membranes. 

  First-principles and molecular dynamics study to delineate 

the functionalization-induced changes in the local structure 

and the physical properties of amorphous polyaniline 

 EB-PANI  

Na-SPANI 

Effect of ionizable group (sodium sulfonate) 

R-SO3−Na+ on the local structure and physical 

properties (electronics, optical and gas transport 

properties) of 

amorphous polyaniline using a combination of 

first principles and classical simulations 



Amorphous builder (COMPASS ff) 8 polymer 

chains of 10 monomers each  

EB-PANI: 3696 atoms 

Na-SPANI: 4336 atoms 
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chains of 10 monomers each  
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 EB-PANI  Na-SPANI 

Minimization of the simulation box 

Compressing at high pressures (1GPa) using NPT-MD 

during 20 ps, then decompressed at 0.5GPa for 50ps and 

0.0001GPa for 200ps 

Annealing dynamics (cycle temperature: 298-698K  for five cycles 

of 50 ps 

NPT at 1atm and 298K during 1ns 

EQUILIBRATION 

EB-PANI: ρsim = 1.22 g/cm3  (ρexp = 1.30 g/cm3 ) 

Na-SPANI: ρsim = 1.49 g/cm3 

PRODUCTION 

NVT at 298K for 7 ns 

Forcite module (COMPASS ff) 

Study of the amorphous structure through 

radial distribution functions 



Intrachain H-bonds in Na-SPANI 

Interchain H-bonds in Na-SPANI 

between R-SO3−Na+ and H in 

neighbors polymer chains 



Experimental (X-Ray scattering data) and calculates peaks of the RDF 

18. Maron, J., Winokur, M. J. & Mattes, B. R. Processing-induced 

changes in the local structure of amorphous polyaniline by radial 

distribution function analysis of X-ray scattering data. 

Macromolecules 28, 4475–4486 (1995) 



Electronic properties: Density of states of a periodic monomer 

BandGap 

Fermi 

Level 

Conduction Band Valence Band 

Dmol3: PBE with long range dispersion correction using the 

Grimme’s scheme A double numerical basis set plus 

polarization basis sets (DNP) were used. The k-point was set to 

12 × 1 × 1.  



Electronic properties: Density of states of a periodic monomer 

BandGap 

Fermi 

Level 

Conduction Band Valence Band 

EB-PANI:   Egap = 1.067 eV 

Na-SPANI: Egap = 1.099 eV 

Electronic properties are not 

affected by the R-SO3−Na+ group 

respect to the EB-PANI polymer 

Dmol3: PBE with long range dispersion correction using the 

Grimme’s scheme A double numerical basis set plus 

polarization basis sets (DNP) were used. The k-point was set to 

12 × 1 × 1.  
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Optical properties: UV-spectra 

Dmol3: PBE with long range dispersion correction using the 

Grimme’s scheme A double numerical basis set plus 

polarization basis sets (DNP) were used. The k-point was set to 

12 × 1 × 1.  

 π-π* 

electronic 

transition 

Intramolecular and 

intermolecular “Molecular” 

Exciton transition 

R-SO3
−Na+ group is electron with 

strong electron withdrawing 

capability, thus the electron 

density on benzene is decreased. 

Therefore, less electron excitation 

is observed 

621 nm 
657 nm 

Unknown 

assignation 
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polymer chains of 10 monomers 

each  
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Case of Study 7: Blends/Mesoscale/Multiscale simulations 

 

Hydrophobic Hydrophilic 

Highly 

Hydrophobic 

An effective drug against breast and 

ovarian cancer. There are still many 

serious side effects concernig the 

delivery system currently used. 

Altenative delivery 

system 
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Mesocite: Dissipative Particle Dynamics (DPD) Simulations  

 Three forces are considered 

Conservative force  
(soft repulsion) 

Dissipative force Random force 

 Groot and Warren made a link between the repulsive parameter and the 
Flory–Huggins parameters. 

 A bead (CG particle) is defined as a set of atoms  

 A harmonic spring keeps the chain connectivity 



Example: Phase behavior of a loaded amphiphilic copolymer 

Water  : 90.2% 

DMF  : 4.7% 

Paclitaxel : 1.9% 

EO11- LLA9 : 3.2% 

Water  : 52.2% 

DMF  :   2.8% 

Paclitaxel : 17.6% 

EO11- LLA9 : 27.4% 



Fin de la sesión 4 
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Preguntas ???? 


