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 Dynemol: general information
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 Dynemol: general information

Supported branches:

● Master: hybrid MPI / openMP / GPU version

● SingleNode: openMP / GPU version

● Alpha-SO: alpha version of SingleNode with focus in Spin effects
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Compiling Dynemol

Compiler of choice: 
Intel oneAPI 2022 = Base Toolkit + HPC Toolkit

Compilation options: 

make (dynemol) - standard compilation

make safe - compilation with safe features

make debug - adds flag -g for debugging

make serial - remove all parallelization flags

make gdb - prepare code to GDB (equivalent to debug + serial) analysis

make vtune - prepare code to intel-Vtune analysis

make + edit CUDA configurations in the makefile

OS of choice: Linux
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Running Dynemol

Setup environment variables:

export DYNEMOLDIR= ‘‘path to dynemol executable directory” 

export DYNEMOLWORKDIR= $(pwd) 
 

In directory $DYNEMOLWORKDIR:

● have the appropriate input files for the job

● for execution directions:  edit  file  card.inpt

● Run $DYNEMOLDIR/dynemol  
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 Hybrid MPI + openMP mode on SLURM

dynemol 

● ● ●

● ● ● ● ● ● ● ● ●
● ● ●

- - nodes=
- - ntasks-per-node=

- - cpus-per-task=

- - tasks=

> export OMP_NUM_THREADS=$SLURM_CPUS_PER_TASK

> srun $DYNEMOLDIR/dynemol
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card.inpt
● Check the file ‘‘$DYNEMOLDIR/card_file_formats” for guidance 

For instance:
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Running Dynemol

In directory $DYNEMOLWORKDIR:

● have the appropriate input files for the job:

(* mandatory)
● card.inpt *
● input.pdb *      <== system coordinates   

● velocity.inpt
● force-field related files
● opt_eht_parms.inpt
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Running Dynemol

In directory $DYNEMOLWORKDIR:

● Outputs , results , log-files , security-files , etc. are stored in:

● $DYNEMOLWORKDIR/ancillary.trunk/

● $DYNEMOLWORKDIR/dos.trunk/

● $DYNEMOLWORKDIR/dyn.trunk/

● $DYNEMOLWORKDIR/log.trunk/

● $DYNEMOLWORKDIR/MO.trunk/

● $DYNEMOLWORKDIR/opt.trunk/

● which are deleted and made anew at every execution.

● each directory gets a copy of card.inpt for future reference.
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Setting Up the System in card.inpt

Example: DNA strand in water + counter ions

Files:

● input.pdb

● DNA.psf

● Na+.psf

● H2O.psf

● input.prm
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Setting Up the System in card.inpt

Example: DNA strand in water + counter ions

Files:

● input.pdb

● DNA.psf

● Na+.psf

● H2O.psf

● input.prm

H2O.psf
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k

Photochemistry in Solution

Input Files:

● input.pdb

● AZO.itp

● COH.itp

● topol.top

● velocity.inpt

● opt_eht_parms.input

Example: Azobenzene Molecule in Ethanol

ll
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 Hybrid MPI + openMP mode on SLURM

dynemol 

● ● ●

● ● ● ● ● ● ● ● ●
● ● ●

- - nodes=
- - ntasks-per-node=

- - cpus-per-task=

- - tasks=

# cpus
(cores)

nodes ntasks/node ntasks cpus/task Time/(1000 iteration steps)

96 4 1 4 24 144 seconds

96 4 2 8 12 85.7 seconds

96 4 3 12 8 77.4 seconds

Example: Azobenzene Molecule in Ethanol
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Photochemistry in Solution

Example: Azobenzene Molecule in Ethanol
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  Ekinetic

J. Phys. Chem. C 2016, 120, 27688
J. Phys. Chem. C 2011, 115
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Setting Up the System in card.inpt

Files:

● input.pdb

● DBB.psf

● CCC.psf

● input.prm

Example: Dye-sensitized semiconductor
DBB

CCC
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Setting Up the System in card.inpt

Files:

● input.pdb

● DBB.psf

● CCC.psf

● input.prm

Example: Dye-sensitized semiconductor

DBB.psf
DBB

CCC
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Setting Up the System in card.inpt

Files:

● input.pdb

● DBB.psf

● CCC.psf

● input.prm

Example: Dye-sensitized semiconductor

CCC.psf DBB

CCC
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Setting Up the System in card.inpt

Example: Dye-sensitized semiconductor Files:

● input.pdb

● DBB.psf

● CCC.psf

● input.prm

j
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 Thermalization

Example: Dye-sensitized semiconductor

> $DYNEMOLDIR/dynemol

> mv  velocity_MM.out   velocity_MM.inpt
> $DYNEMOLDIR/dynemol   resume
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor
●

Photoinduced electron transfer from DBB:LUMO → TiO2 cluster
● Photoexcited electron to DBB:LUMO
● Hole in DBB:HOMO
● Atoms at fixed positions
● PBC in the (x,y) plane 

DBB

CCC
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor
●  Ad-hoc settings:

➢ Dynemol reads opt_eht_parms.input
➢ Ti atoms 63:64 belong to TiO2 cluster (CCC)
➢ Energy offset (V_shift) of DBB fragment orbitals 

with respect to CCC   

DBB

CCC
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor
●  Energy DOS settings:

➢ calculates Total DOS (TDOS.dat)
➢ calculates DOS projected on residues (“resname”-PDOS.dat)
➢ results written in dos.trunk    

DBB

CCC

energy (eV)

TDOS
DBB-PDOS ( x 5)
CCC-PDOS

DBB:83 DBB:84
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Finite-Size Spurious Artifacts

time (ps)
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Finite-Size Spurious Artifacts

time (ps)
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Notice: not cost-effective

Nnx=0;nny=1

Nnx=1;nny=0

Nnx=0;nny=0

nnx=0,nny=1



  

Electron Propagation in Chiral nanowire

“Chirality-Induced Propagation Velocity Asymmetry”, Nano Lett., 2021.

Sn

 I

P

Inorganic Double Helices in Semiconducting SnIP

nnz = Ncell

PBC = [ 0 , 0 , 1 ]

31
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Setting Up the System in card.inpt

Example: Dye-sensitized semiconductor

Orbital Rendering of Charge Dynamics

J. Phys. Chem. C 2021, 125, 8667
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Average over conformations

time (fs)
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Input File:

● frames.pdb
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Non-adiabatic Electron Transfer Dynamics 
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Non-adiabatic Electron Transfer Dynamics 
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Non-adiabatic Electron Transfer Dynamics 
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J. Phys. Chem. C 2019, 123, 12599
J. Phys. Chem. C 2021, 125, 8667
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Interfacial Electron Transfer

Example: Dye-sensitized semiconductor

Non-adiabatic Electron Transfer Dynamics on rigid structutures 
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DRIVER =        q_dynamics                              avrg_confgs                                Ehrenfest

Similar behavior for rigid structutures 



  

Charge Transfer   vs   Structural Relaxation

J. Phys. Chem. Lett. 2018, 9, 5926.
J. Phys. Chem. C 2019, 123, 5692.
J. Phys. Chem. Lett. 2015, 6, 2393.
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Charge Transfer   vs   Structural Relaxation

Sample card.inpt

40
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J. Phys. Chem. C, 2019.

Charge Transfer   vs   Structural Relaxation
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Charge Transfer   vs   Structural Relaxation
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Charge Transfer   vs   Structural Relaxation
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Charge Transfer   vs   Structural Relaxation

JPC Lett., 2018, 9, 5926.
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Charge Transfer   vs   Structural Relaxation
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Charge Transfer   vs   Structural Relaxation
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Charge Transfer   vs   Structural Relaxation
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