










SUMMER2022
May 31, 2022, 4:00PM

#1 Knowledge transfer session. VASP skills and Molecular Dynamics
RECORDINGS: https://youtu.be/8kwljXKO0mc

June 7th, 2022, 4:00pm
#2 Knowledge transfer. Nonadiabatic Couplings

RECORDINGS: https://youtu.be/P5lqMiYVZec
June 14th, 2022, 4:00pm

#3 Knowledge transfer. Averaging procedure. Convert couplings to Rates. Electron dynamics
RECORDINGS: https://youtu.be/OTs-oRzooTA

June 21st, 2022, 4pm
#4 Knowledge transfer. Excited state dynamics of electrons

RECORDINGS: https://youtu.be/ALTrCitk-mA
June 28th, 2022, 4pm 

#5 Knowledge transfer. Observables extracted from excited state dynamics
PART A: https://youtu.be/3QhDUgIdhw8
PART B: https://youtu.be/aFUuEZIo1dE

https://youtu.be/8kwljXKO0mc
https://youtu.be/P5lqMiYVZec
https://youtu.be/OTs-oRzooTA
https://youtu.be/ALTrCitk-mA
https://youtu.be/3QhDUgIdhw8
https://youtu.be/aFUuEZIo1dE


Integration of Electron 
Orbitals: 3D to 1D

Hadassah B. Griffin

Computational Chemistry Skill Presentation

May 31st, 2022



Overview: 3D vs. 1D Visualization



Background

• Density Functional Theory (DFT): electron density

• Kohn-Sham Orbitals like “band structure” in DFT

• 3D and 1D visualization can help us see if charge transfer occur

• All calculations that followed created with VASP



Files Prepared (PARCHG); Script to Integrate 
into 1D Orbitals; Output



Creating 3D Oribitals in NERSC

Inputs:
Band orbital number start
Band orbital number finish

Outputs:
.z files

Another option in NERSC: band_integrate_vasp5.pl
*Will be used in 2-3 weeks for projects



“.z” File output below; can plot .z Files in gnuplot; 
Columns: position, density, normalized value for 
you if you want to plot on your own system







Kohn-Sham Orbital Electron Densities: 3D and 
1D Representations, Hybrid Z-Shift 4

(A)HOMO – 1
(B)HOMO
(C)LUMO
(D)LUMO + 1
(E)1D Z orbital 

HOMO density
(F)1D Z orbital 

LUMO density



Kohn-Sham Orbital Electron Densities: 3D and 
1D Representations, Hybrid Z-Shift 2

(A)HOMO – 1
(B)HOMO
(C)LUMO
(D)LUMO + 1
(E)1D Z orbital 

HOMO density
(F)1D Z orbital 

LUMO density



Thermal Heating and standard
Molecular Dynamics

Summer 2022 knowledge transfer

Sara Tolba



Heat and MD Equations

where M, and 
𝑑𝑅𝐼

𝑑𝑡
stand for the mass and initial velocity of Ith nucleus, N 

is a number of nuclei, 𝐾𝐵 is the Boltzmann constant, and T is the 
temperature. The forces F, are acting on each atom with certain 
velocity enter the Newton' equation of motion,
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To do Molecular Dynamics simulation

Geometry 
optimized model

Heating model 
Molecular 
dynamics 

Copy from optimization job:
CONTCAR
POTCAR
KPOINTS

Copy from the server:
cp ~/bin/INCAR-heat .

Copy from heating job:
CONTCAR
POTCAR
KPOINTS

Copy from the server:
cp ~/bin/INCAR-md .



Ensembles using different Thermostats



General main MD INCAR tags:

IBRION=0: MD calculations are enabled by setting the IBRION tag to 0.

MDALGO specifies the molecular-dynamics-simulation protocol. Default MDALGO=0: Standard molecular dynamics

SMASS controls the velocities during an ab-initio molecular-dynamics run.

POTIM: sets the time step in fs for the MD run 0.4
# total simulation time = POTIM * NSW (fs)

NSW: sets the number of ionic steps performed. 5000

TEBEG: define the desired temperature which is 300



TIPs:

Decreasing POTIM and increasing NSW 
will lead to a higher resolution result.

Use larger simulation cell to reduce the 
fluctuation 

INCAR-heating

SMASS=-1  

T=TEBEG+(TEEND-TEBEG)×NSTEP/NSW,

where NSTEP is the current step 



NERSC submission script

regular

= 64*N = 64*1



Monitoring temperature

• grep “T=”  OSZICAR >> TT

• gnuplot > plot ‘TT’  u 3 w l



INCAR-md

Copy POTCAR, KPOINTS, CONTCAR from 
HEAT Job 

Rename CONTCAR to POSCAR

Copy INCAR template for MD

TIP:

Set POTIM ≤ 0.2 for sable structure and 
accurate bond breaking and formation if any

SMASS=-3 a micro canonical 

ensemble (NVE ensemble)

https://www.vasp.at/wiki/index.php/NVE_ensemble


Monitoring temperature & energy

• grep "free  energy" OUTCAR|awk ' {print $5}' > energy.dat

• grep "T=" OSZICAR|awk '{print $3}' > MD-TvsNstep.dat

• grep "Nose"  OUTCAR|awk '{print $12}' > mean-T.dat

• gnuplot > plot ‘file-name’  u 3 w l



Bands Energy Fluctuation

• perl ~/bin/state_energy_extractor.pl [number of orbitals below HO] 
[number of orbitals above LU]

• output energy_by_band is generated

• Gnuplot ~/bin/gnuprog_fluctuations



Making Movies of MD Trajectory

On the server:

• cp ~/vtstools3/xdat2xyz.pl .

• xdat2xyz.pl

• ~/JMOL8/jmol.sh movie.xyz & 

http://xdat2xyz.pl/


Making Movies of MD Trajectory

1

2

3



Thank you!



Extracting Position Snapshots 
from MD Trajectories

June 7, 2022

Adam Flesche



General 
Procedure

Optimize Geometry

Heat System

Molecular Dynamics

Extract Position Snapshots

Calculate NA coupling



Why do we need “snapshots”? 

• End goal is to find NA coupling, which is found using:

• Knowing ionic position 𝑅𝐼 at each timestep Δt allows us to solve the 
above with the help of bscript.

• Ionic positions at each timestep are extracted, giving smaller POSCAR-
format files p000, p001, p002 … etc.  

𝑉𝑖𝑗(𝑡)=
1

Δ𝑡
න𝑑 Ԧ𝑟 𝜑𝑖

𝐾𝑆∗({𝑅𝐼(𝑡)}, Ԧ𝑟) 𝜑𝑗
𝐾𝑆({𝑅𝐼(𝑡+Δ𝑡)}, Ԧ𝑟)

Special thanks to Landon for the shown 
equation and a very helpful explanation!



Formatting POSCAR from VASP5 to VASP4

• Make sure you have your MD 
trajectory job completed, enter its 
directory.

• First make a new directory for your 
snapshots so we don’t make a mess, 
and copy everything from your MD 
directory to snapshots.

• Edit the POSCAR in snapshots, remove 
the 6th line of the file completely, and 
save. 

• Now you are ready to grab positions!



Grabbing Positions from POSCAR

• Make sure there are no other files 
that start with “p” in your snapshot 
directory: > rm p*

• Run script: > ~/bin/outcar2poscar.pl

• After it finishes running, you can 
see the individually generated 
POSCAR files with: > ls p*

• These can now be used in finding 
NA coupling!

Next steps: finding WAVECAR at each timestep and 
extract NA couplings using bscript!



Questions?



Setting Up bscript to Create 
Multiple Launches From One 

Script

Adapted for the Example of Creating Nonadiabatic Coupling Without Spin 
Data Based on Molecular Dynamic Trajectory Data

Hadassah B. Griffin

Computational Chemistry Skills Summer 2022



Overview

All programs executed in NERSC



Nonadiabatic Spin Coupling: Completed 
Calculations Required
• Assumed calculations completed and files ready:

• Molecular dynamic (MD) trajectory has been calculated 
• WAVECAR
• XDATCAR
• POSCAR (Needs to be in VASP 4 Format)
• POTCAR (very important to have, especially if you choose do this 

work in a different directory)

• Oscillator Strength Calculations
• input_overlap
• energy_pop

• Use “perl ~/bin/state_energy_extractor.pl” to create



Doing the VASP 4 POSCAR Modification

• VASP 5 • VASP 4

Remove this line from POSCAR to get it into 
VASP 4 format

-Do this BEFORE generating position 
snapshots



Creating the Trajectory/Position Snapshots (1)

•Multiple files available; use “perl” command to run
• perl

/global/common/cori_cle7up03/software/vasp/vtstscripts
/3.1/xdat2pos.pl 0 t1 t2
• Inputs: time stamp start, step, end
• Outputs: POSCAR#.out
• Note: default bscript would have to be modified for the 

different position file name, but I have not tested this for 
myself

• Useful to see if position data extractable



Creating the Trajectory/Position Snapshots (2)

• perl ~/bin/outcar2poscar.pl (used in this presentation)
• Outputs: p000 ~ p999 in trajectory

• Note: POSCAR must be in VASP 4 format prior to calculation



Copy Templates Relevant for Coupling 
Calculations

•Nonadiabatic Couplings Without Spin Files
• Get INCAR template:

• cp ~/bin/INCAR/INCAR_for_coupling

• Copy these files from: “~/bin/COUPLINGS/NOSPIN/”
• cori-coupling.sh        

• osc_str.exe

• bscipt.sh     

• extract_energy_pop.exe  

• osc_str_overlap.exe



Modify cori-coupling.sh As Needed
(Default shown below)

Note: optional to 
comment out (#) 
specifics of VASP 
executable, since it 
updates occasionally



Modify bsipt.sh

Change “prior 
position step” name

Change to range of 
position data. This 
example would look 
at p106 -> p999.

Advisory: if your program 
encounters errors in mid-
calculation, your 
energy_pop will be 
deleted before a new one 
is created. Have a copy 
elsewhere.



Output of bscipt Calculation

• After “sbatch cori-coupling.sh”…

• Intermediate calculation data files (OUTCAR###, billdata.###.gz, 
forMasterEq.###, etc)

• Compressed .gz Matlab files with Coupling Data

• Transfer coupling.###.gz files to personal system (not NERSC) for 
analysis (use WinSCP, scp command, etc.)



Extracting .gz Data

• Use Matlab on personal computer

• If not installed, available to NDSU students. Install 
instructions: https://kb.ndsu.edu/page.php?id=102044

• Matlab commands to extract files: 
https://www.mathworks.com/help/matlab/ref/gunzip.html

https://kb.ndsu.edu/page.php?id=102044
https://www.mathworks.com/help/matlab/ref/gunzip.html


.gz Data Extracted Example



Setting Up The bscript
Equations: Why We Need To Keep Recomputing The WAVECAR



What’s In The WAVECAR File?

https://www.vasp.at/wiki/index.php/WAVECAR

I highly recommend the VASP wiki as a resource for these kinds of questions:
https://www.vasp.at/wiki/index.php/The_VASP_Manual

A bunch of binary data that you’ll have to read through Fortran scripts



Why Do We Care?

We need the wavefunctions!

In equilibrium geometry (which is what DFT converges to),

the wavefunctions (or KS orbitals in this case) are orthogonal.

That means that there’s no “overlap” between our orbitals.

And that means that there’s no way for the electrons to transition from 
one orbital to another.



How Do We Get Around This Problem?

We use nuclear motion (molecular dynamics) to our advantage!

If we look at two neighboring “snapshots” of our nuclear configurations 
(e.g. p134 and p135), the nuclei will be in slightly different positions.

This means that the sets of orbitals will also be slightly different.

And that means that the orbitals from our first snapshot won’t be 
orthogonal to the orbitals from our second snapshot!



How Do We Use This?

We have supercomputers do disgusting integrals so we don’t have to!

Imagine we only shift the position of the 𝐼th nucleus by a little bit. Then 
the “overlap” of the orbitals between our snapshots will be given by

𝑉𝑖𝑗 Δ𝑅𝐼 =
1

Δ𝑅𝐼
න𝑑റ𝑟𝜑𝑖

∗ റ𝑟, 𝑅1, … , 𝑅𝐼 , … , 𝑅𝑁 𝜑𝑗 റ𝑟, 𝑅1, … , 𝑅𝐼 + Δ𝑅𝐼 , … , 𝑅𝑁 ≠ 𝛿𝑖𝑗

𝑖th wavefunction from our first snapshot 𝑗th wavefunction from our second snapshot

Kronecker deltaSlightly shifted nucleus

Johnson, L.; Kilin, D., Effect of ligand groups on photoexcited charge carrier dynamics at the perovskite/TiO2 interface.
Rsc Advances 2021, 12 (1), 78-87.



What About The Real Equation?

In our systems, all of the nuclei might have moved. Then we have

𝑉𝑖𝑗 𝑡 = −
𝑖ℏ

Δ𝑡
න𝑑റ𝑟 𝜑𝑖

∗ റ𝑟, 𝑅𝐼(𝑡) 𝜑𝑗 റ𝑟, 𝑅𝐼(𝑡 + Δ𝑡)

This is the equation that we actually use.

Set of nuclear positions from our first snapshot Set of nuclear positions from our second snapshot

Johnson, L.; Kilin, D., Effect of ligand groups on photoexcited charge carrier dynamics at the perovskite/TiO2 interface.
Rsc Advances 2021, 12 (1), 78-87.



What Do We Do With The Overlaps?

Electron dynamics! I used Redfield Theory. Redfield, A. G., The Theory of Relaxation Processes**This 

work was started while the author was at Harvard University, and was then partially supported by Joint Services Contract N5ori-76, Project Order I. In 
Advances in Magnetic and Optical Resonance, Waugh, J. S., Ed. Academic Press: 1965; Vol. 1, pp 1-32.

The Redfield tensor

𝑅𝑖𝑗𝑘𝑙 = Γ𝑖𝑗𝑘𝑙
+ + Γ𝑖𝑗𝑘𝑙

− − 𝛿𝑖𝑗

𝑚

Γ𝑘𝑚𝑚𝑙
+ − 𝛿𝑘𝑙

𝑚

Γ𝑖𝑚𝑚𝑗
−

is used to solve the time-dependent electron density matrix
𝑑𝜌𝑖𝑗

𝑑𝑡
=
−𝑖

ℎ


𝑘

(𝐹𝑖𝑘𝜌𝑘𝑗 − 𝜌𝑖𝑘𝐹𝑘𝑗) +
𝑑𝜌𝑖𝑗

𝑑𝑡
𝑑𝑖𝑠𝑠

which gives us electronic transition rates!

Johnson, L.; Kilin, D., Effect of ligand groups on photoexcited charge carrier dynamics at the perovskite/TiO2 interface.
Rsc Advances 2021, 12 (1), 78-87.

𝑉 is in there somewhere

𝑅 is in there somewhere



Enter The bscript:

~/bin/bscript_spin_YH.sh

note that there are several 
versions of the bscript and I 
haven’t done any verifications on 
them recently. You’ll want a 
different version depending on 
how you’re handling spin and such

Update the nuclear positions 

Loop through all of our snapshots

Save a copy of our “first” snapshot, 
so it doesn’t get overwritten

Format it to 
e.g. p005 

instead of p5

Run VASP

Might have to 
change this

These scripts pulls data from 
WAVECAR,
you may need to change the exact 
script/directory

The coupling files contain the values 
of 𝑉𝑖𝑗 for all the pairs of orbitals 𝑖 and 

𝑗 of interest.

bash script



Calculation of 𝑉𝑖𝑗 ~/bin/K-OS/overlap.f

This is the definition of the NAC function that 
calculates non-adiabatic couplings (𝑉𝑖𝑗), found at 

line 1033

Many bscripts will directly call an overlap.f script

These are for multiline commands

”T” generally means “first snapshot” and “dT” 
generally means “second snapshot”

comment

comment

Fortran script



Calculation of 𝑉𝑖𝑗 ~/bin/K-OS/overlap.f

This is the definition of the NAC function that 
calculates non-adiabatic couplings (𝑉𝑖𝑗), found at 

line 1033

Many bscripts will directly call an overlap.f script

”T” generally means “first snapshot” and “dT” 
generally means “second snapshot”

Fortran script



Calculation of 𝑽𝒊𝒋 ~/bin/K-OS/overlap.f

𝑽𝒊𝒋 𝒕 =

=−
𝒊ℏ

𝜟𝒕
𝒅𝒓𝝋𝒊

∗ 𝒓, 𝑹𝑰 𝒕

𝝋𝒋 𝒓, 𝑹𝑰(𝒕 + 𝜟𝒕)



Calculation of 𝑉𝑖𝑗 ~/bin/K-OS/overlap.f

This is the definition of the NAC function that 
calculates non-adiabatic couplings (𝑉𝑖𝑗), found at 

line 1033

Many bscripts will directly call an overlap.f script

”T” generally means “first snapshot” and “dT” 
generally means “second snapshot”

Fortran script



MATLAB: Reading Coupling 
Files

Group Meeting 6/14/2022

Adam Flesche



MATLAB & Input Files

• Two types are needed:
• coupling.###
• energy_pop

• These are used in the “correlation_v7.m” 
script

• This file must be modified to suit your 
system
• The numerical range of states in energy_pop as 

well as the HOMO
• The method which MATLAB uses to read 

coupling.### files



Reading energy_pop

• MATLAB needs you to specify the 
following:
• Omin, the lowest orbital in energy_pop

• Omax, the highest orbital in energy_pop

• HOMO

• Find these manually in photon or cori:
> more energy_pop



Reading coupling.### Files

• The script reads coupling files as 
“coupling.” and grabs the number 
in the filename “###”

• MATLAB struggles with reading 
numbers in the filename:
• “coupling.023” would read as “023”, 

MATLAB does not understand this as 
23.

• “coupling.009” would read as “009”, 
etc.



Reading coupling.### cont.

• The script may be run three 
separate times for coupling files 
ending in:
• 001-009
• 010-099
• 100-999

• If you don’t have 999 coupling files, 
just specify how many you have.

…but that would be impressive if you did.



Questions?





Input Files (all must be in the same directory)

● coupling.xxx 
● energy_pop
● correlation_v7.m 



Calculating RRR



70

Convert Couplings into RRR for Spin Polarized Case

Sarah Ghazanfari

Department of Civil, Construction and Environmental Engineering

North Dakota State University, Fargo, ND, USA

June 2022



71

Alpha Absorption Spectra
Required files to run correlation.m file:

• energy_pop

• coupling.XXX files
In each directory unzip the coupling files using: 

gunzip coupling*

# of HOMO orbital

Range of desired orbitals

Importing energy_pop file data



72

Alpha Absorption Spectra

Importing coupling files 

Number of steps



Alpha Absorption Spectra

✓ You need to repeat the same procedure for spin beta component in its directory.

✓ After running MATLAB successfully, RRR file will be generated.



Alpha Absorption SpectraRRR file:



Introduction to the 
Autocorrelation Function
Summer 2022 Computational Chemistry Skills Presentation

6/14/2022

Hadassah B. Griffin



Overview of Calculations

•Heat Model

•Molecular Dynamics (MD)

•Nonadiabatic Coupling Calculations

•Autocorrelation Function Calculations

•Redfield Tensor

•Observables



Autocorrelation Functions

•Correlation Functions (generic): 
describe how different quantities 
compare at a specific point in space 
or time
• Example: convolution

•Autocorrelation Function: a 
correlation function where a 
quantity is compared with itself



Autocorrelation for Nonadiabatic Couplings

• Autocorrelation function:

•𝑀𝑖𝑗𝑘𝑙 𝜏 =
1

𝑇
0
𝑇
𝑉𝑖𝑗 𝑡 + 𝜏 𝑉𝑘𝑙 𝑡 𝑑𝑡

• T: duration of the trajectory of MD

• Ijkl: indices for the coupling time snapshots

• Note the averaging

• Provides first order correction approximation for the of 
adiabatic couplings of the electrons for time dependent 
perturbation theory and a second order correction 
perturbation with respect to the electron-nuclear interaction



Fourier Transform

• Fourier Transform of autocorrelation function:

• Γ𝜎,𝑖𝑗𝑘𝑙
+ =

1

𝑇
0
𝑇
𝑒−𝑖 𝜔𝑖𝑗𝑡𝑀𝜎,𝑖𝑗𝑘𝑙 𝑡 𝑑𝜏

• Γ𝜎,𝑖𝑗𝑘𝑙
− =

1

𝑇
0
𝑇
𝑒−𝑖 𝜔𝑘𝑙𝑡𝑀𝜎,𝑖𝑗𝑘𝑙 𝑡 𝑑𝜏

• Fourier transform pieces used to provide components 
of the Redfield Tensor

•Redfield Tensor then used to compute electron 
dynamics



Correlation of HOMO-1 through HOMO+3



Visualization of Autocorrelation Function Elements 
as Matrix Elements of Redfield Tensor
(Model: Cd33Se33 + Pb16Se16 Nanocrystal)
•p100 – p105 •p100 – p442



Cited Sources

• Image and general definition of autocorrelation credits: 
https://en.wikipedia.org/wiki/Autocorrelation

• Equations and concepts:
• “Spin Unrestricted Excited State Relaxation Study of Vanadium(IV)-

Doped Anatase”, Stephanie J. Jensen, 2016

• Summer 2018 Skill presentation, Aaron Forde

https://en.wikipedia.org/wiki/Autocorrelation


Definition of the Redfield 
Tensor

As made by:   ~/bin/MATLAB/correlation_v7.m

Landon Johnson



Nonadiabatic Couplings

𝑉𝑖𝑗 𝑡 = −
𝑖ℏ

Δ𝑡
න𝑑റ𝑟 𝜑𝑖

∗ റ𝑟, 𝑅𝐼(𝑡) 𝜑𝑗 റ𝑟, 𝑅𝐼(𝑡 + Δ𝑡)

“Overlap” of orbitals i and j as the nuclei move around



Autocorrelation Function

𝑀𝑖𝑗𝑘𝑙 𝜏 = න
0

𝑡𝑚𝑎𝑥−𝜏

𝑑𝑡𝑉𝑖𝑗 𝑡 + 𝜏 𝑉𝑘𝑙 𝑡

This value is high if overlap between these orbitals usually leads to overlap between these orbitals 
after a delay of 𝜏

𝑀𝑖𝑗𝑖𝑗(𝜏) is high for some 𝜏 >> 0 ⟹ orbitals i and j tend to overlap periodically with a period of 𝜏

𝑀𝑖𝑗𝑖𝑗(𝜏) drops to ≈ 0 quickly ⟹ orbitals i and j overlap at random times, not periodically

𝑉𝑖𝑗(𝑡) 𝑉𝑖𝑗(𝑡 + 𝜏)

X

𝜏



Autocorrelation Function

𝑀𝑖𝑗𝑘𝑙 𝜏 = න
0

𝑡𝑚𝑎𝑥−𝜏

𝑑𝑡𝑉𝑖𝑗 𝑡 + 𝜏 𝑉𝑘𝑙 𝑡

The autocorrelation function will often display oscillatory and/or decaying behavior, 
i.e. 𝑀𝑖𝑗𝑖𝑗 𝜏 ≈ cos 𝜔𝜏 exp −𝛾𝜏 for some frequency 𝜔 and decay rate 𝛾

𝜔 ≫ 𝛾 ⟹ “monochromatic,” FT will have strong frequency dependence, i.e. 𝑀 𝜔
depends strongly on all values of 𝜏

𝛾 ≫ 𝜔 ⟹ “white noise,” FT will be ~constant, i.e. 𝑀 𝜔 =constant, so we only 
really care about 𝑀 𝜏 = 0

X



Transition Rates

Γ𝑖𝑗𝑘𝑙
+ = න𝑑𝜏𝑀𝑖𝑗𝑘𝑙 𝜏 exp(−𝑖𝜔𝑘𝑙𝜏)

Γ𝑖𝑗𝑘𝑙
− = න𝑑𝜏𝑀𝑖𝑗𝑘𝑙 𝜏 exp −𝑖𝜔𝑖𝑗𝜏

𝜔𝑘𝑙 is the angular frequency of a photon with the same energy as the 
energy gap between orbitals k and l

Note that Γ𝑖𝑗𝑖𝑗
+ = Γ𝑖𝑗𝑖𝑗

−

Also note that if 𝑀𝑖𝑗𝑖𝑗(𝜏) drops to ≈ 0 quickly, then Γ𝑖𝑗𝑖𝑗
+ ≈ 𝑀𝑖𝑗𝑖𝑗(0)



Redfield Tensor

𝑅𝑖𝑗𝑘𝑙 = Γ𝑖𝑗𝑘𝑙
+ + Γ𝑖𝑗𝑘𝑙

− − 𝛿𝑖𝑗

𝑚

Γ𝑘𝑚𝑚𝑙
+ − 𝛿𝑘𝑙

𝑚

Γ𝑖𝑚𝑚𝑗
−

Note that for 𝑅𝑖𝑗𝑖𝑗 with 𝑖 ≠ 𝑗 (i.e. transitions between two DIFFERENT 
orbitals), 𝛿𝑖𝑗 = 0, so 𝑅𝑖𝑗𝑖𝑗 ∝ Γ𝑖𝑗𝑖𝑗

+ ≈ 𝑀𝑖𝑗𝑖𝑗(0)

0 0

i ij j 𝜏 = 0

𝑅𝑖𝑗𝑖𝑗 𝑀𝑖𝑗𝑖𝑗(0)



Nonadiabatic couplings without spin
(Plot the Redfield tensor elements and correlation function)
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Geometry 
optimization

Heating

Molecular 
dynamics

Coupling 
calculations

Plot Coupling 
Data

copy CONTCAR as POSCAR 

copy all generated MD files in a 
“Coupling” directory

copy CONTCAR as POSCAR 
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• Case of study: a condensed 3D model for PM6 conjugated polymer

gif
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• What do we need to start the visualization:

❑ The “energy_pop” file:
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• What do we need to start the visualization:

❑ Having the coupling files “couplingXXX” in a same directory of you Matlab code:

❑ If you have zipped files (*.gz) on the cori or photon, you can unzip them via following commands:

gzip -d *.gz
gzip -d coupling*

tar –xvzf *.gz
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• What do we need to start the visualization:

❑ Having the coupling files “couplingXXX” in a same directory of you Matlab code:
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• What do we need to start the visualization:

❑ Matlab script “correlation_v3d_full_revised_summer2021.m”:
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• Execute the Matlab file:

❑ In Matlab directory we should have:

✓ energy_pop

✓ correlation_v3d_full_revised_summer2021.m

✓ coupling.xxx files
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• “RRR” file will be generated in your current directory at the end of calculations (this file include 
Redfield tensor):

• This procedure (Matlab code) used all couplings files as input and provide RRR file as an output.
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• Code will produce the Redfield tensor elements and correlation function:  

LUMO

HOMO

❖ Maximal transition probability appears near main diagonal.

❖ Almost zero transition probability when get away from the main diagonal

❖ Quite small at HOMO to LUMO transition.



Nonadiabatic couplings without spin
• Redfield tensor elements for PM6 polymer:  
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• Code will produce the Redfield tensor elements and correlation function:  

❖ Auto correlation function should decay 

from 1 to 0 in a certain time steps and then 

oscillate around 0.

❖ The fast decay of the correlation function 

justifies use of shorter trajectory.

PM6 polymer



Redfield MATLAB Script 
Parameters

Tuesday June 21, 2022

Adam Flesche



Required Input Files

• RRR (main output from correlation script)

• energy_pop (used in correlation script)

• Red_FIELD_MEq_11d_emi6_1f.m (MATLAB Redfield script in ~/bin/)

• forMasterOptics

• bandout



forMasterOptics

• Syntax used in the script, initially generated as “forMasterEq” in your 
geometry optimization directory:

• Edit input_overlap to contain your desired orbital interval

• Run a script: ~/bin/OS/OS_dipol_v3b 

• Obtains forMasterEQ file

• Simply cp forMasterEQ forMasterOptics



bandout

• Requires you to run a VASP job to obtain partial charge densities, 
PARCHG files

• Job run with INCAR-pc and CONTCAR from optimization

• When finished, run the integration script:

• cp ~/bin/band_integrate_vasp5.pl

• Edit to fit your orbital interval

• Run with perl band_integrate_vasp5.pl

• bandout is obtained as the output



MATLAB Output Files

• CT

• s

• STATES

• taveHaveE



Questions?
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𝝆𝒊𝒋 𝑡 =
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(𝜉)

𝜌
(𝜉)
exp(Ω
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(rates of dissipation)

eigenvectors
of density matrixinitial condition

at time t=0

initial excitation
from orbital a to orbital b

solution:
time evolution of
matrix element
of density 
operator

time

expansion
coefficients



Input Parameters

# of pXXX files



Redfield Tensor for electrons

Redfield Tensor for holes
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Converting Populations of Each 
Orbital Into a Distribution Over 

Time & Spatial Position
Computational Chemistry Skills 6/21/2022

Hadassah B. Griffin



Overview

• Redfield Tensor Calculations Completed

• Calculating Electron Dissipative Dynamics from Redfield 
Equations of Motion

•Matlab script used for code and images that follow: 
Red_FIELD_MEq_11d_emi6_1f
• Model included: example from group email

• Skill: visualize how populations of each orbital change over 
time/in space

• Applications include: charge transfer



Key Variables of Interest
• PPe: list of the populations of electron states (i.e., the 

orbitals) i at time t; depends on HOMO and max occupation 
level (Omax)

• Be: spatial distribution of electrons, and the occupation of 
electron orbitals over time; built from “bandout” file data 
and HOMO, Omin, Omax variable information

• WPe: (PPe X Be): a product of variables PPe and Be, which 
will help us analyze how population of orbitals changes over 
time and in space



Key Variables of Interest
• PPe: 

• Be: 
• WPe: (PPe X Be): a product of matrices PPe and Be, which will 

help us analyze how population of orbitals changes over time 
and in space



Visualization of PPe, Be, Wpe (skewed view, 
top-down view; all waterfall plots)  
1

3 4

2



WPe In Code---Steps to Final Visualization

Plot Data

Normalization

Extract Hole Data as WWPh

Extract Electron Data as WWPe



Final Visualization and Interpretation

• Brighter values: electron 
locations

• Darker values: hole locations
• Neutral/0 values: charge 

density matches same value 
as ground state before and 
after excitation

• Charge transfer evidence 
from seeing if electron/hole 
locations change over time



Nonadiabatic couplings without spin
(Relaxation dynamics and distribution of charge as a function of energy and time)
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• Purpose of this methodology?
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HO-3

LU+2

HO-3

LU+2

• Purpose of this methodology?
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Geometry 
optimization

Heating

Molecular 
dynamics

Coupling 
calculations

Relaxation 
dynamics 

Calculate 
partial 
charges

Calculate 
bandout file

copy CONTCAR as POSCAR 

copy all generated MD files in a 
“Coupling” directory

copy CONTCAR as POSCAR 

Need to find: RRR

• energy_pop
• forMasterOptics
• bandout
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• What do we need to start the visualization:

❑ RRR file, was calculated before from the coupling files:
❑ The “energy_pop” file.

❑ The range of orbitals the you specified in the “energy_pop” file 
should be consistent through all of your calculations such as 
bandout and Red field tensor calculations
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• What do we need to start calculations:

❑ forMasterOptics and bandout?
❑ First we need to do partial charge calculations

Geometry 
optimization

Partial charge 
calculations

Finding 

forMasterOptics and 
bandout!

copy CONTCAR as POSCAR
cp ~/bin/INCAR/INCAR-pc ./INCAR 

Finding 
forMasterOptics and bandout
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• What do we need to start the visualization:

❑ INCAR file settings:

A range to cover energy_pop
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• What do we need to start calculations:

❑ forMasterOptics and bandout?

• cp ~/bin/band_integrate_vasp5.pl .

• vi band_integrate_vasp5.pl

• perl band_integrate_vasp5.pl
(at the end of this step, partial charge files 
PARCHG.xxx.ALLK will be generated for selected 
orbitals). The bandout file will be generated here.

• module swap PrgEnv-intel PrgEnv-gnu

• ~/bin/osc_str_CHEM676.exe

• cp forMasterEq forMasterOptics

A range to cover 
energy_pop!
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• Double check the size of input files. 

• Bandout file contains the same information as “PARCHG.xxx.ALLK ”.

• They are results of integration of each 3D PARCHG over X and Y.
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• Execute the Matlab file:

❑ In Matlab directory we should have:

✓ RRR

✓ energy_pop

✓ bandout

✓ forMasterOptics

✓ RATE_Red_FIELD_MEq_11d_emi6_1g_version_Summer_2022.m
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• Run the Matlab codes to calculate relaxation dynamics

❑ Matlab script “Red_FIELD_MEq_11d_emi6_1f.m” or “RATE_Red_FIELD_MEq_11d_emi6_1g_version_Summer_2022.m”:

Select the initial transition based on the 
highest value of oscillator strength in 

“OS_STRENGTH” file.



Nonadiabatic couplings without spin
❑ After finished the simulations, you should be able to see rate of electron and hole relaxation in the command 

window:

Ke & Kh are the relaxation rates 
(in ps

-1
) for the electron & hole.
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• Code will produce the Relaxation dynamics and distribution of charge as a function of 
energy and time:  

HO-3

LU+2

HO-3

LU+2
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• Quantify charge transfer at the interface:

HO-3

LU+2

HO-3

LU+2

∆𝑍 𝑡 = 𝑍𝑒 𝑡 − 𝑍ℎ 𝑡

𝑗 𝑡 =
𝑑

𝑑𝑡
∆𝑍 𝑡



non-fullerene acceptor 

fullerene acceptor h⌫

h⌫

fullerene acceptor 



non-fullerene acceptor 

fullerene acceptor h⌫

h⌫

fullerene acceptor 





Photoluminescence
William Tupa



Absorption vs Emission

• Absorption: Matter takes in a photon to then move an electron to a higher energy level.

• Spontaneous Emission: Matter releases a photon to drop a photon to a lower energy level. 

• Stimulated Emission: Same as spontaneous emission but now this happens when the matter 
when a photon goes by it. The two photons have the same direction, frequency and polarization.



Einstein Coefficients

• Measure how likely a photon is will be absorbed or emitted from an atom.

• 𝐴𝑥𝑦 would be the spontaneous emission probability of a transition from level x to level y.

• 𝐵𝑥𝑦 would be the absorption or spontaneous emission probability of a transition from level x to 
level y.

• 𝑔𝑥 is the degeneracy of level x.

• 𝑓𝑥𝑦 is the oscillator strength.



Why the PL
module of the
Redfield code
has a cycle
over
timesteps?



Electronic Dynamic

➢ changing initial conditions of electron dynamics by tags iE and iH
➢ how to find rates of electron and hole relaxation for each iE, iH

Needed Files
Script Name: Red_FIELD_MEq_11d_emi6_1f.m
Input Files -
Input_overlap
Energy_pop, forMasteroptic
RRR
Bandout (std) / Bandout2D (ncl)
Outputs –
Excited state relaxation in energy and space domains
Rates of relaxation from HO-x to HO and LU+y to LU



✓ Set the Initial condition according to 
oscillator strength

size(bandout)= 20   126
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Results of the
Electronic Dynamic
Calculation

Occupied orbital

Time 
steps













Results of the Electronic Dynamic Calculation 



Results of the Electronic Dynamic Calculation 



Results of the Electronic Dynamic Calculation 
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Observables: PLQY, radiative/non-
radiative recombination

Joe Granlie



Radiative Recombination

● An excited system will tend to lose energy to return to a minimum 
energy state. An excited electron can do this by emission of a photon

● The rate of this is given by the Einstein Coefficient for Spontaneous 
Emission

Nu is the transition energy (E1-E2)

g is degeneracy of state

f is the oscillator strength

Both values can be found from OS_STRENGTH file



Non-Radiative Recombination

We can use the NACs to calculate the Redfield Tensor, which will tell us the rate of 
non-radiative recombination

Autocorrelation 
functions

RRR 
Matrix

MatLab Script: correlation_v7.m
For HO-LU transition of 
SiC_CH3_COH model 1/fs



Photoluminescence Quantum Yield (PLQY)

● PLQY tells us the number of photons that are emitted as a fraction of photons 
absorbed

● Kasha’s Rule: highest PLQY is expected to be between HO-LU. Unoccupied 
orbitals typically have a high overlap → NAC is high → high non-radiative rate 
in conduction band

Kasha’s Rule leads to cascade 
thermalization



Exceptions to Kasha’s Rule

Energy gap for LU and LU+n 
is high, so they have a lower 
overlap and thus a lower knr

Oscillator strength between 
HO and LU+n is relatively 
high, so kr is higher
→ LU+n is in competition 
with LU for emission

Energy gap is small for HO-LU 
and HO-LU+n, so large 
overlap for all excited states
Oscillator strength for HO-LU 
is low while HO-LU+n is 
relatively high, so kr is higher 
for LU+n
→ LU has a long lifetime

0eV
0eV

HOHO

LU

LU+n

LU

LU+n


