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Software

e PARSEC (Pseudopotential Algorithms for Real Space
Eigenvalue Calculations)

- Parallelized density functional theory codeto
calculate properties of electrons and el ectronic
structure in molecules

* RSDFT (Real Space Density Functiona Theory code)

- Simplified version of PARSEC written in MATLAB
e P\/OX (PARSEC Visualization Toolbox)

- Tool for visualizing PARSEC output



Modeling Electronic Structures

e Uses the Kohn-Sham formulation of Schrodinger
equation
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e Takes advantage of multiple smplifications

— Electron potential determined by overall
charge density rather than individual € ectron
Interactions

— Assume inner electrons are closely bound to
nuclel which do not move



Cdculations. HY=f£Vv¥

 Becomes an eigenvalue problem where E isa
scalar, H isamatrix, and ¥ Isavector

e Unfortunately H depends on ¥, so the problem
DEecomes more complex

* Designed with self consistent loop: -

* Guesses ¥ and calculates H 3 :
e Usethat H to generate ¥~

e Repeat until results are
within tolerance



RSDFT vs. PARSEC %

e PARSEC iswritten in Fortran ﬁ_.,_Jf:i‘%:-'"’i
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and data structures to take /i S Ne B4
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— Can be used to accurately model J'
large structures ~9

- 10+ years of effort and thousands of lines of code
e RSDFT iswrittenin MATLAB

- Designed for use in prototyping and education

- RSDFT can currently only be used for small systems of atoms
and Is not as accurate

- Under ayear of effort and hundreds of lines of code



Overview of work done on RSDFT

* Added higher-order finite difference approximations
to the Laplacian

Real Space Density
e Implemented more Functional Theory

accurate User Manual

pseudopotential
approximations

e Created manual for
users of RSDFT it




V2 Laplacian approximation

e High-order finite difference methods from Bengt
Fornberg

e Represent Laplacian as alinear term in neighboring
wavefunction values

e Presently only uses neighbors in orthogonal directions

Order | Pos-4 | Pos-3 | Pos-2 | Pos-1 | Pos | Pos+l | Pos+2 | Pos+3 | Pos +4
2 1 -2 1
4 -1/12 4/3 -5/2 413 -1/12
6 1/90 | -3/20 32 | 49118 | 312 -3/20 | 1/90
8 -1/560 | 8/315 | -1/5 8/5 |-205/72| 8/5 -1/5 | 8/315 | -1/560




Pseudopotentials

* Electronic properties dominated by valence
electron distribution

* Generaly, the inner electrons are confined to
small regions

e Pseudopotential
approximates ion core
potential (nucleus,
Inner electrons) for
easier computation




Pseudopotential Approximations

e First approximation (ionic potential outside, constant

inside) Z \
wir)="r 7R
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* The Shaw pseudopotential adds more details, yielding a
new formula:

Wr,0.4)=—5= 2 [0(R-1)(A-T)«P(r.0,)
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&  spherica Harmonics ‘J

* P operator includes spherical harmonics.

Pl<r ’9 1(]5): Z |le<9 1¢>><Ym,l(9 1¢)|

m=—|

Y. (0,0)=9g (coso)*e™?

(g Isthe Legendre polynomial)

* The operation of P on the wavefunction can be described

as.
|
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PVOX
e PARSEC Visualization Toolbox

e \Written by interns last summer

Nicholas Voshdll

| ee Ballard
Michael Frasca

 Application written iIn MATLAB that shows
different views of the wavefunction, e ectro-
magnetic potential, and charge density
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PVOX Functionality

1D View
easlly view wavefunction,
charge density or potential

2D View
view XY glices of the data
with user-defined Z

3D View
view based on color and
transparency, contour view
also available




PVOX Functionality Continued
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=15 -14

=12 -10 -5

-6

4

-2 a

Iterati

Density of States View

Wiew Help ~
= & ol | | H| e =]k ik O & | B | &0 @a®| 0| = kit nlf|Fm L.
Density of States vs. Energy (')
i B N Level
-
35 - -
.

oo

Occupied

mergy (V)

_ lteration

SRE potential | 0.5088

Diag Time ’MT
Fermilevel | 03505
HaweeTime [ 458
Chg DenMin | 3015611
Chg Den Max ’W
Eig Energy -80.79

1455

H Energy

ChgWghtPor | 0006346

Int Vx tho -95.62
Energy xc -1287

&flon Energy ’W
lonjlon Energy ,T
BN
Total Energy ,W
Energy Atom -7146

Enew;/ Eold

Iteration 4

State 67
Eigenval ®y)| -0.09747

Eigenval )| -1326

Occupation

0
Repr 1

|teration and atom data
viewers allow usersto
examine calculation
results

/ Atoms 5
~ Atom 4 _Na : Dipole Moment
on Force 001175 | 01043 | 0.01206 | 04359
1291
Self ConsistFre | 9e-05 | [-14e-05 | 8e-06
128
CoreCForce  -0.000321 [0.003871 [0.005241 Net Force
-0.01276
LocalForce  |-0.008812| | 0.02136 | |0.004448
001325
Nonlogal Force  |-0.000145  [0.001081 |0.001388 ~0.01302
Towl Force 1 |-0.008357 | 0.02244  [0.005837 AR
0.000198
Total Force2 0006405 | 0.02508 | | 0.00844
-0.000415
Pasition [ o805 | 28 | [ 04802 =L 0E

.




Help Browser

Help Menu

Chose a topic below

(ttat is FYO%? | Toview agraph of the density of calculated
Runhing PYOX Cwavefunctions ws. the energy of those wavefunctions,

select the DOS mode from the toalbar or wiew menu.

EDpenlng il The view shows the density of states in blue and the

1 D e total states with energy below that point in green by
jED Wiew | default, however the green line of wavefunctions at a
130 Wiew loveer energy can be turned off by selecting

{Density of States IHIntegralll. To show the density of energy states of
| Slice the occupied wavefunctions, select the "Occupied”™

| togale button. The user can alzo change the width
?zmm i Rt parameter of the energy lines with the “Width
;.&.tnm.mewer | Farameter” edit box. All density of states graphs can
Iteration Viewer Ehe zoomed for better clarity of the data as described in
i Preferences Zoom and Fotate p. 6.

| Capture Figure

| Frint




Preferences

e Atom color / size

e Colormap

- Sdlect from standard MATLAB

colormaps
- Invert colormap

e Gridlines

File Ecit View Help

File. Edit View Help

ad aal®(0

5 5 [R[R D T & [ [ B [

0.8

top down
surface

File Edit “iew Help

Zad| a®|0)] . = |ikikf@n e r e

[

zad a®|0]-

e Draw mode

.

J

MNum Slices

o .ESW__

0z

015

0.1

005

contour

color




PVOX progress

* Fixed colorbar in MATLAB R13 (version 6.5)

e Tested PVOX across various platforms and versions of
MATLAB

e Added a troubleshooting guide to the

documentation
* Added a help menu Inside of the program ‘

e Modifled PVOX to read in RSDFT
output

* Program has been requested by PARSEC
users and will be available soon \



Potential Future Work

Parallelize RSDFT code to increase
performance

mplement more accurate methods in RSDFT
mprove 2D mode in PVOX to allow user-
specified planes

Provide PV OX support on Macintosh and
Windows platforms




Any Questions?
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