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Kang et al. JACS 2006, 128, 12068 The Problem
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Computational Details
Study prototypical
Pt,, cluster

on [110] surface
of y-Al,05
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Librational Motion
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MD @ 573 K
Brownian-like Motion




Cluster footprint @ 165 K
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Cluster footprint @ 573 K
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Pt-Pt Pair Distribution Function
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Average over three 5 ps
DFT/MD simulations
165 Kand 573 K
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@ Negative Thermal Expansion

15

—h
o
| T | T

1$)
| | T T

c
O
I;
&)
c
-
LL
c
@)
-—
-
Q
-
]
D
o
I=
©
o B

. 3.5 | . .
Pt-Pt Distance (A) WASHINGTON




€) High Pt-Pt Disorder
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Pt-O Pair Distribution Function
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No O-signal in EXAFS
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Decomposition of the Pt-Pt PDF
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A Simple Model
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Pt L; XANES: Conf. Average over MD
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@) Increased intensity and redshift at high T
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@) Increased intensity and redshift at high T
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Found qualitative agreement with all
experimental observations:
structural and spectroscopic

Discovered unusual dynamical behavior:
Librational and Brownian-like motion

Possible implications in catalysis:
Activity affected by cluster mobility?
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RT-TDDFT simulation of the optical properties
of a model organic photovoltaic device
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Theoretically study the initial process of light
harvesting in organic photovoltaic devices:

Optical Absorption

Develop simple structural models of organic
photovoltaic devices

Calculate the optical absorption of
photovoltaic components using RT-TDDFT

Explore spectral trends induced by changes
in the structure of the components




Direct numerical integration of the time-dependent Kohn-Sham
equations in a time-dependent external electric field:

i%—f — H(O)W W) =T exp (—z’ /O tH(t’)dt’) W(0)
H = V2 Vear(0,6) + Vig o] () + Vaelpl(r, 1)

Optical properties are determined from the total dipole moment:

p(t) = [ p(,t)rdr

(@) = 0pi(w)/Ej(w) = (W) o(w) ~ wIm (a(w))
” NG _
T~ N
Linear Response Absorption

Yabana and Bertsch, Phys. Rev. B 54, 4484 (1996)
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Model Structures (VASP, PBC)

Cso ON
poly-Thiophene (pT)

A model for a
PCBM-p3TH
heterojunction device




Model Structures (VASP, PBC)

A model for a
regioregular (rr) p3TH




Model Structures (VASP, PBC)

A model for a
regiorandom (ra) p3TH
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The effect of structural changes can be
clearly observed in the simulated
absorption spectrum

Simple device models give insights 9
into the nature of light harvesting

RT-TDDFT is very efficient, making
possible routine studies of device
atomic morphology
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Conclusions

Real-Space and Real-Time methods and their
combination:

Reveal the underlying relations between 0
structure and spectra

Provide an efficient tool for the design of
materials for energy applications

Open a door to a new understanding
of complex systems

UNIVERSITY OF

Ml WASHINGTON



Real-Space and Real-Time Approaches for

Energy-Related Materials

J. J. Rehr
Y. Takimoto A'MAnPI:_L;:m:V
T. Ahmed . g J. Kas
H. M. Lawler
C. Luscombe 3. Vinson R. G. Nuzzo
A. Jen ] 4 A. I. Frenkel
D. Cilaca J. Seidler
r g T. Fister
K. Nagle
DOE Grants

DE-FG35-08G018024, DE-FG02-04ER1599

T WASHINGTON




