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N3 dye (N719 based)

Solar cells build with N3-sensitized TiO  provide:
- broad range of visible light absorpition 
- long life of excited states
- good match with TiO  conduction band
- high termal stability

2

2

H

C

N

O

S

Ru

Absorption spectrum (time propagation)

 1.5 4.5

TDDFT

TDDFT+ solvent [3]
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A simple solvent model 

- Good relative spectral shape agreement
- Peacks are shifted

Indoline D149 dye
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Absorption spectrum (Casida)

Absorption spectroscopy with TDDFT
Time Dependent Density Functional Theory

All the observables are function of the time-dependent density and the external potential

Excitation energies and linear response

At the first order in the perturbating field     , the fluctuation in the density are

with the interacting response function in the Khon-Sham approximation

 

The photoabsorption cross-section is the measured relevant quantity

Two possible ways to solve the linear response equations (finite systems)
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Work in progress
Short term developement roadmap include the following main points:

1. Introcude a scheme to sistematically account for solvent effect. Continum solvent models apper to be the firs step toward
this goal

2. Develop suitable scheme for the investigation of substrate (eg. TiO  or ZnO) aggregation effects 

3. Investigate more metal-free dyes such as indolines 
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Introduction
Dye-sensitized solar cells [1] are currently attracting widespread academic and commercial interest for the conversion of sun-
light into electricity because of their low cost and high efficiency. In these cells, undoubtedly, the dyes and the mesoporous 
films such as TiO  or ZiO represent the key components for high power conversion efficiencies.
In this poster we present a recently started project on ab-initio Time Dependent Density Functional Theory (TDDFT) [2] 
studies of optical properties for dye studies.
As benchmark we choose two dyes well known in literature: N3 [3] and D149 [4]. 
From the study results that effects from the solvent and the aggregation evffects must be taken in proper account.

2 One-to-one correspondence
 between time-dependent 

density and external potential

Dye-sensitized Solar Cells (DSSC)

- DSSC efficiency can reach up to 11% solar energy to 
electricity conversion rates on Ru based dyes (around 4-9% 
on metal free dyes). 
- Low cost production
- Environemental friendly (metal-free dyes)

TiO2 anatase mesoporous structure
enhance light harvesting

Many!.. For instance:
  coumarin
  triarylamine
  indoline
  hemicyanine
  merocyanines
  squaraine
  benzothiadiazole
  boradiazaindacenes
  porphyrin
  ...

Which dye?

Adiabatic approximation

good for finite sistems

The exchange kernelThe Khon-Sham response function

Polarizability tensor

Time propagation

- Apply a delta perturbation to the ground state of the system

- At t=0 the Khon-Sham orbitals are 

- Propagate the KS orbitals for finite (long) time

- Obtain the dynamical polarizability from the states

Casida equation

Comparing the Lehman representation of the interactiong response function              with the Khoh-Sham response 
funcion                 is possible to derive the eigenvalue equation

On the particle-hole basis this can be casted into a matrix equation for the excitation energies

- Crucial the approximation for 
- Truncation of the p-h basis limits
  accuracy
- It is possible to characterize the 
  excited state

- Crucial the approx for
- No need for unoccupied states
- Lose information about the 
  wavefunction
- Possible extension to non-linear 
  phenomena

Red-shift.. A Solvent effect?

Octopus

Numerical first-principle code

- DFT with libxc exchange functional libary support
- Real space grid expansion
- Pseudopotentials
- TDDFT for spectra and excited states dinamics
and much more..

http://www.tddft.org/programs/octopus


