Roskilde
University

Electron excitation and transfer in photoelectrochemical solar cells

Sgrensen, Bent

Publication date:
2001

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (APA):
Sgrensen, B. (2001). Electron excitation and transfer in photoelectrochemical solar cells. Poster session
presented at Conference on advanced electrochemical systems, Diablerets, Switzerland.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain.
* You may freely distribute the URL identifying the publication in the public portal.

Take down policy
If you believe that this document breaches copyright please contact rucforsk@kb.dk providing details, and we will remove access to the work
immediately and investigate your claim.

Download date: 12. Jul. 2025



Electron excitation and transfer in photoelectrochemical solar cells

Bent Sgrensen

Physics Department, Roskilde University, DK-4000 Roskilde, Denmark
Email: bes@ruc.dk, Web: http://mmf.ruc.dk/energy

In connection with a project aimed at developing industrial production schemes for
photoel ectrochemical (PEC) solar cells[1], | am trying to improve the understanding of
the basic processes involved, by studying the transfer of electrons following absorption
in the sensitiser dye, from the central to the peripheral parts of the sensitiser molecule,
further on to the surface of the semiconductor electrode, from where it works its way
into the regular periodic lattice structure. The electrolyte is believed to contribute to
shaping the potential in which the transfer process takes place, both in a bulk way
(modelled by treating the electrolyte as a continuous and homogeneous dielectric sub-
stance) and through individual ions present in the electrolyte, notably near the semicon-
ductor surface. The electrolyte also mediates the redox process by which the electron
transferred to the semiconductor is replaced in the sensitiser dye. Thisis a slow process
likely to limit the overall rate of current formation.

The first step in the quantum mechanical description of the electron transfer is to calcu-
late the exitation of the sensitiser dye caused by the absorption of light. Only this step
will be described in the present communication. The example used is an organic couma-
rin derivative recently synthesised [2]. It has the best absorption properties of any or-
ganic sensitiser studied, but falls short of the highest efficiency ruthenium complex dye
in use with PEC cdlls[3].

Figure 1 shows the results of a time-dependent Hartree-Fock calculation of the lower
states of the coumarin-derivative [4]. The molecular structure used in the pilot calcula-
tion is a basic structure geometrically optimised. However, a Berny optimisation subse-
guently performed showed modest change in the molecular structure [4]. The Figure
shows the difference between the electron densities in the first excited and the ground
states. For comparison, the HOMO, LUMO and 2™ lowest excited state molecular or-
bitals are shown in the right-hand side of the Figure. The orbital gap is a little above 6
eV, while the lowest TDHF excited state is at 1.8 eV, indicating a strongly correlated
structure. The Figure shows that the electron density is thinned in the central part of the
molecule under excitation, and is regained at the peripheral part, notably around the
oxigen atoms of the “arm” added to coumarin-343. This makes the excited electron very
easy to transfer to the semiconductor surface. The next excited state isashigh as 3.5 eV.

[1] B. Serensen et al., Production oriented development of photoelectrochemical solar
cells, contribution to this conference (2001).

[2] K.Haraetal., A coumarin-derivative dye sensitized nanocrystalline TiO, solar cell
having a high solar-energy conversion efficiency up to 5.6%. Chem. Comm. 569-570,
2001.

[3] S. Zakeeruddin et al., Inorg. Chemistry, 36, 5937-5946 (1997).
[4] M. Frisch et a., Gaussan-98 vA.9 software, Gaussian Inc. Pittsburgh 2000.



coumarin343-derivative (basic structure used)
Electron density (absolute square of wave

function) difference between 1. excited and
ground state, based on TDHF calculation.
Blue=positive; Purple=negative

AE=18 eV
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Electron density (absolute square of wave
functicn ) for secand lowest unoccupred
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coumannidi-dermvative (basic structure used)
Electron density (absolute square of wave
function) for lowest unoccugned
molecular orbital.

Codours mdicate spin difference

coumarin3d 3-derivative (basic structure used)
Electron density {absolute square of wave
function} for highest sccupied
mlecular orbisal

Caolours indicate spin difference
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