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Historical background

Edmond Becquerel (March
24, 1820 - May 11,1891).
The experiment investigated
the effect of light on
conductive plates - platinum
and gold, on which there
was only a weak
thermoelectric effect; brass,
which showed some
photocorrosion, and finally
the strong photovoltaic effect
with silver halides (Cl,Br,I).
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His study was considered
the first paper on
photoelectrochemistry.
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W.H. Brattain-C.G.B. Garrett

Bell System Tech J, 34,
129, 1955.

This work is considered
to be pioneering
research on
semiconductor
photoelectrochemistry
and the origin of
progress in this area.

Interest in photoelectrochemistry of 
semiconductor blossomed after…

V.A. Myamlin, Yu V. Pleskov, 

“Electrochemistry of Semiconductors”,

Plenum Press, New York, 1967.

H. Gerisher in Semiconductor 

Electrochemistry: in Physical Chemistry: 

An advanced treatise (Eds.: H. Eyring, D. 

Henderson, W. Jost), 9A, Academic Press, 

New York, 1970, p. 463. 
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Chronological order in which the 
monocrystalline semiconductors 

were studied

Kenichi Honda, 1972
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Principle of operation

Classification of PEC cells
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Photoelectrochemical
cells

Electrochemical photovoltaic cells
(Optical energy converted into
electrical energy

Photoelectrosynthetic cells
(Optical energy used to affect
chemical reactions)

Photoelectrolytic cells
(Optical energy stored as chemical
energy in endorgic reactions
e.g. H2O->H2+1/2O2)

Photocatalytic cells
(Optical energy provides activation
energy for exorgic reactions
e.g. N2+3H2->2NH3)  

∆G=0

∆G≠0

∆G>0

∆G<0

Quantitative assessment of the 
solar cell performance

η: overall white light-to-electrical conversion efficiency
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IPCE: incident photon-to-current conversion 

efficiency for monochromatic radiation
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An ideal photoanode should…

absorb light from a substantial part of the solar
spectrum efficiently,

offer high surface area (to absorb maximum
light),

effectively utilize the absorbed energy to
produce maximum electron-hole pairs,

facilitate rapid transport of the charges,

be inexpensive and easily available,

be non-corrosive and non-toxic, and

be stable in the electrolyte for a long time.

Photocorrosion
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Photocorrosion

Narrow bandgap semiconductors whose photo-response 
matches the solar spectrum are in general unstable in 
contact with electrolytes: PHOTOCORROSION!!!
The width of the band gap is a measure of the chemical 
bond strength. Semiconductors stable under illumination, 
typically oxides of metals such as titanium or niobium, 
therefore have a wide band gap, an absorption edge 
towards the ultraviolet and consequently an insensitivity 
to the visible spectrum.

The resolution of this dilemma: separation of the optical 
absorption and charge-generating functions.

Gerisher diagrams
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Gerisher diagram for TiO2

Extension of the photoresponse of 
TiO2 into the visible range
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Three possible ways to extend the photoresponse 
of a large bandgap semiconductor
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R. Audubert, 1931 

Gerisher, 1977

ZnO/ crystal violet
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Michael Grätzel, 1991

Operating Principles of the Dye-
Sensitized Solar Cell (DSSC)

∆V
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TiO2 + Dye

Nanocrystalline 
morphology of 
TiO2 film 
enhances light 
harvesting by 
surface 
adsorbed dye 
monolayer.  

50 nm

A Key Parameter: the electron 
diffusion length 

Typical values for high
performance (η>10%) cells at
Vmpp:

D=10-4 cm2/s, τ=1 s, L= 100 μm
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Photoinduced Electron Transfer 
Mechanism

Dynamic Competition
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Ruthenium sensitizers

RuL3
cis-RuL2(NCS)2 RuL’(NCS)3
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Dye Sensitized Cells Solar – DSSC

IPCE: incident photon-to-current conversion 

efficiency for monochromatic radiation

It is a measure of the effectiveness in
converting photons incident on the cell to
photocurrent flowing between the WE and
CE.

IPCE is also called the external quantum
efficiency.

IPCE is not corrected for losses of light by
absorption in solutions, glass substrates,
reflection losses at interfaces, etc..
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IPCE: incident photon-to-current conversion 

efficiency for monochromatic radiation
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APCE: absorbed photon-to-current 

conversion efficiency for monochromatic 

radiation

APCE is defined as the number of

electrons (or holes) collected per absorbed

photon.

This is also called the internal quantum

efficiency.

It is calculated after considering the losses

in the incident photons like reflection,

scattering, absorption, etc..

APCE: absorbed photon-to-current 

conversion efficiency for monochromatic 

radiation

A

IPCE
APCE −−

=
101

A=absorbance.

LHE=light harvesting efficiency or absorptance

ALHE −−= 101
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Conversion yield of incident photons

in electrical current

Фinj =quantum yield of 

charge injection.

ηcoll =efficiency of 

transporting injected 

electrons in to the 

external circuit.
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Experimental set-up
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Results
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IPCE

Overall photovoltaic performance
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Dye Sensitized Cells Solar – DSSC

The highest demonstrated 

efficiency so far has been only 

11 %, modules 6.3 %.
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Timeline of energy conversion 
efficiency

Stability

Long-term stability is a key parameter for any type of 
solar cells.

Intrinsic factors are related to the DSSC under the 
conditions of a perfectly closed/sealed system.

Extrinsic factors are related to degradation processes 
induced by potential diffusion of molecules into or out of 
the solar cell (i.e.: penetration of water and oxygen and 
escape of solvent molecules).

12.000 h of continuous full intensity light exposure: no 
dye degradation.

It was possible to pass the critical 1000 h accelerated 
thermal test at 80 oC. 
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DSSC Advantages vs. Silicon Solar 
Cells

Low cost and ease of production

Performance increases with temperature narrowing the 
efficiency gap

Bifacial configuration - advantage for diffuse light and 
albedo

Efficiency less sensitive to angle of incidence

Transparency for power windows

Color can be varied by selection of the dye, invisible PV-
cells based on near-IR sensitizers are feasible

Low energy content (for silicon this is 5 GJ/m2 !), 
payback time is only a few months as compared to years 
for silicon.

Road map
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Commercialization

Japan

IMRA-Aisin Seiki/Toyota

Sharp

Toshiba

Dai Nippon

Peccell Technologies

Australia

Dyesol

USA

Konarka

UK

G24i

Switzerland

Solaronix Outdoor installation – CSIRO (Commonwealth Scientific and 

Industrial Research Organization), Newcastle, Australia.

The Dyesol team established the worlds first prototype manufacturing 

facility for Dye Solar Cells.

Dyesol supplies equipment, materials and components for Dye Solar 

Cell Technology.
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G24 Innovations

G24i has announced a DSC module production of 25 
MW capacity in 2007.

With extension plans up to 200 MW by the end of 2008.

G24i has won a grant from the World Bank to develop its 
technology to light homes in Rwanda (2008).


