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Photochemical Turbo Power for Solar Cells

How organic molecules make yellow light from red. Berlin, 28.2.2012

- . . . . Weitere Informationen:
Modern silicon solar cells achieve a maximum efficiency of around 25

percent. Researchers around the world are running a race to increase this Dr. Klaus Lips
efficiency even further. However, a natural limit exists at around 30 Institut fiir Silizium-Photovoltaik
percent because the laws of physics prevent solar cells from absorbing light Tel.: +49 (0)30-8062-1353
of energies lower than a certain material-specific limit. The energy of this lips@helmholtz-berlin.de

light is lost; it is not turned into electricity. Scientists at the University of
Sydney and of Helmholtz Zentrum Berlin (HZB) have now demonstrated in

lab experiments a way to avoid these losses. They have developed a kind of Timothy Schmidt
“turbo for solar cells”, called photochemical upconversion: Two energy- School of Chemistry
poor photons that would normally be ineffective in the solar cell are University of Sydney, Australia
merged into one energy-rich photon, which can then contribute towards Tel.: +61 (439) 386109

the electricity yield. Further research in this direction may make it possible Emailt.schmidt@chem.usyd.edu.
to exceed the 30 percent mark. The team has published its results in the o

journal “Energy & Environmental Science” (DOI: 10.1039/C2EE21136)). Pressestelle

Hannes Schlender
Tel.: +49 (0)30-8062-42414

The photochemical solar-cell turbo uses organic molecules to merge energy- Fax: +49 (0)30-8062-42998
poor red photons together into energy-richer yellow photons. The secret is in hannes.schlender@
the choice of molecules, of which two different types are placed behind the helmholtz-berlin.de

solar cell in solution. The task of the first molecule type is to absorb the
energy-poor light particles and to store their energy. The crux here is that
these molecules enter a persistent state in which the spins, or magnetic
moments, of the light-excited electrons in each molecule line up in parallel.
This prevents re-emission of the absorbed particles.

This persistent state of the first molecule type lasts long enough for the
energy to be transferred into a persistent state of a second type of organic
molecule. This energy transfer takes place when the two types of molecule  Red light from a laser pointer is

t h other in th luti Ift ited | | fth d converted into higher-energy yellow light
encounter each other in the solution. If two excited molecules of the second i oo cthrough the liquid
type then encounter each other, then one of them returns to its base state.  photochemical upconverter.
The other thereupon assumes an even higher energy state, which is Source: University of Sydney, Australia
extremely short-lived. This latter molecule then sends off a single photon of

high enough energy to be absorbed by the solar cell.

“We are thus the first to demonstrate an efficiency gain in a solar cell by photochemical upconversion,” says
project head Dr. Klaus Lips of the HZB Institute for Silicon Photovoltaics. “The achieved increase in solar cell
efficiency is still low — about 0.1 percent absolute — and the sunlight even had to be concentrated fifty
times, but the path to further improvement is clearly discernible.” Yet it is rocky and hard, as Lips
emphasizes: “For the concept study now published, we had not used a 25 percent high-capacity solar cell
yet, as will be needed for later practical application.” They now have to redevelop the organic molecules of
the photochemical upconverter so that they do not have to be dissolved in a liquid. They will also have to
perform their action under normal, unconcentrated sunlight, and an infrared converter will be required for
crystalline silicon.



“The concepts for this were developed in close cooperation between Sydney and HZB,” says Klaus Lips. The
essential advantage of this ‘3rd generation photovoltaics’ over other approaches is there is no need for
costly redevelopment of solar cells; rather, merely adding the upconverter would in principle suffice to
boost the efficiency. Klaus Lips concludes: “Just as you would build a turbo into a car to make it go faster —
and wouldn’t necessarily go and design an entirely new car.”

Helmholtz Zentrum Berlin fiir Materialien und Energie (HZB) operates and develops large-scale facilities for research using
photons (synchrotron radiation) and neutrons, with internationally competitive and in some cases unique experimental
opportunities. These experimental stations are used by more than 2500 guests each year from universities and non-university
research institutes around the world. Helmholtz Zentrum Berlin conducts materials research on topics that place high demands on
these large-scale facilities. These topics are materials research for energy technologies, magnetic materials and functional
materials. In solar cell research, focus is on developing thin-film solar cells, yet another important research topic is chemical fuels
from sunlight. HZB has around 1100 employees, of which 800 are on the Lise-Meitner campus in Wannsee and 300 on the
Wilhelm-Conrad-Rontgen campus in Adlershof.

HZB is a member of the Helmholtz Association of German Research Centres (Helmholtz-Gemeinschaft Deutscher
Forschungszentren e.V.), the largest scientific organization in Germany.
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