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ENERGY MATERIALS

One key question regarding solar power is: what should
we do with all the electricity that gets produced on 
a sunny day, but doesn't get used straight away? 

An elegant solution is to use the energy immediately to 
produce hydrogen, which can then be stored for as long as
necessary, or used as a fuel, or fed into the natural gas grid.
This versatile gas can be produced by splitting water with
electricity (electrolysis). “One option is to use photoelectro-
chemical cells. This kind of cell converts the energy from
sunlight into chemical energy,” says Prof. Dr. Kathrin Aziz-
Lange, head of the Helmholtz Young Investigator Group
“Operando Characterization of Solar Fuel Materials”.

In principle, such a cell has two electrodes, one of which
also acts as a photoabsorber. This absorber uses energy
from sunlight to produce charge carriers that travel to the
surface of the electrode, where they split the water. The
trouble is, the materials used so far only convert a small
percentage of solar energy into chemical energy. Also, 
water corrodes the materials of the system. Researchers
are therefore searching intensively for new absorber ma-
terials better suited to the application.
Among those on this quest is a team of scientists from 
Israel and Germany. They are developing solutions working
from a compound of carbon and nitrogen – a graphite-like
carbon nitride. “A material has to satisfy many require-

ments to be used in a photoelectrochemical cell,” explains
Aziz-Lange. “It has to have the right band gap to use the
largest percentage of the solar spectrum possible for 
energy conversion.” Also, the energy bands have to be
favourably positioned in the electronic structure of the 
material, and good electrical conductivity is needed to keep
energy losses in the cell to a minimum. Also importantly,
the material must be water-resistant, affordably pro-
ducible, and free of toxic components. 

Hot gas with additives
For large-scale production of carbon nitride photoabsorbers,
one needs a deposition technique that can produce thin
layers homogeneously. A group led by Israeli chemist Prof.
Dr. Menny Shalom of the Max Planck Institute of Colloids
and Interfaces in Potsdam therefore used the method of
vapour deposition, with a twist. While the material was 
depositing out of a vapour onto the substrate, the Potsdam
scientists added highly reactive molecules – so-called
monomers – into the carbon nitride structure with the aim
of improving its properties as a photoabsorber.
This was an impressive success, as Shalom’s researchers
together with Kathrin Aziz-Lange and her group demon-
strated. X-ray spectroscopic experiments show that the
monomers are distributed perfectly evenly throughout the
layer and therefore perform ideally. They found that the 
material absorbs sunlight over a broad spectral range, and
is especially efficient in the short-wavelength region. As a
result, the modified material produces about four times
more electricity than a pure powder. A cell used for water
electrolysis thus operates at higher efficiency and remains
functional over a longer life span. As Kathrin Aziz-Lange
sums up the success, “all the important properties were
significantly improved.”

rb

Adv. Energy Mater. 2016, 6, 1600263 (DOI: 10.1002/aenm.201600263�):

Efficiency Enhancement of Carbon Nitride Photoelectrochemical Cells via

Tailored Monomers Design; J. Bian, L. Xi, C. Huang, K. M. Lange, R.-Q.

Zhang, and M. Shalom

MORE POWER TO WATER ELECTROLYSIS

An Israeli-German research team has developed and studied
a graphite-like layer of carbon nitride. Containing tailored
additives, the robust material will provide a much needed 
efficiency boost to the electrochemical production of hydro-
gen from water.

Solar cells are the most well-known form of converting sunlight into energy.

Scientists at HZB have developed an efficient cell for the electrochemical pro-

duction of hydrogen from sunlight and water.
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When electronics engineers
imagine the future, they tend
to dream of super-flat material

layers that are only one atom thick. They
would use these to produce so-called
“MRAM chips”, for example, which
would have all data accessible as soon
as a computer is turned on, with no long
waiting for it boot up. Or to produce 
micro-chips constructed much like the
neurons in animals, which could there-
fore be assembled into energy-saving
circuits. Unfortunately, it will still be some time before this
miracle technology works. In 2010, André Geim and Kon-
stantin Novoselov received the Nobel Prize for researching
a super-flat material which they produced merely by pulling
a piece of sticky tape off a block of graphite. This was
graphene, which consists solely of carbon atoms. Although
their method was worthy of the highest distinction in science,
it is wholly unsuitable for high-tech application.
The currently preferred method of producing ultra-thin 
layers is therefore chemical vapour deposition, CVD. In this
method, a chemical compound is vaporised and the cloud
of atoms allowed to precipitate as a very thin solid layer
onto a hot substrate. For example, Prof. Dr. Stephan Hof-
mann of the University of Cambridge vaporised the cyclic
compound borazine, which consists of three nitrogen,
three boron and six hydrogen atoms per molecule, to have
it precipitate onto a hot iron surface where it formed the
hexagonal substance boron nitride. This h-BN bears many
structural similarities to graphene, which exists as a flat
layer of hexagons, the corners of which are all occupied by
carbon atoms. In h-BN, the hexagon corners are alternately
occupied by boron and nitrogen atoms.

Pretreatment improves the process
Despite these structural similarities, there is one distinct
and critical difference: graphene is an excellent electrical
conductor while h-BN is not. Nevertheless, electronics 
engineers are still interested in materials of this kind as the

switching elements of the future. MRAM could in principle
consist of two magnetic layers of iron separated and 
thus electrically isolated by a layer of h-BN. Unfortunately,
producing ultra-thin layers of these materials has proven
difficult so far, especially when trying to create large sur-
face areas or several million integrated components at a
time, as the industry demands.
Hofmann has managed to improve the method, however, by
pretreating the iron with ammonia. The nanotechnologist
observed the process in situ using X-rays at a beamline of
BESSY II, which Prof. Dr. Robert Schlögl of the Berlin Fritz-
Haber-Institut of the Max Planck Society prepared for the
researcher’s high-temperature, low-pressure catalysis 
experiments. “Like a sponge, the iron soaks up the nitrogen
atoms that were liberated from ammonia during pretreat-
ment,” Hofmann explains the results of his X-ray analysis.
This saturates the bulk of the iron so that, during CVD, the
nitrogen and boron atoms can only precipitate onto the
substrate surface, and not be absorbed by the iron. If the
researcher carefully adjusts the conditions, the atoms form
the coveted h-BN in large-area layers exactly one atom
thick. In addition to storage technology, this h-BN is being
considered for many other applications in the electronics of
the future. rk

Nano Letters, 2016, 16, 1250-1261 (DOI: 10.1021/acs.nanolett.

5b04586): Controlling Catalyst Bulk Reservoir Effects for Monolayer

Hexagonal Boron Nitride CVD; S. Caneva et. al.

A SUPER-FLAT CRYSTAL FOR THE COMPUTER CHIP OF
THE FUTURE

Prof. Dr. Stephan Hofmann of the University of Cambridge showed
with measurements at BESSY II that chemical vapour deposition is
suitable for producing layers of borazine one atom thick. This is an 
important step in the development of extremely small, high-capacity
storage units. 

If ammonia first saturates the bulk of iron with nitrogen (blue), then perfect layers of h-BN (blue and red)

form only one atom thick on the iron surface.
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Currently at the centre of focus in high-effi-
ciency solar cell research is the concept of
tandem solar cells. Depending on their 

materials and design, solar cells produce electrical
energy from different wavelengths of incident sun-
light. In the tandem concept, different types of 
cells are stacked on top of one another in a kind of
sandwich arrangement in order to optimise the
overall efficiency of the tandem. The researchers
led by Prof. Dr. Bernd Rech, head of the Institute
for Silicon Photovoltaics, and Henry Snaith, head 
of the Photovoltaic and Optoelectronic Device
Group at the University of Oxford, physically
stacked complete perovskite cells on top of 
complete silicon cells. Bernd Rech explains: “we
believe that in the not too distant future, the 
combination of established silicon technology with
perovskite cells into a tandem will supersede the
existing cells that have only one band gap. Such
tandems allow significant increases in efficiency 
at little extra cost, because the perovskite cells 
can be produced very affordably.”

The material of choice: metal halide perovskite
The researchers built upon earlier results that had revealed
that by tweaking the halide composition, a perovskite cell
can be developed with an ideal optical band gap of ~1.75
electron volts (eV), and which is therefore especially effi-
cient at converting sunlight into electricity. Until now, 
however, perovskites have proven relatively unstable in
practice. The English–German research team successfully
developed a highly crystalline and photostable material
with an optical bandwidth of ~1.74 eV, comprising lead, the
organic molecule formamidinium (HC(NH2)2), the halogens
iodine and bromine, and caesium, the full formula of which
is ([HC(NH2)2]0.83Cs0.17Pb(I0.6Br0.4)3. The cells produced with
this perovskite achieved more than 17 per cent power con-
version efficiency over small surface areas. Combining
these cells with a silicon cell to make tandem cells allows a
total efficiency of nearly 20 per cent to be reached. Based

on realistic assumptions regarding possible improvements,
the maximum efficiency attainable by such a tandem is 
expected to be around 30 per cent.

A whole set of challenges
Most photovoltaic cells based on metal halide perovskites
are made from organic–inorganic trihalide perovskites.
These, however, have fundamental problems when it
comes to band gap matching and long-term stability and
therefore do not satisfy the international standards for
commercial solar cells.
By modifying the material composition, the research team
was able to eliminate the phase instability region between
iodide and bromine entirely, namely by partially substitut-
ing the formamidinium cation with caesium. Formamidinium-
caesium–based perovskites thus appear to guarantee the
best structural and thermal stability. This material, with its
optimum band gap, is furthermore able to produce a higher

HIGHER EFFICIENCY WITH A TANDEM STRUCTURE

A team of researchers from the Clarendon Laboratory at the
University of Oxford and from the Institute for Silicon Photo-
voltaics at HZB has succeeded in developing a highly crystalline
and photostable halide material for perovskite solar cells.
This will allow so-called tandem solar cells to achieve higher 
efficiencies than ever before.

Schematic structure of a tandem solar cell made from perovskite (top) and silicon. 
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Hydrogen is still considered the most promising 
energy carrier for future mobility solutions; it can 
be produced directly from solar or wind energy and

offers many of the advantages that petrol, diesel and
kerosene do. Hydrogen produced by electrolysis is not only
an important raw material for the chemicals industry – at
an annual turnover of 60 million tonnes – but also a coveted
energy carrier. In a fuel cell, it can be combined with oxygen
from the air to re-form water and at the same time generate
electricity that could replace wind energy during calm 
conditions, or drive the motor of an electric car. On top of
that, one kilogram of hydrogen stores about as much energy
as three kilograms of petrol or diesel. Unfortunately, its
very high energy density applies more to its weight than its

volume: at sea level, one kilogram of hydrogen would re-
quire a tank of more than 11,000 litres capacity.
Obviously, none of us wants to drag a giant balloon tank 
behind our car, and so gaseous hydrogen forfeits its 
candidature as a transportation fuel. We could liquefy the
gas by cooling it to extremely low temperatures below 
minus 250 degrees Celsius, or squeeze it into a manageable
volume at extremely high pressures. The trouble is, any
tank built with all the necessary cooling equipment or a
pressure vessel strong enough to hold the hydrogen would
be many times heavier than a petrol tank. Then, there are
the problems that liquid hydrogen slowly but surely evap-
orates and that compressed hydrogen gas tends to escape
through even the tightest of hulls over time.

RENEWABLE ENERGIES

PLATINUM CATALYST FOR HYDROGEN CARS

A team of researchers from Friedrich-Alexander-Universität Erlangen-Nürn-
berg and the Helmholtz-Institut Erlangen-Nürnberg for Renewable Energies
studied the processes occurring inside a platinum catalyst at BESSY II. This
catalyst can be used to bind hydrogen into liquid carrier materials, which
could pave the way to the efficient use of hydrogen in vehicles. 

open-circuit voltage. “No higher efficiency is possible,
however, when operated as a single cell: with a larger band
gap, fewer photons are namely converted into photoelectric
current, and the efficiency depends on the two parameters
of current and voltage,” explains Lars Korte from HZB. 
“In the tandem cell, however, this is not a problem anymore
because the photons that go unused in the perovskite cell
are ‘passed on’ to the silicon cell, and so contribute to its
photoelectric current. When the right band gap is chosen,
the total efficiency of the tandem increases because 
thermalisation losses are reduced.” Under standard test
conditions, the current-voltage characteristic of the best
perovskite solar cell delivered an open-circuit voltage of
1.2 V and an energy conversion efficiency of 17.1 per cent.
The potential applicability of the new perovskite compos-
ition in a tandem architecture was demonstrated with semi-
transparent perovskite solar cells that together with silicon
heterojunction cells, achieved a total efficiency – the sum
of the individual cell efficiencies – of 19.8 per cent. Spectral
resolution of the external quantum efficiencies of the two
single cells in this tandem, however, still revealed clear 

optical losses, which must be reduced by further com-
ponent optimisations.

The tandem solar cell has a future
Against this background Bernd Rech summarises that
“given the continuous tunability of the perovskite band gap,
the tandem cell can be optimally tuned to the solar spec-
trum.” An efficiency of up to 30 percent can be expected if
the system is further optimised. The tunability over the 
entire visible spectrum will generally have a positive effect
on the colour tunability and optimisation of perovskites for
light-emitting diode (LED) applications. The benefits of this
research thus extend far beyond the field of pure photo-
voltaics.

ve

Science, Vol. 351, Issue 6269, pp 151-155 (DOI: 10.1126/science.

aad5845): A mixed-cation lead mixed-halide perovskite absorber for

tandem solar cells; D. P. McMeekin, G. Sadoughi, W. Rehman, G. E.

Eperon, M. Saliba, M. T. Hörantner, A. Haghighirad, N. Sakai, L. Korte,

B. Rech, M. B. Johnston, L. M. Herz, and Henry J. Snaith
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Liquid hydrogen carriers
These disadvantages can be
avoided by using liquids such 
as N-ethylcarbazole (NEC) or
dibenzyltoluene (DBT). In the
presence of a catalyst at low
temperatures, these two ma-
terials positively soak up hydro-
gen and thus become energy
stores in the form of oily liquids
that strongly resemble a diesel
fuel, and behave much like one
as well. The researchers call
these substances “liquid 
organic hydrogen carriers”, 
or LOHC. “That means we can continue to use the existing
infrastructures such as service stations and tankers for 
handling hydrogen stored in LOHC systems,” explains 
Prof. Dr. Peter Wasserscheid. As the founding director of
the Helmholtz Institute Erlangen-Nürnberg for Renewable
Energy (HI ERN), the process engineer wants to unite the 
efforts in this field at Jülich, HZB and Friedrich-Alexander-
Universität Erlangen-Nürnberg.

We could one day be filling hydrogen-loaded NEC or DBT
into the tanks of our fuel-cell cars, which would then ex-
tract the hydrogen from the liquid. This extraction would
take place in a catalytic converter featuring a platinum 
catalyst. It would consume a small amount of energy but,
on the whole, LOHCs still fare much better than the other
two options of direct hydrogen liquefaction or high-pres-
sure storage and their associated drawbacks.
“The catalytic converter, however, is still something of a
bottleneck for vehicle applications,” physicochemist Dr.

Christian Papp of Universität Erlangen-Nürnberg admits.
While the platinum catalyst causes NEC and DBT to release
their bound hydrogen very well, the overall converter de-
sign still has to be made lighter and more compact. Such
improvements become easier to make as the researchers
gain a better understanding of how the catalyst actually
helps release the hydrogen.
Thus, we regularly find Christian Papp loading his experi-
mental system onto a truck and transporting it from his lab in
Erlangen to an open port at the Berlin synchrotron BESSY II.
The electron beam there delivers such a high photon density
that the researcher can observe the processes occurring
on a platinum catalyst one square centimetre wide and
three millimetres thick at high detail in only a few seconds.
“With BESSY II we can, so to speak, record live pictures
from the surface of the catalyst over very short intervals,”
the researcher explains.

Tracing the route travelled by the hydrogen atoms
As the BESSY II data reveal, it turns out that hydrogen-loaded
NEC releases its hydrogen in two distinctly separate steps.
The NEC molecule consists of two rings of six carbon atoms
each (two six-rings), where two carbon atoms from each ring
combine with a nitrogen atom to form a five-ring that “welds”
the two six-rings together. In the first step, the hydrogen-
loaded NEC releases four hydrogen atoms from this middle
five-ring. High temperatures then give enough of an energy
push to release another eight hydrogen atoms in total from
the two six-rings. Still higher temperatures then split a side-
group off the NEC, destroying the liquid energy carrier, which
suddenly turns solid. Thanks to these detailed images, the 
researchers can continue to tweak the catalyst and thus 
optimise it further for use in motor vehicles.

rk

Acc. Chem. Res. 2017, 50, 74−85 (DOI: 10.1021/acs.accounts.

6b00474): Liquid Organic Hydrogen Carriers (LOHCs): Toward a 

Hydrogen-free Hydrogen Economy; P. Preuster, C. Papp, and 

P. Wasserscheid

This colour-coded illustration shows the process of hydrogen-loaded NEC first

releasing four and then another eight hydrogen atoms, and then ultimately 

being destroyed by the loss of a side-chain.

In two steps, the NEC carrier first releases four and then another eight hydrogen atoms. Higher temperatures cause a

side-chain to break off the liquid hydrogen carrier, thus destroying it.
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Far above our heads, out in space, the conditions are
brutal. Not only for astronauts, but also for the solar
cells that are supposed to power satellites and space

probes with solar electricity. The problem, above all else, is
the high-energy cosmic radiation, a constant barrage of
high-energy particles – for example protons and alpha 
particles, the nuclei of hydrogen and helium atoms – relent-
lessly eating away at the materials. Measurements have
shown that at times, several trillion particles can bombard
each square millimetre of the PV cell surface in a day. The
resulting material degradation impairs the cell’s capacity to
convert sunlight into electricity.
“So far, mostly silicon solar cells or tandem solar cells
made from gallium-indium phosphide have been used 
on space flights,” says Felix Lang, researcher at the HZB 
Institute for Silicon Photovoltaics. Tandem solar cells stand
for a high degree of efficiency, but unfortunately they are
particularly sensitive to cosmic radiation. “On some satel-
lite missions, the solar cells had already lost around ten
percent efficiency after one month,” Lang reports. Up to
now, space engineers have steered clear of other solar cell
materials such as CIGS, which stands for copper-indium-
gallium diselenide. While CIGS is namely more resistant to
cosmic radiation than other semiconductors, its efficiency
is simply too low. 

Artificial cosmos in a proton accelerator
The solution comes in the form of certain perovskite 
crystals, as Lang and research colleagues at HZB and the
University of Salerno, Italy, were to discover. The scientists
used a proton accelerator on the Lise Meitner Campus in
Berlin-Wannsee, which is also frequently used for treating
tumour patients, in order to study the effect of energy-
charged hydrogen nuclei on perovskite cells. The radiation
in this facility is similar to the high-energy particle flux
from the cosmos. 
The researchers fired protons of various intensities at a
perovskite solar cell over a period of ten days. During the
process, they measured the changes in physical character-
istics, from which the efficiency of the cell can be deduced.
The material of the test cell comprised a complex chemical

mixture of nitrogen, lead, iodine and methyl groups – a 
so-called hybrid perovskite. To provide comparative values,
the researchers also subjected a conventional silicon solar
cell to the same degradation conditions. “Because bom-
barding with protons creates radioactive elements, we 
had to set up an autonomous measuring system in the 
accelerator complex and observe the measurements
through a camera,” Lang reports. 

Witnessing self-healing powers
So, what were the results? “The efficiency drop in the 
perovskite was far lower than in the reference silicon 
sample,” says Lang. In fact, the perovskite can withstand
radiation doses so high that silicon solar cells completely
cease to function. What is more, after the radiation was
turned off, the efficiency of the proton-irradiated perovskite
solar cell even restored itself over the course of a few days.
The defects, which the researchers presume are the result
of chemical bonds being broken between carbon or nitrogen
atoms and water molecules, thus gradually “heal”.

SELF-HEALING IN SPACE

A German-Italian research team studied organic-inorganic solar cells made
of perovskites under space-like conditions at HZB. They are highly robust
against radiation damage, and resulting defects even self-repair. This makes
them promising candidates for use in space missions. 

The space probe BepiColombo in the European Space Research and Tech-

nology Centre (ESTEC) in Noordwijk, Netherlands, is set to embark on its 

journey to Mercury in 2018. Guaranteeing a reliable power supply in space

puts extremely high demands on the solar cells.
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Because the Zika virus causes severe malformations
of the brain in unborn children, the World Health 
Organisation, WHO, declared a state of “Public

Health Emergency of International Concern” on 1 February
2016. At the time, scientists around the world were already
working fervently to discover how a certain active agent
worked – one that inhibits a key protein in the Zika virus
without which the pathogen cannot propagate. In this race
among the world’s top researchers, Prof. Dr. Rolf Hilgenfeld
of the University of Lübeck and his colleagues ultimately
found themselves a step ahead. At the end of March 2016,
nearly two months after the WHO had put the world on
alert, experiments performed at the electron storage ring
BESSY II delivered the first data for describing the rough
structure of the inhibited protein. The researchers then 
presented even more data on this structure to the world on
7 July 2016, obtained from detailed analyses at the
Deutsche Elektronen-Synchrotron DESY. This has paved

PROGRESS IN THE FIGHT AGAINST THE ZIKA VIRUS

Scientists from the University of Lübeck elucidated the struc-
ture of a key protein in the Zika virus pathogen by performing
experiments at BESSY II. This is an important first step towards
developing an effective drug against the dangerous virus.

“This makes perovskite solar cells ideally suited to use on
satellites and spacecraft,” Lang believes. Not only are they
resistant to radiation, but some can also reach a high 
efficiency of above 20 percent. Lang’s idea is to combine a
thin layer of a suitable perovskite with CIGS. Such a tandem
solar cell would make especially good use of the solar 
spectrum to generate electricity. These robust cells could
one day even be used not only in space, but also for appli-
cations down here on earth, as Lang imagines: rugged 
radiation or light sensors, for example, or to produce elec-
tricity in large-scale solar parks in the contaminated areas
around Chernobyl or Fukushima that cannot be inhabited 
in the foreseeable future. rb

Adv. Mater. 2016, 28, 8726–8731 (DOI: 10.1002/adma.201603326�):

Radiation Hardness and Self-Healing of Perovskite Solar Cells; F. Lang,

N. H. Nickel, J. Bundesmann, S. Seidel, A. Denker, S. Albrecht, V. V.

Brus, J. Rappich, B. Rech, G. Landi,�and H. C. Neitzert 

Scanning electron micrograph of a solar cell with a thin layer of perovskite in

the middle. At the core is a layer of the material CH3NH3PbI3 around 400

nanometres thick.

View of a crystal of the Zika virus enzyme responsible for reproduction of the

dangerous virus, after the enzyme has been blocked by boronic acid. Figure A

shows the front and back of the crystal; Figure B shows a cross section.



47USER EXPERIMENTS · HZB HIGHLIGHT REPORT 2016

HEALTH

the way towards developing drugs against the insidious 
infectious disease.
Researchers are concentrating on antiviral drugs against
Zika for a valid reason: while a good vaccine could prevent
an infection, it seems we are still a long way off from devel-
oping one. In the meantime, physicians would welcome
drugs that at least incapacitate the virus. To develop these
drugs, researchers such as Rolf Hilgenfeld first have to find
out what they are up against. 
Zika viruses are classified under the flaviviridae, making
them related to the viruses that cause dengue, West Nile
and yellow fever, and even the pathogen behind European
tick-borne (meningo)encephalitis, TBE. Mosquitos and ticks
transmit these viruses to humans and animals. While the 
genetic material of practically all life forms on earth consists
of two intertwined strands of nucleic acids, called “DNA”, the
genetic material of flaviviruses consists of a single strand of
nucleic acids, which molecular biologists call “RNA”.

Reproduction successfully halted
When animals, plants and bacteria produce proteins – the
building blocks of cells – they first create a copy, or “tran-
scription”, of their DNA in the form of a single RNA strand,
which then serves as a template for assembling the proteins.
Flaviviruses can spare this transcription step because they
already use RNA as their genetic code. Once a Zika virus
has infected a cell, the cellular machinery starts building a
giant protein conglomerate according to the virus’s tem-
plate. Next, an enzyme also introduced by the virus cuts
this enormous molecule down into the ten proteins that
make up the Zika virus itself.
If a drug could shut down this latter viral enzyme, known as
a “protease”, the protein conglomerate would no longer be
cut into segments. Then, no new viruses could form and the
infection would be halted – at least in theory. In practice,
Prof. Dr. Christian Klein of the University of Heidelberg has
indeed developed an agent based on boronic acid that 
reliably shuts down the Zika protease. Unfortunately, this
“boronate inhibitor” cannot be used as a drug because
there is no way to transport it to the site of infection in the
body.
Nevertheless, analysing how this inhibitor blocks Zika virus
protease is significant because the knowledge should allow
researchers to develop other agents that can be turned into
drugs which deactivate the virus enzyme in similar fashion.
In order to learn more, Rolf Hilgenfeld and colleagues there-
fore produced the Zika protease in the bacterium Escherichia
coli. The researchers were surprised to discover that the
Zika enzyme operates considerably faster and more effi-
ciently than its homologues from the dengue, yellow fever
and West Nile viruses.
After inhibiting the Zika virus enzyme with boronic acid, the
researchers produced crystals of the enzyme in preparation
for X-ray analysis. Normally, beamtime for an experiment of

this kind would have to be applied for long in advance.
Given the importance and urgency of the issue, however,
Dr. Manfred Weiss, head of the HZB research group Macro-
molecular Crystallography (NP-GMX) pulled every string to
expedite Rolf Hilgenfeld’s experiments for determining the
X-ray crystal structures at BESSY II. At the end of March
2016, the researchers obtained the first data on a rough
structure of the Zika virus protease–boronate complex.
From this data, they were able to elucidate structures a
mere 0.4 nanometres in size, in other words less than a 
millionth of a millimetre in size.
They then worked intensely to produce even better crystals
for their next studies in April 2016 at DESY in Hamburg,
also operated by the Helmholtz Association, and were able
to bring out details at a higher resolution of 0.27 nano-
metres. From these studies, they discovered that boronic
acid blocks a serine amino acid that sits in exactly the site
of the Zika virus protease which is responsible for breaking
down the giant protein molecule into ten Zika virus proteins.
Armed with this knowledge, Rolf Hilgenfeld is now search-
ing for substances that block the protease at the same site
and which – unlike boronic acid – can be developed into
drugs. If he is successful, then the threat posed by Zika
viruses could soon be diminished. rk

Science, 353, pp. 503-505, 2016 (DOI: 10.1126/science.aag2419):

Crystal structure of Zika virus NS2B-NS3 protease in complex with a

boronate inhibitor; J. Lei, G. Hansen, C. Nitsche, C. D. Klein, L. Zhang,

and R. Hilgenfeld

3D reconstruction of the Zika virus. It mainly attacks skin cells and neuronal

stem cells. Impaired brain development of children in the womb most likely 

occurs due to the infection of embryonic neural stem cells.
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The medical profession is facing a high-risk problem 
in hospitals: a constantly growing number of micro-
organisms are rendering the best weapons of modern

medicine useless. Prof. Dr. Peter Sebo, an infection biologist
from the Institute of Microbiology of the Czech Academy of
Sciences in Prague, summarises the reason for this trend:
“Antibiotics kill bacteria. Accordingly, the pressure on these
organisms to neutralise the active agents is very high.”
Newly developed antibiotics work excellently for the first
few years. However, at some stage microorganisms appear
that can survive this treatment. These resistant strains then
prevail over all others. Presently, many thousands of people

die each year from antibiotic-resistant germs. Their chances
would be much better by using drugs that put the pathogens
under less pressure to survive. Instead of directly killing the
microbes, these drugs would merely weaken their ability to
cause disease. To achieve this, one must fully understand

the process of infection. Peter Sebo and his colleagues are
therefore studying the whooping cough pathogen Bordetella
pertussis. When this bacterium gets into the respiratory
tract, the body’s immune system tries to fight off the invader
using “macrophages” (Greek for “big eaters”). The whooping
cough pathogen, however, produces its own counter-defence
in the form of the toxin adenylate cyclase. When this protein
penetrates into the macrophages, it shuts them down.

Preventing adenylate cyclase from folding
Peter Sebo is therefore interested to learn more about this
adenylate cyclase, for example how the bacterium secretes
the enormous biomolecule through its outer envelope. His
colleague Ladislav Bumba and others discovered that the
calcium normally found abundantly in tissue plays a key role
in the process. X-ray analyses at the synchrotron BESSY II 
ultimately revealed important steps in the process. Adeny-
late cyclase, like other proteins, is a long chain of various
amino acids. This chain is transported through the bacterial
envelope as a long, strung-out molecule by what the bio-
chemists call its “C-end” first. Calcium not only greatly 
accelerates this process, but is also instrumental in the final
folding of the protein. The C-end of adenylate cyclase thus
becomes a thick lump, which would have been too big to be
transported through the envelope. While it is now blocked
from re-entering the bacterium, adenylate cyclase can only
be “eaten” by the macrophages when in this form.
If the researchers merely swap two amino acid components
near the C-end, then its folding is disrupted, and the adeny-
late cyclase becomes far less effective at shutting down the
macrophages. “With this modification, the population of
whooping cough bacteria would have to be ten times greater
for a successful infection,” Peter Sebo explains. Armed with
this knowledge, the search can now begin for agents that
prevent the folding of adenylate cyclase and thus reduce the
infectiousness of the bacterium. rk

Molecular Cell, 62, pp. 47-62, 2016 (DOI: 10.1016/j.molcel.2016.03.018):

Calcium-Driven Folding of RTX Domain beta-Rolls Ratchets Translocation

of RTX Proteins through Type I Secretion Ducts; L. Bumba et. al.

WEAKEN, DON’T KILL

Scientists from the Institute of Microbiology of the Academy
of Sciences in Prague experimented at BESSY II to observe
processes occurring in the whooping cough pathogen 
Bordetella pertussis. Their findings reveal a new approach
to the development of effective drugs. 

Insight into the whooping cough pathogen: to defend itself against macrophages,

the bacterium secretes adenylate cyclase – namely by its “C-end” first, which

then folds in the presence of calcium. New drugs could prevent this folding and

thus effectively cripple the whooping cough pathogen.
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HEALTH

WHAT MAKES TEETH STRONGER THAN ANY FILLING

Scientists from Charité Universitätsmedizin Berlin studied the
nanostructure of dentin in experiments at BESSY II and dis-
covered the reason behind its extraordinary strength. Their
findings provide clues as to how to develop better fillings.

In humans, teeth come into contact almost 5,000 times
per day under normal use. In spite of this, and although
we often apply great forces while we chew, it is surpris-

ingly rare for healthy teeth to break. It is widely accepted
that the structure of teeth makes them tough, where an 
inner core known as dentin supports the hard outer enamel
cap. The secret to this remarkable toughness lies in the finer
details of their structure. Dentin is a bone-like substance
composed of mineral nanoparticles, collagen and water.
While both enamel and dentin are composed of the same
mineral called carbonated hydroxyapatite (cHAP), dentin
represents a complex nanocomposite material. It consists
of inorganic cHAP nanoparticles embedded in an organic
matrix of collagen protein fibres. A group of researchers, 
led by Dr. Jean-Baptiste Forien and Dr. Paul Zaslansky from
Charité’s Julius Wolff Institute, had previously shown that
residual stress in dentin contributes to the high load-bearing
capacity of this biological structure.

Interplay between nanoparticles and collagen fibres
Compression stress found within the material can explain
why damage or cracks in the enamel do not extend cata-
strophically into the dentin bulk. As part of the new findings,
Dr. Zaslansky’s team used samples of human teeth to meas-
ure how nanoparticles and collagen fibres interact under 
humidity-driven stress. “It was the first time we succeeded
in precisely determining not only the lattice parameters of
the cHAP crystals contained within the nanoparticles, but
also the spatially varying size of the nanoparticles them-
selves. This also allowed us to establish the degree of stress
they are generally able to withstand,” says Zaslansky. In 
order to gain insights into the performance of the nano-
structures involved, the researchers conducted laboratory
experiments and measurements at HZB’s synchrotron 
radiation source BESSY II, a device that produces radiation
frequencies ranging from terahertz to hard X-rays.
As part of their experiments, the researchers increased the
compressive stress inside the dentin samples. The samples
were also dried by heating them up to 125 degrees Celsius.
This caused the collagen fibres to shrink, leading to huge
stress being exerted on the nanoparticles. The ability to

withstand forces of up to 300 Megapascal is equivalent to
the yield strength of construction grade steel, and is com-
parable to 15 times the pressure exerted during the masti-
cation of hard food, which usually remains well below 20
Megapascal. Heat treatment did not lead to destruction of
the protein fibres, suggesting that the mineral nano-
particles also have a protective effect on collagen.
Analysis of the data also revealed a gradual reduction in the
size of the cHAP crystal lattices as one moves deeper into
the tooth. “Tissue found near the dental pulp, which is
formed during the later stages of tooth development, 
contains mineral particles that are made up of smaller 
cell units,” explains Zaslansky. The nanoparticle length
shows the same trend, with the mineral platelets situated
near bone on the outer parts of the root measuring ap-
proximately 36 nanometres in length, while those found
near the pulp are smaller, only 25 nanometres long.

Inspiration for novel dental restoration materials
Such a design could be used as a model system for new
material developments, for example when designing novel
dental restoration materials. “Dentin’s morphology is con-
siderably more complex than we had expected. Enamel is
very strong, but also brittle. In contrast, the organic fibres

Normally, collagen fibres are hydrated (right picture above). Heat treatment

leads to dehydration (right picture below) and makes the fibres shrink. This

leads to extreme pressure on the nanoparticles. 



found in dentin appear to exert exactly the right pressure
on the mineral nanoparticles that is required to increase
the material’s repetitive, cyclic load-bearing capacity”, the
scientists argue. At least, this is the case as long as the
tooth remains intact. Bacteria that cause dental decay
soften and dissolve the mineral, and produce enzymes that
destroy collagen fibres. Teeth become more fragile as a 
result and can then break more easily. The findings of this
study are also of interest to practicing dentists. Dr. Zaslans-
ky explains “our findings highlight an important reason for

doctors to keep teeth moist during dental procedures,
such as when inserting dental fillings or installing crowns.
Avoiding dehydration may very well prevent build-up of 
internal stresses, the long-term effects of which remain to
be studied.” arö/Charité

Chemistry of Materials, 2016, 28 (10), pp 3416–3427 (DOI: 10.1021/

acs.chemmater.6b00811): Water-Mediated Collagen and Mineral

Nanoparticle Interactions Guide Functional Deformation of Human

Tooth Dentin; J.-B. Forien et. al.
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NEW MATERIALS

Specific organic molecules – typically on reactive
metallic surfaces – can interlink via chemical bond
formation into extended nanostructures. Highly 

stable two-dimensional molecular networks can be grown
in this manner. However, these networks then also adhere
to the metallic support, which strongly influences their

properties. To make use of these kinds of organic networks
in molecular electronics, for instance, the metal would have
to be laboriously removed.
Now a team headed by Markus Lackinger at the Technical
University Munich and the Deutsches Museum together
with partners at other universities in Germany and Sweden

have discovered an elegant way to reduce the adhesion 
between the network and the metal. They simply exposed
the networks bound to the metal to iodine vapour. “After
the networks had been synthesised on a silver surface, 
we used iodine vapour. We hoped iodine would embed be-
tween the organic layer and the metal”, explains Lackinger.
To do this, they investigated a nanosheet consisting of 
interlinked phenyl rings (polyphenylene) on a silver surface.
The iodine actually migrated beneath the interlinked phenyl
rings to form an atomically thin interlayer on the metal sur-
face. After the intercalation of the iodine, measurements 
at BESSY II proved that the molecular network behaved 
almost as if it was detached. The strong influence of the
metal was reduced.

Application: new transfer techniques
These results could be advantageous for future applica-
tions. “Molecular nanosheets do not grow on any surface.
For this reason, we have to develop transfer techniques.
Then we could fabricate the networks on metal surfaces
and subsequently transfer them over to other surfaces that
are more suitable for molecular electronics. Being able to
mitigate the adhesion with an iodine interlayer is possibly a
first step in this direction”, explains Lackinger. arö

Angewandte Chemie, Int. Ed., Vol. 55, Issue 27, pp 7650-7654 (DOI: 10.

1002/anie.201600684): Post-Synthetic Decoupling of On-Surface Syn-

thesized Covalent Nanostructures from Ag(111), A. Rastgoo-Lahrood et. al.

SOFT DECOUPLING OF ORGANIC MOLECULES ON METAL

An international team has discovered an elegant way to decouple
organic nanosheets grown on metal surfaces. This opens up new
ways to transfer organic nanostructures from metal surfaces
onto more suitable substrates for molecular electronics.

Die Grafik veranschaulicht, wie Jodatome (lila) zwischen das organische Netz

und die metallische Unterlage wandern und so die Haftung reduzieren.
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The HZB has boosted its energy materials research and set
up a new institute. Through the Helmholtz Recruitment Ini-
tiative, the HZB has gained renowned researcher Catherine
Dubourdieu as Institute Director. In the newly established
institute “Functional Oxides for Energy-Efficient Information
Technology”, the physicist is researching into thin films of
metal oxides that make especially promising candidates for
information technologies of the future. After holding posts
in France and the USA, Dubourdieu worked at the institute
“Nanotechnologies de Lyon” of the CNRS before she 
followed the request to work at HZB. Dubourdieu is an inter-
nationally recognised expert in her field of functional oxides.
These are thin films of metal oxides that are considered an
especially promising class of material for energy-efficient
components. Thin films of different metal oxides stacked 
together into “sandwich” structures exhibit entirely new 

mechanical, optical and electro-
magnetic properties.
The synchrotron source BESSY II
offers Catherine Dubourdieu a
diverse range of instruments for
her energy material research.
These include tools for analysing
processes in energy materials in
situ and in operando. Besides
her own synthesis and analytical
chamber in the Energy Materials
In situ Laboratory (EMIL) she is
also involved in establishing the Helmholtz Energy Materials
Foundry (HEMF) at the HZB. There, they are creating ultra-
modern laboratories for material synthesis, which will also
be available for use by external researchers.

NEW HZB INSTITUTE FOR ENERGY MATERIALS
DR. CATHERINE DUBOURDIEU HAS BEEN HEADING THE INSTITUTE “FUNCTIONAL OXIDES FOR ENERGY-
EFFICIENT INFORMATION TECHNOLOGY” SINCE APRIL 2016.

The Helmholtz Association is 
supporting a total of seven
Helmholtz Innovation Labs in 
order to strengthen the transfer
of research results to the applica-
tions domain. The association 
is making about twelve million 
euros available until 2020 for 
setting up and operating the 
Innovation Labs. The HZB pro-
posal HySPRINT was selected in 
a competitive process from a 
field of 27 applications. 
HySPRINT stands for “Hybrid 
Silicon Perovskite Research, 
Integration & Novel Technologies”.
It will focus on hybrid materials
and components based on silicon
and perovskite crystals able to be
employed for energy conversion in
photovoltaics as well as for solar
hydrogen production. “We intend

to further develop silicon hybrid
technology, liquid-phase crystal-
lisation of silicon, nano-print 
lithography as well as the imple-
mentation of prototypes by means
of 3D techniques for micro-con-
tacts in cooperation with indus-
trial partners – and demonstrate
the potential for industrial-scale
production”, says Professor Bernd
Rech from the HZB Institute for
Silicon Photovoltaics and provi-
sional scientific director of the
HZB. The Helmholtz Association
is supporting the project with 
1.9 million euros, with additional
contributions from HZB itself as
well as from industry.

HZB SETS UP THE HELMHOLTZ 
INNOVATION LAB HYSPRINT
NEW COMBINATIONS OF MATERIALS AND PROCESSES
IN ENERGY APPLICATIONS ARE THE GOAL.

ERC ADVANCED
GRANT FOR 
PROF. FÖHLISCH 
The European Research Council promotes
unconventional, trailblazing research and
supports outstanding researchers. Alexan-
der Föhlisch holds a joint appointment at
the Institute for Physics and Astronomy of
the University of Potsdam and is head of the
HZB Institute Methods and Instrumentation
for Synchrotron Radiation Research. With
the ERC Advance Grant, he receives a total
of 2.5 million euros over a five-year period
to support his work on highly selective
methods of detection using synchrotron
light and X-ray lasers. The new research
project is named “Excited-State Dynamics
from Anti-Stokes and Non-Linear Resonant
Inelastic X-Ray Scattering” (EDAX). Under
this programme, Prof. Föhlisch will study
how chemical reaction pathways and
phase-transition behaviour can be probed
using novel X-ray spectrographic methods.
These will serve as a foundation for effi-
cient energy conversion and future energy-
efficient information technologies.



Steve Albrecht has headed the BMBF Young Investigator Group 
“Perovskite Tandem Solar Cells” at HZB since mid-2016. The German
Federal Ministry of Education and Research (BMBF) is providing him
with five years of funding to set up his own research team. There is
also further funding for laboratory expansions. Steve Albrecht has
been working on photovoltaics since he wrote his diploma thesis. He
completed his doctorate in 2014 at the University of Potsdam on the
subject of organic solar cells. Directly after that, he moved to HZB,
where he has been researching hybrid tandem solar cells ever since.
He now aims to make advancements in perovskite technology with
the establishment of his own workgroup. “While silicon solar cells
have a high efficiency and make up about 90 percent of the market,
their efficiency cannot be significantly increased any further. But if
we combined silicon with other materials, then we could increase 
efficiency and lower costs,” the junior researcher explains. Steve 
Albrecht is now combining silicon with perovskite materials to make
tandem solar cells. The advantage is that together, these materials
can convert more energy from sunlight into electricity than either

material alone. However, perovskites are not yet stable enough to last the 20 years a PV system is supposed to.
At the end of 2016, HZB announced it will boost its research on perovskite solar cells with the new Helmholtz Young Investiga-
tor Group “Active Materials and Interfaces for Stable Perovskite Solar Cells”, headed by Dr. Antonio Abate. The Italian scientist,
who previously worked at the University of Fribourg, Switzerland, came out on top in a highly competitive selection process of
the Helmholtz Association and will now be receiving 300,000 euros per year in funding over a period of five years. Abate will be
studying the materials and interfaces of perovskite solar cells in order to improve their long-term stability. Prof. Dr. Bernd Rech,
the provisional Scientific Director of HZB, said: “Perovskite solar cells are one of the most promising material classes to be 
discovered in the last few years. HZB is already working actively in this field. We are very pleased to have the reinforcement of
Antonio Abate and the new group he is putting together. This will help us to achieve rapid results in the field.” kk/sz
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TWO YOUNG INVESTIGATOR GROUPS FOR PEROVSKITES 
DR. STEVE ALBRECHT AND DR. ANTONIO ABATE ARE SEARCHING TO PROLONG THE LIFESPAN OF 
PEROVSKITE SOLAR CELLS.

NEW HELMHOLTZ YOUNG INVESTIGATOR GROUP
DR. MATTHEW T. MAYER HAS PUT TOGETHER A HELMHOLTZ YOUNG INVESTIGATOR GROUP IN THE
FIELD OF ENERGY MATERIALS RESEARCH AT HZB.

Researchers are faced with the major challenge of developing new solutions
for reducing the harmful emissions of carbon dioxide into our environment.
One feasible solution is to use clean energy that will convert carbon dioxide
and water electrochemically into hydrocarbons such as methane, methanol
and ethylene, which are important raw materials for the chemicals industry.
The biggest hurdle will be improving the energy efficiency, reaction rates
and yields from CO2 catalysis. 
Matthew T. Meyer, who previously worked at École Polytechnique Fédérale
de Lausanne (EPFL), is searching for answers to exactly these problems. He
will be receiving 300,000 euros per year over a period of five years to run his
Young Investigator Group.

With funding from the Federal

Ministry of Education and 

Research, Steve Albrecht is 

researching a more sustainable

energy supply for the future.

Dr. Antonio Abate is setting up a

Helmholtz Young Investigator

Group at HZB. He intends to in-

crease the life span of perovskite

solar cells.
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HZB AND ANSTO EXTEND THEIR SCIENTIFIC COOPERATION
ENERGY MATERIALS RESEARCH MUST BE PURSUED FURTHER.

The heads of HZB and the Australian Nuclear Science and Technology Organisation
(ANSTO) have considerably extended the Memorandum of Understanding existing 
between the two institutions since 2015. Their intention is to intensify their cooperation
particularly in the field of energy materials research. The memorandum comprises
agreements on the exchange of personnel, advanced training, and reciprocal access
to instruments located at the large-scale facilities of ANSTO and HZB. ANSTO’s re-
search hub is located near Sydney, operating a synchrotron source as well as other 
infrastructures including the OPAL research reactor and Australian Centre for 
Neutron Scattering. ANSTO will be taking over the BioRef Reflectometer for conduct-
ing research on soft matter and solid-state/liquid interfaces from the Berlin-based
neutron source BER II, scheduled for shutdown at the end of 2019.
Furthermore, HZB has enhanced its collaboration with other leading Australian in-
stitutions. In summer 2016, Monash University appointed three HZB scientists from
the field of energy materials research as adjunct professors. In this position, HZB
scientists Prof. Dr. Klaus Lips, Dr. Alexander Schnegg and Prof. Dr. Emad Aziz are
entitled to organise workshops and seminars at Monash University and to promote
joint research projects.

MatSEC is the first graduate
school HZB installed in 2013 un-
der the roof of Dahlem Research
School in cooperation with sev-
eral universities of the region. In
the summer term of 2013 and the
winter term of 2013/2014, the
first seven PhD students of the
newly established graduate
school MatSEC started their PhD
at HZB. 
The first four students finished in
December 2016: Anna Ritscher
from Technical University Berlin,
and Marcel Quennet, Laura Elisa
Valle Rios and Kai Neldner from
Freie Universität Berlin.

The graduate school is well set
for the future. “MatSEC is to be
continued, but with a much
broader research field,” Prof. 
Dr. Susan Schorr, speaker of 
MatSEC, explains. The organisers
can rely on their cooperation with
other research institutes and 
universities in Germany and 
have won two new international
partners from Israel: the Weiz-
mann-Institute of Science in 
Rehovot and the Hebrew 
University in Jerusalem. Young
scientists can apply now for 
PhD grants in MatSEC.

The management of the two institutes at the signing of the 

Memorandum of Understanding for intensifying their coop-

eration.

FIRST STUDENTS FINISHED AT
THE GRADUATE SCHOOL MATSEC
THE FIRST FOUR STUDENTS OF THE GRADUATE SCHOOL
MATERIALS FOR SOLAR ENERGY CONVERSION HAVE
SUCCESSFULLY DEFENDED THEIR PHD THESES.

IMPORTANT 
APPOINTMENTS
Prof. Dr. Bella Lake, head of the depart-
ment Quantum Phenomena in New Mater-
ials, accepted a W3 professorship in a joint
appointment procedure of Technische Uni-
versität Berlin and HZB. She accepted the
position on the first of December 2016.

Yan Lu, group leader at the Institute for
Soft Matter and Functional Materials, 
accepted the position of a W2 professor-
ship at the University of Potsdam.

Kathrin Aziz-Lange, head of the Helm-
holtz Young Investigator Group “Operando
Characterization of Solar Fuel Materials”
was appointed junior professor at the 
University of Bielefeld on the first of 
November 2016.

Marcus Lörgen, head of the department
“Precision Gratings”, received a W2 
professorship at the HTW Berlin, which 
he took up on 1 February 2017.
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