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What Success Creates

Our Next Top Model
In combination, theory and practice can achieve a lot. Making use of the appropriate experi-
ments, experts are, for instance, now in a position to predict certain properties of a substance, 
before it even exists. That, in turn, helps the practice.

  MOLECuLAR MODELING

eople somehow always tend to associ-
ate chemists with laboratories. After all, 

chemistry is the science that involves changing substances, and 
where should that take place, if not in a lab? Dr. Christian Died-
rich is a chemist. However, it has been a long time since anyone 
has seen him wearing a white coat and safety glasses and work-
ing in a lab. The last people were probably his fellow students at 
university in Münster, before he had earned his degree. Since 
then, Diedrich has had little contact with glass flasks, Bunsen 
burners and pipettes.

Christian Diedrich is what is called a theoretical chemist. Already 
while researching for his doctorate, he only very rarely went in-
to a lab. In the work for his doctoral thesis, he dealt with the so-
called quantum Monte Carlo methods, i.e. with statistical pro-
cedures for solving the Schrödinger equation. This is pure 
brain, mathematical and computer work.

Diedrich joined the group Complex Systems Modeling of  
Bayer Technology Services three years ago. His job involves 
molecular modeling, and here too the computer is all he needs 
for the job. But unlike the days of his studies, Diedrich’s model-
ing today has a strong application orientation. Making use of 
appropriate computer models, he has succeeded in drawing 
conclusions about very specific properties of substances – for 
instance, at which wavelengths they absorb light well. Another 
example is how much energy the reaction with a certain sub-
stance will require. It would almost be comparable to a biologist 
determininig how large the leaves and what color the flowers 
are, after seeing the base sequence of the plant’s DNA. 

Why is this so interesting? Don’t chemists always need the lab to 
determine the properties of substances? “Sometimes it isn’t 
possible,” Diedrich explains. “Especially in the research phase 
there are often situations in which an idea simply exists on pa-
per and the actual realization may be extremely difficult. It is 
then more practical to know in advance whether the resulting 
substance will have the desired properties.” So, depending on 
the type of information needed, Diedrich has several modeling 

methods at his disposal that allow him to predict such proper-
ties in advance. The nature of the task also determines whether 
the chemist decides to consider whole particles or small sec-
tions of matter consisting of just a few molecules. He must also 
frequently make use of quantum mechanics, which describes 
the individual molecules or even just the elementary particles 
within the atoms of a molecule, e.g. the electrons. The specific 
order of these tiny negatively charged carriers reveals a lot 
about the characteristics of a substance as a whole. For exam-
ple, it can show its behavior towards other materials in terms of 
miscibility or reactivity. And many optical properties, for in-
stance regarding the absorption of light, are also determined by 
the arrangement of the electrons in the individual molecules. 
The Schrödinger equation is used to determine the exact order. 
This is a particularly complicated equation, which describes the 
condition of a system. With the help of modern computers, this 
equation can now also be applied to more complex molecules 
than the hydrogen molecule. 

Modeling technology using a computer has long been a proven 
tool in modern drug discovery research. The virtual simulation 
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The redder, the more negative; the bluer, the more positive: modeling the charge 
distribution on molecule surfaces allows conclusions to be drawn about properties.
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of the molecular interaction of possible drug candidates with 
the relevant target structures in the organism helps limit the 
number of experiments.  The same applies to research in mate-
rial sciences. “The more complex the substance composition, 
the more interesting the theoretical predictions of its proper-
ties,” says Diedrich. This allows developers to avoid some diffi-
cult syntheses that would ultimately turn out to be superfluous 
simply because the properties are not those desired. 

Colleagues in Functional Films at Bayer MaterialScience are 
working on the development of this type of complex material 
compositions. Unlike conventional films, functional films are 
often combinations of various 
substances, and they usually 
achieve their intended func-
tion, such as a particular opti-
cal or mechanical property, 
through their interaction. 

The Holographics Compe-
tence Center within Function-
al Films also deals with such 
material combination formu-
las. Adding suitable function-
al chemicals to the actual film 
material (matrix) turns con-
ventional film into holograph-
ic film. This type of film is al-
ready used in a variety of 
applications, such as in iden-
tity cards and passports. In-
corporating small holograms 
in such credentials is now a 
common way to make them 
safe from forgery. Anticipated uses of these films are highly di-
verse and currently include the application as light-diffusing 
components in screens.  

Bayer MaterialScience is also developing holographic films for other 
applications. One person who is driving this research is Dr. 
Thomas Rölle. The title on his business card reads “Head of 
Chemistry & Photoactives”. 

Photoactive substances play an important role in holographic 
films. Several functional chemicals generally interact with each 
other in a complex way, thus creating a functional film from a 
technical one. One constituent of the formula must be able to 
absorb light energy. This “light catcher” then passes on the en-
ergy to the other molecules, which triggers their polymeriza-
tion. In this way it is possible to write the actual hologram into 
the film with a light beam. 

Theoretical observations are helpful for 
practical use in many different ways – and 

not only when researchers are looking for suit-
able substances to be used in holographic 
films. Modeling experts at Bayer Technology 
Services can also offer a number of addition-
al practice-oriented predictions. Modeling the 

spatial structure of individual 
molecules and the spatial al-
location of the charge enables 
them to deduce very specific 
material data.  

One example is pure steam 
pressure, which is a measure 
of a substance’s volatility. 
This information is important 
for researchers who want to 
market a new chemical. De-
pending on its volatility, they 
will have to produce the ap-
propriate toxicological stud-
ies. However, the amount of 
the substance available in 
the lab is often insufficient to 
measure its pure steam pres-
sure. This is where modeling 
can help. In addition, knowl-
edge of the volatility and the 

solubility in various liquids is crucial for plan-
ning separation processes, such as distillation 
and extraction. 

Modeling experts can also deduce the viscos-
ity of a particular substance. In chemical pro-
cesses this variable has a decisive effect on the 
design of pipes and pumps. This is why many 
engineers already want to know the viscosity of 
a mixture in a very specific composition before 
they begin constructing a specific facility. In this 
case too theoretical predictions are extremely 
useful. Sometimes this can influence whether a 
certain process will be pursued at all.

highly practical

It is not always possible to determine material properties in a lab. 
It is therefore very useful when models can help.

“The more complex the substance  
composition is, the more interesting the theoretical 
predictions of its properties.”
Dr. Christian Diedrich, Senior Expert, Bayer Technology Services
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Rölle and his team are now working on new formulas. The 
current developments are concentrated on, for example, films 
that can redirect incident light or that can create visible images 
from the light. The interaction of all the functional chemicals 
included in the film matrix is a crucial element for the success. 
These substances must meet a number of requirements. For in-
stance, the light catcher must show a specific absorption behav-
ior, while the polymer-forming component must have a certain 
mobility in the matrix and be able to be integrated into a stable 
polymer. 

Not unlike drug discovery research, countless substances may 
initially seem suitable for such requirements. This would be a 
Sisyphean task if you were to rely completely on lab work. Thou-
sands of experiments would be necessary to find the optimal 
functional chemicals. Many candidates would have to be syn-
thesized first before the actual test in the film – and this too is 
time-consuming and expensive. 

Fortunately, the Bayer MaterialScience experts are well 
aware of the modeling competence of Bayer Technology Ser-
vices, and this is how Christian Diedrich got involved. Using his 
modeling methods, he is able to make reliable predictions about 
the very properties that are so interesting for Rölle and his team, 
i.e. the light absorption, the mobility in the film, the reactivity 
in polymerization and also the optical properties of the result-
ing hologram. 

For the latter task Diedrich called in his colleague, Dr. Thomas 
Mrziglod. The mathematician is an expert in artificial neural 
networks. For this work, he makes use of computer programs 
that do not perform calculations based on specific equations, 
but instead are capable of learning from existing data so that 
they can appropriately interpret additional data. This procedure 
is useful in situations in which several variables are involved 
and no exact equations are known. “We had experimental data 
for a number of formulas and as a result we were able to train 
our neural network,” Mrziglod explains. After that it was suffi-
cient to feed in the data from Diedrich’s modeling. The “trained” 
neural network was then able to make predictions about the re-
spective properties of the finished hologram. 

With the help of these data, the colleagues at Bayer Tech-
nology Services calculated a number of formulas accessible 
to Rölle and his team by experiments. “Within a few days we 
were able to narrow down which of the substances look truly 
promising for practical application in holographic film with 
this virtual screening procedure,” Diedrich reports. As he 
says, it was an enormous advantage that with Thomas Mrzig-
lod the additionally required expertise in terms of neural 
networks was available in his own company. “In view of the 

demands on the rapid development of materials and the ad-
ditional costs involved, we would not have been able to pro-
duce and test all these substances in the lab,” says Rölle. The 
chemist is therefore all the more delighted that the “con-
structive cooperation with Bayer Technology Services has 
resulted in such promising new candidates”. In the mean-
time, Rölle has taken these candidates into the practical 
phase. “The lab tests have since confirmed that the chosen 
candidates are actually suitable,” Rölle reports.

This is not the first time that Diedrich has been involved in a 
successful product development. With modeling he helped with 
the development of Bayfol HX, a holographic film that is already 
available on the market. And in this case too it became readily 
apparent what theory and practice can achieve, when the two 
work hand in hand.

Modeling experts Dr. Christian Diedrich and Dr. Thomas Mrziglod 
(from left) have no fear of complex equations.

“We have high demands on fast and cost-effective  
material development and so the modeling expertise of 
Bayer Technology Services helped us a lot.”
Dr. Karsten Danielmeier, VP Functional Films Research & Development, Bayer MaterialScience




