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IMM

The Institute for Molecules

and Materials (IMM) is an inter \
disciplinary research institute

in chemistry and physics at

Radboud University.

Our mission is to perform
fundamental researchto

understand, design'and cont

the functioning of molecules'and
materials and to train the next. J L
generation of leaders in'scienc

and entrepreneurship at the
highest international standards.

Our research focuses on the fundamental
interactions between molecules, the chem-
istry of complex, life-like molecular systems
and the properties of matter emerging

from quantum effects. Our scientists make
use of unique research facilities such as

the international user facilities High Field
Magnet Laboratory and the FELIX Laboratory.
for THz spectroscopy, and extensive NMR,
Scanning Probe and Laser Facilities.

We actively explore and promote the
interaction with industry and the application
of our fundamental research, ranging from
electronics, photonics and data storage

to drug synthesis and delivery.

IMM research

IMM houses a range of extensive advanced spectroscopic facilities. Physicists and (bio)

chemists, theorists and experimentalists cooperate in many research fields. Together,

we work on understanding, designing and controlling the functioning of molecules and

materials at the smallest length and time scales. The IMM research is organised in

three research themes:

1. Structure and

Dynamics of Molecules

A detailed understanding of the interactions
between individual molecules is of impor-
tance to physics and chemistry. We unravel
these interactions by building on a funda-
mental understanding of (bio) molecular
structures as well as collisions between
molecules and chemical reactions.
Experiments are often based on advanced
spectroscopic techniques such as Nuclear
Magnetic Resonance and various laser
techniques, including Free Electron Lasers.
The specific systems under study are often
of relevance to atmospheric, biophysical,
analytical and astrochemical sciences.
Examples are small to medium-sized (bio)
molecules, non-covalently bound complexes,
scattering and diffusion on ice surfaces,

and collisions of molecules with atoms,
molecules or surfaces. Ultimately, a full
understanding of molecular interactions
may allow us to actively control macroscopic
systems, with applications ranging from
more efficient chemical reactors to
molecular quantum devices.

2. Chemistry of

Complex Systems

We are inspired by chemistry in living cells
and we want to master chemical processes
that are found in biological environments.
Unlike in traditional chemical experiments,
in these environments many different
compounds react in mixtures with high
overall concentrations. Our challenge is to
move away from isolated molecules and clas-
sical (diluted) reactions toward more realis-
tic, complex and crowded situations. We
want to design and synthesise chemical reac-
tion networks, like those found in the cell,
and study the complexity and functions that
emerge in systems chemistry. Industrial and
catalytic processes potentially benefit from
this research as they often occur under
circumstances of high concentrations and/or
temperature.

3. Spectroscopy of

Quantum Materials

Our goal is to understand, develop, and
manipulate materials based on collective,

or emergent quantum effects, envisioned
toward new types of functionality. To this
end, we manipulate interactions in materials
at the most extreme limits, namely at the

level of individual atoms, at ultra-short
time scales, high pressures or in the
highest magnetic fields. The focus of
the research includes the understanding
of magnetism at the level of single
atoms and in strongly non-equilibrium
conditions, as well as the robustness of
superconductivity and its interplay with
exotic quantum phases, and novel
electronic properties that arise in lower
dimensional systems due to, for exam-
ple topology or electron correlations.
New quantum materials may lead to
much faster and more energy efficient
ways of computing, transferring and
storing of data, to mention some of the
potential important applications. The
strong collaboration between different

experimental and theoretical groups

as well as the ability to characterise and
manipulate materials with the most
advanced methods worldwide, both
experimentally and theoretically, are
unique features of this research at IMM.

IMM education

IMM is directly involved in Bachelor
and Master education in physics
and (bio)chemistry and we employ
and educate more than 120 PhD
candidates. Our students work side

by side with the top scientists at

our institute and make use of our
state-of-the-art facilities.

Unique facilities

IMM houses a multitude of advanced spectroscopic tools that allow for

adetailed characterisation of matter in the nano-femto-domain, including

the world-wide unique coupling of the free electron lasers laboratory FELIX

to the high magnetic field laboratory (HFML), enabling far infrared experiments

in high magnetic fields.

Our facilities include:

FELIX Laboratory for free electron lasers
The FELIX Laboratory is an international
user facility, exploiting several free
electron lasers that can be precisely
tuned in wavelength, energy and pulse
time. The facility provides the world’s
most complete coverage of the (far)
infrared (THz) spectrum and is used in
a broad range of fundamental research,
from exploring the limits of fibre optics
networks to determining the interac-
tions of biological molecules.

High Field Magnet Laboratory (HFML)
The international user facility HFML is
one of the few facilities with continuous
high magnetic fields up to 37.5 Tesla
worldwide. In these magnets surprising
material properties come to light, from
crystal growth in gravitation-free envi-
ronments to exotic quantum phases in
topological materials. In 2020 the new
45 Tesla hybrid magnet will become
operational.

Magnetic Resonance Research Center
The NMR Laboratory is a large-scale
facility for high-resolution liquid and
solid state NMR. The laboratory houses
eight NMR spectrometers, including

a sensitive 850 MHz instrument. Here,
new techniques are developed to
optimise sensitivity and information
content of NMR spectra. The NMR
Laboratory is part of the national
uNMR-NL consortium.

Moreover, we house a broad range of
other world-class research equipment
including lasers, mass spectrometers,

microscopes and analytical instruments.

The Laser Laboratory includes various
tunable femtosecond lasers for studies
of matter in extremely non-equilibrium
conditions, and high resolution CW
lasers for single molecule spectroscopy
as well as trace gas detection. The SPiN
Laboratories has a broad range of scan-
ning probe microscopes for studies of
structural, electronic and magnetic
properties at the single atom level.

For a full list of instruments available
at IMM, please contact us at imm@ru.nl.

From Science to Application

Fundamental knowledge is the driving force of innovation. We actively explore
the interaction with the private sector and non-profit organisations by offering

our expertise, infrastructure and support. Examples of successful collaborations
include AkzoNobel, DSM, Philips, Teijin, LG Electronics, Nouryon, NXP and Shell,

as well as various SME’s.

Public Private Partnerships

IMM takes part in various public-private
partnerships, both in large research
consortia, as well as on a one-by-one
basis. These collaborations enable us to
involve the private sector in our research,
resulting in a direct pathway from
science to market. Interested in working
with us? Please contact us at imm@ru.nl.

Societal Challenges

Research equipment

High-quality research requires state-
of the-art research facilities and
equipment. IMM has a broad range
of analytical as well as spectroscopic
instruments. SME’s and companies
are welcome to use these. Interested
to find out what we can do for you?
Please contact us at imm@ru.nl.

Although fundamentally oriented, IMM contributes to urgent societal problems:

 Green IT: Predictions are that by 2025,
the ICT industry will use 20% of all elec-
tricity and emit up to 5.5% of the world’s
carbon emission. Working together with
industry, we explore fundamentally new
ways of data processing and storage, such
as single atom data storage and brain-in-
spired computing, which will hopefully
lead to enormous reductions in energy

usage and carbon footprint.

 Data analyses: New measuring tech-

niques enable the collection of enormous
datasets. Our researchers help to analyse
results and draw conclusions from these.

Examples are efficiency studies in
process technology, health and environ-
mental studies. Our researchers can help

decide on more effective interventions.

* Personalised healthcare: Prescriptions
are not always effective; they may not
reach the right place or might not be the
best drug to tackle a problem. We work
on the development of early-stage drug
development and delivery methods, as
well as diagnosis. An example is a precise
method to identify biomarkers using

a unique combination of mass spectro-
metry and infrared spectroscopy.




