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iii) Overarching science questions  

Hydrogen-bond network  

The hydrogen-bond network of water is 
responsible for many of the unique properties and 
anomalies. At the surface of ice and water, and at 
the interface with other molecules or materials, 
this network is interrupted, giving rise to yet other 
fascinating properties, such as the very high 
surface tension of water. As a result of this the 
importance of water across many disciplines of 
science and engineering cannot be overstated. 
The recent advent of novel approaches for studies 
of the hydrogen-bond network, both theoretical 
and experimental, with the ability to describe the 
structure and dynamics of water in complex 
systems at the molecular level, is at the very 
centre of the increased interest in investigating 
water at the molecular level across several 
disciplines. 

 

Climate challenges 

The water-surface interaction plays an important 
role in several pillars. It is particularly relevant for 
the surfaces of nano- and microparticles, either on 
the particle surface or when immersed or 
dissolved inside droplets. It also plays a very 
important role e.g. for cloud formation and climate 
research in general. X-rays from synchrotron 
radiation sources have been a crucial tool in 
recent years to unravel the structure of water 
solution droplets containing organic material. With 
this understanding, scientists will be able to 
formulate new theoretical models providing a 
much-improved description of the formation and 
transformation of water solution droplets in the air. 
In the coming years the collaborative effort within 
CMWS will radically transform our understanding 
of air pollution, climate effects of airborne 
nanoparticles and cloud droplets, as well as the 
transmission of particle and droplet-borne 
pathogens. 

Figure II.3: Schematic illustration of an X-ray experiment in “No man’s land” requiring sophisticated sample 
manipulation and state-of-the-art X-ray technologies. 
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The situation

• Water matters (energy, agriculture, life)

• Water is a rare resource

• Water is probably the most anomalous liquid that we know, 

with many fundamental properties still to be understood

• Water is the solvent of life, also made possible by its 

characteristic hydrogen bonding

• Water is highly relevant for infection research – e.g. aerosols

Forge an international cooperation to enable

A MOLECULAR UNDERSTANDING OF WATER and its role in 

different applications
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Five research pillars

• aerosols 
• ice as reaction 
centers

• confinement 
• high-pressure effects

• anomalies
• structure and 
dynamics

• glass transition
• crystallization
• polyamorphism

• water‘s active role in 
protein structure and 
function

• biochemical 
reactions

• biological interfaces

• corrosion 
• catalysis 
• water splitting
• green chemistry
• photo-
/electrochemistry

• solvation dynamics
• hydrolysis 
• charge migration
• radiolysis
• energy transfer
• elementary reactions

Climate, Astro & 
Geo Sciences

Fundamental 
Properties

Molecular Life 
Sciences

Energy Research 
& Technology

Real-time Chemical 
Dynamics

More than 60 international partners

Each pillar is represented by speakers; regular meetings

Annual CMWS Water days at DESY
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Important science cases for the Hamburg photon sources
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CMWS White & Strategy Paper
The White Paper 
Motivation, research agenda, and vision of the CMWS

114 researchers from 
45 institutions (more 
than 15 countries)
covering 5 research 
pillars

Centre for  
Molecular Water  
Science
Das Wassermolekül als Schlüssel zu neuen  
Erkenntnissen und nachhaltigen Technologien

The Strategy Paper

To be downloaded from 
www.cmws-hamburg.de 
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Science Program with joint PhD students

Ø 30 joint projects for PhD students (from 3 calls)

Ø Covering all 5 research areas

Ø Joint projects funded on a 1:1 basis by DESY and 

CMWS partner:
• Dedicated focus on the research challenges

outlined in the White Paper
Ø Currently: Working out funding schemes to 

develop it into a regular science program with 

joint, interdisciplinary projects
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priority programmes are under discussion at the 
European XFEL. FLASH is supporting XUV and 
Soft X-ray methods. 

 

NMR Facility 

KU Leuven (Belgium) will provide access to their 
NMR centre for enabling research in mixed solid / 
liquid / gas systems, and for high throughput 
applications.  

 

Soft X-ray Facilities 

XUV and Soft X-ray methods are accessible at the 
large-scale synchrotron radiation sources SOLEIL 
- France, ELETTRA – Italy and BESSY II, Berlin. 

 

Complementary Techniques Hub 

The Complementary Techniques Hub organises 
access to techniques available at DESY or at 

partners institutes. This involves access to 
attosecond sources combined with UV/VIS/IR 
radiation, laser sources from UV to THz, VMI and 
mass spectrometry, resistive heated DAC setup 
for Raman measurements and broadband 
microwave spectroscopy (DESY). Further 
available methods include non-linear 
spectroscopy (IR-THz) capabilities and ultrafast 
2D (IR-THz) spectroscopy (MPIP, Mainz), 
environmental TEM and atomic probe 
tomography (Göttingen University). Various 
sample handling and preparation systems are at 
hand e.g. gas-dynamic virtual nozzles, flat jets, 
dielectrics at surfaces, gas adsorption / desorption 
techniques (FHI, Berlin and Kassel University), 
cluster and aerosol sources (ETH Zurich), sample 
preparation units (UHH), an ice growing 
laboratory (MPIP, Mainz), a rotating multi-anvil-
press and internally heated pressure vessel for 
syntheses of hydrous materials (GFZ 
Potsdam/Potsdam University). 

Figure IV.2: Network of Infrastructure and Competence Hubs. 

(EuXFEL, 
FLASH)

Hub structure
More than 60 international partners

1st CMWS HUB: 
High Field NMR (NMRCoRe @ KU Leuven, Belgium)

2 CMWS Laboratories @ DESY

• Raman spectrometer 
• Multi-user FTIR spectrometer 
• Ion-mobility spectrometer 
• Water-cluster-dynamics endstation

EQUIPMENT:
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Targeted Calls

Ø European XFEL targeted call on Molecular Water Science 

Ø PETRA III call for Targeted Challenge-driven Proposals on 
Molecular Water Science
• collaborations of at least three independent research

groups
• request beamtime at several different experiments and 

beamlines
• has to comprise three or more subprojects

• 30 Expressions of Interest received
• 25 spokespeople invited to submit full proposal
• 8 selected

• 6 proposals received
• 1 selected
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amorphous ice

Schematic illustration of an X-ray experiment in 
”No man’s land”

• Requires sophisticated sample delivery & manipulation

• Advanced X-ray technologies (e.g. detectors)
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Targeted challenge-driven proposal call at PETRA III 
on water
From Amorphous Ices to Clathrate Hydrates
• Principical Investigators

• Katrin Amann-Winkel (MPI Mainz)

• Felix Lehmkühler (DESY)

• Thomas Loerting (U Innsbruck)

• Beamtime for 2023/2024
• 54 shifts (3 weeks) P10

• 36 shifts (2 weeks) at P21.2

Understand dynamics and kinetics of phase transitions in 
amorphous ices

• Dynamics near the glass transition of different amorphous ices
(e.g. HDA, HGW) [P10]

• Pore collapse and clathrate hydrate formation from guest-loaded
ASW [P10]

• Real-time kinetics of hydrate formation [P21.2]

Interstellar dust grain covered in a layer of ASW that 
contains guest molecules. Clathrate hydrates may 
form under the influence of UV or X-ray irritation. 

Experimental scheme at P10 
combining study of structure and 
dynamics. 
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Networking and outreach

• Annual “CMWS Water Days”

• Young researchers’ meeting (newly installed at the
Water Days 2023)

• Bi-weekly CMWS lunch seminar (online) of the
international network of the CMWS, started summer
2021 (23 events so far)

• PIER workshop on joint DESY/UHH research perspectives in
molecular water research (June 2022)

• Several outreach activities and media coverage: “Physik in
unserer Zeit”, “Physik Journal”, “FAZ Sonntagszeitung”, ”Bild
der Wissenschaft”, “Bunsenmagazin”, Helmholtz resonator
podcast …

CMWS Water Days 2023
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• Consortium declaration

• Development of a funding strategy
o Application for a CMWS central hub at DESY via the

Helmholtz strategic investment program (application
summer 2024)

o To strengthen and extend the CMWS science program via
proposals of individual consortia (German Science
Foundation, German Federal Ministry of Education and
Research, clusters of excellence, EU doctoral networks).

Strategic NEXT steps
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A home for the CMWS – the Hamburg central hub
Zentrum für molekulare  
Wasserforschung

Centre for Molecular Water Science 
Über das vergangene Jahrzehnt hat 

die molekulare Wasserforschung 

starke Impulse erfahren, die in der 

CMWS-Initiative mündeten. Seit 2018 

treiben leitende Wissenschaftlerinnen 

und Wissenschaftler bei DESY und 

den Partnereinrichtungen die Planun-

gen intensiv voran. 

Auf dem Forschungscampus Bahren-

feld sind heute bereits zwölf For-

schungsgruppen am CMWS beteiligt, 

die zu allen fünf Forschungsbereichen 

beitragen. Anfang 2020 wurden au-

ßerdem ein koordinierendes CMWS-

Büro und ein Vorbereitungs- und 

Analyselabor eingerichtet, das allen 

CMWS-Partnern zur Verfügung steht. 

Ein Forschungsneubau soll zukünftig 

CMWS-Forschungsgruppen und 

europäische Kooperationspartner be-

herbergen sowie weitere spezifische 

Laborinfrastruktur bereitstellen. 

Interdisziplinärer Campus  
Ein einzigartiges Ökosystem aus internationalen Campuspart-

nern, interdisziplinären Zentren und mit direkter Anbindung an 

die Hamburger Universitäten fördert den vitalen wissenschaft-

lichen Austausch zwischen unterschiedlichen Bereichen und 

Anwendungsfeldern der molekularen Wasserforschung.

CSSB 
Centre for  

Structural Systems  

Biology

EMBL   
European Mo-

lecular Biology 

Laboratory 

HARBOR   
Hamburg Advanced  

Research Centre for  

Bioorganic Chemistry 

CHyN    
Center for 

Hybrid Nano-

structures 

Das Zentrum der CMWS-Initiative
entsteht bei DESY auf dem Forschungs-
campus Bahrenfeld in Hamburg. Mit 
weltweit führenden Großgeräten, inter-
disziplinären Zentren und spezialisier-
ten Campuspartnern bietet der Standort 
ein ideales Umfeld, um das CMWS  
zu einem internationalen Leuchtturm 
für die molekulare Wasserforschung 
weiterzuentwickeln.

20

Innovation & Transfer

Das Innovationspotenzial der molekularen Wasserfor-

schung ist gigantisch. Auf dem DESY-Campus unterstüt-

zen die Start-up Labs und zukünftig die DESY Innovation 

Factory den Ideen-, Wissens- und Technologietransfer  

im Herzen der Science City Hamburg Bahrenfeld.

Weltweit führende Röntgenlichtquellen

Ein Merkmal der molekularen Wasserforschung

ist ihr sehr vielfältiges Methodenspektrum. Mit den Rönt-

genlichtquellen PETRA III/IV, European XFEL und FLASH 

bietet der Standort Hamburg Schlüsseltechnologien für 

die molekulare Wasserforschung.

CFEL    
Center for  
Free-Electron  
Laser Science

CXNS   
Centre for  
X-ray and 
Nano Science 

PETRA III/IV  
Positron-Elek-
tron-Tandem-
Ring-Anlage 

FLASH
Freie-Elek-
tronen-Laser 
in Hamburg

European XFEL 
European X-Ray 
Free-Electron 
Laser

Start-up Labs 

Bahrenfeld

MPSD    
Max-Planck-
Institut für 
Struktur und 
Dynamik  
der Materie

CMWS   
Centre for  
Molecular  
Water Science 

21CMWS | Centre for Molecular Water Science – Strategiepapier

CMWS central hub @ DESY for
research groups, including a
”research hostel”.
• sample preparation and

characterization,
• spectroscopy & laser labs,
• ice lab & cold room,
• experimental hall for beamtime

preparations
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access to techniques available at DESY or at 

partners institutes. This involves access to 
attosecond sources combined with UV/VIS/IR 
radiation, laser sources from UV to THz, VMI and 
mass spectrometry, resistive heated DAC setup 
for Raman measurements and broadband 
microwave spectroscopy (DESY). Further 
available methods include non-linear 
spectroscopy (IR-THz) capabilities and ultrafast 
2D (IR-THz) spectroscopy (MPIP, Mainz), 
environmental TEM and atomic probe 
tomography (Göttingen University). Various 
sample handling and preparation systems are at 
hand e.g. gas-dynamic virtual nozzles, flat jets, 
dielectrics at surfaces, gas adsorption / desorption 
techniques (FHI, Berlin and Kassel University), 
cluster and aerosol sources (ETH Zurich), sample 
preparation units (UHH), an ice growing 
laboratory (MPIP, Mainz), a rotating multi-anvil-
press and internally heated pressure vessel for 
syntheses of hydrous materials (GFZ 
Potsdam/Potsdam University). 

Figure IV.2: Network of Infrastructure and Competence Hubs. 

(EuXFEL, 

FLASH)
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Thank you!


