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Beilstein-Institut and Open Science

The  non-profit  Beilstein-Institut  is  one  of  the  most  respected  organizations  in  the 
communication and dissemination of high-quality information in chemistry. Since 1951, 
when the foundation was established by the Max Planck Society, we have been fulfilling 
our mission to support the scientific community by providing high-quality information 
that is essential for research. 

Our role has evolved over the years: from the production of the Beilstein Handbook and 
Database, to being one of the first open access journal publishers in chemistry, to host of 
interdisciplinary  symposia  and  webinars  and  supporter  of  open  data  initiatives.  We 
believe that  free access to scientific research results,  giving everyone in the world an 
equal chance to participate in the exchange of experimental findings and data, is the best 
way to advance science.

Open Science is a new paradigm to scientific research. It is based on cooperation and creates 
new ways to disseminate information and broaden knowledge through digital technologies 
and new collaborative tools. It aims to make the primary outputs of publicly funded research 
results – publications (open access) and the research data (open data) – publicly accessible in 
digital format with no or minimal restriction. 

The  Beilstein-Institut  supports  open  science  and  makes  the  results  of  its  projects  freely 
available to the scientific community, which is an essential contribution to the foundation’s 
mission  to  advance  the  chemical  and  related  sciences.  All  journal  articles,  conference 
proceedings,  webinars  and  videos  are  open  access  to  allow  the  worldwide,  unhindered 
sharing and exchange of ideas. This allows scientists, students, educators and the public the 
opportunity to inform themselves of the latest developments in research and to build on these 
ideas to further advance scientific knowledge.

Our two diamond open access journals, the  Beilstein Journal of Organic Chemistry and the 
Beilstein Journal of Nanotechnology, which we fully fund, have no fees for authors or readers. 
Both journals are produced and managed by the Beilstein Editorial Office team, who work 
together with a global scientific network of experts that are responsible for the peer review.  In 
2015, the Beilstein Journals were awarded the DOAJ Seal which recognizes the exceptionally 
high level of publishing standards and best practices adhering to these journals. In addition, 
as  our  journals  are  Plan  S  compliant,  they  meet  all  technical  specifications  and  policy 
requirements as outlined by cOAlition S. This means publishing with our journals will ensure 
compliance with all major funding agency publishing mandates including NIH, NSF, UKRI, 
ERC, DFG, RCUK, European Commission and Wellcome Trust. 

https://www.beilstein-journals.org/bjoc/home
https://www.beilstein-journals.org/bjnano/home


Both journals publish thematic issues on subjects of high contemporary interest; these are 
often edited by guest editors, further expanding our network and outreach.

Launched  in  April  2019,  a  further  addition  to  our  publishing  platform  is  the  Beilstein  
Archives.  This  is  the  preprint  server  for  the  Beilstein  Journals.  During  the  manuscript 
submission process, authors have the option to request that the manuscript is posted as a  
preprint, which is the version of the manuscript before peer review. Our preprints are posted 
on average within two days, allowing authors to rapidly disseminate their research results and 
ensuring that they claim priority for their work. Currently, over 25% of our authors select the  
preprint option. 

The Beilstein-Institut runs two data standards projects: STRENDA which is concerned with the 
reporting of enzymology data and MIRAGE which is working on guidelines for the reporting of 
glycomics experimental results. Both of which are now widely accepted and acknowledged by 
the scientific community. 

The latest project is our cooperation with on machine-readability of chemical structures and 
reactions. The Beilstein-Institut is directly supporting the InChI Trust with in-kind developer 
support to further extend the InChI, the International Chemical Identifier developed by IUPAC 
(International  Union  of  Pure  and  Applied  Chemistry).  Our  main  contribution  lies  in  the 
cheminformatics side of the project, i.e., the development of new algorithms and the further 
development of existing ones. Among other tasks, we are currently working on the recognition 
of organometallic structures. The development of the InChI documentation is also part of our 
work.

The  direct  interaction  and  the  exchange  of  thoughts  and  ideas  between  scientists  are 
supported  by  a  program  of  regularly  hosted  symposia.  These  international  meetings  are 
organized  by  the  Beilstein-Institut  and  cover  a  variety  of  topics  ranging  from  organic 
chemistry and biochemistry to nanotechnology and open science as well as interdisciplinary 
meetings on contemporary topics.

The Beilstein-Institut has been hosting symposia since 1988. Each meeting is always a unique 
event, and the lively and intense exchange of thoughts and ideas of the participants turn it 
into a memorable and lasting experience. The number of participants is usually limited to 
around 50 and the program is designed specifically to allow sufficient time for discussions.  
The talks also provide a framework and catalyse discussions which often go on into the night  
and  have  led  to  subsequent  cooperation  projects.  The  resulting  exchange  between 
researchers, at all stages of their careers, is the underlying goal of the meeting and gives the 
Beilstein Symposium their unique character. 

https://iupac.org/
https://www.inchi-trust.org/
https://www.beilstein-institut.de/en/projects/mirage/
https://www.beilstein-institut.de/en/projects/strenda/
https://www.beilstein-archives.org/xiv/home
https://www.beilstein-archives.org/xiv/home


Upcoming events are:

7th EnzymeML Workshop

September 15–18, 2026 
Rüdesheim, Germany

Scientific Program:
Jürgen Pleiss and Carsten Kettner

https://www.beilstein-institut.de/en/
projects/strenda/meetings/7th-
enzymeml-workshop/ 

Beilstein Organic Chemistry Symposium 
Simple Starts, Complex Ends: 
The Power of One-pot Chemistry

October 6–8, 2026
Limburg, Germany

Scientific Program:
Thomas J. J. Müller, Svetlana Tsogoeva 
and Daniel B. Werz

https://www.beilstein-institut.de/en/
symposia/simple-starts-complex-
ends-the-power-of-one-pot-chemistry/  

Beilstein Nanotechnology Symposium
Shaping the Future of Nanotechnology

October 27–29, 2026
Limburg, Germany

Scientific Program:
Thies H. Büscher, Hao Lu, 
Devleena Samanta, Yui Sasaki

https://www.beilstein-institut.de/en/
symposia/shaping-the-future-of-
nanotechnology/ 

You  will  find  regularly  updated  information  about  our  symposia  at  
www.beilstein-symposia.org.  

http://www.beilstein-symposia.org/
https://www.beilstein-institut.de/en/symposia/shaping-the-future-of-nanotechnology/
https://www.beilstein-institut.de/en/symposia/shaping-the-future-of-nanotechnology/
https://www.beilstein-institut.de/en/symposia/shaping-the-future-of-nanotechnology/
https://www.beilstein-institut.de/en/symposia/simple-starts-complex-ends-the-power-of-one-pot-chemistry/
https://www.beilstein-institut.de/en/symposia/simple-starts-complex-ends-the-power-of-one-pot-chemistry/
https://www.beilstein-institut.de/en/symposia/simple-starts-complex-ends-the-power-of-one-pot-chemistry/
https://www.beilstein-institut.de/en/projects/strenda/meetings/7th-enzymeml-workshop/
https://www.beilstein-institut.de/en/projects/strenda/meetings/7th-enzymeml-workshop/
https://www.beilstein-institut.de/en/projects/strenda/meetings/7th-enzymeml-workshop/
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Overview

Scientific models stand at the heart of discovery. They enable us to conceptualize intricate 
mechanisms, render complex systems intelligible, and translate empirical observations into 
coherent explanations. Yet models do far more than merely represent the natural world: they 
shape  what  we  take  reality  to  be.  This  symposium  invites  a  critical  examination  of  that 
dynamic relationship. 

This  symposium brings  together  scholars  from chemistry,  biology,  mathematics,  computer 
science,  and  philosophy  to  explore  how  we  construct,  interpret,  and  evaluate  scientific  
models.  Across  three  days  of  focused  discussion,  participants  will  examine  profound 
questions at the foundations of scientific practice.

Do mathematics and computation function as the natural language of the sciences, or should 
they  be  viewed  instead  as  enabling  frameworks  guiding  inquiry?  What  constitutes  a 
successful model of a chemical or biological phenomenon? How do abstract mathematical, 
computational, and verbal representations interface with empirical experimental work? And 
can we identify principled ways of navigating among these diverse modes of reasoning?

The Beilstein Dialogues are designed to promote genuine interdisciplinary exchange among 
researchers  who  rarely  have  the  opportunity  to  engage  in  sustained  conversation.  The 
intimate format encourages open,  rigorous,  and occasionally provocative discussion,  often 
yielding insights that transcend disciplinary boundaries.

Set on the heights of the Rheingau, overlooking both the historic town of Rüdesheim and the 
Rhine  river,  the  symposium  will  offer  an  intellectually  vibrant  environment  in  which  to 
reconsider the foundations and future of scientific modelling. We warmly invite participants 
to join us for a meeting that aims to challenge assumptions, inspire new collaborations, and 
deepen our understanding of how scientists render the complexity of nature comprehensible.

Enjoy the Symposium!

Santiago Schnell, Vanessa A. Seifert and Carsten Kettner

June 23–25, 2026, Rüdesheim, Germany 7
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Scientific Committee

Santiago Schnell
Dartmouth College
Hanover, NH, USA
santiago.schnell@dartmouth.edu 

Vanessa A. Seifert
National  and Kapodistrian University 
of Athens
Athens, Greece
seifertvan@phs.uoa.gr 

Carsten Kettner
Beilstein-Institut
Frankfurt am Main, Germany
ckettner@beilstein-institut.de 

The Symposium

The symposium will  be held from June 23rd to  25th,  2025, with the 22nd and the 26th for 
travelling. 

The setting and the limited number of participants (max. 50 persons) provide a very convivial  
atmosphere for the ready exchange of thoughts and ideas.

The scientific program will take place over three days and will 

start at 9:00 am on Tuesday, the 23rd, and 

end in the late afternoon (ca. 5:30 pm) on Thursday, the 25th.

If you wish to extend your stay, please contact the hotel directly.

For the  length of the individual talks, please refer to the program. Speakers should allow 
sufficient time for discussion at the end of their talks (e.g. a 40 min slot includes 30 min talk + 
10 min for questions). We will have an LCD projector connected to a Windows PC available.

June 23–25, 2026, Rüdesheim, Germany 8
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Liability and Insurance

The Beilstein-Institut will not be liable for any accident, theft or damage to property, nor for 
any delays or modification in the program due to unforeseen circumstances. 

Participants and accompanying persons are advised to arrange personal travel  and health 
insurance.

Scientific Program

Monday, June 22

19:00 Welcome reception 

19:30 Dinner 

June 23–25, 2026, Rüdesheim, Germany 9
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Tuesday, June 23

09:00 Opening and Introductory Remarks Carsten Kettner

Session Chair: Tim Clark

09:20 Handling Biological Complexity: The Need for New 
Narratives

Philip Ball

10:00 Standards for Scientific Explanation: Puzzles, Clarification, 
and Ways Forward

Lauren Ross

10:40 Coffee Break

11:10 Investigating Biomolecular Self-organization with Simulation 
Intelligence

Roberto Covino

11:50 The Beginning and End of Systems Approaches to Modeling 
in the Life Sciences

Olaf Wolkenhauer

12:30 Lunch

Session Chair: Julia R. S. Bursten

14:00 Representing Biological Reality: A New Type of Scientific 
Models in Systems Biology

Hans V. Westerhoff

14:40 Scoping Mathematical Description and Mathematical 
Approximations in Enzyme Kinetics

Santiago Schnell

15:20 Conference Photo and Coffee Break

15:50 Closer to Reality? Modeling in Catalysis Sandra Luber

16:30 Can Robots Help us Redefine Chemical Reactions? Bartosz Grzybowski

17:10 Close

19:30 Dinner

June 23–25, 2026, Rüdesheim, Germany 10
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Wednesday, June 24

09:00 Opening

Session Chair: Vanessa A. Seifert

09:05 Why We All Love Orbitals Tim Clark

09:45 Protein-ligand Binding Affinity: What is Really Being 
Measured?

Christian Kramer

10:25 Coffee Break

11:00 Chemical models, Paper Tools, and their Effects upon the 
Unfolding of Chemistry

Guillermo Restrepo

11:40 Chemical Abstractions Michelle Francl

12:20 Close

12:30 Lunch

14:00 – 
18:00 Excursion

19:30 Dinner

June 23–25, 2026, Rüdesheim, Germany 11
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Thursday, June 25

09:00 Opening

Session Chair: Santiago Schnell

09:05 Chemistry’s Place among the Sciences: 
A View from Philosophy

Vanessa A. Seifert

09:45 Geometry and Complex Systems Türkü Özlüm Çelik

10:25 Coffee Break

11:00 Bugs and Pears: Understanding Data Models beyond 
Statistics

Emma Cavazzoni

11:40 Representing Reality: Reflections from Nonlinear Chemical 
Dynamics and Elsewhere

Irving R. Epstein

12:20 Close

12:30 Lunch

Session Chair: Michelle Francl

14:00 Oxidation State and Valence in Chemistry: Two Simple 
Models that still Excite Controversy in Some Quarters

Nicholas C. Norman

14:40 The Place of Historical Models in the Research Landscape Jeremy N. Harvey

15:20 Coffee Break 

15:50 Multiscale Modeling of Nanomaterials: Epistemic Challenges 
and Opportunities

Julia R. S. Bursten

16:30 How Granular Formalization Transforms Modeling into a 
Social Machine

Daniel Mietchen

17:10 Closing Remarks Carsten Kettner, 
Santiago Schnell, 
Vanessa A. Seifert

19:30 Dinner

June 23–25, 2026, Rüdesheim, Germany 12
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Abstracts
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Tuesday Handling Biological Complexity: 
The Need for New Narratives

09:20 Philip Ball

London, United Kingdom

Biology faces the problem that it is fundamentally complex, in the sense that the complexity is 
a feature, not a bug. It is possible that this very complexity engenders an undue and unhelpful  
determination  to  sustain  old,  simple  narratives  beyond  the  point  where  they  are  useful:  
relinquishing  them  might  seem  to  leave  biologists  adrift  in  a  morass  of  details  and 
complications.  For  example,  the  idea  that  the  developmental  process  is  encoded  in  the 
genome in quaternary code that merely needs to be read out had an understandable appeal  
when it was suggested in the early days of molecular biology in the 1950s and 60s, not least 
because of the parallels with the nascent digital computing of that time, much as Darwinian 
adaptation  seemed  to  many  in  the  1920s  to  be  the  universal  solvent  for  dissolving  all 
questions of shape and form. But as biologists are often moved to explain ruefully today, life  
turns out to be more complicated than that.

One  alternative  to  trying  to  conceptualize  and  rationalize  complexity  is  to  simply  go  on 
collecting data in the hope that one day we will figure out what to do with it. Having got the  
genome, we also need the transcriptome, and the proteome, the metabolome, and information 
on how these differ in an atlas of every cell in the body. There are of course important uses to  
which such information can be put, but it can be hard to avoid the suspicion that sometimes  
its collection serves to postpone the awkward time when some sense must be made of it all.  
Meanwhile, researchers continue to confront molecular details of such byzantine complexity 
that some of them are abandoning hope of any theoretical understanding, concluding that 
only AI can sort it out – not by offering understanding but by replacing one black box for  
another.

Yet in the past two decades there have been extraordinary and exciting advances in post-
genomic biology which, far from merely “filling in the details”, have revealed genuine and 
unexpected conceptual novelties that promise to make some sense of the confusion. 

September 9–11, 2025, Rüdesheim, Germany 14
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I will suggest what some of these developments are and how they might be shaped into new 
stories  to  tell  about  how  life  works.  I  will  also  argue  that  finding  those  stories  is  an 
increasingly urgent project. 

The old narratives are becoming a hindrance to science itself. So long as they still prevail,  
public and political discourse about genetics is at risk from the crude genetic determinism 
encouraged by the instruction-book metaphor,  with consequences for  healthcare,  political 
ideology, and our conception of what it means to be human. 

 Back to Program

September 9–11, 2025, Rüdesheim, Germany 15
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Tuesday Standards for Scientific Explanation: 
Puzzles, Clarification, and Ways Forward

10:00 Lauren Ross

University of California Irvine
Logic and Philosophy of Science Department
Irvine, CA, United States of America

This talk discusses explanation in science, with a focus on debates about what standards  
explanations  should  meet.  While  common  explanatory  standards  such  as  mechanisms, 
necessary  causes,  and  sufficient  causes  are  frequently  referenced  in  scientific  and 
philosophical work, they are all known to lead to particular puzzles. More specifically, these 
criteria can lead to standards that are sometimes too high, sometimes too low, and, in other 
cases, highly ambiguous in ways that don’t offer guidance. 

This talk introduces a framework for scientific explanation that helps capture why these errors 
arise and how we can make progress in correcting them to get back on track.  

 Back to Program

September 9–11, 2025, Rüdesheim, Germany 16
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Tuesday Investigating Biomolecular Self-organization with 
Simulation Intelligence

11:10 Roberto Covino

Goethe University Frankfurt and
Frankfurt Institute for Advanced Studies
Institute of Computer Science
Frankfurt am Main, Germany

How  does  a  biomolecule's  function  arise  from  the  interplay  of  its  structure,  its  constant 
motion,  and  the  complexity  of  the  celluar  environment?  Combining  physics-based 
simulations, AI, and experimental data can bring us closer to answering this question. I will  
illustrate this with three examples.

The first concerns glycans, the complex sugars that decorate the surfaces of many proteins.  
Simulations that  capture  how viral  and mammalian membrane proteins  move reveal  that 
these sugars are not passive decoration: they actively reshape the range of shapes a protein 
can adopt, and in doing so tune what it does.

The  second  concerns  a  protein  that  the  pathogen  Mycoplasma  pneumoniae uses  to  steal 
essential lipids from the cells it infects. Simulations show that random thermal jiggling alone 
— with no dedicated molecular machinery — is enough to ferry lipids from host to bacterium, 
and AI-enhanced simulations let us watch the individual pickup and delivery events as they 
happen.

The third tackles a basic limit in structural biology. What a molecule does depends not on one 
fixed shape but on the whole repertoire of shapes it visits — stable forms and rare, fleeting 
ones alike. Cryo-electron microscopy, a leading tool for imaging molecules, hides this variety: 
it  averages  thousands  of  noisy  individual  snapshots  into  a  single  static  picture.  We  can 
overcome this limitation by simulating synthetic data: combining molecular simulations and 
AI, we generate vast numbers of realistic snapshots from known shapes, then learn to run that 
mapping in reverse — recovering a molecule's shape, and how confident we should be in that 
answer, from each real snapshot individually rather than the average.

June 23–25, 2026, Rüdesheim, Germany 17
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Together,  these  examples  show  that  function  emerges  not  from  structure  alone  but  from 
structure in motion in its complex environment, and that the integration of simulations, AI, 
and experiments, can reveal what none could alone.

 Back to Program

June 23–25, 2026, Rüdesheim, Germany 18
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Tuesday The Beginning and End of Systems Approaches to 
Modeling in the Life Sciences

11:50 Olaf Wolkenhauer

University of Rostock
Department of Systems Biology and Bioinformatics
Rostock, Germany

The 1990s marked the rise of systems biology approaches in the life sciences. Bioinformatics 
approaches  were  developed  to  predict  the  structure  of  molecules  from  sequence  data.  It  
became, however, increasingly clear that to understand the function (role) of molecules, we 
need to understand the networks in which these molecules interact. The notion of molecular 
pathways took center stage. Instead of seeking individual genes or proteins as causal agents of 
diseases, the goal was to characterize molecular networks. The interactions of molecules are 
realizing  mechanisms  that  drive  cellular  and  tissue  function.  The  emergence  of  systems 
biology is therefore linked to the realization that to understand the genesis and progression of  
diseases at the molecular level,  we must think in terms of dynamical systems (processes).  
Around 2000, it seemed that systems approaches would soon be accepted as a necessity to 
deal with the complexity of cellular processes. 

Instead of appreciating the complexity of living systems, AI is now being called upon. Why 
have systems approaches mostly vanished from funding programs? With the rise of AI from 
2015, many of us are reassessing our approach to modeling cellular processes and analyzing 
biomedical data. 

In this seminar, I reflect on these developments and share my thoughts on these questions. 

 Back to Program
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Tuesday Representing Biological Reality: A New Type of 
Scientific Models in Systems Biology

14:00 Hans V. Westerhoff

Universities of Amsterdam and Manchester
Department of Systems Biology 
Amsterdam, The Netherlands

Although  scientific  models  stood  at  the  heart  of  many  discoveries,  some  scientific 
models/paradigms have obstructed other important innovations. An example is the physics 
paradigm that models should render complex systems intelligible and thereto describe reality 
in simple terms; if such simplicity cannot be achieved, science should just take a different 
study object; biology might not be suitable for science.

Systems Biology is a science, which does not dodge complexity. As the minimal complexity of 
biology exceeds 300 interacting genes and their products, Occam’s razor falters. Acceptance of 
teleological and circular causation helps understand Biology, such as in the emergence of 
tumors from ‘a-social’ cells. Flux Balance Analysis accomplishes coherent explanations of vast 
sets  of  complex  experimental  data  in  terms  of  pathway  purposes  like  maintenance  and 
growth. 

 Back to Program
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Tuesday Reproducible Numbers, Elusive Objects: 
Measurement as the Meeting Point of 
Representation and Reality

14:40 Santiago Schnell

Dartmouth College and Geisel School of Medicine
Departments of Mathematics and of Biochemistry & Cell Biology
Hanover, NH, United States of America

What does it mean to measure a quantity that cannot be observed, only inferred through a  
model? In analytical biochemistry the central constants are exactly such quantities, and they 
make a sharp case study for this symposium's theme. I will argue that the model does not sit  
between us and the object as a neutral lens; in measurement it helps fix what the object is.  
Using simple, visual examples from enzyme kinetics and binding, I will show how a model  
can fit beautifully while the quantity it names slips out of reach, how the "same" constant can 
be different things under different derivations, and why identifiability — not goodness of fit — 
is the honest test of whether our representation has caught hold of anything real. 

The aim is less a method than a question I would like to put to the room: when our numbers 
reproduce but our objects remain elusive, what exactly have we measured?

 Back to Program
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Tuesday Closer to Reality? Modeling in Catalysis

15:50 Sandra Luber

University of Zurich
Institute for Chemistry
Zurich, Switzerland

Simulating catalysis remains challenging, particularly when aiming to develop models that 
closely reproduce experimental systems and accurately account for real operating conditions.  
Our  group’s  work has  focused on addressing this  challenge by  developing more  realistic, 
accurate models and approaches using methods grounded in quantum mechanics. 

I will give examples from our work for artificial photosynthesis which permits the splitting of 
water into molecular oxygen and hydrogen and is therefore a promising strategy to meet the 
increasing  worldwide  need  for  clean  energy.  This  requires  the  development  of  high-
performance water reduction and water oxidation catalysts. 

Detailed  analysis  of  the  behaviour  of  those  catalysts  and  the  factors  determining  their  
efficiency is essential for an informed design of improved catalysts.  We present our recent 
research  for  the  in-depth  study  of  water  splitting  catalysis  using  forefront  computational 
methods. In particular, we go beyond standard computational approaches relying on static 
density functional theory calculations by using multireference wavefunction-based electronic 
structure methods or high-performance ab initio molecular dynamics. The latter allows for an 
improved description of solvent and environmental effects at ambient conditions and paves 
the  way  for  a  more  realistic  and  sophisticated  computation  of  free  energy  surfaces  and 
exploration of reaction networks using enhanced sampling methods. 

In  close  collaboration  with  experimental  groups,  we  have,  for  instance,  investigated  bio-
inspired water oxidation catalysts,  which feature a cubane core in analogy to the oxygen-
evolving complex in  nature’s  photosystem  II.  Other  projects  have dealt  with  the  study of 

heterogeneous catalysts featuring complex surfaces such as RuO2 and WO3 catalysts, reaction 

networks, proper modelling of electrochemical systems and  in silico design of novel water 
oxidation catalysts, also enhanced by machine learning techniques. 

June 23–25, 2026, Rüdesheim, Germany 22
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Tuesday Can Robots Help us Redefine Chemical Reactions?

16:30 Bartosz Grzybowski

Institute for Basic Research
Department of Chemistry
Center for Algorithmic and Robotized Synthesis
Ulsan, Republic of Korea

Organic chemistry is undergoing two profound transformations – driven by algorithms and by 
robots – that are reshaping how we design molecules and discover reactions. Traditionally, 
tasks such as synthesis planning and reaction discovery have relied on human imagination, 
intuition  and  experimental  dexterity.  Today,  however,  algorithms  can  plan  syntheses  of 
complex natural products at a level rivaling top human experts, and when paired with robotic  
platforms, they can systematically uncover new and useful reaction types.

Beyond  automation,  these  technologies  challenge  our  very  understanding  of  chemical 
reactivity. Rather than viewing reactions as static, single-line equations (e.g., A + B → C), we 
can now explore them as dynamic networks embedded in multidimensional hyperspaces of 
conditions. Within these landscapes, control parameters act as switches, enabling transitions 
between  distinct  major products.  In  some  cases,  these  networks  rival  the  complexity  of 
biochemical  systems,  revealing  unexpected  product  distributions  and  novel  mechanistic 
pathways.

This talk will explore how these algorithmic and robotic revolutions are not only accelerating 
discovery but also redefining the conceptual foundations of synthetic chemistry.
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Wednesday Why We All Love Orbitals 

09:05 Tim Clark

Friedrich Alexander University Erlangen-Nürnberg
Computer-Chemistry Center
Erlangen, Germany

Orbitals  play  a  special  role  in  the  most  successful  models  for  the  energy,  structure,  and 
reactivity  of  molecules,  even  though,  strictly  speaking  they  are  only  an  approximation 
introduced  to  help  solve  the  Hartree-Fock  self-consistent-field  iterations  in  wavefunction-
based theory. In density-functional theory (DFT), Kohn-Sham orbitals play a similar, but not  
identical  role.  For  most  purposes,  Hartree-Fock  and  Kohn-Sham  orbitals  can  be  used 
equivalently.

Thus, from a purely reductionist point of view, orbitals are not observable, but are simply 
fictitious one-electron wavefunctions used in approximate self-consistent field calculations, 
both in wavefunction theory and in DFT. In an even more extreme version of this scenario, we 
could  question  whether  the  wavefunction  itself  is  necessary  for  our  understanding,  or 
whether it is simply a mathematical tool.

Such  situations  are  not  unusual  in  chemistry,  whose  ontology  contains  many  models  in 
comparison to the number of firm physical observables, and can happily live with alternative 
models for the same phenomenon. 

I will discuss this plurality of models and its predominance in chemical thinking.
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Wednesday Protein-ligand Binding Affinity: 
What is Really Being Measured?

09:45 Christian Kramer

F. Hoffmann-La Roche Ltd
Pharma Research and Early Development 
Basel, Switzerland

Accurately predicting protein-ligand binding affinity remains the ultimate objective in small-
molecule Computer-Aided Drug Design (CADD). Achieving precise predictions of binding free 
energies  for  both  targets  and  off-targets  would  revolutionize  in-silico  drug  development, 
significantly lowering costs and shortening project timelines.

While methods such as free energy perturbation (FEP) are now essential components of the 
modern CADD toolkit and contribute to real-world drug discovery, the industry appears to be  
hitting  a  plateau.  Substantial  advancements  are  still  required  regarding  the  quality  of 
prospective predictions and the reliability of individual error estimations.

This  presentation  examines  the  problem  from  a  different  perspective  by  questioning  the 
reliability of our measurements. Wet-lab experimental data, often used as a gold standard for  
comparison, possess inherent imprecisions. I will discuss various factors contributing to this 
uncertainty, including:

• Inconsistencies in starting materials

• Variability in effective concentrations

• Complexities in the mechanism of action

• Limitations in assay ranges and human error

Despite  anecdotal  evidence  in  existing  literature,  we  currently  lack  robust  quantitative 
assessments of how these confounding factors affect reference data. I argue that for the field  
to progress, we must develop a deeper understanding of these phenomena and prioritize the 
generation of superior reference datasets.
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Wednesday Chemical Models, Paper Tools, and their Effects 
upon the Unfolding of Chemistry

11:00 Guillermo Restrepo

Institute for Studies of Science, University of Bielefeld, Germany

Max Planck Institute for Mathematics in the Sciences, Leipzig, Germany

Scientific models are central for understanding and for advancing knowledge. The emergence 
of Newtonian physics demonstrated the power of mathematical abstraction, formal notation, 
and mechanistic models grounded in continuous mathematics. Yet chemical processes proved 
resistant  to  such  frameworks.  One  key  reason  lies  in  chemistry’s  nature  as  a  strongly 
relational science of discrete objects: rather than focusing on continuous changes and their 
effects  on  variables,  what  matters  most  is  the  emergence  of  classes  of  similar  objects,  
relationships among classes, and even hierarchies of classes and objects. This is evident in the 
development  of  classification systems for  substances and reactions,  order  relationships  in 
affinity tables, the algebraic character of chemical classes, and the similarity and ordering of 
chemical elements—culminating in the periodic system—and in the atomic relationships that 
gave rise to the concept of molecular structure.

But models do not emerge in a vacuum; they arise from scientific practice, embedded in a  
complex dynamical system of semiotic, social, and material conditions. The semiotic system 
encompasses  theoretical  frameworks  and  communication  channels,  the  social  system 
includes individuals  and institutions enabling scientific  practice,  and the  material  system 
comprises all  physical conditions for doing science. In chemistry,  the material  system has 
been  central  to  the  discipline’s  unfolding—evident  in  the  emergence  of  conceptual 
frameworks  from  the  vast  accumulation  of  information  on  substances  and  reactions,  
collectively forming the chemical space. A pivotal model arising from this interplay was the 
molecular structural theory, driven by the rapid expansion of the chemical space, supported 
by  the  chemical  industry,  and  prompted  by  the  saturation  of  chemistry’s  semiotic 
possibilities.

This model shaped our understanding of chemistry, becoming a paper tool that enabled both 
comprehension  and  expansion  of  the  chemical  space—yet  in  a  self-reinforcing  manner, 
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heavily driven by organic chemistry. However, the model has limitations: not all molecules 
can be described by graphs, the underlying formalism of the molecular structural model. As a 
result, a movement is underway to develop a more general model: hypergraphs. The case of 
the molecular model thus raises fundamental questions about its success. I argue it is both 
successful  and  unsuccessful,  depending  on  perspective:  it  has  been  highly  successful  in 
enabling the discovery of similar substances and deepening knowledge within the traditional 
domains  of  the  chemical  space—particularly  organic  chemistry.  Yet  it  is  unsuccessful  in 
aligning with the broader epistemic values of chemistry, if those values are understood as the 
expansion of substance knowledge and reactivity in a diverse and inclusive manner. 
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Wednesday Chemical Abstractions

11:40 Michelle Francl

Bryn Mawr College
Department of Chemistry
Bryn Mawr, PA, United States of America

Chemists deal in the quintessentially concrete: matter and its transmutation. We take in hand 
the stuff of which the universe is made, peer into its depths and use what we learn to bend it  
to our will. We also routinely dress our work in abstractions, many of which we blithely treat 
as concrete objects. What is the appeal of the abstract in a field that uses the concrete as its  
medium? Where do we draw the line between the concrete and abstract in chemistry? What 
are the risks if chemists fail to appropriately appreciate the boundary between the concrete 
and the abstract, between models and reality?

One approach to untangling the chemically concrete from the abstract is to simply enumerate 
unambiguous  examples:  benzene  is  concrete,  aromaticity  is  abstract.  But  simply  taking 
inventory is unsatisfying. I, at least, immediately long for a model that captures the difference 
between a chemical  model and material  reality.  A standard philosophical  definition of an 
abstract object is one that is both occupies no particular region of space and time of its own  
accord and is  causally inefficacious.  I  might draw the line pragmatically; the existence of 
concrete  chemical  objects  does  not  depend  on  the  existence  of  chemists.  Benzene  exists 
whether chemists do or not. Aromatic p systems, not so much.

One obvious advantage to abstraction is that it encapsulates our chemical intuition; enabling 
chemists  to  hold  the  vast  chemical  universe  in  our  minds.  There  are  on  the  order  of  
100  million  molecules  in  the  CAS  database,  to  know  them  all  and  their  properties  and 
behavior is beyond the capacity of a single chemist. Notions such as bond order, molecular 
orbitals, and formal charge allow chemists a way to organize what we know reactions and 
structures  of interest.  They are how we rise above the minutiae and wayfind through the 
molecular landscape. 
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Given the current capacity for data mining, assisted or not by AI,  do chemists need these 
abstractions in the same way? Perhaps. As Eugene Wigner noted, “It is nice to know that the 
computer understands the problem. But I would like to understand it too.” 

We will explore these questions through the lens of several examples from organic chemistry.
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Thursday Chemistry’s Place among the Sciences: 
A View from Philosophy

09:05 Vanessa A. Seifert

National Kapodistrian University of Athens
Department of History and Philosophy of Science
Athens, Greece

This talk aims to take stock in light of recent developments in the discussion of chemistry’s  
relation to quantum physics. Specifically, if one accepts the main thesis developed by Franklin 
and Seifert in ‘The problem of molecular structure just is the measurement problem’, then the 
relation of chemistry with quantum physics has to be completely re-contextualised.

Here, I offer a brief summary of their argument and spell out what their view implies for the  
investigation of chemistry’s relation to quantum physics. 

I then present two other topics which I take are affected by their account, namely the question 
of the nature of chemical properties and of the reality of chemical entities.
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Thursday Geometry and Complex Systems

09:45 Türkü Özlüm Çelik

Max Planck Institute of Molecular Cell Biology and Genetics 
Mathematical Structures and Applications
Dresden, Germany

Embedding scientific information into a geometric space can make its interpretation more 
structured. 

I will discuss how the geometry of the chosen space reveals constraints, gives meaning to 
variation, and supports rigorous reasoning about complex systems.
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Thursday Bugs and Pears: Understanding Data Models 
Beyond Statistics

11:00 Emma Cavazzoni and Sabina Leonelli

Technical University of Munich
Department of Science, Technology and Society
Munich, Germany

Statistics lies at the heart of data modelling based on pattern recognition, providing essential 
tools  for  transforming  messy  data  into  probabilities  and  confidence  levels.  In  the 
philosophical  literature,  data  models  are  often  understood  primarily  as  statistical  models 
(Suppes, 1962). While the central role of statistics in data modelling is not in question, this 
talk  instead focuses  on the forms of  non-statistical  reasoning involved in the selection of 
biological parameters and mathematical variables that shape data models and algorithmic 
construction, as well as on the considerations and dynamics that inform their development.

Drawing on Leonelli's (2019) account and insights from Harris (2003) and McAllister (2010), 
we argue that  data models  in  biology,  and their  development and operationalization into 
algorithms,  cannot be disentangled from the broader conditions of inquiry; and that such 
conditions  include researchers’  choices,  the  biological  characteristics  of  the objects  under 
investigation, and the computational constraints,  requirements,  and structures involved in 
deploying models within large-scale AI systems. 

Our analysis is grounded in a case study from applied biology: Haly.Id, an agricultural project 
that  employed innovative  technologies  to  address  invasive  pests  damaging fruit  orchards,  
with a particular focus on bugs pinching pears. From this case, we examine two distinct data-
modelling approaches, one based on the analysis of hyperspectral images of fruits, and the 
other on the analysis of remote-sensing images of orchard canopies. 

We  selected  these  two  examples  from  scientific  practice  because  they  illustrate  key 
dimensions of the epistemology of data models, which we explore throughout the talk.
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Thursday Representing Reality: Reflections from Nonlinear 
Chemical Dynamics and Elsewhere

11:40 Irving R. Epstein

Brandeis University
Department of Chemistry
Waltham, MA, United States of America

Drawing largely, though not exclusively, on examples from nonlinear chemical dynamics, a 
field which I have studied for a half century, I will explore some of the questions that form the 
basis for this symposium and will raise some others. 

For example, are models and mathematics more important in science than observation and 
serendipity?  What  is  the  role  of  design  and  prediction  in  science?  If  I  understand  a  
phenomenon, should I be able to build a system that exhibits it? How do models, theories and 
hypotheses relate to one another? 

Are large language models really models? Do the answers to these questions depend upon 
which branch of science we are considering? 
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Thursday Oxidation State and Valence in Chemistry: Two 
Simple Models that still Excite Controversy in 
Some Quarters

14:00 Nicholas C. Norman

University of Bristol
School of Chemistry
Bristol, United Kingdom

Oxidation state and valence are both simple models that have long histories yet remain as 
useful heuristics to this day throughout much of inorganic and organic chemistry in research 
as well as in teaching. However, while they are related concepts, they are not the same thing 
despite being treated as if they are in some applications. Part of the problem is that although 
oxidation state has a single definition, valence is defined and used in at least three different  
ways one of which is synonymous with oxidation state whereas the other two are not. This  
presentation  will  start  with  the  definitions  of  oxidation  state  and  valence  which  will  be 
illustrated with a  number  of  examples.  A recommendation will  then be  made concerning 
which definition of  valence should be adopted before  comparing and contrasting the two 
concepts and addressing the strengths and weaknesses of each. 

The criticisms that have been made of the two concepts, particularly oxidation state, will also  
be considered before making a case that both are useful and should remain part of the toolkit  
of models that are essential in chemical pedagogy 

 Back to Program

June 23–25, 2026, Rüdesheim, Germany 34



Representation and Reality: 
Rethinking Scientific Models

Beilstein Dialogues Symposium 2026

Thursday The Place of Historial Models 
in the Research Landscape

14:40 Jeremy N. Harvey

KU Leuven
Department of Chemistry
Leuven, The Netherlands

The nature of scientific research is that many theories and models become obsolete after some 
time, when they are superseded by new ones. Traditional scientific education tends not to 
teach such models at all, or to do so only through a particular lens, the narrow relevance of 
such models for explaining current models. This phenomenon was discussed in some detail in 
the famous book “The Structure of Scientific Revolutions” by Thomas Kuhn, and the rationale 
for the very non-historical teaching approach was clearly stated: “Why, after all, should the 
student of physics, for example, read the works of Newton, Faraday, Einstein, or Schrödinger, 
when everything he needs to know about these works is recapitulated in a far briefer, more 
precise, and more systematic form in a number of up-to-date textbooks?”

In this talk, I want to discuss the strengths and limitations of this approach, with a particular  
link  to  the  theme  of  creativity  in  research.  I  will  make  an  argument  for  having  a  richer 
investment of students and researchers into understanding “obsolete” historical theories and 
models, using some concrete examples drawn from research in computational and theoretical 
chemistry.
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Thursday Multiscale Modeling of Nanomaterials: Epistemic 
Challenges and Opportunities

15:50 Julia R. S. Bursten

University of Kentucky
Department of Philosophy
Lexington, KY, United States of America

From the perspective of the philosophy of science, nanomaterials modeling provides a unique 
lens for examining the nature of scientific modeling. Models of nanomaterials exemplify a 
number of classical philosophical problems in scientific modeling, such as:

(a) how to visually represent material structures that are invisible to the human eye,

(b) how  to  combine  models  across  multiple  classical  and  quantum  mechanical 
frameworks, 

(c) how models built for one purpose can be applied into new domains, and

(d) how models serve to advance knowledge of a scientific system.

I begin this presentation with a brief overview of these classical topics and discussion of how 
nanomaterials  modeling  offers  new  insight  on  each  topic.  Throughout,  I  emphasize  the 
epistemic functions of models, that is, the ways in which scientific models serve to advance 
scientific knowledge. 

After this discussion of epistemic opportunities generated by nanomaterials models, I bring to 
the Beilstein Dialogues a challenge for scientific epistemology:  how do models in general, 
and multiscale models of nanomaterials in particular, provide epistemic support for the 
scientific practices of (nano)synthesis? 

Beyond  exemplifying  the  aforementioned  classical  philosophical  problems,  models  of 
nanomaterials  are  also  crucial  to  nanosynthesis.  The  scientific  practices  that  underlie 
synthesis  are  a  special  area  of  knowledge  formation  within  chemical,  material,  and 
nanosciences.  This  is  a  domain  of  scientific  epistemology  that  is  under-studied  within 
philosophy of science. 
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My  previous  research  has  emphasized  the  epistemic  impacts  of  the  ambiguous  status  of  
nanomaterials as between chemicals and materials. 

This status complicated modeling strategies for nanosynthesis. I close by outlining three as-
yet  unanswered  questions  specific  to  the  relation  between  synthesis  and  modeling  in 
nanoscience:

(1) When  are  molecular  models  vs.  crystalline  models  vs.  materials  models  of 
nanomaterial structure, each with their own distinct advantages and disadvantages, 
appropriate to model the processes and products of a new nanosynthesis?

(2) How  does  the  selection  of  synthesis  models used  in  a  synthesis  experiment  (e.g. 
LaMer’s model of growth, seed-mediated models of synthesis, models of (an)isotropic 
growth, etc.) shape, and how do they constrain, the ways that chemists aim to improve 
knowledge and understanding of nanosynthesis?

(3) How  does  the  selection  of  structural  models used  in  a  synthesis  experiment  (e.g. 
crystal  structures,  molecular  models,  phase  diagrams)  shape,  and  how  do  they 
constrain, the ways that chemists aim to improve knowledge and understanding of 
nanosynthesis?

I  aim  to  address  these  questions  during  presentation  and  discussion  throughout  the 
Symposium. 
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Thursday How Granular Formulization Transforms Modeling 
into a Social Machine

16:30 Daniel Mietchen

FIZ Karlsruhe
Leibniz Institute for Information Infrastructure
Karlsruhe, Germany

Traditionally, scientific models have been seen as coherent representations of natural systems 
– idealized in some ways but still mirrors of reality. Yet contemporary research practices are 
eroding  this  picture  from  multiple  directions.  Distributed  computation,  large-scale 
collaboration, and machine-readable infrastructures now allow knowledge to be continuously 
revised, recombined, and verified across disciplinary boundaries. 

This shift is changing not only how models are constructed, but the very nature of what a 
scientific model is.

This  transformation  is  driven  by  the  growing  formalization  of  knowledge  into  discrete, 
addressable and increasingly interoperable units. This granularity is becoming visible across 
diverse  fields.  For  instance,  in  chemistry,  reaction  databases  are  organized  as  machine-
readable graphs, where each unit of chemical interest is individually addressable. In biology,  
modular and version-controlled models of signaling pathways can be independently validated 
and recombined. In mathematics, proofs are formally verified, and each lemma used on the 
way is a stand-alone, executable object. In computer science, computational notebooks can 
blend  narrative,  code  and  data  in  complex  and  even  interactive  ways,  turning  scientific 
reasoning into a distributed, executable artifact.

In  all  these  cases,  scientific  claims  –  whether  about  parameters,  observations,  or  logical 
assertions – no longer serve merely as supporting material for a final representation. Instead,  
they  become  composable,  machine-actionable  components  of  shared  epistemic 
infrastructures.  Such  components  can  be  linked,  validated,  reused,  and  extended  within 
evolving research workflows, often across disciplinary boundaries.

This  development forces  a  fundamental  philosophical  reorientation.  A model is  no longer 
evaluated solely by its explanatory adequacy or empirical fit. 
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It  is  also  judged  by  additional  characteristics  like  its  interoperability,  verifiability,  its 
environmental impact and its participatory potential within a distributed network of human 
and  machine  agents.  In  this  emerging  landscape,  modeling  the  world  and  modeling  the 
knowledge process are converging, and modeling becomes a form of social machine building 
that I am looking forward to discuss with the other participants of the symposium. 
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