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What do we want to understand?

• What material properties determine their 
functionality, toxicity or biocompatibility?

• How do the materials affect the processes in 
biotechnology, medicine, food production, 
electronics?

• Can we learn from the underlying patterns?
• Can materials be made safe and sustainable by 

design?

WE NEED ADVANCED CHARACTERISATION 
AND MATERIALS INFORMATICS!



1. Diversity of material compositions, especially 
AdMa and environmental/incidental materials

2. Lack of concepts to describe dispersions, material 
as a whole rather than individual particles

3. Lack of information about the structure of the 
material, especially surface

4. Variable conditions and material evolution (pH, 
ionic strength, temperature, environment 
chemistry)

5. Diversity of characterisation and reporting 
protocols

Can we do this in silico/with AI? 
Yes, but there are some challenges



Informatics solutions 
EU-US Nanoinformatics Roadmap

Simplified Data Flow proposed in the 
NanoInformatics 2030 Roadmap



1. Split the problem into parts: 
1. AdMa characterisation to 
evaluate relevant properties 
2.  Data-driven modelling / 
machine learning to predict 
functionalities or complex 
properties

2. Construct a bottom-up multiscale scheme to evaluate 
the required properties/descriptors

3. Use system’s structure and symmetries (i.e. repeat 
units in biomolecules) to speed up the calculation  

4. Feed the properties/descriptors into statistical models 
as inputs

Strategy: from data generation to prediction

Lobaskin et al. EPL 2023



Nanoinformatics and computer-aided material design
Safety and sustainability can be factored in



Nanoinformatics framework for SSbD



True-to-life materials. Beyond the mean values 

How can we compare and classify particulates and 
nano-structured materials? 

 

What we have What we need

Mean particle size Size distribution

Categorical shape (sphere, 
fiber, platelet)

Shape distribution, shape 
descriptors

Main components: core, shell Structure including additives, 
impurities, contaminants 

Total mass concentration of 
the material

Structure descriptors, 
advanced descriptors (BET), 
extrinsic properties



Douglas Gilliland, JRC



InChI for Nano: Extension of IUPAC InChI
A universal way to record the NM 
characteristics across different methods
and map nanoforms 

Informatics for advanced 
materials  

Nanomaterials 2020, 10, 2493; 
doi:10.3390/nano10122493



Informatics for advanced materials
InChI for Nano 

Lynch et al, Nanomaterials 2020



Informatics for advanced materials
InChI for Nano 



Advanced Materials: Beyond the mean values 

Structure is crucial. Can we encode it?

 



Software tools: material characterisation and 
structure



Incidental, advanced materials, MNP
• Particle size is a distribution, 

not a number
• Shapes are continuous, not 

categorical
• Shapes may be related to 

toxicity and functionality via 
the active surface area 

• Composition and reactivity 
may change due to 
weathering, contamination

C. Isaxon talk



Incidental, advanced materials, MNP
Examples of shape descriptors:
aspect ratio, form factor, roundness, 
angularity, convexity
Feret diameters, minimum area 
bounding rectangle, area, 
perimeter, Martin diameter
Fourier modes



1. Intrinsic (quantum mechanical and semiempirical)

NP

Band gap

HOMO

LUMO

Mulliken electronegativity

Absolute hardness

Intramolecular dispersion energy

PM6-D3 (MOPAC)
PBE (SIESTA) or PM6-D3 (MOPAC)

PM6-D3 (MOPAC) or GFN2 (GFN-xTB)
GFN1 or GFN2 (GFN-xTB)
GFN2 (GFN-xTB)

Calculating advanced descriptors



Adsorption energies 

Hamaker constant Immersion enthalpies – log P

atomistic/coarse grained molecular 
dynamics (GROMACS with Plumed/ 
United Atom)

atomistic molecular 
dynamics 
(GROMACS)

Lifschitz theory (United Atom) or force fields (Hamaker tool)

2. Extrinsic (atomistic and coarse-grained molecular 
dynamics)

Lifschitz theory (United Atom) 
or force fields (Hamaker tool)

Calculating advanced descriptors



Are advanced NM 
descriptors useful?
Yes, they do correlate with 
gene expression and give 
insight into the toxicity 
mechanisms

del Giudice et al. Nature Nanotechnology, 2023

Advanced descriptors



In vivo inflammation (count of neutrophil cells in mouse lung) 
prediction based on advanced NM descriptors (BET, ROS 
production, shape and size). Data from SmartNanoTox project 
(Jakobsen et al. in preparation)

Prediction of in vivo NP toxicity
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Software tools
InChI for Nano 



EU EMCC: Characterisation Data (CHADA)
MODA and CHADA – standardised workflows in materials 
modelling and characterisation, improving communication, 
FAIR data, and industrial interoperability.



EU EMMC: Modelling Data (MODA)



EU EMMC: Modelling Data (MODA)

Web-interface to MODA tool



1. Use the standardised characterisation and 
modelling protocol logs (CHADA, MODA), 
standardised templates and ontologies

2. Store raw data (e.g. images, spectra) to allow for 
extra analysis

3. Record metadata (e.g. via lab notebooks)
4. Report distributions and advanced descriptors 
5. Use InChI for Nano/Polymer/Mixture to facilitate 

machine processing, semantic mapping and data 
merging, development of foundation models

Path to data harmonisation and 
standardisation for modelling



Funding: Horizon 2020 / Europe RIA / INFRAIA / SFI / MCA RISE

• SmartNanoTox: Smart Tools for Gauging Nano Hazards 

• NanoCommons: The European Nanotechnology Community Informatics 
Platform

• NanoSolveIT: Innovative nanoinformatics models and tools: towards a 
Solid, verified and Integrated Approach to Predictive (eco)Toxicology 

• CompSafeNano: Nanoinformatics Approaches for Safe-by-Design 
NanoMaterials 

• Bio-Interface: Quantitative modelling of bionano interface

• nanoPASS:  Bridging the gaps in nanosafety for animal-free prediction of 
adverse outcomes
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