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• Computational chemistry generates massive data

These data are hardly usable by any person other 
than the creator himself

• Current challenges

Data often not shared, poorly organized, or not 
machine-readable

Extracting results to generate tables and figures 
from raw outputs is largely manual and labor-
intensive

Limited compliance with FAIR (Findability, 
Accessibility, Interoperability, Reusability) 
standards



FAIR Challenges in Computational Chemistry Data

29 January 2026

J. Chem. Inf. Model. 2015, 55, 1, 95–103

Findable Accessible

Interoperable Reusable

Data and metadata are uniquely 
identifiable and locatable, making 
them easy to find with search tools. 

Data is retrievable, though access 
might be restricted (e.g., behind a 
login); metadata should always be 
open. 

Data uses standard formats, allowing 
different systems and tools to 
understand and exchange it. 

Data is well-documented with 
enough metadata to allow users to 
understand its origin, methodology, 
and any potential limitations.

Most computational data are stored in 
SI or local folders

Heterogeneous formats, software-
dependent raw outputs

Missing metadata, provenance, and 
standardized format

Data is often not publicly released, 
requiring direct contact with authors



Motivation
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Computational Chemists need structured, searchable, and 
reusable computational chemistry databases
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ioChem-BD System Overview
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eXtensible Markup Language (XML)
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XSD Schema

XPath Query

XSLT Transform

• What is XML?
Structured, hierarchical, self-describing data format

Machine-readable and human-readable

• XML Ecosystem
XSD: schema validation (enforce data structure)

XPath: query language for XML trees

XSLT: rule-based transformation (XML → HTML/CSV/PDF)

• Why XML in ioChem-BD?

Format neutrality and long-term interoperability

Validated and semantically extensible (CML)



Chemical Markup Language (CML)
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• CML extends XML with standardized chemical concepts 
(molecules, atoms, bonds, computational metadata)

• However, later replaced by simpler, programmatic 
workflows (JSON, Python, HDF5)

• CML pipeline

Quantum chemistry output → CML (XML) → XSLT → Reports / 
knowledge graphs / databases

• Modern pipeline

Quantum chemistry output → Python parser → ORM objects → 
SQL database



Conversion Workflow from Output Files to CML
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Gaussian and ADF: single output file VASP: a group of output files



Create Module Overview
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Create Module Overview
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Uploading to Create
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Creating a project

Upload Calculations



Item Actions frame
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Search Mode
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Generating Supporting Information
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Generating Reaction Energy Profile
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Publish Datasets into Browse
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Browse Published Datasets in the Community
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Conclusions
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• ioChem-BD demonstrates an early large-scale infrastructure for managing computational 
chemistry data

• XML/CML enabled structured, validated, and transformable chemical data representations

• Highlights the importance of standardized, automated, and reusable computational data 
workflows

However, 

• XML/CML is very verbose and complex, so few researchers adopted it

• Parsing and transforming XML data requires significant technical effort

• Difficult to integrate with modern data science and machine learning workflows

• ioChem-BD is not fully open-source, and some versions require paid licenses, which may limit 
adoption and transparency
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