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Motivation 

¨  Chemical reactivity is often attributed to the presence of 
specific features, such as functional groups (e.g.: nitrate) 

¨  Several efforts were made to study/collect the chemical 
reactivity and toxicity of various types of compounds 
¤  Bretherick's Handbook of Reactive Chemical Hazards 
¤  CAMEO Chemicals (NOAA) 
¤  Databases including HSDB, PubChem, T3DB 

¨  There is a need to organize this data to make it more 
understandable, useful, and to avoid hazard 
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Hierarchical Chemical Classification 

¨  Taxonomies and ontologies 
provide means to hierarchically 
organize things 

¨  Chemicals can be classified 
according to their structures, 
reactivity profiles, etc… 

 

 

¨  Manual classification is tedious, 
and error-prone  

Potassium Nitrate 
(KNO3) 

MeSH classification of Potassium Nitrate 



Automated Classification with 
ClassyFire 

¨  Hierarchical automated data-set independent classifier  
¨  The ontology covers 4,535 chemical classes with text-based as 

well as computable definitions 
¤  It covers inorganic and organic, metallic, natural, and synthetic 

compounds 

ClassyFire, 2015 

Linnaeus, 1758 



Applications to Health & Safety 

¨  Chemical reactivity can be represented in terms of Compound/
Reactivity group (RG) OR RG/RG pairs 
¤  E.g.: Mixing Chlorosilanes with Aldehydes may be explosive 
¤  ClassyFire: 7,899 Organochlorosilanes and 396,905 Aldehydes out 

of 41,000,000+ classified PubChem compounds. 
¨  51 CAMEO Chemicals Classes were Mapped to ClassyFire 

CAMEO ClassyFire 

Peroxides, Organic Organic peroxides 

Acids, Carboxylic Carboxylic acids 

Carbamates Urethanes 

Organometallics Organometallic compounds 

Acids (Strong) Nonoxidizing ?? 





The Future? 

¨  The ClassyFire ontology is flexible and evolving 
¤  Adding more relevant classes for a better data representation 
¤  Adding more object properties to formally incorporate more 

information 

¨  The ClassyFire ontology could be integrated with other 
ontologies (Hazards, Health effects, etc.) for a complete data 
pipeline 

¨  ClassyFire also offers:  
¤  Rapid classification tool : ~ 500ms (4CPUs, 3.6 GB, Intel platform) 
¤  Web-accessible service: submit and retrieve results for free 
¤  Means to represent (bio-)chemical reactions and thus, infer/predict 

hazard information 
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SUPPLEMENTARY MATERIAL 



What are taxonomies/ontologies? 

¨  Taxonomies and ontologies have long been used to organize 
concepts and their relationships (e.g. Species, Genes, Rocks) 

¨  They organize concepts hierarchically, allowing to: 
¤  Represent or/and infer relationships between concepts 

¤  Link entities to other concepts by deciphering relations between 
classes and related data from other domains 



ClassyFire – The RESTful application 
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Some Applications Of Ontological Structure-
based Classification Of  Chemicals 

¨  Representation of (bio-)chemical transformations 

 
 

¨  Toxicology 
¤  Aflatoxins bind and mutate human DNA 

¨  Hazard classification 
¤  Oxidizers (e.g.: Organic peroxides) 
¤  Corrosive substances (e.g.: Chlorosilanes) 

¨  Database Search 
¤  Compounds can be described based on their structural features. 

¤  Text-based search (search by Categories) – can be more efficient than 
structure-based search (e.g. searching for Alkaloids) 

Transformation of 1,3-Diketones to 
Ketones and Carboxylates 


