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CINF 47: Practical issues in chemistry data sharing 
in PubChem 
Room 112A – Convention Center, 10:50 am – 11:00 
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CINF 58: Chemistry data pain points: distilled, 
analyzed, and next steps 
Room 112A – Convention Center, 1:55 pm – 4:10 
pm 
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CINF 76: Open chemical information: Where now 
and how? 
Room 112A/B – Convention Center, 4:25 pm – 4:50 
pm 
 
 
Wednesday, August 24 
 
CINF 77: Users roundtable: Laboratory use cases for 
chemical safety information 
Room 112A – Convention Center, 8:30 am – 8:45 
am 

 
CINF 80: Chemical safety and hazard information in 
PubChem 
Room 112A – Convention Center, 9:35 am – 10:00 
am 
CINF 81: Semantic annotation of the laboratory 
chemical safety summary in PubChem 
Room 112A – Convention Center, 10:15 am – 10:40 
am 
 
Thursday, August 25 
 
CINF 93: Strategies to improve PubChem data 
quality and search effectiveness through data 
analysis 
Room 112A – Convention Center, 9:15 am – 9:40 
am 
CINF 95: Hybrid search engine for chemical 
information in PubChem 
Room 112A – Convention Center, 10:20 am – 10:45 
am 

	



OUTLINE	

➢ PubChemRDF	Overview	

➢ SemanSc	AnnotaSon	of	Physical	ProperSes	

➢ SemanSc	AnnotaSon	of	Global	Harmonized	System	

➢ PubChemRDF	Use	Cases	

➢ Community	involvement	



4 

PubChem Compound TOC - Safety and Hazards 

1. Hazards Identification   
  Carcinogen 
  Safety Caution 
  Exposure Routes 
  Symptoms 
  Target Organs 
  Cancer Sites 
  Fire Hazard 
  Explosion Hazard 
  Exposure Hazard 
  Skin Hazard 
  Inhalation Hazard 
  Eye Hazard 
  Ingestion Hazard 
  Hazards Summary 
  Fire Potential 
  Skin, Eye, and Respiratory 
Irritations 
2. Safety and Hazard Properties   
  LEL 
  UEL 
  IDLH 
  REL 
  PEL 
  PEL-TWA 
  PEL-STEL 
  PEL-C 
  REL-TWA 
  REL-STEL 
  REL-C 
  Conversion 
  Flammability 

  Critical Temperature 
  Critical Pressure 
  Danger of Explosion 
  NFPA Hazard Classification 
  NFPA Fire Rating 
  NFPA Reactivity Rating 
  NFPA Health Rating 
  NFPA Other 
  Physical Danger 
  Chemical Danger 
  Occupational Exposure Limits 
  Inhalation Risk 
  Effects of Short Term Exposure 
  Effects of Long Term Exposure 
  Explosive Limits and Potential 
  Radiation Limits and Potential 
  Acceptable Daily Intakes 
  Allowable Tolerances 
  OSHA Standards 
  NIOSH Recommendations 
  Threshold Limit Values 
  Other Occupational Permissible 
     Levels 
  Other Safety and Hazard Data 
3. First Aid Measures   
  First Aid 
  Fire First Aid 
  Explosion First Aid 
  Exposure First Aid 
  Inhalation First Aid 
  Skin First Aid 
  Eye First Aid 

  Ingestion First Aid 
4. Fire Fighting Measures   
  Fire Fighting 
  Other Fire Fighting Hazards 
5. Accidental Release Measures   
  TIHGas 
  Spillage Disposal 
  Cleanup Methods 
  Disposal Methods 
  Other Preventative Measures 
6. Handling and Storage   
  Nonfire Spill Response 
  Safety Storage 
  Storage Conditions 
7. Exposure Control and Personal 
       Protection   
  Personal Protection 
  Respirator Recommendations 
  Fire Prevention 
  Explosion Prevention 
  Exposure Prevention 
  Inhalation Prevention 
  Skin Prevention 
  Eye Prevention 
  Ingestion Prevention 
  Protective Equipment and Clothing 
8. Stability and Reactivity   
  Reactivities and Incompatibilities 
9. Disposal Considerations 
10.Transport Information 
   DOT Emergency Guidelines   
  Shipment Methods and 

Regulations 
  DOT ID and Guide 
  Packaging and Labelling 
  EC Classification 
  UN Classification 
  GHS Classification 
  Emergency Response 
11. Regulatory Information   
  DOT Emergency Response Guide 
  Isolation Name 
  Isolation Distance 
  Atmospheric Standards 
  Soil Standards 
  Federal Drinking Water Standards 
  Federal Drinking Water Guidelines 
  State Drinking Water Standards 
  State Drinking Water Guidelines 
  Clean Water Act Requirements 
  CERCLA Reportable Quantities 
  TSCA Requirements 
  RCRA Requirements 
  FIFRA Requirements 
  FDA Requirements 
12. Other Safety Information   
  Safety References 
  Safety Notes 
  Toxic Combustion Products 
  Other Hazardous Reactions 
  Material Safety Data Sheet 
 

Well .. we have lots of data 

This text can be a useful source of 
annotation to create a chemical safety 
ontology.  

Can the ontology describe, e.g., all exposure routes 
described across all chemicals in PubChem? 

PubChem chemical safety data is mostly 
text based. Can one benefit the 
community by annotating the text using 
a chemical safety ontology? 

What if this annotation is provided back 
to PubChem?  It could be used to power 
more intelligent data integration, access 
and analysis… for all to use. 

How	can	PubChem	help?	
Eureka!!! 

Let’s Make a 
connected graph of 

knowledge 



A chemical structure may be represented in 
many different ways 

Salt-form drawing variations are common 



What do you mean by “sodium 
acetate”? 

Chemical meaning of a substance may change upon context 

?? 



Benzene	boiling	point	case	study	

Benzene 

Coal tar 



Many	to	many	relaSonships	

Structure 

Concept 

Concept Concept 

Concept 

Structure 

Structure 

Structure 

Structure 

Formaldehyde 
Gas or Liquid or Polymer? 

Liquid if flammable or inflammable? 

How to represent? 

Carbon 
Element? 
Coal? 
Diamond? 
Methane? 

Gleevec 
Salt? 
Hydrate? 
Free base? 

Pick a preferred concept for a structure 
Pick a preferred structure for a concept 



Resource	DescripSon	Framework	
(RDF)	..	what	is	RDF?	

Image credit: http://linkeddata.org/ 

Linked Data is about using the Web 
to connect related data (helps lower 
barriers to access). 

A term used to describe a 
recommended best practice for 
exposing, sharing, and connecting 
pieces of data, information, and 
knowledge on the Semantic Web 
using URIs and RDF. 

Linked 
Data 

Combine 

Share 

Find 

Enable users to find, 
share, and combine 
information (more) 

easily. 
http://en.wikipedia.org/wiki/Semantic_Web#Standards 

Semantic Web Purpose  
XML 

OWL RDF 

SPARQL XML = Extensible Markup  
 Language     

OWL = Web Ontology  
 Language     

RDF = Resource  
 Description  
 Framework 

SPARQL = SPARQL  
 Protocol and RDF  
 Query Language 

Semantic 
Web 

Technologies 

“subject-predicate-object”		
“atorvasta+n	may	treat	hypercholesterolemia”	

	

subject object 

predicate 

Evidence citation 
 (PMID) 

From whom? 
(Data Source) 

Provenance 
information 

RDF: 
Concept-
based 
information 
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PubChemRDF	Overview	



Prefix	 Namespace	

compound	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/			

substance	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/substance/			

descr	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/descriptor/			

inchikey	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/inchikey/	

syno	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/synonym/			

bioassay	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/bioassay/			

measuregroup	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/measuregroup/			

endpoint	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/endpoint/			

protein	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/protein/			

conserveddomain	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/conserveddomain/			

biosystem	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/biosystem/	

gene	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/gene/			

reference	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/reference/			

nbra	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/			

source	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/source/			

concept	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/concept/	

vocab	 h]p://rdf.ncbi.nlm.nih.gov/pubchem/vocabulary#			

PubChemRDF	Subdomains	

http://pubchem.ncbi.nlm.nih.gov/rdf 



PubChemRDF	URIs	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID727	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/substance/SID103554720	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/bioassay/AID1788	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/measuregroup/AID447528	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/protein/GI124375976	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/conserveddomain/PSSMID132758	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/gene/GID367	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/biosystem/BSID82991	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/reference/PMID10395478	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/inchikey/XUKUURHRXDUEBC-KAYWLYCHSA-N	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/synonym/MD5_9a05646d461669f86de312d88ab5748a	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/concept/ATC_L01XE		

h]p://rdf.ncbi.nlm.nih.gov/pubchem/source/ChEMBL	



h]p://rdf.ncbi.nlm.nih.gov/pubchem/descriptor/CID727_LogP_1	
	
h]p://rdf.ncbi.nlm.nih.gov/pubchem/descriptor/CID727_LogP_2	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/measuregroup/AID1788_1	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/measuregroup/AID363_PMID16161995	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/endpoint/SID103164874_AID443491	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/endpoint/SID99445338_AID2202_1	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/endpoint/SID8033500_AID363_PMID10395478	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/protein/GI2506129GI254763435	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/CID60823_CID68019409_2DSimilarity	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/CID60823_CID68019409_2DTanimotoScore	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/CID60823_CID11330946_3DSimilarity	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/CID60823_CID11330946_3DShapeTanimotoScore	

h]p://rdf.ncbi.nlm.nih.gov/pubchem/neighbor/CID60823_CID11330946_3DFeatureTanimotoScore	

PubChemRDF	Composite	URIs	



NDF-RT	
NCI	Thesaurus	

ChEBI	

Chemical	EnSty	of	Biological	Interest	(ChEBI)	
BioAssay	Ontology	(BAO)	

Protein	Ontology	(PR)	&	Gene	Ontology	(GO)	

type	
IdenSfiers	

InChI	
SMILES	
Formula	
MeSH	
…	
	

Compound	

type	
IdenSfiers	
depositor	

…	
	

Substance	

Stle	
specificaSon	

Stage	
…	
	

BioAssay	

Title	
type	

domain	
…	
	

Protein	

Stle	
type	

Encoding	
…	
	

Gene	

Stle	
type	

parScipants	
…	
	

Pathway	

type	
Value	
unit	
…	
	

Endpoint	

parScipates	 output	

parScipates	

about	

encodes	
parScipates	standardized	

ComposiSons	
Parents	

Group	IdenSSes	
Similarity	Neighbors	

PubChemRDF	Overview:	ontology-based	data	integraSon	

Stle	
type	

parScipants	
…	
	

Descriptor	
Synonym	

has	a]ribute	

Chemical	InformaSon	Ontology	(CHEMINF)	



Prefix	 Namespace	 Vocabularies	

rdfs	 h]p://www.w3.org/2000/01/rdf-schema#	 RDF	Schema		

rdf	 h]p://www.w3.org/1999/02/22-rdf-syntax-ns#	 RDF	

owl	 h]p://www.w3.org/2002/07/owl#	 OWL	

xsd	 h]p://www.w3.org/2001/XMLSchema#	 XML	Schema		

ndfrt	 h]p://evs.nci.nih.gov/np1/NDF-RT/NDF-RT.owl#	 NDF-RT	

ncit	 h]p://ncicb.nci.nih.gov/xml/owl/EVS/Thesaurus.owl#	 NCIt	

sioa	 h]p://semanScscience.org/resource/	 SIO	

cheminfa	 h]p://semanScscience.org/resource/	 CHEMINF	

skos	 h]p://www.w3.org/2004/02/skos/core#		 SKOS	

obo	 h]p://purl.obolibrary.org/obo/		 BFO,	OBI,	IAO,	UO,	ChEBI,	PR,	GO	

bao	 h]p://www.bioassayontology.org/bao#		 BAO	

bp	 h]p://www.biopax.org/release/biopax-level3.owl#	 BioPAX	

cito	 h]p://purl.org/spar/cito/		 CiTO	

fabio	 h]p://purl.org/spar/fabio/		 FaBio	

pdbo	 h]p://rdf.wwpdb.org/schema/pdbx-v40.owl#	 PDBo	

dcterms	 h]p://purl.org/dc/terms/		 DCMI	Terms	

pav	 h]p://purl.org/pav/		 PAV	

foaf	 h]p://xmlns.com/foaf/0.1/		 FOAF	Vocabulary	

PubChemRDF	Ontologies	

Hierarchical	Classifica-ons	



PubChemRDF	Graph	1:	compound	aggregates	substances	from	different	sources		



PubChemRDF	Graph	2:	synonym	and	MeSH	annotaSons	



PubChemRDF	Graph	3:	depositor-provided	references	for	substances		

From	PubChem	depositors	



From	NCBI	Entrez	

PubChemRDF	Graph	4:	references	for	proteins,	genes,	bioassays,	and	so	on	



PubChemRDF	Graph	5:	Physical	properSes	



Ontology	 URIs	 Proper+es	

Chemical	Informa+on	Ontology	

(CHEMINF)	

sio:CHEMINF_000444	 Auto-igniSon	Temperature	

sio:CHEMINF_000257	 Boiling	Point	

sio:CHEMINF_000443	 RelaSve	EvaporaSon	Rate	

sio:CHEMINF_000417	 Flash	Point	

sio:CHEMINF_000191	 IonizaSon	PotenSal	

sio:CHEMINF_000436	 Lower	Explosive	Limit	

sio:CHEMINF_000251	 LogP	

sio:CHEMINF_000256	 MelSng	Point	

sio:CHEMINF_000441	 Odor	Threshold	

sio:CHEMINF_000442	 pH	

sio:CHEMINF_000435	 Upper	Explosive	Limit	

sio:CHEMINF_000440	 Vapor	Density	

sio:CHEMINF_000255	 Vapor	Pressure	

Chemical	Methods	Ontology	

(CHMO)	

obo:CHMO_0001487	 DecomposiSon	

obo:CHMO_0002818	 OpScal	RotaSon	

obo:CHMO_0002815	 Solubility	

Phenotypic	Quality	Ontology	

(PATO)	

obo:PATO_0000014	 Color	

obo:PATO_0001019	 Density	

obo:PATO_0001884	 Hydrophobicity	

obo:PATO_0000058	 Odor	

obo:PATO_0001461	 Surface	Tension	

obo:PATO_0000992	 Viscosity	

PubChemRDF	Ontologies	for	Physical	Proper.es		



PubChemRDF	Graph	6:	Globally	Harmonized	System	Statements	



CAS	RNs	(authorita.ve):	 	 	 	 						513,833	
CAS	RNs	(regex):		 	 	 	 						761,637	
EC	numbers	(authorita.ve):	 	 	 						100,096	
RTECS	numbers	(authorita.ve):	 	 	 										3,948	
UN	numbers	(authorita.ve): 	 	 										2,077	
UN	numbers	(regex):	 	 	 	 																75	
FDA	UNIIs	(authorita.ve):	 	 	 								47,313	
FDA	UNIIs	(regex):	 	 	 	 								52,264	
CHEBI	IDs	(authorita.ve):	 	 	 								45,411	
CHEBI	IDs	(regex):	 	 	 	 										2,360	
Drug	Trade	Names:	 	 	 	 								24,163	
WHO	INN	names:	 	 	 	 								63,250	
FDA	UNII	names:	 	 	 	 						154,250	
EPA	SRS	synonyms:	 	 	 	 						112,757	
MESH	terms:	 	 	 	 	 						167,800	
NSC	numbers	(regex):	 	 	 	 						586,579	
CHEMBL	IDs	(regex):	 	 	 	 			1,472,212	
ZINC	numbers	(regex):	 	 	 	 			8,613,523	
IUPAC	names	(OpenEye	Lexichem	computed):	 	15,579,470	

PubChemRDF		Synonym	Classifica.on	



MIME	Type	 HTTP	Accept	Header	 URI	Suffix	Extension	
Abbreviated	RDF/XML	 applicaSon/rdf+xml+abbrev	 rdfxml-abbrev	

RDF/XML	 applicaSon/rdf+xml	
text/rdf	

rdfxml	
rdf	
xml	

HTML	 applicaSon/xhtml+xml	
text/html	

html	
htm	

TURTLEa	 applicaSon/n3	
applicaSon/rdf+n3	
applicaSon/turtle	
applicaSon/x-turtle	

text/n3	
text/turtle	
text/rdf+n3	

text/rdf+turtle	

turtle	
]l	
n3	

JSONb	 applicaSon/json	
text/json	

json	

JSON-LDc	 applicaSon/x-json+ld	
applicaSon/x-json+rdf	
applicaSon/json+ld	
applicaSon/json+rdf	
applicaSon/ld+json	
applicaSon/rdf+json	

Jsonld	
Json-ld	
ldjson	
ld-json	

N-TRIPLES	 text/plain	 ntriples	(default)	

New	
Format	

PubChemRDF	REST	API:	Content	NegoSaSon	



•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.rdf	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.xml	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.rdfxml	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.html	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.turtle	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.]l	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.json	

•  h]p://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244.ntriples	

PubChemRDF	REST	API:	Content	NegoSaSon	

curl -L -H "Accept: text/rdf" 
http://rdf.ncbi.nlm.nih.gov/pubchem/compound/CID2244 

Follow	redirect	 Content	nego.a.on	



PubChemRDF	FTP	Download	

1.	Download	the	enSre	directory	of	substance	subdomain	using	wget:	

wget	-r	-A	]l.gz	--no-host-directories	

np://np.ncbi.nlm.nih.gov/pubchem/RDF/substance	

recursive	 File	suffix	

wget	-r	--no-parent	-A	'pc_substance2compound_*.]l.gz'		

np://np.ncbi.nlm.nih.gov/pubchem/RDF/substance	

2.	Download	a	specific	type	of	link	(substance	to	compound):	
	 File	suffix	



Persistent	
Database	
Storage	

Jena	TDB	Triple	Store	 Virtuoso	RDF	Quad	Store	 RDBMS	

Single	
Server	
can	

handle	
millions	
of	triples	

Cluster	of	
Servers	
can	

handle	
billions	of	
triples	

In	memory	
Storage	

Ontology-based	Data	IntegraSon	
Rule-based	reasoning,	forward	and	backward	chaining,	consistency	validaSon	…	

Jena	TDB	Library	 Virtuoso	Jena	Provider	
JDBC	

JDBC	
R2RML	(RDB2RDF)	

PubChemRDF	CGI	program:		
URI-resolving	REST	interface	

PubChem	Database	RDFizaSon:		
FTP	dump	files	in	Turtle	representaSon	

SPARQL	queries	ApplicaSons	

Jena	core	library	
Jena	ARQ	library	
Virtuoso	isql	

SPARQL	endpoint	

Fuseki	HTTP	service	
Virtuoso	conductor	HTTP	service	

API	funcSons	 HTTP	protocols	

PubChemRDF	U.lity	



PREFIX cito: <http://purl.org/spar/cito/> 

PREFIX fabio: <http://purl.org/spar/fabio/> 

PREFIX skos: <http://www.w3.org/2004/02/skos/core#> 

PREFIX sio: <http://semanticscience.org/resource/> 

PREFIX dcterms: <http://purl.org/dc/terms/> 

PREFIX meshv: <http://id.nlm.nih.gov/mesh/vocab#> 

PREFIX mesh: <http://id.nlm.nih.gov/mesh/> 

 

select distinct ?disease ?diseaselabel 

where { 

  ?compound sio:has-attribute/dcterms:subject/skos:broader/concept:Acute_Toxicity_Oral . 

  ?syno sio:is-attribute-of ?compound . 

  ?syno dcterms:subject ?meshconcept . 

  ?pmid cito:discusses ?meshconcept . 

  ?pmid fabio:hasSubjectTerm ?DQpair . 

  ?DQpair meshv:hasQualifier mesh:Q000009 . 

  ?pmid cito:discusses ?disease . 

  ?disease rdf:type meshv:SCR_Disease . 

  ?disease rdfs:label ?diseaselabel . 

} 

Q: What adverse effects of chemicals that are oral acute toxic according to GHS 
statement have been reported in PubMed literature, annotated by MeSH indexing? 

PubChemRDF Use Cases: SPARQL query 



Image credit: 
http://msmissmrs.co.uk/wp-content/uploads/2015/06/community-words.jpg 



RDA/IUPAC	Workshop	at	EPA	



RDA/IUPAC	Workshop	at	EPA	
IUPAC	Orange	Book	Ontology																																																		(h]ps://drive.google.com/open?
id=1jRiJM048EyFwE2u3ikI37wxIsG5rAaKZFirklNpA0g)	

Develop	a	small	scale	ontology	of	chemical	terms	based	on	terms	in	IUPAC	Orange	Book	as	a	case	study.		
FoundaSonal	acSviSes	will	look	for	example	terminologies	that	have	been	converted	to	ontologies,	idenSfy	
where	terms	are	currently	being	used	and	in	what	contexts,	and	look	at	relaSonships	of	those	terms	to	others	
and	potenSal	differences	in	definiSons.	Terms	will	be	transferred	to	a	formal	ontology	in	a	plain	bibliographic	
format,	and	a	framework	will	be	developed	for	augmenSng	the	definiSon	of	terms	to	clarify	the	semanSc	
meaning	and	context.	

IUPAC	Gold	Book	Data	Structure																																																																																																																					(h]ps://drive.google.com/open?
id=1hJdM7h90MBVLLUWBPtHe6cM-URJGi4zSlwYn8rXWNb8)	

The	IUPAC	Gold	Book	is	a	valued	compendium	of	terms	sourcing	from	IUPAC	published	recommendaSons,	
including	other	Color	Books	and	Pure	and	Applied	Chemistry.	The	content	is	electronically	accessible	and	linkable	
but	not	easily	machine	readable.	This	project	is	related	to	a	current	effort	to	extract	the	content	data	and	term	
idenSfiers	and	migrate	them	into	a	more	accessible	and	machine	digestable	format	for	increased	usability.	

Use	Cases	for	Seman+c	Chemical	Terminology	Applica+ons			 	 												(h]ps://drive.google.com/open?
id=1Ss5-qsIrgzSMTkcvEd52Iq-lwEYN2qCCN-BxN1ogGlI)	

This	scoping	project	will	focus	on	researching	the	current	chemical	data	transfer	and	communicaSon	landscape	
for	potenSal	applicaSons	of	semanSc	terminology.	Example	use	cases	might	include	text	books,	patents,	arScle	
and	data	indexing,	standard	protocols,	experimental	literature,	published	ontologies	and	thesauri	with	chemical	
terms,	dicSonaries	for	text	mining,	etc.	IniSal	acSviSes	will	analyze	citaSons	to	terminology	in	the	IUPAC	Color	
Books	(including	the	Gold	Book)	and	Pure	and	Applied	Chemistry.		



You	can	help	improve	the	state	of	the	art	

Image credit: https://media.licdn.com/mpr/mpr/shrinknp_400_400/
AAEAAQAAAAAAAAcPAAAAJDFjOTk4YzRiLWJiZTItNDBkNi1hYTYyLTJkOTFiZTBlNTMzM
Q.jpg 

Image credit:  
http://www.idreamcareer.com/img/blog/1449649713-make-a-
difference.jpg 

Feel free to email me with questions and thoughts .. evan_bolton@nih.gov 



We have infrastructure 
We have data 

 
We need volunteers to help! 

  

Review terminology, provide use cases, perform 
assessments, help validate, and beyond. 

Feel free to email me with questions and thoughts .. evan_bolton@nih.gov 



Summary	

➢  PubChem	RDF	is	intended	for	ontology-based	data	integraSon	

➢  PubChem	databases	have	been	semanScally	exposed	to	linked	open	data	

➢  REST	interface	can	be	accessed	to	resolve	URI	references	

➢  FTP	dump	files	can	be	bulk-loaded	into	open	source	triples	stores	

➢  LCSS	informaSon	including	physical	properSes	and	GSH	statements	have	been	added	

➢  We	need	your	help	to	make	improvements	

Feel free to email me with questions and thoughts .. evan_bolton@nih.gov 



Thank	you	and	Ques+ons!	
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