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An overview of databases

o Compound databases (at least the free ones!)

o ChemSpider

o PubChem

o GC-EI-MS Databases

o Demonstration using NIST

o Online MS and MS/MS databases

o MassBank

o METLIN

What to do with raw data?
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Database Searching
Some Definitions

o Compound Database:

o A collection of structures, basic properties and associated information1

o Generally, no spectral data – just structures

o ChemSpider/PubChem have >25,000,000 entries
o But don’t assume that everything is in here, it’s not!

o Mass Spectral Databases (or Libraries)

o A collection of structures, their mass spectra and associated information

o NIST and Wiley Mass Spectral Libraries are the very widely accepted 
resources for GC-EI-MS

o NIST11: >200,000 spectra; Wiley 9th: >660,000 spectra2

o MS/MS databases are growing; none are yet “established”

o MassBank: 31,152 spectra; 

o METLIN: 52,904 HR-ESI-MS/MS

1http://www.chemspider.com/About.aspx.          2http://www.sisweb.com/software/ms/wiley.htm

Database Searching
What do you really want to achieve?

o Compound database:

o I want to find out more about compound X

o I have a mass and error – what could it be?

o I have a molecular formula – what could it be?

o Mass Spectral database

o I have a mass and error or a molecular formula

o Are there any spectra? What do they look like?

o I have an EI-MS spectrum and NIST

o How to interpret NIST results - %, match, reverse match, …

o I have a MS/MS peak list

o Spectrum search with MassBank, METLIN

Compound Database 1: ChemSpider
http://www.chemspider.com/
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Compound Database 1: ChemSpider
Simple Search - Name

o “Simple Search” – is already quite complicated!

o Names are quite straightforward – type it in and see

o Many compounds even have local language names now

Compound Database 1: ChemSpider
Simple Search – CAS Number

o “Simple Search” – is already quite complicated!

o Registry numbers – e.g. CAS Number

o CAS = Chemical Abstract Services = all registered chemicals

o Generally the form XXX-YY-ZZ – Xs can be 5 or 6 digits long.

o CAS have their own database

o https://scifinder.cas.org – but not for free!

Compound Database 1: ChemSpider
Simple Search - SMILES

o “Simple Search” – is already quite complicated!

o SMILES – not to be confused with smileys 

o Simplified Molecular Input Line Entry System

o Basically, summarises your molecule into one line of text

o http://www.daylight.com/dayhtml/doc/theory/theory.smiles.html
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Compound Database 1: ChemSpider
Simple Search - InChIs

o “Simple Search” – is already quite complicated!

o InChI = IUPAC International Chemical Identifier

o http://www.iupac.org/inchi/ - the “official” website
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CH3CH3InChI=1S/C8H14ClN5/c1-4-10-7-12-6(9)13-8(14-7)11-5(2)3/h5H,4H2,1-3H3,(H2,10,11,12,13,14)
InChI Key: MXWJVTOOROXGIU-UHFFFAOYSA-N

CH3

CH3

InChI=1S/C6H14/c1-3-5-6-4-2/h3-6H2,1-2H3
InChI Key: VLKZOEOYAKHREP-UHFFFAOYSA-N

OH
InChI=1S/C6H6O/c7-6-4-2-1-3-5-6/h1-5,7H
InChI Key: ISWSIDIOOBJBQZ-UHFFFAOYSA-N

Compound Database 1: ChemSpider
Advanced Search

Be careful!

Compound Database 1: ChemSpider
Advanced Search - Structure

This search can be tricky 
to get working properly
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Compound Database 1: ChemSpider
Advanced Search - Elements

o Search by molecular formula, weight or masses

o Only the exact molecular formula is accepted (not a “fuzzy formula”)

o The drop-down menus have an impressive range of options that are 
very useful for mass spectrometry measurements!

(unfortunately they don’t appear on screen shots…)

Compound Database 1: ChemSpider
Advanced Search - Properties

o Search by calculated properties – unfortunately only ACD ones…

o The most relevant ones for EDA are likely to be the top 3

o Martin will tell you more about this…

Compound Database 1: ChemSpider
Advanced Search – Calculated Properties

http://www.chemspider.com/Chemical-Structure.2169.html - Atrazine

o Records are “compact” by default: if you want to see more, click around

Compound Database 1: ChemSpider
An example record

http://www.chemspider.com/Chemical-Structure.2169.html - Atrazine

o Of most interest for us: typically the properties

Compound Database 1: ChemSpider
An example record

o Epicatechin – three entries, different stereochemistries

Compound Database 1: ChemSpider
An example retrieval – with symmetry
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Compound Database 2: PubChem
Happy Birthday PubChem – 8 years, made a huge difference!

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

PubChem can
be a little tricky 

sometimes

PTO

Compound Database 2: PubChem
PubChem Compound (not Substance!)

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

This advanced search option was broken when I tried it…
But not the option from the first website:

Compound Database 2: PubChem
PubChem Compound – Advanced Search

Similar to ChemSpider without so much clicking…

…and many 
more options

Compound Database 2: PubChem
PubChem Search Example

Compound Database 2: PubChem
PubChem Record Example

Check out this record for more – it’s long!

Compound Database Searching
What do you really want to achieve?

More chances to have a look and ask

questions during the practice session
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Mass Spectral Database Searching
What do you really want to achieve? Find spectra, or compounds?

o NIST Database

o Search options

o How to interpret NIST results - %, match, reverse match, …

o Different libraries

o MassBank, NORMAN MassBank, METLIN, …

o Brief overview

o Search options

NIST Database – an overview

NIST Database
What do all the numbers mean?

o Probability match

o % “likelihood” that this spectrum is the correct answer

o Very high in this case - because it is a clear result

o Most people use ~60-70 % as a “cut-off

o BUT: compounds with similar spectra in database can have low values

o MassBank, NORMAN MassBank, METLIN, …

o Brief overview

o Search options

NIST Database
What do all the numbers mean?

o Match and Reverse Match

o Compares the query (unknown) spectrum with a library entry

o Match: a direct match factor for the unknown and library

o Reverse Match: a match between unknown and library but ignoring any 
peaks in the unknown that are not in the library spectrum

o 999 = perfect match (e.g. query library spectrum against library)

o >900: excellent match; 

o 800-900: good match;

o 700-800: fair match;

o <600: very poor match

o 0 = absolutely no peaks in common

o See http://www.nist.gov/srd/upload/Ver20Man.pdf for more (p. 25)

o Also: Stein & Scott, 1994, J. Am. Soc. Mass Spectrom. 5, 859-866

o Stein, 1995, J. Am. Soc. Mass Spectrom. 6, 644-655 (substructures)

NIST Database
Substructure Information

NIST Database
Retention Index Information

Stein et al., 2007, J. Chem. Inf. Model. 47, 975-980 (KRI estimation)
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NIST Database
Additional Features

o Searches

o Define the library you want to search (main, MS/MS, rep, …)

o Names, formula, CAS, exact mass, peaks, …

o MS/MS listing for those users – but not as many entries

o Plenty of additional features, but will not go into this today…

MassBank
Mixed spectra, web-based database

www.massbank.jp

Horai et al. 2010: DOI 10.1002/jms.1777

NORMAN MassBank
European MassBank – for environmental purposes

http://massbank.normandata.eu/MassBank/

NORMAN MassBank
European MassBank – for environmental purposes

http://massbank.normandata.eu/MassBank/

Search your spectrum through here

Search many other options here

Browse through the records here

MassBank Quick Search
Search compounds or peaks

MassBank Quick Search
Search compounds or peaks
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MassBank Record Index
Have a look at what

is in MassBank:

Contributor:

Instrument Type:
(Oribtrap = ITFT)

Compound 
Name: watch out 
for numbers…

Searching MassBank
What do you want to achieve?

o MassBank is a mixed database

o Be careful to pick and mix your settings

o Adjust the thresholds to the data you have

o …but also to the data in MassBank

o Tolerance is in Da (i.e. one mass unit)

o Quality of spectra is quite mixed

o …as is the information provided in them

More in the practice session!

Lucky Last Database - METLIN
A very brief introduction

Make sure you try this in 
the practice session

METLIN – Simple Search
http://metlin.scripps.edu/...

Visual summary of Databases

o Compound databases (at least the free ones!)

o ChemSpider

o PubChem

o GC-EI-MS Databases

o Demonstration using NIST

o Online MS and MS/MS databases

o MassBank

o METLIN

Practice Session

Compound Databases

Mass Spectral Databases


