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Plan for this webinar

o Introduction to Mass Spectra

o Electron impact mass spectrometry (EI-MS)

o Softer ionization - tandem mass spectrometry (MS/MS)

o Overview of (GC-)EI-MS libraries 

o Overview of (LC-)MS/MS libraries

o Why do we need so many different libraries?

o Are you really sure? What to look out for … and …

o What to do if your spectrum isn’t in the library!

o Questions – via host (10 min)

EA278005 (massbank.eu) plotted in MetFragBeta
Structure image from ChemSpider, ID 4447447



Introduction – Mass Spectra

Image: chemwiki.ucdavis.edu
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F = Force 
z = charge
E = electrical field
v×B = vector cross product of ion velocity and magnetic field



Introduction – Mass Spectra
Example with Electron Ionization (EI)

Gas phase reaction: � + �− → �+�
+ 2�−

Information about the 
parent molecule

Information about 
structural moieties

(fragments, neutral loss)

Source: wikipedia.org



GC/MS Schematic

Source: (l) wikipedia.org (K. Murray)
(r) http://www.avivanalytical.com/Fast_GC.aspx

Total Ion Chromatogram

Mass Spectrum



Electron Ionization Mass Spectrometry (EI -MS)

o Very reproducible spectra 
(intensity and fragments)

o Rich in structural information 
=> “molecular fingerprint”

o Extensive libraries are available

(mainlib) Sulfamethoxazole
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Advantages
o Signal spread over all fragments

(lack of sensitivity)
o Limited compound range 

=> Derivatization often required
o Parent ion often low or missing

Disadvantages

Image: NIST14 Library, MS Search



Spectral Interpretation: EI -MS
“all in one” spectrum

Systematic fragmentation 
=> Structural information

“M” peak – molecular weight and
isotopic distribution of elements

-H2O
-Cl

-C=O

Image: NIST14 Library, MS Search



GC/EI-MS and Derivatization

(mainlib) Benzocycloheptene, 3-hydroxy-, TMS derivative
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Soft Ionization MS (e.g. electrospray, ESI)

o Broader coverage of compounds
e.g. polar, thermolabile

o Soft ionization technique
=> parent mass is often available

o High resolution and accurate mass

Advantages
o Presence of adducts and in-source 

fragments increase complexity
o Poor reproducibility and fewer 

fragments => spectra less comparable
o Ion suppression

Disadvantages

(mainlib) Sulfamethoxazole
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(massbank_eawag_upd) Sulfamethoxazole  [M+H]+  30%  P=254.1
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Images: NIST14 Library, MS Search



ESI: Presence of common adducts
[M+H]+, [M+NH4]+, [M+Na]+, [M+K]+ [M-H]-, [M+Cl]-, [M+FA-H]-

o Can hinder interpretation, but help calculate correct parent mass
o Presence and intensity depend on substance and conditions
o APCI: also see M+ and M-

o Can have multiply charged species

388.2551
[M+NH4]+



Role of Mass Spectral Libraries
… to put a structure to the spectrum (with a score)

Images: NIST14 Library, MS Search

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: ignores peaks in unknown absent in library spectrum

o 999 = perfect match (e.g. query library spectrum against library)
o >900: excellent match; 800-900: good match;
o 700-800: fair match; <600: very poor match
o 0 = absolutely no peaks in common



Role of Mass Spectral Libraries
… to put a structure to the spectrum (with a score)

Images: NIST14 Library, MS Search

o Probability match
o % “likelihood” that this spectrum is the correct answer
o Very high for e.g. atrazine - ~60-70 % are common “cut-offs”
o BUT: compounds with similar spectra in database can have low values



GC-MS Libraries – Overview 

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



GC-MS Libraries – Overview 
Large commercial collections: NIST14 and Wiley

o NIST14 MS Library (EI-MS; 70 eV)

o 276,248 spectra of 242,477 compounds

o 387,463 retention index values from 82,337 compounds

o Wiley 10th MS Library (EI-MS; 70 eV)

o 719,000 spectra of 638,000 compounds

o Combined NIST14 & Wiley 10th

o >950,000 spectra of >760,000 compounds

o Both compatible with most instrument manufacturers

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



GC-MS Libraries – Overview
Golm Metabolome Database (GMD): http://gmd.mpimp-golm.mpg.de/

MS and RTI of pure reference substances and frequently observed mass spectral tags 
(MST: mass spectrum linked to chromatographic retention) of yet unidentified metabolites



GC-MS Libraries – Overview*
FiehnLib: http://fiehnlab.ucdavis.edu/projects/FiehnLib/index.html

*HMDB, MassBank will be covered later; other collections are also available
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



GC-MS Libraries – Overview [recap]

http://www.sisweb.com/software.htm#2
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005



(LC-)MS/MS Libraries – Overview 

Various sources in addition to:
Vinaixa et al., 2016, TrAC, 78:23-35, DOI: 10.1016/j.trac.2015.09.005*excluding GC-MS and in silico spectra



(LC-)MS/MS Libraries - Overview

What makes a good library? 

Quality? Quantity? 

Coverage? Structures? 

Relevance? Services?

…it depends on your question!



METLIN: https ://metlin.scripps.edu/
Smith et al. 2005. DOI: 10.1097/01.ftd.0000179845.53213.39

+  One of largest collections
+  Consistent format (Agilent 6510 Q-TOF, ESI+/-, 0, 10, 20, 40 eV)
- Restricted access (“semi-open”); not downloadable



https://metlin.scripps.edu/
Interactive fragment fly-over



GNPS: http://gnps.ucsd.edu/ProteoSAFe/libraries.jsp
Global Natural Products Social Molecular Networking



GNPS: http://gnps.ucsd.edu/ProteoSAFe/libraries.jsp
Global Natural Products Social Molecular Networking

+  Fully open, downloadable, individual collections
+  Users can contribute / upload their own
+  MS/MS of adducts, unidentified structures
+  Over 8,853 MS/MS spectra and constantly growing
+  Comes with repository, search and live update functions
+  Data exploration: e.g. http://goo.gl/NmO4tx and http://goo.gl/7sY9Pf
- Very few negative mode spectra
- Limited/incorrect information about compounds/spectra
- No spectral clean up – gold is not really “gold”

Wang, M. et al. 2016, Nat. Biotech., 34: 828-837. DOI: 10.1038/nbt.3597 

http://goo.gl/NmO4tx
http://goo.gl/7sY9Pf


NIST14 MS/MS Library
http://www.sisweb.com/software/nist-msms.htm

http://www.sisweb.com/software/nist-msms.htm


NIST14 MS/MS Library
http://www.sisweb.com/software/nist-msms.htm

+  Very large collection: 234,284 ESI MS/MS spectra of 9,344 substances
+  Very well curated (Yang et al. 2014, DOI: 10.1021/ac500711m)
+  MS/MS of many adducts
+  Spectra from multiple instruments (low and high resolution)
+  Users can include their own libraries quite easily if in NIST format
+  Integrated into most vendor software/workflows
+- Offline functionality
- Commercial license (but great investment!)
- Lack of external identifiers
- Difficult to integrate into open workflows

NIST-related reading: 
Yang et al. 2014, DOI: 10.1021/ac500711m
Stein, 2012, DOI: 10.1021/ac301205z

http://www.sisweb.com/software/nist-msms.htm


m/z Cloud: https:// www.mzcloud.org/
HighChem, Bratislava



m/z Cloud: https://www.mzcloud.org/
More stats: https://www.mzcloud.org/Stats

+  By far largest number of spectra (but fewer compounds than NIST)
+  Very well curated – raw and processed data both available
+  Spectral trees and MS/MS of many adducts
+  High resolution data (Orbitrap)
+  Annotated spectra – formulas, structures, quantum chemical models
+  Growing and updated constantly – users can contribute
- Semi-open – not downloadable or batchable
- Commercial license for extended functionality
- Extended functionality (at this stage) limited to Thermo users
- Difficult to integrate into open workflows



Wiley: MSforID (Oberacher )
http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037448.html
Oberacher and Arnhard, 2016, TrAC, DOI: 10.1016/j.trac.2015.12.019

+  High resolution, curated collection
+  Specialist substances: drugs, 

pharmaceuticals, pesticides
- Relatively small collection
- Commercial license

http://eu.wiley.com/WileyCDA/WileyTitle/productCd-1118037448.html


Wishart Lab Collections
http://www.wishartlab.com/web_servers

http://www.hmdb.ca/ http://www.drugbank.ca/

http://foodb.ca/ http://www.t3db.ca/



Wishart Lab Collections

+  MS or MS/MS data on over 9,500 substances
+  Downloadable collections
+  Spectra from multiple instruments (low and high resolution)
+  Including predicted spectra as well
+  Cross-linked to other resources
+- Mixed collision energies and instrument types
- Fragmented collections – difficult to see what is where



WEIZMASS: Plant metabolite HR -MS/MS
Shahaf et al. 2016 Nat. Comm. 7:12423. DOI: 10.1038/ncomms12423

+  Large reference standard collection of 3,308 plant metabolites
+  Consistent MSE acquisition; spectral annotation
- Available for academic use on request only



MassBank : The original Japanese server
www.massbank.jp, Horai et al. 2010, DOI: 10.1002/jms.1777 

+  54,349 spectra
+  >4,100 substances
+  Public repository
+  User contributions
+  Downloadable OpenData
+  Spectra from multiple 

instruments (EI, ESI, low and 
high resolution)

- Mixed quality of spectra
- Services out-of-date

http://www.massbank.jp/


MassBank Consortium
Exchanging spectra around the world



European MassBank
http://massbank.eu/MassBank

o MassBank.EU was founded late 2012, hosted at UFZ, Leipzig, Germany

o 16,017 MS/MS spectra; 1,232 substances from NORMAN members

o Tentative/unknown/literature spectra on massbank.eu (not massbank.jp)

http://massbank.eu/MassBank


MassBank of North America
http://mona.fiehnlab.ucdavis.edu/

http://mona.fiehnlab.ucdavis.edu/


MassBank of North America
Largest collection of (Fully Downloadable) Open Mass Spec Data

+  204,604 spectra – all open data plus more
139,746 in silico spectra
64,858 experimental spectra (44,076 LC-MS)

+  72,089 tot./ 14,736 exp. unique “first block InChIKeys”
+  Downloadable collections
+  Spectra from multiple instruments 

(low, high resolution)
+  Including predicted spectra as well
+  Cross-linked to other resources
+  Great to incorporate into workflows
+  Developers open to feature suggestions
+- In development – not static or fully functional
- Format: great for informaticians, less ideal for users
- Automatic curation/annotations still under development



What do the (environmental) users use?

Croatian
Water

RWS



What do the (environmental) users use?
Database/Library Name Total Compounds Compounds with Spectra 

ChemSpider [35] 32 million  

DAIOS [49,50] 1,404 >1,000
a
 

PubChem [48] 63,105,228  

STOFF-IDENT [38] 8,000
b
  

MassBank [51,52]  5,000 

mzCloud [53]  1,956 

NIST MS 2011 [11,54]  212,961
c 

NIST MS/MS 2011 [11,54]  4,628 

Wiley Registry of Mass Spectral Data 7
th

 Edition [12]  289,000 

ABSciex Meta Library  2,381 

Agilent Broecker, Herre & Pragst toxic/forensics 7,509
c
  ~2,500 

Agilent Pesticide Library 1,664 ~700
c
 

Agilent Synthetic Substance Library 23,053 n/a 

Agilent METLIN database 64,092 8,040 

Bruker Pesticide Screener  700
d
 

Thermo Environmental Food Safety (EFS) with RT  454
dp

; 447
p
; 90

dn
; 278

n
 

Thermo toxicology  618
p
; 36

n
 

Waters database with RT  730
de

  

In-house Libraries without spectra (two participants) 2,000; 1,600  

In-house Libraries with spectra (two participants)  526
d
; 63

d
 

In-house Libraries with spectra for some substances 2,200
d
  835

ad
 

 7,815 1500
ap

; 500
an

 

 3,000  350
d
 

Surfactant List [3] 394  

 

Compound DBs

Spectral Libraries

Vendor-
Specific

Libraries

In-house lists/libraries

Schymanski et al 2015. DOI: 
10.1007/s00216-015-8681-7



Do we need all these MS/MS resources?
…at this stage – YES!

=  HMDB,
GNPS,

MassBank,
ReSpect

Vinaixa et al. 2016, TrAC, 
DOI: 10.1016/j.trac.2015.09.005

Compound lists 
provided by: 
S. Stein, R. Mistrik, Agilent

Substance overlap between major libraries – excluding stereochemistry



Improving Library Coverage

Automatic MS and MS/MS
Recalibration and Clean-up 
Remove interfering peaks

Spectral Annotation with
- Experimental Details

- Compound Information

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/
Stravs et al. 2013, J. Mass Spectrom., 48, 89–99. DOI: 10.1002/jms.3131

https://github.com/MassBank/RMassBank/
http://bioconductor.org/packages/RMassBank/


SPLASH – Communicate between libraries

splash10 - 0002    - 0900000000 - b112e4e059e1ecf98c5f
[version]  - [top10] - [histogram]   - [hash of full spectrum]
http://mona.fiehnlab.ucdavis.edu/#/spectra/splash/splash10-0002-0900000000-b112e4e059e1ecf98c5f

https://www.google.ch/search?q=splash10-0002-0900000000-b112e4e059e1ecf98c5f

Wohlgemuth et al. accepted
http://splash.fiehnlab.ucdavis.edu/

http://mona.fiehnlab.ucdavis.edu/%23/spectra/splash/splash10-0002-0900000000-b112e4e059e1ecf98c5f
https://www.google.ch/search?q=splash10-0002-0900000000-b112e4e059e1ecf98c5f


SPLASH – Communicate between libraries
http://splash.fiehnlab.ucdavis.edu/ Wohlgemuth et al. accepted

http://splash.fiehnlab.ucdavis.edu/


“Probable Structure by Spectral Match”
Schymanski et al 2015. DOI: 
10.1007/s00216-015-8681-7

Peak 

picking

Non-target HR-MS(/MS) Acquisition

Target

Screening

Suspect

Screening

Non-target

Screening

Start
Level 1 Confirmed Structure

by reference standard

Level 2 Probable Structure

by library/diagnostic evidence

Start
Level 3 Tentative Candidate(s)

suspect, substructure, class

Level 4 Unequivocal Molecular Formula

insufficient structural evidence 

Start
Level 5 Mass of Interest

multiple detection, trends, …

“downgrading” with 

contradictory evidence

Increasing identification

confidence

Target list Suspect list

Peak picking or XICs

Schymanski et al, 2014, 
ES&T, 48 (4), 2097-2098. 
DOI: 10.1021/es5002105



“Probable Structure by Spectral Match”
…interpret this with care!

Similarity = 0.9998
Similarity (I0.5) = 0.9858

Similarity = 0.9998
Similarity (I0.5) = 0.9895

o Be very cautious with 
single-peak spectra! 

Non-target and standard
measured with identical 
conditions

Non-target and library 
spectrum acquired on 
different set-up

Schollée et al. in prep.; Schymanski et al in prep.



What if my spectrum isn’t in the library?

PANIC?

Images from: http://cfmid.wishartlab.com/#; http://msbi.ipb-halle.de/MetFragBeta/;  
http://prime.psc.riken.jp/Metabolomics_Software/MS-FINDER/index.html; http://www.csi-fingerid.org/; 
http://www.emetabolomics.org/magma; https://github.com/savantas/MAGMa-plus

http://cfmid.wishartlab.com/
http://msbi.ipb-halle.de/MetFragBeta/
http://prime.psc.riken.jp/Metabolomics_Software/MS-FINDER/index.html
http://www.csi-fingerid.org/
http://www.emetabolomics.org/magma
https://github.com/savantas/MAGMa-plus


CASMI 2016
www.casmi -contest.org

http://www.casmi-contest.org/


Mass Spectral Libraries for Small Molecules

o There are many different mass spectral resources out there!

o Find the one(s) best suited to your actual purpose

o Always take care when interpreting your results – is the answer really clear?

o Consider contributing your spectra to open repositories

o The more the merrier – BUT – high quality annotation is really important



Acknowledgements

Slides: 
www.eawag.ch/~schymaem

…the mass spec community

EU Grant 603437

…and you all for listening!

http://www.eawag.ch/%7Eschymaem


Please feel free to contact us with any questions or suggestions via info.emn@metabolomicssociety.org

Next EMN webinar will be in November, 2016

Look out for the Advert

mailto:info.emn@metabolomicssociety.org
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