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Overview

Traditional Techniques

• Spectra search against reference libraries

• Spectra classification

• Accurate mass search

• Predictive fragmentation

New Method

• Precursor Ion Fingerprinting (PIF)

 



 

Mass Spectrometry is indirect structure elucidation method



 

Fragmentation Processes  

“A mass spectrum of an organic molecule exhibits a peak for almost each 
mass which can conceivably be constructed from any number of the atoms 

present in the molecule”
Klaus Biemann, Mass Spectrometry: Organic Chemical Applications, McGraw-Hill, New York, 1962, pp 72

“A mass spectrum of an organic molecule exhibits a peak for almost each 
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Fragmentation Processes  
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The primary goal of spectra classification is to find correlation between the 
properties of compounds and their mass spectra: common substructures, point of 
origin, toxicity, smell, color, taste etc.
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Mass Spectra Classification  
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Mass Spectra Classification  



 

Accurate mass search against structural libraries 
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Consistency checking between library structure and 
mass spectrum
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Metabolite ID using Predictive Fragmentation
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Precursor Ion Fingerprinting (PIF)
A new concept for the interpretation of mass spectra

Structure
Candidate(s)Mass Spectrum Substructures Structure

Assembly

Precursor Ion Fingerprinting (PIF)

Efficient structure characterization of small molecules remains a huge
bottleneck in an array of disciplines.

Principle of the structure elucidation using PIF

 



 

The probabilities of the various possible decomposition products of an ion 
depend upon its structure, internal energy, and the energy deposited 
during ion activation, but are independent of the structure of the precursor 
ion and the formation mechanism of the ion undergoing decomposition.

Quasi-equilibrium theory:
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Precursor Ion Fingerprinting (PIF)

“The probabilities of the various possible decomposition products of an ion depend upon its structure, 
internal energy, and the energy deposited during ion activation, but are independent of the ionization 
method, the structure of the precursor ion, and the formation mechanism of the ion undergoing 
decomposition.”

F. McLafferty, F. Turecek, Interpretation of Mass Spectra, 1993, 4th Edition, USB

Quasi-equilibrium theory:

Avrg. M S1

A vrg. MS2 374.00

Avrg. MS 3 255.10 File M S3 356.70

Avrg . M S1

A vrg. MS2 346.00

Avrg. MS 3 255.10 File M S3 328.80

Avrg . M S1

A vrg. MS 2 377.10

SC ID  255 .10 SC ID  359 .10

Avrg. MS 2 394.10

209.1

Avrg. MS 3 377.10

100

0

50

75

25

80 100 120 140 160 180 200 220 240 260

159.1

253.2133.1 173.1
145.1 199.1107.0

211.3 235.080.9

MS3 precursor m/z 255
100

0

50

75

25

80 100 120 140 160 180 200 220 240 260

159.1

133.1

173.1145.1 199.1109.077.0 227.2

MS3 precursor m/z 255 100

0

50

75

25

80 100 120 140 160 180 200 220 240 260

159.1

133.1

173.2145.1 199.1109.0 226.981.0

MS3 precursor m/z 255
O H

O H
O H

OH

O

O

OH

O

O

OH

O
O



Precursor Ion Fingerprinting (PIF)
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Precursor Ion Fingerprinting (PIF)
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Prediction of Fragmentation Pathways



 

Mass Frontier Fragmentation Library™

Total number of Mass Frontier 5.0 Mass Frontier 6.0 

Fragmentation Schemes 20.003 30.936

Individual Reactions 87.966 129.229

Chemical Structures 101.850 151.762

Decoded Mechanisms 81.389 120.029



 

Fragmentation Library™



User provided fragmentation mechanism can improve fragment prediction for 
metabolites

User suggested 
fragmentation 

mechanism for parent 
drug

 

User’s mechanism 
applied to predicted 
metabolite structure



 

Automated Interpretation of Mass Spectra

Structure generator

Library Search

Structural 
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Matching product-ion 
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Bad news: Success rate of ion identification depends on the comprehensiveness 
of the reference library of ion spectra (PIF Library).

Automated Interpretation of Mass Spectra
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Good news: Metabolite ID operates in a structurally finite space!
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Fragmentation reactions of parent 
drug stored in fragmentation library 
are applied to prediction of fragments 
for parent drug metabolites

Parent drug
(Library)

Metabolite
(Prediction)

Fragmentation Library™:
• HighChem library 100,000 mechanisms
• User defined mechanism

Fragment structure assignment



 

Matching product-ion spectra (MS3) reveal common 
substructures of parent drug and metabolites
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TIC of +EMS: Exp 1, from Sample 12 (365) of MS05GE-060126-CG-A001.wiff (Turbo Spray) Max. 4.2e10 cps.
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Pennanen, K.; Kotiaho, T.; Huikko, K.; Kostiainen, R.; 
Identification of ozone-oxidation products of oxycodone by 
electrospray ion trap mass spectrometry. Journal of Mass 
Spectrometry 2001, 36, 795.
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Site of glucoronization can be determined using fragmentation prediction and PIF 
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TIC of +EMS: Exp 1, from Sample 12 (365) of MS05GE-060126-CG-A001.wiff (Turbo Spray) Max. 4.2e10 cps.
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LC-MS of 5 µM Venlafaxine + Metabolite Standards

Venlafaxine m/z 278
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Metabolite ID using PIF
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Flavonoid Metabolite Identification by PIF 
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Determination of Ion Structures in Structurally Related Compounds Using Precursor Ion Fingerprinting
J Am Soc Mass Spectrom. 2009 March;20(3): 370-376

Michelle T. Sheldon, Robert Mistrik, Timothy R. Croley
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The logical data structure that best reflects spectra dependencies is a tree.

Total composite spectra – lost of the most valuable information

Parallel product spectra 
from any precursor ion can 
be stored and searched 
(various collision energies, 
average and composite, 
SCID, wide-band activation, 
isolation width)

New MSn spectra representation
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