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The Power of Accurate 
Mass

• Current API-TOF systems can measure mass with <3 ppm 
mass error with a resolving power of 4000 to 15,000 
depending on m/z value

• Since observed m/z values are indicative of molecular weight
– This is sufficient to propose a manageable number of empirical 

formulas
– Can be used to confirm presence of a suspected compound
– Can perform compound database searching to identify target 

compounds
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Approaches to Compound 
Identification

• Forward Search
– Integrate a chromatographic signal
– Obtain spectrum from each peak
– Use major m/z values to propose formulas or search 

database

• Reverse Search
– Input formula, calculate MW, consider adducts, 

charge state
– Extract appropriate ion chromatograms
– Obtain spectrum from top of peak
– Determine mass error
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Forward Search - Empirical 
Formula Generation
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Forward Search - Database 
Search
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Reverse Search – Formula 
Confirmation
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Reverse Search –
Database Search 

• Same approach as formula confirmation but 
use a database containing formulas and 
optionally retention times

• For each compound in database, extract 
appropriate ion chromatograms from data file

• Filter results by mass error, abundance and 
retention time difference 
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Limitations

• Forward Search relies on compound being 
present as a distinct peak in a 
chromatographic signal

• Reverse search times become significant with 
large databases

• (~25 minutes for 100 compound database)
• In complex samples, usually only care about a 

few components
– How to find the critical few? 
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Metabolites in Rat Urine
TIC of  -TOF M S:  from  UrineNeg1027_10_1A.w iff M ax. 1 .6e6 cps.
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Pesticides in Plant Extract
TI C of  +TO F M S:  from  W ork list Data26 .wiff M ax. 4 .3e 6 cps .

1 .0 2.0 3.0 4.0 5. 0 6 .0 7 .0 8.0 9.0 10 .0 1 1.0 1 2.0
Time,  min

8 .0e 5

9 .0e 5

1 .0e 6

1 .1e 6

1 .2e 6
1 .3e 6

1 .4e 6

1 .5e 6

1 .6e 6

1 .7e 6

1 .8e 6

1 .9e 6

2 .0e 6

2 .1e 6

2 .2e 6

2 .3e 6

2 .4e 6

2 .5e 6

2 .6e 6

2 .7e 6

2 .8e 6

2 .9e 6

3 .0e 6
3 .1e 6

3 .2e 6

3 .3e 6

3 .4e 6

3 .5e 6

3 .6e 6

3 .7e 6

3 .8e 6

3 .9e 6

4 .0e 6

4 .1e 6

4 .2e 6

9 .8611

7.6721

10.3008
11 .7809

8.9660 10.5178

6.9774 8.9102

6 .33185.9089

0.3316



August 8-11, 2005 Bristol, Rhode Island

Example - Diuron
Base Peak Chrom. of  +TOF MS: from WorklistData26.wiff Max. 4 .7e5 cps.
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Finding the Critical 
Information

• A TOF spectrum contains 40 – 100,000 data 
points

• At two spectra/second, a 20 minute analysis 
has 2400 spectra

• Dealing with 100 million mass abundance 
pairs

• Most have no value to the chemist
• Solution:

– Reduce data to ion sets indicative of compounds 
(molecular features)
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Mass Hunter Algorithm

• Detect spectral peaks for each spectrum
• Pool peaks, divide into m/z bins and strip out baseline 

data
• Remove small peaks to optimize computational 

performance
• Cluster peaks into time-m/z 2D space to form 3D peaks. 

Each peak represents an ion
• Group ions at same time into isotope clusters
• For each isotope cluster, determine charge carrier (H+, 

Na+, etc), multimer number (monomer, dimer, etc) and 
charge state

• Group all isotope clusters at same time attributable to 
one neutral mass to form a molecular feature

• All features eluting at same time are a group 
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Identifying Features
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Results of Data Reduction
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Results for 6.76 minutes
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2D Imaging

Original 
Data

Reduced 
Data
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Spectral Data

Desmedipham  C16H16N2O4, MW 300.111

Molecular Feature

Spectrum at 6.76 min 
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Original Spectrum
 +TOF MS: 6.752 min from WorklistData26.wiff Agilent, subtracted (6.068 to 6.176 min) Max. 1.0e4 counts.

140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540 560 580 600 620 640
m/z, amu

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

55%

60%

65%

70%

75%

80%

85%

90%

95%

100% 318.1461

421.1633
301.1194

323.1030

168.0671

422.1672335.2229136.0406
261.1456239.1660

333.2050 623.2128277.2130182.0759 346.1842256.1898
325.1086 413.2543 456.8572 510.3269



August 8-11, 2005 Bristol, Rhode Island

Narrowing the Results
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Using the Information

• Use the calculated molecular weight of a 
feature to:
– Propose empirical formulas
– Match against target compound database

• Metabolites
• Forensics

• Compare the features found to other samples
– Look for similarities
– Look for differences
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Molecular Features
Approximately 1500 M olecular Features 
Identified in a single Sample A Analysis
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Molecule Features Common 
to All Sample A Analyses

836 M olecular Features were common to all Sample A analyses
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Molecular Features Common 
to all A & B Samples

441 M olecular Feature were found to be present in all A and B 
Samples
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Comparison Details
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Identifying Biomarker
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Applications

• Create database of commonly found “features”
• Focus on similarities
• Focus on differences
• Create time/precursor ion inclusion lists for 

MS/MS experiments
• Use to calculate MW of multiply charged 

molecules when charge cluster isotopes are 
resolved
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Summary

• It is possible to reduce the data in very large 
files containing accurate mass information and 
produce a list of “features” indicative of 
compounds even when not observable as 
peaks in a chromatogram.

• By statistically comparing batches of these 
reduced data sets, information on the key 
compounds in complex samples can be 
extracted and used for further experiments


