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Presentation Outline

• A brief historical perspective on 
mass measurement from the era 
of Heavy Iron

• Accurate mass measurements by 
Time-of-Flight

• Accurate mass measurements by 
Ion Cyclotron Resonance (FT-MS)
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For a given compound the monoisotopic mass is the mass of the 
isotopic peak whose elemental composition is composed of the most 

abundant isotopes of those elements 

The monoisotoptic mass of this compound is 1155.6
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Why do we need accurate mass 
measurements in pharmaceutical 

development?

• Given a drug 
substance (MW 335)

• [M+H]+ = 336
• Accurate 

monoisotopic mass 
335.1897

• Molecular formula 
based on accurate 
mass C19H26NO3F

• 0.2% photolysis 
product (MW 333)

• [M+H]+ = 334
• Accurate 

monoisotopic mass 
333.1940

• Molecular formula 
based on accurate 
mass C19H27NO4
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Measuring Accurate Mass with 
Heavy Iron – “Peak Matching”

• Accomplished at “High Resolution”
• 10,000 resolving power (m/∆m; 10% 

valley definition)
• m/z = B2R2/2V  → m1/m2=V2/V1

• Overlay m1 (reference ion; PFK) with 
m2 (unknown) on an oscilloscope and 
measure V2/V1

• Peak shape critical for proper “match”
• “Datasystem” acquisition and control 

possible on later instruments
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Measuring Accurate Mass 
with Heavy Iron – “Scanning”

• Accomplished at “High Resolution”
• 10,000 resolving power (m/∆m; 10% 

valley definition) for short range 
linear voltage scans

• 5000 resolving power for GC/MS with 
exponential magnet scans

• Datasystem acquisition and calibration 
with reference ions (PFK internal 
reference)

• Peak shape very critical for proper ion 
beam centroiding by datasystem
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Measuring Accurate Mass 
with Time-of-Flight

• Instrumentation in use in 1950s
• T=L/v (T=flight time (sec); L=flight distance 

(m); v=velocity)
• Substituting into mv2/2=zV gives 

•t=Lm1/2/(2zV)1/2

• For high mass accuracy L and V must be carefully 
controlled or monitored/compensated

• Adequate mass accuracy requires higher 
resolution (~5000, 50% valley definition), and 
internal reference ion(s)

• Modern fast computers and electronics have 
made accurate mass TOF possible and routine
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Functioning of LC/MSD TOF

• An internal reference solution is 
added post column. 

• Several ionization methods 
available, including ESI, APCI, 
APPI. 

• Ion beam is pulsed sending the 
ions down the flight tube to 
spatially separate according  the 
m/z. 

• The ions are reflected off an ion 
mirror and further separated 
until they arrive at the front of 
the detector (at different flight 
times depending on there mass-
to-charge ratio). 

• The signal is passes to a 
microchannel 
plate/photomultiplier detector 
were it is amplified and 
recorded by the data system.
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ESI+ TOF Mass Spectrum of TMTMS

[M+H]+

[M+Na]+

[2M+Na]+
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Expanded ESI+ TOF Mass Spectrum of 
Irganox 1010

 +TOF MS: 7.699 to 7.976 min from Irgonax 1010 2.wiff Agilent Max. 2.5e5 counts.
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Elemental Composition Report for 
Irganox 1010 from ESI+ TOF-MS

Single Mass Analysis 
Tolerance = 5.0 PPM   /   DBE: min = -0.5, max = 40.0

Monoisotopic Mass, Odd and Even Electron Ions
289500 formula(e) evaluated with 3 results within limits (all results (up to 1000) for each 

mass)

Mass       Calc. Mass     mDa      PPM      DBE      Formula
1199.7727  1199.7738      -1.1     -1.0     19.5     12C73  1H108  16O12  23Na 

1199.7763      -3.6     -3.0     22.5     12C75  1H107  16O12 
1199.7680      4.7      3.9      28.5     12C80  1H104  16O7  23Na 
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Measuring Accurate Mass with 
Ion Cyclotron Resonance (FT-

MS)
• Instrumentation in use in 1950s
• m/z=B/2fc
• B created by a superconducting magnet
• All fc measured simultaneously producing an FID 

(interfering sine wave pattern)
• Fourier Transform converts data from time 

domain to frequency domain
• Accomplished at “Ultra-High Resolution”

• ≥100,000 resolving power typical

• Datasystem acquisition and calibration with or 
without reference ions ( internal reference)

• Modern fast computers and electronics have made 
accurate mass FT-MS possible and routine



August 8-11, 2005 Bristol, Rhode Island



August 8-11, 2005 Bristol, Rhode Island

ESI-FT/MS Mass Spectrum of 
Tetramethylthiuram Monosulfide (TMTMS)

209 210 211
m/z0

100

%

tetramethylthiruam 1 (0.000) Scan EI+ 
1.30e7209.0242

211.0198

[M+H]+

Isotope Peaks

250,000 Resolving Power (FWHM)
(external calibration)



August 8-11, 2005 Bristol, Rhode Island

Resolution of [M+H+1]+ Isotope Peak
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Elemental Composition Report for TMTMS 
from ESI+ FT-MS

Single Mass Analysis (displaying only valid results)
Tolerance = 5.0 PPM   /   DBE: min = -0.5, max = 20.0

Monoisotopic Mass, Odd and Even Electron Ions
556 formula(e) evaluated with 5 results within limits (all results (up to 1000) 

for each mass)

Minimum:   -0.5
Maximum:   2.0      5.0      20.0
Mass       Calc. Mass     mDa      PPM      DBE      Formula
209.0241   209.0241       0.0      0.1      1.5      C6  H13  N2  S3 

209.0239       0.2      1.1      11.5     C13  H5  O3 
209.0246       -0.5     -2.2     7.5      C6  H5  N6  O  S 
209.0232       0.9      4.2      2.5      C5  H9  N2  O5  S 
209.0232       0.9      4.2      8.0      C4  H3  N9  S 
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Elemental Formulae of Albuterol 
Ketone Fragment ions from LC-MSD 

TOF

Formula Theoretical Acquired mDa ppm DBE

C9H12NO3 182.0811 182.0819 0.7301 4.0101 4.5

C9H10NO2 164.0706 164.0712 0.5948 3.6258 5.5

C9H8NO 146.0600 146.0610 0.9596 6.5699 6.5
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Recent development in 
Hybrid FT/MS:

LTQ-FT/MS
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Base Peak Plot of Full Scan MS and 
Extracted Ion Chromatograms for the 

Three Ions of Interest

RT: 0.000 - 58.089 SM: 3G
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NL: 1.60E6
Base Peak F: FTMS + p ESI Full ms [ 
400.00-1600.00]  MS 
BI_FT_FT_DD_MS3_50x_dilution_02

NL: 5.82E4
m/z= 857.80-859.80 F: FTMS + p ESI 
Full ms [ 400.00-1600.00]  MS 
BI_FT_FT_DD_MS3_50x_dilution_02
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m/z= 869.80-871.40 F: FTMS + p ESI 
Full ms [ 400.00-1600.00]  MS 
BI_FT_FT_DD_MS3_50x_dilution_02
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ESI Full ms [ 400.00-1600.00]  MS 
BI_FT_FT_DD_MS3_50x_dilution_02

0.1 % 
impurity

DS

<0.1% impurity
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Accurate Mass Comparison and 
Isotopic Profile for the Elution 

Peak at 29.9 Minutes
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Accurate Mass Comparison and 
Isotopic Profile for the Elution 

Peak at 33.3 Minutes
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Full Scan MS/MS and MS3 Spectra for 
the 29.9 Minute Elution Peak
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Concluding Statement

As a result of the availability of 
LC-TOF (and FT-MS) technology, 
accurate mass measurement will 
again become routine for small 
molecule structure elucidation.
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