
MS Interpretation I

Identification
of the 

Molecular Ion



Molecular Ion: EI

• Requirements for the Molecular Ion
– Must be the highest m/z peak in the spectrum

• Highest Isotope Cluster

• Must be an odd-electron ion
• High mass fragments must be explained

– must come from logical neutral losses

• These are necessary but insufficient 
conditions for molecular ion identification



Odd-Electron Ions

• Molecular Ion in EI must be odd-electron
– Referred to as “OE”  (with symbol “+•”)
– Even electron ions “EE” (with symbol “+”)

• Most fragment peaks are EE ions
• OE ions have integer RDB numbers
• Must follow the nitrogen rule

– A compound with an even number of 
nitrogens will have an even mass number



EI: Logical Neutral Losses

• Neutral certain masses are highly unlikely
– Mass 4 to 14
– Mass 21 to 25

• If high-resolution data is available, then 
the test is more clear
– M-15 is common (M-CH3) but if HRMS can 

determine that M-15 is M-NH, then M is 
probably not the molecular ion



Molecular Ion

• Sometimes EI will not give a molecular ion 
peak
– Molecular ion peak may be very small

• Small background peaks may be 
incorrectly identified
– Software background subtraction can 

eliminate some spurious peaks
• Confirmation by a “soft” ionization 

technique
– CI, ESI, APCI, MALDI



Molecular Ion: ESI

• Not necessarily the highest mass peak in 
the spectrum

• Pseudomolecular ions are formed
– Multiple ions (M+H, M+Na etc.) could come 

from the same molecule
– Cluster ions (2M+H, 2M+Na etc.) can be 

observed at higher concentration
– Usually dilution of the sample will indicate 

whether an ESI dimer is covalent.
• Cluster ions can identify ionizing group



Molecular Ions: ESI

• Other species can form depending on the 
functional groups present in the molecule
– Acidic/exchangeable protons can exchange 

with sodium/other metal ions to form:
• M-H+2Na, M-2H+3Na, etc. depending on the 

amount of sodium present and the number of sites.

• Multiply charged peaks can give even 
more complex patterns

• Addition of a homogeneous ionizing agent 
can simplify spectra and confirm molecular 
ion



Molecular Ions: ESI

• Sometimes chemistry can occur between 
the analyte and the solvent.
– May be an equilibrium process

• Aldehydes and α,β-unsaturated carbonyls 
can add solvents like water or methanol
– These peaks can be confirmed by re-running 

the sample in a different solvent



Molecular Ions: ESI

• Ambiguous cases can sometimes be 
resolved by running both positive and 
negative ion spectra
– Ions may be separated by 2 or 24 amu

• Addition of deuterated solvent can expose 
the number of exchangeable protons
– In some cases, kinetics of H/D exchange can 

be measured this way



Molecular Ion

• Once molecular ion is established, the 
peak (and it’s surrounding isotopic peaks) 
should be examined
– Compound Molecular Weight

• Begins to limit possible molecular formula (MF)
– Isotopic distribution

• Certain elements are quite characteristic
– High resolution measurement

• Further limit MF
– Software evaluates exact mass and isotopic 

pattern together to limit MF



Isotopic Abundance and Peaks
• For nearly all elements, there are multiple isotopes with some natural 

abundance.
• Every atom in a molecule has a chance of being one of these isotopes. So, 

there will be some fraction of molecules that will be heavier than expected 
parent mass.
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Isotopic Abundance and Peaks
• For nearly all elements, there are multiple isotopes with some natural 

abundance.
• Every atom in a molecule has a chance of being one of these isotopes. So, 

there will be some fraction of molecules that will be heavier than expected 
parent mass.

For some, isotope 
mass difference is 1.

For others, mass 
difference is >1.

These differences are exhibited as multiple peaks in mass spec.



Isotopic Abundance and Peaks
Atoms are nicknamed “A + n” in mass spec, based on most prevalent 
higher isotope mass.
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Isotopic Abundance and Peaks
Atoms are nicknamed “A + n” in mass spec, based on most prevalent 
higher isotope mass.

H: “A + 1”.
Contributes to 
peak at M + 1 in 
MS.

Br: “A + 2”.
Contributes to 
peak at M + 2 in 
MS.



Isotopic Abundance and Peaks
A + n isotopes generate characteristic patterns in mass spectra.
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Isotopic Abundance and Peaks
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Isotopic Abundance and Peaks
A + n isotopes generate characteristic patterns in mass spectra.
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Isotopic Abundance and Peaks
Halogen isotopes generate characteristic patterns in mass spectra.

Pictures of these patterns 
available in textbook, Pretsch.

(Refers to two chlorines in any 
molecule, not just Cl2.)



Isotopic Abundance and Peaks

Though isotopic contributions of 13C, 2H to MS are small, they add up.

McLafferty, F. W.; Turecek, F. Interpretation of Mass Spectra.

If, for a carbon-containing compound, peak A has intensity 100, then higher-mass 
peaks have intensity:



Isotopic Abundance and Peaks

Though isotopic contributions of 13C, 2H to MS are small, they add up.

McLafferty, F. W.; Turecek, F. Interpretation of Mass Spectra.

If, for a carbon-containing compound, peak A has intensity 100, then higher-mass 
peaks have intensity:

For a large enough number of 
carbons, M is no longer most 
intense peak.



Isotopic Series in Large Molecules

335

For the EI-MS of strychnine (C21H22N2O2), 
what should the intensity of (M + 1),
m/z = 335, be?

P13C

P2H

P15N

P17O

= 21(1.1%)

= 22(0.015%)

= 2(0.37%)

= 2(0.04%)

= 24%
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Exact Masses and Molecular Formulae

12C mass set to
12 amu,
exactly.

As a result,
1H mass is 

actually higher 
than 1 amu.

And 16O mass is 
lower than 16 

amu.

Isotopes vary from unit masses by “mass defect”.
1H has positive mass defect; 16O has negative mass defect.



Exact Masses and Molecular Formulae

molecular
formula

m/z
(unit)

m/z
(exact mass)

C10H22 C6H6O4 C6H10N2O2 C6H6S2

142 142 142 142

142.1723 142.0264 142.0743

So, molecules with different molecular formulae have different exact masses.

141.9911



For small molecules,
it’s possible to distinguish
all possibilities with ~5ppm
mass accuracy



Exact Masses and Molecular Formulae

How to determine a molecular formula from an exact mass:
• Look up in a table, or

From R. M. Silverstein, F. X. Webster, Spectrometric
Identification of Organic Compounds (Wiley, 1998), 6th ed.



Exact Masses and Molecular Formulae

How to determine a molecular formula from an exact mass:
• Look up in a table, or
• Use a web-based calculator.

C6H6S2 is closest match.



Quiz


