
Chapter 20 - Molecular Mass Spectrometry 

MS is probably the most widely applicable of all the 
analytical tools available. 

Read pp. 550-570      Problems: none 

1. Elemental composition of samples of matter. 
2. Structures of inorganic, organic and biological molecules. 
3. Qualitative and quantitative composition of complex samples. 
4. Structure and composition of solid surfaces. 
5. Isotopic ratios of atoms in samples. 



Components of a Mass Spectrometer 



Mass Analyzers - Quadrupole 

Whether a positive ion strikes the rod depends on the rate of 
movement of the ion along the z-axis, its m/z ratio, and the 
frequency and magnitude of the ac signal. 



Mass Analyzers – Time-of-Flight 

(+) ions produced by pulsing a sample with e- or photons (~25 kHz  and 0.25 
ms). Ions are accelerated into the flight tube with a pulsed electric field ~104 V.  
Lighter elements arrive at the detector earlier, heavier elements later. 
Advantages – ruggedness, unlimited mass range, rapid data acquisition rate. 

zeV = KE = ½(mv2) tf = L/v = L (m/2zeV)1/2  



Mass Analyzers – Double Sector 

m/z = (B2r2e)/2V 

Usually ions are sorted by holding V and r constant, and sweeping B. 

Corrects for directional 
and energy distribution of 
ions from source. Limits 
KE of ions reaching 
magnet. 

Double focusing  improves resolution! 



Mass Spectrum 

Spectral features 
depend on method 
of ionization! 

Hard ionization 

Soft ionization 

Most ideal to have 
the molecular ion 
to remain intact so 
M•+ can be 
determined. 

M-15  CH3 

M-31 CH2OH 



Ion Sources – The Starting Point 

Formation of gaseous ions. Gas phase sources – sample is 
vaporized and then ionized. 103 Da limit.  Desorption sources – 
sample is converted directly to  gaseous ions. Applicable to 
non-volatile and thermally unstable samples. 105 Da limit. 



Electron Impact Ionization - Hard 

M + e- → M•+ + 2e- 

Energetic electron beam causes molecules to lose an electron 
(become ionized) due to electrostatic repulsion. 



Electron Impact Spectra 

Interaction with the electron beam ionizes the molecule 
but it also leaves the molecule in a highly excited 
vibrational and rotational state. Relaxation occurs by 
extensive fragmentation giving a large number of positive 
ions of various masses that are less than the mass of the 
molecular ion. 

Complex mass spectra are useful for compound identification. 



Typical Electron Impact Mass Spectra 



Isotopic Abundances 



Chemical Ionization - Soft 

CH4 + e- → CH4
+ + 2e- 

 
CH4

+ + CH4 → CH5
+ + CH3 

 
CH5

+ + MH  → MH2
+ + CH4 

Spectra contain mainly the molecular ion peak (M+1) – 
most  abundant!! There is no extensive fragementation. 



MALDI Ionization 

Atom transfer reactions happen in the matrix 
to give multiply charged. 



Electrospray Ionization 



Electrospray Ionization MS Data 



Other Ionization Methods 

Field Desorption –  
 
 
Fast Atom Bombardment -  


