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Mass analyzers

Literature: Jürgen H. Gross: Mass Spectrometry

Mass Analyzers

 Magnetic analyzer

 Electrostatic analyzer

 Time-of-flight analyzer

 Quadrupoles 

 Quadrupolar traps

 High resolution analyzers – ICR, Orbitrap

 Detection
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High resolution
FT ICR Orbitrap

Ion cyclotron resonance (ICR)
Penning trap
- electric trapping in a 

magnetic field
 pulsed analysis

1. Ions are trapped
2. Ions are excited (emitter)
3. Ions circulate in the 

magnetic field at their 
cyclotron resonance 
(dependent on m/z)

4. Oscillating ions generate a 
current (receiver) 

ICR can be also used for mass 
selection and CID experiments 
similarly to the quadrupole ion 
traps

http://www.youtube.com/watch?v=a5aLlm9q-Xc&feature=related
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FT-MS

Free induction decay (FID)

Instruments with highest resolution
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Orbitrap
 Ions introduced 

perpendicular to the z-axis 
(red arrow)

 Distance of the entrance 
point to z = 0 determines 
potential energy along z-axis 

Orbitrap
 High precision (1 – 2 

ppm)

 High mass resolutions 
(up to 200 000)

 High dynamic range 
(~ 5000)

 Easy to operate

 Often used for 
determination of an 
exact mass

https://www.youtube.com/watch?v=fqfyyravJkA
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Comparison of mass analyzers

Mass analyzer Mass range
Resolution

Advantages Disadvantages

Quadrupole Range m/z ~ 3000
R ~ 2000

Well suited for ESI
Small, cheap

Small mass range, 
poor adaptability to 
MALDI

Ion traps Range m/z ~ 2000
R ~ 1500

Small, cheap
CID: up to MS12

Small mass range

Magnetic sector Range m/z ~20 000
R ~ 10 000

High resolution
High dynamic range
Reliable

Not tolerant to high 
pressures
Expensive
Slow scanning

TOF Range m/z 
R ~ 103 - 104

Good resolution
Very fast scanning
Cheap

Suboptimal 
adaptability to ESI

Orbitrap Range m/z 6 000
R ~ 105 

High resolution
Easy to operate 
(compared to ICR)

Requires high vacuum
Expensive

ICR Range m/z 10 000
R ~ 106 

High resolution
CID: up to MS4

Superconducting
magnet  expensive, 
massive
Requires high vacuum

Summary
 High resolution mass analyzers

 Time of flight (reflectron)

 Penning trap (ion cyclotron resonance)
 high magnetic field, ions circulate in the magnetic field at their 

cyclotron frequency  AC current (frequency and amplitude  m/z 
and intensity)

 proteomics

 Orbitrap
 ions oscilate in a harmonic electrostatic field  AC current (frequency 

and amplitude  m/z and intensity)

 biochemical applications
 chemistry – exact mass analysis


