
Fourier  Transform  Ion  Cyclotron  
Resonance  Mass  Spectrometry:

Data  Acquisition
Peter  B.  O’Connor

Critical  Literature:  

Qi,  Y.;;  O'Connor,  P.  B.,  Data  processing  in  Fourier  transform  ion  cyclotron  resonance  mass  
spectrometry.  Mass  Spectrometry  Reviews  2014,  33,  333-­352.

Amster,  I.  J.  Fourier  Transform  Mass  Spectrometry  J.  Mass  Spectrom. 1996,  31,  1325-­1337.

Zhang,  L.  K.;;  Rempel,  D.;;  Pramanik,  B.  N.;;  Gross,  M.  L.  Accurate  mass  measurements  by  
Fourier  transform  mass  spectrometry  Mass  Spectrom.  Rev. 2005,  24,  286-­309.

Marshall,  A.  G.;;  Hendrickson,  C.  L.;;  Jackson,  G.  S.  Fourier  Transform  Ion  Cyclotron  
Resonance  Mass  Spectrometry  -­ A  Primer  Mass  Spectrom.  Rev. 1998,  17,  1-­35.

Special  thanks  to:

Mike  Easterling  (Bruker)  and  Jon  Amster  (Univ.  Georgia)  for  slides.



Outline
• The  Ion  Cyclotron  Resonance  Cell
• Excite  and  detect
• Cyclotron  Equations  and  calibration  
• Fourier  Transform  
• Nyquist  
• Zerofilling
• Apodization and  Peakshapes
• Heterodyne  Detection
• Phasing



ICR  Cell

Caravatti,  P.;;  Allemann,  M.,  RF  Shim  by  Trap  Segmentation.  Org.  Mass  Spectrom.  1991,  26,  514-­518.



600 800 1000 1200 1400 1600m/z

RF  Sweep

Transient  Image  
current  detection

Mass  Spectrum

FFT

10  MHz 10  kHz

RP≅f•t/2
Sensitivity� f•t  

Figure  6.  The  principle  of  FT-­ICR-­MS.    





Excitation  
The  standard  excitation  
mode.
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FTMS  Ion  Detection  Method

• Image  Current  Detection
Most  mass  spectrometers  
detect  ions  through  
collisions  with  a  dynode  
electron  multiplier.    FTMS  
uses  a  resonance  method  
(like  NMR  spectroscopy)  to  
detect  the  coherent  
cyclotron  resonance  image  
current  signals generated  
by  the  ions.
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Definition  of  the  Fourier  Transform  

• This  integral  transforms  the  time-­domain  function  h(t)  
to  the  frequency  domain  H(f)  function

Note  that  e-­j2π  f  t is  a  complex  exponential  function  where:
j2 =  -­1
t  =  time
f  =  frequency
p =  3.14159



Discrete  Fourier  Transform  (DFT)

(analog)

(digital)



Nyquist

f =  frequencies  observable

Δ =  sampling  period  =  
1/acquisition  rate
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Zero-­Filling  Provides  Better  Peak  Definition
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Mass  Resolution  in  FTMS
Effect  of  Windowing  (Apodization)

• Abrupt  truncation  of  the  time-­
domain  signal  causes  auxiliary  
wiggles  on  both  sides  of  the  main  
peak.

• These  artifacts  are  called  Gibbs  
oscillations  and  are  removed  by  
multiplying  the  signal  by  an  
apodization  function.

• Popular  apodization  functions  are  
the  Hanning  Window  function  and  
the  Blackman-­Harris  Window  
function.



Apodization  =  Peak  Shape  
Distortion
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FTMS  Lineshapes
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Heterodyne  Detection



Heterodyne  Detection
1. Focuses  data  collection  on  narrow    region  of  mass  spectrum

2. Must  only  excite  ions  in  region  of  interest  or  will  get  aliasing
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Figure  5.  The  principle  of  FT-­ICR-­MS.    
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Cyclotron  Motion

if  ξ=0  (somewhat  good  assumption)  this  equation  can  be  solved  by  
the  quadratic  equation:
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No  Zerofill

Two  Zerofills

Ubiquitin  11+:  A+4  isotope
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Zerofilling

FFT

•Every  Zerofill  roughly  doubles  the  number  of  points/peak  
•Zerofilling  is  effectively  a  smoothing  operation  that  
doesn’t  change  peak  width
•Zerofilling  is  necessary  for  good  peak  fitting  and  
centroiding


