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Scan # Measured Mass Error (ppb)
1 785.84198 -51
2 785.84198
3 785.84204 25
4 785.84198
5 785.84204
6 785.84204
7 785.84204
8 785.84198
9 785.84198
10 785.84204

Glu-Fibrinogen Peptide Selected Ion Mode –

 
Single Precision Mass Determination

Single vs. Double Precision Centroid
 

Determination

Single Precision Number = 32 bits

8 Bits for Exponent

1/224

 

= 6 x 10-8

Double Precision Number  = 64 bits

11 Bits for Exponent

1/253 = 10-16

Scan # Measured Mass Error (ppb)
1 922.00979 0
2 922.00978 -11
3 922.00979 0
4 922.00979 0
5 922.00978
6 922.00979 0

Ultramark

 

Selected Ion Mode –

 

Double 
Precision Mass Determination

More Digits Needed 
from Software

922.00979

923.01315

921 922 923 924 925

Ultramark
m/Δm50%

 

= 200,000
100,000 Ions
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It’s not just the Magnet



9.4 Tesla



9.4 Tesla
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5.0 sec Ion Accumulation @ 9.4 T

Schaub 
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500 Scans in 35 min
0.5 sec Ion Accumulation @ 14.5 T



Phase Correction





Absorption Magnitude

Comisarow & Marshall, 
“Selective-Phase Ion Cyclotron 
Resonance Spectroscopy,” 
Can. J. Chem. 1974, 52, 1997- 
1999





857 858m/z

Absorption

Magnitude Ubiquitin

Anal. Chem. 2004,
76, 5756-5761

[M+10H]10+



m/z
431.4431.3431.2431.1431.0

5 σ

63 Spectral Peaks >5 σ

 

Baseline Noise
62

 

Assigned Chemical Formulas

South American Crude Oil 
Negative-Ion APPI 9.4 T

 
FT-ICR MS

Anal. Chem. 2006, 
78, 5906-5912
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Mass Spectrum

Rob Grothe
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Mass Measurement
Precision



Noise

m

Δm50%

Chen, L.; Cottrell, C. E.; Marshall, A. G. "Effect of Signal-to-Noise Ratio and Number of Data 
Points upon Precision in Measurement of Peak Amplitude, Position, and Width in Fourier 
Transform Spectrometry", Chemometrics and Intelligent Laboratory Systems 1986, 1, 51-58

∝ SNR •
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#Pts/Width
σ(m)
m
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Horizontal Bore
Cryocooler(s) for 

Extended Hold
2.2 K at Magnet
Active Shielding for 

Close Approach

21 T FT-ICR Magnet



Next-Highest Resolution    
Mass Analyzer High-Field FT-ICR MS

Incremental becomes Transformative



South American Heavy
 

Crude Oil 
Negative-Ion Atmospheric Pressure
Photoionization

 
9.4 T

 
FT-ICR MS

m/z
700640580520460400340280

12,449

 

Assigned Chemical Formulas

Average Resolving Power ≈

 

400,000

RMS Mass Accuracy: 260 ppb

Anal. Chem. 2006, 
78, 5906-5912
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49,797 Peaks >6σ
 

(340 –
 

1500 m/z)
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Quinn 
Rodgers

m/Δm50%

 

= 400,000 at m/z 800
500 Scans in 35 min

Multi-Incremental
becomes
Transformative



Anal. Chem. 
2002, 74, 
253A-259A

Incremental
becomes
Transformative
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Cockroach 
Neuropeptides

m/Δm50%

 

= 200,000 at m/z
 

400 @ 1 Scan/sec

14.5 T LC/FT-ICR MS

P. D. Verhaert
Delft U. Technology
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Nitrogen Rule
McLafferty, Interpretation of Mass Spectra, 1993
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H37

 

N1
13C1

 

]+•

[C33

 

H37

 

N1 + H]+

m/z
448.310448.305448.300448.295448.290

4.5 mDa 3.4 mDa

Ultrahigh Mass Resolving Power
South American Crude 
Oil

3.4 mDa C3 versus SH4

4.5 mDa
 

13C versus CH

Incremental
becomes
Transformative



S. L. Hubler, A. Jue, J. Keith, B. C. McAlister, 
G. Carciun, J. J. Coon JACS 2008

 
(in press)

(N + H) Rule



S. L. Hubler, A. Jue, J. Keith, 
B. C. McAlister, G. Carciun, 
J. J. Coon JACS 2008

 

(in press)

Incremental
becomes
Transformative
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= 276,000 m/Δm50%

 
= 526,000



Experiments that can be performed
only with heroic difficulty at low field
become routine at high field.

The best reason for higher magnetic field:

Example:  Petroleomics



Breakout Group Discussion Topics
Magnet

Horizontal vs. Vertical

Bore Diameter vs. Field Strength

Drift Rate

Std. Conductor vs. Hybrid
Shielding
Cryo-Cooling



Breakout Group Discussion Topics
Instrumentation

Ion Sources: ESI/FD/APPI/ASAP/Chip…
External Ion Accumulation
Ion Funnel (PNNL)
Ext’l

 
Ion Ejection/Transmission/Trapping

ICR Excitation/Detection (Cold?)
Data Manipulation (Phasing, Calibration,

Mass Errors, Data Searching)
Automation
Ion Simulations to Guide Expt’l

 
Design



Breakout Group Discussion Topics
Applications

Proteomics, Lipidomics, Glycomics, etc. 
Petroleomics/Environmental
Protein Post-Translational Modifications
Top-Down vs. Bottom-Up Sequencing
MS:MS (ECD, IRMPD, CAD, ETD, BIRD, etc.)
Data Mining, Pattern Recognition
H/D Exchange





End of AGM Talk
(Remaining Slides
for CLH, if needed)
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!

Marshall, A. G. "Convolution Fourier 
Transform Ion Cyclotron Resonance 
Spectroscopy", Chem. Phys. Lett. 
1979, 63, 515-518
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760 3×10-10

MicroESI

External Accumulation
Bruker, Ionspec, Thermo

Efficient Ion Ejection

Quadrupole
 

Mass Filter
Bruker, Ionspec

Transfer Octopole
Thermo

Open ICR Cell
Ionspec, Thermo

Absorption Mode Spectra

Simultaneous
ECD/IRMPD

Bruker, Ionspec, Thermo

2 Torr3×10-3 5×10-6

~10-3

 
Torr

2×10-8 8×10-10

NHMFL Instrumentation Development
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y1
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z1

 

·

cn-1

...

ECDIRMPD
CAD

Labile bonds cleaved;
X-P cleavage preferred

Labile bonds retained;
No X-P cleavage

Peptide Ion Fragmentation

Zubarev, R. A.; Horn, D. M.; Fridriksson, E. K.; Kelleher, N. L.; Kruger, N. A.

Lewis, M. A.; Carpenter, B. K.; McLafferty, F. W. "Electron Capture Dissociation for Structural 
Characterization of Multiply Charged Protein Cations", Anal. Chem. 2000, 72, 563-573



MS/MS: Distinguishing
N-Terminal vs.
C-Terminal Products
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Anal.Chem. 2007,
79, 7596-7602
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Anal.Chem. 2007,
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Cold Cathode
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Ion Transmission



84 Vp-p, 2.15 MHz
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Gangliosides
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MS/MS:
FT-ICR + Ext’l  CAD
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Anal.Chem. 2007, 79, 8423-8430



Phosphatidylinositols
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Anal.Chem. 2007, 79, 8423-8430
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