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Mobile low field FTICR instruments

MICRA (Mobile ICR Analyzer) LCP Instrument with an axial magnetic field

Btrap Alyxan



Halbach magnets

Material NdFeB

Temperature cofficient -0.2%

Nominal field 1 Tesla
Low stray field

Standard Halbach : Homogeneity 10-2

Association of two cylinders :  510-3



Performances  (transverse field)

Mass range : 2-500
Resolving power

m/∆m > 70000 @ 131 Dalton

Separation at mass 47

The average field seen by the ions along
their trajectories is very stable (10-5)

C2H7O+

m/z 47.0497CH3S+

m/z 46.9955
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Axial field instrument
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Axial field instrument 
characterisation

Xe+

m/∆m =240000



Resolving power at different masses

HELIUM 
m/Δm= 190,000
m/z=4 Da

PFTBA
m/Δm=80,000
m/z=502 Da

KRYPTON
m/Δm= 380,000
m=84 Da

Not as good for low masses as could
be expected from

Sensitivity to electrostatic field
imperfections?

Excitation plates
Detection plates

Central electrode Trapping electrodesTrapping electrodes

Compensation 
electrodes

Compensation 
electrodes



Detection at low mass

H3
+

H2
+

He+ D2
+

The two ions at mass 4 are easily resolved
He+ 4.00260 dalton
D2

+ 4.02800 dalton

Electron 
impact on H2



Extension of the ion cloud
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•Fragmentation ratio as a function of the laser position in the 

ICR cell

•4 profiles taken using a parabolic mirror of 1m focal length

situated at different positions from the center of the cell

•CLIO laser tuned on the 2050 cm-1 band of Fe(CO)5
+

Horizontal position (mm) Vertical position (mm)



From frequency to mass

ÁCALIBRATION FORMULA
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This equation is exact in case 

•of a single ion

•of an harmonic electrostatic potential



Variation of the cyclotron frequency with the total 
number of ions in the cell
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Ionic precursors

H3O+ broadband VOC detection by proton transfer

DMEH+

Xylene H+

O2
+ charge transfer detection of Alcanes and  CFCs

CF3
+ H- F- or Cl- transfer detection of Alcanes and CFCs

CpCo+   simple or double deshydrogenation.  Detection of alcanes

OH- , O2
-

More specific proton transfer



Protonated DimethylEther DMEH+

differenciation of isomers

Ionisation by H3O+

PA(H2O)=691 kJ/mol
Ionisation by DMEH+

PA(DME)=792 kJ/mol
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Mixture of 4 products :
Acetaldehyde  PA 768.5 kJ/mol
Acetone  PA 812
Propanal PA 786
Toluene PA 784

AcetoneH+

DMEH+
H30+

AcetoneH+

PropanalH+

TolueneH+

AcetaldehydeH+

Acetone and propanal  cannot be 
differenciated by their mass



O2
+ reactivity

Reactivity on CCl2F2 (R12)
The product observed corresponds 
to the loss of one Cl

O2
+ + CCl2F2Ą O2 + CClF2

+

Reactivity on dichloromethane

O2
+ + CH2Cl2Ą 02 + CH2Cl2

+

k=1.71 10-9 molecule-1cm3s-1



CF3
+ reactivity

CF3
+ + CF3-CH2F  CF4  + C2H2F3

+

CF3
+ + CCl2F2 CF4  + CCl2F+

CF3
+ does not react with O2, N2, H2O 

Prepared by e impact on CF4

Main reaction with alcanes :  H– abstraction

Reactivity on HFC  and CFC  : F- abstraction

k=1.10 10-9 molecule-1cm3s-1

k=0.57 10-9 molecule-1cm3s-1



Applications

Plasma depolution
Exhaust gas monitoring
Industrial process monitoring

Hot bitumen processing
Thermodegradation processes

Polypropylene
Thermal treatment

Coffee roasting
Tobaco

Air monitoring of closed spaces
Trace analysis in solution



Time profile of the VOC 
emissions from PP 
degradation at 256°C

Product distribution 
of the VOC emission
from PP

Coll.  X. Colin, 

LTVP, ENSAM

Real time Measurement of the VOCs emitted

by heated polypropylene
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Anal Chem 2009, 81,6013



Air analysis in confined spaces

Membrane

Mass spectrometer

Air 

Compound Enrichment factor LOD  (ppb)

Acetaldehyde 35 85

Ethanol 130 20

Acetone 60 50

Cyclohexanone 840 4

Benzene 240 13

Toluene 480 6

Xylene 620 5

Decane 810 4

Cyclohexane 125 25



Membrane inlet

Sample in Sample out

To MS



Separation of isobaric compounds at trace concentration 
in water
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Metylacetate CH3COOCH3

ethoxy ethane C2H5OC2H5

At low concentration (ppm) in water

Protonation by H3O
+



Halomethane detection in water

CF3
+ + CHCl3Ą CF3Cl + CHCl2

+

Precursor ion : CF3
+



Conclusion

Real time analyse with 1 sec resolution in direct injection mode

Fast switching between ionic precursors
-for more specific detection
-in order to monitor VOCs, alcanes, CFCs

Membrane inlet gives access to the ppb range
-in air
-and in solution

With a time resolution of the order of 1 minute  
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