
HAL Id: hal-04217649
https://hal.science/hal-04217649

Submitted on 25 Sep 2023

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Broad range detection in a low field FTICR instrument
Joël Lemaire, Vincent Kromer, Gwendoline Jamet, Clotilde Le Vot, Essyllt

Louarn, Michel Heninger, Helene Mestdagh

To cite this version:
Joël Lemaire, Vincent Kromer, Gwendoline Jamet, Clotilde Le Vot, Essyllt Louarn, et al.. Broad
range detection in a low field FTICR instrument. International Mass Spectrmetry Conference 2012
(IMSC2012), Sep 2012, Kyoto, Japan. Program book. �hal-04217649�

https://hal.science/hal-04217649
https://hal.archives-ouvertes.fr


Broad range detection in a low field FTICR instrument 
Joel Lemaire1, Vincent Kromer1, Gwendoline Jamet1, Clotilde Le Vot1, Essyllt Louarn1, Michel Heninger1,2, Helene Mestdagh1 

1 Laboratoire de Chimie Physique, CNRS UMR 8000, bât 350, Université Paris Sud, 91405 Orsay, France 
2 AlyXan, bât 207B, Université Paris Sud, 91405 Orsay, France 

Introduction.  
Small permanent magnet FTICR are well suited for real  time monitoring of 
gases at high resolution. Most of the applications of our spectrometers for 
air monitoring up to now have been realised using chemical ionisation for 
selective ionisation of volatile organic compounds present in air at trace 
concentrations with detection in the range M=10 to 500. 
We present here results obtained after extending the detection toward low 
masses (down to M=2) 
 
Mobile Axial Field ICR Analyzer 
The results presented are obtained with the MAFIA spectrometer (Mobile 
Axial Field ICR Analyzer) featuring a permanent magnet producing a 
magnetic field coaxial with the magnet cylinder main axis.  
The field is 1 Tesla and the relative homogeneity better than 10-3 in the cell 
volume. 
The low field is an advantage for low mass detection since even for very low 
masses the cyclotron frequencies can detected if the bandwidth of the 
detection electronics is extended toward high frequencies.  
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Detection of small masses 
 
 
 
 
 
 
 
 
 
 

Reaction kinetics 

Conclusions 
 
With appropriate excitation buffers we are able to follow masses starting at 
M=2 in our permanent magnet FTICR spectrometers. 
Proton transfer from H3

+ on various species has been studied as well as 
charge transfer from He+. 

 
 
 

Absolute pressure calibration 
 
For the rate constant measurements in reaction kinetics studies absolute 
pressure calibration is crucial 
This has been done in two ways: 
-By measuring the pressure in the range 10-4 to 10-3 mbar with both a 
Bayard Alpert gage and a capacitance gage  
-by measuring the reaction kinetics of a known reaction in the ICR cell and 
using the literature rate constant value to deduce the absolute pressure in 
the cell.   

Xe+ + air 
 
The reaction of Xe+ with air was used to  
obtain the absolute pressure calibration. 
Xe+ does not react with N2 and reacts 
with 02  with a rate constant of 
K=1.1 10-10 molecule.cm3.s-1 

 
The difference between the results of the 
two calibration methods was smaller 
than 10% 
 

He+ 

Fourier transform of the excitation 
buffer used for excitation around 
the nominal mass for M=3 to 9 
and then continuously between 
100Hz and 1.5MHz. 

High N2H+ ion intensities can be 
obtained using the H3

+ + N2 reaction 
and then used to detect species 
such as CH4 by proton transfer. 
This can be a way to detect  by 
chemical ionization species that are 
not ionized using proton transfer 
from H30+ 
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Geometry  of the axial field magnet 

View of the FTICR spectrometer 

He+ + N2 

H3
+ + N2 

N2H+ + CH4 

The reaction  
He+ + N2  He + N+ 

                He + N2
+ 

Is observed with a rate constant 
K=1.98 10-9 molecule.cm3. s-1 

H3
+ react with N2 and produces N2H+ 

by proton transfer. The small H3O+ 
peak is produced by reaction with the 
residual background. 
The observed rate constant is  
K=2.7 10-9 molecule.cm3. s-1 

H3
+ 

In both cases the resolution M/ΔM is higher than 100000 

Reaction of Xe+ ions on air 
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Apparent rate constant as 
a function of N2 pressure 
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