Infrared spectroscopy of mass-selected ions in FTICR and QIT mass spectrometers "real world" catalysts :
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Probing the coordination mode Probing the spin state

Bz coordination change ( 6 ->  4 ) upon CO addition to an 18-electron complex IRMPD spectroscopy also provides a good tool for probing the coordination mode of benzene. Heteroleptic Mn + (Bz)(CO) n complexes have also been studied. Mn + (Bz)(CO) 3 is another example of 18-electron complex, and the magnitudes of the blueshift of  11 and red-shift of  19 are similar to the ones observed for Mn + (Bz) 2 .

Upon addition of CO to Mn + (Bz)(CO) 3 , Mn + (Bz)(CO) 4 was generated. Three additional bands were observed at 985, 975 and 1034 cm -1 for Mn + (Bz)(CO) 4 , and the positions of  11 and  19 suggest that the Mn + -benzene interaction is weaker than in Mn + (Bz)(CO) 3 . The IRMPD spectrum of Mn + (Bz)(CO) 4 is in very good agreement with the calculated IR spectrum of the isomer presenting an  4 coordination of benzene.

Metal + -Benzene complexes

As shown in the recent work of Duncan's group (J. Am. Chem. Soc. 2004 126 10981 and references therein), the magnitude of the shifts of the vibrational bands of benzene provide a clear diagnostic of the Metal + -benzene bonding scheme. The larger is the interaction, the larger are : -the blue-shift of  11 (out-of-plane H bend, 673 cm -1 in Bz), -the red-shift of  19 (in plane C ring distortion, 1486 cm -1 in Bz).

With this respect, our study of Mn + complexes is interesting. Within the first row transition metal M + complexes, the mono-and di-benzene complexes display the smallest and largest shifts respectively : -the first benzene is weakly bound to Mn + in its 7 S(s 1 d 5 ) G.State, -the Mn + -benzene interaction is large in the 18electron Mn + (Bz) 2 Complex.

Luke Mac Aleese (a) , Joel Lemaire (a) , Pierre Boissel (a) , Jean-Yves Salpin (c) , Jean-Michel Ortega (b) , François Glotin (b) , Philippe Maître (a) Laboratoire Infrared spectra of several protonated amino methyl esters and the related homo and hetero proton bound dimers were studied at CLIO in the FT-ICR mass spectrometer MICRA, and their infrared spectra were obtained after irradiation with the free electron laser "CLIO" beam.

Leucine methyl ester crystal were compressed with a-cyano matrix into a small pellet and placed in MICRA. After desoption, ionisation, selection and relaxation, an IR spectrum was taken : ICR-IRMPD spectrum of protonated leucine methyl ester is represented by the red line here.

Leucine methyl ester cristal was dissolved in water and electrosprayed in the quadrupole ion trap Bruker : after isolation of the protonated species, they were irradiated for a few milliseconds. The QIT-IRMPD spectrum of protonated leucine methyl ester is represented in blue. 
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 a Laboratoire de Chimie Physique, UMR 8000 CNRS -Université Paris-Sud 11, Faculté des Sciences d'Orsay, bât. 350, 91405 ORSAY Cedex, France. (b) LURE-CLIO, UMR 130 CNRS -Université Paris-Sud 11, Faculté des Sciences d'Orsay, bât. 209D, 91405 ORSAY Cedex, France. (c) Laboratoire Analyse et Environnement, UMR 8587 CNRS -Université d'Evry Val d'Essone, 91025 Evry Cedex An infrared source : the Free Electron Laser CLIO in Orsay Perspectives : IR spectroscopy of "real world" catalysts and related intermediates from 100 to 3000 cm -1  overview of the « infrared fingerprint » region • continuous & rapid tuneability  full spectrum (800-1600cm -1 ) in typically 1 hour • spectral width around 0.2-0.5 % of central wavenumber (i.e. from  from 8 to 4 cm -1 ) • continuous high power over all range (~800mW) ICR cell : an open cell to provide optical acces to the trapped ions A FT-ICR mass spectrometer : MICRA, the Mobile FT-ICR Analyzer An ESI-quadrupole ion trap mass spectrometer : modified Esquire3000plus Bruker instrument Ion trap characteristics : • Mass range 50-3000 m/z (extended : 200-6000 m/z) • Resolution 0,15 uma Ion sources used : electrospray Modification : two symmetric holes in the ring electrode Irradiation time ~ 50-300 ms Quadrupole ion trap : (1)modified ring electrode : a hole was built to allow a focused laser beam in, (2)&(3)endcap electrodes Comparison between IRMPD spectra in ICR and QIT conditions. Test case : protonated Leucine methylester Results : Same absorption band position Same absorption band width : 30-40 cm -1  same internal energy of the ions With the RF trap :

  .3 High pressure in the trap : ion molecule reactions in a high collision rate regime -"real" conditions chemistry.Our 1 rst target : functionalization of a secondary amine N
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