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Abstract

The protonated leucine methyl ester structure was probed using mid-infrared multiphoton dissociation (IRMPD) spectroscopy performed a
CLIO, the Orsay Free Electron Laser facility. A first experimental spectrum was obtained with a Fourier-transform ion-cyclotron-resonance mass
spectrometer with ions generated through a MALDI process. A second spectrum was recorded with ions generated using ElectroSpray lonisatic
and trapped in a Paul ion-trap. These two experimental spectra are analyzed and compared with infrared absorption spectra derived from hybi
density functional theory calculations. The two IRMPD spectra are in excellent agreement, although the one recorded with the Paul ion-trap presen
a better resolution with an fwhm of the IRMPD bands of 20—25tr@omparison with the calculated IR absorption spectra clearly shows that only
the lowest energy isomer is formed under both experimental conditions. The CO stretch, together with two vibrational modes of the ammoniurr
group were the three infrared signatures identified in the photon energy range explored here.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction featuring a Paul trap associated to a reflectron time-of-flight to
combine the storage capabilities of the former with the speed and
The photofragmentatiofil] of ions in trapping devices is resolution of the later. This work of C. Lifshitzdemonstrated that
recognized as a valuable tool for the structural characterisa Paul-trap device is suitable for decay time investigations on
tion of ionized species. Both fundamental and analytical aspectbe millisecond time scale. Chava Lifshitz’s TRPD studies of
are important since the spectroscopic studies from the infraregeptide ion fragmentation provided a clear indication that the
through the UV strongly rely on the understanding of the kineticdnternal energy that is acquired upon UV excitation is random-
associated to the photo-induced fragmentation. In this contexized prior fragmentation.
an important contribution of Chava Lifshitz was to address The mid-infrared is a particularly interesting energy domain
fundamental questions associated to the photo-induced fragmefor the spectroscopic interrogation of the molecular structure.
tation process. Time-resolved photodissociation (TRPD) expeiProviding the attachment of weakly bound rare gas atoms,
iments were carried out on polycyclic aromatic hydrocarljghs for example, molecular ion fragmentation may occur upon the
and small peptide catioifi3] with a dedicated experimental setup absorption of a single photon. Since the pioneering works in the
1980[4], this ion-tagging approach has been successfully used
for deriving IR spectra of a large variety of molecul&t, tran-
— sition metal complexe$6] and cluster ion§7]. Recent results
* Corresponding author. Tel.: +33 169 15 74 63; fax: +33169156188. ) o gystematic investigation of the perturbation induced by
E-mail address: philippe.maitre@Icp.u-psud.fr (P. Ntee). .
1 present address: Centre d'Etude Spatiale du Rayonnement, UMR51df€ Weakly bound messenger confirm that the structure of the
CNRS & Universié Paul Sabatier, 31028 Toulouse Cedex 4, France. molecular ion might be affected by the messergér like in
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the case of cationic species trapped in rare gas matfgjes calculated IR absorption spectra of the lowest energy isomers
One can also directly investigate the structure of bare moleculaf LeuMeH" strongly suggests that only the most stable iso-
ions using the optical power provided by infrared free electrommer is formed under the two experimental conditions. Three
lasers (IR-FEL) which is particularly well-suited for inducing bands are found to give a clear cut diagnostic: a vibrational
an infrared multiphoton dissociation (IRMPD). In this context, mode involving a rocking motion of the ammonium group, a
FELIX [10] and CLIO[11] free electron laser facilities are par- second one associated to the umbrella vibration of the ammo-
ticularly interesting since they present an easily and broadlyium group, and finally the carbonyl stretching mode. IRMPD
tuneable output in the 100-2500 thenergy range thus offer- bands are found to be broader using our FTICRMS instrument
ing an interesting complement to the 2+% IR-OPO sources. than with our modified Bruker Esquire 3000 Paul ion-trap. This
Infrared fingerprint of a large variety of molecular ions has beerfinding suggests that a narrower ion internal energy distribu-
obtained through IRMPD spectroscopy evenin cases where fragjon is achieved through collisions with helium buffer gas in the
mentation requires the absorption of several tens of IR photons. Raul ion-trap. We also found that under FTICRMS conditions,
should be noted that IRMPD can also be performed with infraredhe optimal focusing is the result of a compromise between the
table-top lasersin the 3000-4000chenergy rangg6,12), pro-  maximization of the overlap with the ion cloud, on one hand,
vided that the dissociation energy is relatively low. Finally, it while keeping a sufficiently high fluence for achieving multiple
should be recalled that the mechanism of the IRMPD procesghoton absorption on the other. On the other hand, a much higher
of molecular ions strongly relies on an efficient intramolecu-efficiency was observed using the Paul ion-trap with which large
lar vibrational re-distribution (IVR) of the resonantly absorbedfragmentation yield, up to 100%, can be achieved within a sin-
photon energy. Following the resonant IR excitation of the massgle IR-FEL macropulse. The present results constitute part of an
selected ion, an internal energy distribution must take placengoing effort of our group and collaborators for the determi-
for allowing the subsequent photon absorption. Considering theation of infrared signature of conformational changes of small
evolution of the density of vibrational states with the internalamino acids derivatives, and that both the protonated and the pro-
energy, this IVR process is particularly critical after the absorpton bound dimers of glycine, alanine, valine and leucine methyl
tion of the very first photon, especially in the case of smallesters[23] have been studied by IRMPD spectroscopy under
molecular ions. As a matter of fact, whereas the IRMPD spectr&TICRMS conditions.

of the larger bare polycyclic aromatic hydrocarbons ions have

been recorded at FELIX, the tagged-ion approach was used f@& Methods

deriving the IR spectrum of benzene cat[a8].

Exploiting modern ion sourcd44] and the most advanced = Two experimental platforms, one based on an FTICRMS
tandem mass spectrometric capabilities for the transfer of bicand the other on a Paul ion-trap, were used to perform the
logical substrates to the gas phase and the subsequent ma8MPD spectroscopy using the Infrared Free Electron Laser
selection, and detection of the ions of interest are importandf CLIO (Centre Laser Infrarouge d’Orsay)1]. Based on
issues. For the first IRMPD spectfa5] of polycyclic aro- a 10-50MeV electron accelerator, the photon energy of the
matic hydrocarbon ions recorded at FELIX, a Paul typg] CLIO IR-FEL is further tuned by adjusting the undulator gap
quadrupole ion-trap was used, and its content was extracted amdhich is placed in the optical cavity. For instance, in the present
analysed with a time-of-flight mass spectrometer. Thermal owork, the electron energy was set to 42 or 45MeV in order
laser vaporization of a solid target, and subsequent ionizatioto continuously scan the photon energy in the 950-1850 or
using an ArF excimer laser focused at the center of the trafi200-2400 cm! energy range, respectively. The IR-FEL out-
allowed for the study of polycyclic aromatic hydrocarbons ions,put consists of &s long macropulses fired at a repetition rate
and a large variety of transition metal complex®g] or clus-  of 25 Hz, and each macropulse contains about 500 micropulses,
ters[18] cations were also formed using a pick up of vaporizedeach a few picoseconds long. For a typical IR average power of
metal in a pulsed Argon expansion seeded with appropriate ligg00 mW, the corresponding micropulse and macropulse ener-
ands. Linear multipole traps have also been coupled to IR-FEQies are 4gJ and 20 mJ, respectively. The mean IR power was
for IRMPD spectroscopic investigationd,9] and this instru-  about 700-800 mW during the 950-1950Cmenergy scan,
ment was coupled to a cluster source. More recently, a largevhile it was slightly decreased from 800 to 400 mW during
variety of ion sources have been used with Fourier-transfornthe 1200—-2400 cmt energy scan. The laser wavelength profile
ion-cyclotron-resonance mass spectrometers both at FROX  was monitored while recording the spectra with a monochro-
and CLIO[21,22] mator associated to a pyroelectric detector array (spiricon). The

We herein present the IRMPD spectra of protonated leucinéR-FEL spectral width can be adjusted through a tuning of the
methyl ester (LeuMeH) obtained under two experimental con- optical cavity length, and the laser spectral width (fwhm) was
ditions. IRMPD of LeuMeH ion was first performed with our less than 0.5% of the central wavelength. For both experimen-
FTICRMS instrument, and a matrix assisted laser desorptiotal setups, the same 1 m focal length spherical mirror was used
ionisation (MALDI) type source was used to produce the desiredo mildly focus the IR-FEL beam at the center of the ion-trap,
ions. The resulting IRMPD spectrum is compared to the onand its position was tuned so as maximize the fragmentation
obtained with our modified Bruker Esquire 3000, a Paul ion-trapefficiency.
type instrument, where the ions are produced through Electro- The experimental spectrum in the 1200-2400 éranergy
Spray lonisation. Comparison of these two IRMPD spectra withrange was recorded using a transportable FTICRMS, MICRA
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(for Mobile ICR Analyser)24]. The corresponding experimen- both positiong28] and relative intensitie9] of IR bands. As
tal setup has been described in details previo®8]. The far as the positions are concerned, it was shown that a dual
important feature of MICRA is that it is based on a 1.24 T per-scaling approacli28] significantly improves the comparison
manent magnet, and that the magnetic field is perpendicular twith experiment. Indeed, high energy modes, typically above
the bore of the magnet, and this feature has two consequencd800 cnT!, essentially involve localized hydrogen stretches
First, the IR beam enters perpendicular to the magnetic fieldyhich can be expected to be more anharmonic than the vibra-
and we will see that this may singularly affect its overlap withtional modes below 1800 cnd. As a result, providing the use of

the ion cloud. Second, only in-cell or near-cell ionisation can bex polarized-valence triple zeta basis set, the scaling factor asso-
performed. We have previously described how molecular ionsiated to hybrid density functionals such as B3LYP are typically
could be generated through a MALDI process in MICRRA]. A 0.98-0.99 below 1800 cnt and 0.96-0.97 above 1800 ch
sample was deposited on a metallic holder mounted just outsidé scaling factor of 0.98 was applied to all calculated frequencies
the ICR cell, 6 mm away from the middle of the nearest trappingeported in the present article. It should be noticed that the same
plate, and desorption and ionisation were obtained using thealue was also determined using a regression analysis for com-
third harmonic (355 nm) of a pulsed Nd:YAG laser. Hydrochlo- paring our calculated frequencies with gas phase experimental
ride salts of theL-leucine methylester (Aldrich) mixed with values in the same wavelength rarjgg,26]
a-cyano-4-hydroxycinamic acid (CHCA) as the matrix ina 1:1

mass ratio was comprgssed intoalmm thi'ck pellet, and a pie%g Results and discussion

(~4mmx 4mm) of this pellet was deposited on the holder.

Protonated LeuMeHions were mass selected 100 ms after the The IRMPD spectra of LeuMetrecorded using our FTICR
.Nd:Y.AG pullse, allowed to relax fpr 100ms and subsequentlyand Paul ion-trap are presentedHig. 1a and b, respectively.
irradiated V.V'th the IR beam for 1s (i.e., 25 IR-FEL.mac.ropuIses).One can notice that there is a good agreement between the two
and detection was sgttled 50ms after the end of |rr§1d|at!on. Th'§ets of data, although the IRMPD spectrum recorded with our
duty cycle ending with a quench was repeated eight times for

each selected photon energy, and the mass spectrum was the

Fourier Transform of the accumulated signal. IRMPD spectra —L .+« 1 0 0 0 100 0 b0 0 0 10w 0 1
reported in this paper correspond to the fragmentation efficiency
R =—In(Iparen{(Iparentt > _Ifragmeny) @s a function of the photon
energy.

The experimental spectrum in the 950-1950¢nenergy H
range, together with its complement between 800 and 906 cm
were recorded using a modified Bruker Esquire 3000 Paul-trap
type mass spectrometer. A10M aqueous solution of leucine
methyl ester hydrochloride salt was used. ESI conditions used
were as follows: a rate of 8d/h, a spray voltage of 3500V, a ’
capillary temperature of 20@. A conical hole was made in the i
ring electrode in order to allow the optical access to the center :
of the trap. The IR-FEL beam enters through a ZnSe window | ) gxp. paul Trap
oriented near to the Brewster angle so as to present the max| (x5)
imum transmission. Multistage mass spectrometry was carried
out using the standard Bruker Esquire Control (version 5.2) soft-
ware. Within the MS1 step, single isotope was mass-selected in
a window of 1 Da for the LeuMeHions of interest. The con-
trol of the irradiation time of the ions was performed using the A N
MS2 step where the excitation amplitude was set to zero, and the (c) Structure |
associated output trigger was used to control the optical shutter| *¢a/meD
which was then opened for a controlled number of the IR-FEL
macropulses. Mass-selected LeuMeWnere irradiated with a
single IR-FEL macropulse. Mass spectra were recorded after 10 ||
accumulations, and this sequence was repeated 7 times for eac{(d) Structure 2

(a) Exp. FT-ICR

14
[}
1

photon energy, which was increased by steps4#5cnt L. (4.1 llccallfmltﬂ) I N N N .
Isomer search for LeuMeHwas performed at the B3LYP/6- 3(,'0 m('m 13(']0 14[')(; u,('m m([m
31+G(d,p) level of theory using the Gaussian 98 packgyg, Photon Energy (cm-1)

and the infrared absorption spectra of the two lowest lying
Fig. 1. IR spectrum of protonated leucine methyl ester LeuMé&tperimental

Isom.elis were calculated Wlthm. the har.momc aF.)pm)(lmatlonIRMPD spectrum recorded using 25 IR-FEL macropulses with our FTICR (a)
Prowdmg the use of an appropriate Scahng’ hyb”d DFT rneth'and only one IR-FEL macropulse with our Paul ion-trap (b) compared to the
ods such as B3LYP have been shown to outperform other DFBET calculated IR absorption spectrum of the lowest energy confotney
methods as well as traditional ab initio approaches to describ&nd a higher energy conformz(d).
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=

2 (+4.1 kcal/mol)

Fig. 2. Optimized structures of the two lowest energy conformer of protonated leucine methyl ester leuMeH

Paul ion-trapFig. 1b) offers a better resolution. Thus, in the fol- whereas the matching for conformérusing a scaling factor
lowing, we will only mention the position of the IRMPD bands of 0.98 is excellent. In particular, one can see that the scaled
obtained with the Paul ion-trap. The IR absorption spectra of théR absorption spectrum presents bands in excellent agreement
two lowest energy structures of LeuMé&Hre given inFig. 1c  with the one observed at 877 and 1748¢nThis later IRMPD
and d. For both structurdsand2, given inFig. 2, protonation  feature is interesting for the structural characterization. Indeed,
occurs on the most basic site amino group which is either cooras can be seen iRig. 1, the two low-energy isomers can be
dinated to the oxygen of the carbonyl grodp) ¢r to the one clearly differentiated based on their calculated IR spectra, espe-
of the methoxy group of the ester functio2).(In agreement cially in the region of the carbonyl stretch. In the lowest energy
with the extensive structural studies of protonated amino acidsonformationl, the carbonyl stretching mode (1746¢hy is
derivatives, the structure corresponding to the ammonium grougignificantly red-shifted as compared to its position (1809 tm
interacting with the carbonyll was found to be the most stable. in the other isomerKig. 1d) where the carbonyl is free whereas
Inthe present case, the struct@@rresponding to the solvation the ammonium group is solvated by the oxygen of the methoxy
of the ammonium by the methoxy group was found 4.1 kcal/mobgroup. The region below 1200 cthis also interesting for the
higher in energy. conformer assignment. Indeed, no IRMPD signal was observed
The comparison of IRMPD and calculated IR absorptionbetween 950 and 1200 crhusing the Paul-Trap, whereas con-
spectra, and the subsequent conformer assignment can be a dekmer2 presents a strong absorption feature at 1080'cfihe
icate task in some cases for at least two reasons. First, one coudlculated intensity of this band (140 km/mol) is such that it
anticipate that due to the multiphotonic absorption process, thehould lead to a significant IRMPD signal. We can thus safely
resulting IRMPD bands might appear red-shifted with respecassign the observed IRMPD spectra to conforiner
to the corresponding one photon IR absorption band. Neverthe- This conformer assignment is also supported by the ther-
less, it appears that when the dissociation threshold is relativeljmochemical calculations predicting that confornheshould be
low like in the present case, this red-shift effect is small. Secstrongly favored. Thus, it seems that only the lowest energy
ond, calculated fundamental vibrational frequencies must basomer is formed either through the MALDI process under
scaled in order to correct for the harmonic approximation. INFTICRMS conditions or through ESI as observed in the Paul
our previous work on transition metal compleXg4—23] we  ion-trap. It should be noted that in our previous IRMPD spectro-
were able to derive a scaling factor by comparing the calcuscopic investigations of molecular ions either generated through
lated frequencies of the ligands to the available correspondinlALDI [26] or electron impact, only the IR signature of the
gas phase absorption spectra. Considering the wavelength ranigevest energy isomer was systematically observed. The only
(800-1600 cm?) for these metal complexes, the probed vibra-exception to date was observed in the case of protonated cyto-
tions were the ones of the free ligands slightly shifted becaussine, which presents two competitive tautomers separated by
of the interaction with the metal cation. Unfortunately, no gasonly ~1 kJ/mol. All the features of the IRMPD spectrum of pro-
phase infrared absorption spectrum was available for leucinmnated cytosing30] generated by ESI can be assigned with
methyl ester. Nevertheless, a conclusive conformer assignmetite calculated IR absorption spectrum of the lowest energy tau-
can be made, which in turn confirms the choice of the 0.98 scatomer, except one (corresponding to a free CO stretch) which
ing factor. is clearly the IR signature of the simultaneous presence of the
The two IRMPD spectraHig. la and b) present three bands other low-lying tautomer at only1 kJ/mol.
in the 1200-1500 cm' energy range, and one additional band  The positions of the maxima associated to the two IRMPD
corresponding to the carbonyl group observed at 1748'cm spectra are reported Fable 1 in which the positions of the cal-
Furthermore, an additional IRMPD band was identified usingculated IR active vibrational modes of the two conformers are
our Paul-trap mass spectrometer at 877 &m\s can be seenin  also given. As said above, the strong IRMPD yield observed at
Fig. 1, no scaling factor for conforméwould be successful at 1748 cnt! (Table 1 can be assigned to the CO stretching mode
simultaneously matching all the major features of the spectrunpf the lowest energy conformdrcalculated at 1746 crit. No



18 L.M. Aleese et al. / International Journal of Mass Spectrometry 249-250 (2006) 14-20

Table 1 _ A unique fragmentation channel was observed when the IR-
IR bands of protonated leucine methyl ester LeuMeH FEL was in resonance with an IR active mode of the LeufMeH
Vib. modes Experiment DFT calculation ion. It corresponds to the formation éfifutyl) CH=NH," immo-

nium ion ¢n/z=386) ions and to the loss of [2C,20,4H]. Immo-

Paul-trap FTICR Conformer  Conformer2 . . - .
nium ion has also been shown to be the major fragmention when

—NH3" rock 877 875(0.28)  1080(0.64)  amino acid derivatives are subjected to collision induced disso-
C—H bend 1289 1268 1230 (0.1) 1232 (0.45) ciation[31], although acylium b-ions were also observed under
1305 1291 1295 (0.30) low energy CID in the case of small peptid&2]. Theoretical
1372 1361 1367 (054) study of the fragmentation pathways of protonated glyfa®
—NH3" umbrella 1452 1453 1438(1) 1481 (0.61) suggests that fragmentation may occur sequentially, a loss of
—NHs* as-deform 1592 1603 (0.08) 1608 (0.21) Water leading to acylium which spontaneously looses CO lead-
1639 (0.13) 1625 (0.30)  ing to immonium. Acylium fragments were not observed in the
C=0 stretch 1748 1743 1746 (0.83) 1809 (1.00) Presentcasewhere fragmentation of LeuMéstis was induced

by multiple infrared photon absorption under FTICRMS or Paul-
The positions (cm?) of the IRMPD bands observed using our Paul and ourtra_p conditions

FTICR iqn-trap are given in columns 2 and 3, respectively. The positions and The fragmentation occurring when a molecular ion is excited
relative (intensities) of the most IR active bands as calculated for the two con- . ) ; .
firmers 1 and 2 are given in columns 4 and 5, respectively. through an infrared multiple photon process is generally viewed
a result of successive cycles involving infrared absorption
through a resonant vibrational mode, followed by an intramolec-
IRMPD signal was observed for higher photon energies sugualar vibrational re-distribution of the energy. Although there
gesting that the second conform2ris not populated in our might be a debate whether or not a second absorption regime
experimental conditions. takes place at high internal energy, relying on the presence of a
The spectral assignment is more difficult for the IRMPD quasi-continuum with a high density of vibrational energy states,
bands observed in the 1200-1500¢nenergy range, although it is generally recognized that infrared multiple photon absorp-
one can notice that within the two experimental conditions, theion is a slow heating process, and several IRMPD spectroscopic
strongest IRMPD signal (1452 cth) was observed when the investigations already provided evidences that statistical distri-
IR-FEL was in resonance with the most strongly IR active modebution of the internal energy occurs prior dissociation. Neverthe-
of isomerl, calculated at 1438 cnt. Thus, this IRMPD band less, the rate of the multiple absorption process might depend on
can be assigned to the NHimbrella mode of the ammonium the experimental conditions and more precisely on the overlap of
group, although contributions of moderately IR active modeghe ion cloud with the infrared laser. It is generally believed that
calculated at 1452 and 1488 cicannot be excluded. As can be ion confinement in a Paul ion-trap device is further enhanced by
seeninTable 1 the NH; umbrella mode of the ammonium group collisions with the helium buffer gas. As a result, the overlap
is also a good conformational diagnostic since it is significantlyof the IR-FEL with the ion cloud in our Paul ion-trap device is
more red-shifted by the coordination to the carbonyl (1438tm likely to be efficient. This is supported by the fact that a 100%
in 1) than to the methoxy group (1481 crhin 2). An additional ~ fragmentation yield can be observed after irradiation of molec-
IRMPD band with a maximum observed at 1305¢nusing  ular ions with a single macropulse of the IR-FEL. As a matter of
the Paul ion-trap is also observed under FTICR conditions, bufact, in the present case (segg. 1), the fragmentation yield is
it is significantly broader and it is found slightly red-shifted in approximately five times greater using the Paul ion-trap device
the later case (1291 cmh). The same observations can be madethan under our FTICR conditions as can be sedfignl In the
for the IRMPD band observed at 1372 chwith the Paul ion-  later case, the overlap between the IR-FEL and the ion cloud is
trap, which is broader and appeared red-shifted (1361%in  the result of a compromise. While maintaining a high fluence
FTICR conditions. An inspection dfable 1clearly shows that through the focalization of the IR-FEL, one has to keep in mind
LeuMeH' presents a large number of IR active modes in thighat the motion of the ion in the ICR cell is a combination of the
energy range, essentially corresponding to CH bends. A clearyclotron motion with two large amplitude motiof4]. First,
assignment of these two IRMPD bands is therefore difficult sincexial “trapping” oscillation occurs along the magnetic axis, and
they might be the results of absorptions through several IR activeecond rotational “magnetron” motion occur about the magnetic
modes. axis. An order of magnitude of the amplitude of these two oscil-
Finally, the 800-900 cm! energy range (seEig. 1b) has lations can be given by monitoring the fragmentation yield of an
been explored using the Paulion-trap. An IRMPD band observeibn while translating the position of the waist of the laser beam
at 877 cmt! seems to further confirm the presence of isomerfrom its optimal position. The corresponding results are given
1, since the corresponding calculated IR absorption spectrurm Fig. 3for Fe(CO}* when the laser was in resonance with the
presents an IR active band at 875¢inThe associated normal CO stretch. At this photon energy, the laser beam waist diame-
mode is a combination of several local modes with a strong comter has been measured to be 0.7 mm. The fragmentation yield of
ponent on a rocking type deformation of the ammonium groupFe(CO}* while translating the position of the waist of the laser
Comparison of the two calculated spectra of structdrard2  beam perpendicular to the magnetic akig( 3b) gives an order
shows that this ammonium rocking mode is also a good infraredf magnitude of the amplitude (3—4 mm) of the “magnetron”
diagnostic for the structural characterization of LeuMeH motion of the ion about the magnetic axis. Considering that
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Fig. 3. IRMPD efficiency as a function of the displacement of the laser waist in the ICR cell along the magnetic axis (a) or perpendicular to it (g}.iBagCO)
were mass-selected and irradiated with the IR-FEL in resonance with the CO stretch, the laser beam waist at this photon energy was approximately 0.7 mm

this magnetron motion is slow (ms) as compared to the lengtbeen observed previously with the same experimental §&6jp
(8 ns) of the IR-FEL macropulses, one can understand that onlZonsidering that the IR-FEL bandwidth is about 0.5% of the cen-
asmall percentage of the ion cloud overlaps with a single IR-FEltral wavelength, and based on the comparison with IR absorption
macropulse in our FTICRMS conditions. The order of magni-spectra of neutral species at room temperature, it was suggested
tude of the axial “trapping” motion along the magnetic axis isthatthe IRMPD bandwidth might be essentially controlled by the
also about 3—4 mm as can be seefitn 3awhere the fragmenta- rotational contour of the vibrational baf@6]. When IRMPD
tion yield of the Fe(CQy* ion is plotted against the displacement spectroscopy is performed using our Paul ion-trap, the IRMPD
of the beam waist along the magnetic field. The consequendsands are significantly narrower (fwhm=25th), which is
of the “trapping” motion on the ion-cloud/laser overlap is alsolikely to be the result of the efficient collisional thermalization
important since its period (tens of micro second/gy of the  with the helium buffer gas. Only radiative cooling occurs under
order of 100) is of the order of magnitude of the length of the trainour FTICR conditions. From the above discussion on overlap
of picosecond pulses of the IR-FEL. As a result, the overlap of &etween the ion-cloud and the IR-FEL, one would anticipate
given ion with the train of picosecond pulses might be singularlythat the internal energy distribution within the ion cloud might
reduced which would suggest that the infrared multiple photorbe further broadened through the sequential slow heating pro-
absorption process is slower under FTICR than Paul ion-trapess from the successive macropulses. Furthermore, it should
conditions. This could explain that while different fragmenta-be noted that in the present case, LeuMekere allowed to
tion channel$35] can be observed upon the IR-FEL irradiation relax for only 100 ms, since at the second timescale a signifi-
when molecular ions are trapped in a Paul device, only the loweant decrease of the corresponding signal was observed with a
est energy fragmentation channel is generally observed undeoncomitant formation of proton bound dimer of leucine methyl
our FTICR conditions. When several fragments were observedster, probably resulting from collisions between LeuMeaidd
under these conditions, like in the case of Fe(buterfi@g, neutral LeuMe produced in excess during the MALDI process.
where both Fe(butadieneind F& were observed, we showed
that the later was formed through a sequential IRMPD pro4. Summary
cess: F&ions were only observed when the IR-FEL was tuned
at a frequency corresponding to an IR active mode of both IRMPD spectrum of protonated leucine methyl ester has been
Fe(buten€) and Fe(butadien&) Multiple fragmentations were recorded in the mid-IR range (800-2400ch The infrared
observed under our FTICR conditions when two fragmentationdand associated to the CO stretch, together with two associated
closely compete like in the case of proton-bound dinf@f$and  with deformation of the ammonium group provide the infrared
in the case of Fe((C§J20)2" where the direct loss of methyl, signature of the conformation. Comparison of these experimen-
which is a direct but endothermic process, was in competitional data with computed IR absorption spectra of the two lowest
with a stepwise rearrangement leading to the exothermic lodging conformers clearly shows that only the lowest lying isomer,
of methand22]. It was interesting to observe that the branch-characterized by the ammonium group coordinated to the car-
ing ratio of the two fragmentation channels (i-e€CHa/~CHs4)  bonyl group, is formed under both MALDI and ESI conditions.
did not depend upon which IR active mode of Fe(¢#D),”  This IRMPD spectroscopic investigation of protonated leucine
was in resonance with the IR-FEL, which seemed to confirmmethyl ester under two experimental conditions allowed for a
that statistical distribution of the internal energy occurs priordiscussion of the pros and cons of our two experimental setups.
fragmentation. In particular, the highest overlap between the IR-FEL beam and
The resolution of the IRMPD spectrum also strongly the ion cloud, together with the highest IR-FEL fluence, which
depends on the experimental conditions. The IRMPD bandean be achieved with a Paul trap, might be encouraging in the
width observed under FTICRMS conditions (fwhm = 40ch perspective of the extension of the IRMPD spectroscopy to the
for LeuMeH" are of the same order of magnitude as what has\H and OH stretch region with tabletop lasers.
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