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An experimental and theoretical study of large van der Waals anilng clusters § = 7—35) has been
carried out. The van der Waals shift of the<S S electronic transition and of the vertical ionization potential

have been recorded by mass-resolved resonant two-photon two-color ionization techniques. Minimum energy
configurations and isomerization processes have been investigated by molecular dynamics simulations. In
particular, a careful analysis of the solvation structures at temperatures close to the experimental conditions
has been performed by using appropriate global geometrical parameters. This approach allows a deep

understanding of the evolution with size arising from the spectroscopic data. A new interpretation of the
magic character of the anilin€Ar,; cluster observed in the resonant two-photon ionization mass spectrum is
proposed.

I. Introduction can be viewed either as the result of many isomers which do
not communicate together or as the result of the isomerization

Cluster chemical physics focuses on the structure, the isomerdynamics if the temperature is high enough. Thus a temperature
stereochemistry, the spectroscopy, and the internal dynamicSgifect has to be generally considered.

of large finite size systems at the molecular level. in mixed To investigate the role of the vibrational dynamics at a finite
molecular clusters, the building-up of solvation shells and temperature. the anilineAr. clusters apoear as. excellent
isomerization between structural conformers are important issues (Fj)idates i,n the sense thf;t the vdW elggtronic Shift has been
to understand the relationship to condensed phase beHavior.]i:an d1ob v d d h ific localizati f
Among these systems the structure and dynamics of aromatic ound to be strongly dependent on the specific localization o
(solvent), clusters have been deeply studied in the past de@ades. the Ar atoms relative to the frame of the aniline chromopFote.

The role of the geometry of the cluster, i.e. the local arrangement!Due to the presence of the amino group the seistEvent

of the solvent atoms or molecules around the chromophore, hasjnterag:_gcon Oft tfhe A;hatton}sﬂ\]/vngthﬁ electrqtrr:stﬁf theb“?? IS ¢
been deeply studied from spectroscopic interrogation in super-\l/Jeryt ! e_reg ﬂr]om dV\all ? te \r af?fTSfV\{lh fi etsul Stl uent.
sonic molecular beam. For small clusters, different conformers —P ©© N = ©, the v electronic shiit of the Tirst electronic

have been generally inferred. For the size range involving only transﬁ(;o;lhwas I.||r.1ked to wglIl-deflnedhbmdlngh;t;s Olf A.r at(f)ms
a few solvent units the temperature is usually low enough to aroun e aniline (quasiplanar) chromop naiysis o

probe selectively the cluster in a given frozen structure, the vdW shift for larger clusters could shed light on the spatial

spectroscopic features being sharp bands. For larger clusteréocal'zat'or.' of the_ Ar. atoms aroynd the. aniline molecule and
thus the isomerization dynamics. This would enable the

most of the observations revealed broad bands, where the q di fthe i lav b h d
broadening can be inhomogeneous (numerous isomeric struc.Understanding of the interplay between the sehseivent an

tures) and homogeneous (temperature effetfylost of the solvent-solvent interactions, which play an important role in
time, the analyses of the spectroscopic data were done adh€ dynamics of such large clusters.
extensions of those applied on smaller clusters, i.e. using zero- In addition a possible change of geometry between neutral
temperature structures. However, clusters prepared in a molecand ionic clusters is a central question. It is well-known that
ular beam are sampled at a finite nonzero temperature resultingstrong conformational changes occur between the neutral and
from evaporative cooling. A typical temperature is expected to Ionic clusters in the case of phenol/amotid$ benzene/
be about 25 K for an intermediate size (typically—28D Ar water}4~1® and others’~*? IR spectroscopic studies have been
atoms in interaction with a molecular chromophore) weakly performed directly in the cationic (anilirgdrn)* in which ions
bound van der Waals (vdW) cluster. Thus, because the numbemwere prepared by photonic excitatiofs?? In the work of
of isomers becomes rapidly very large as the size increasesNakanaga et af%??the N—H intramolecular stretching mode
analysis considering only the most stable isomers becomesfrequency was measured as a function of the number of Ar
rapidly inappropriate for large clusters although taking into atoms. Recently Solcand Dopfef® have ionized the aniline
account the local arrangement of the solvent atoms is still Ar and aniline-Ar; clusters by an electron impact ion source
pertinent. To understand such solvation effects at nonzerothat enabled the preparation of the cluster ions in their most
temperature, we need to analyze “on the fly” the averaged stable configuration. On the basis of this experimental and
structure from global geometrical parameters adapted for thetheoretical work, they have shown that the most stable structure
pertinent description of the system. This “averaged” geometry of the small aniline-Ar, (n = 1 and 2) is not the same for the
neutral and ionized clusters. Although the Ar atom is prefer-
* Address correspondence to this author. entially located above the center of the aromatic ring in the
* Laboratoire associa I'Université de Paris-Sud. aniline—Ar neutral (forming ar-bound cluster), it was shown
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that the most stable configuration of the cationic complex is information on the rigidity of the vdW cluster. As the cluster is
obtained when the Ar atom interacts preferentially with the not homogeneous but composed of a chromophore solvated by
amino group (so-called H-bound clustét)Therefore even in argon atoms, two different parameters can be calculated. The
such weakly bound vdW systems geometrical changes have tofirst one,dar—ar, is an indicator of the amplitude of the AAr
be taken care of to interpret spectroscopic data in large clustersdistances fluctuations:

In the present paper, we will focus on the solvation dynamics

in the neutral clusters whose size ranges between 7 and 35, and [, 2

its possible relationship with the “magic” number= 22. In s . 2 . (8 "L [ 1
section Il, the experimental setup and procedure are briefly Ar—Ar nin—1) % Z 0. [ @
described. In section lll, the classical molecular dynamics = I

simulations are presented in details. The experimental results
are given in section IV, while section V is devoted to description
of the theoretical results, which provide the basis for the general

wherer; corresponds to the distance betweenitheand the
jth Ar atoms. The second on&un—ar, is related to the rigidity
of the Ar, cluster with respect to the aniline chromophore:

discussion.
IIl. Experimental Section 1 n A B0 w3
The experimental studies of the anilin&r, vdW clusters Opn-ar = H Z 00 @
=

have been realized in the ICARE apparatus. It consists of a
supersonic molecular beam coupled with a 300 mm long linear
time-of-flight (TOF) mass spectromet&rThe clusters were
generated in a supersonic expansion of a gas mixture (An:Ar:
He or An:Ar) through a 0.9 mm i.d. pulsed nozzle (opening
:;n;?egjliogegfg'Wgzeexkifgggg ti?rrc?jgﬁrﬁwewfsgtf?g]'o::r? Following the Lindemann criterioff, the cluster exhibits a

diameter conical skimmer before entering the extraction region IEISqdelkIe l.)ehf;]wor Wr?.m”’%?ndat’\*/\';*” are Iart'ger thanfO.l.t.
of the TOF. Aniline-Ar, clusters were easily produced and y analyzing the evolution oT tnese two parameters as a function

measured up ta ~ 50. The mass spectra were obtained with of the internal energy, the melting temperature can be evaluated
a mass resolution of ébout 300 (at= 200 amu) by using the definition of the kinetic temperature

The resonant two-photon two-color ionization (R2P2Cl) 2[E. [
technique has been used. A pulsed frequency-doubled Nd:YAG S —
laser was used to pump a dye laser that was subsequently ks
frequency-doubled to provide a beam of tunable wavelength
nearl; = 294 nm. To minimize resonant two-photon one-color where [Ecis the time-averaged kinetic energls is the
ionization, the energy per pulse was carefully adjusted. The Boltzmann constant, ang (=3n) corresponds to the number
second photon was generated by an Excimer laser pumped dyef degrees of freedom of the nonrotating anitiner, cluster.
laser operated in th& = 360—402 nm wavelength range. By However, these parameters give no information about the
scanning the energy of the first photoh)( the spectra of the  detailed localization of the Ar atoms around the rather extended
S, — S electronic transition origin was recorded. By scanning aniline molecule. Indeed this chromophore is highly anisotropic
the energy of the second photdi)(ionization efficiency curves  in character, first because of its nearly planar structure, and
were obtained, which allowed the determination of the vertical second because the presence of the amino group makes the

wherer; corresponds to the distance betweenitheAr atom

and the center of mass of the aniline molecule. In these two
equations, the notatidd.Cindicates a time-averaged value along
a microcanonical trajectory.

®3)

ionization potentials (IP). chemical interaction very different at both ends of the molecule.
Actually it was shown that the electronic properties {S S
Ill. Methodology and Numerical Procedure electronic transition and ionization potential) are very sensitive

to the local positions of the Ar atoms in the vicinity of the aniline
molecule!© It is therefore interesting to characterize the
instantaneous positions of the Ar atoms with respect to the
molecular frame along the microcanonical trajectories. Three
parametersg, S, andS,) have been calculated:

The dynamics of the anilineAr, neutral clusters has been
investigated in their ground electronic state by molecular
dynamics (MD) simulations. During the classical trajectories,
the aniline chromophore has been kept as a rigid body. This is
generally adopted in such aromati@re gas systems due to
the large difference between the intra- and intermolecular n
vibrational frequencies. The potential energy surface (PES) has s.=Sq (4)
been built from the sum of the pairwise atertom potentials &
and all the potential parameters can be found in a previous
publication® The rotation of aniline was described by the usual in which o; corresponds to the, yi, andz Cartesian coordinates
quaternion formalis@t and the classical equations of motion of the ith Ar atom in the molecular frame. Theaxis is
were integrated by using a fifth and fourth order Adams  perpendicular to the aromatic plane and xkexis corresponds
Moulton predictof-corrector algorithm for the translational and to the C-N axis.
rotational degrees of freedom, respectively. The time integration  All the information about the isomerization dynamics has
step was equal to 2 fs and the energy conservation was typicallybeen extracted from MD simulations for durations larger than
better than 10°. The total angular momentum of the clusters 200 ns. In such large vdW systems, local minima are very
was taken equal to zero. numerous. An extensive quenching procedure has been realized

The solidlike or liquidlike behavior of a cluster is linked to  to find the most stable isomer but also to extract the statistical
its ability to vibrate around one given equilibrium geometry or information about these local minima which play a major role
to visit a large number of local minima in the PES. Therefore in the dynamics of the cluster in the range of temperatures
the analysis of the interatomic distance fluctuations provides relevant to experimental conditions. For this purpose, 7000
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Figure 2. van der Waals electronic shift of the S- S electronic
n=15 transition as a function afi, for n = 6 to 35. The origin corresponds
to the electronic transition in the monomer. Tine= 7 cluster could

1 =14 not be considered because of the superimposition of the aniine
and the (aniling) peaks. The wavenumbers were obtained from
n=12 calculation of the first moment of each spectrum.
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Figure 1. S;— S electronic spectra of anilineAr, clustersn = 8—35, @ ~2000¢ g, ;
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guenches have been performed for each cluster size every 10rigure 3. Electronic shift of the vertical ionization potential as a
ps along an initial trajectory. function ofn for n = 1 to 38. The origin corresponds to the adiabatic
ionization potential of the aniline monomer. Upric= 6 data are taken

IV. Experimental Results from ref 10.

A. Electronic Spectroscopy.The R2P2CI spectra of thegS  of distinct structural isomers, whose characteristic shifts could
— & electronic transition were recorded far= 6—35. A be rationalized by using the site specific shift additivity rule.
comprehensive sample of these spectra are plotted in Figure 1Aboven = 6 the identification of structural isomers is no longer
To minimize the excess energy deposited in the ions, the spectrgpossible, as a consequence of both the number of such isomers
were recorded at two different energies of the second photon.and the transition to the regime where evaporative cooling
In the first casetw, was fixed just above the ionization threshold dominates. Fon = 8 and 9 the first moment red-shift is reduced
of the aniline-Arg!C cluster ion giving a maximum excess of almost to zero, indicating that isomers involving structures of
energy of about 1300 crd in the aniline-Arys cluster ion. In the “—NH, site” type should contribute. This present work
the second caselv, was fixed just above the ionization focuses on larger clusters £ 10) for which three regimes can
threshold of the anilineArss cluster ion giving a maximum  be identified. Up to~13 the vdW electronic shift decreases to
excess of energy of about 1000 chin the aniline-Arss cluster the red by about 9 crt per argon atom. Betweem~ 13 and
ion. It was checked that fan = 15 and a few masses above, 21 a plateau is observed at abetf5 cnt!. Forn > 22(+£1),
the measured spectra were found to be similar by using the twothe red-shift decreases monotonically by only about 3'cper
different second color settings. The first moments of these argon atom. It appears clearly that the average strength of the
spectra associated with the origin bands have been extractedffective interaction of the Ar atoms with the electrons involved
from n = 6 to 35 and their shift in position relative to the in the chromophore transition is much weaker in this last range
monomer is plotted in Figure 2. of size.

The most striking feature emerging from these patterns is  B. lonization Potential. Two sets of mass spectra have been
that the spectra are broad band in character, as opposed to thaveraged from 2000 laser counts. The second wavelength was
case of smaller clustera & 1—6) which were exhibiting sharp  varied to build the photoionization efficiency curves. From
feature>®19The characteristic bandwidth (second moment) is = 6 to 20 and 20 to 35, the energy of the ionizing photon was
about 70 cm?. Moreover the magnitude of their shift in position  decreased by successive steps of 100 and 50,aespectively
relative to the monomer origin band is rather weak. This shift (the wavelength of the;S— S excitation photon was separately
is of the order of that observed for chromophores such as optimized). The ionization efficiency curves were built from
benzené/ fluorene?® and naphthaled@but much smaller than  the calculation of the area of the mass peaks for every photon
that observed for carbazoleperylene® and dichloroan- energy. From the positions of the onsets in these curves, the
thracene! Whatever these aromati€rare gas) systems, the  vertical IP of the different vdW clusters has thus been
electronic vdW shift fom ~ 25 is found comparable to that determined. In Figure 3, the shift of the IP relative to the
measured in rare gas matrixes. In the case of the anilinemonomer’s IP has been plotted versus the number of argon
molecule, the Ar matrix shift is equal te114 cn1,32 which atoms.
is close to the electronic shift for clusters larger tmar 30. As a function of size three regimes are clearly identified (

The vdW shift of the aniline Ary, clusters has already been < 12, 12 < n < 22, andn 2 22). These regimes are
discussed up ta = 6.1° The electronic spectra of these small, approximately linear. From = 6 to 12, the decrease per argon
collisionally cooled, clusters were dominated by the coexistence atom is about 180 cri, fromn = 12 to 22 about 90 cm and
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Figure 4. Resonant two-photon two-color ionization mass spectra
obtained with two different values df: (a) . is set to just above the
ionization potential of the anilineArs cluster and (b}, is set to just
above the ionization potential of the anilinéris cluster. The residual
signal due to one color ionization can be seen in part b.

for n = 22 it falls to 24 cm. These identified regimes are
consistent with those obtained for tha S S electronic
transition.

C. Mass Spectra.Two selected mass spectra are shown in
Figure 4. They were obtained at two different ionizing photon

energies to minimize the excess energy in the ions (see caption)

The intensity of then = 22 cluster peak is prominent in both
spectra. In particular it is found to be much higher thanrnhe
= 23 peak in both cases. This “magic” behavior was also

observed when using different gas mixtures, from a pure argon

expansion to an An/Ar mixture diluted in helium. This allowed
the flight-time of neutrals in the molecular beam to be changed
and the effects of the evaporative cooling on the neutral
distribution in the 206-500us range to be explored. It reveals
that the aniline-Ary; cluster is a magic number in the R2P2CI
mass spectra. In a one-color scherm®@00 cnT! above the
ionization threshold fon > 22) this magic number already has
been observed and a difference in the survival probability of

the cations (the ratio between the peak intensity of the parent
and daughter clusters measured in the mass spectra obtained i
a reflectron-TOF mass spectrometer) has been inferred for

clusters larger than = 2233

According to the spectroscopic results this “magic” character
of n = 22 cannot be the consequence of an optical selectivity
due to the size evolution of the spectroscopic features (vdW
shift and bandwidth) of the ;S— S electronic transition for
the large clusters. Different interpretations can be given since,
as is often the case for this kind of observation, the magic
character may reflect either the neutral cluster distribution or a
particular stability of the ionic cluster. In addition changes
between the neutral and ionic cluster conformations can be
present and moreover may vary with size. This may lead to a
difference in the vibrational energy injected into the ions
following the ionization step, thus affecting the ionic fragmenta-
tion dynamics at given sizes.

V. Theoretical Predictions and Discussion

A. Binding Energies and Structures. The structure and
binding energy (BE) of the most stable isomer for the neutral
aniline—Ary, clusters were calculated from two sets of 7000
guenches for each cluster size betwaen 7 and 25. The initial
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Figure 5. Binding energies per argon atom of the anitif&r, neutral
clusters as a function af. The squares correspond to the absolute
minimum energy structures. The circles give the mean binding energy
averaged over the structural isomer probability distribution (see text).

In Figure 5 the BE per argon atom of the most stable structure,
noted E/n, is reported as a function of cluster size. Three
regimes, characterized by a monotonic increase/nfversus
n, can be identified in this curve and the slope changes are found
aroundn = 14 and 20. Fon < 14, the value of the localization
parametef, in the most stable isomer is around 0 A, indicating
that the Ar atoms preferentially interact with the aromatic ring.
Betweenn = 14 and 20S; is shifted to large positive values,
implying a displacement of the Arcluster toward the amino
group. In this size range&S/n is approximately equal to 2 A.
Whenn = 21, S/n s slightly negative. These regimes are found
to be consistent with the evolution &/n. They reflect the
balance between the anilindr and Ar—Ar interactions: for

< 14 the aniline-Ar interaction strongly influences the
structure while for larger clusters the AAr interaction starts
to play an important role. Bridged structures are found in the
vicinity of the —NH, site in clusters up t@ = 20 and on the
ring (S slightly negative) for clusters larger tharn= 20. This
structural change arounad = 20 is the consequence of the
strongest “ring™Ar interaction with respect to the NHy" —

r interaction. However, no particularly large stability is found
orn= 22.

The ensemble-averaged BE[of a given cluster size also

has been calculated:

1M

[EC=— Efn (5)
N, 5

in which N, corresponds to the number of quenches Bfidis

the BE of theith local minimum. In Figure 5[ElIn has been

reported forn = 10—26 with E/n (absolute minimum). The

evolution of(El/n is slightly different from that oE/n belown

= 14. The large “accident” between= 14 and 15 is largely

reduced by averaging over all the visited isomers. irer 14,

the curve€/n andEZn versusn seem almost parallel. However,

the change of the slope appears nownat 22 and it is

reinforced. The energy of the local minima of anikingr,,

found along a quenching trajectory is plotted in Figure 6a as a

function of the S, parameter. Many of these isomers have

configurations withS, about 36-40 A although the absolute

minimum is located a8, about—20 A. In addition many are

characterized by a BE very close to that of the most stable

conditions for the quenches have been generated from aisomer. In Figure 6b, the number of minima found in a given
trajectory at a kinetic temperatufe ~ 30 K, which allows energy slice has been reported. Numerous local minima reached
exploration of a large volume of the configuration space without during the quenching trajectory are characterized by a BE up
any dissociation of the cluster during the MD simulation. to 200-300 cnT? above the absolute minimum energy. More-
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) ) B ) clusters as a function of total energy: the top frames show the caloric
Figure 6. Analysis of the topology of the anilireAr,, potential energy curve and the middle and bottom frames show the normalized
surface from the outcome of 7000 quenches along a microcanonical fiyctuation of the distance parameteig_ar and dan_ar.

trajectory withT ~ 30 K. (a) Minimum energy of the local minima as

a function of theS, parameter; (b) number of minima found in a given 02— —T
energy slice; (c) number qf_ minima found in a_given sliceSpfalues. 015k h
See the text for the definition of the geometrical param&ter L n=10 .
0.1 _
over configurations with an energy of about 100 énabove 0.051- =
the global minimum are numerous and so must play an important £ ok s s ]
role in the dynamics. In Figure 6c¢, the histogram of counts §0.15'_ ]
versusS; is shown. It reveals that many explored isomers are g o4k n=12 2 h
located at large positive values 8f. 5 Tt d ‘***ﬁl
Taking into account the most stable isomer only can be -‘20-05_' 7
misleading and would be meaningful only if one particular 8 4

isomer is significantly more stable than the other ones. For the
aniline—Ar, clusters, many isomers are found with an energy
comparable to that of the most stable conformation. These
conclusions obtained far= 22 are general and can be extended
to all the clusters around = 20. Consequently, the global
minimum for the neutral clusters cannot be used to explain the
spectroscopic data and the mass spectra. This indicates thagigure 8. Density of probability of theS, parameter along a
temperature effects have to be analyzed. microcanonical trajectory &k ~ 30 K for n = 10, 12, and 14.

B. Isomerization Dynamics and Its Relation to Spectros-
copy. 1. Finite Temperature: How To Characterize the Isomer different cluster sizes to understand the solvation dynamics of
Distribution? The temperature, resulting from the evaporative the Ar atoms around the aniline molecule at a temperature close
cooling, was predicted from the calculation of evaporation rates to that of a supersonic jet.
to be about 25 K in the size range of about 20 Ar at&fn$. 2. Isomerization Dynamics for = 10—16. To obtain
the cluster is liquidlike at this temperature, the isomerization information on the evolution of the solvation structure as a
dynamics will govern the exploration of the configuration space function of the energy, th&, parameter has been calculated
of the cluster. On the other hand, if the cluster is solidlike, the during long constant energy trajectories and extracted at constant
properties will be governed by the branching ratios between intervals, every 400 fs. The probability distribution®f P(S)),
isomers in the last evaporation event. The melting temperatureshas been calculated for= 10, 12, and 14 along trajectories at

have thus been evaluated. T ~ 30 K. TheP(S)) curves are reported in Figure 8. Fo=
For the aniline-Ary4 cluster, the melting temperature has been 10, P(S) is unimodal and peaks arour®i= 0 A. Due to the
found at approximatelf¥mer: = 18 K. Around the cluster size relatively small size of the cluster, the interaction between the

= 22, the isomerization dynamics has been precisely analyzedAr atoms and the chromophore is favored in configurations for
due to the specificity of the anilin€Ar,; cluster. In Figure 7, which the Ar atoms interact mainly with the delocalizad
Oar—ar, Oan—ar, @nd the kinetic temperatufiehave been reported  electrons. Fon = 12, P(S)) presents now two extrema f&

as a function of the cluster energy for= 21 and 22. These  ~ 0 and 20 A. It indicates that the aniliné\r;» spends almost
curves show that the sokhdiquid transition occurs nearly at  half of the simulation time in a configuration for which the Ar
the same temperature, i.e. arouhek 20 K. It appears thatin ~ atoms are strongly influenced by the substituent group.rFor
the experimental conditionByer is always smaller than that of = 14, P(S) has only one maximum but f&® ~ 30 A. The

the sampled clusters. They are liquidlike when they are probed, cluster is now most of the time in a configuration interacting
thus the isomerization dynamics has been investigated for preferentially with the—NH, group.
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Betweenn = 10 and 14 a net change is also observed for the e ooy E—
P(S) probability distribution. Fom = 10, this distribution is s, (&) s, (A

bimodal: the two maxima are obtained Eﬁﬂ.B'A..Arolundn = Figure 10. Density of probability of theS, parameter along single
12,P(S) progressively tends to a unimodal distribution centered microcanonical trajectories &t~ 30 K for n = 17—24. Note the change
atS, = 0 A. It indicates that the cluster spends most of the of pattern between = 22 and 23.

time in bridged structures, in which the Ar atoms are around

the ring forn < 12 and around the-NH. group forn > 12. In evaluated from longer trajectories (400 ns) to keep the statistical
addition these clusters are always in wetting structuresnFor  significance despite the lowering of the isomerization rates.
= 15 and 16 the behavior is very similar to that fo= 14. Whatever the cluster size is, thB(S) curves remain

unchanged: the mean valueSfis around 0 A, the distribution
is maximum forS, = 0 A, and the full width at half-maximum
(fwhm) of these distributions is typically 280 A. On the
contrary the distribution of th&, parameter does experience
some changes as a function of the number of Ar atomsnFor
< 18, theS, parameter is distributed aroti® A with a typical
fwhm equal to 10 A. Forz18, the distributions are mainly
peaked arouh O A with two minor contributions a%, = =30
A. Betweenn = 18 and 22, the solvation structure remains
vibrates around its absolute minimum energy configuration: the favo_red in the vicinity O.f the—_NHz gubsmuent but the Ar atoms
S, value exhibits small oscillations around-22 A. At T = 20 begin to explore configurations in which some Ar atoms are

X . . : located at a large distance from the chromophore plane. Large
K, the amplitude of this motion becomes larger but Be

oo values ofS, are reached but only when the center of mass of

parameter remains in the same range of values. The cluster can

isomerize but the system is always located in the same basin ofthe argon atoms is mostly displaced to large positive values of

the PES. AT = 25 K the dynamics is totally changed, as is S« It is noteworthy that wetting structures remain the most

apparent from the steps in the time evolutiorSpf the cluster probable whatever the cluster size is.
pp ps N . . . . 4. Outline of Arerage Structural Changeb brief the cluster
explores more and more isomers, and in particular isomers in

- r res which domin he pr ility distribution are then
which Ar atoms are located around théNH, group. AtT = structures which dominate the probability distribution are the

. the following: bridged wetting structures with argon atoms in
23 .K(;.he Elustt?]r ?ct)r\iv slpen<|js TOSI O]]: the t'n:he Wi 25-30 A an incomplete first solvation shell from= 10 to 17; appearance
at’olrgslicr?twgvic%ity gf ?hC:NeI-T rngZ)):Jpa\'/l%rii is ?:opr:;z(tee?r?tew?th " of nonwetting structures from= 18, which are localized near
2 ’ the amino group; and ringenteredwetting structures above
the fact that most of the quenches are found th- 30—35 =922 grotp 9 g
A (see Figure 6a). Additionally it can be noted that the bridging atoms tend to

In Figure 10, the probability distributio’(S) has been  pind to the peripheral hydrogen atoms of the ringrice 10 to
plotted for the aniline-Ar,, clusters between = 17 and 24. A 12 and forn > 22, and to the amino group for= 13 to 22.

3. Isomerization Dynamics for# 17—24. Around the cluster
sizen = 22, the isomerization dynamics has been analyzed in
more detail due to the specificity of the anilinér,, cluster.

In Figure 9, the time evolution of for n = 22 along 20 ns
trajectories is reported for values of the energy corresponding
to kinetic temperature® = 13 (panel a), 20 (panel b), 25 (panel
c), and 33 K (panel d). It shows a strong entropic effect: the
basins visited in the PES change dramatically as a function of
the energy deposited in the cluster. Rt= 13 K, the cluster

net change is found as a function of the cluster size:nfar Note that in this paper, following the terminology cast by Solca
20, the distribution is strongly peaked arouicr 30 A with and Dopfer3 we use the expression “H-bound” cluster only in
a small bump nea$, = —20 A, which is similar to that fon the last case, where some argon atoms interact preferentially

= 14. Forn = 21 and 22 the distribution is always peaked with the two hydrogen atoms of the amino group. From the
around positive values & but a double peak structure takes electronic point of view the orbitals on nitrogen participate in
place around, = 20 and 30 A. Fom > 22 a strong change this binding.

appears and the distribution now peaks aro@d- 0 A. It C. Neutral Solvation Structure and Its Relation to
indicates a solvation mostly centered near the center of the Spectroscopy.The isomerization dynamics has revealed that
aromatic ring. The same trend was observed for colder clustersthe localization parameté&; is the pertinent solvation coordinate

at T ~ 25 K, which is the approximate temperature of the to characterize the spectroscopic regimes. On the basis of
product cluster in the last evaporation event, i.e. the temperaturespectroscopic data for small cluster si2é%23it is interesting

of the probed clusters. In this case, the distributions have beento check if the size evolution of the electronic shifts might be
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explained by an average solvation structurebpund and
H-bound structures). The;S— S electronic transition for the

Pino et al.

Some years ago, the evaporation dynamics of the ionic
aniline—Ar, clusters had been investigated by Guillaume &% al.

small clusters has revealed a blue-shift when the Ar atoms areusing a reflectron-type mass spectrometer. The ionic species

located in the vicinity of the amino group and a red-shift when
the Ar atoms interact with the rirfgl° The evolution of the §

— & electronic shift arouneh = 12 and 22 is consistent with
such a behavior: between= 13 and 22 the stabilization in
the § state with respect toSs weaker for these H-bound
clusters than in ther-bound onesp < 12 andn > 22 (see
Figure 2). For large clustersh (= 22) the electronic shift is

were prepared via a one-color two-photon ionization process
and a “magic” number was found for= 22. Indeed fom >

22, the survival probability of the ionic cluster was found to
strongly decreas®. This feature had been interpreted in terms
of a dynamical closure of the first Ar solvation shell around
the chromophore (wetting structure) in the cation. In light of
the isomerization dynamics characterized in our present work,

weakly dependent on the cluster size probably reflecting the a new interpretation of this magic number can be proposed.

Ar shell closure around the chromophore.

Betweenn = 12 and 22, a small amount of vibrational energy

For the small clusters, the electronic shift of the IP was also 1S injected in the ionic species while for > 22 the neutral
shown to be dependent on the Ar localization around the averaged geometry is modified (Ar atoms are now around the

chromophore characterized by a larger red-shift from the-NH
binding site3>3¢ For large clusters, the slope of the IP versus
the cluster size is maximal in the = 6 to 10 interval, in
agreement with the role of argon atoms interacting with the
amino group. It is then reduced around= 12 (see Figure 3).

ring). Thus the decrease of the survival probability could be a
direct consequence of the increase of the vibrational energy
deposited in the cation. This would indicate that the averaged
geometry in the ionic cluster remains unchanged in this range
of sizes, i.e. the Ar atoms are located around the amino group.

Itis certainly the consequence of the change in thermal-averaged AS a final remark, it should be recalled that the possible
structure in the neutral ground electronic state as predicted incontribution to the “magic” character observed for= 22

section B. Fomn = 22 the IP shift is weakly dependent on the
cluster’s size as is the;S— S electronic transition shift, due
to the previously mentioned first Ar shell closure around the
chromophore.

D. Neutral Solvation Structure and Its Relation to lonic
Clusters Dynamics.Mass spectrometry is recognized in cluster
science as a powerful technique to study the stability of ionic
clusters’’~43 For the neutrals, when ionization and heating

resulting from the evaporation dynamics in neutral clusters has
not been evaluated, although the change of regime found at this
particular size in the isomerization dynamics might have an
influence on the evaporation rate.

VI. Conclusion

Thanks to a combined study of the anilinar, clusters with
both experimental and theoretical appropriate tools, the present

processes are not separately controlled, peak intensity in theyork has brought a very significant advance in the understanding
mass spectra does not automatically reflect the stability of a o solvation dynamics in finite temperature clusters. Spectro-

particular mass. An interpretation of “anomalous” large intensi-
ties in a mass spectra is thus not trivial. In the framework of
the Franck-Condon approximation, the amount of internal

scopic data have been recorded for large anitifig, clusters.
The electronic vdW shift and vertical ionization potential have
been measured as a function of cluster size, from 8 up to

energy injected into the ionic cluster is linked to the degree of 35 From these experimental data, three regimes have been
geometrical change between the neutral and ionic species. Wegentified and understood from MD simulations as consequences

could easily imagine that for a peculiar atomic or molecular

of the isomerization dynamics in.SThe shifts of the 5— S

cluster, the internal energy in the ions will be dependent on the transition as well as the ionization potential as a function of
cluster’s size. This would induce a strong size dependence ofc|yster size have been explained in terms of average solvation

the ionic cluster dynamics.

structures, governed by the competition between the sotvent

On this basis, we can now analyze the consequence of thesolvent and solutesolvent interactions. The role of temperature

isomerization dynamics in the neutral species aronrre 12

on well-defined structural parameters has been investigated in

and 22 on the ionization step. Recent experimental and ab initio detail by molecular dynamics simulations in large vdW clusters,

data on the ionic aniline—-Ary, , indicate that the H-bound
structure is more stable than thebound structure in the ground
ionic electronic staté® The infrared spectra of the NH
stretching mode in aniline-Ar, (n = 1—21) ionic clusters have
also been collecte®. The ions were prepared through a R2PI

so that the signature of the solvation dynamics was inferred on
the spectroscopic observables. In particular the important role
of wetting structures involving argon atoms in the vicinity of
the amino group is clearly recognized in the spectral shift curves
for the size intervah = 13 to 22.

scheme. One interesting feature observed in this experimentis This analysis led also to the conclusion that large ionic

that the bandwidth decreases monotonically from 6%far n
= 8 down to 2 cm? for n = 12. Whenn > 12, the bandwidth

aniline"—Ar,, clusters possess H-bound structures so that for
> 22, due to the change in the neutral average structure, the

is almost constant. It most probably indicates that the temper- injected vibrational energy increases with size in a one-color
ature of the ionic clusters is decreasing umte 12 and keeps  two-photon ionization scheme. As a general conclusion, we have
a constant value for larger clusters. Because the ionization shown that the solvation dynamics at finite temperature has to
process is vertical, it provides a contribution to the vibrational be taken into account to interpret the experimental results on
energy injected in the cations. As the bandwidth narrows, this clusters, even in weakly bound vdW clusters, as soon as they
contribution is found to decrease with size upnte= 12. The are subject to evaporative cooling.

vibrational dynamics in ghas shown that H-bound clusters are
the averaged structures i for n = 12—22, and it indicates
that the B ionic ground state also has this averaged structure
in this range of sizes. Below = 12, the heating of the ionic n Chem. Phys1998 239, 1.

cluster reyeals th.at.the H-bound gluster remains the average (2) Brutschy, B., Hobza, P., Eds. van der Waals, Ill.Ghem. Re.
structure in B. This is consistent with the calculated geometry 200q 100, 3861.

of the aniline-Ary, , cations. (3) Leutwyler, S.; Bsiger, J.Chem. Re. 199Q 90, 489.
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