View metadata, citation and similar papers at core.ac.uk brought to you by iCORE

provided by Sissa Digital Library

AI P gﬁgmli:f:al Physics

Rotational dynamics of CO solvated in small He clusters: A quantum
Monte Carlo study

Paolo Cazzato, Stefano Paolini, Saverio Moroni, and Stefano Baroni

Citation: J. Chem. Phys. 120, 9071 (2004); doi: 10.1063/1.1697388
View online: http://dx.doi.org/10.1063/1.1697388

View Table of Contents: http://jcp.aip.org/resource/1/JCPSA6/v120/i19
Published by the American Institute of Physics.

Related Articles

The trans-HOCO radical: Quartic force fields, vibrational frequencies, and spectroscopic constants
J. Chem. Phys. 135, 134301 (2011)

High resolution quantum cascade laser studies of the 3 band of methyl fluoride in solid para-hydrogen
J. Chem. Phys. 135, 124511 (2011)

The spectroscopic characterization of the methoxy radical. lll. Rotationally resolved 2A1-2E electronic and 2E
submillimeter wave spectra of partially deuterated CH2DO and CHD2O radicals
J. Chem. Phys. 135, 094310 (2011)

Rotational analysis and deperturbation of the A2 X 2+ and B 2+ X 2+ emission spectra of MgH
J. Chem. Phys. 135, 094308 (2011)

The complex spectrum of a “simple” free radical: The - band system of the jet-cooled boron difluoride free radical
J. Chem. Phys. 135, 094305 (2011)

Additional information on J. Chem. Phys.

Journal Homepage: http://jcp.aip.org/

Journal Information: http://jcp.aip.org/about/about_the_journal
Top downloads: http://jcp.aip.org/features/most_downloaded
Information for Authors: http://jcp.aip.org/authors

ADVERTISEMENT

Explore AIP’s new
open-access journal

AlP

Article-level metrics
now available

Join the conversation!
Submit Now Rate & comment on articles

Downloaded 29 Nov 2011 to 128.178.157.179. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions


https://core.ac.uk/display/287431822?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://jcp.aip.org/?ver=pdfcov
http://aipadvances.aip.org?ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Paolo Cazzato&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Stefano Paolini&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Saverio Moroni&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/search?sortby=newestdate&q=&searchzone=2&searchtype=searchin&faceted=faceted&key=AIP_ALL&possible1=Stefano Baroni&possible1zone=author&alias=&displayid=AIP&ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.1697388?ver=pdfcov
http://jcp.aip.org/resource/1/JCPSA6/v120/i19?ver=pdfcov
http://www.aip.org/?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3643336?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3640888?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3615724?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3631341?ver=pdfcov
http://link.aip.org/link/doi/10.1063/1.3624528?ver=pdfcov
http://jcp.aip.org/?ver=pdfcov
http://jcp.aip.org/about/about_the_journal?ver=pdfcov
http://jcp.aip.org/features/most_downloaded?ver=pdfcov
http://jcp.aip.org/authors?ver=pdfcov

HTML AESTRACT * LINKEES

JOURNAL OF CHEMICAL PHYSICS VOLUME 120, NUMBER 19 15 MAY 2004

Rotational dynamics of CO solvated in small He clusters:
A quantum Monte Carlo study

Paolo Cazzato® )
SMC INFM, Istituto Nazionale per la Fisica della Materia and Dipartimento di Fisica, UniverditRoma
La Sapienza Piazzale Aldo Moro 2, 1-00185 Rome, Italy

Stefano Paolini®
SISSA, Scuola Internazionale Superiore di Studi Avanzati and INFM-DEMOCRITOS National Simulation
Center, via Beirut 24, 1-34014 Trieste, Italy

Saverio Moroni® i
SMC INFM, Istituto Nazionale per la Fisica della Materia and Dipartimento di Fisica, UniverditRoma
La Sapienza Piazzale Aldo Moro 2, 1-00185 Rome, ltaly

Stefano Baroni?
SISSA, Scuola Internazionale Superiore di Studi Avanzati and INFM-DEMOCRITOS National Simulation
Center, via Beirut 24, 1-34014 Trieste, Italy

(Received 15 December 2003; accepted 17 February)2004

The rotational dynamics of CO single molecules solvated in small He clusters (CQXdBkebeen
studied using reptation quantum Monte Carlo simulations for cluster sizesNig 8. Our results

are in good agreement with the rotovibrational features of the infrared spectrum recently determined
for this system and provide a deep insight into the relation between the structure of the cluster and
its dynamics. Simulations for lardé also provide a prediction of the effective moment of inertia of

CO in the He nanodroplet regime, which has not been measured so f&00® American Institute

of Physics. [DOI: 10.1063/1.1697388

I. INTRODUCTION in some cases to determine the low-lying spectrum of excited
states. The rotational dynamics of small molecules solvated
Thanks to recent progresses in helium nanodroplet isoin He clusters and nanodroplets is one of these favorable
lation (HENDI) spectroscopy,the infrared and microwave instances. The scarcity of low-lying excited states typical of
spectra of small molecules solvated in\H&usters are now superfluid systems makes it possible in this case to extract
becoming accessible in the small- and intermediate-sizenformation on the location and intensity of the spectral lines
regimes>° In the particular case of carbon monoxide, thefrom an analysis of the time series generated by quantum
rotovibrational spectrum of the molecule solvated in smallMonte Carlo random walk&:8 The rotational spectrum of
He clusters (CO@Hg has been recently studied in the size OCS@ Hg has been studied along these lines in Refs. 9 and
rangeN=2-20° The infrared spectrum in the 2145-cin  10. Among the many different flavors of the quantum Monte
region of the C—O stretch consists of tiR{0) transitions Carlo method available in the literature, we adogtation
which smoothly correlate with the-type (K=0<0) and quantum Monte Carlsimulations’’ which we believe pre-
b-type (K=1+0) R(0) lines of the binary complex, sents distinctive advantages in the present case and which
CO@Hgq. The series ob-type transitions—which starts off will be briefly introduced in Sec. Il. In Sec. Ill we present
about 7 times stronger fod=1—progressively loses inten- and discuss our results, whereas Sec. IV contains our conclu-
sity as N increases, until it disappears arouht=7-8.  sions.
Around this size, just before it disappears, théype line
seems to split in two. Analogously, arouh:= 15 thea-type Il. THEORY, ALGORITHMS, AND TECHNICAL DETAILS
line also seems to split, and the assignment of experimental Virtually all ground-state quantum simulation methods
lines becomes uncertain for larger clusters. Elucidating th@re based on prior knowledge of some approximate wave
relation existing between the position, number, and intensitjunction ®, for the system under study. In the variational
of the rotational lines and the size and structure of the clustéMonte Carlo(VMC) method one contents oneself with this
is the principal goal of the present paper. knowledge and the simulation simply aims at calculating the
Computer simulations of quantum many-body systemgomplicated multidimensional integrals which are needed to
have also considerably progressed in recent years, allowingstimate —ground-stateapproximate expectation values,
(®o|A|®o) (here and in the following quantum-mechanical
dpresent address: INFM-DEMOCRITOS. Electronic mail: cazzatoOperators are indicated with a carefo this end, a random

@democritos.it walk in configuration space is generated according to the
YElectronic mail: paolini@sissa.it Langevin equation
9Electronic mail: moroni@caspur.it
9Electronic mail: baroni@sissa.it dx=efp(x)+d§, D
0021-9606/2004/120(19)/9071/6/$22.00 9071 © 2004 American Institute of Physics
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wherex={x,} indicates the coordinates of the systesris

the step of time discretization, |(w)°<27T; [(Wold| W) 28(E— Eg— )
aln[Dy(x)] -
fo(x)=2———~—, 2 :J elet(d(t)-d(0))dt, (9)

and d¢ is a Gaussian random variable of variance 2
<d§adgﬁ>:255aﬁ. Approximqteground—state guantum ex-
pectation values are then estimated as time averages over

whereV, and¥,, are ground- and excited-state wave func-

tp]%ns qf the sys'tem, respgctively, aEta and E, the corre-

random walk, Eq(1) spond_lng energies. The_dlpolg of a linear moIeCL_JIe—su_ch as
' ) CO—is oriented along its axis, so that the optical activity

Within the reptation quantum Montg CarliQMC) is essentially determined by the autocorrelation function
method, exact ground-state expectation values and . . PR
of the molecular orientation versoric(t)=Cg(t)

imaginary-time correlation functions are calculated as appro- ita —ifita
priate derivatives of the pseudo partition function, in the=(Wole™ e ™A[Wy). We have seen that the RQMC

low-temperaturdlargeT) limit, method gives easy access to the analytic continuation to
X imaginary time of correlation functions of this kind. From
Zo=(Dole” TH D), (3)  now on, when referring ttime correlation functionswe will

. o ) mean reptile time correlations-i.e., quantum correlation
whereH is the Hamiltonian of the system. By breaking the fnctions in imaginary time. Continuation to imaginary time
time T into P intervals of lengthe=T/P, Eq. (3) can be  transforms the oscillatory behavior of the real-time correla-
given a path-integral representation: tion function—which is responsible for thilike peaks in its

. Fourier transform—into a sum of decaying exponentials
Zo~f Do(x) 15X e x4+ 1)Po(Xp)dPIX. (4 whose decay constants are the excitation energiesE,
and whose spectral weights are proportional to the absorp-
For the relatively small systems considered here, it is suffition oscillator strengths|(W,|d|¥,)|2. Dipole selection
cient to use theprimitive approximationto the imaginary-  rules imply that only states witi=1 can be optically ex-
time propagator, cited from the ground state which has:0. Information on
¥ 2 excited states with different angular momedtzan be easil
(Xe™ eHly)oce™ XMT2mAVHITVINRL O( %), (3 obtained from the multipole cogr]relation functiong 7), de-y
whereV(x) is the potential energy at poirt The dynamical fin_ed as the reptile time correlations of the Legendre polyno-
variables of the statistical-mechanical system whose partitiofnials,

function is given by Eq(4) are segments of the VMC ran- cy(7)=(P,(n(7)-n(0)))

dom walk generated from Eq1), x(7) of length T, which

we callreptiles As the random walk proceeds, the reptile is b Q2 .

allowed to creep back and forth: new configurations of the =\2371 M:E_J Yim((n))Ym(n(0)) ). (10

reptile are accepted or rejected according to a Metropolis test . .
made on the integrand of the path-integral representation of ~Both He—He and He—CO interactions used here are de-
Z,, Eq.(4). It can be demonstratBdthat in the largeF limit rived from accurate quantum-chemical calculatibé The

the sample of reptile configurations thus generated is suckO molecule is allowed to perform translational and rota-
that the sample average of quantities like tional motions, but it is assumed to be rigid. The trial wave
function is chosen to be of the Jastrow form:

1 (T
ADx(r)1= 1 [ Ax(ar ©® : N

TJo <I>o=exp[—2 Ui(ri ) — > Uz(rij)], (12)
converges without any systematic bidgsit those due to the = )
finite values ofe andT) to (A)=(W,|A|¥,), ¥, being the wherer; is the position of théth atom wit.h respect to the
exactground-state wave function of the system. Even moresenter of mass of the moleculg=|ri[, 6; is the angle be-

interesting is the fact that sample averages of reptile tim&veen the molecular axis and, andrj; is the distance be-
correlations tween thath andjth helium atomsi/; is expressed as a sum

of five products of radial functions times Legendre polyno-
mials. All radial functions(including 4,) are optimized in-
dependently for each cluster size with respect to a total of 27
) ) . _ variational parameters. The propagation time is seflto
provide equally unbiased estimates of the corresponding. 1 K1, with a time step ofe=10"3 K. The effects of
quantum correlation functions in imaginary time, the length of the time step and of the projection time have
been estimated by test simulations performed by halving the
former or doubling the latter. These effects were barely de-
Ca(7)=~CA(i 7). The absorption spectrum of a molecule sol-tectable on the total energy and very small on the excitation
vated in a nonpolar environment is given by the Fourierenergies discussed beldwe estimate that more converged
transform of the autocorrelation function of its electric di- simulations would actually improve the already excellent
poled, agreement with experimentally observed spectra

1 T—7
Ca(7)= T— Jo AX(T))AX(T +7))d7’, (7)

Calit) — (Wl A(I)A(0) | Wo) =(Wo|e"Ae AWy, (8)
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FIG. 1. Atomic binding energhEy=Ey—Ey_, as a function of the clus-

ter size in CO@Hg. The horizontal line on the right of the figure indicates
the chemical potential in bulfHe, ©=7.4 K (Ref. 7.

FIG. 2. (Color) Upper left panel: He—CO interaction potential(iifue) and

O (cyan atoms are pictured by two circles whose radius is the correspond-
ing van de Waals radius. The other panels picture the differential He density
The estimate of excitation energies and spectral weightspy=py—pn-1 for various sizes of the CO@IHecluster. Color conven-

from imaginary-time correlations amounts to performing antion is rainbow: red to purple in order of increasing magnitude.
inverse Laplace transform, a notoriously ill-conditioned op-
eration which is severely hindered by statistical ndfsEor
each value ofl, we extract the value of the two lowest-lying
excitation energie&iyb—i.e., the two smallest decay con-

He—He interaction is counterbalanced by the spill-out of He
atoms off the main attractive well, until fod~9 the reduc-

. . tion of the He—CO interaction overcomes the increased at-
stants in cy(7)—as well as the corresponding spectral ., tion and the binding energy starts decreasing steeply. For

WeightSAib_’ from a fit of ¢,(7) to a linear combination of  \jjn the range 10~14 He density accumulates towards the C
three decaying exponentials. This fitting procedure does ”Cﬁole, while, aroundN=15, the first solvation shell is com-

solve in general the problem of obtaining the spectrum fro”bleted and the differential atomic densitypy is consider-

a noisy imaginary-time correlation function. However, if we ably more diffuse starting frorl=16. AE,, reaches a mini-
know in advance that very few strong peaks, well separateg;y, atN=19. For larger sizes, the trend in the atomic
in energy, nearly exhaust the entire spectral weight, the'Binding energy is dominated by the increase of the He—He

position and strength can be reliably estimated from this,iaction related to the increase of the cluster size, until it
multiexponential fit. In the present study these favorable CONzonverges to the bulk chemical potential.

ditions are usually met, although the limitations of the pro- |, Fig. 3 we report the positions and spectral weights of

cedure will show in some cases, as discussed below. the rotational lines, as functions of the cluster dizen the
size rangeN=1-9, analysis of the dipole time correlations
Ill. RESULTS AND DISCUSSION clearly reveals the presence of two peaks, with the weight of
the one at higher energp type) rapidly decreasing by al-
most a factor of 2. Note that the sum of the spectral weights
of these two lines nicely sums to 1, indicating that they ex-
haust all the oscillator strength available for optical transi-
tions originating from the ground state. Firbetween 10
and 12(shaded area in Fig.)3he situation is less clear. As
the weight of theb-type line drops to zero, the statistical
noise on its position grows enormously. Furthermore, the
‘multiexponential fit introduces some ambiguity, as the results
are somewhat sensitive to the number of terms in the sum.

potential,u=7.4 K(R?f' 7], which'is, however,_ attamed_ for However, the important information that one line disappears
much larger cluster sizes than explored hérehis behavior betweenN=10 and 12 is clear. For largét only one rel-

can b<_a understood bY comparing the. shape of the CQ_H(?\/ant line remains, and the robustness of the fitting proce-
potential energy functiom (r) with the incremental atomic dure is recovered, with the minor exception of the sizes

density distri.butions&pN(r)=pN(r)—pN,l(r), wherepyis  oroundN= 16, where the minimum of thg? appears to be
the expectation value of the He density operator: less sharp, possibly correlating with the splitting of the line
N observed in the infrared spectra fdr= 15 (see below.
p(r)=2, 8(r—r) (12 In the upper panel of Fig. 4 we compare the rotational
=t structure of the observed infrare@ibrationa) spectrum
(see Fig. 2 For very smallN the atomic binding energy is with the rotational excitation energies calculated in this
dominated by the He—CO attraction which is strongest in avork. Experimental data are referred to the cemtgof the
well located atop the oxygen atom. As He atoms fill thisvibrational band foN=0 (CO monomey. In order to better
well, AEy first slightly increases, as a consequence of theompare our predictions with experiments, we have cor-
attractive He—He interaction: then, for largérthe increased rected the former with an estimate of thibrational shift

RQMC simulations have been performed for CO@He
clusters in the size rangeé=1-30. In Fig. 1 we report the
values of the He atomic binding energ¥ey=En_1— Ey as
a function of the cluster size\E first increases up ti\
=4-5, and it stays roughly constant in the ramd¢e 5—8;
from this size onAE, starts decreasing, first slowly, then,
from N=10-11, rapidly down to a minimum &=19. For
N>19, AEy increases again and slowly tends to the nano
droplet regime[where it coincides with the bulk chemical
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FIG. 3. Upper panel: position of the rotational lines of CO@Hes ob-

tained from RQMC simulations as a function of the cluster $izeHere FIG. 4. Upper panel: positions of the infrared lines of CO@lde observed
a-type lines are indicated with triangldstype lines with diamonds. Lower experimentally(Ref. 5, open circlesand as estimated from the present
panel: spectral weights of the lines reported in the lower panel; the solid linesimulations and corrected by the estimated vibrational &fid diamonds;
near the upper border of the figure corresponds to the sum of the spectrake text Lower panel: vibrational shift of the lines, as estimated in the
weights. present work(triangles and in Ref. 14(diamonds and dashed line

Avy—i.e., the displacement of the vibrational band origin as , .
a function of the number of He atoms. The vibrational shiftP€rPendicular to a plane containing the protrusiend-over-

can be calculated as the difference in the total energy of th§nd rotation than about an axis lying on such a plane. Given

cluster obtained with two slightly different potentiflsr,, that the He density in the ground state of CO@Hecylin-
andv,,, representing the interaction of a He atom with thedrically symmetric, any departure from this symmetry can
CO molecule in its vibrational ground state and first excited®™lY Show up in higher correlation functions. The situation is
states, respectively. Our estimate of the vibrational shift as §onceptually similar to that of a fluid whose density is ho-
function of the cluster size is reported in the lower panel of'09eneous and whose structure at the atomic scale is re-
Fig. 4. Since the evaluation of a small difference betweer€cted in the pair correlation function. Analogously, we de-
two large energies is computationally demanding for largdin® an atomic angular correlation functidd(¢) as the
clusters,A v, has been evaluated perturbatively with respecProPability of finding two He atoms which form a dihedral
to the differencevy—v1;.*4 We have used the vibrational n9le¢ with respect to the molecular axis:
shift calculated in Ref. 14 after verifying on small clusters
that the perturbative treatment is reliable. The agreement be-
tween our results and experiments is remarkable. Some of
the features of the observed spectrum, however, call for a
deeper understanding and theoretical investigation. Twdén the upper panel of Fig. 5 we sho@(¢) for different
questions, in particular, naturally arise: Why are two peak$luster sizes. The depletion & for ¢ larger than/2,
observed in the small-size regime and what determines th@early visible forN=3 (circles, indicates a tendency of the
disappearance of one of themNa=8? What determines the He atoms to cluster on a same side of the molecular axis. For
split of the higher-frequencgb-type) line atN="7 and of the Iarge_r clusters, hqwever, thig effect weakens to the extent
lower-frequency(a-type) one atN=15? that it becomes difficult to disentangle from the structural
The existence of two lines for small is likely due to a information related to the He—He interactifthe dimple at
larger asymmetry of the cluster in this regime. If theSmall ¢ and the subsequent maximum around
CO@Hg, complex is described as a rigid rotor, in fact, one = (0.3—0.4)r]. A more sensitive measure of the propensity
would have one rotational line originating from =0 of He atoms to cluster on a side of the molecule is given by
ground state if the complex has cylindrical symmetry, whilethe integral ofC(¢) from 0 to #/2:
this line would double if some of the atomic density accu-
mulates in a longitudinal protrusion. The inertia of the com-
plex would in this case be larger for a rotation about an axis

1

<:<<15>=<N(N_1)i2<j b= di=9)). (13

2 1
M=J cwm¢—5 (14

0
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FIG. 6. Diamonds: CO rotational frequencies in CO@He functions of

the cluster sizeN (same as in Fig. )3 Dots: frequency of the lowest mode
appearing in the spectral analysis of the angular He—He correlation function
[see Eq(15)].

04

02t

p For the binary complex He—CQ, ,, coincides with the po-

0.1 . , . sition of the helium atom, and we expect its angular dynam-
' 5 10 15 20 ics to be strongly correlated to the molecular rotation, at least
N in the end-over-end mode. In Fig. 6 we report the frequency

FIG. 5. Upper panel: probability density of finding two He atoms which of the slowest mode appearing in the spectral anaIySIS of

form a dihedral angles with respect to the molecular axis; the probability is Cu(7), €y, @s a function oN, and compare it with the cor-
normalized to 1. Results pertain to clusters with 3 (circles, N=6 (tri- responding frequencies of the molecular rotation. We see that

angles, andN= 13 (diamond$. Lower panel: the integrated probability den- for cluster sizes up ttN=9-10, € is degenerate with the

sity, defined in Eq(14), as a function of the cluster size. . Tou . .
a-type frequency in the molecular rotational spectrum, with a
spectral weight which passes frofk,~1 for N=1 to A,

In the lower panel of Fig. 5 we displayl as a function of the ~0.7 for N=10. These findings are a manifestation of the
cluster sizeN: one sees tha#l decreases witN and reaches fact that He atoms are dragged along the slowest, end-over-
a minimum atN=14. This is the size at which the first end, rotation of the solvated molecule and that the effect of
solvation shell is completed, and the cluster asymmetry inthis dragging decreases when more He states dvith be-
creases again when the second shell starts to build. The rageme available and subtract spectral weight to the slowest
tational spectrum of the solvated molecule, however, is inmode. ForN> 10, €, further increases and departs frem,
sensitive to this asymmetry for clusters of this and |argeﬁndicating an effective decoup"ng of the two kinds of mo-
sizes because the motion of He atoms in the second and outgsn . In this regime, the effective rotational const8nof the
solvation shells is decoupled from that in the first and fromgqyated molecule is almost independent of the cluster size.

molecular rotation. The existence of a longitudinal asymmeee molecular rotation with an increased moment of inertia

try is a necessary condition for the doubling of the rotationa(N- : . .
. : o . ith respect to the gas phase is the typical signature of su-
line. Whether or not this condition is also sufficient depends P gas p yP g

on the dynamics: if quantum fluctuations make the motion OPerfde behavior in He nanodroplets. Extrapolating the re-

the protrusion around the molecular axis fast with respect tc?u't tha|ned forNI.up.to ?0 to tr}e nanoﬂrop}l{et I|m|t,.\:1ve
the molecular rotation, then the asymmetry is e1’“fectivelypr6d'ct a renormalization factor of t& value of 0.78 wit

washed out. The existence of two lines in the rotational specd€SPect to the gas-phase value. The lowest atomic ragde
trum of the molecule implies, therefor@) that an asymme- Slows down again foN=15. This is due, however, to the
try in the classicaldistribution of He atoms around the mo- slow He motion in the second solvation shell, which hardly
lecular axis exists(ii) that the molecular inertia is sensitive affects the rotation of the solvated molecule. Although the
to this asymmetry(the protrusion can be “dragged” along resolution that can be achieved with our simulations is not
the molecular rotation and(iii ) that the motion of this pro- sufficient to detect the doubling of tleeandb lines which is
trusion around the molecular axis is not adiabatically decouexperimentally observed fdi=15 andN=7, respectively,
pled from the molecular rotation. it is interesting to notice that the former occurs in correspon-
In order to better characterize the motion of He atomsgence with the crossing betweep ande,, possibly due to
around the molecule and the coupling of this motion to MO+he resonant interaction between the two modes. It is tempt-
lecular rotation, we examine the |mag|nary—t|mg correlatlonsmg to assume that a similar mechanism may be responsible
of the versomu of the He center of mass, ,,, relative to the for the doubling of theb line at N=7, involving, however,
molecular center of mass: higher-energy He states. A deeper study of the He dynamics
Cy(7)=(u(7)-u(0)). (15  would clarify this point.
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IV. CONCLUSIONS the He atoms. We also find that for larger clusters the mo-
gecular rotation effectively decouples from this He mode, and

Computer simulations of quantum many-body system b tially ind dent of th b
have reached such a degree of sophistication and reliabilit S ENergye, becomes essentially Independent ot the number
f He atoms. Based on the nearly constant value,ah the

that in some cases they can be used to provide informatio N bet 15 and 30 b q leti f
complementary to that which can be obtained in the labora-an9€ O etween an » WEIl beyond compietion o

tory, on the dynamical processes probed spectroscopically.the first ;olvatlon shell, we preghct the effective rotational
In the case of small polar molecules solvated in He clusconstant in the nanodroplet limit to be smaller by a factor

ters, for instance, the calculation of the time autocorrelationo‘78 than its gas-phase value.

of the molecular dipole(which is the quantity directly
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