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Spectroscopy of Mg atoms solvated in helium nanodroplets
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We have measured the laser-induced fluorescence excitation spectra &Pffre3 15, transition

of Mg atoms solvated in helium nanodroplets. The observed blue shifts and line broadenings mirror
the shifts and broadenings observed in studies of Mg atoms solvated in bulk liquid helium. This
similarity allows us to conclude that Mg atoms reside in the interior of the helium droplet. The
3 1P(1)<—3 1s, transition shows a splitting which we attribute to a quadrupolelike deformation of the
cavity which forms around the solute atom after excitation. Temporal evolution of the fluorescence
from the solvated éP(l’ Mg vyields a longer lifetime(2.39+0.05 ng than found in vacuum
(1.99+0.08 ng. This difference can be accounted for quantitatively by evaluation of the anisotropic
distribution of the helium density in the neighborhood of the excited Mg atom. The question of
solvation vs surface location for the guest atoms is also discussed in light of the model of Ancilotto
et al. [F. Ancilotto, P. B. Lerner, and M. W. Cole, J. Low Temp. Ph$81, 1123(1995], of
existing metal atom—helium potential energy functions, and of our own calculations for the MgHe
and CaHe ground states. While the Ancilotto model successfully predicts solvatitatk of it) if

the solvation parameter of the guest atom is not too near the threshold of 1.9, the present knowledge
of the interatomic potentials is not precise enough to test the model in the neighborhood of the
critical value. © 2000 American Institute of Physidss0021-9606)0)01018-7

I. INTRODUCTION on the surface, while dopants withvalues greater than 1.9
) . are expected to be solvated. The model is successful in pre-
The use of atoms solvated in or attached to helium nanQgicing that alkali atom#\=0.7) (Ref. 12 are located on the
droplets has allowed for the investigation of the properties of, t5ce and in predicting the solvation of Ag=5) (Ref. 14
both the dopant atoms themselves and their ultracold dropleénd Sk (\=19).12 A sensitive test of this model, however, is
hosts-# One central question for any given probe atom ispect carried out with dopants yieldingvalues closer to 1.9.
whether it resides in the interior or on the surface of theryq present study involving Mg atoms gives us such an op-
droplet. Earlier investigations in our laboratory have Show”portunity as the calculatedl value of Mg is close to the
that alkali atom3 and their oligomer® reside as surface solvation threshold
species on helium droplets, corroborating previous theoreti-  \ye have obtai.ned both frequency- and time-resolved
cal predictiong:’ Recenély, the same has been observed t%pectra of Mg atoms seeded in helium nanodroplets. Our
be the case for Casr’ and Ba atoms. However, other oy nerimental apparatus and laser system are described in
atomic dopants such as Bland Ad™ have been observed o gec || pelow. The experimental results obtained in our
reside inside large helium droplets. frequency-resolved studies are described in Sec. Ill. These
Because this is a central issue in this type of Spectroszegits are complemented by our theoretical investigations of

copy, several theoretical investigations have been carried oy MgHe and CaHeX)1 'S potential energy surfacéSec.
in the attempt to understand and thus predict the energetiq@) which, in combination with helium density functional

of solvation of the problg atontsUsing the dopant-He pair ¢ajcylations(Sec. \, have allowed for a better understand-
potential, Ancilottoet al™* have devised a relatively simple g of this problem. Measurements of the fluorescence decay
model which treats the question of solvation for a given dop-¢ gas-phase Mg atoms and Mg atoms solvated in He drop-
ant. This model proposes that solvation can be predicted bigig \yhich yield differing lifetimes, are presented in Sec. V.

means of a dimensionless parametewhich compares the  this result can be quantitatively explained using a density
gain in energy due to the interaction between the dopant,nctional-based model.

atom and the helium solvent against the cost in energy from
creating a cavity within the liquid helium. Formally,

A=2"Ys"1per,, Il. EXPERIMENT

where o is the surface tension of the liquid0.179 The apparatus used in the production of doped helium

cm 1A?) 1 pis the number densit{0.022 A ) 2 andeand  nanodroplets has been reported previously in d&tgilA

re are the well depth and equilibrium bond distance of theschematic of it is shown in Fig. 1. Here we offer only an

relevant solute—solvent pair potential, respectively. overview of the production of Mg-doped helium droplets,
Based upon He density functional calculations, Ancilottodescribing in detail only the Mg oven and cell which re-

et al. predict that atoms with values afless than 1.9 reside ceived a cursory treatment in Ref. 15.
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FIG. 1. Experimental apparatus used for studying helium nanodroplets con-
taining guest atoms.
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FIG. 2. The 3'P;—3 *S, transition of Mg atoms solvated in helium nano-

g_as with a stagnation pressure of 2.5 MPa throth @20 droplets. The best fit to the data by two Gaussian line shapes is also shown.
diameter nozzle held at a temperature of 20—16 K. After

collimation by a 400um skimmer, the droplets are doped
with Mg atoms from our Mg pick-up source. This Mg the photon counting instrument itself has a time resoldfion
pick-up source is composed of a cylindrical cell of 7 mm of 50 ps.
inner diameter and 25 mm in length. The cell is positioned in The laser light used in the frequency-resolved studies is
the beam line and is connected via a short tube to an ovegenerated in the Center for Ultrafast Laser Applications
reservoir in which solid Mg is contained. Both the oven and(CULA) located in the Department of Chemistry of Princ-
cell are resistively heate@Vatlow 50 W heatejsto generate  eton University in a facility just above our laboratory. This
typical vapor pressures between £6-10 * Pa of Mg inthe  system, described in detail previousfgenters on a Ti:sap-
oven and cell. The cell is kept 100 K hotter than the oven tghire laser(Spectra Physics Tsunaminode-locked at 80
avoid condensation. Oven temperatures up to 700 K ar@lHz which is regeneratively amplified by means of a
reached in this source. The unit is connected to a waterSpectra-Physics Spitfire amplifier and then further enhanced
cooled Cu block to prevent damage from excessive heat. by a double-pass unit located within the latter. The doubled
Nearly 22 cm from the nozzle, the doped helium nano-output of the Spitfire pumps a TOPAS optical parametric
droplets encounter the laser light probe. The laser beam iramplifier, the final output of which is continuously tunable
tersects the molecular beam perpendicularly at the center offjom 235 to 800 nm. Typical pulse energies of.3 per pulse
two-mirror laser-induced fluorescence detector. In the collecti.e., 5 mW average poweare measured at the entrance to
tion of time-resolved spectra one of these mirrors isour molecular beam apparatus. The spectral width of the la-
omitted!® The laser-induced fluorescence is focused onto a&er pulses was determined by scanning th]EP%—S 1s,
multimode, incoherent fiber bundléEdmund Scientific gas-phase transition of atomic Mg, and in the present study
H38956 and is brought to a microchannel plate detectorhas been measured to have a FWHM of 25 &nThe fre-
(Hammamatsu R2807U-Q7In the collection of frequency- quency of the TOPAS amplifier is calibrated against the
resolved spectra with pulsed lasers, this signal is amplifiedpectral lines of an Fe—Ne hollow cathode lathpnaking
and then processed by a boxcar integrator with a gate widthse of the optogalvanic effect.
of 7 ns. The exciting laser beam itself, after crossing the  Qur time-resolved studies were done by doublinging
molecular beam, is detected by a photomultiplier tube or & g-barium borate crystathe output of a Coherent 700 dye
fast photodiode and is processed by another boxcar integrgaser equipped with a 7220 cavity dumper running
tor. Rhodamine 6G dye. This dye laser is pumped by a Coherent
Reversed time-correlated single photon counting is use@ntares mode-locked, doubled YAG laser. The repetition
in the collection of our time-resolved spectra. Our photonrate of the dye laser is altered from its nominal 76 MHz rate
counting apparatus is described in detail elsewf&um- o 3.8 MHz by use of the cavity dumper. Typical average
marily, the signal arising from the microchannel plate detecoutput powers of the doubled light were 1.8—2.5 mW.
tor and the signal arising from the correlated laser pulse im-
pinging on a fast photodiode are processed by constar?f| EXCITATION SPECTRA
fraction discriminators and then by a time-to-amplitude con- -
verter(TAC). The output of the TAC is processed by a mul- The spectrum of the 33(1’<—3 13, transition of Mg at-
tichannel analyzer which contains 8192 channels. The mulems attached to helium nanodroplets is shown in Fig. 2. The
tichannel analyzer is set to cover a 320 ns region of time, andbsorption is broadFWHM of 660 cm%) and is strongly
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TABLE I. Parameters of the Gaussians representing the best fit to the spec-  The doubly-shaped profiles of th, (n2 P3j— n2 Si)
trum of Mg atoms solvated in helium droplets shown in Fig. 1. The errors|inag of Rb =5) and Cs (=6) atoms in bulk liquid he-
reported are based upon the fit to the data. . . . L

P P lium as observed by Kinoshitet al?! are seen to be similar

Center FWHM Relative to that observed above for Mg. Kinosh#aal. reach a quali-
Gaussian (em™) (cm™) area(%) tative understanding of this profile through a deformed
| 35 358+ 2 1626 13+1 bubble model in Whichloscillatory quadrupole deformgtions
1 35693+3 460+6 87+1 of the cavity surrounding the alkali atom dopant split the

degenerate atomic state. Likewise, we have observed similar

spectral profiles by exciting the?® « 3 2P transition of Al

atoms solvated in helium droplesHere too, the doubly-

blue-shifted from its position in the gas-phase. The lineshaped profiles, which are not attributable to any atomic

shape of the spectrum is well fitted by two Gaussians whiclsplitting in the Al itself, have been attributed to a quadru-

are also shown in Fig. 2 as dashed lines. The best fit paranpolelike deformation of the cavity surrounding the solvated

eters are reported in Table I. As reported in the table, thatom!® As the excited Mg atom exhibits nonspherical va-

central positions of the two spectral components differ bylence electron distribution similar to th@P) alkali and Al

335 cmi! and correspond to shifts of 307 ¢fhand 642 dopants, it is reasonable to postulate that similar quadrupole-

cm™! from the gas-phase valtfeof 35051 cm®. like deformations of the helium cavity produce the charac-
In a recent study, Moriwaket al. have measured this teristic spectral splitting for Mg as well.

same 3'P{—3 S, transition for Mg atoms solvated in bulk

liquid helium?® The comparison of their spectrum with ours

is shpwn in Fig. 3 ip which the hgavier line corresponds to,, Ty Ca/Mg—He POTENTIAL ENERGY SURFACES

Mg in the bulk ||qU|d and the thinner to Mg attached to AND THE “IN VS OUT” QUEST'ON

helium droplets. Except for the appearance of the gas-phase

31PY—3's,Mg line, which appears in our spectrum due to  The spectra recorded for the9«—'S, transitions of Ca,

the presence of gas-phase Mg in our chamber, the overlap &, and Ba attached to large He droplets by Stienkemeier and

the two spectra is remarkable. We contrast this similarityco-workers show only about one-half of the broadening and

with the spectra of alkali atoms attached to helium dropletsapproximately one-third of the shift obtained for the same

which are known to reside above a dimplelike well on thetransitions in bulk liquid heliunf:® The smaller blue-shift,

surface of the droplet. These alkali atoms show only smallnd to a lesser extent the decrease in spectral width, are

shifts from their gas-phase frequency positiimscompari-  presented by the authors of Ref. 8 as primary evidence for a

son with the case of alkali atom solvation in bulk liquid surface location of Ca and Sr on the droplet. While the au-

helium?! Bearing this in mind, the large shift of the Mg thors point out that not all experimental and theoretical evi-

spectrum from the gas-phase position and its quantitativdence points uniformly to a surface location of the Ca or Sr

overlap with that obtained in the case of solvation in the bulkdopants, the surface location in the case of Ba is reported as

liquid clearly demonstrate the interior position of this atom. more clear-cuf.
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35200 TABLE Il. Comparison of the well deptte) and internuclear distance,,;,)
] of the 123 surfaces of MgHe as calculated by the ATRef. 23, MF4
[ ] (Ref. 28, SCF/CI(Ref. 29, RHF/MP2 (Ref. 30, and HFD method$Ref.
35150 ) 7 24) and of CaHe as calculated by the ATRef. 23, SCF/CI(Ref. 22, and
r B2z ] the HFD methodRef. 24. In the third column the corresponding values
35100 |- (A)lll'I ] obtained for the parametarof Ancilotto et al. (Ref. 12 are reported.
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FIG. 4. The K)1 3 potential energy surfaces of MgHe as calculated by the raferr he MP4 rf in the fiqur nd hereafter
MP2 (circles (Ref. 30, SCF/CI(downward triangles(Ref. 21, MP4 (up- eferred to as the surface the figure a d hereafter.

ward triangles (Ref. 28, and HFD (solid ling) (Ref. 24 methods. Also This MP4 surface uses an augmented Gaussian basis built on
shown are the first two excited states of singlet Mgii)1 11T and  that of Huzinaga et al®* for Mg, and employs a
(B)1'2) as calculated using MP2. [10s3p2d1f/5s3p2d1f] Gaussian basis inclusive of the
10s set of van Duijneveldt for He. The surface of Czuchaj
and co-workers represents a pseudopotential SCF/CI calcu-
As mentioned in the Introduction, predictions of solva- lation and is hereafter referred to as SCF/CI. The surface of
tion based upon the model of Ancilottt al. depend upon Hui and Takami was calculated using second-ordélidve
both the well depth and the equilibrium internuclear distancePlesset perturbation theory and is labeled as the MP2 sur-
of the given dopant-He pair potential. For instance, use oface. This surface employs the cc-pVQZ§@p2d1if)/
the CaHe K)13 surface of Czuchagt al?® yields aN  [4s3p2d1f]) Gaussian-type orbital basis set of Woon and
value of 2.1 for Ca, predictive of solvation within the Ancil- Dunning®® for the He atom and a 6-3#1+G(3df,3pd)
otto model. The CaHeX)1 'S surface of Kleinekathfer>  basi$**°for Mg. We also consider the MgHeX}1 'S sur-
(for which A=5.5) predicts Ca to be solvated even more face of Kleinekathter,2® which has been calculated using an
strongly. However, experimental observation has showradaptation of the Tang and Toennies semiempirical m&del,
these atoms to be resident on the surface of helium drdbletsand is thus referred to as the ATT surface.
We have therefore evaluated the potential energy surfaces of Well depthe and equilibrium internuclear distancgfor
the atom combinations which serve as input for the Ancilottoall of these MgHe surfaces are reported in Table Il. It is seen
model. In so doing, we have produced th 1 13 surfaces from Fig. 4 and Table Il that the MgHex(1 'S, HFD po-
of MgHe and CaHe using the Hartree—Fock damped dispettential, plotted as a solid line, shows good agreement with
sion ansat? a widely used semiempirical method which hasthe MP2 and the SCF/CI surfaces but substantially deviates
been found to be quite accurate for first and second row atorftom the ATT and MP4 potentials. The SCF/CI surface, gen-
combinationg*2° erated from pseudopotential SCF/CI calculations, seems to
The semiempirical HFD method describes the potentiasomewhat underestimate the depth of the potential well and
energy surface in terms of two components. One componemroportionally overestimate the size of the zero of the poten-
(AEgcp is calculated at the Hartree—Fock self-consistential as higher repulsion is predicted than in the case of the
field level of theory. The other contributiodE.,,), which  others. As shown in Table II, the Ancilotto solvation param-
accounts for dispersion interactions, is accounted for by theter, \, varies from 1.4 to 3.8 for these potential surfaces.
standard damped multipolar expansion. Tecoefficients The MP4 and ATT potential correctly predict solvation
used in the calculation of théE.,, component of the while the other three potentials yieldhavalue which slightly
(X)11s state of MgHe were taken from values reported byfavors a surface location.
Standard and Cert&hwhile the Hartree—Fock energy used The (X)1'3 surface of CaHe has also been calculated
asAEgcgis calculated in the 6-3H.G(3df) basis using the by the HFD method. The uncorrelated componekE§cp)
GAUSSIAN 94suite of programé’ correcting for the basis set of this surface has been calculated using the 6-31#®)2
superposition errofBSSH at each point’ basi$’ for Ca and the 6-31+G(3df) basis for He. Corre-
Figure 4 illustrates the MgHeX)1 S surfaces calcu- lations are introduced as described above, again employing
lated by Funket al,?® Czuchajet al,?® Hui and Takami® the pertinentC, coefficients taken from Standard and
and in our group. The surface of Fumk al. is calculated Certain?® This CaHe )1 'S HFD surface, shown in Fig. 5,
using fourth-order Mber—Plesset perturbation theory, and is has a well deptte of 1.3 cm * and anr ,;,, value of 6.9 A,
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FIG. 5. The K)1'S potential energy surface of CaHe as calculated by The droplet-solvated data are normalized to the gas-phase data for visual
SCF/Cl(circles (Ref. 22, and by the HFD(solid ling) (Ref. 24 methods.  comparison. The solid lines are the best fits to the data.

L ing to use the Ancilotto criterion as a guide for making edu-
which is shallower than the CaHe surface calculated by g g g

Czuchajet al. (e=2.85 cmL, r—7.44)2 also shown in Ic;a\l:;ia: gtl;]eesrsee\;sefsbé)u;?]e interatomic potentials instead of fol-
Fig. 5. The fact that this SCF/CI surface is deeper than the g path.
HFD surface and haslarger r,;, value is an indication that
the two (X)1 13 surfaces differ at the HF-SCF level. Differ-
ences coming from treatment of electron correlations woul
typically lead to the deeper potential having #maller r., Time-correlated single photon counting has been em-
value, as seen for the MgHe case above. One can trace tpoyed in order to temporally disperse the fluorescence emit-
difference between these two surfaces to the fact thaed upoang&lso excitation of Mg atoms solvated in He
Czuchaj and co-workers did not correct their HF-SCF energylroplets. Figure 6 shows the time evolution of Mg atomic
for basis set superposition errdfsThis hypothesis is sup- fluorescence both in the gas phase and solvated in He drop-
ported by the fact that the minimum reported by Czuchajets. The count rates measured for these experiments are well
et al. is within an ‘agstran of the positior® of the “false  below the threshold~30 000 countsjsat which “pile up”
minimum” originally obtained in our HF-SCF energy before error in the TAC becomes a concénThe gas-phase and
BSSE correction. The CaHe 2F surface of the droplet-solvated Mg spectra are well fit by a model em-
Kleinekathder® (labeled ATT in the tableis rather deep ploying a single exponential rise and a single exponential fall
(10.3 cm' %) with anr;, position at 5.1 A. (see Fig. & The iterative convolution process used in gen-
The solvation parametex equals 2.1 for theab initio  erating best fits to the time-resolved spectra has been de-
potential(indicating a slight preference for solvatioand 5.5  scribed in detail previouslif Here we confine ourselves
for the ATT potential(indicating a strong preference for sol- only to the results. We have found that the fall tirfie.,
vation). Only the HFD potentialA=1.4), when combined lifetime) of 2.05+0.05 ns obtained from the emission from
with the Ancilotto model, correctly predicts a surface loca-the 31P2 state of gas-phase Mg agrees well with the litera-
tion for the Ca on He droplets. We note that the HFD potenture value(1.99+0.08 n3,*® while the rise time fit to these
tial ansatz is also the only or{ef the three which have been data is instrument-limitedi.e., <50 p9. In the case of the
used on both Mg and Q4o predict ax value for Casmaller Mg atom in the droplet, the decay lifetime is found to be
than that for Mg. This means that, if the error in the potential2.39+0.05 ns, almost 20% longer than the gas-phase value.
calculations are assumed to vary constantly from system to It is well known that the rate of spontaneous emission
system and/or if the critical value of is shifted, only the scales with the cube of the emission frequency, and that
HFD potential has in it the capability of correctly predicting many atoms in liquid He have a red-shifted emisgibn.
the behavior oboth Mg and Ca. While our Mg signals were too faint to allow for
We had hoped that the present measurements would prevavelength-dispersed emission, the excellent agreement of
vide a sensitive test of the Ancilotto model. However, givenour measured excitation profile with that observed previously
the wide range of\ values predicted for both Mg and Ca by Moriwaki and Morit&° (see Fig. 3 for Mg in bulk He
with He, such a sharp comparison is not possible at this timesuggests that the emission red shift should be similar in both
We hope that the present experimental results will motivatexperiments, i.e., 3:20.2 nm. This accounts for only a 3.5%
renewed attention to these potential surfaces using the mostcrease in the emission lifetime compared to the gas phase
accurateab initio methods. In view of the above it is tempt- value.

V. TIME-RESOLVED SPECTRA AND THE LIFETIME
PFMgs 1pY—31S, EMISSION
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Assuming that the transition moment and frequency re-
main the same, the emission lifetimesisortenedby a factor
of the inverse square of the index of refraction of the me-
dium in which the radiator is finds itself. This effect, how-
ever, arises primarily from the increased photon density of
states at a given emission frequency, and does not apply tc
the present experiment, where the cluster size is much
smaller than the wavelength of the emitted radiation.

Penneret al. have previously considered the effect of a
rare gas cluster environment on the emission lifetime of im-
bedded molecule® They assume that the dielectric response
of the solvent will result in an induced transition dipole that
will interfere with that of the chromophore. In the case of a
cluster which is small compared to the wavelength, propaga-
tion effects can be neglected and electrostatics can be used t

Reho et al.
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estimate the net induced moment, and thus the net “dielec-
tric screening.” For a dipole in a continuum dielectric sphere
with relative dielectric constar¢,, they demonstrated that
the net dipole is reduced by a factbof (3/(2+€,)), inde-
pendent of the position or orientation of the dipole inside the
sphere. If we estimate, for a He nanodroplet by the value
for bulk He (1.056, we predict a lifetime lengthening of 4%.
The Penneet al. model, however, treats the dielectric as a 6 3 6 9 12 15 18
continuum around the dipole. Angstroms

One can approximately account for the exclusion of the
He from around the chromophore by putting an emissiorFIG. 7. He density functional contour plot in which a ground state Mg atom
point dipole in the center of a sphere without dielectric, itselfis constrained to be in the centge., at 0,0 of a 300-atom helium droplet.
inside a much larger dielectric sphere. Using the methods

employed by Pennegt al, we have shown that the net ex- (i.e., devoid of zero point energyn a quantum liquid. In

ternal dipole is changed by a factor of these studies, the solvation energy of the guest atom inside a
He, droplet (n=300-1000) is calculated by comparison
with the energy of the same droplet without the solute atom.
which represents a negligible change &r-1<1. All this  The dopant atom is treated as an external potential, §),
would seem to imply that the dielectric properties of the Heaground which the helium density is allowed to adjust based

have no effect. So far, however, the model has ignored thgpon minimization of the total energy of the system. The
solvation structure of the He around the excited Mg atom. He—Mg" potential is written asV(r,#)=cos 6-Vs(r)

We have used an extension of a second method dessjr? ¢.Vy(r), where Vs(r) and Vy(r) are the
scribed by Penneet al,*® which is to sum over all the di- He—Mg(P?) pair potentials as given in Ref. 30.
poles induced in the noble gas atoms by the radiating dipole.  One result from these calculations is the prediction that
This ignores the interaction of the induced dipoles, which forthe He density around tHeP? state of Mg is strongly aniso-
He should introduce only a small erfdron the order ofe,  tropic, with enhanced density perpendicular to the axis of the
— 1. If the radiating dipole is inside a helium droplet with a j orhital, which is parallel to the transition mome(cf. Fig.
spatially-dependent He number densityr), we can write  7) Numerical integration of the above expressions predict
the net induced dipole as the following integral: that the induced moment is 6.2% of the bare Mg transition
moment. This leads to a predicted lifetime lengthening of
14%. When combined with the 3.5% effect of the red shift
explained above, we arrive at a predicted lifetime lengthen-
wherer is the distance from a point in the droplet to the pointing of 17.5%, compared with an experimental value of 20
dipole, « is the polarizability volume of H€0.206 &), andé  *=3%.
is the angle between the chromophore transition dipole and We consider this agreement to be quite good, especially
the displacement to a point in the He. This first order calcu-n light of the simplicity of the model and the uncertainty in
lation clearly shows that an isotropic distribution around thethe value of the spatially-dependent He density that goes into
chromophore does not generate a net induced dipole mdt. Another approximation is the use of a point dipole for the
ment. Mg transition moment, which can be questioned since the

Density functional theory calculations have been carriedsize of thep orbital involved in the transition is of similar
out in order to study the He density distribution around thespatial extent to the closest Mg—He distances.
excited Mg atom. These calculations have employed a code An interesting fact that we wish to highlight is that the
for pure liquid heliun® and for helium with impurity —emission of the solvated Mg is well fit to a single exponential
atom$’~*°in which the dopant is treated as a classical objectiecay with a lifetime value longer than the gas phase value.

¢, /(2€?+5¢,+2),

MIND= M 2 f p(r)-Py(cosd)-r~3dv,
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This demonstrates that the majority of the Mg atoms stayet al. will prove to be a pivotal step in the continuing work
inside the nanodroplet following excitation. The strong bluetoward the understanding of interactions of guest atoms with
shift of the absorption, 46060 cmi 1, argues that the ener- the helium droplet matrix.
getics would favor pushing the electronically-excited atom  In reference to the Ancilotto model itself, one possibility
out of the clustertwhile likely holding on to its “belt” of  worth considering is that the shape of the potential energy
He). This event simply does not occur with significant prob-surface used as input is not given consideration by the
ability during the radiative lifetime. The Mg radiative life- model. It seems that for cases in whikhdoes not lie near
time is longer than the thermal transit tifte0.3 n9 of the  (say, within 0.5 the solvation threshold 0f=1.9, the shape
atom across the nanodroplet, and this points toward a po®f the potential surface need not be taken into account, as the
sible barrier to ejection of the excited atom from the clusterAncilotto model is predictive outside of this narrow thresh-
despite the high exothermicity of that reaction21 K). old window. However, for\ values which lie close to the
The metastability of electronically-excited Mg inside the solvation threshold, consideration of the shape of the poten-
cluster contrasts the results of recent measurements by Feiial energy surface, as well as the well depth and equilibrium
ermannet al*>® on the dynamics of Ag following electronic internuclear distance, seems warranted.
excitation. They found that a single 10 ns laser pulse could Another step in the direction of understanding of inter-
excite the Ag atom inside the helium droplet R,  actions of guest atoms with the helium droplet matrix has
58S, and then excite thénS, nD«5P,,,, 20<n<60) come from our time-resolved Mg spectra, which reveal a
Rydberg transitions of the free Ag atom. 20+3% increase in the Mg 39 lifetime from the known
The reason for the differences in dynamics of (and measureédgas phase value. We have quantitatively
electronically-excited Mg and Ag atoms is not apparent. Itmodeled this lengthening of the lifetime by considering the
could be that the fine structure relaxation of the excited Ageffect of the anisotropic arrangement of helium atoms around
atom, which is exothermic by 920 c¢rh provides one pos- the Mg dopantsas obtained from our density functional cal-
sibly important difference. In addition, we would like to culationg combined with the predicted change in lifetime
point out that the methods of Federmagtral. strongly favor  due to the emission being red-shifted from the excitation
the detection of the final Rydberg state, and thus it is poswavelength.
sible that they are detecting a minor fraction of the total

population.
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