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Abstract

A recently developed method to determine dissociation energies has been applied to positively charged silver clusters
sizen = 14, 15, 16 and 18. The method uses a combination of sequential and single step decays. It requires an uncalibra
thermometer which here is provided by the evaporation rate constants of the product clusters. For this purpose, earl
measurements [J. Chem. Phys. 57 (1998) 2786] are reanalyzed with the new method. The resulting dissociation energ
are compared with the liquid drop values and the measured decay rate constants with expected rate constants from dete
balance theory.
© 2003 Elsevier Science B.V. All rights reserved.

Keywords: Dissociation energies; Silver clusters;,Ag

1. Introduction in metal clusters and shape deformations in clusters
of simple metals.

Chemical reaction studies and the determination of These effects were discovered in molecular beams
the stability of molecules in general has been one of and, with few exceptions, have retained their strongest
the major undertakings of chemical physics in the last expression for free particles in high vacuum. This fact
century. In the field of clusters, the importance of en- causes some difficulties in the measurements of the
ergetics and stabilities has been amply illustrated by precise magnitude of the effects. One fundamental
the discovery of shell structure in the form of elec- question is the total binding energy of the free clusters
tronic shell structure and geometric packing of atoms or, as a somewhat simpler and experimentally more
[1-3]. Other manifestations of stability related phe- accessible quantity, the difference between the total
nomena have been found, such as the odd—even effecbinding energies of two clusters which differ in size

by a single atom or two. However, absolute energies
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from a cluster and the corresponding rate constants,to extract dissociation energies from rate constants
which can be accessed experimentally. substantially{7]. Unfortunately, in general, the appli-

In practice, the experiments are often performed as cation of a heat bath is not easily accomplished.
photoexcitation studies where one or more photons In addition to the lack of knowledge of the caloric
with a well defined energy are absorbed by the cluster curves, radiative cooling may play an important
and the subsequent unimolecular decay is observedrole for the apparent, i.e., measured, unimolecular
time-resolved. The modeling of the experimental rates decay-rate constants. Radiative cooling is often only
in terms of the dissociation energies usually requires manifested indirectly in an experiment via the influ-
some assumptions, mainly about the thermal property ence it has on the rate constants. It can easily occur
of the cluster, precursor and product alike. Experi- undetected since it is non-destructive in the sense
ments of this type on small and medium size singly that neither the mass nor the charge of the cluster is
charged silver cluster cations were reported[4h changed by photon emission. Dedicated experiments
Dissociation energies were extracted from an analysis have amply demonstrated the importance of emis-
where QRRK (Quantum-Rice—Ramsperger—Kassel) sion of thermal IR radiation in the decay dynamics
theory was used to model the time dependence of theof molecules and molecular clusters. In particular,
decay (see references[d#]). We now believe that the  Dunbar and co-workers have performed several in-
QRRK theory is far from sufficient for this analysis.  vestigations: for example, a pump-probe technique

As an alternative to photoexcitation one can use was applied and the amount of radiation inferred from
collision-induced dissociation (CID). Such an inves- the temporal behavior of a molecular disintegration
tigation is reported in5] for singly charged silver  ratio [8]; radiation was also inferred by its effect on
clusters of a somewhat larger size range as in the pho-the excitation energy dependence of a unimolecular
toexperiments. In addition to the QRRK used in the reaction[9].
photoexcitation experiments, the analysis requires that  Fullerenes and clusters of refractory metals have
the energy transfer is modeled. The resulting values been shown to cool by thermal radiation, {66—13]
are surprisingly close to those found by the present The fullerenes are a point in case: the effect of radia-
study (see below), which testifies to the quality of tive cooling, although strong even on the time scale of
the energy transfer function used in the analysis, al- time-of-flight mass spectrometers, was only observed
though some amount of accidental error cancellation a decade after the discovery of the molecules and after
may also have occurred. a large number of experimental results on their uni-

Irrespective of whether photoexcitation or CID is molecular decay had been published.
used, one is faced with the fact that in a realistic ~ From the discussion given above, it is obvious
description the evaporation rate depends on the acti-that even though the theories of unimolecular decays
vation energy for the process, on the excitation energy and their rates are relatively simple, the amount of
and on the level densities of the precursor and prod- work required to actually apply them can be quite
uct cluster. The latter are frequently unknown and extensive. Thus, alternative, less tedious methods are
one has to make an educated guess about the func-highly desired.
tions. In some experiments, the cluster temperature Recently, a number of these problems have been
has been set by thermalization to a heat bath, which circumvented by a method designed to measure the
converts the problem to the measurement of decay dissociation energies of molecules and clusters as di-
rate constants vs. temperature and relying on an Ar- rectly as possiblgl4]. The method has been reviewed
rhenius plof6]. In another series of experiments, the and extended in a number of publicatidh§—18]and
heat bath method was combined with photoexcitation thus only a short sketch is presented: in the simplest
to yield caloric curves E(T)) for sodium clusters.  version, which will be used here, one measures the en-
This should reduce the amount of modeling required ergy dependence of the rate constant of the last decay
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% + B + multisequential decay chain is compared to a sequen-
Agn Agn-1 / Agn-Z H H H
— . O O tial process and the direct decay of Ag. A multise-
ff/@)\\\ & o guential decay chain is one which consists of at least
y > — three decays, i.e., A~ B— C— D.
=y S R\ Y ~
Erl
Ag., Ag:"zo 2. Experimental procedure and results
ff(é@\\ N I v\ The experiments have been described in full detail
F&) k & by Hild et al. (4] and references therein). Briefly, the
v E clusters are produced in a laser vaporization source,
n-1 cooled by a helium gas pulse, and transferred to the
Fig. 1. Schematics of the model-free determination of the disso- P€NNING trap where they are captured by gating en-
ciation energy in case of silver cluster cations. trance and exit electric potentials. In the trap they are

size-selected by radial ejection of all unwanted cluster
ions. Thermalization to room temperature is accom-

in two decay chains of different lengtkify. 1). When ) - ) ) )
plished by collisions with argon gas that is pulsed into

the excitation energy of the two different chains is ad- X )
justed to give the same rate constants of the observedthe trap region. E>'<per|mer?ts on gold clustgrs show
decay, the energy consumed in the first decay(s) of that alreadythg he!lum gasinthe sourcg provides most
the longer chain is identical to the difference between of the t.hermahzatlon 9f the clu'sters right after the
the excitation energy of the longer and the shorter production[14]. After size selectl'on,. the clusters are
chain. Apart from minor corrections, this energy dif- exposed to the light from the excitation laser, a pulsed
ference is the dissociation energy. The decay rate of (10ns) frequ_ency-doublgd dye laser, pumped by the
the shorter chain acts, in effect, as an uncalibrated second or tf_urd harmonic of a Nd-YAG laser. After
thermometer, somewhat analogous to the use of thephot_oexcnatlon, the temporgl d_evelopment of the_ de-
cay is followed by delayed ejection of the trapped ions
into a time-of-flight mass spectrometer. All charged
particles, precursors and products alike, are detected
in a conversion-electrode detector. The mass spec-
trometer is linear, i.e., without reflectron. The clusters
that decay during the flight from the trap to the detec-
tor will be detected as the parent size and the flight
time in the spectrometer is therefore irrelevant. Hence,
the storage time and the delay time is the same, up to
the very small ambiguity of the transit time through
the acceleration stage of the mass spectrometer.
Each delay time between laser pulse and time-of-
Dy = Ephyn — Ephu—1+ Ethn — Ethn—1 — EkeR, flight measurement gives one corresponding point on
(1.1) the decay curve. Changing the delay between the laser
pulse and the extraction provides the time dependence
where subscripts th indicate room temperature ther- from which the decay rate constant is fitted. The decay
mal energies, ph photoexcitation energies and KER is found to be exponential over the time range investi-
the kinetic energy relead&9]. The quantitiesExer gated which signals a statistical decay with a single de-
and Ey, , are average values. In the case ofiAga cay constant. As an example, the relative abundances

unimolecular decay to detect radiation[8].

In the following, we analyze data on the decay
rate constants of cationic silver clustdfg by this
method. Measured rate constants for the direct decay
Ag, 1T — Ag,_»T are compared with the rate con-
stants for the last step in the decay chain,Ag—
Ag, 1T — Ag,_»" (Fig. 1) for the cluster sizes =
14, 16 and 18. At identical measured rate constants
for the two decays, the dissociation energy, defined as
D, = —(E, — E,_1) + E1, whereE, is the ground
state energy of cluster size is [14]
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Fig. 2. Relative abundance of silver clusters,Agn = 14, 15
and 16, as a function of the delay time between photoexcitation of
AgisT (hv = 2.96eV) and ejection for TOF mass analysis. The
lines are exponential fits.

of Ag, ™, n = 14-16, after photoexcitation of Ag"

(hv = 2.96 eV) are shown as a function of the delay
time in Fig. 2 Forn = 16, an exponentiatiecay is
observed (note that the time scale in the figure is loga-
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is compared to the time constant as observed in the di-
rect decay, i.e., upon excitation of size-selectedsig
clusters?

All sizes examined in the present study, except
Agi3T, evaporate neutral monomé®,21]. The clus-
ter sizen = 13 has a finite branching ratio between
monomer and dimer evaporation. Within the uncer-
tainties, the time constants for appearance ef 12
andn = 11 are consistent with the disappearance of
n = 13 and either values can be used for the analysis.
The present study is limited to a small nhumber of
points on each curve df vs. photoexcitation energy.
This excludes the rigorous experimental checks on the
validity of the method applied ifil4]. However, the
situation is very similar to the well-documented case
of gold clusters and we will analyze the data with the
experience of the higher statistics of gold clusters.

The measured decay-time constants frgh that
are analyzed with the new method are listedable 1
For the direct decays Ag — Ag,_1" an average
time constant has been calculated from the decay of the
precursor cluster size and the buildup of the product
cluster sizen — 1. The fit of the time constants come
with fitted uncertaintiesg; (i = 1, 2). The difference
in the decay and the buildup rate constants appear to
be a little higher than can be explained by the fitted
uncertainties. The reason for this is not clear. The av-
erage and the uncertainty is calculated as

;o wn + w2t

w1 + w2
_ =2 _ =2
02=wl(fl 7))+ wa(12 — T) ’ @.1)
w1 + w2

where the weights arey;
guoted will always be &.
The corresponding decay rates, i.e., the inverse of

1/c2. Uncertainties

rithmic). Those clusters that have absorbed one photonthe decay-time constants, are plotted as a function of

evaporate a single monomer which shows as an expo-

nentialbuildup for n = 15. However, a small fraction
of the initial cluster ions has absorbed two photons
which leads to a sequential decay to4f. For the
analysis, only the buildup time constant fer= 14

(r = (6.2 £ 1.5 ms) is relevant, since it is equal to
the decay-time constant of Ag'. In the following, it

the photoexcitation energy iRig. 3. The cases (a)
(left), (b) and (c) show the comparison of the sequen-
tial decay to a single decay step for the determination

2The single-step decay of Ag" to Agist is not used for the
determination of dissociation energies in the present study. It would
have to be combined with the sequential decay ofAgin order
to determine the dissociation energy of 49.
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Table 1
Constantsr for the direct decays and for the last step of the sequential and multisequential decays of size-selected silver glusters Ag
after photoexcitation with energip, (from [4])

Process n Eph (eV) 7, (MS) 7,—1 (MS) T (Ms)
Direct 13 3.44 D+11 36+0.6 39+0.6
3.73 Q30+ 0.06 026+ 0.05 028+ 0.04
15 3.72 58+29 107+15 97+20
4.00 135+ 6.2 34+0.7 35+11
17 2x 228 25+0.9 124+03 13+04
Sequential 14 X% 2.76 12+03
2x 288 023+ 0.08
16 2x 2.96 62+15
2x 312 20+04
18 3x2.28 19+05
Multisequential 15 % 4.00 28+0.8

In case of the direct decays, the mean valuerfas calculated from the decay of the precursor cluster site,) and from the formation
of the product cluster size — 1 (z,_1).

of the dissociation energieB14, D1g and D1g, re- the mean value. Fot = 15, there is only one point
spectively. In (a), indicated at the bottom, the multise- which has to be projected onto the extrapolated line
guential decay of Ags™ is compared to the sequential of the sequential decay of Ag". Thus, the result-
decay of Agq™. ing uncertainty is larger than in the cases examined
Both the energetic shifts and their uncertainties above:AEpn = 2.67(16) eV. Finally, the energy shift
must be estimated differently from the procedure is determined forn = 18, where only one point each
given in[16] because the determination of the shape for the direct and the sequential decay is available.
of curve describing the rate constants vs. photoexci- In order to give a conservative estimate of the uncer-
tation energy would not be reliable. As an alternative, tainty, the smallest slope of this investigation (which
we use a linear interpolation of the logarithm of the results in the largest values of the uncertainty) is
rate constant vs. photoexcitation energy. kot 14, taken, i.e., the linear interpolation of the case- 16
this permits an interpolation in two cases (left solid (Fig. 3(b). Thus, the energy shift is determined as
and dashed arrows ifig. 3(a), and yields values for ~ AEp, = 2.45(27) eV.
the shift of AEpy, = 1.95(4) and 2.01(8) eV, respec- The room temperature thermal energigég,, which
tively. The shift, AEp is defined as the difference in  enter as a differencéy, ,, 11— Eth », are calculated by
photoexcitation which gives the same rate constant for extrapolation of the bulk values per vibrational degree
the last, observed decay. The procedure for estimating of freedom (0.02 eV) with the number of vibrational
the uncertainty of the energy shifts is described in degrees of freedom in the cluster. Since the bulk heat
Fig. 4 the error bars of the rate of the sequential decay capacity at room temperature is close to that of a
are projected onto the lines connecting the error bars Debye crystal we expect that the error is very small.
of the direct decay rates. The minimal and maximal  The kinetic energy release is calculated with the
energies are read off the energy-axis to determine the procedure given in[16]. The kinetic energy is a
shift and its uncertainty. The two values of the energy stochastic quantity and the distribution has a mean
shift are combined by calculation of the weighted av- and width comparable to the microcanonical tempera-
erage:A Epy = 1.96(4) eV. Similarly, forn = 16, two ture of the product cluster, in our case the temperature
values for the energy shift are found: 2.06(15) and of the cluster of the thermometer process. It is calcu-
2.07(16) eV, which yieldAEp, = 2.06(11)eV for lated from the detailed balance equati@2] (given
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Fig. 3. Rates for the direct, sequential and multisequential decays
of silver cluster cations Ag" (data from[4]). The rates for direct
decays are averaged values (SkEsble 1 and text). The solid
and dashed lines indicate the method of linear interpolation and
projection (for details se€ig. 4).
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Fig. 4. Estimation of the uncertainty of the energy shift in
case of the projection of the rate from the sequential process
Ag14T — Adis™ — Agiz12" onto the linear interpolation for the
direct decay Agst — Agi112™.

below asEqg. (3.1). It requires the microcanonical
temperatureT, [23] and the capture cross section for
the inverse process. The latter is found by assuming
that the incoming atom moves in a classical potential
given by the charge of the cluster and the polarizabil-
ity of the silver atom, 7.9 A2 and that the atom sticks
when it touches the cluster with a geometric cross
section ofogeo = 772 (n — 1Y/ + 1)2. The room
temperature value of the Wigner—Seitz radius is used,
r1 = 1.60A [24]. This cross section assumes no re-
verse activation barrier, i.e., that the separation energy
is equal to the activation energy for the thermal pro-
cess. The resulting KER values are close tg 22,
which reflects the fact that the interaction energy due
to the polarizability is small. As in the case of the
room temperature thermal energy, the microcanonical
temperature I\, is estimated from the bulk caloric
curve per atom with an effective number of atoms
reduced ton — 2 to account for the six translational
and rotational degrees of freedom. The values are
kgTm = 0.12-0.13 eV, except for = 15 where it is
ksTm = 0.17 eV. Note, that the relevant temperatures
are those of the product clusters. Only for the multise-
quential decay ofi = 15 does the scaling from bulk
values cause a problem since the temperature of the

3 Literature values differ and we have used an average.
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Table 2

Model-free dissociation energidy, of silver cluster cations Agh
calculated from the energy shift Epn, the difference in the ther-
mal energyAEw, and the kinetic energy releagexegr for the
evaporated atom (uncertainties given in parenthesis)

n AEph(eV) AEn(eV)  Exer(eV) D, (eV)
14 1.96(4) 0.06 0.20(4) 1.82(6)
15*  2.67(16) 0.06 0.26(5) 2.47(17)
15°  4.52(5) 2x 0.06  0.26(5)+ 0.20(4)  2.36(10)
16  2.06(11) 0.06 0.19(4) 1.93(12)
18 2.45(27) 0.06 0.20(4) 2.31(27)

aMultisequential decay compared to sequential decay.
b Two subsequent decays; for the determinationgg the
model-free dissociation energy14 = 1.82(6) is applied.

first product is significantly above the bulk melting

93

tion happens with a cross section which is indepen-
dent of the kinetic energy of the atom. This follows
from kinetic gas theory25] and was first applied to
clusters by Engelking26]. One important example of
this kind of cross sections is the geometric cross sec-
tion. With the exception of zinc, all bulk metals have
this cross section and to our knowledge no experiment
has shown any sign of a reverse activation barrier
for evaporation of a neutral atom from any metal
cluster.

Forn = 15, the multisequential decay can also be
compared to the direct decay of &g, where two
consecutive decay steps enter the calculation: the de-
cay of Agis™, with an unknown dissociation energy,
and the decay of Ag™", where the previously deter-
mined valueD14 = 1.82(6) eV can be included in the

temperature. We have used a linear extrapolation of analysis. The energy shift is shown Fig. 3(a) In

the bulk heat capacities from the melting point in this

contrast to the multisequential/sequential comparison,

case. The KER values and the resulting dissociation no extrapolation of rate constants vs. excitation energy

energies are listed ifable 2 and the dissociation
energies are plotted ifrig. 5 The statistical and
systematic uncertainties have been added in square.
A comment on the value of the KER may be in
place. In chemical literature a frequently calculated
value is that ofkgTy, instead of the almosti3Tm
here. A value of BgTy results from the situation

is necessary and the shift of the multisequential data
point to the interpolated line i&A Epp = 4.52(5) eV.

In order to extract the dissociation energynof 15,
both KERS, Exer 15 and Eker, 14, the dissociation
energy D14, and twice the thermal energy difference
Eyn = 0.06eV enter as terms. The result for the
dissociation energy i915 = 2.36(10) eV. It agrees

where in the reverse process of atom capture absorp-well with the value found by comparison of multi-

32

DISSOCIATION ENERGY [eV]

13

15 16 17 18 19

CLUSTER SIZE

14

Fig. 5. Dissociation energies as a function of cluster size. Full
circles: model-free method. Full triangle: multisequential vs. direct
decay. Open circles: QRRK values (frddl). Dashed line: liquid
drop model.

sequential and sequential decay and has a smaller
uncertainty.

The model-free values are systematically lower than
the QRRK valueg4] by 5-13%. This deviation is of
similar magnitude as the one encountered for, Au
[14] but of opposite sign.

It is interesting to compare the measured values of
the dissociation energies with those resulting from the
liquid drop model, i.e., an extrapolation from the bulk
values (seé-ig. 5):

8t
Dyg =Doo—?n 13

rlasurf. (22)
where ogyf IS the surface tension. (For the present
study, the contribution of the Coulomb term can be
neglected.) We have used the zero-K vallg, =

2.966 eV [27] and the melting point valuesy; =
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0.91J/n? [28]. Hence, reduces the effective temperature for a given excita-
tion energy. If we disregard the frequency factors in
1.22eV . . .
Dig =2.97— — 15 (2.3) the expressions for the rate constants, this requires a

reduced value of the dissociation energy to yield the

The dashed line ifrig. 5indicatesDiq as a function ~ same rate constants. Hence, the lower value of the
of cluster size. dissociation energy is consistent with a heat capacity

When comparing the measured values with the which is higher than the one for harmonic oscillators.
liquid drop values, it should be kept in mind that the A calculation of the rate constants with Frauendorf's
latter do not incorporate the odd-even effects. The application of the Weisskopf formula to clust¢g?]
even-numbered clusters (here= 14, 16 and 18)  also indicates that the heat capacities are underesti-
contain an odd number of valence electrons and are mated, even compared with the bulk values. The rate
therefore less stable than the average, whereas forconstant used is based on the detailed balance, or Weis-
the odd cluster size = 15, the trend is expected to  skopf, formula for monomer evaporation from cluster
be reversed. For gold clusters the odd—even effect is sizen:
approximately 10% of the total dissociation energy gmo (€) pu_1(E — D, —€)
in the size range = 10-20. The present results for kn (E) de = 223 © on(E)
silver suggest an odd—even effect of about 20% and where E is the excitation energy is the spin de-

; L S oo
a mean dissociation energy which is 10-20% below generacy of the evaporated atom for silver), m

the liquid drop value. For the comparison of the mea- :
. L is the reduced mass of the channel (close to the mass
sured values with the liquid drop model values several . . .
. . o of the silver atom in our casey, is the atom capture
points are relevant. First of all, the uncertainty in the . .
cross section for the inverse process, pfgethe level

measured bulk surface tension is finite. In addition, . . -
the parameters of the liauid drop model are extrapo densities of the clusterd), the dissociation energy,
b q P PO ande the translational kinetic energy of the channel,

lated by about 20 orders of magnitude and terms of basically that of the evaporated silver atom,

lower order inn'/3 have not been included. :

As argued above, the cross section can be assumed
to be close to the geometric value for the purpose of
calculating rate constants although, that this approxi-
mation is not sufficiently precise for the calculation of

the kinetic energy release. The kinetic energy release
The measured rate constants were used to extract the

. . i ) _ tan be integrated out to givE2. The only remain-
dissociation energies via the QR_RK formula[4}. It . ing unknown are then the level densities. They were
wa:_s assumed that the level de_nsny was that Of_ an Ein- approximated by the values extrapolated from bulk
stein crystal. As already mentioned, the resulting val-

i ) ) thermal properties. The resulting formula reads
ues are consistently higher than the ones derived from

de, (3.1)

3. Discussion

the present and much improved analysis of the same mR?
preser P ysis kn(E) = o T (E)Ty-a(E — D)
data (se€ig. 5). Apart from the problems with QRRK, h
a possible explanation of the systematics is that the C,(E)
. . . .. n Sn—1(E—Dy)—Sy(E)
assumption of the cluster as an Einstein crystal is in- x C, 1(E — D, e .

valid. Whereas the bulk value of the room temperature
thermal properties conform well to that of a Debye
crystal, the heat capacity of the bulk is significantly HereT,, isthe temperature;, the heat capacity ang},
higher than the i@ per atom for harmonic oscillators  the entropy of the cluster of size The argument refers

at the elevated temperatures where unimolecular de-to the energy content and the values are found from the
cay takes place. This effect, if applicable to clusters, bulk curve, scaled with the excitation energy per atom.

(3.2)
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The rate constants calculated wil. (3.2)are con- 0.50+ 0.13eV. The amplitude observed in photoion-
sistently higher than the measured values (see refer-ization experiments amounts to 0.5eV, i.e., the same
ence[4]). The number of photons assigned are one for value as for the dissociation energji@g]. The electron
n = 14, 15, 16, and two forn = 18. Other assign-  affinities (EA) deviate to the high side. The amplitude
ments give much larger discrepancies. koe 14, for n = 12-14 is 0.76 e\38] and 0.7 eV[39] (the
the factors are 710 and 970 at the two measured en-n = 13 value of[38] was reassigned by us since the
ergies, forn = 15, the numbers are 70 and 170, for first peak in the measured electron energy spectrum is
n = 16, they are 160 and 260 and for the single point very weak). Although these two values are marginally
forn = 18 itis 25. Forn = 14, 15 and 16, the high  consistent with our result, the difference between the
value is for the highest photon energy. It corresponds IE value and the EA seems to be real and can prob-
to a microcanonical temperature which is from 160K ably be ascribed to a breakdown of the jellium pic-
(for n = 14) to 95K @ = 18) too high in the calcu-  ture. In this connection, it is of interest to note that for
lations. The theoretical curve can be brought in rough smaller ¢ < 11) anionic silver clusters the odd—even
(albeit not perfect) agreement with the measured rate staggering in electron affinities and in the dissociation
constants if one arbitrarily increases the heat capacity energies are very clogé0]. Even if the dissociation
with an overall factor on the extrapolated bulk values. energies are not model-free, a scaling with typically
The scaling factor is between 1.1 and 1.2 which does 10% as between the Hild et al. data and the model-free
not seem an unlikely value, in particular since melt- analysis here will not change the good agreement.
ing has not been taken into account in the extrapola-
tion from bulk values. One may speculate that a weak
and smeared solid-liquid like transition could cause a 4. Conclusion
slight increase in the heat capacity. The melting point
of even larger silver clusters is in fact measured to be  We have reanalyzed earlier experimental results
reduced to 40% of the bulk valy@9]. We stress the  with a recently developed method to determine the
tentative nature of this conclusion. dissociation energies of the silver cluster cations

Some quantum mechanical calculations beyond the Ag,*, n = 14, 15, 16 and 18. The new results are
jellium approximation30] have been reported in the shifted by 5-13% below the previous values based
literature for silver clusters above size 10. A num- on a QRRK evaluation of decay rate constants. A
ber of structure optimizations based on tight binding comparison with calculated rate constants shows the
calculations or empirical potentials have appeared in strength of the new method: Instead of extracting dis-
the literature but unfortunately do not calculate what sociation energies from rate equations and a number
we measure which makes a comparison between of assumptions, knowledge of the dissociation energy
experiment and theory difficu[81-35] and the measured rate constants now allows one to

A comparison with experimental data on electron test the remaining input parameters and assumptions,
affinities and ionization energies is limited to the mag- as e.g., the parametrization of the level densities. The
nitude of the odd—even effect which, even if it hinges importance of the method and results presented here
on a single odd—even—odd & 14-15-16) sequence, therefore reaches beyond the mere determination of
is more interesting. In the jellium model the odd—even dissociation energies.
variations in electron affinities, dissociation energies
and ionization energies (a.k.a. ionization potentials)
are identical in the lowest approximation. The IE’s of Acknowledgements
n = 13-15 from[36] show a peak-to-peak amplitude
of the odd—even effect of 0.3 eV, compared with the  This work has been supported by the DFG, the EU
analogous magnitude for the dissociation energies of network “CLUSTER COOLING” and the Academy
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