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Study of the stabilization energies of halide-water clusters: An application
of first-principles interaction potentials based on a polarizable
and flexible model
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The aim of this work is to compute the stabilization enelgy{n) of [ X(H,0),]~ (X=F, Br, and

| for n=1-60) clusters from Monte Carlo simulations using first-princi@bésinitio potentials.
Stabilization energy of X(H,O),]~ clusters is defined as the difference between the vertical
photodeachment energy of the cluster and the electron affinity of the isolated halide. On one hand,
a study about the relation between cluster structure anBghén) value, as well as the dependence

of the latter with temperature is performed, on the other hand, a test on the reliability of our recently
developed first-principles halide ion-water interaction potentials is carried out. Two different
approximations were appliedl) the Koopmans’ theorem an@) calculation of the difference
between the interaction energy [pX(H,0),]~ and[X(H,0),] clusters using the sanab initio
interaction potentials. The developed methodology allows for using the same interaction potentials
in the case of the ionic and neutral clusters with the proviso that the charge of the halide anion was
switched off in the latter. That is, no specific parametrization of the interaction potentials to fit the
magnitude under study was done. The good agreement between our predigiéd) and
experimental data allows us to validate the first-principles interaction potentials developed
elsewhere and used in this study, and supports the fact that this magnitude is mainly determined by
electrostatic factors, which can be described by our interaction potentials. No relation between the
value ofEg,{n) and the structure of clusters has been found. The diversiygfn) values found

for different clusters with similar interaction energy indicates the need for statistical information to
properly estimate the stabilization energy of the halide anions. The effect of temperature in the
prediction of theEg,{n) is not significant as long as it was high enough to avoid cluster trapping
into local equilibrium configurations which guarantees an appropriate sampling of the
configurational space. Parallel tempering method was applied in particular cases to guarantee
satisfactory sampling of clusters at low temperature2@4 American Institute of Physics.

[DOI: 10.1063/1.178866G0

I. INTRODUCTION model includes the polarizable and flexible character of the
interacting particles that form the system. Our res§ifsn-
Experimental and theoretical investigations performedyicated that the halide ion-water interaction potentials for
on ion-solvent clusters are of great importance to help in=— gy~ and I anions are able to provide structural and
understanding the solvation phenomena of ionic solutidns. thermodynamic properties of both halide solutions and gas

The available experimental techniques, such as pho'[oelec’[rodhas(e clusters in good agreement with the experimental es-
spectrometry, allow for the study of a cluster with a Specmctimations

size. On many occasions, the analysis of the results of these S
. The study here presented focuses on the stabilization en-
observations needs the knowledge of the structure of the , )
stap Of halide-water clusters derived from photoelec-

clusters considered. In this sense, computer simulations havedy E ) ) ) )
emerged as a powerful tool for investigating the microscopidO" SPECtroscopyPES. PES is well established in studying

properties of clusters in gas phase and liquid solutighs. the electronic structure of negatively charged clustets.
Nevertheless, the reliability of the results derived from nu-The aim of this work is twofold. First, the relation between
merical simulations depends critically on the potential modeFluster structure and stabilization energy, as well as the de-
describing the interactions among the particles defining th@endence of the latter with temperature are studied. Second,
system. a test on our first-principles halide ion-water interaction po-
In our previous halide solvation studiésthe develop- tentials developed and published elsewP&is carried out,
ment of first-principles halide ion-water interaction poten-py proposing the estimation &, from the developed po-
tials using the MCDHQRef. 7) (mobile charge densities in tentials.
harmonic oscillator model potential was presented. This E.wp is defined as the energy gap between the vertical
photodetachment energy of the ion in the clug&;, and the
aE|ectronic mail: sanchez@simulux.us.es electron affinity of the bare ioEA,
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EsadN)=BE,(n)—EA, ) quires the determination of the energy associated to the elec-
tron ionization process for the halide anion and the solvated
one. Alternatively, the photodetachment energy could be cal-
culated by switching off the interactions related to the nega-
tive charge on the anion, or removing an electron from the
highest occupied molecular orbital in theoretical calcula-

n being the number of solvent molecules in the cluster.
Markovichet al*®present the experimental photoelec-

tron spectra of Cl, Br~, and I' hydrated clusters consider-

ing up ton=60 water molecules in the case of the iodide

anion. Wang and co-workéfspresent experimentdl,, u ) . L . L
g P P stabUP  yions. It is worth pointing out that whem increases, statisti-

ton=4 for F~ water clusters. Larger clusters of the fluoride | distributi b ) tant and sinal it caleul

anion could not be studied because of their small detachmefift 2!St1outions become |mpohr T)n an lsmg € point carcuia-

cross section and extremely high electron binding energies!©"S ON @ given structure might be not longer representative.
addition, for medium and large valuesmfab initio com-

Several theoretical studies about the stabilization energy1 ) )
of the halide-water clusters are available in literature. ThesBUtations are not feasible because of cost.
studies can be divided into two different groups depending ~ There is experimental uncertainty in the temperature of
on the origin of the cluster geometries. experiments which were obtained possibly around

The first group is formed by those works that use a set of~ 70 K-> To establish the importance of temperature ef-
aggregates derived fromb initio calculations to obtain the fects on the cluster structure, Monte CafldC) simulations
stabilization energies of theX(H,0),]~ clusters. Kim and  Of [X(H,0),]" clusters K=F, Br, and ) at 70, 150, 200,
Co-worker§7_leork’ among other propertiES, on thb ini- and 250 K were carried. For each cluster m@onfigura-
tio prediction of the stabilization energies pX(H,0),]~  tions (M=10°) of MC simulations were produced. Configu-
clusters K=F, Cl, Br, and I,n=1-6) by both calculating rations were saved everyM steps for further analysis.
the interaction energies difference between the ionic and the In this work, stabilization energies have been obtained
neutral cluster and using the Koopmans' theofétBomba-  from two different approximations employing configurations
riza et al?>=25 carry out anab initio study of the chloride-, from the MC simulations. These two approximations are:
bromide-, and iodide-water clusters to establish which are (1) Using the Koopmans' theorefi.Although some
the prevalent isomers in gas phase. They used the agreementthord’2%?1?demonstrate that the use of Koopmans’ theo-
between stabilization energies obtained from the Koopman’sem to compute ionization potentials of bare anions and
theorem and binding enthalpies with the experimental data[ X(H,0),]~ clusters overestimates the results by 0.4-0.5

The second group is formed by the studies that computeV, its use to get ionization potential differences is
stabilization energies ofX(H,0),]  clusters using struc- suitablé®~2° because almost the same error exists in both
tures from numerical simulations. Daweg al**?’ study the  systems.
iodide ion-water system using additive and nonadditive  (2) Calculating the difference between the interaction en-
model interaction potentials, as well as classical and quarergy of[ X(H,0),]~ and[ X(H,0),] clusters usingb initio
tum mechanical simulations. Two different interaction poten-interaction potentials. Differing from the strategy followed
tials were considered for the computation of the interactionyy panget al?®?” and Pererat al.?®?° we do not develop
energies of ionic and neutral halide-water clusters. For thjifferent interaction potentials for the neutral and ionic ag-
latter, the interaction potential was fitted in such way that theyregates. This way, the interaction energy of the neutral clus-
experimentalEg,1) was properly reproduced. These au-ter was obtained by switching off the halide charge of the
thors conclude that there is a small effect with respect to botlyycpHO halide-water interaction potential while the rest of
the temperature and the inclusion of quantum effects to r€3arameters were kept unchanged.

produce experimental stabilization enery., depends on The theoretical ionization potential$P) by means of
the differences between neutral and ionic ground states aanopmans’

; ; R 28,29
difference is carried out. Pereg al. suggest the need pseudopotentialECP was used to describe the core elec-

for using a halide ion-water mteracpon potentlal mclucﬂpg trons in the case of the iodide ion, namely, the SDB-ETP,
many-body effects to reproduce their experimental stabiliza- hile the aug-cc-pVTZ basis sets augmented with polariza-

tion energies. These authors find that the temperature. %on functions® were used for the valence electrons.

which numerical simulation is carried out does not have in- . _

fluence orkg,,, as long as the configurational space is prop- . Totﬁoml\ﬁgg:g gveragfstat_(rl) n [t?((Hzozn] i clluiters

erly sampled. As Dangt al,?®%” Pereraet al?3%° consider YS9 € '(;)n'\l’:\’fi er 'r? erzc '03 PO En 1als two as-

different interaction potentials for computing the interactionSUMPUons were made. First, the photodetachment process Is
fast enough so that the geometry of the cluster does not

energy of the ionic and neutral halide-water aggregates. ) e
To our best knowledge, there are Q. estimations change. Second, the induced polarization on the water mol-
. remains unchanged in the neutral

derived only from first-principles halide ion-water interac- €cules IN[X(H;0),] " re .
tion potentials. cluster, that is to say, it is assumed that neither nuclear nor

electronic relaxation in the cluster take place during the
photoionization process. These assumptions are, basically,
the same as that in Koopmans’ theorem.

The quantum-mechanical computation of the photode- The magnitudes on the right-hand side of Et) are
tachment energy for a cluster with solvent molecules re- defined as

Il. COMPUTATIONAL METHODS
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and

TABLE |. Comparison of predicted and experimenials;,{n) (eV) of [X(H,0),]  clusters at 200 K. The
uncertainty in the experimental values is 0.03 eV.

F Br- I~

MCDHO  Koopmans Expt. MCDHO Koopmans Expt. MCDHO Koopmans Expt.

=}

1.74(0.08° 1.49(0.04 1.40 0.58(0.04 0.54(0.04 0.57 0.43(0.03 0.43(0.09 0.45
2.95(0.09 2.40(0.09 2.39 1.11(0.06 1.03(0.05 1.08 0.79(0.05 0.81(0.09 0.86
3.80(0.19 3.36(0.14 3.19 1.57(0.1) 1.45(0.10 1.58 1.13(0.05 1.17(0.09 1.23
4 452(0.17 3.88(0.10 3.95 1.950.10 1.79(0.10 1.91 1.40(0.09 1.45(0.10 1.53

W N

“Reference 16.
PReference 42.
‘Reference 13.
dStandard deviation in eV.

BE,(n)=E,—E, (28 when the number of structures considered from MC simula-

tions was increased by saving everyN.Tonfigurations in-
stead of every M.

EA=E—E, (2b) The agreement found between Koopmans and experi-
mental estimations validates the assumptions used in com-

where E,, E,, E, and E~ are the total energies of . . - . .

- _ . . puting the Eg,{n) from first-principles interaction poten-
[X(Hz0)n], [X(HZO)”] X andX™ species, respectively. tials, that is, the repolarization of the cluster during the
The total energie, andE, can be expressed by the fol- photodetachment process is negligible. Likewise, the small

lowi

and

ng energy partition: differences between computed stabilization energies for the

En=Eingx(+,0),] + NEn,o+ E (39  small clusters gives confidence in the use of MCDHO esti-
mations in the case of larger clusters that are too computa-
tionally demanding folb initio calculations.

En = Eingx(r,0),]- + NEro+ E . (3b) The structural analysis of the cIu_ster geometries em-
ployed in Table | shows the lack of a direct relation between

Eintix(H,0),1 @Nd Eingx(n,0),1- Dbeing the interaction en- the value ofEqy,and the relative halide ion-water positions

ergy of [X(H,0),] and[X(H,0),]~ clusters, respectively, in the cluster. This is illustrated in Fig. 1 which shows how

and

ing the previous definitions into E@l), E,{n) can be de-
fined as

work, the consideration of the expected valuesEgy leads 426 (738

to

NEn,o is the energy of tha@ water molecules. Substitut- clusters having different structures present similar values of
Estadn) and vice versa. What is more, there is no connection

between the interaction energy of the ionic clugtgven in

od
g:&

Estal{n) = Eint[X(Hzo)n] - Ei”t[X(Hzo)n] -, (4)

F(H,0)s] " at 200K

Within the statistical framework, as that adopted in this :

4.25 (-68.5 499 (-71.2)

,_/o:(lg ) C:g
Eswaf ) =(BE,(n)—EA) E*’i@ Q:}}

= (Eintrx(1,0),] ~ Eintx(H,0),1 )+ 5

Esta(n) calculations at the temperatures previously cited ;... w0k

were performed for all the structures saved along the MC

simulation corresponding to a cluster of a given number of
water molecules. C{% % . : (&l\o

IIl. RESULTS AND DISCUSSION

along with associated error fX(H,0),]~ clusters withn

)
at 200 K. A good agreement is found between both the—g \T
oretical estimationgaverage deviation around 3%n the ﬁ}' ?})

<4

case of the bromide and iodide anions a similar average de

1.68 (-32.7) 1.66 (-34.3) 1.49 (-32.8)

o » ~¢~

[[(H20)3]~ at 200K
)
: 6/\0

Table | shows the calculated and experimeiiigln)

1.26 (-30.2 1.14 (-29.4 1.14 (-32.2)

viation is found comparing theoretical and experimental re-

sults. On the contrary, significant differences 20%) are

FIG. 1. [X(H,0),]  clusters derived from MC simulations at 200 K with

observe_d for the fluoride-water clusters_. This fact will beeir MCDHO predictedE..(n) (eV) and MCDHO interaction energy
treated in detail below. The results obtained do not changécal/mo) in parenthesis.
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FIG. 2. Comparison of the MCDHO predictésblid line) and experimental G- 3 Esiadn) for [X(Hz0),]™ (X=F, Br, and | forn=1-10) in eV at
(dashed ling Eq{n) for [X(H,0),]~ clusters K=F, Br, and I forn different temperatures and the uncertainty associated to each temperature.
stal n il ’
=1-60) at 200 K. The uncertainty f¢t(H,0),~50]  has been included.

these uncertainties. In addition, it should be taken into ac-

parenthesis in Fig.)land Eqy, for example[Br(H,0),]~  c0ount that the experimental estimationByq{n) for larger
clusters in Fig. 1 with almost the same interaction energiegrl]USterS may b‘; part||ally cIoudﬁd by inelastic scattering of f
(—32.7 and- 32.8 kcal/mol) have differenE..(3) (1,68 INe emerging photoelectrons what may cause an increase o

i the magnitudé?
and 1.49 eV. Similar examples are found for the other ha- | ; lecul ) h
lides. Thus, it is not possible to discriminate among different  FOr clusters from 1 to 10 water molecules, Fig. 3 shows
structures only based on this property. Our conclusions off’€ Esd) values obtained at three different temperatures,

: : 29
this matter are partly opposite to those presented by Comba>0: 200 and 250 K. Like previous workS;? our results
rizaet al2*25who find evidences about a prevalent isomer ofare not temperature depending. Figure 3 also includes the

- : : tainty associated to the magnitude which increases
[X(H,0),]~ clusters comparing the experimentl(n)  UYncernal _
and those obtained fromb initio calculations on minimum When higher temperatures are consideredT 4250 K, the
structures. Nevertheless, these authors work on minimgtandard deviation associated to #g,(n) estimation for
structures 80 K and limit their study only to a few conform- n=6 give rise to the'overlap betwedfy,{n) and Estat_(n ,
ers. It is interesting to consider that in the case of halide’ 1). This being particularly relevant for the case of iodide

microhydration many of the optimized structures have simi-VNere theEs, gap betweem andn+1 is far smaller for

: 14
lar energies and the order of stability can change when thefl= 6 Markovichet al. postulate the completeness of the

mal corrections and zero point vibrational effects aref|rst hydration shell of the iodide ion far=6 on the basis of

included!1920.37-38rhys it could be unsafe trying to under- the small difference fount_j bet\_/vedigtak(G)_ and Eg,(7).
stand the structure ¢&(H,0),]~ clusters in terms of local Although our results predict this small difference, they do
minima. In this sense, the analysis of our MC trajectoried0t SUPPort the idea of a fully solvated iodide ion, because
indicates how different structures with similar interaction en-the structural analysis of the trajectory used to calculate
ergy present differenEg,, values. Therefore, the consider- _ESté}*{G), mdpates a preference of the structures where the
ation of a large number of structures seems to be mandator _d|de ion is on the surface of the cluster and sqme of the
In a rather different framework, such as the computation o ater molecules are located on the second solvation shell, as
X-ray absorption spectra of bromide aqueous solutions, quitéhzwn in Iijég 4, what also agrees with the results of Dang
close conclusions are achiev&d. and Garret.

The experimental and comput&d,,{n) using MCDHO A parallel study has been per_fqr_med at_70 K,_ buF in this
interaction potentials at 200 K is plotted in Fig. 2. The agree-case a clear dependence on the initial configuration is found.

ment is fairly good, particularly if one bears in mind that no AF this temperature, the cluster is trapped .into energy miqima
empirical information has been included in the developmenWIthOUt bemg able to overcome thg barr|.er and difficulting
of the interaction potentials used and the same parameter3! appropriate sampling of the configurational space. In that

except the halide charge, have been considered for the ionic
and neutral halide-water clusters. The trend observed along )
the halide group shows a decrease offygy{n) going from R ?)& o

F~ to I”. The analysis of this figure provides information of Q;fi;a\ ?(;i\ )= )’f{@% q%
the size dependence on vertical ionization, a fact that has v Cg\o/ G\O/ p
already been observét'>?*-?*The associated uncertainties o~

of the Esfn) for the larger I(H,0),] ™ clusters is included FIG. 4. [I(H,0)¢]™ clusters derived from MC simulations at 200 K with

in Fig. 2. They thOW that the d.iscrepancit'es'between COMgheir MCDHO predictedE,{n) (eV) and MCDHO interaction energy
puted and experimental estimations are within the range akcal/mo) in parenthesis.

233 (-70.8 1.98 (-70.3) 2.06 (-74.0) 1.63 (-67.1)

=

e
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TABLE II. Average stabilization energ{Eg{n)) as a function of tempera- J ) T  —
ture using parallel tempering. oL T menmox| |
[1(H20)g]™ [1(H20)e0] L ! ! w
L . N il
T (K) Esa(8) (eV) T (K) Es{60) (€V) - ; %'\‘x ,‘#‘#ﬁ i 'fr"‘svﬂ.- :
o< i e i1h .
60 2.25 190 3.00 g l R
70 2.24 200 311 E ‘ '
90 2.22 217 3.19 ;
110 2.20 234 3.18 3
130 217 250 3.15
150 2.15
170 2.12
0 . I . I .
L . 0 500 1000 1500 2000
respectEg,{8) for the iodide anion can be found equal to number of configurations

2'.4 .Or 2.0 ev dependlng o.n the initial Conflguratlon used'FIG. 5. Change of the distan¢d) between iodide ion and the center of
Similar results to those obtained at 70 K have been found fof,,ss of water molecules in the cluster faran interior cluster at 200 Kb)
larger aggregatesn&50) of the iodide anion af<200 K,  a surface cluster at 200 K aric) an interior cluster at 250 K along a Monte
that is, the final average value Bf,{n) is clearly biased by Carlo simulation.

the starting point structure.

In order to ascertain if the variations Bf;,,estimations . o o
observed for clusters at 70 K and bigger clusters:0) of  Plotis displayed in Fig. 5 and shows how the iodide ion stays
the iodide ion aff<200 K are only due to a sampling defi- approximately in the same p[ace, i.e., if the anion is located
ciency, we have used the parallel tempeffh@PT) method. on the surface of the cluster is npt gble to break the netwo_rk
This technique allows to overcome energy barriers that aris8 Water molecules to penetrate inside the aggregate and vice
in the potential energy surfaces of the halide ion-water agV€rsa- The situation is different at higher temperatures be-
gregates. In parallel tempering, a series of noninteractingq""use the anion can move from the interior to the surface of
replicas of the system under study is considered simultan€ cluster without major problem. A PT MC simulation con-
neously. Each replica of the system can be viewed in a difSidering five different temperatur€$90, 200, 217, 234, and
ferent state, characterized by some varialgéeg., tempera- 220 K) were used to computEs;{ 60) of the[I(H20)eo)]
ture). The key of the PT is that in addition to conventional CluSter at 200 K. 20tV configurations were run for each

MC moves within each of the replicas, the identity of anytempgrature trying mutatic.)ns.every_ 10000 steps. The plot of
two replicas is allowed to mutate. Supposing two repli¢as, the distance between the iodide anion and the center of mass

andj, such a mutation is accepted with probability of the waFer mole_cules in thg clgster aloqg t_he tra.jec.tory at
' 200 K using PT is showed in Fig. 6. This figure indicates
Pacc=min[ 1,exg —AB;;AU; )], (6)  how the anion changes its relative position in the cluster

where AU;; is the difference in energy between replidas along the trajectory resulting inBg,{60) estimation of 3.1
andj andAB; is the difference between their inverse tem- _ev. The results for the rest of temperatures are also included
perature. As can be infered from E@), the acceptance rate In Table II. _
for mutation moves will be sufficiently high only when the These two examples show that there is no dependence of
energy distribution functions for different states overlap sig-Estan With the temperature at which the structures have been
nificantly.

In the case of the small clusters at 70 K we have applied
PT method to thgI(H,0)g)] ~ aggregate that gives rise to
two different E,{8) estimations depending on the initial [
structure. Seven replicdstate$ characterized by seven dif-
ferent temperature0, 70, 90, 110, 130, 150, 170) Kvere
considered. Configurations (200 were run for each tem-
perature trying mutations every 20000 steps. Bigy8)
estimations at each temperature are included in Table II anc:
shows howEg,{8) at 70 K has a value in agreement with
those at higher temperatures where ergodicity problems ar
not present. 2

An analysis of two trajectories of thd(H,0)e0]l ™ ag-
gregate at 200 K, which result in different average value of
Estafn) (3.0 vs 3.3 eV, indicates that the anion does not o 0 : o : e : 00
change its relative position in the clusters along the MC number of configurations
SI.mUIatlon' This analygls has bgen performed by plotting th?— G. 6. Change of the distandd) between iodide ion and the center of
distance between the iodide anion and the center of mass @fass of water molecules in the cluster at 200 K along a Monte Carlo simu-
the water molecules in the cluster along the trajectory. Thigation using PT method.

4

I -com distance (Z\)
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TABLE Ill. Comparison among our predictes,., (€V) estimations for s|F
[Br(H,0),]" clusters with experimental and theoretical available data. 3
6 —
This Reference 41 Reference 441 I
N work? (250 K) (300 K) (300 K) Exptd T
1 0.57 0.60 0.55 0.57 s L e e B
2 1.08 1.11 1.00 1.08 £ 0 L L L | L L L L L | L
3 143 159 142 158 % 0 10 20 30 40 50 60
4 1.80 2.02 1.78 1.91 5
5 2.22 241275K)  212(275K) 217 £ ' I
6 2.43 2.72(275 K) 2.37(275 K) 2.45 _
7 2.77 2.98(275 K) 2.58(275 K) 2.71 -
8 2.93 3.19(250 K) 2.78(250 K) 2.83 pawewwrre I
9 3.05 3.41(250 K) 2.94 (250 K) 2.86 =—a bromide | |
10 3.12 3.52240K)  3.06(240 K) 2.96 L, ke
0 10 20 30 40 50 60
*EadN) computed using MCDHO interaction potentials. number of water molecules

PSPC/E. Pairwise additive interaction potential. ) . B
°POL1. Many-body effects are included in the model used. FIG. 7. (a) Plot of the normalized experiment&l;.{n) for [ X(H,0),]” vs
dReference 42. the number of water molecules in the clustdn Plot of the normalized

MCDHO predictedEg,{n) for [X(H,0),]~ vs the number of water mol-
ecules in the cluster.

obtained, as long as the sampling of the potential energy
surface is properly done. timations of the fluoride-water clusters are diminished to a
Our MCDHO predicted results fofBr(H,O),,]~ and great extent. This seems to suggest that there would be an
[I(H,0),]” are compared with experimental and previousoffset in the predicted values of the fluoride-water clusters
computed value$,*! in Tables Il and IV. The agreement that once corrected fon=1 would not appear again for
found with the experimental data is very good. largern values.
Figure 7 shows thd&g,{n) estimations normalized to
Estaf1) [EstadN)/Estaf1)] for F~, Br, and I'. This trans- |y, CONCLUDING REMARKS
formation, suggested by Perera and Berkowftallows the , N .
comparison of the property along the group easily. The ex- We have predicted the stabilization ~energies of
perimental result€at the top of Fig. ¥ show a different [ X(H20)q]" clusters coming from MC simulations at differ-
behavior of the fluoride ion in comparison with the bromide €Nt temperatures using first-principles initio potentials.
and iodide ones. Nevertheless, the absence of data for largeP® 900d agreement between our predidigg{n) and ex-
clusters in the case of the fluoride ion precludes an extensiverimental data allows us to validate the first-principles in-
comparison of the different behavior among the halide clusteraction potentials developed elsewhere and used in this
ters. The computed theoretical estimations sliaithe bot- study>® It is particularly significant that this agreement was
tom of Fig. 7 the same tendency and confirm the different@chieved without any specific parametrization of the interac-
quantitative behavior of the fluoride anion. This fact has al-lion Potentials to fit the magnitude under study. The fact that
ready been observed by us in a previous study of the strudhe difference between vertical photoionization of the halide
tural properties of the halide solvati6fiwhere the fluoride ~clusters could be pretty well predicted by the cancellation of
ion differs from the rest of the group. the net charge in the classical MCDHO interaction potential

The agreement found between experimental and theoref @ cléar evidence of the electrostatic control of Eagn)
ical results improves when the normalization transformation
is done. What is more, Figure 8 shows how the discrepancies o — —
observed among Koopmans, MCDHO, and experimental es | [e—ecx -

@--o Koopmans predicted
@---0 MCDHO predicted

=S
T
|

TABLE V. Comparison among our predictdel,s,,;, (€V) estimations for

[I(H,0),]  clusters with experimental and theoretical available data. s sk i
This w T 1
n work® Reference 27 Reference 27 Expt? R ]
1 0.42 0.47 0.44 0.45 E 3 -
2 0.83 0.92 0.87 0.86 F 1
3 1.18 141 1.32 1.23 21 -
4 1.38 1.83 1.72 1.53 r 1
5 1.65 211 2.05 171 1= n
6 1.82 2.42 2.34 2.05 r | | | | | | | 1
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