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We decompose the vertical electron detachment ene(§ieEs) in solvated-electron clusters of
alkali halides in terms ofi) an electrostatic contribution that correlates with the dipole morfent

of the individual alkali halide molecule an(i) a relaxation component that is related to the
polarizability (@) of the alkali halide molecule. Detailed numerica initio results for twelve
species (MX), (M=Li,Na; X=F,CIl,Br; n=2,3) are used to construct an interpolation model that
relates the clusters’ VDEs to theiranda values as well as a cluster size parametiiat we show

is closely related to the alkali cation’s ionic radius. The interpolation formula is then tested by
applying it to predict the VDEs of four systerfise., (KF), , (KF);, (KCl), , and (KCl)] that

were not used in determining the parameters of the model. The average difference between the
model’s predicted VDEs and thab initio calculated electron binding energies is less than(#o

the twelve species studigdit is concluded that one can easily estimate the VDE of a given
high-symmetry solvated electron system by employing the model put forth here i, theand
cation ionic radii are known. Alternatively, if VDEs are measured for an alkali halide cluster and the
a and u values are known, one can estimate thgarameter, which, in turn, determines the “size”

of the cluster anion. €2003 American Institute of Physic§DOI: 10.1063/1.1580113

I. INTRODUCTION ments upon electron detachment because having dipoles di-
rected toward one another is highly unfavorable in the
It is known that a cluster of polar molecules is able toabsence of the electrérf:1418
host an excess electron in at least two wh§3he first pos- Large vertical electron detachment energi@dDEs)
sibility is that the electron can be tethered to the cluster viaharacterizing SE species have been reported in the literature
its interaction with the net dipole moment of the cluster. Inrecently. For example, the urea dimer “solvating” an excess
such cases, the polar molecules tend to align head-to-tail telectron has been found to possess a VDE-6f2, 0.5, and
maximize their dipole moment and thus their binding energy0.9 eV, when two “canonical,” one canonical and one zwit-
In such so-called “dipole-bound” anions, the extra electronterionic, or two zwitterionic urea tautomers are involved,
is localized primarilyoutsidethe molecular framework on respectively® For a solvated electron trapped in a cluster
the positive side of the neutral parent, as demonstrated longonsisting of two or three NaCl molecules, even larger VDEs
ago by Jordan and LukéhAlternatively, an excess electron have been found. In particular, the lindar,,-symmetry so-
can be trappedhsidethe cluster, in which case at least two dium chloride negatively charged dimer clus{@ which
of the polar molecules align their dipole toward one anothertwo NaCl molecules are aligned in a head-to-head manner
The existence of the latter species, commonly referred to asinds an extra electron by 2.64 8vhile theD 5,-symmetry
solvated electroiSE) anions, has been known for more than (NaCl); cluster has a VDE of 4.2 eV,
100 years when their bulk analogs were identified in solids  The proposal that we intend to explore in the present
and liquids*® Since then, a very large number of the SEwork is that the large electron binding energies characteriz-
species have been investigated experimentally anghg alkali halide SE systems can be correlated with two fun-
theoretically”®~'* Among other differences between dipole- damental physicochemical propertiés., x and @) of the
bound anions and solvated electrons, the latter species amgonomers that constitute such clusters. To examine this hy-
known to possess relatively large vertical electron detachpothesis, we needed to undertaieinitio calculations of the
ment energies and to undergo large geometrical rearrang®DE values for various SE species in order to generate the
necessary VDE data. In so doing, we studied several previ-

3Author to whom all correspondence should be addressed. Electronic maiQUS!y Un_reported cluster an'ons_' so our data rEprese_nt new
simons@chemistry.utah.edu findings in these cases. To restrict the systems for which we
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develop correlations between VDEs andnd « values, we
limited our studies to electrons solvated by high-symmetry
alkali halide dimers and trimers. We believe the approach
described here provides a step toward understanding and pre- Mo N X ..
dicting the large electron binding energies in the SE alkali
halide anions.

IIl. METHODS

The equilibrium geometries of the anionic species have
been optimized at the second-order Mgller—Plegb#?2)
level of theory. In these calculations, the value¢$#) never
exceeded 0.7526 for the doublet anionic states, so we are
confident that spin contamination effects are not serious. The
electronic binding energig®) of the anions were calculated
using second-order Mgller—Plesset perturbation theory as
well as the coupled-cluster method with single, double, and
the convention&P perturbative noniterative triple excitations
(CCSDT)).2° However, in the case of trimers containing
bromine atomgi.e., (LiBr); and (NaBr}] we had to limit
our treatment to the CCSD level because even the perturba-
tive inclusion triple excitations for these species was not fea-
sible with the computer resources available. The choice of'G: 1 Singly occupied molecular orbitaishown as a two-dimensional

. . . . ap and as a contour pjoholding the excess electron in the SE system

the atomic orbital basis set used to describe the neutral MOjgymed by LiF dimer(left) and trimer(right). The corresponding schemes
ecule and the excess bound electron is very important fodiepicting the monomer orientations in high-symmetry clusters are also
reproducing the correct value of the electron binding energygiven.
In this contribution we employed aug-cc-pVDZ basis Sets
whose usefulness for describing various molecular anions ) _
has been documented previou&yThe diffuse character of All cglculaﬂons were performed with theAUSSIAN 98
the orbital describing the “solvated’excess electron neces- progrant® on Intel Pentium IV and AMD Athlon computers
sitates the use of extra diffuse basis functions having verffnd @ Compaq Sierra numerical server. The three-
low exponents and therefore our geometry optimization caldimensional plots ofzgnolecular orbitals were generated with
culations were performed with the aug-cc-pVBBs5p ba-  the MOLDEN program.
sis sets, while the electron binding energies were calculated
with the aug-cc-pVDZ 6s6p4d basis sets. The additional |||, RESULTS
5s5p (or 6s6p4d) sets of diffuse functions were centered in
the middle of the clustefi.e., in the symmetry centgiin
each case, where the excess electron is localizee Fig. 1
The extra diffuse functions do not share exponent values, and In order to construct our model for interpolatirignd
for calculating electron binding energies we usedextrapolating the electronic stabilities of SE species, we se-
even-tempered six-term s, six-term p, and four-termd  lected several molecular clusters that form negative ions with
basis sets. The geometric progression ratio was equal tive excess electron localizéusidethe cluster. Since the an-
3.22% and for each orbital symmetry, we started to buildions formed by alkali halide clusters had been the subject of
up the exponents of the extra diffuse functions from thean earlier extensive study of ours, we decided to use these
lowest exponent of the same symmetry included in thespecies in our present study. Hence, we considered twelve
aug-cc-pVDZ basis set for lithium or sodium. As a con- clusters(dimers and trimeps (NaF), , (NaF); , (NacCl), ,
sequence, for lithium-containing species we used lowest exNaCl); , (NaBr), , (NaBr); , (LiF), , (LiF)5 , (LIiCl), ,
ponents of 8.046 627 0X10 °, 1.72555446&10 5, and  (LiCl)5 , (LiBr), , and (LiBr); . We first verified that all of
6.914 13879410 * a.u., for thes, p, andd symmetries, these clusters have the ability to form SE species with the
respectively, and for sodium-containing systems we emmonomers directed inward and the extra electron localized
ployed lowest exponents of 6.75208840 °, 5.8952718 inside the cluster. We recall that, to simplify the problem,
X108, and 4.4631958 10 * a.u., for thes, p, andd sym-  only high-symmetry clusters were consideréck., linear
metries, respectively. We should note that, because the eleb-,,,-symmetry structures in the case of the dimers and trian-
tron binding energies of the alkali halide clusters studiedgular D5,-symmetry structures in the case of the trimers
here are substantigat least 2 eV, it likely is not necessary Noting this limitation is important because it is known that at
to use such a large set of diffuse basis functions. We emleast some such clusters also form alternative lower-
ployed these bases to make sure that our basis was adequatgmmetry structures, such as the X-=-M_ M-X__ M-X
our interest was not in determining the smallest basis thatimers (where e denotes the extra electron and M and X
would be needed to obtain reasonable results. represent the alkali and halogen atom, respectiély’

A. Ab initio geometries and electron binding energies
of the solvated electron species

Downloaded 27 Jun 2003 to 155.101.19.15. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpo/jcpcr.jsp



904 J. Chem. Phys., Vol. 119, No. 2, 8 July 2003 Anusiewicz et al.

TABLE I. The MP2 equilibrium bond lengthsR;)) and corresponding di-  (see Table )l divided by appropriate powers of the equilib-
pole moments calculated for the neutral monomers with the aug-cc-pVD%ium distance. The latter data are used later in approximat-

+6s6p4d basis sets. The CCSD) vertical electron binding energies . if tributi to th lect bindi . f
(DSCSP(M) for the corresponding anions are also givén eV). Bond INg specific contributions to the electron bINdINng energies o

lengths in A, dipole moments in debyes, polarizabilities in Bofne values ~ the SE species as we discuss later.
of a correspond to they, terms of the polarizability tensor. It can be seen that thedistances calculated for the SE

species are in the 1.6-1.7 and 1.9-2.0 A range for the

Species " < R (M—X) peesn lithium-based dimers and trimers, and 19-2.0 and 2.3-2.4 A
NaF 8.6059 10.1086 1.9888 0.4862  for the sodium-based dimers and trimers, respectivete
NaCl 9.5029 31.8206 2.4256 0.6874  Taple I). As expected, the corresponding VDEs are large and
E?:Br 3251221 493§88§12 1265(?;3? 8?;505 cover the 2.1-2.9 eV range for the dimers and the 3.7-4.8
Licl 7.4210 27.0680 2.0849 ossg0 €V range for the trimers. The largest electron binding energy
LiBr 7.4272 36.7106 2.2058 0.6287 among the systems studied is that for (LiBrjvhich binds

an extra electron by 4.818 elas calculated at the CCSD
level, see Table )l This is likely related to the fact that
(LiBr) 5 involves the smallest alkali metal atom and the larg-
est halogen atom. Not surprisingly, the electron binding en-
ergy increases when the “sizes” of the alkali metal and halo-

Due to the significant polarity of the monomers in each
cluster(see Table | for monomers’ propertjesve expected
each of these species to form an electronically stable anior(}jen atom decrease and increase, respectively.
The calculatedab initio electron binding energies for the ’ X

. ; . Having theab initio electron binding energies of several
twelve clusters holding an extra electron confirmed this exXgp species calculated, we now move on to discuss the
pectation(see Table . '

. . . . interpolation—extrapolation model that we propose in this
For each dimer anion, we found its local minimuoor- b P brop

responding to the SE specje® posses®..;, symmetry as contribution.

depicted in Fig. 1. Similarly, for each trimer we obtained a

local minimum atD4, symmetry(see Fig. 1L The relevant

geometric parameters describing these anions are collected B Constructing the model

Table Il where we show the intramonomer M—X distaiee The exact value of the electron binding enerdy®ee)

and the metal-to-cluster-center distartce While the former 0 ah5roximate by the electron binding energy calculated at
is the bond length of the monomer in the cluster, the Iattetihe CCSOT) level,

may be interpreted as an approximate distance from the al-

kali atom M (representing the positively charge site of the
monomey to the site where the excess electron is localized. . .
In additio}n, in Table Il we give the self-consistent fié¢®ICPH where EECSD(T) and EgCSD(T) are electronic energies of the

dipole momentgthe SCF dipole moments of the neutral al- neutral and anio'nic species, respectively, calculqted at the
kali halides are similar to those calculated from the MPZCCSm—) level with the aug-cc-pVDZ 6s6p4d basis sets

electron densities and the largest differe(@ D) we found for the MP2 equilibrium geometry of a given solvated elec-

for NaF speciekand polarizabilities of the neutral monomers Eron _spe”mes. Re<_:a|| that our electron binding energies are
vertical” values (i.e., calculated for the same geometry of

the neutral and anionic specjeand since the anionic struc-
TABLE Il. Geometrical parametern A) defining the MP2 equilibrium  tures were used to calculate these values, our vertical elec-
geometries of the SE species studied in this work and their vertical electrogron binding energieéD) correspond in fact to vertical elec-

PSS : CCSD(T) ccsl ; .
gg‘qr:"qt%r?sni:‘gléez;% r. The ogo?respzﬁdsr?;/ie(;n!l A/r?‘ndallzlgé 11rfeoraltsf]c;3 tron detachment energlté‘yDEs).
niti . i a valu exact P CCSD(T, it
given(in a.u), whereu indicates the dipole moment of the neutral monomer D . (appro><.|ma.ted byD )) can be partltloned
and a is the a, term of the polarizability tensor calculated for the neutral iNtO various contributions, for example:

monomer. The vertical electron binding energies are given in eV. All results
CCsSOT) — KT SCF MP2 HTSO
were calculated with the aug-cc-pVBAs6p4d basis sets. D®%D BN =pKT+ ADSF+AD +AD ) 2

Dexactfa DCCSI:(T) — EﬁCSD(T) _ ESCSD(T) ’ (1)

Species R(M—X) r(M--e) a2 air® Doed_pewa  WhereD"T indicates the electron binding energy calculated
at the Koopmans theorétevel while ADSF, ADMP?, and

(NaF), 10345 20231 02373 0047 2196 ADHTSO represent the corrections B obtained at the SCF,
Eszggz i:giig i:gggi 8:;;;3 8:;22 3:(73:31421 MPZ, and higher—than—second-orc{éfTSQ) levels, respec-
(LiF); 0.8353 1.7221 0.2495 0.084 2123 thEly. In partlcular, the HTSO term is given as
(LiCl) 5 1.0884 1.6405  0.3099 0.293 2.759 ADHTSO_ pCCST) _ pMP2 3
(LiBr), 1.1601 1.6431  0.3105 0.395 2.888 :
(NaF); 2.0381 2.3668 0.1730 0.025 3.739 On the basis of our experieril@ég with high-symmetry
(NaCly; 2.4810 2.3465  0.1931 0.082 4.222 SE species formed by alkali halides dimers and trimers, we
(NaBr); ~ 2.6268 2.2r57  0.2080 0.128 4.407 postulate that the electron binding energy for a SE system
(LiF); 16490 19674  0.1910 0.049 3.914 can be approximated by the MP2 electron binding energy
(s i b 0d DS 4S5 (DI, Inother words, we assume D" corirbu:
tions to the totalD are not important. To support this as-
ap CCSh pexact sumption we present in Table Il results for the sodium chlo-
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TABLE IIl. The MP2 and CCSDT) vertical electron detachment energies reproducing theD SCF values for the SE systems while con-

calculated with the aug-cc-pVDEZ6s6p4d basis sets with the higher-than- structing our model. In other words. we assume that relatin
second-ordefHTSO) contribution toD separatedlabeledAD"™59). The ucting ou : w » W u Ing

SCF ; ;
electron binding energies are given in &ée Sec. Il B for the definition of  the D>~"values to theu anda properties of the monomers is

the AD"TSO term). adequate, because, as we have just sh@wt ™~ D@ for

— such species. We should note that the neglect of dispersion

AD"TSO contribution oo P
Species DMPZ  ADHTSO  pCCso(m) to DCCSDM contr_lbutl_ons to the bln_dlng energy may be ac_ceptable for the
alkali halide cluster anions treated here, but it would not be

(NaF), 2.184 0.012 2.196 0.55% appropriate when treating clusters of species with much
M Sm SiE am: lower doole momenteg. (HON o (HCON) for
(NaCl), 4218 0.004 4292 0.09% which it is kn'ow.n that d|sper5|on terms are crucial fractions
(NaBr), 2776  0.008 2.784 0.29% of the total binding energie¥.
(NaBr), 4389 0018 4.407 0.41% Since we concluded that reproducing tB€°F binding
(LiF) 2.096 0.027 2.123 1.27% energies would be satisfactory to make relatively good esti-
(LiF)5 3.881 0.033 3.914 0.84% mates of the electron binding energies for our SE species, we
E'[:g:;% ijgig 8:833 i:;gg 8:‘112:;‘: now move on to discuss how such binding energies are ob-
(LiBr)?zi 2877 0011 2 gas 0.38% tained. One needs to recall that
(LiBr) 5 4.800 0.018 4.878 0.37% DSCF_ DKT 4 A pSCF @
aDCCSD_

(as described in Ref.)@&nd therefore, to reproduce tBecF
energies one has to find a way to estimatd and ADSCF.

ride dimer and trimer as well as for the lithium fluoride We found that the KT electron binding energie3{")
dimer and trimeforming SE structurg@sAfter analyzing the  for our SE species correlate well wig/r?, whereyu is the
data in Table IIl it becomes clear that tA®"TSCterms are  dipole moment of the neutral monomer that the SE species
indeed not significant and responsible at most for 1% of theontains(see Table )l while r is the distance between the
total electron binding energyD). Therefore, we conclude symmetry center of the SE systdmhere the excess electron
that the inclusion of these terms is not necessary to estimaie expected to resideand the alkali atom. In Table Il we
the electronic stabilities of the SE species with decent accuprovide theu/r? values and in Figs.(2) and 2b) we illus-
racy (although their consideration would be required if onetrate the correlation betwedd" data andu/r? values for
wants to calculate very precise values Dffor such sys- the dimers and trimers. The observed correlation arises be-
tems. cause the electron—dipole interaction potential is given by

Theab initio results calculated for the twelve SE dimers u cosé/r? and the KT binding energy involves primarily the
and trimers used to construct our model indicate that, in factelectrostatic interaction of the extra electron with the dipole
the electron binding energy is quite well reproduced even apotential of the neutral parent molecule. Of course, the value
the SCF level since thaDMP? term is always very small of r reflects the eventual balance between electron—dipole
(see Table V. This is due to thépartia) cancellation of the attraction and the repulsion between the dipoles. In this
second-order dispersion and nondispersion terms as shownsensey relates to the ionic radius of the alkali cation as we
Table IV (ADM"? can be partitioned intoAD{E? and  show in Fig. 3.
ADNr 5o, See Ref. 8 It can be concluded that theD""? The DXT data points obtained from thab initio calcu-
term does not exceed 0.05 eV in most cases and is usuallgtions performed for the dimers fit a first-order polynomial
smaller than 2% oD. Therefore, we decided to focus on that was foundyvia linear regressionto be

DXT(u/r?)=9.208 7g./r?—0.037 16 (5
TABLE IV. The dispersion AD?) and nondispersionAD g COMpo-
nents of the net MP2 contributiorAD™P?) to the total electron binding With the regression correlation coefficient equal to 0.P&S
energy. All energies are given in eV. TAd P2 term can be partitioned into Fig. 2(a)]. The data points obtained from tla initio calcu-

ADggp and Ang i, as described in Ref. 9. lations performed for the trimers fit a first-order polynomial
Species  ADY?  ADWZ  ADMP—aplriaphrz Of the form:

(NaF), 0.032 —0.080 —0.048 DXT(u/r?)=11.420 39 u/r?+1.74548 (6)
(NaCl); 0.064 —0.059 0.005

(NaBr), 0.088 —-0.076 0.013 with the regression correlation coefficient equal to 0.Ps&e
(LiF) 2 0.042 —0.042 0.000 Fig. 2(b)]. The fact that the linear slope shown in FigbRis

(LiC 2 0.078 —0.055 0.023 larger than that of Fig. (@) simply reflects the fact that there
(LiBr) 0.101 -0.072 0.028 are three electron—dipole attractive potentials operative in
(NaF); 0.036 —0.124 —0.088 the trimer and only two in the dimer.

(NaCl)g 0.076 —0.103 —0.027 The fact that theDXT correlates well with the corre-
(E"";B[)s 8%‘1‘% _g-é‘% _g-ggg spondingu/r? values lets us approximate tla initio DXT
ELiC)I)sg 0.088 0,095 0006 binding energies of the SE species by us!ng the above-given
(LiBr) 5 0.121 0.130 0.009 formulas[Egs. (5) and(6)] if we have available the mono-

mer’s u value and if we can obtain anvalue[e.g., by using
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FIG. 2. The KT electron binding energp{™) of the SE dimerga) and ionic radius

trimers(b) as a function ofu/r? (see Tables | and II, as well as Sec. lll Bfor F|G. 3. The MP2 equilibrium metal-to-cluster-center distafebetween

detaily. The regression correlation coefficient is 0.968 the dimers, see  for the SE clusters studied. The data for the dimers fit a first-order polyno-

(@] and 0.979for the trimers, se¢b)]. mial that was found to be 1.330 8%#"+0.781 16 with the correlation coef-
ficient of 0.984[see(a)], while those for the trimers fit a first-order polyno-
mial that was found to be 1.50489'+1.01049 with the correlation
coefficient of 0.991[see(b)]. The symbolr®" indicates the Pauling ionic

the relationship between the cation’s ionic radius andrthe radius of the metal atom.
values reflected in Figs.(8 and 3b) and discussed in the
following].

Next, we observed that th&DSCF contributions to the
electron binding energies for the SE species correlate we,I:
with a/r*, wherea is the polarizability(specifically it is the
parallel componenty,) of the neutral monomer that the SE
system containgsee Table )L In Table Il we list thea/r*
values and in Figs. (4) and 4b) we show how theA DSCF
data correlate with the/r* values for the dimers and trim-
ers. The data points obtained from thle initio calculations
performed for the dimers fit a first-order polynomial that was
found (with the linear regressigrto be

with the regression correlation coefficient equal to 0.pg®
ig. 4b)].

The fact that theA DSCF correlates well with the corre-
spondinga/r* values lets us predict thab initio ADSCF
binding energies using the above-given formulas if we know
the monomer’sy value and the value(or, the alkali cation’s
ionic radius.

We have already shown why we assul&“F~ D@t
for the SE species and the above-given analysis shows that
the DSCFelectron binding energy consists of two terps<"
and ADSCF, see Eq.(4)] that can be obtained in a very
ADSCF a/r*)=0.655 90 a/r*+0.02551 (77  simple manner when thg/r? and «/r* values are known
[see Eqgs(5)—(8)]. Therefore, it seems natural to rewrite Eq.
with the regression correlation coefficient equal to 0.p8%  (4) for the dimersas
Fig. 4@)]. The results obtained from thab initio calcula- Dmodel_ 3 SCF_ KT 4 A ) SCF
tions performed for the trimers fit a first-order polynomial 2
that was found to be ~9.20878 u/r?—0.037 16

ADS“alr*)=1.62912 a/r*+0.054 71 (8) +0.65590 a/r*+0.02551 9
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DIMER TABLE V. The comparison between the electron binding energies estimated
0.30 4 e by implementing the model described in this woEXT“) and theab initio
/TiBr [CCSOT) or CCSO calculated values®cSPM or DCSY) . All energies
0.25 - . are given in eV.
/'/. . Species pmodel D CCSD(M~ pexact Deviation
S 0.20- 7 ia
o, o (NaF), 2.204 2.196 0.4%
E o1s NaCl r (NaCly, 2.658 2.642 0.6%
a o /-/ (NaBr); 2.924 2.784 5.0%
< s (LiF), 2.341 2.123 10.3%
0.10 4 LiIF (Licly 3.034 2.759 10.0%
i . 0,
Naf A (LiBr), 3.107 2.888 7.6%
0051 (NaF); 3.817 3.739 2.1%
T T T l’) T T T ~ T (NaCI); 4.139 4,222 2.0%
0.00 0.05 0.10 0.15 0.-(3 0.25 030 035 040 (NaBr), 4.384 4.407 0.5%
a/r [au] (LiF)5 4.061 3.914 3.8%
(Licly 5 4.595 4.653 1.2%
(LiBr) 3 4.867 4.818 1.0%
0.45 -
4 TRIMER // aD CCSD D exact
m .
0.40-. / Linr
0.35 4 /
] LiCl . . N .
— 030 Ni '}/ formula to the extrapolation domain, keeping in mind that
= 0.304 aBr X X .
o, . the model is expected to work when applied to high-
. 0.25 4 - symmetry SE cluster&@imers and trimensconsisting of al-
Q 420 NeCl kali halides but not species such as (HGNpr which elec-
< : ~ trostatic and relaxation affects do not dominate the electron—
0.15 4 - molecule interaction.
1.
0.10 4 -
w NaF B
0.05 . T r T . C. Testing the model
0.00 0.05 0.10 0.15 0.20 0.25

o/ [au] First, let us examine how th®™°%! values]i.e., calcu-

lated from Eq.(10) for the dimers and from Edq12) for the

FIG. 4. ADSF contribution to the electron binding energy of the SE dimers trimers] compare to the correspondiad initio D values for

(@) and trimerg(b) as a function ofx/r* (see Tables | and Il, as well as Sec. the twelve SE speciebat were used to construct the model

Il B for details). The regression correlation coefficient is 0.998r the . e

dimers, seda)] and 0.997for the trimers, seéb)]. equation In Table V we show the deviatiori& %) calcu-
lated agD™M°% D& divided by D&% [whereD® cor-

_ _ el responds to the electron binding energy calculated at either

[in which Eqs.(5) and(7) were used an®3"** indicates the  CCSD(T) or CCSD leve]. Clearly, the model works reason-

electron binding energy obtained for the diméssibscript  ably well because the average error is only 4% and the larg-

“2" ) with the model proposddThis gives(for thedimers  est error(obtained for the LiF anionic dimgis 10%.

D?odelzo_655 90 a/r*+9.208 78 ,u/r2—0.011 65. (10) Next, let us examme how well the model works when
applied to SE speciethat were not used to construct the

Exactly the same procedure can be used to get the formul@odel equationgEgs. (10) and (12)]. We considered four

for the trimers [by using Egs(4), (6), and(8)]. This gives  high-symmetry solvated electron specigé®., (KF), and

(for the trimers) (KCl),, n=2,3) and we botli) calculated their MP2 equi-
pmodel_ 5 SCF_ KT 4 A p'SCF librium geometries and electron binding energies at the
3 CCSDT) leveP? as we did for the other systems discussed in
~11.42039u/r?+1.745 48 this work, and(ii) estimated their electronic stabilities by

using the model embodied in Eq4.0) and(12). The results
+1.62912.a/r"+0.05471 (1) colle%:ted in Table VI indicate th;{t the deviations between the
[in which Dg“’de' indicates the electron binding energy ob- estimated andb initio calculated electron binding energies
tained for the trimergsubscript “3”) with the model pro- are substantial yet not very largexcept in the case of KF
posed, or trimer where the deviation is 34%In particular, our VDE
model__ (i.e., D) estimate for the (KF) (5% deviation from theab
D5*=1.62912 a/r*+11.42039 u/r*+1.80019. (12 initio calculated valug is l3’:1tisfactory, while those for
Having discussed the model interpolation—extrapolation(KCI), and (KCl); (deviations of 15% and 14%, respec-
formulas, Eqs(10) and (12), we now move on to compare tively) are significantly worse yet still qualitatively correct
the results obtained with our formulasab initio calculated (see Table V.
electron binding energies for species that were not used to It has to be stressed, however, that the model proposed
construct our formula. That is, we extend this interpolationutilizes the distance&) between the alkali metal atom and
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