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Treating I� anion as a zero-ele
tron system : the Li I� and CsI� alkali halides anionsVin
ent ROBERT�,1, 2 Fernand SPIEGELMAN,1 and Marie-Bernadette LEPETIT11Laboratoire de Physique Quantique, IRSAMC/UMR5626, Université Paul Sabatier,118 route de Narbonne, F-31062 Toulouse Cedex 4, FRANCE2Permanent address: Institut de Re
her
hes sur la Catalyse, Laboratoire de Chimie Théorique,2 av. Albert Einstein, 69626 Villeurbanne Cedex, FRANCE�(Dated: O
tober 31, 2002)The a

ura
y of a full 
ore treatment of I� anion based on a zero-ele
tron pseudo-potential(ZEP ) in
luding 
ore polarization pseudo-potential (CPP ) is examined on referen
e 
ompoundsLi I� and CsI� 
onsidered as one-ele
tron systems. The results are 
ompared to ab initio CASPT2
al
ulations involving 8 a
tive ele
trons on iodine and 3 (respe
tively 9) on lithium (respe
tively
esium). An original s
heme is proposed to build a pseudo-potential des
ribing the short-rangeele
tron-I� intera
tion beyond the point 
harge approximation. The importan
e of the ZEP inone-ele
tron 
al
ulations is estimated for the mentioned anions.I. INTRODUCTIONThe quantum me
hani
al determination of ele
troni
properties of large mole
ules and sophisti
ated materialshas be
ome one of the major 
hallenges in the ab ini-tio 
ommunity of theoreti
al 
hemists. However, the useof quantum 
hemi
al approa
hes has long been limitedto small systems due, in parti
ular, to the number ofele
trons whi
h are to be taken into a

ount. Therefore,mu
h e�ort was devoted to redu
e the number of a
tiveele
trons in the 
al
ulations. It is known that 
hemi-
al bonding as well as most 
hemi
al properties essen-tially depend on the valen
e ele
trons. Su
h observa-tion has lead theoreti
ians either to freeze the inner ele
-trons as in their mean-�eld des
ription or to elaborateso-
alled Model Potentials (MP ), e�e
tive 
ore poten-tials (ECP ) or pseudo-potentials (PP ) theories. Theseideas date ba
k to early pioneering works1�4 and havebeen extensively developed in atomi
 physi
s and ele
-troni
 
ollisions5�11, quantum 
hemistry12�16 and solidstate physi
s 
al
ulations17�20. It is noti
eable that thenowadays derivations of ECP 's and PP 's allow one torea
h quantitative a

ura
y for many systems in theirground and ex
ited states. Extensions of the PP theoryhas made available the in
orporation of s
alar relativisti
e�e
ts leading to an a

urate and still tra
table treat-ment of mole
ules in
luding heavy atoms16,21,22. Fur-thermore, overpassing the stri
tly frozen s
heme, te
h-niques have also been proposed to restore the 
ore po-larization and 
ore-valen
e 
orrelation in an operatorialform23.Beyond these standard and now routine determina-tion and use of valen
e ECP 's, di�erent strategies havebeen developed to entirely repla
e inert atoms and ions,and even more re
ently fun
tional groups24, by pseudo-potentials. The former approa
h 
orresponds to zero-ele
tron pseudo-potentials (ZEP ), with two main �eldsof appli
ations. The �rst one involves the treatment ofrare-gas atoms in mole
ules, 
lusters and even embed-ding matri
es. Rare-gas 
omplexes are indeed of inter-est as prototypes for solvatation models. In the 
on-

text of 
ollisional or spe
tros
opi
 studies, many authorshave put mu
h e�ort to derive model potentials (MP )or pseudo-potentials for rare-gas atoms in alkali rare-gas mole
ules. The early studies suggested empiri
alor l-independent MP 's5,8,10. More re
ent versions in-
lude the l-dependen
y of the PP 's and were extra
tedby �tting ele
tron rare-gas elasti
 di�erential 
ross se
-tions9,27. Re
ent works have demonstrated the powerof these PP treatments sin
e quasi-spe
tros
opi
 a

u-ra
y has been rea
hed on alkali rare-gas and rare-earthrare-gas diatomi
s25,26. The se
ond 
lass of appli
ationsfor atomi
 ZEP involves halogen negative ions (isoele
-troni
 to rare-gas atoms), met in essentially ioni
 materi-als. These systems in
lude 
ondensed matter 
ompoundsas well as ioni
 
lusters for whi
h lo
al spe
tros
opy iswidely investigated29. The des
ription of inert ions inperiodi
 systems has attra
ted some theoreti
al interestin the ab initio 
ommunity. Indeed, ab initio spe
tro-s
opi
 te
hniques are limited to �nite systems. There-fore, embedded fragment models must be 
onsidered inorder to simultaneously restri
t the quantum 
hemi
al
al
ulation to a small number of atoms and properly de-s
ribe the fragment spe
tros
opy in its 
rystalline envi-ronment. Few groups have tried to address the impor-tant issue of surrounding e�e
ts modeling28. Spe
i�
 PPte
hniques have been developed to a

ount for the in�u-en
e of the rest of the 
rystal on the fragment under
onsideration29. One main a
hievement is the so-
alledAb Initio Model Potential (AIMP ) method suggested bySeijo and Barandiáran in whi
h material spe
i�
 PP arederived from periodi
 Hartree-Fo
k 
al
ulations30. Thiss
heme is parti
ularly interesting sin
e it allows the treat-ment of both anions and 
ations on the same footing withequal e�ort. However, the main drawba
k is that the useof the PP is 
onstrained to the stru
tural 
onditions inwhi
h it has been extra
ted. Hen
e, appli
ations in adynami
al 
ontext or in situations for whi
h the geom-etry is a priori unknown, seem to be limited. Similarly,su
h approa
h is not adapted to the study of surfa
es,nor 
lusters in whi
h the lo
al geometry may stronglydi�er from the bulk situation. In the investigation ofstru
tural and ele
troni
 properties of alkali halide 
lus-



2ters with ex
ess ele
trons31 (namely MnXp, M alkali, Xhalogen), the X� ions were usually 
onsidered as simplepoint 
harges32,33. Su
h approximations might be ques-tionable for heavy halogen atoms. Indeed, one may thinkthat an extra pseudo-potential is required to a

ount forthe ele
tron-X� short-range additional repulsion. Ab ini-tio 
al
ulations using the perturbed ion model with 
or-relations 
ontributions have been re
ently presented onsimilar systems34. However, this type of approa
h has avery high 
omputational 
ost.The s
ope of the present work is to investigate thereliability of a zero-ele
tron treatment of the I� ion.As ben
hmark 
al
ulations, we 
onsider the smallestmole
ules whi
h 
an be des
ribed as one-ele
tron sys-tems for whi
h ab initio referen
e 
al
ulations 
an stillbe a
hieved, namely the diatomi
 alkali halogen anions.We have 
hosen the Li I� and CsI� diatomi
s, as exam-ples of light-heavy and heavy-heavy 
ompounds. We willhereafter examine the reliability of one-ele
tron 
al
ula-tions a
hieved within both the point-
harge, and point
harge+extra short-range pseudo-potential approxima-tions. For the latter, a zero-ele
tron pseudo-potential(ZEP ) extra
tion s
heme is suggested for the I� ion.While system-independent zero-ele
tron 
ationspseudo-potentials (ZEP ) 
an easily be determined usingsimilar methods as those derived for standard ECP 's,the situation is mu
h less favorable for anions. Indeed,the referen
e system in
luding one extra ele
tron doesnot usually exist. One 
ould think of using di�erentialele
tron-anion 
ross se
tions for this purpose. However,those are most of the time not available as su
h, neitherexperimentally nor theoreti
ally, in 
ontrast with thesituation for rare-gas atoms. In the s
ope of theoret-i
ally understanding the 
hemistry of silver-bromidesurfa
es35, Flad et al. derived a pseudo-potential forthe Br� anion. In order to stabilize the Br2� spe
ies,they embedded the anion in a gaussian-shaped auxiliarypotential.Following a similar inspiration, we propose to stabilizeof the extra ele
tron via a positively 
harged surrounding.In addition to the repulsive PP , 
ore polarization e�e
tswill be in
luded using the s
heme developed by Mülleret al23. Se
tion II is devoted to the PP extra
tion pro-
edure and internal 
he
ks of its transferability. Se
tionIII details the test 
al
ulations on alkali-iodine diatomi
neutrals and anions. The potential energy 
urves of neu-trals are indeed required as 
ore-
ore 
ontributions in theone-ele
tron treatment of anions.II. METHODThe I� zero-ele
tron pseudo-potential will be 
on-stru
ted a

ording to the l-dependent semi-lo
al expres-sion of Barthelat and Durand12Ŵ = 1r +Xl WlP̂l (1)

withWl = Xi Clie��lir2rnli (2)and̂Pl = m=lXm=�l jlm >< lmj (3)P̂l is the proje
tor on the usual spheri
al harmoni
s jlmi.It should be reminded that in the present study, the lo-
al part is repulsive. The PP operator is expe
ted tomimi
 the intera
tion of extra ele
trons with the I� ion.Therefore, a referen
e system in
luding at least one ex-tra ele
tron has to be 
onsidered. Quantum 
hemi
alstandard pro
edures for PP extra
tions are based on theexisten
e of atomi
 bound states of the referen
e system,from whi
h orbital energies, pseudo-orbitals and �nallypseudo-potentials 
an be determined. Here, the main is-sue stems from the unstable 
hara
ter of I2� spe
ies. Wetherefore imposed an arti�
ial 
onstraint on the systemin order to stabilize the extra ele
tron. This goal wasa
hieved by embedding the I2� anion within a positively
harged 
age of sodium 
ations. The 
hoi
e of the 
age isobviously partly arbitrary. However, several 
riteria haveguided our 
hoi
e. First, the wave fun
tion of the extraele
tron must keep a non-vanishing density 
lose to the I�
ore. Se
ond, the symmetry of the 
age has been takeno
tahedral so that it preserves the degenera
y of the porbitals, whi
h 
orrespond to the highest l 
omponentsof the PP 
onsidered in the present work. One shouldnote that the d orbitals of iodine split in su
h an o
ta-hedral environment. A 
age of higher symmetry shouldbe used to evaluate the pseudo-potentials d 
omponents.The iodine-sodium distan
e RI�Na was set to 6:0 a0 as
ompared to the equilibrium distan
e 5:2 a0 in the NaIdiatomi
s36. As long as the information from the wave-fun
tion is transferable, this parti
ular distan
e shouldnot be a 
riti
al parameter. This important issue is dis-
ussed later in the text. Thus, our pro
edure 
onsists in
onstru
ting a PP from an Hartree-Fo
k 
al
ulation foran extra ele
tron in the �eld of I�(Na+)6. Usual valen
erelativisti
 PP 's were used to des
ribe both the iodineanion37 (8 a
tive ele
trons) and sodium 
ations38 (1 a
-tive ele
tron per sodium) in order to avoid the 
ollapseof the extra ele
tron on the surrounding ions.The referen
e 
al
ulation of this system was a
hievedas follows. First, we performed an Hartree-Fo
k 
al
ula-tion on I�. The resulting orbitals were left frozen, I�being the referen
e 
ore system. This pro
edure pre-vents the 
ore ele
trons from being polarized or delo
al-ized with the in
lusion of the 
age in the following step.Then, the 
al
ulation of the full I2�(Na+)6 system wasperformed and the resulting orbitals and orbital energieswere taken as referen
es. Third, for ea
h l-manifold, thestandard methodology was used : i) determination ofthe nodeless, normalized and shape-
onsistent pseudo-orbitals, ii) inversion of the one-ele
tron S
hrödingerequation and determination of the pseudo-potential.



3Sin
e the potential generated by the six Na+ 
ations doesnot have a spheri
al symmetry, we were lead to use anadapted least-square minimization pro
edure in order toextra
t the PP . Within ea
h symmetry, the 
al
ulatednorm Ll in the least-square pro
edure readsLl = 


�F̂ + Ŵl� '̂l � "l'̂l


 (4)where '̂l is the referen
e pseudo-orbital in ea
h symmetryl. A rather large un
ontra
ted basis set of Gaussian-type orbitals (9s and 9p un
ontra
ted primitives) wasused. The Ll minimization with respe
t to Ŵl leads toLl � 10�2 a:u: The pseudo-potential parameters in semi-lo
al representation are listed in Table I.l �li Cli nli0 0:19022 0:15536 111:92021 11:18667 �11 0:13759 0:28112 1TABLE I: Zero-ele
tron pseudo-potential parametrization forI�. �li, Cli and nli are de�ned in Eq. 2.In order to roughly evaluate the zero-ele
tron pseudo-potential transferability, one 
an look into the La-grangian L = Pl Ll variations under distortions of the(Na+)6 
age. The deviation from the referen
e valueLref = 7:9 � 10�2 enables to validate this important
riterion. Two types of deformations 
hara
terized bythe modi�
ation of the RI�Na distan
es were 
onsidered,either a

ording to an homotheti
 expansion preservingthe Oh symmetry, or to an axial D4h distortion. Theresults are presented in Table II. For the D4h distortionthe four equatorial I � Na distan
es are set equal to theoriginal value 6:0 a0. One immediately sees that the vari-ations of L are less than 20% of its nominal value, thatis an order of magnitude less than the error in the PPextra
tion. RI�Na (a:u:) 102 � L (a:u:)Oh D4h5:0 10 8:25:5 9:2 7:96:5 8:3 7:87:0 10 8:3TABLE II: Variations of the Lagrangian under Oh and D4hdeformations of the 
age (Na+)6 . The referen
e value isLref = 7:9� 10�2 .The I� ion being quite polarizable, it is ne
essary tointrodu
e a CPP operator in order to re
over the 
ore po-larization and 
ore-valen
e 
orrelation e�e
ts. It shouldbe emphasized that the previously mentioned freezing ofthe I� orbitals avoids the double 
ounting of these 
ontri-butions. Following Müller et al.23, the 
ore polarization

potential V̂CPP (CPP ) is in
orporated as :V̂CPP = �12�I�fI� fI� (5)where �I� stands for the I� polarizability and fI� is theele
tri
 �eld produ
ed by the single valen
e ele
tron andall other 
ores a
ting on I�. The ele
tri
 �eld integrals
uto� radius, �
, has been taken as a step fun
tion, a
-
ordingly to the work of Fou
rault et al.39.The dipole polarizability has been previously 
al-
ulated to be 69 a30 from time-dependent se
ond-orderMöller-Plesset perturbation theory40. Based on ele
-troni
 ex
itations experiments of salt 
lusters32, the po-larization terms have been estimated to a rather di�er-ent value, 40 a30. In our study, the ab initio polarizabilityvalue has been assumed. The 
uto� radius �
 was de-termined to make 
onta
t between the ionization energyof the embedded I2� spe
ies and the one-ele
tron energy
omputed from the 
ombined ZEP + CPP approa
h.Therefore, we �rst performed referen
e CASPT2 
al
u-lations on I� and I2� in the (Na+)6 environment. Then,a one-ele
tron 
al
ulation in
luding dynami
al polariza-tion e�e
ts by means of the CPP was adjusted to theCASPT2 energies di�eren
e. The CPP parametrizationand the energeti
 
ontribution of the CPP 
orre
tion onthe ionization energy of embedded I2� are given in Ta-ble III.Energeti
 
ontribution IE (a.u.) for I2� ParametrizationPP 
ontribution .5886 8s; 8pCPP 
ontribution .0011 �I� = 69�
 = 3:50TABLE III: CPP parameters and energeti
 
ontributions tothe embedded I2� ionization energy (IE). All values are givenin atomi
 units.III. CALCULATIONS WITHIN A ZEPTREATMENTSin
e transferability is a main 
on
ern in our study,in this se
tion we investigate the potential energy 
urvesof two model systems, namely Li I� and CsI�. Let usremind that the ZEP was extra
ted in an o
tahedral en-vironment. Within the C1v symmetry, the degenera
yof the p orbitals is obviously lifted. Thus, both the lo-
al symmetry and the 
hemi
al environment are di�erentfrom the pseudo-potential extra
tion 
onditions.Based on our ZEP + CPP parametrization, theenergy 
urves of Li I� and CsI� were 
omputed and
ompared to referen
e ab initio 
al
ulations. In theZEP + CPP s
heme the (MI)� system is representedby a one ele
tron hamiltonianĥ = �12�̂� 1rM+ + ŴM+ + ŴCPPM+ (6)



4+ 1rI� + ŴI� + ŴCPPI� + V̂M+I�(R)where R is the M � I distan
e, rM+ and rI� are theele
tron-nu
lei distan
es, ŴM+ and ŴI� the mean-�eld ZEP , and ŴCPPM+ and ŴCPPI� the 
ore polarizationpseudo-potentials ofM+ and I�, respe
tively. V̂M+I�(R)is a 
lassi
al potential representing the 
ore-
ore rigid-ion intera
tion between the M+ and I� ions. V̂M+I�(R)models the intera
tion of the zero-ele
tron (M+,I�) sys-tem, ex
luding the ions polarization already a

ountedfor in the CPP operator. The MI systems, from whi
hthe 
ore-
ore VM+I�(R) potentials were extra
ted, andthe referen
e anions MI� were 
omputed using a Com-plete A
tive Spa
e Self Consistent Field plus se
ond orderperturbation theory (CASPT2, MOLCAS Version 541).The type of CI method was motivated by the multi
on-�gurational 
hara
ter of the wave-fun
tion in
luding atleast the ion pair and the 
ovalent 
on�gurations. Forthe sake of 
onsisten
y, the same CI treatment was ap-plied to the mole
ular anions. The 
al
ulations were per-formed using a 11s5p3d, 7s6p4d3f and 5s5p4d3f basissets for Li, Cs and I, respe
tively. The iodine and 
e-sium 
ore ele
trons were treated via relativisti
 e�e
tive
ore potential with 7 valen
e ele
trons for iodine and 9for 
esium42. Conversely, the 1s ele
trons of lithium wereexpli
itly 
onsidered in the 
al
ulations. The a
tive spa
e
onsisted of 8 and 9 ele
trons in 8 orbitals for the neu-tral and ioni
 
ompounds, respe
tively. Thus, the a
tivespa
e in
ludes the mole
ular orbitals (MO) derived fromthe 5s and 5p atomi
 orbitals (AO's) of iodine, those
orrelated with the 6s (or 2s) AO of 
esium (or lithium)and the four next higher virtual MO's. The inner MO's(5s, 5p for 
esium, 1s for lithium) were left ina
tive inthe a
tive spa
e, but were 
onsidered in the perturbativepro
edure.Let us note that a major part of the 
ore-valen
e 
or-relation e�e
ts (last inner shell, valen
e) is treated atthe perturbative level. Under these 
onditions, the 
al-
ulated ionization potentials (IP's) of Li and Cs are 5.31and 3.66 eV, to be 
ompared with the experimental val-ues 5.39 eV and 3.89 eV43. The ele
tron a�nity (EA)of I� is 
al
ulated to be 3.15 eV, slightly overestimat-ing the experimental value of 3.06 eV46. Figure 1 dis-plays the CASPT2 potential energy 
urves of Li I, Li I�(Fig. 1a) and CsI , CsI� (Fig. 1b). The spe
tros
opi
 
on-stants of the neutrals potential energy 
urves are givenin Table IV. They are in fairly good agreement with theexperimental data (see Table IV).The equilibrium distan
es absolute errors are smallerthan 0:05 a0, whereas the disso
iation energies, deter-mined relatively to the ions pairs M+ + I� are under-estimated by � -1700 and � -2100 
m�1 for Li I and CsI,respe
tively. One should point out that the adiabati
disso
iation yields to the neutral fragments M+X. Thespe
tros
opi
 
onstants !e are also very 
lose to the ex-perimental data (490 versus 498 
m�1 for Li I, 115 versus119 
m�1 for CsI). CCSD(T ) 
al
ulations on Li I havebeen re
ently reported47, exhibiting an equilibrium dis-

systems sour
e Re(a0) De (
m�1) !e (
m�1) EA(eV )Li I expt. 4.52a 48390a 498a 0.75
CASPT2 4.56 46620 490 0.65Coulomb 0.82ZEP 0.76CsI expt. 6.25b 35490b 119b 0.62
CASPT2 6.30 33360 115 0.55Coulomb 0.54ZEP 0.58Li I� CASPT2 4.84 10100 370Coulomb 4.95 10450 367ZEP 4.91 9950 361expt. 10960CsI� CASPT2 6.77 7380 86.3Coulomb 6.89 6870 79.3ZEP 6.91 6700 78.2expt. 9110TABLE IV: Spe
tros
opi
 analysis of Li I, Li I�, CsI andCsI�.aRef. 43. bRef. 44.
Ref. 47.tan
e Re=4.57 a0 almost identi
al to our CASPT2 value.Those potential energy 
urves have been �tted usingan expression in
luding the Born-Mayer repulsion (expo-nential form), the ele
trostati
 and polarization 
ontri-butionsECASPT2M+I� = VM+I�(R)� �I� + �M+2R4= A exp (�aR)� 1R � �I� + �M+2R4 (7)
3 5 7 9

R (a
0
)

−6.5

−5.5

−4.5

−3.5

−2.5

e
n
e
rg

y 
(e

V
)

(a)

4 6 8 10 12 14

R (a
0
)

−5

−4

−3

−2

−1

e
n
e
rg

y 
(e

V
) (b)

FIG. 1: Potential energy 
urves of a) Li I and Li I�; b) CsI andCsI�. The zero energy 
orresponds to the disso
iated pairsM+ + I�.



5where VM+I�(R) is the rigid-ion energy de�ned above,whereas the CASPT2 obviously in
ludes the polarizatione�e
ts on ea
h ion, due to the presen
e of the other one.The Born-Mayer parameters in atomi
 units are givenin Table V. Sin
e the disso
iation energies of the ionspairs are underestimated with respe
t to experiment (seeabove), we have also determined �experimental� Born-Mayer parameters in order to avoid the propagation ofsu
h error in the 
ore-
ore 
ontribution of the MX� an-ions in the ZEP approa
h.Li I CsIA = 91:526=89:714 A = 140:450=134:047a = 1:5994=1:5788 a = 1:3292=1:3126TABLE V: Born-Mayer parameters in atomi
 units. The �rstdata refer to the �t of the CASPT2 values, the se
ond toexperimental disso
iation energies44,45(Eq. 7).The CASPT2 potential energy 
urves for the anionsare also displayed in Fig. 1 and the 
al
ulated spe
tro-s
opi
 
onstants given in Table IV. Partial experimen-tal data 
an be extra
ted from the above MX experi-mental spe
tros
opi
 data, the mole
ular ele
tron a�ni-ties48 (0.62 eV for Li I, 0.75 eV for CsI), and the ioniza-tion potential of M. Estimated experimental values areDe= 10960 and 9110 
m�1 for Li I� and CsI�, respe
-tively. The CASPT2 De values are found to be 10100and 7380 
m�1. The dis
repan
y with experiment seemsto be mu
h larger for the CsI� anion (� -1600 
m�1)than for Li I� (� -800 
m�1).We now turn to the single ele
tron des
ription usingthe 
ombined ZEP + CPP + 
ore � 
ore s
heme.The anions Li I�, CsI� potential energy 
urves are read-ily determined by the diagonalization of the one-ele
tronhamiltonian, 
omplemented by the Born-Mayer term (us-ing the �experimental� parameters in Table V).E �(MI)�� = VM+I�(R) + " (8)where " is the single-ele
tron energy of MI�.In this one-ele
tron pi
ture, we used rather large basissets, namely 6s4p3d, 5s5p4d and 8s8p7d for Li, Cs andI, respe
tively. Figure 2 reports the referen
e CASPT2potential energy 
urves, the ZEP + CPP 
al
ulationsand those assuming MI� being a one-ele
tron systemswithout the ŴI� pseudo-potential. In this parti
ularapproa
h, the ele
tron-I� repulsion is only des
ribed bythe 1=rI� term. The 
al
ulated spe
tros
opi
 
onstantsare summarized in Table IV. In both systems, the in-
rease of the equilibrium distan
es with respe
t to theMX systems exhibited by the CASPT2 results, is fairlyreprodu
ed in the one-ele
tron approa
hes. In the 
aseof Li I�, the disso
iation energies with and without theshort range PP operator (
oulombi
 repulsion only) are9950 and 10450 
m�1, respe
tively. Both values aresmaller than the experimental estimations (� 1.36 eV
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FIG. 2: Potential energy 
urves of a) Li I�; b) CsI�. Solid linesare the CASPT2 referen
e; dashed lines the purely 
oulombi

al
ulations, and dotted lines the ZEP + CPP . The zeroenergy 
orresponds to the disso
iated pairs M+ I�.or 10960 
m�1). However, the total ZEP result o

ursto be in good agreement with the CASPT2 referen
evalue. The e�e
t of the short-range pseudo-potential isto redu
e De by � 500 
m�1. On the other hand, theresults are slightly less a

urate for CsI�, sin
e the en-ergies with and without short range PP are 6700 and6870 
m�1, respe
tively. The e�e
t of the PP is smallerthan in Li I� sin
e the equilibrium distan
e is signi�
antlylarger, redu
ing the role of the I�-
entered PP . An over-all 600-800 
m�1 underestimation of De with respe
t tothe CASPT2 result is observed. However, the three the-oreti
al 
al
ulations provide smaller disso
iation energiesthan the experimental estimation. This dis
repan
y re-mains to be 
lari�ed. Finally, let us note that in CsI, thePP 
orre
tion is smaller than the residual errors in all
al
ulations. IV. CONCLUSIONIn this paper, we have developed an original strategyto parametrize a zero-ele
tron pseudo-potential (ZEP )for an anioni
 spe
ies. As long as 
ore-valen
e 
orrela-tion (CPP ) and 
ore-
ore intera
tion e�e
ts are intro-du
ed, a very satisfa
tory level of a

ura
y is rea
hedwithin this ZEP formalism for Li I�. The e�e
t of theshort range PP is to de
rease the disso
iation energy by� 500 
m�1 with respe
t to a pure 
oulombi
 treatmentof the halogen. The e�e
t is only � 200 
m�1 for CsI�.The results are slightly less satisfa
tory sin
e the one-ele
tron disso
iation energies are in error by roughly 10%



6with respe
t to the ab initio CASPT2 referen
e 
al
ula-tion. Obviously, monitoring the 
ut-o� radius to adjustthe CASPT2 result 
ould be done. However, su
h pro
e-dure would hinder the ab initio extra
tion philosophy andwould require tranferability 
ontrols on larger systems.The CASPT2 disso
iation energy value might be im-proved by in
reasing the already large basis set and per-forming CI 
al
ulations. Nevertheless, the one-ele
tronresults on both systems turn out to be fairly 
onsistentwith the ab initio CASPT2 referen
es. The 
omputa-tional 
ost in ZEP 
al
ulations is obviously mu
h re-du
ed with respe
t to a standard approa
h relying on aseven-ele
tron des
ription of iodine. Sin
e the 
hemi
alenvironments of the diatomi
 systems we 
onsidered arevery di�erent from the extra
tion situation, we believethat transferability, a major 
on
ern, is a
hieved. There-fore, su
h a formalism might be extremely useful to re-

du
e the number of a
tive ele
trons without any tremen-dous lost of a

ura
y. In this respe
t, the limit on thenumber of ele
trons in large systems su
h as ioni
 
lus-ters is signi�
antly moved. It might also be worth 
om-paring the present PP extra
tion strategy with previousparametrization of ele
tron-Ar pseudo-potentials relyingon s
attering properties 27. A very similar approa
h isnow being 
arried on for 
ounter-ions Cl� and Br� whi
hare frequently met in 
rystal stru
tures of solid state 
om-pounds. Finally, one should mention that similar ZEP 's
ould be extra
ted within the DFT framework exten-sively used to investigate large systems. Their e�
ien
yshould however be 
he
ked 
onsistently with the abilityof various fun
tionals. Besides, the implementation ofCPP 's for several valen
e ele
trons within density-basedformalism remains to be developped.
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