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The possibility of binding two electrons to a molecule utilizing two distinct electron binding sites
(i.e., one valence- and one dipole-binding centerstudied usingab initio electronic structure
methods. It is found that if the electron binding energy of the dipole-binding site is large enough to
overcome the Coulomb repulsion produced by the valence-bound electron, the dianion can be
electronically stable with respect to the corresponding monoanion. It is also found that, for
reasonable dipole- and valence-binding strengths, the separation between the two sites can be small
enough to render the species within the current realm of synthetic possibility. Numerical results are
presented for the dianions of LICNLICC-PF; and LiCN--LICN---LiCC-PFs;, whose vertical
electronic stabilities are 0.120 and 0.808 eV, and whose stabilities with respect to fragmentation
(i.e., loss of LICN') are 3.9 and 36.5 kcal/mdincluding zero point energ{ZPE)], respectively.
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I. INTRODUCTION strong Coulomb repulsion between the two excess
electrons:’ Most valence multiply charged anions that are

It was recognized long ago that dipole-bound singly . . . .
charged anions can be electronically stable if the dipole mo§table in the gas phase overcome this repulsion by localizing

ment u of the neutral molecular host exceeds 1.625 Debye%he exce.ssi negative charge§ at t W? spatially separated sites
(D). Specifically with dipole moments greater than this criti- \©-9- @5 IN 0,C~(CH,),~CQ; orin “0;5-0-0-S@) or )
cal value, for a point dipole potentiaME — we coséir?), delocaélf;ng thg char_ges among several electronegative
there is an infinity of bound states within the context of the@toms®** (e.g., in Te%_ )- o o
Born-Oppenheime(BO) approximation(i.e., when the di- Recently, we .st'udle.d the possibility of binding tvyo elec-
pole is not rotating or vibrating Jordan and Luken demon- {rons to a fixed finite dipofé and showed computationally
strated that the loosely bound electron in a dipole-boundhat the critical value of the dipole moment=qR required
state occupies a diffuse orbital localized mainly on the posiio bind two electrons seems to approach a value below 2 D
tive side of the molecular dipdleand that the presence of in the “point-dipole” limit of large q and smallR. More-
inner shell electrons likely increases the critical dipole mo-over, we showed analytically that, in the point-dipole limit,
ment to at leas2 D to achieve an experimentally significant the critical dipole value does indeed approach that for bind-
binding (e.g., of at least a few cit). The role of non-BO ing a single electroii1.625 D. However, we concluded that
coupling was studied by Garrett, who concluded that suclit would be difficult to find a real molecule that can bind two
couplings are negligible for dipole-bound states with electrorelectrons via its dipole potentigbecause the extent of po-
binding energiesE) much larger than molecular rotational larity and/or the length of the molecule would be unrealisti-
constants. Finally, we earlier demonstrated for a number of cally large.
system&*?that correlated calculations are required in order  We also described very recently the possibilities of bind-
to obtain correct values d& even though the weakly bound ing of an extra electron by a molecule possessing oppositely
electron resides far from the molecular framework in a dif-directed two polar endg.g., LICN --HCCH - -NCLi) but no
fuse orbital. net dipole moment! Although such systems have zero di-
As far as multiply charged anions are concerned, thgyole moment and large quadrupole moment, we showed that
attention of experimentalists and computational chemisty js better to view the extra electron as dipole-bound rather
who deal with them has been limited so far to valence-bounghan quadrupole-bound. That is, we consider the extra elec-
specie§1.3‘17Many valence-bound dianions that are very well yron as being bound by the potential produced by the two
known in condensed phassg., SG , COy) arefoundto  |ocq dipoles oriented in opposite directions. In addition, we
be electronically unstable in the gas phase because of thg icipated that there is a real chance to find systems which
can bind two excess electrons by such pairs of spatially sepa-
dAuthor to whom correspondence should be addressed. rated dipole potentials.
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FIG. 2. The molecular orbitals of th@iCN---LiCC—PF,)?~ dianion de-
scribing two excess electrons: valence-bolhalibly occupied, degenerate
orbital—left, and dipole-bounésingly occupied orbital—right.

GAUSSIAN 98 progranf® and the three-dimensional plots of
molecular orbitals were generated with th@OLDEN
FIG. 1. Equilibrium structures of the dianions of LIENLICC—PF; (top) program?*
and LIiCN--LiCN---LICC—PF; (bottom and the definition of geometrical The choice of the atomic orbital basis set used to de-
parameters. .
scribe the neutral molecule and the excess valence-bound
electron is very important for reproducing the correct value
o . . . of the electron binding energy. The basis set should be flex-
Although binding of two electrons to a single dipole site j o enough tofi) describe the static charge distribution of
may be improbable, it may be possible to form a mixedine neytral molecular host, afiil) allow for polarization and
valence/dipole-bound dianion of a polar molecule, with on€yighersion stabilization of the anions upon electron attach-
excess electron d|pole7bound and localized on the POsitiVE ant. For these purposes, we used the aug-cc-pVDZ basis
side of the moIecu!ar d|polle, and the second excess electrog‘égs based on our recent study on the influence of the basis
bou.nd by valence interactions to anpther functional group alet on the electron binding energies of molecular anténs.
a d'St"’,‘m part of a molecule. In this WOI’k,. We, report our On the other hand, the diffuse character of the orbital
numerical results for two such molecules, LICNICC-PF;  yoqcribing the excess dipole-bound electtsee Fig. 2 ne-
and LICN - -LICN---LICC—PF; (see Fig. 1, which our find-  qsgitates the addition of extra diffuse functions having very
ings suggest can bind two electrons in the manner just dgg, ), eynonenté. Hence, we supplemented the aug-cc-pVDZ
scrlbed._We also dlscuss_ the cond_ltlons that mus_t be fulfllleq)asis set with extra even-tempered four-terand four-term
by candidate molecules if such mixed valence/dipole-bound, gets of diffuse functions centered on the terminal lithium
dianions are to be formed. atom (since this is the positive end of the dippl@he extra
diffuse s andp functions do not share exponent values. The
geometric progression ratio was equal toZ.and, for every
symmetry, we started to build up the exponents from the
The equilibrium geometries of the neutral lowest exponent of the same symmetry included in the aug-
(LICN) - -LICC—PF; (n=1-2) molecules and their an- cc-pVDZ basis set designed for lithium. As a consequence,
ionic and dianionic daughters have been optimized and thee achieved lowest exponents of 8.239%4® ° and
harmonic vibrational frequencies have been calculated at th®.521 774<10™° for s andp symmetries, respectively.
unrestricted self-consistent fie{f8CH level (which is impor-
tant to use for the open-shell systenis these calculations,
the values of(S?) never exceeded 0.7501, 2.0005, andj; RESULTS
3.7505 for the doublet, triplet, and quartet states, respec-
tively, so we are confident that spin-contamination effects  An extensive search for mixed valence/dipole-bound di-
are not serious. The electronic stabilities of the mono- andnions (detailed further beloyv led us to two species
dianions were calculated using the perturbation scheme d€LiCN---LiCC-PF;)?>~ and (LiCN-:--LiCN---LiCC-PF;)?~
scribed in Ref. 7, which generates Koopmans’ theorenwhich we determined can indeed form such dianionic states
(KT),?? SCF-difference(ASCPH, and Mdler-Plesset differ- and for which we present detailed findings below in Sec.
ence(MPn) values of the binding energies. Since the systemdll B. One electron in both cases is valence-bound on the
studied contain up to 15 heavy atoms, we had to limit theCC-PF; terminus and the secordipole-bound electron is
level of our calculations to the second-order MP2 level ofbound by 0.120 and 0.808 eV, far=1 and 2, respectively,
perturbation theory for the larger species. However, it wago the Li end of the molecule. Before we discuss the detailed
possible to undertake coupled-cluster calculations withresults for these two dianions, we want to explain the search
single and double excitatiof€CSD) for the smaller system, that culminated in this pair of candiates for mixed valence/
which was important since the MP2 results were not concludipole binding because what we discovered in this search
sive in this case. All calculations were performed with thewill likely be useful to others who examine such dianions.

IIl. METHODS
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A. Strategy for designing mixed valence/dipole-bound polarization of the spacer did not destabilize the dipolar elec-
species tron binding center beyond that contained in.1/

It should be obvious that a dianion with its two centers
of excess charge spatially separated by a distanoay be 3. Testing the Coulomb model

electronically stable if the Coulomb repulsion (1A atomic We next decided to carry out a series of model calcula-

units between the two extra electrons is overcome. HenCgjong designed to determine whether the dianion detachment

we focused our efforts on linear or quasilinear species f%nergy could be estimate@t least at the KT levglby the
which 1t could be easily estimatdde., having clearly iden- simple formula

tified binding sites Because the dipole binding potential is
known to usually produce weak binding, the Xépulsion
will be less than this binding only for long systems, so we
anticipated having to construct long linear molecules as ca
didates, but we also tried to use highly polar “building
blocks” to allow the dipole-binding site to be strong so that
r would not have to be unrealistically large.

1
EXT(dianion = EXT(monoanion— - (1)

" the above formulagKT (dianion indicates the electron
binding energy of the dianion anBXT (monoanion indi-
cates the electron binding energy of the dipole-bound
monoanion(both calculated at the KT levelwhile r is the
spacer length. In particular, we wanted to determine to what
extent this estimate remains valid, even when the two elec-
With these ideas in mind, we first consideréitle va-  tron binding sites are separated by spacers that can be
lence binding site is on the right in all cagele following  strongly polarized.
neutral molecules: H-CC-CC-CC-0O, Li-CC-CC-CC-0O, First, we examined the linear HCN tetramer for which
Li-CC-CC-CC-S, and Li-CC-CC-CC-CC, but nonethe electron binding energy in the dipole-bound monoanion
was able to bind two electrons at the KT lewghis, of [EXT (monoanion] is known to be 1762 cit.2 The length
course, does not prove they cannot bind when electron coef this molecule is taken to be 15.25 (fs H to terminal-N
relation is included, but we took this evidence as not encouredistance. We then placed anFanion a distancé from the
aging. Moreover, we found that the destabilization of the terminal N atom, so the distancebetween the hydrogen at
dipolebound electron caused by the presence of the valenceéhe positive end of the dipole and the Fnion (i.e., the
bound electron a distanceaway[determined by the length valence binding centgis r=L+15.25A. We computed the
of the spacer (-CCy) groupg was even greater than ex- vertical electronic stability of such a dianion at the KT level
pected from the 1/ formula. In particular, the (-CCy) and found that the smallest distancthat allows the dianion
spacer did not act to dielectrically screen the Coulomb repulto remain stable is 75.75 Ai.e., for r<75A, the second
sion of the two excess electrons. Instead, the more tightlglectron did not bind to the Li centerln comparison, the
valence-bound anion center induced electronic polarizatiogritical distance that results from the above formylasing
within the spacer that acted to destabilize the dipolar electrothe KT stability of the isolated dipole bound (HCN)
binding center. monoanion and the destimate of the Coulomb repulsipis
found to be 78.75 A, which is quite close to what we find in
the ab initio calculation. Moreover, the electrostatic formula
. . . ._also works for longer distancesin predicting the dianion’s
Thereforg, we dt.a0|d.ed to next examlne_sy§tgms n Wh'dﬂ)inding energy(i.e., in the region where the dianion is
the electronlg polar|;at|0n of the spacgr is limited by thestable}. We therefore conclude that the electrostatic estimate
presence of intervening hydrogen bon(de., spacers con- of the critical distancer() between two anionic centers can

taining hydrogen bonds rather than quite polarizable covale e used in designing real mixed valence/dipole-bound dian-
bonds. We found that the LICN -(HCN), - - -H—CC systems

with n>1 (N.B., these species possess one unpaired electron

at the H-CC terminys at the equilibrium geometry of the ) o

singlet monoanion, produced dianiofvehich have one elec- 4 Systems where the dipole and valence binding

tron on the Li end and two singlet-paired electrons on the>tes are not well matched

H—CC group that are electronically stable with respect to Next, we decided to focus on using LIiCN rather than
the closed-shelsingletstates of the corresponding monoan-HCN as a “building block” because the former’'s much
ions (with no electron on the Li end and two on the H-CC larger dipole moment gives rise to much stronger electron
In particular, the vertical attachment energies calculated dbinding. In particular, we began by exploring species con-
the KT level with the aug-cc-pVDZ5s5p basis set were taining (LICN), clusters becauséi) the neutral dimer pos-
equal to 0.162, 0.386, and 0.533 eV, for=2, 3 and 4, sesses a large dipole momé&gai.2 D) and binds an electron
respectively. However, geometry optimization of the dianionby 1.346 eV at the KT level, an(i) the interfragment struc-
produced Coulomb explosion into H-CC and ture of (LICN), should be more rigid than in (HCN)Xue to
“LICN---(HCN),,. That is, these dianions are not geometri-the stronger N -Li bonds and thus may be strong enough to
cally stable because the Coulomb repulsion is too strong foresist Coulomb explosion. Using the electrostatic model de-
the hydrogen bonds that hold the neutral and monoanioscribed previously and assuming a length for (LiGN)f
together. Thigfailed) experiment did, however, show us that 8.30 A, we performed calculations for the linear
polarization of the hydrogen-bond spacer was marginal, s¢LiCN), --LiCC that possesses a valence hole at the Li—-CC

1. Covalently connected spacers

2. Noncovalently connected spacers based on HCN
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site (because we found that H-CC binds an electron bylABLE I  Electon binding energies E (n eV) for
3.490 eV, we thought Li—CC would be a good candidate folICN"*LICN---LICC—PF)" " with respect to the singlet monoanion at the

. . . .. equilibrium geometry of the dianion and the open-shell triplet and closed-
the valence binding site This system was anticipated t0 gpe|i singlet states of the monoann.

bind an excess electron via its dipole potential at least as

tightly as does (LiCN), and to be long enough (s ca. 13.5 Geometry of Geometry of Geometry of
A) to be a good candidate to form a stable dianion according °A; dianion  *A; monoanion  *A; monoanion
to our electrostatic estimate. EKT 0.764 0.658 0.814
The neutral open-shell LICN-LICN---LiCC possesses  E>" 0.855 0.747 0.906
one unpaired electrofon the Li—CC groupand has a dou- E" 0.808 0.708 0.855

blet state. The first extra electron added to the neutral system resuits obtained with the aug-cc-pvVDZ, basis set augmented with the
was expected to be strongly valence bound and to produce as4p diffuse set centered on the terminal Li atom.
closed-shell valence monoani@maving two electrons on its

Li—CC terminug in a singlet state. However, these expecta- = ] )
tions were not realized, and the first extra electron was obdianion should be stable with respect to tigeound singlet

served to bind instead to the Li site. As a result, the monoanstateé. Indeed, ousib initio calculations on the dianion show
ion’s open-shell triplet state, with the extra electron on the Lilt t0 b€ lower in energyat its equilibrium geometjythan the
site and a hole on the Li—CC site, is the lowest energy Staté;loseq-shell smgle_t and open-shell triplet states of th_e corre-
The corresponding open-shell singlet state is 0.490 eV highéiPonding monoanion by 0.808 and 2.546 @VB., the dian-
and the(anticipatedl closed-shell singlet stataith two elec- 10N 1S electronically stable .at the equmbrlum ge'ome'tr'les of
trons on the Li—CC sitelies 2.428 eV above this triplet. In POt states of the monoanion, see TableWith this initial
essence, the very large dipole moment ofSUCCESS i hand, we subse_zquently chused our attention on
LiCN- --LiCN- --LiCC causes the Li site on the left terminus SPeCies constructed from LICN and Li-CC—PF
to bind an electron even more strongly than does the Li—-CC
valence site, thus causing the open-shell states to lie belof The two final candidates
the closed-shell singlet. 1. LiCN- - -LiCC-PF 5

When we then attempted to add a second extra electron
to LICN---LiCN---LiCC to form the dianion, we found the
dianion to be stable with respect to the closed-shell singl
state of the monoanion(by 1.199 eV at the SCF/
aug-cc-pVDZ level but electronically unstable with respect
to the open-shell states of the monoanion. That is, w
end up with the following energy orderingEipiet anion
< Eopen—shell singlet anioﬁ Edianion< Eclosed—shell aniom which sug-
gests that this dianion could not be formed because it woul
spontaneously lose one electr@om its Li—-CC terminug

to produce the open-shell monoanion. . . By replacing the P atom in LICN-LiCC-PFK by S,
Clearly, the problem with LICN LICN---LICC is that o 5t constructed a neutral closed-shell system

the @polg-bmdmg site Is stron_ger the}n the_ L'QC Valence'LiCN---LiCC-SF5 whose dipole binding strength we used to

binding site. We can correct this deficiency in either of WO Lgtimate that of the parent P-containing radical. The KT es-

ways: (i) by decreasing the dipole moment and, as a CONS&imate of the dipole-binding thus obtained was 1.35 eV. The

quence, the b!nd!ng energy of the dipole s'te.’('O) by in- ., distancer between the terminal Li and P atoms of the parent
creasing the binding strength of the valence site. \.Ne' deqlde ompound was estimated to be 10 A, which produces a 1/
to_ explore _the latter option becaqse valence binding is Loulomb repulsion of 1.4 eV. Therefore, we anticipated that
widely studied area and offers a wide range of strengths. LICN- - LiCC-PF; would have a chance of forming a stable
dianion, but would likely be marginally stable.

Indeed, we found that the ground state of the singly

Knowing that the electron affinities of the so-called su-chargedLiCN---LICC—PF,) ™~ species is the closed-shell sin-
perhalogens are extremely larfeywe decided to link the glet state(the open-shell triplet state is higher in energy by
-PFs functional group to the terminal carbon atom of the 0.147 and 1.801 eV at the SCF and MP2 levels, respec-
LICN---LICN---LiCC species discussed above both totively). The second electron binding energy calculated at the
lengthen the moleculénd thus reduce d) and to increase KT level and at the equilibrium geometry of the dianion is
the strength of the valence binding site. With this modifica-0.045 eV(see Table ). Orbital relaxation(given as the dif-
tion, the ground state of theiCN---LICN---LiICC—PF)~ ference between the KT and SCF treatmgtgads to a sig-
monoanion was the closed-shell singlet state with the firshificant increase in the electron binding enerdpy 0.082
extra electron added to its valence binding sdé least at eV). However, the MP2-level correlation correction de-
MP2 level of theory, while at the SCF level the open-shellcreases the binding energy to 0.092 eV. This destabilizing
triplet was the ground state of this monoaniofihe orbital  effect is most probably a result of overestimating the dipole
energy of the lowest unoccupied molecular orb{taUMO) moment at the SCF level, and, as a consequence, overesti-
of this closed-shell monoanion-0.6 eV) suggested that the mating the electronic stability of the dianion at this level.

Initially, we decided to study the shorter analog of the
species just discussed, LICNLICC-PF;, which we esti-
®hated should be on the border of electronic stabilige
below). We anticipated that the reduced dipole moment
(compared to the LICN-LICN---LiCC system mentioned
%bove) might allow the ground state of the monoanion to be
the closed-shell singldétvith the extra electron bound to the

alence sitgrather than the open-shell tripletith the extra

lectron bound to the Li end and a hole at the valence end
even at the SCF level.

5. Adding a stronger valence binding site
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TABLE II. Electron binding energieE (in eV) for (LICN---LICC-PR)?>~  reasonably confident in concluding that this dianion is elec-

with respect to the singlet monoanion at the equilibrium geometry of thetronically stable and should be detectable experimentally

dianion and the monoanidn. . . L )
Finally, we considered the stability of the

Geometry of Geometry of (LICN- --LiCC-PFRy)?~ dianion with respect to fragmentation

E ?A, dianion ‘A, monoanion and found it to be stable thermodynamically by 3.9 kcal/mol
EXT 0.045 —0.060 (including ZPB with respect to LICN--LICC™ and LIiCN .
ESCF 0.127 0.019 According to our findings, there is no kinetic barrier for the
Emz 0.092 —0.009 rejection of the LICN dipole-bound monoanion and the
. oz oo LICN---LICC™ monoanion. Since the loss of LiCNseems
EMPASDO 0.120 0.018 to be the most probablé.e., lowest-energyfragmentation
pcesD 0.120 0.018 channel, we conclude that tigiCN- - -LiICC—PFR;)?~ dianion

is a thermodynamically stable species.
2All results obtained with the aug-cc-pVDZ basis set augmented with the

4s4p diffuse set centered on the terminal Li atom.

2. LICN---LICN- - -LiCC—PFj

The dianion of LICN--LICC—PF is rather weakly
bound (electronically and geometricallyaccording to our
findings. Hence, we decided to add another LICN unit to

Even thouah th ilibrium metry of the monoani nobtain a larger dipole moment and stronger dipole-binding.
does nE:)t dif?‘grgsigneifiigl;tly f?omgt?w(;t f?)uﬁg foretheodi(;?wio% The dipole moment of the neutral LICNLICN - LICC—PF,
(see Table llI, the dianion is not stable relative to the {nolecule(estlmated by replacing the P atom with IS so

Higher level calculationgsee Table Il led to the final value
of the electronic stability of this dianion being 0.120 eV at
the CCSD level.

X N . arge(36.5 D that the open-shell triplet state again becomes
monoanion at the equilibrium geometry of the monoanion al ge(3 ) op P 9

. . he ground state of the monoanion at the uncorrel&&zth
the KT level of theory. At this same geomettiye., that of . .
. S ! level of theory. This state has two unpaired electrons - one
the monoanio)) the dianion is stable at the SCF level, but y P

. . o . ; localized near the carbon atom connected to the phosphorus
the MP2 correlation correctiofwhich is destabilizingagain and the second localized near the terminal Li atom. How-

renders the dianion unstable. Higher level correlation correc- . .
S _g . ever, when electron correlation effects are included, we ob-
tion is thus necessary to achieve the final answer on th

Serve the significant lowering of the total energies of the

electronic stability of the dianion at this geometry. Such cal- ) . :
culations show that the dianion is stable at the I\/lpgclosed shell singlet state of the monoanion and the doublet

MP4(DQ), MP4SDOQ), and CCSD levels, and the electronic state of dianion, while the decrease of the total energy of the

ot open-shell triplet state of the monoanion is not so large. This
stabilities calculated by these methods seem to converge @)not surprising because it is well known that correlation
our final estimate of 0.018 e\see Table ). P g

) . ... .. effects are particulary important for electrons occupying the
To fully characterize the nature of the charge distribution P y Imp Pying

. L . same molecular orbital. As a consequence, the ground
n this dianion, we show both theelegenerateorbital occu- .. closed-shell singlet state of the monoanion is lower in energy
pied by the valence-bound excess electron and the orbit

occupied by the dipole-bound electron in Fig. 2. As can bqe\?gl the triplet state by 1.738 eV at the correlatP2)

fr?ee?nlglelzclz%lez,t;[Stetlr?:ecZ)ilt? %L?igr']ssT;':}I){[r?ésg'tgﬁiecd;ﬁfﬁse Addition of the second extra electron leads to a doublet
centered on the Li atom are not nealiaible dianion that is electronically the most stable species by 0.808
glgible. eV relative to the closed-shell singlet monoanion at the MP2

In summary, the KT,ASCF and MP2 data presented : .
here do not allow us to conclude with confidence thatIevel. To verify that the lowest doublet state is really the

O L _ground state of the dianion, we also performed calculations
(L'.CN L'CC. PR)” s actually sta_ble, higher order COITE- or the lowest quartet state. According to our findings, the
lation corrections had to be taken into account to achieve

. west quartet state possessinged®(a;)(a;)* configura-
final answer. Based on our coupled-cluster results, we fef% on is higher in energy than the doublet state by 2.356 eV at

the MP2 level.
The charge distribution of the two excess charges in the
TABLE Ill. Geometrical parameters for (LIGNLICC-PR)"" (n=1-2)  dianion is similar to that obtained for more weakly bound
(bond lengths in A and valence angle in dleg (LiCN- - -LiCC—PF:-,)z_ species(see Fig. 2
Parameter MonoaniorA, Dianion, 2A, The geometrical parameters of the singlet and t_ripl_et
states of the monoanion and the doublet state of the dianion

21 i'gig i'gig are collected in Table IV. The differences between the cor-
Ci 1816 1812 re_sponding parameters are larger thar_1 in the case of the
d, 1.221 1.222 (LICN---LICC-PR)"~ (n=1-2) species. The largest

e 1.931 1.975 change is the contraction of the terminal C—Li bdpdram-

f1 2.007 1.983 eterk,) by 0.125 A after the detachment of the second extra
ﬁl i'égg ;'égg electron to form the ground, closed-shell singlet monoanion.
all 87888 87427 If one compares the geometries of the dianion éxtited

triplet state of the monoanion, a significant elongation is
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TABLE IV. Geometrical parameters for (LICNLICN---LiICC~PF)"~ ! Analytical rather than numerical approaches were put forth by E. Fermi
(n=1-2) (bond lengths in A and valence angle in fleg and E. Teller, Phys. Rew2, 399 (1947, as well as in A. S. Wightman,
ibid. 77, 521 (1949; early finite basis set estimates to the critical dipole
Parameter ~ 'A; Monoanion  A; Monoanion %A, Dianion moment of~ 2.1 Debye were obtained in R. F. Wallis, R. Herman, and H.
a, 1.647 1.608 1.651 W. Milnes_, J. Mol. Spectroscd, 51 (1960, and later refinement using
b, 1.640 1621 1641 better basis sets gave 1.695&e J. E. Turner, V. E. Anderson, and K.

Fox, Phys. Rev174, 81 (1968].
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