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Lithium —Benzene Sandwich Compounds: A Quantum Chemical Study
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The structures and dissociation energies @f(CsHs)nt+1 Sandwich complexes (= 1—6) have been investigated

using quantum chemical techniques. At the G3(MP2) level of theory, #{€dHs), complex exhibits a Jakn

Teller distortion, forming &2, charge-separated speciesie ¥?—LiT—CgHgs 4 with a surprisingly large
dissociation energy of 0.85 eV, and a short benzdésenzene distance of 3.54 A. Comparisons are made
with the Li-CeHe, LiT+CeHe, and Lit+(CeHe). complexes. The largen(> 1) complexes were studied at the
B3LYP/6-31G(d) level and were also found to have large dissociation energies, ca. 0.85 eV per Li atom, and
short benzenebenzene distances (3.70 A).

1. Introduction TABLE 1: Optj@ized MP2(FC)/6-31G(d) Geometries of the
There is considerable interest in the intercalation dfihio Li-CeHs and Li™-CeHs Complexes
graphite, due to the widespread use of graphite/carbon anodes parameter LiCeHs Li*-CeHe
in lithium-ion cells. To gain a fundamental understanding of r(CC) 1.401 1.407
LiT—intercalated graphite, it is necessary to understand the r(CH) 1.087 1.087
interactions between the lithium ameelectrons of the aromatic r(Lix)= 2.252 1.921
point group Csy Cev

carbon. The Li-CgHg complex is the smallest model system
that can be used to examine these interactions, and has been 2X refers to the center of the benzene ring. Bond distances in
the topic of several gas-phase experiméntand computational ~ angstroms.

studies® 8 The first experimental wofkon this system used ) _

ion cyclotron resonance techniques to arrive at & affinity In this paper we report a quantum chemical study of the
(AHS,) for CsHe, which Amicangelo and Armentrout con- geometries, dissociation energles,.and bonding of tk_(é:&ﬂe)g
verted b a 0 K value of 1.58+ 0.08 eV3 Amicangelo and cpmplexeg. We have also applied these technlques. to the
Armentrout determined a lithium affinity ®0 K for C¢Hg of Li+CeHe, Li*-CeHe, and Li"+(CeHe)2 complexes for comparison
1.674+ 0.14 eV, for Li*-CgHe, using threshold collision-induced ~ t© the Li(CeHs)> complex. Due to the strong binding found for
dissociation methods. A wide range of computational methods Li '(CGHe)z, we also investigated the geometries and dissociation
have been used to predict lithium affinities ofHG, yielding energies for larger L{CsHg)n+1 sandwich complexesi(= 2—6).

values ranging from 1.43 to 1.90 é\*:58 For intercalation .
processes, the tiinteracts with two sheets of graphite/ 2. Theoretical Methods
polyaromatic carbon, so ti(CeHg)z is perhaps a more repre- Geometry optimizations for the 1CsHs and Li(CeHe)2
sentative model system. In their study, Amicangelo and complexes were performed at the HF/6-31G{dB3LYP/6-
Armentrou also determined experimental and theoretical 31G(d)81°and MP2(FC)/6-31G(d] levels of theory. Single-
dissociation energies [tt(CeHg), — Li™ + 2CgHg] for this point energies were obtained at the G3(MPRvel of theory,
system at 0 K. Their experimental dissociation energy for the as well as at the intermediate levels required for a G3(MP2)
complex was 2.75 0.21 eV. At the MP2(full)/6-31+G(2d,- calculation: MP2/G3MP2Largeand QCISD(T)/6-31G(d). The
2p)/IMP2(full)/6-31H-G* level of theory, with basis set super- G3MP2Large basis set is the same as 6-3tG(2df,2p) for
position error (BSSE) corrections and thermal corrections, they first row atoms2° Frequency calculations were performed using
found a dissociation energy of 2.57 eV. the HF/6-31G(d), MP2(FC)/6-31G(d), and B3LYP/6-31G(d)
Because the i presumably pairs with an electron once itis methods to verify that the optimized structures were true
intercalated, the neutral analogues of these complexes are alseninima. Zero-point energy contributions for G3(MP2) theory
of interest. We have found only one reference to the neutral were determined at the MP2(FC)/6-31G(d) level of theory and
Li-CsHe complex? It reports HF/6-31G(d) and MP2/6-31G  scaled by a factor of 0.9434.Geometry optimizations for the
optimized distances between the Li atom and benzene ring oflarger f = 2—6) sandwich complexes were done with the
2.511 and 2.600 A, respectively. We have found no studies on B3LYP/6-31G(d) density functional method. All calculations
the Li-(CgHe)2 complex; however, numerous studies have been were performed using the GAUSSIAN98 computational pack-
performed on transition metal, lanthanide, and actinide metal, age??
Mp*(CsHe)n+1 Sandwich complexe¥-16

: — 3. Results and Discussion
* Corresponding authors. James M. Vollmer (e-mail: james.vollmer@

anl.gov) and Larry A. Curtiss (e-mail: curtiss@anl.gov). The optimized structural parameters forCiHe and Li*

T Chemistry Division. ; i
* Materials Science Division. CeHs are presented in Table 1, and those fof(CiHg). and

8Thesis Parts Graduate Student Participant from Michigan Tech Li*+(CeHe)2 are presented in Table 2. These structures were fully
University. optimized at the MP2(FC)/6-31G(d) level of theory. The

10.1021/jp020822d CCC: $22.00 © 2002 American Chemical Society
Published on Web 09/19/2002



9534 J. Phys. Chem. A, Vol. 106, No. 41, 2002

TABLE 2: MP2(FC)/6-31G(d) Optimized Geometries of the
Li+(CgHe)2 and Li*+(CgHg), Complexes

parameter L‘i(CeHs)z (Dzh) Li '(C(;H(;)z (CZU) Li Jr'(C(;He)z (D6h)
r(CiCa) 1.393 (1.391) 1.385 1.404
r(C:C2) 1.400
r(C.Cy) 1.422(1.422) 1.441
r(C:C2) 1.404
r(CiHy) 1.088(1.087) 1.089 1.087
r(CoH>) 1.087
r(CiH1") 1.085(1.084) 1.085
r(CoH2) 1.086
r(LiX 1) 1.769(1.872) 1.639 1.973
r(LiX ) 1.999
0(CC/Cy)  118.3(118.6) 116.5 120.0
0(C/CiCy)  120.7(120.7) 121.0
0(C.C/Cy) 119.7
0(C7C, Cy) 120.1
d(C,C/C:Cy)  6.1(4.0) 14.1 0.0
d(C,C7C, Cy) —1.4

a X and X refer to the centers of the two benzene rings. Bond and
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Li-(CgHg)2. MP2(FC)/6-31G(d) optimized geometries s,
andC,, structures of Li(CgHg), are presented in Table 2. The
Den structure distorts due to the Jakheller effect?® The lowest
unoccupied orbitals (LUMO) for Li-(C¢Hg). are degenerate,
having egsymmetry. In the neutral k{CsHg)>. complex, which
has a single electron added to one of these degenerate orbitals,
geometry relaxation results in@yy, structure with the highest
occupied molecular orbital (HOMO) having aymmetry and
is a?Ag state. In this structure, both benzene rings distort from
their planar geometry, “folding” on an axis between thg C
carbon atoms, with the fold away from the lithium atom (as
shown in Figure 1). At the MP2(FC)/6-31G(d) level, the two
C,' atoms are 3°Lout of the benzene plane, and lie 0.04 A
closer to the lithium atom than the fourn @toms. Both rings
are 1.769 A away from the central Li atom.

According to Jotham and Kettfé,a Cy, structure can also
arise from the degeneratg,enode, but we were unable to find
a minimum with this symmetry; however, we did find a stable

dihedral angles in degrees, and bond lengths in angstroms. (See Figuré&,, structure (see Table 2). Its highest occupied molecular orbital

1 for definition of labels.)® B3LYP/6-31G(d) results in parentheses.

X
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Figure 1. Structure and labels for the optimized (a)(dsHs) and (b)
Li+(CyHs)2 D2n and Cy, complexes. Structures were optimized at the
MP2(FC)/6-31G(d) level of theory.

structures of LiCgHg and Li(CgHe), are illustrated in Figure
1. The dissociation energiesk, for these neutral complexes
are defined as

AE, = {E[Li] + mECeH{} — {E[Li(C¢He)J}, m=1,2

1)

where m is the number of benzene rings. The dissociation
energies are defined similarly for the complexes with.LTihe
term AE, refers to dissociation energieAKg) with the addition
of zero-point energy contributions. The dissociation energies
at the HF/6-31G(d), B3LYP/6-31G(d), MP2(FC)/6-31G(d),
MP2(FC)/G3MP2Large, QCISD(T)/6-31G(d), and G3(MP2)
levels of theory are presented in Table 3.

3.1. Benzene Complexes with Li Atom.Li-CgHe. The
Li-CgHe complex has &g, structure, with the Li atom located

(HOMO) has asymmetry and is 8A; state. This structure has
the same “folding” distortions of the planar benzene rings as
found in theDyy structure; however, the distortion is markedly
asymmetric in theC,, case. At the MP2(FC)/6-31G(d) level,
the two G' atoms (ring 1) are 14%lout of the benzene plane,
and lie 0.10 A closer to the lithium atom than the foura@oms.
The second benzene ring (ring 2) mirrors this distortion, but to
a lesser extent. The,Ccarbon atoms lie only 124out of the
benzene plane, and are only 0.01 A closer to the lithium atom
than the remaining carbon atoms. Ring 1 is also significantly
closer than ring 2 to the central lithium atom (1.639 A versus
1.999 A).

The results in Table 3 indicate that correlation effects make
significant contributions to the dissociation energy of{ CsHg)a.
At the HF/6-31G(d) level of theory, a minimum was not found
for the D,y complex, but a metastable state was found for the
Cy, complex. This state is a minimum on the potential energy
surface, but was predicted to be unbound by 0.26 eV, with
respect to Li and two gHs molecules. TheC,, complex
becomes bound when electron-correlation is included with the
MP2/6-31G(d) method, increasing the dissociation enehdg)(
by 0.91 eV to 0.65 eV. Th®,, complex is more stable with a
dissociation energy of 0.85 eV (0.20 eV larger than @ig
complex) at the MP2/6-31G(d) level of theory. The final
G3(MP2) dissociation energy for the,, complex, with zero-
point energy contributions, is 0.85 eV.

At the B3LYP/6-31G(d)//B3LYP/6-31G(d) level of theory,
only aDy, structure was found with a dissociation energy()
of 0.84 eV, in good agreement with the G3(MP2) result of 0.85
eV. The B3LYP/6-31G(d) geometry also agrees reasonably well
with the MP2/6-31G(d) geometry (see Table 2), with the greatest
deviation being the distance from the Li atom to the benzene
rings, which is 1.872 A at the B3LYP/6-31G(d) level, versus
1.769 A at the MP2/6-31G(d) level.

We note that the MP2/6-31G(d) calculations for the two
optimized L#(CgHe)2 Sstructures are based on unstable Hartree
Fock (HF) wave functions. The HF wave function for tbe,

2.252 A from the center of the benzene ring (see Figure 1, TableStructure is unstable with respect to the reduced symn@iry

1). The G3(MP2) dissociation energy, including the MP2(FC)/
6-31G(d) zero-point energy contribution, is 0.20 eV (see Table
3). At the HF/6-31G(d) level of theory, the complex is only

bound by 0.08 eV. The weak binding at HF/6-31G(d) is due to

solution, and the HF wave function for th&, structure is
unstable with respect to a highly spin contaminated state
(expectation value of th& operator is~1.2). The B3LYP/6-
31G(d) method does not have these problems and predicts a

the neglect of electron correlation, since the MP2/6-31G(d) and Dzn structure similar to that predicted by the MP2 calculations.
QCISD(T)/6-31G(d) dissociation energies are much larger (0.33  3.2. Benzene Complexes with i Cation. Li"+CgHe. At the

and 0.32 eV, respectively).

MP2(FC)/6-31G(d) level the [#Ce¢He complex has aCs,
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TABLE 3: Dissociation Energies (eV) of the Li+(CgHe)m and Li*+(CgHg)m Complexes (n = 1, 2)

dissociation
method energy typé Li 'CeHe (Cey) Li ‘(CeHs)z (DZh) Li '(C6H6)2 (Czu) Li Jr'CeHe (Cey) Li+'(C6He,)2 (Deh)
HF/6-31G(d)//HF/6-31G(d) AE. 0.08 b —0.26 1.76 2.90
MP2/6-31G(d)//MP2/6-31G(d) AEe 0.33 0.85 0.65 1.90 3.52
MP2/G3MP2Large//MP2/6-31G(d) AEe 0.19 1.09 1.62 2.94
QCISD(T)/6-31G(d)//IMP2/6-31G(d)  AE. 0.32 0.67 1.87 3.40
B3LYP/6-31G(d)//B3LYP/6-31G(d) AEe 0.15 0.74 c 1.84 3.02
B3LYP/6-31G(d)//B3LYP/6-31G(d) AEg 0.20 0.84 1.82 3.03
G3(MP2) AEe 0.25 0.97 1.58 2.82
G3(MP2) AEp 0.20 0.85 1.49 2.67

a See eq 1 for the definition of dissociation energy. Zero-point energy contributions are included\iBothesults while the AE. results do not
include zero-point contributiong.For the Dz, structure the HartreeFock wave function was unstable, so it was not possible to find a stable

HF/6-31G(d) minimum, and the MP2/6-31G(d)//MP2/6-31G(d) frequency also had an unrealistically large frequency due to this wave function

instability. Instead, the MP2/6-31G(d)//MP2/6-31G(&), zero-point contributions were used to estimaAtg,. ¢ Collapses tdD2, structure.

TABLE 4: Mulliken and Natural Bond Order (NBO) Charges and

Populations for the Li +(CgHe)m and Li*+(CeHg)m Complexes

(m =1, 2), at the HF/6-31G(d)//MP2(FC)/6-31G(d) Level of Theor§

Li+CeHs Li-(CeHe)2 (D2n) Li+(CeHe)2 (C2.) Li*+(CsHe) Li*+(CeHe)2
charges Mulliken NBO Mulliken NBO Mulliken NBO Mulliken ~ NBO  Mulliken  NBO
Li —0.215 —0.005 0.105 (0.994) 0.917 0.141 (0.969) 0.917 0.493 0.961 0.187 0.923
ring 1 0.215 0.005 —0.052¢0.497) -0.459 —0.374(-0.935) —0.917 0.507 0.039 0.407 0.039
ring 2 —0.052 (-0.497) —0.459 0.233{0.034) 0.0 0.407 0.039
populations
Li2s 0.065 0.939 0.128 0.067 0.115 0.065 0.093 0.014 0.084 0.056
Li 2py 0.047 0.004 0.184 0.002 0.145 0.006 0.127 0.000 0.159 0.001
Li 2py 0.047 0.004 0.170 0.004 0.181 0.007 0.127 0.000 0.159 0.001
Li 2p, 0.177 0.055 0.150 0.004 0.168 0.002 0.082 0.000 0.173 0.001

aValues in parentheses are the HF/G3MP2Large//MP2/6-31G(d) results.

structure, with the L lying 1.921 A above the center of the
benzene plane (see Table 1). The- € bond lengths of the
complex are slightly longer (0.004 A) than those in the isolated

the NBO method gives a positive charge of 0.92 on the Li atom,
in the sandwich complex, with the negative charge evenly
distributed over both rings<{0.459 per ring). [In theC,, case,

benzene, which is consistent with some of the electron density all of the negative charge is transferred to only one of the

being donated from the benzene ring to thé.l@ur results are
consistent with previous theoretical studigg8on this complex.
The G3(MP2) dissociation energy is 1.49 eV, including zero-
point energies. This prediction is in good agreement with the
previous experimental results of 1.980.08"3and 1.67+ 0.14
evs

Li™+(CgHg)2. The Lit+(CgHg)2 complex has @gy structure,
with C—C and C-H bond lengths similar to those intiCeHe
(see Table 2). The MP2(FC)/6-31G(d) distance dfitom the
center of the benzene rings is 1.973 A, which is 0.052 A longer
than in Li™CsHs. The LiT+(CgHe). complex does not have a
Jahn-Teller distortion. Previous MP2(full)/6-31G(d) and MP2-
(full)/6-311+G(d) optimized geometri@dor Li*+(CgHg)2 had
slightly shorter distances of tifrom the center of the benzene
rings, with bond lengths of 1.950 and 1.917 A, respectively.
Our final G3(MP2) dissociation energy, with zero-point energies,
of 2.67 eV compares well to the experimental valag2.75+
0.21 eV.

3.3. Comparison of Li(CgHg)2 with Li -CeHg, LiT+CeHe,
and Li*+(CgHg)2 Complexes.The dissociation energies pre-
sented in the previous section indicate a surprising stability for
the Li-(CsHg)2 complex. The dissociation energies of LTgHg
and Lit+(CgHe), of 1.49 and 2.67 eV, respectively, are consistent
with a primarily electrostatic interaction between the land
the ligands, while the dissociation energy of C4Hg of 0.20
eV is consistent with a dispersion interaction. The dissociation
energies for the L:{CgHg)2 complex is about four times that of
Li+(CsHe) and cannot be attributed solely to dispersion.

An explanation for the surprising stability of the-(@CsHg)-
complex is provided by a Natural Bond Order (NBB®)

benzene rings (ringl in Figure 1).] Thus, tBey Li-(CeHg)2
complex appears to exhibit charge separation corresponding to
CeHs Y2—Li*—C¢He 12 This charge separation explains the
unusually strong dissociation energy found for(CsHeg)2. It

also explains the short Hbenzene distances of 1.769 A found
for the complex, which is significantly less than the™ti
benzene distance of 1.973 A in*:{CsHe)a.

Calculation of Mullike#® charges in the 1:{CgHg). com-
plexes indicates a case of dramatic failure of the Mulliken
population analysis. In contrast to the NBO results the Mulliken
analysis gives a positive charge of only 0.10 on Li in D
structures, at the HF/6-31G(d) level (see Table 4); however,
use of the larger GAMP2Large basis set dramatically increases
the Mulliken charge on Li to 0.994, more consistent with the
NBO charges. This sensitivity of Mulliken populations to the
basis set has been noted previo#8lfhe HF/6-31G(d) Mul-
liken charges on lithium in the cation complexesiCsHg and
Li*+(CgHe)2] are also much smaller than the NBO charges (see
Table 4).

3.4. Discussion of Bonding Trends in Larger Sandwich
Complexes, Li+(CgHg)nt+1, N = 2—6. The unexpectedly large
dissociation energy found for the -(CsHg)> complexes raises
the question of whether the strong binding in this system extends
to larger Li+(CsHe)nr1 cOmplexes. To answer this question we
optimized the structures for k:{CgHe)nt+1 cCOmMplexes, fon =
1-6. For computational efficacy we constrained the geometries
to theDgp point group, and used the density functional B3LYP/
6-31G(d) method. In these optimizations we forced all Li-X
distances in the complex to be equal. We tested this constraint
by removing it and reoptimizing the geometry ok{(CsHe)s.

population analysis. These NBO populations and charges areThe reoptimized geometry had a dissociation energy within

presented in Table 4. At the HF/6-31G(d)//MP2/6-31G(d) level,

0.0002 eV of that found for the constrained structure, and nearly
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Figure 2. Plot of the energy required to dissociate a singleCkiHs unit from the Li+(CsHe)nr1 cOmplex versus the number of Li atoms in the
complex.

TABLE 5: B3LYP/6-31G(d) Geometries and Dissociation complex,n = 2. The energy gain for adding subsequent Li
Energies (eV) for Lin(CeHe)n+1 Complexes ( = 1—6) CeHs units levels off around 0.74 eV at= 4.
complex multiplicity  r(LiX) (&)  AE®  AEg(nn-1) The total dissociation energieAEg(n) of the high-spin
Li+(CeHe)2 2 1.901 0.67 0.52 complexes converge to about 0.85 eV/Li atom. The low-spin
Lix(CeHe)3 1 1.852 1.35 0.53 states oscillate somewhat, because the doublet states consistently
Liz(CeHe)s 3 1.852 1.64 0.82 have slightly higher dissociation energies/Li atoxEE(n)/n]
t:3226:634 i i-ggg g-ig 8-;3 than the singlet states, converging+0.75 eV/Li atom. Thus,
Lij(CEH?): 1 1822 501 0.48 the stability found in the L:{CgHg), complexes extends to larger
Lia(CeHo)s 5 1.854 3.38 0.74 Lin*(CeHe)n+1 cOmplexes.
Lis(CsHe)s 2 1.851 4.12 1.06 Although we have found no previous experimental or
Lis(CeHe)s 6 1.860 4.27 0.74 theoretical studies on multidecker alkali metaenzene com-
:::22%2:3; % 1:222 g:trl’g 8:% plexes, there has been some work on multidecker transition

meta-benzene complexé$l* Specifically, dissociation ener-
2 See eq 2 for the definition okEe, and see eq 3 for the definition  gjes were predicted with density functional theory fot®Hse)o,
of AE¢(n,n—1). V2*(CeHe)3, Fe(CeHe)2, and Fe+(CeHe)s. These results differ
the same L+X distances. Thus, this constraint seems to have from our Li'(CjGHG)Z and Li-(CefHe)s results in two regards. First,
minimal effect on the final dissociation energies for the '[F;]aar;]det%eet t?]il. {gﬁl?;ggliéfiﬂzg%?'anf t%gg nllc(;r.?éal\f'o)rable
complexes fom = 2. Due to the unpaired spin on the lithium complexes vf/)hereas we found 2ththr(ispsiet state to Gbg 3more

atoms, the complexes with multiple lithium atoms can have .
several different spin states. We examined the effects of thesefavorable for Lp(CeHg)s. They also foundAE4(2,1) to be

different states by performing geometry optimizations for both S|gn:cf|car:jtlyt§maller th."fmltze(lk')o) ftor bofth VtﬁndLEe, whelr eas
the lowest and highest spin states for all complexes. In all casesvsve (.)]Hn I AeE oppgsll e lo be rgeoosr V? : C?:me EXES.
the high spin states were found to be slightly more stable than >PEccally, «(nn—1) increases by 0.3 eV from {(CeHe)

the corresponding low spin predictions. This is consistent with 5’ (I‘éz;g(:)e'_:‘gi’/w(@?f)Eegqﬁré_@ g%(zeea{fiforzy §é4He;/ Igom
i i i *\Lele)2 2°\Lel6)3, . 6I16)2
the large separation (and consequently the weak mteractlons)FQ.(CeHe)s. The findings for the V and Fe complexes are

between the lithium atoms; therefore the high spin states are ) . - L
favored in accordance with Hund'’s rule. consistent with mass spectfawhere peak intensities were
The geometries and dissociation energies for all of these smﬁ!lder lf(or compllexes I?k:ge][ t?ataeﬁgGHG)z_'lFo.r the Li
complexes are in Table 5. The dissociation energy is defined muftidecker complexes, the fac E(n’.n ) increases

before remaining nearly constant (after a slight decrease=at

as 3) suggests that larger multidecker complexes may exist for this

AE(n) = {nE[Li] + (n+1)E[CeHgl} — system. Preliminary calculations were also performed for the
© 6 Na:(CsHe)2 and K:(CgHg)2 complexes, at the B3LYP/6-31G(d)
{ElLi*(CeHe)nial}, N=1-6 (2) level of theory. StableD,, structures were found for both

. , . ) ) complexes; however, the weak dissociation energies (less than
The energy gaim\Ee(n,n—1), with addition of a LiCeHe unit 0.1 eV) minimize the likelihood of isolating these complexes
to Lin-1+(CeHe)n, is given by experimentally.

AE(n,n—1) = {E[Li-CH¢] + E[Li,_;*(CcHe)l} —

{E[Li (CeHg)al}, n=1-6 (3)
We have used quantum chemical methods to examine the
In Figure 2 we plotAE«(n,n—1) versus the number of Li  bonding in lithium-benzene sandwich compounds. The neutral
atoms in the complex. For the high spin ca&&g(1,0) is 0.52 Li+(CeHe)2 complex had a surprisingly large dissociation energy
eV andAE«(2,1) is 0.82 eV, an increase of 0.3 eV. This indicates AE, of 0.85 eV, at the G3(MP2) level of theory, and 0.84 eV,
a cooperative interaction that favors the double-decker sandwichat the B3LYP/6-31G(d) level. Short benzertgenzene distances

4. Conclusions
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of 3.546 and 3.744 A were found at the MP2(FC)/6-31G(d)

J. Phys. Chem. A, Vol. 106, No. 41, 2002537

(9) Zhengyu, Z.; Jian, X.; Chuanson, Z.; Xingming, Z.; Dongmei, D.;

and B3LYP/6-31G(d) levels, respectively, which are shorter than K€zhong, Z.Theochem1999 469, 1.

in Li*+(CgHg)2. The increased binding is due to the formation
of a charge-separated speciegHg V2—Li*—CgHg 12, having

(10) Hoshino, K.; Kurikawa, T.; Takeda, H.; Nakajima, A.; Kaya,X.
Phys. Chem1995 99, 3053.
(11) Kurikawa, T.; Takeda, H.; Nakajima, A.; Kaya, K. Phys. D1997,

fairly strong electrostatic interactions. We have extended these40, 65.

calculations out to Lg*(CsHe)7, by adding subsequent-GsHg

units. All of these compounds demonstrated strong binding

(12) Yasuike, T.; Yabushita, S. Phys. Chem. A999 103 4533.
(13) Nakajima, A.; Kaya, KJ. Phys. Chem. 200Q 104, 176.
(14) Pandey, R.; Rao, B. K.; Jena, P.; Blanco, MJAAm. Chem. Soc.

between the Li atom and the benzene rings, and converged 10,001, 123 3799

a dissociation energy of approximately 0.85 eV/Li atom, for
the high spin states, at the B3LYP/6-31G(d) level of theory.
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