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The solution behavior of [TCNE], which forms long-livingz-[TCNE]?>~ dimers, is computationally studied

by B3LYP and MCQDPT/CASSCF(2,2) calculations (a multiconfigurational quasi-degenerate perturbative
calculation using a CASSCF(2,2) wavefunction, which properly accounts for the dispersion interaction). B3LYP
calculations indicate minimum-energy [TCNE](dichloromethang)aggregates, a solvent wherd TCNE],>~

dimers are spectroscopically observed. Their existence is attributed to [TCN&jlvent interactions that
exceed the [TCNE}---[TCNE]"~ repulsion. The lowest energy minimum at the B3LYP level corresponds to
an open-shell singlet electronic structure, a metastable minimum where the shortest interei@atistance

is 5.23 A. A slightly less stable minimum is also found for the closed-shell singlet when double-occupancy
of the orbitals is imposed, but it converts into the open-shell singlet minimum when the double occupancy is
relaxed. At the MCQDPT/CASSCF(2,2) level, the only minimum is for the closed-shell singlet (24.0 kcal/
mol (101 kJ/mol) more stable than the dissociation products), consistent with experimental enthalpy of
dimerization of [TCNE]™ in dichloromethane solutions. It has an interaniorC distance of 2.75 A and is

in accord with the UV~vis experimental properties of the [TCNE]solutions.

Introduction

Organic species exhibiting unusually long, multicentered CC
bonds have been the focus of several recent stddeEhe \.-Q"
prototype, [TCNE}?>~ (TCNE = tetracyanoethylene) dimers,
forms long 2.9 A) two-electron &C bonds involving four
carbon atoms:2 The bond arises from the overlap of thg b
SOMO [TCNEJ orbitals to form bonding and antibonding
orbitals of by and by symmetry, respectively, for the [TCNE] ¢
(Figure 1), and exhibits the same electronic properties as
conventional covalent chemical bonds. To date 17 crystallo-

(b)
graphically determined structures possessing [TGNEjave Figure 1. (a) Structure of ther-[TCNE],?~ dimers; (b) bonding 2e
been reported, and the intradimer-C separation is 2.8% 4c b, HOMO of then-[TCNE],?~ dimert22

0.06 Al2aThe cations for these structures range from electro- ) ]
statically bonded T1 to noncoordinating, sterically encumber- Of purple crystals possessing [TCNE] in the 1 mM range

i ; +7 formed yellow [23,375 cm! (428 nm, 2.90 eV)] solutions of
ing cations such as [FefB,).CsHe] . 2 . . S
The solution behavior of [TCNE]~, however, is less well- [TCNE]~.** However, in accord with Le Chatalier’s principle,

established, and there are even conflicting reports about the¥PON cgoling the equilibrium shifts toward formation of
existence of [TCNE}" in solution. The initial evidence of an [TCNE],%~, and this enabled the determination of the electronic

interaction between TCNE and [TCNE]putatively forming absorption spectrum of red [TCNE] [18,940 cmi* (528 nm,
[TCNE]~ in solutiorP® was withdrawn by an authdP; 2.35 eV)] in solution. The dimerization is reversible, and Kochi

however, an EPR measured rate of electron exchange betwee@nd co-workers determined the equilibrium constant to-ge
TCNE and [TCNE]~ of order 10° M~ 5! was reported® x 1074 mol~t at 298 K in CHCI, in accord with its rapid

Recently, a more detailed reinvestigation revealed an absorptiondissociation under ambient conditions. Their 8¥is and EPR

at 7250 cmi® (1380 nm; 0.90 eV)d = 1000 cn! M~ in study of this equilibrium as a function of temperature in
MeCN that was attributed to [TCNET. But it was later found ~ dichloromethane identified anS of —41 eu and enthalpy of
that this species has a TCNE [TCNE]"~ = [TCNE]~ dissociation AH, or bond dissociation energy) 6f36.8 + 4
equilibrium constant of 0.6 M hence, [TCNE}~ prefers to kJ/mol (—8.8 + 1 kcal/mol) obtained from UVvis measure-
dissociatd? ments. Similar values cAS = —36 eu andAH = —33.1 kJ/

Experimental studié&d.11 indicate the existence of a mol (=7.9 kcal/mol_) were obtained from _the EPR measurements.
2[TCNEJ~ = [TCNE],2~ equilibrium in solution. Dissolution These values are in good agreement wiBB8 kJ/mol (-8 kcal/_
mol) reported by Chang in 19708. These thermodynamic
t Universitat de Barcelona. parameters are unaffected by the size or nature of the counterion
* University of Utah. (Na* versus EfNT); hence, the dimer stability is not signifi-
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cantly dependent on the counteriBriHowever, their thermo-
dynamic properties are strongly affected by the solvent, although
these changes occur without any detectable effect on the UV
vis properties (and consequently the structure) oftfiECNE]%~
dimers.

Theser-[TCNE],2~ dimers are diamagnetic. They also have
electronic transitions substantially different from those of the
[TCNE]"~ monomers? Furthermore, the dimer characteristic
bands are slightly blue-shifted in solution compared to those
found in the solid. This suggests that the structure of the
[TCNE],2~ dimers in solution is similar to that found in the
solid (an intradimer separation of 3.05 A is estimated for the
dimers found in solutiod! slightly above the 2.89 A mean
intradimer separation in crystafs3.

Experimental data provides evidence thaTCNE]?~
dimers exist in solution at low temperature. However, (a) the
structure of the aggregates, (b) the driving force behind their
stability, and (c) an understanding of their electronic spectra
remain pending. While experimentally these dimers in solution
have an interaction enthalpy 6f33.1 kJ/mol, computationally
an isolatedD,n -[TCNE],?~ with an intradimer separation of
3.05 A is energetically unstable against its dissociation into its
monomers by 59.8 kcal/mol (250 kJ/mol) at the B3LYP/6-
31+G(d) level, and by 37.7 kcal/mol (158 kJ/mol) at the
MCQDPT/CASSCF(2,2) level using the 6-86G(d) wavefunc-
tion (the MCQDPT/CASSCF(2,2) is a high-level multiconfigu-
rational perturbative calculation, similar to a CASPT2 calcu-
lation, which properly includes the dispersion component).

Herein, we computationally investigate the structure and
stability of the dichloromethane solvated TCNE],2~ dimers
using the B3LYP density functional, CASSCF(2,2), and MC-
QDPT/CASSCF(2,2) calculations. The origin of the stability
of the 7-[TCNE],?~ dimers in solution is identified as the
[TCNE]*~—solvent interactions, which overcompensate for the
[TCNE]*~-+<[TCNE]'~ repulsion. This is computationally dem-
onstrated for [TCNEf (solvent) aggregates, which have

minimum energy structures that are energetically stable against

their dissociation into its components. Their electronic properties
are in agreement with all available experimental data of for the
[TCNE],?>~ dimers in solution. They also have an optimum
geometry similar to that found in crystals, in accord with the
similarity in the experimental properties of the [TCNE]
dimers found in solution and in crystals.

Results and Discussion

1. Models for the Study of the Reversible Association of
[TCNE]*~ in Solution. The interaction energy curve as a
function of the shortest interfragment--@C distance for an
isolatedD,y, m-[TCNE]2~ dimer computed at the UB3LYP/6-
31+G(d) level is presented in Figure 2a. The curve is energeti-
cally destabilizing everywhere and shows no minimum at any
distance!? Despite the energetic instability of the isolated
m-[TCNE],?~ dimers, their existence in ionic crystals was
explained by the sum of the [TCNE]---cation electrostatic
interactions exceeding the sum of the [TCNE]J[TCNE]*~ and
cation--cation repulsions (Figure 2b). The presence of such
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Figure 2. (a) Interaction energy curve for the interaction of two isolated
[TCNE]*~ monomers computed at the UB3LYP/6-8G(d) and
RB3LYP/6-31G(d) levels @ andv, respectively; the two monomers
are placed in @2, symmetry). (b) Scheme of an (anigf@ation)
(left: A = anion, C= cation) and an (aniog(solvent} (right: A =
anion, S= solvent) model (wide and thin arrows represent attractive
and repulsive interactions). (c) Orbital diagram of the (ani@a}ion)
and (anionysolvent) in the region of the SOMO of the monomers (a
bonding, shown in Figure 1, and an antibonding dimer orbital are
formed). The occupation is that for a closed-shell singlet.

Mulliken population analysis) on the Katoms is 0.89 &
Therefore, K[TCNE], aggregates are an example of a (cation)
[TCNE], aggregate. Although the electrostatic component is the
most relevant to explain the stability of, RCNE], and other
similar (cation) TCNE], aggregates, the dispersion interaction
acting between the two [TCNE] anions also contributes to
the energetic stability of these aggreg@'s.However, the
(cationy[TCNE], aggregate is energetically stable even when
the anior-anion dispersion interactions are ignored (as in

energetic overcompensation was computationally demonstratedHartree-Fock calculations). Thus, the electrostatic interactions

by the existence of minimum energy (catigi)CNE], ag-
gregates:!® For instance, K[TCNE], aggregates have an
energetic stability for their dissociation into its four fragments
of —158 kcal/mol (655 kJ/mol) at the UHF/6-3G(2d,2p) level

are the main driving force behind the existence of these
aggregates.

The sub van der Waals distance between the anions in these
stable (cation)JTCNE], aggregates enables a non-negligible

(similar values were found using other methods and basis sets).overlap of the two [TCNE] SOMO orbitals. This overlap

Their fully optimized geometry is dD,, symmetry (not imposed
during the optimization), and the net charge (obtained from a

generates bonding and antibonding combinations of the two
SOMOs (Figure 2) that are similar to that found when two
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energetically stable monomers interact. As a restll,CNE],2~ tion). Therefore, only the €H---[TCNE]*~ orientations 2 and
dimers have the same bonding properties associated with4 are important for the most stable arrangements of the stable
covalent G-C bonds, except that their intrinsic stability, i.e., [TCNE],2 (solvent), aggregates.

the existence of--[TCNE],?2~ dimers, does not originate from 3. Structure of the Most Stable [TCNEL2 (solvent),

the stability of the [TCNE]---[TCNE]™ as in short distance  Aggregates.Using the aforementioned information, the smallest
c—C bonds, but from the [TCNE}"C&tiOﬂ interactions. Hence, energetica”y stable [TCNE*(SOh/ent)| aggrega’[e, i.en, was

they are long, 2-electron/4-center-C bonds. searched. Qualitative considerations suggested that the optimum

The thermodynamic properties of the dissolvefrf CNE],?~ energy will be obtained for a [TCNEJ (CH,Cl,)4 aggregate
dimers do not depend appreciably on the counterion. Along with where its four solvent molecules are placed in between the two
entropic considerations, it suggests that the presence of (gation) [TCNE]*~ radical-anions allowing each solvent to make two
[TCNE], aggregates is unlikely in solution. Thus, attractive simultaneous €H-+{[TCNE]*~ contacts. This would allow eight
interactions, different from the catioranion interactions, and  [TCNE]*--+(CH,Cl,) interactions and contribute48 kcal/mol
capable of compensating the amioanion repulsion, need to  (~200 kJ/mol), without considering cooperative effects. This
be identified. attractive energy would exceed the [TCNE}TCNE]*~ repul-

The strongest attractive interactions present in [TCNE] sion at 3.05 A, which is 37.7 kcal/mol, or 157.7 kJ/mol,
solutions, besides the catieranion interactions, are the anion ~ according to a MCQDPT/CASSCF(2,2) calculation, using the
--solvent interactions. Being of the charge-dipole type, the anion 6-31+G(d) basis set.

-*solvent interactions are a lot weaker than the cattianion To confirm that stable [TCNE}~(CH,Cl,)4 aggregates are
interactions (which are of the chargeharge type}* However, stable, (a) these aggregates should be persistent species and have
they were found to be strong enough to explain the formation stable minimum energy structures and (b) the two [TCNE]

in solution of energetically stable (catio(golvent), aggregates anions should be at a short enough distance that their two SOMO
that possess short-distance-AAu and Ag--Ag interactions orbitals can overlap. In order to evaluate if they fulfill the
between cation® This suggests that the [TCNE}--solvent minimum energy condition, a full geometry optimization of the
interactions could also energetically stablilize [TCKE]solvent), [TCNE]?>~ (CH.Cl,), aggregates was performed at the RB3LYP/
aggregates having short-distance [TCNE}TCNE]*~ interac- 6-31+G(d) and UB3LYP/6-31+G(d) levels. The RB3LYP
tions. Such an interanion short distance would allow the two calculations find a closed-shell singlet ground state for two
[TCNE]*~ SOMO orbitals to overlap, thus generating the same doublets placed at 3.05 A. However, the singlet could also be
orbital diagram found for (catioB)TCNE],?>~ aggregates (see  open-shell, a state that in many cases can only be described
Figure 2c). Consequently, stable [TCNE]solvent) and with UB3LYP (in some cases the broken-symmetry appréfach
(cationy[TCNE], aggregates should exhibit similar JWis and is required to describe an open-shell singlet at the UB3LYP
magnetic properties, probably slightly energetically shifted level, but this is not the case in this aggregate). For complete-
because the optimum [TCNE}--[TCNE]*~ distance in both ness, the open-shell triplet state at the UB3LYP level was also
aggregates will differ. The reversibility of the 2[TCNE]= computed.

[TCNE],*~ equilibrium in solution suggests a small energy  The optimum geometry for the closed- and open-shell singlets
difference between the stability of the [TCNE](solventyand  and the triplet are shown in Figure 5 (although not imposed
(2[TCNE]")(solvent), aggregates, which should be within the  qyring the optimization, the fully optimized structures present
range of the thermal energy at room temperature. Hereafter, wesmga|| deviations from aDa symmetry). At its optimum
computationally evaluate the validity of these concepts for geometry, the closed-shell singlet has an occupation of 2.0, 2.0,
dichloromethane solutions, as the most detailed experimentalg o and 0.0 for the four orbitals closest to the HOMO, while at
results were reported for this solvent. the UB3LYP level the occupation for these orbitals is 2.0, 1.62,

2. Strength and Directionality of the [TCNE]"~---Solvent 0.38, and 0.00. At the optimum open-shell singlet geometry the
Interactions. In order to find the most stable geometrical UB3LYP wavefunction has an occupation of is 2.0, 1.0, 1.0,
conformations of the [TCNE} —(solvent), aggregates, one has  and 0.0. The UB3LYP values at the closed- and open-shell

firstto determinethe moststable orientations ofthe [TCNELH,CI, optimum geometries are nearly identical to those obtained by
interactions, a prototype of weak [TCNE]--solvent interac-  doing CASSCF(2,2) calculations at these geometries: 2.0, 1.62,
tions. 0.38, and 0.0, at the optimum closed-shell geometry; 2.0, 1.02,

Using the optimum MP2/6-38G(d) geometry of the [TCNE] 0.98, and 0.0 at the optimum open-shell geometry). Thus, we
and CHCI, fragments, the BSSE-correctéd® interaction can conclude that the UB3LYP and RB3LYP methods are
energy (Figures 3 and 4) was computed at the MP2/6&3(H) describing two different electronic structures and that the
level for the most representative-El--<[TCNE]*~ and C-Cl- RB3LYP wavefunction is purely monodeterminantal while the
+«[TCNE]*~ orientations of the [TCNE]}---CH,Cl, complex. UB3LYP is multideterminantal. The minimum energy nature
In the first type of orientation (Figure 3b,c), one of the two of all geometries shown in Figure 5 was confirmed by a
C—H groups points toward the [TCNE]anion. In the second  vibrational analysis (see the Supporting Information). Although
type of orientation (Figure 4b,c), one of the-Cl groups points their geometries are similar, the shortest interanion-@©
toward the anion. All the €H---[TCNE]'~ curves (Figure 3a)  distance differs: 3.033 A in the closed-shell singlet, 5.227 A
are energetically attractive. The most stable one, with a BSSE-in the open-shell singlet, and 5.232 A in the triplet. Therefore,
corrected interaction energy ef6 kcal/mol (25 kJ/mol), is only in the closed-shell singlet are the two anions close enough
where the C-H group points collinearly toward the CN groups, to allow a non-negligible overlap of their SOMOs. Another
within the [TCNE}~ plane. On the other hand, the BSSE- concern of these B3LYP calculations is that the three minima
corrected C-Cl--[TCNE]*~ curves (Figure 4a) are in many have positive formation energy, suggesting that they are
cases repulsive, and only in few cases is a minimum found. computationally metastable, as demonstrated in Figure S1, as
But when such a minimum is found, it is only marginally stable already found in (cation)TCNE], aggregate&® This metasta-
or metastable (its energy is higher than the energy of the bility could originate in the wrong estimate that the B3LYP
dissociated fragments, and a small barrier prevents its dissociafunctional makes of the dispersion component. This possibility
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Figure 3. (a) Variation of the [TCNE} ---CH.Cl, interaction energyE) with the shortest H-[TCNE]*~ distance [, depicted in Figure 3b) when
the solvent is oriented with its-€H group pointing toward the [TCNE] anion. The results were computed at the UMP2/6-G{d) level, and the

orientations are identified as follows: 1 W, 2=0, 3= <, 4= 4, 5= @, and 6= O. (b) Geometry of the orientations for which the interaction
energy has been computed, indicating the shortes{FCNE]*~ distance.

can be checked by doing MCQDPT/CASSCF(2,2) calculations  In order to identify if the computationally predicted erroneous
on the [TCNE}?* (CHxCl,)4 aggregates. paramagnetic ground state could be corrected by including the
The shape of the potentia| energy curves for these C|osed-eﬁect of the remaining solvent molecules, the bulk solvent effect
shell and open-shell singlet states as a function of the interanionwas evaluated, using the CPCM continuous médéébr the
C—C distance was also evaluated to identify if they interconvert closed- and open-shell singlet curves (Figure 7). However, the
above a given distance. The BSSE-corrected and uncorrected’ew curves show that the bulk solvent effects are similar in
curves (computed at the RB3LYP/6-8G(d) level for the both cases; thus, the open-shell curve remains as the most stable
closed-shell singlet, and at the UB3LYP/6-3&(d) level for one.
the open-shell singlet) are shown in Figure 6. They show that, The CASSCF(2,2) and MCQDPT/CASSCF(Z3urves for
irrespectively of the BSSE error, the closed-shell singlet curve the closed-and open-shell singlet states ofthe [TGNEFH,Cly)4
does not convert into the open-shell singlet curve at large aggregate (Figure 8) were then computed using in both cases
distances. However, the two curves overlap at short distances;the 6-3HG(d) basis set. The closed-shell curves were computed
thus, the closed-shell minimum transforms into the open-shell using the optimum geometries from the RB3LYP calculations,
minimum when the double occupancy restriction of the RB3LYP while the open-shell curves were computed using the optimum
calculation is lifted. Thus, the only real minimum at the B3LYP UB3LYP/6-31+G(d) geometry. The CASSCF(2,2) curve (Fig-
level is the open-shell (paramagnétaground state. This result  ure 8a) has only one minimum of the open-shell singlet type.
contradicts the experimental observation thattH& CNE],2~ However, the MCQDPT/CASSCF(2,2) curve (Figure 8b) has
dimers have a closed-shell singlet (diamagnetic-like) ground its only minimum at 2.75 A, and is closed-shell. Thus, when
state. Note that the same erroneous result was found in thethe dispersion component is properly included (MCQDPT/
(cation}[TCNE], aggregate using the B3LYP functional. How- CASSCF(2,2) calculations), the [TCN£&}(CH.Cl.)4 aggregate
ever, this error was corrected when the dispersion energy washas a diamagnetic-like closed-singlet ground state, in good
properly accounted for by MCQDPT/CASSCF(2,2) calcula- agreement with the experimental nature of the [TCNE]
tions13 dichloromethane solutions at low temperature. The MCQDPT/
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Figure 4. (a) Variation of the [TCNE] ---CH,Cl, interaction energyH) with the shortest Ct-[TCNE]'~ distance I, depicted in Figure 4b) when
the solvent is oriented with its-©CI group pointing toward the [TCNE] anion. The results were computed at the UMP2/6-G1d) level, and
the orientations are identified as follows: =1l, 2=0,3=<,4= ¢, 5= @, and 6= O. (b) Geometry of the orientations for which the
interaction energy has been computed, indicating the shortesfTCINE]*~ distance.

CASSCF(2,2) minimum is also energetically stable,+34.0 a* SOMO orbitals. These three states differ only in the
kcal/mol (101 kJ/mol). This agrees with the experimental data, occupation of the bonding and antibonding orbitals. (Closed-
as the [TCNEJ?~ dimers only dissociate when the temperature shell singlet: two electrons in the bonding combination and none
is increased. The remaining solvent molecules that form the bulkin the antibonding. Open-shell singlet and triplet states: one
also provide an extra stabilization for these aggregates, althoughelectron in each of these two orbitals.) Therefore, the MO
this could not be evaluated at the MCQDPT/CASSCF(2,2) level. diagram of the [TCNEf~(CH.Cl,)4 aggregate is identical in
Note that this theoretical interaction energy is slightly stronger the HOMO and LUMO to that reported for (catiofl)fCNE],
than the experimentahH for the 2 [TCNE}™ = [TCNE]*~ aggregates. This explains the similarity in UVvis and
process in solution. This is expected because the theoreticalmagnetic properties of the [TCNET dimers found in solution
interaction energy refers to the energy to create the cluster fromand in crystals.
its six fragments, while the experimental energy refers to the  Finally, an AIM analysi&* of the bonds that appear in the
difference in energy between a [TCNE] aggregate and two  [TCNE],2 (CH.Cl,), aggregate was performed. The+3) bond
solvent-separated [TCNE] monomers placed in a dichlo- critical points were also located for the three states at their
romethane solution. In summary, at the MCQDPT/CASSCF- optimum geometry (Figure 5). In all cases two interanion
(2,2) level the [TCNEF(CH,Cl»)4 aggregates become persis- C::-C bond critical points are found (Figure 5). In good
tent, energetically stable species with a short interanionCC agreement with a longer-€C distance in the open-shell singlet
distance that allow the overlap of the SOMO orbitals of the and triplet states, the critical points in these two states have a
anions. much smaller computed density (2.8610~* a.u.) than the 1.35
Analysis of the electronic properties of the persistent x 1072 a.u. obtained in the closed-shell singlet. These densities
[TCNE],?> (CH,Cl,)4 aggregates was done via the similarities can be compared with those computed for theHE--N bond
withthe (cation) TCNE],?~ UV —visspectra. The [TCNEJ (CH,Cly)4 critical point in the three statesy1.16 x 1072 a.u. It is also
electronic structure can be rationalized using Figure 2c. The worth pointing that all the €-C (3,—1) bond critical points
three states studied herein have the same bonding and antiand all G-H---N bond critical points have a positive Laplacian
bonding orbitals at the BSLYP level (Figure S2) that result from (7.97 x 10~ a.u. in the G--C case, and 3.5& 1072 a.u. in
the bonding and antibonding combination of the two [TCNE]  the C—H---N case). These results are expected for the closed-
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(c) Triplet

Figure 5. Optimum geometry of the [TCNEY (CH.Cl,)4 aggregate:

(a) for the open-shell state computed at the UB3LYP/6-G{d) level

(the shortest EC distance between the anions is 5.227 A, while the
shortest G-H:+-N(TCNE") distance is 2.409 A); (b) for the closed-
shell state computed at the RB3LYP/6+43%&(d) level (the shortest-€C
distance between the anions is 3.033 A, while the shortest-©
N(TCNE") distance is 2.381 A); (c) for the open-shell state computed
at the UB3LYP/6-3%G(d) level (the shortest-€C distance between
the anions is 5.232 A, while the shortest8---N(TCNE") distance

is 2.409 A). In the three cases the position of the-@, bond critical
points is also shown (in light blue), indicating in broken lines the bonded
atoms (see text). Although no symmetry was imposed during the
optimization, all aggregates present a small deviation froD.a
symmetry.

shell singlet state. However, the presence of critical points for
the long C--C separations in the triplet and open-shell singlet
states is surprising, as no long-C bonds can be formed in

J. Phys. Chem. A, Vol. 111, No. 32, 2008025
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Figure 6. Variation of the interaction energ¥] of the closed- and
open-shell singlet of the [TCNE] (CH.Cl,), aggregate with the shortest
interanion distancedj. Two curves are shown for the closed-shell
singlet: the BSSE-corrected correctet) @nd the BSSE-uncorrected
(w) curves. Similarly, two curves are given for the open-shell singlet:
the BSSE-corrected corrected)(and the BSSE-uncorrectel)curves.

The zero of energy in these curves corresponds to the dissociation into
its six fragments at their optimum UB3LYP geometry.
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Figure 7. Variation of the solvent-corrected interaction energy ¢f

the closed- and open-shell singlet of the [TCKREJCH.Cl,), aggregate

with the shortest interanion distana.(The closed-shell singlet curve
computed at the RB3LYP level is indicated wy while that for the
open-shell singlet is indicated /. In both cases the solvent effect
was computed using the CPCM method. The zero of energy in these
curves corresponds to the dissociation into its six fragments at their
optimum UB3LYP geometry.

[TCNE],? (cation) aggregate. Further investigation of the
properties of these (3,1) bond critical points is currently under
further study and will be the subject of a further report.

Conclusions

The existence of a minimum-energy [TCNE](CH,Cl,)4
aggregate, where short distance [TCMEHimers are observed,

these states. These results suggest that in these cases the presemeeomputationally identified. These dimers can be found at the

of a (3~1) bond critical point iot a sufficientcondition for

B3LYP level, but not at the CASSCF(2,2) level. However, only

the existence of a bond, and that other conditions are alsoupon properly taking into account the dispersion energetic

required (for instance, the energetic stability of the interaction,
as required in Pauling’s definition of a boi§d Other examples
where the presence of a {31) bond critical point isnot a
sufficient condition for the existence of a bond have been
reported, but they are still the subject of discusgibAs no

component (as in MCQDPT/CASSCF(2,2) calculations) are
these dimers energetically more stable than their fragments. The
only minimum found in the potential energy curve at the
MCQDPT/CASSCF(2,2) level has its two [TCNEJfragments
separated by 2.75 A, a distance where the SOMOs of these two

overcrowding or steric factors are relevant in this aggregate, it anions can overlap and have all the features of a long, 2-electron/
is a clear example that the existence of a-(B) critical point 4-center C-C bond. They are observed at low temperature and
is not a sufficient condition for the presence of a bond. It is under the proper concentration conditions. Therefore, these
also worth mentioning that a similar conclusion was reached [TCNE],>~(CH,Cl,)4 aggregates can explain all the experimen-
when analyzing the (3;1) bond critical points found in the tally known properties of the [TCNE] salts in dichloromethane.
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Figure 8. Variation of the interaction energye) computed for the
[TCNE]2~(CH.Cl,), aggregate with the shortest interanion distae (
Top, a: CASSCF(2,2) curve. Bottom, b: MCQDPT/CASSCF(2,2)
curve. Note the effect of dispersion (not included in CASSCF(2,2)
calculations) in changing the minimum of the curve. The zero of energy

in these curves corresponds to the dissociation into its six fragments at

their optimum UB3LYP geometry.

Itis alsoworth mentioning thatthe existence of [TCRE|CH.Cly)4
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