J

AICIS

COMMUNICATIONS

Published on Web 06/26/2002

The Reversible Formation of a Single-Bonded (C
Transfer Complex: Cp* ,Cr-Cgo(CeH4Cl),. The Molecular Structure of (C

60 )2 Dimer in lonic Charge
60 )2

Dmitri V. Konarev,*T Salavat S. Khasanov,* Akihiro Otsuka, and Gunzi Saito*
Division of Chemistry, Graduate School of Science, Kyotaéhsity, Sakyo-ku, Kyoto 606-8502, Japan

Received February 19, 2002

Fullerenes have two most interesting features: namely, the ability

to be reduced to the anions from-1o 6—! and to form covalent

bonds between fullerene molecules in a charged state, under

pressure or irradiatiof.

By now the quasi-one-dimensional bridgeghC the quasi-one-
dimensional bridged £&°~ as well as the two-dimensional bridged
Cso*~ structures have been discovered in fullerene salts with alkali
metals? Cgo in the neutral state forms a g}, dimer32The (G )2
dimers are only found in the metastable phase of@g$° and in
ionic ToLCr-Cgo (Tol,Cr = bis(toluene)chromiund), the structures
of which were studied by X-ray powder diffraction. The calculations
show that the single-bonded ¢£), dimer with C;;, symmetry is
the most stable configuratidn.

Decamethylmetallocenes (G") have a strong donor ability
and can be used for the preparation of ionic complexes with
fullerenes. As a result Cp€o is suitable for the preparation of a
dianionic salt of Gy,>2and Cp%Ni yields the ionic Cp3Ni-CsrCS.°

Figure 1. ORTEP drawing of the structure of (&), dimer in1 at 100 K.

Under cooling, a reversible structural transformation takes place
at around 220 K, accompanied with the unit cell multiplication.
The low-temperature (LT) structure &f was studied at 100 K. In
contrast to the RT configuration, thesdZ forms single-bonded
(Cs0 )2 dimers (Figure 1). Even though a disorder in the fullerene
part was still observed, the structure could be solved correctly. The

In all these complexes, the fullerene species exist in a monomericdisordered (G ), dimers are fixed in two orientations linked one

form. In this report we describe the reversible formation of a
single-bonded (657). dimer in the ionic complex of g with
decamethylchromocene (Gfr), the molecular structure of which
was first determined by the X-ray diffraction on a single crystal.

Cp*2Cr-Ceo(CsH4Clo)2 (1) was obtained under anaerobic condi-
tions by the diffusion of hexane in 1,2-dichlorobenzengHsCl,)
containing Go and an equimolar amount of Cy&r.

The IR spectrum of at room temperature (RT) shows the ionic
ground state of the complex. ththe R,(4) Cso mode, which is

to another by the rotation around the long axis of a dumbbel {&
with an angle of about 142 The occupancy factors are 0.75 and
0.25.

The (Go ). configuration has & symmetry, as was predicted
from the calculationd.The average bond angle of 10%r sp?
carbons is close to the tetrahedral geometry. The length of-tise 6
and 6-5 bonds (excluding the bonds with®sarbons) are averaged
to 1.391 (21) and 1.445 (21) A, respectively. The length of the
intercage G-C bond (1.597(7) A) is longer than that for the normal

the most sensitive to the charge transfer to fullerene molecule, shiftsC—C bond between $pcarbons (1.541(3) R)but close to the

by 36 cnr! relative to the starting &3 (1429 cnt?) to 1393 cnl.
Previously studied RbCgy~ salt has a position of ;15(4) mode
close to this at 1392 cm.62 Three other G F1,(1—3) modes (527,
577, and 1181 cr, respectively) remain at their position; however,
the intensity of the (2) mode is essentially increased relative to

predicted one (1.618 A The intercage center-to-center distance
in the dimer is equal to 9.28 A. For comparison, in the dimer phase
of Rb-Cg this distance was found to be9.34 A3t

One can expect that the single-bondegy({> dimer in1is less
stable than the neutral g}, dimer where double covalent bonding

that of Ry(1) mode. The bands at 437, 1021, 1380, 1434, and 1474 of a noticeably shorter length (1.575(7)%pccurs through [2+

cm ! are ascribed to CpE€r. The shift of the band of neutral Cf&r
from 418 to 437 cm' in 1 shows the formation of CpErt.5 The
band with the maximum at 1080 nm is observed in the NIR
spectrum ofl measured in KBr pellet. This band is characteristic
of Cgo'~ radical aniong. The absence of any additional bands in
the IR spectrum which usually appear with the dimerization or
polymerization of fulleride’ indicates the monomeric state ofgC

at RT.

The RT structure ofl’ contains orientationally disordered
fullerene molecules but well-ordered Gt units. The Gg'~
forms the uniform zigzag chains ibwith the shortest center-to-
center distance of about 10.11 A.
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2] cycloaddition. Indeed, the dissociation temperature of the charged
(Cs07)2 dimer, 206-220 K, is essentially lower than that of the
neutral (Go), dimer, 423-448 K32 The estimated intercage<C
bond dissociation energy of 6& 4 kJ mol! also indicates a
weakness of this bond in the £), dimer.

The whole packing of the complex may be described as a
honeycomb network in which (), dimers are held together by
Cp*,Crt cations to form large continuous channels (Figure 2). The
channels pass along the [101] direction and are occupieddy-C
Cl, solvent molecules. The dimers have several shortened contacts
with each other in the columns along the [101] direction (the shortest
distance= 3.266(6) A) and G center-to-center distance between
adjacent dimers= 9.91 A) and with Cp3Cr (the shortest distance
= 3.049(6) A). It should be noted that the dimer [101] columns
are the result of the dimerization of thed/C uniform zigzag chains
of the RT structure.

10.1021/ja0202614 CCC: $22.00 © 2002 American Chemical Society
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Figure 2. The crystal structure of Cp€r-Cso(CsH4Clp)2 (1) at 100 K
viewed down the [101] direction. The dimers are shown in their major
orientation. The dashed ellipses show the channels containingHy€CG
molecules, which are not shown.
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Figure 3. The dependence of the magnetic momest) vs temperature
for polycrystallinel between 300 and 1.9 K. The behavior is reversible.

The magnetic susceptibility df is measured in the 36aL.9 K
range (Figure 3). The magnetic moment is equal to 426t RT.
Thus, both spins from CpErt (S = 3/,) and G¢~ (S = )
contribute to the magnetic susceptibility (the spin-only value
expected for a noninteractir§= 3/, 1/, system is 4.2%sz). The
steplike and reversible change of the magnetic momettfodm
4.20 to 3.88uz is detected in the 236200 K range, below which
the magnetic moment is defined only by the spins from Cp*

(the expected value for the noninteractiBg= 3, system is 3.87
ug). Thus, the change of the magnetic momert ofearly indicates

the disappearance of the contribution @fC spins consistent with

the formation of the diamagnetic {&£), dimers. This situation is
similar to that in the ionic TelCr-Cgg in which the dimerization of
Cso'~ at 250 K results in a step decrease of the magnetic moment
from 2.5 to 1.72ug.3¢ The decrease of the magnetic momeni of

at a temperature lower than 30 K (Figure 3) indicates the weak
antiferromagnetic interaction between G@¥" spins. The spin
ordering, however, is not observed down to 1.9 K.

1is EPR-silent at RT. By analogy with ionic €FPP"(Cgss ™)
(THF); (CrTPP= tetraphenyl-2H,23H-porphinato chromium, and
THF = tetrahydrofuran) which is also EPR-sil&hie can deduce
that the interaction of g~ with Cp*,Cr" leads to an EPR-silent,
integral-spin species via a magnetic coupling. By cooling the sample
a new signal appears at 22000 K in the EPR spectrum. This
signal is asymmetric witly; = 3.974 withAH = 7.0 mT andgy, =
2.013 withAH = 5.5 mT at 4 K and is ambiguously ascribed to
Cp*,Crt with S= 3/, ground stated; = 4.02 (1) and g= 2.001
(1) for (Cp%Cr")(PRK") in the solid stat®). The parameters

(g-factor and half-width) of the EPR signal from G&r" only
weakly depend on the temperature between 4 and 200 K.

Since the appearance of the EPR signal from/Cp* and the
disappearance of the magnetic moment ascribedgto ©ccur
simultaneously, we can conclude that the formation of diamagnetic
(Cs0 )2 dimers breakdowns the magnetic coupling betweggn C
and Cp%Crt and leads to the formation of odd-spin EPR-active
species containing paramagnetic gpf and diamagnetic (§)2.

A somewhat similar effect has been observed in the ionic
TDAE*"-Cs¢'~ (TDAE = tetrakis(dimethylamino)ethylene) in which
the polymerization of g~ under pressure>10 kbar) results in
the appearance of the EPR signal from TDAE

In conclusion, a new ionic complex ofgEwith decamethyl-
chromocene: CpCr-Ceo(CeH4Cly), (1) is obtained as single
crystals. The ionic ground state of the complex is confirmed by
the IR- and NIR-spectra. The fullerides are monomerit at RT,
whereas they form single-bondedg(C), dimers at 100 K. The
length of the intercage €C bond is 1.597(7) A, and the
interfullerene distance is equal to 9.28 A. The phase transition
resulting in the G~ dimerization is observed in the 22Q00 K
range, the transformation being reversible. The transition is ac-
companied by changes in the unit cell parameters, the decrease of
the magnetic moment from 4.2 (S= 3/, 1/,) to 3.88up (S=
3/,), and the appearance of an EPR signal from £p*, simulta-
neously. The two latter effects are the result of the quenching of
magnetism by the formation of diamagneticsQ, dimers. The
(Cs07)2 dimers are also formed in similar ionic B@lr-Cgo with
short distances between the centers gf 0(9.97 A)3¢ Thus, the
Cso~ can dimerize reversibly in the ionic complexes in which the
distances betweengg&™ are rather short.
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