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A new ionic multi-component complex (OMTTF·I3)·C60 comprising neutral C60 molecules and OMTTF•+ and I3− ions has been obtain
y the diffusion method. The complex has a layered structure with the alternation of closely packed hexagonal C60 layers and the laye
omposed of OMTTF•+ and I3− ions arranged in a chequer-like manner. The polycrystalline complex shows a strongly asymmetric EP
onsisting of four components in the 4–293 K range attributable to OMTTF•+. Temperature dependent magnetic susceptibility indicat
ntiferromagnetic interaction of spins localized on OMTTF•+ with an antiferromagnetic hump near 4.5 K. According to the one-dimens
eisenberg antiferromagnet model the exchange interaction was estimated to beJ/kB =−3.3 K. Two possible pathways contribute to t

nteraction: through the diamagnetic I3
− anions and the direct interaction between adjacent OMTTF•+. The crystal structures of three pha

f the OMTTF·I3 salt are also presented.
2005 Elsevier B.V. All rights reserved.

. Introduction

Donor–acceptor complexes of fullerenes show intrigu-
ng optical [1], conducting and magnetic properties
2–4]. However, fullerenes are relatively weak acceptors
E0/− =−0.44 V versus SCE for C60 [5]) and form mainly
eutral solid complexes with organic donors (D1): amines

6], aromatic hydrocarbons[7,8], substituted tetrathiaful-
alenes [9,10], porphyrins [11,12] and others[10]. We
eveloped a multi-component approach, which allows the
reparation of fullerene complexes with radical cations
f organic donors such as substituted tetrathiafulvalenes.

∗ Corresponding author. Fax: +7 096 515 54 20.
∗∗ Corresponding author. Fax: +81 75 754 40 35.

E-mail addresses:konarev@icp.ac.ru (D.V. Konarev),
aito@kuchem.kyoto-u.ac.jp (G. Saito).

Previously we developed two synthetic procedures to pre
such complexes. Two phases of{(BEDT-TTF•+)·(I3−)}·C60
(bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF)) w
prepared by the recrystallization of the BEDT-TTF·I3.5
salt from a saturated C60 benzonitrile/o-dichlorobenzen
solution [13] and by the diffusion of acetonitrile solutio
of I2 into a toluene/o-dichlorobenzene solution containi
C60 and BEDT-TTF[14]. (BEDT-TTF·I3)·C60 is a layered
compound, in which closely packed C60 layers alternate wit
the layers composed of BEDT-TTF•+ and I3− ions [14].
To expand a range of multi-component ionic complexe
fullerenes we used another substituted tetrathiafulva
namely octamethylenetetrathiafulvalene (OMTTF) cont
ing only four sulfur atoms instead of eight ones in BEDT-T
Here we report the synthesis, crystal structure, optica
magnetic properties of{(OMTTF•+)·(I3−)}·C60 (1) as well
as the crystal structures of three phases of (OMTTF•+)·(I3−)

379-6779/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. The view of the crystal structure of1 along theb-axis.

salt (2–4). IR-, UV–vis–NIR-, EPR spectra and the data of
magnetic susceptibility measurements for1 are discussed.

2. Results and discussion

The crystals of (OMTTF·I3)·C60 (1) were prepared by the
diffusion method. OMTTF·I3 salt is essentially more soluble
in acetonitrile than BEDT-TTF·I3. Because of this, the use
of pure acetonitrile in the synthesis provided the formation
of a mixture of pure C60 crystals and different phases of the
OMTTF·I3 salt. Acetonitrile was mixed with toluene at a

3:1 volume ratio to lower solubility of OMTTF·I3, and in
this case only complex1 crystallized during diffusion. The
diffusion of acetonitrile solution of I2 into a toluene solution
of OMTTF afforded crystals of the OMTTF·I3 salt, whose
three phases (2–4) were separated according to the shape
under a microscope.

1 is isomorphous to (BEDT-TTF·I3)·C60 [14]. According
to single crystal X-ray diffraction data for1, C60, OMTTF•+

and I3− are fully ordered and reside in special positions on
two-fold axes (Fig. 1). Densely packed hexagonal C60 lay-
ers are parallel to thebc-plane and alternate with the ionic
layers composed of OMTTF•+ and I3− ions. The distances

F ions on d
l

ig. 2. The projection of the ionic layers in1 containing OMTTF•+ and I3−
ines.
thebc-plane. The S· · ·I van der Waals contacts (<4̊A) are shown by dashe
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Fig. 3. The shortened van der Waals contacts between OMTTF•+ and I3− ions and neutral C60 molecule in1 (dashed lines).

between the adjacent C60 layers are 14.83̊A. Within the layer
each C60 molecule has six neighbors with the center-to-
center distances equal to 9.94 (four neighbors) and 9.99Å
(two neighbors) and the van der Waals C· · ·C contacts in
the 3.12–3.51̊A range. OMTTF•+ and I3− ions arrange in
the ionic layers in a chequer-like manner. The C· · ·C and
C· · ·S contacts between the adjacent OMTTF•+ are larger
than 3.7Å. Nevertheless, OMTTF•+ alternates with I3− ions
along theb-axis and forms van der Waals S· · ·I contacts in
the 3.85–3.91̊A range (Fig. 2, dashed lines).

Neutral C60 layers, and ionic OMTTF•+·I3− layers are
held together by van der Waals forces (Fig. 3). OMTTF•+

forms van der Waals contacts only with two fullerene
molecules (the second C60 molecule is not depicted in
Fig. 3), whereas BEDT-TTF•+ forms such contacts with six
fullerene molecules in (BEDT-TTF·I3)·C60 [14]. The S and
C(OMTTF•+)· · ·C(C60) contacts lie in the 3.37–3.78 and
3.20–3.40̊A range, respectively. Linear I3

− anions extend
into the cavities in the C60 layer and form van der Waals con-
tacts with two fullerene molecules (the I· · ·C distances are
3.70–3.95̊A) (Fig. 3).

OMTTF•+ has an almost planar shape in1. However,
the formation of short contacts with a spherical fullerene
molecule results in some deviations from planarity. The cen-
tral S4C2 fragment is not fully planar and twisted about
t nes
f d
o e
t iffer-
e

in OMTTF•+ of 1.398(4)Å is close to that in HMTTF•+ in
HMTTF·I3 (1.400(12) and 1.382(16)̊A [15]). Thus, the struc-
tural data indicate approximately +1 charge on the OMTTF
molecule.

It is interesting to compare the crystal structure of1
with that of a neutral OMTTF·C60·C6H6 complex[9]. The
latter complex has a layered structure with the alternation of
closely packed C60 layers and the layers composed of neutral
OMTTF and solvent C6H6 molecules. However, the OMTTF
and C6H6 molecules form uniform chains passing along the
a-axis[9]. The chequered packing motif in1 is probably more
favorable for the electrostatic interaction between OMTTF•+

and I3− ions. The similarity of the crystal structures of1 and
OMTTF·C60·C6H6 is associated with similar nearly planar
geometry of OMTTF in neutral and charged forms in the
complexes with C60. On the contrary, the crystal structure of
ionic (BEDT-TTF·I3)·C60 [14] is completely different from
that of neutral (BEDT-TTF)2·C60 [16] since BEDT-TTF
is planar in a charged form and can essentially bend in
a neutral state when forming a complexe with C60. The
formation of a multi-component ionic complex of C60 with
OMTTF•+ can be considered as a substitution of a solvent
molecule in a neutral complex by oxidant (I3

−) in solution.
Previously, the doping of some solvent-containing C60
complexes by iodine vapor also resulted in the substitution
o ation
o
t hyl-
t ver,
c ably
he central CC bond. A torsion angle between two pla
ormed by two S2C fragments is 171.7◦. The six-membere
uter rings of OMTTF•+ have “twist” conformation, wher

wo carbon atoms of the ethylene group are located on d
nt sides of the C4S2C plane. The central CC bond length
f solvent molecules and was accompanied by the form
f ionic multi-component complexes:{(D•+)·(Ix−)}·C60 (D,

etraphenyldipyranylidene; tetramethylenedithiadimet
etrathiafulvalene and dibenzotetrathiafulvalene). Howe
rystalline materials cannot be prepared by doping prob
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Fig. 4. The view of the crystal structure of2 along theb-axis.

due to a non-uniform distribution of iodine in crystals
[17].

We solved crystal structures of three phases of the
OMTTF·I3 salt additionally to that of1 (Figs. 4 (2), 5 (3)
and6 (4)). Previously the crystal structure of iodine radical
cation salt of hexamethylenetetrathiafulvalene, HMTTF·I3
was studied[15]. However, the crystal structure of the
OMTTF·I3 salt has not been solved yet.

OMTTF•+ forms�-dimers in2 and3. The central S4C2
fragments of OMTTF•+ in such dimers are almost parallel
(the corresponding dihedral angles are 0 (2) and 2.1◦ (3))
and form van der Waals S· · ·S and C· · ·C contacts of about
3.36Å in 2, and 3.31̊A in 3.

In the crystal structure of2 the layers parallel to the
ab-plane can be outlined (Fig. 4, layer). Within these layers
�-dimers from OMTTF•+ alternate with the linear I3

−

ystal st
Fig. 5. The view of the cr
 ructure of3 along thea-axis.
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Fig. 6. The view of the crystal structure of4 along thec-axis.

anions in a chequered manner. As this takes place, the I3
−

anions are parallel to the central CC bond of OMTTF•+ and
form several S· · ·I contacts of 3.84–3.94̊A length. The other
type I3− anions positioned between the layers are oriented
perpendicular to the central CC bond of OMTTF•+ and
form no shortened contacts with them.

Similar ionic layers are also formed in3 and are
arranged parallel to theab-plane. The different orientation
of OMTTF•+ and I3− ions in the adjacent layer relative to
thec-axis allows layersA andB to be distinguished (Fig. 5).
The I3− anions within the layersA andB arrange parallel to
the central CC bond of OMTTF•+ and form S· · ·I contacts
of 3.82–4.10̊A length. The I3− anions positioned outside the
layers form separate zig-zag chains passing along thea-axis.
These anions form no shortened contacts with OMTTF•+.

Geometry of OMTTF•+ in 2 and3 is different from that
in 1 since OMTTF•+ is slightly bent with a dihedral angle
between the central planar S4C2 fragment and the planes of
outer S2C4 fragments of 7.9 and 9.8◦ for 2and 7.1 and 9.0◦ for
3. The outer six-membered rings of OMTTF•+ have “boat”
conformation, when both carbon atoms of disordered ethy-
lene groups are located on the same side (above or below) of
the C4S2C plane. The central CC length bond in OMTTF is
1.394(2)Å in 2 and 1.387(2)̊A in 3 indicating approximately
+1 charge on the molecule.

The crystal structure of4contains uniform separate stacks
o
T
c
a ,
w
l r
C ist”
c

O
s e
U
o d
b
(
h rre-
s are
p

D and E, respectively) in different salts containing +1
charged OMTTF: OMTTF·Br, (OMTTF)2·[Ni(dto)2] (dto:
dithiooxalate)[18]. Similar bands are also revealed in the
spectrum of2 (16.0 and 22× 103 cm−1, Fig. 7a) and 1
(16 and 23× 103 cm−1, Fig. 7b). Broad absorption with
the maximum near 11× 103 cm−1 in the spectrum of2
(Fig. 7a, CT1) most probably originates from intermolecular
transitions between OMTTF•+ in the �-dimers. Other
OMTTF salts containing such dimers manifest this band
at 11.5× 103 cm−1 [18]. Since the OMTTF•+ radical
cations are isolated from each other in1, the CT1 band is
absent in the spectrum (Fig. 7b). The spectrum of neutral
OMTTF·C60·C6H6 also contains an additional low-energy
band at 10.9× 103 cm−1 (Fig. 7c, CT2) attributed to CT
from neutral OMTTF to C60 molecules[9] and a band at
21.2× 103 cm−1 (Fig. 7c, CT3), which can be attributed to
intermolecular CT between neighboring C60 molecules[19].
The latter band is characteristic of complexes with closely
packed C60 molecules[10,20] and can also contribute to
the absorption band at 23× 103 cm−1 in the spectrum of1
(these transitions are possible both in OMTTF·C60·C6H6
and1 containing closely packed C60 layers).

The IR-spectrum of1 indicates the presence of neutral C60
(526, 576, 1182 and 1427 cm−1) and the OMTTF•+ radical
cation (460, 813, 988, 1074, 1171, 1236, 1262, 1326, 1348,
1442 and 1537 cm−1). The OMTTF·I salt (2) has close posi-

F
(
5

f OMTTF•+ and I3− ions passing along thec-axis (Fig. 6).
here is no overlapping between the OMTTF•+ radical
ations (the shortest intermolecular S· · ·S contacts >3.98̊A)
nd I3− ions (the I· · ·I contacts >5.73̊A) in the stacks
hereas multiple van der Waals S· · ·I contacts of 3.91–4.10̊A

ength are formed between the stacks. OMTTF•+ has a plana
12S4 fragment with outer ethylene carbon atoms in “tw
onformation. The central CC bond length is 1.401(2)̊A.

The UV–vis–NIR spectra of (OMTTF·I3)·C60 (1),
MTTF·I3 (2) and neutral OMTTF·C60·C6H6 [9] are

hown for comparison inFig. 7a–c. The bands in th
V-range at 38.3 and 29.7× 103 cm−1 in the spectrum
f 1 (Fig. 7b) are attributed to C60. Closely positione
ands were also observed for neutral OMTTF·C60·C6H6
37.2 and 29.2× 103 cm−1, Fig. 7c) [9]. OMTTF•+

as two characteristic bands in the visible range co
ponding to intramolecular transitions. These bands
ositoned at 17.0–17.6 and 23.4–24.5× 103 cm−1 (bands
3

ig. 7. UV–vis–NIR optical absorption spectra of OMTTF·I3 (2)
a); (OMTTF·I3)·C60 (1) (b) and OMTTF·C60·C6H6 [9] (c) in the
–42× 103 cm−1 range in KBr pellets.
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Fig. 8. EPR spectrum of polycrystalline OMTTF·I3·C60 (1) at 250 K (a) and
below is the simulation of the signal by four Lorentzian lines (b).

tions of the absorption bands in the IR-spectrum (461, 811,
992, 1074, 1236, 1260, 1331, 1344, 1418, 1457, 1540 and
1554 cm−1).

Polycrystalline1 shows a strongly asymmetric EPR sig-
nal, which can be simulated by four Lorentzian lines with
g-factors: g1 = 2.0067 (the line halfwidth�H= 0.34 mT),
g2 = 2.0095 (�H= 0.63 mT), g3 = 2.0137 (�H= 0.71 mT),
and g4 = 2.0172 (�H= 0.34 mT) at 250 K (Fig. 8). This
signal can be attributed to OMTTF•+. Related polycrys-
talline (BEDT-TTF·I3)·C60 has a symmetric single line
with g= 2.0074 (�H= 2.3 mT) at room temperature and
g= 2.0074 (�H= 2.0 mT) at 77 K [14]. Decreasing tem-
perature does not change the shape of the signal of
1 and the line halfwidths of the Lorentzian compo-
nents. The spectrum of1 at 5 K can be simulated by
four Lorentzian lines withg1 = 2.0072 (�H= 0.36 mT),
g2 = 2.0109 (�H= 0.78 mT), g3 = 2.0153 (�H= 0.50 mT)
andg4 = 2.0177 (�H= 0.27 mT).

The temperature dependence of magnetic susceptibility of
1 shows the Curie–Weiss behavior with the Weiss constant
of Θ =−2.7 K (above 20 K) indicating a weak antiferro-
magnetic interaction of spins.Fig. 9 represents a portion of
theT dependence of susceptibility for1 in the 100 - 1.9 K
range. Susceptibility attains the maximum at 4.5 K and then
decreases with temperature. This hump can be attributed
to an antiferromagnetic interaction of spins localized on

Fig. 9. Temperature dependence of molar magnetic susceptibility of 1 in the
1.9–100 K range in the applied field 100 mT. The solid line denotes theo-
retical fitting according to the one-dimensional Heisenberg antiferromagnet
model[21].

OMTTF•+. The fitting of the data by the one-dimensional
Heisenberg antiferromagnet model in the 100–1.9 K range
allows the estimation of the exchange interaction between
OMTTF•+ spins withJ/kB =−3.3 K (Fig. 9). The fitting of
the data by the two-dimensional Heisenberg antiferromagnet
model is in a poorer agreement with experiment.

To estimate possible pathways for the antiferromagnetic
exchange interaction between OMTTF•+ spins we calcu-
lated intermolecular overlap integrals based on an extended
Hückel method within the ionic layers formed by OMTTF•+

and I3− and arranged parallel to thebc-plane (Fig. 10). An
obvious interaction is observed between OMTTF•+ and I3−
in the transverse directions at the same height along theb-axis
(p1 and p2 inFig. 10). The other weak, but non-negligible
interactions were obtained among adjacent OMTTF•+ rad-
ical cations in the diagonal direction (q1 and q2 inFig. 10).
Thus, there are two possible ways for a one-dimensional
antiferromagnetic interaction between OMTTF•+ spins,
though it is not clear what interaction dominates: either
through the diamagnetic I3

− anions or directly between each
other.

Complex 1 is a semiconductor with room-temperature
conductivityσ = 10−5 S cm−1. Such conductivity is charac-
teristic of simple salts with full +1 charge on the molecule
[15,22,23]and is close to that of (BEDT-TTF·I3)·C60 [14].

F r in1. P F
ig. 10. Overlap integrals between OMTTF•+ and I3− ions within the laye
 rojection is approximately parallel to the molecular long axis of OMTT•+.
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3. Conclusion

A new multi-component C60 complex containing
OMTTF•+ radical cations and the I3

− anions was obtained
by the diffusion method.1 is specified by a layered structure
with closely packed hexagonal neutral C60 layers and ionic
OMTTF•+ and I3− layers. Two types of layers are held
together by van der Waals forces. Electrostatic interaction
plays an important role within the ionic layers and provides
a chequered arrangement of the ions similar to that for
ionic layers in simple fullerene free OMTTF·I3 salts (2 and
3). Complex1 is isomorphous to previously characterized
(BEDT-TTF·I3)·C60. However, a smaller number of sulfur
atoms in OMTTF results in the essential decrease in a num-
ber of van der Waals contacts between C60 and OMTTF•+.
The crystal structure of1 is similar to that of neutral
OMTTF·C60·C6H6. The positions of solvent C6H6 molecules
in OMTTF·C60·C6H6 and the I3− anions in1 are close, and
the synthesis of an ionic multi-component complex can be
considered as a substitution of solvent molecules by oxidant
(I2) in the solution synthesis. Previously such a substitution
was realized by a doping of neutral complexes containing
solvent by iodine vapor. However, crystalline materials
cannot be prepared by this method. According to EPR and
magnetic susceptibility measurements spins are localized in
1 on OMTTF•+ and show weak antiferromagnetic coupling
( of
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independent diamagnetic susceptibility (χ0) were subtracted
from the experimental values. The values ofC, Θ andχ0
were calculated from the high-temperature range using the
appropriate formula:χM =C/(T− Θ) +χ0. The molecular
overlap integrals (S) in 1 were obtained from the structure
of ionic layer in1 at 120 K by applying the simple extended
Hückel method[24]. The extended Ḧuckel parameters for
iodine atom were taken from Summerville and Hoffmann
[25], while those for carbon, hydrogen and sulfur atoms
were taken from Mori et al.[24].

4.3. Synthesis

The crystals of (OMTTF·I3)·C60 (1) were obtained by a
slow diffusion of acetonitrile/toluene (3/1) solution (20 mL)
of I2 (21 mg, 0.083 mmol) into the toluene solution (20 mL),
containing C60 (20 mg, 0.027 mmol) and OMTTF (17 mg,
0.054 mmol) at a 1:2 molar ratio. Diffusion was carried
out in a glass tube of 1.5 cm diameter and 40 mL volume
with a ground glass plug. After 1 month the crystals of1
formed on the wall of the tube. The solvent was decanted
and the crystals were washed with acetonitrile yielding black
elongated plates up to 2 mm× 0.6 mm× 0.1 mm size with
70% yield. The composition of1 was determined from the
elemental analysis and was justified by the X-ray diffraction.
Found, C = 62.28%; H = 1.78%; S = 9.24%; I = 26.44%;
C
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the Weiss constant is−2.7 K) that results in the decrease
agnetic susceptibility below 4.5 K. Two possible pathw

ontribute to the one-dimensional exchange interac
hrough the diamagnetic I3

− anions and the direct interacti
etween adjacent OMTTF•+. Both pathways provide a rath

arge distance between spins localized on OMTTF•+ and
s a result, the observed antiferromagnetic interactio
elatively weak with the exchange interactionJ/kB =−3.3 K.

. Experimental

.1. Materials

C60 of 99.98% purity was used from MTR Ltd. Tolue
C6H5Me) was distilled over Na/benzophenone in the ar
tmosphere. Acetonitrile (CH3CN) was distilled over CaH2,
2O5 and K2CO3 under argon.

.2. General

FT IR spectra were measured in KBr pellets wit
erkin-Elmer 1000 Series spectrometer (400–7800 cm−1).
V–vis–NIR spectra were measured on a Shimadzu-
pectrometer in the 220–1600 nm range. EPR spectra
ecorded down to 4 K with a JEOL JES-TE 200 X-band E
pectrometer equipped with a JEOL ES-CT470 cryosta
uantum Design MPMS-XL SQUID magnetometer w
sed to measure static susceptibilities between 300
.9 K. A sample holder contribution and core tempera
alc. C = 62.90%; H = 1.13%; S = 9.04%; I = 26.93%.
The crystals of OMTTF·I3 were obtained by the diffusio

ethod. The solution of I2 (36.5 mg, 0.096 mmol) in aceton
rile diffuses into the toluene solution of OMTTF (30 m
.144 mmol). After 1 month the crystals formed on the w
f the tube. The solvent was decanted and the crystals
ashed with hexane yielding black parallelograms (2) up to
mm× 0.3 mm× 0.3 mm size with 40% yield. The seco
nd third phases were obtained in the same synthesis as
ated parallelepipeds with 10% yield (3) and black prism
ith 30% yield (4). The crystals of2–4were separated und
icroscope according to the shape. The composition o

omplexes was determined from the X-ray diffraction a
sis on a single crystal.

.4. X-ray crystallography

Crystal data for1: C74H16I3S4, Mr = 1413.81, black
rystal size (0.6× 0.3× 0.1) mm−3, monoclinic, C2/c
= 29.662(3),b= 9.988(1),c= 17.189(1)Å, β = 116.190(3)◦
= 4569.7(7)Å3, Dc = 2.06 g cm−1, Z= 4, T= 120(2) K,
bsorption coefficient 2.29 mm−1,F(0 0 0) = 2732. The leas
quare refinement onF2 was done toR1 = 0.0338 for
704 observed reflections with [F2 > 2σ(F2)], wR2 = 0.089,
ata/restrains/parameters 4088/827/368, final GoF = 1
CDC reference number is 259895.
Crystal data for2: C14H16I3S4, Mr = 693.21, black

rystal size (0.5× 0.12× 0.06) mm−3, monoclinic, C2/m
= 16.670(1),b= 9.180(1),c= 14.426(1)Å, β = 112.411(3

˚ , V= 2041.3(3)Å3, Dc = 2.26 g cm−1, Z= 4, T= 293(2) K,
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absorption coefficient 5.00 mm−1,F(0 0 0) = 1292. The least-
square refinement onF2 was done toR1 = 0.035 for
1871 observed reflections with [F2 > 2σ(F2)], wR2 = 0.09,
data/restrains/parameters 2164/0/135, final GoF = 1.113,
CCDC reference number is 259893.

Crystal data for3: C14H16I3S4, Mr = 693.21, black,
crystal size (0.4× 0.12× 0.05) mm−3, orthorombic, C2221,
a= 9.581(4), b= 15.824(6), c= 26.594(4)Å, V= 4031.9
(6)Å3, Dc = 2.28 g cm−1, Z= 8, T= 293(2) K, absorption
coefficient 5.06 mm−1, F(0 0 0) = 2584. The least-square
refinement onF2 was done toR1 = 0.0335 for 2020
observed reflections with [F2 > 2σ(F2)], wR2 = 0.086,
data/restrains/parameters 2176/12/215, final GoF = 1.078,
CCDC reference number is 259894.

Crystal data for4: C14H16I3S4, Mr = 693.21, black,
crystal size (0.4× 0.18× 0.14) mm−3, monoclinic, C2/m,
a= 7.7696(8),b= 25.2965(15),c= 5.7335(6)Å, β = 118.871
(7)◦, V= 986.8(2)Å3, Dc = 2.33 g cm−1, Z= 2,T= 293(2) K,
absorption coefficient 5.17 mm−1, F(0 0 0) = 646. The
least-square refinement onF2 was done toR1 = 0.0166 for
723 observed reflections with [F2 > 2σ(F2)], wR2 = 0.0391,
data/restrains/parameters 848/0/52, final GoF = 1.078,
CCDC reference number is 259892.

The intensity data for the structural analysis were collected
for 1–3 on a MAC Science DIP-2020K oscillator type X-
r -
c K
r g
t
f and
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