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Solid-State Adducts between Cg, and Decamethylferrocene
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Co-deposition from concentrated solutions of Cgy and
Fe[C5(CHj)s], affords two solid products in different yields.
The major product 1, in the form of regular shaped crystals,
has been investigated by X-ray diffraction, *C CPMAS NMR
and vibrational spectroscopy, which showed it to be a co-
crystalline adduct of Cgy and Fe[C5(CHz)s], with no signific-
ant electron charge transfer between the two building

blocks. The minor product 2, in the form of an amorphous
powder, has been investigated by vibrational techniques.
Both IR and Raman spectra are consistent with a solid struc-
ture in which electron transfer between the two units appears
to be possible.

((© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2003)

Introduction

Interesting chemical and physical properties indicate ful-
lerene Cgq to be a useful building block for the preparation
of new materials with particular electronic and magnetic
properties.l! 74 C4 behaves as a mild electron acceptor, cap-
able of incorporating up to six electrons in the cagel®# and
of forming salts with several inorganic and organic cat-
ions.”! The most fascinating example of these species are
the alkali metal salts M,,Cgy, which show superconductivity
properties at quite high temperatures.['0~11]

On the other hand, Cg, can form molecular adducts with
several organic and organometallic electron donors
D,l>7221 giving rise to molecular charge-transfer (CT)
complexes D, (Cg). Presumably, there is no neat distinction
between ionic complexes and CT molecular complexes, in
that the formally neutral systems probably imply some elec-
tron transfer from the donors to Cg, through m-stacking
interactions, particularly favourable when the donor ex-
hibits a largely delocalised n-structure. It might be expected
that even a fractional electron transfer should change the
spectroscopic (vibrational and magnetic) properties of both
the donor and the Cg, acceptor. Spectroscopic data on Cg
and its anions are available in the literature, and while they
usually indicate that the effect of the charge on the cage is
not very evident, careful study can allow their extents to be
estimated.[>>727] A clear example is given by the ionic salt
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[TDAE]*[Cso]- [TDAE = tetrakis(dimethylamino)ethy-
lene]: the transfer of one electron from TDAE to Cg, has
been associated with subtle modification of the Raman
spectrum of Cg itself.?®! A parallel opportunity is offered
by changes in the spectroscopic properties of the donor mo-
lecule as a consequence of electron transfer.*”]

On the basis of our knowledge of the metallocene
complexes and their cations, primarily ferrocene (Fc) and
decamethylferrocene (*Fc),%311 we performed the reaction
between Cgy and *Fc, and the products have been charac-
terised by vibrational and NMR spectroscopy and, when
possible, by X-ray diffraction methods. The results, also in
comparison with the spectroscopic data concerning the
well-known Cgo(Fc),,['4 form the object of this paper.

Results and Discussion
Adduct 1

Description of the Structure

The main features of the crystal structure of the adduct
1 are illustrated in Figures 1 and 2. The Cgy, molecule sits
with the centre of the “ball” on a crystallographic inversion
centre. There are two different types of *Fc molecules: one
(molecule A with Fel atom) in a general position and one
(molecule B with Fe2 atom) with the iron atom sitting on a
crystallographic inversion centre. Both rings of molecule A
(Figure 1) face two pentagons of the fullerene, in an almost
staggered way, and without relevant side shift. On the other
hand, molecules B form unconnected layers between the
layers of Cgo[*Fco(A)] complexes (Figure 2). In these last
layers, each fullerene molecule is surrounded by four
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Figure 1. The two different staggered facings of the two *Cp moiet-
ies linked to Fel and Fel’ (molecule A) with the five-membered
rings of fullerene

Figure 2. Crystal packing of adduct 1, showing both the interacting
(A) and the non-interacting (B) *Fc molecules in the unit cell

*Fc(A) molecules. The facing of the two rings of molecule A
is rather different: one is almost parallel to the pentagon of
the Cg ring [dihedral angle 4.7(8)°], with a centre-to-centre
distance of 3.26(1) A, while the other is tilted by 14.0(8)°,
with a centre-to-centre distance of 3.35(1) A. The values of
the centre-to-centre distances are typical of m interactions
between aromatic molecules and are in keeping with the
interplane distance of 3.35 A in graphite. The facing is sta-
bilised by a number of weak C—H-n interactions between
methyl hydrogen atoms and fullerene six-membered rings.
The shortest distances are found for hydrogen atoms linked
to C17 [distance from H to the centre of the ring: 2.94(3)
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A] and to C18 [distance from H to the centre of the ring:
2.80(3) A], belonging to the cyclopentadienyl ring most
tilted with respect to the fullerene pentagon. This may sug-
gest that the tilting allows better anchoring of the ring to
Cso, hindering its free rotation as a sort of a wedge. All
other “H-to-ring” distances are greater than 3.0 A.

The geometry of the fullerene molecule shows the usual
bimodal distribution of the C—C distances: the average
hexagon—hexagon bond is 1.39(1) A, while the average
hexagon—pentagon bond is 1.45(1) A. The distances be-
tween the centre of the ball and the 30 independent carbon
atoms vary from 3.53(1) to 3.56(1) A. An analysis of the
distances between the centre of the ball and the 30 inde-
pendent carbon atoms does not indicate any systematic de-
formation, such as is found in the ionic structure of decame-
thylnickelocenium fulleride.[>?

The crystal structure of 1 is quite different from that of
the C¢oFc, adduct,l'* in which only one ring of the single
ferrocene molecule faces (with a sideways slipping of 0.8 A)
a fullerene pentagon in an almost eclipsed way.

In order to carry out a more accurate comparison of
the *Fc molecules in 1 with the same molecule alone, we
also redetermined the crystal structure of *Fc, at 150 K.
However, the resulting resolved structure did not substan-
tially differ from that reported by Freyberg et al.,3? which
was carried out at room temperature. The molecule has a
C,;, crystallographic site symmetry with the iron atom sit-
ting on an inversion centre, and so the two cyclopentadienyl
rings must be exactly staggered. The three independent
Fe—C, C—-C, and C—CHj; distances and the C—C—-C
angles differ by less than 3o and their average values are
reported in Table 1. With respect to the plane through the
five-membered rings, the methyl carbon atoms are slightly
(about 0.06 A) displaced in the direction away from the
central Fe atom. In all the methyl groups, two hydrogen
atoms point towards the Fe and are relatively close to the
cyclopentadienyl plane, while the third H sticks out of the
plane away from the Fe. This pattern was also found in a
series of Fe(Me,RCp), derivatives.[33-34

The two different *Fc molecules in compound 1 are
somewhat less regular than in *Fc alone; nevertheless, aver-
age values of selected distances and angles are very similar
in the two structures. Table 1 summarises the most signific-
ant distance and angle values for A and B in 1, in compar-
ison with those in *Fc. The disposition of the methyl groups

Table 1. Main geometrical parameters of the *Fc moiety from the crystal structure of adduct 1, in comparison with *Fc alone

. Adduct 1 — molecule A Adduct 1 — molecule B *Fc
Distance [A] Minimum Maximum Average Minimum Maximum Average Average
Fe—C 2.038(6) 2.068(6) 2.053(6) 2.035(7) 2.063(7) 2.047(7) 2.053(2)
Cc-C 1.417(9) 1.437(9) 1.428(9) 1.397(10) 1.440(10) 1.416(10) 1.430(3)
C—-CH; 1.489(9) 1.519(9) 1.508(9) 1.477(10) 1.529(10) 1.509(11) 1.500(3)
Angle [°]
c-Cc-C 107.3(6) 109.0(6) 108.0(6) 105.5(7) 109.2(7) 108.0(7) 108.0(2)
Eur. J. Inorg. Chem. 2003, 1186—1192 1187
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is similar to that found in *Fc alone, and their deviations
from the cyclopentadienyl plane are also of the same order
of magnitude and in the same direction.

Solid-State '3C NMR

The '3C CPMAS spectrum of 1 shows the presence of
five resonances, at 6 = 142.1, 79.9, 79.3, 78.8, and 10.8
ppm. The low-field resonance falls in the range typical of
the Cgo peak. The fact that all 60 carbon atoms are equiva-
lent indicates that rapid isotropic motion of Cg, on the
NMR timescale is occurring in the solid at room
temperature.?>~3¢1 This result is apparently in conflict with
the X-ray data, which allow complete refinement of the ful-
lerene structure, but one should consider the different meas-
urement temperatures and the different timescales involved
in X-ray and NMR analyses.?”) Unfortunately, further at-
tempts to observe the static 1*C CPMAS spectrum at low
temperature were precluded by the low signal/noise ratio,
probably due to the increasing of relaxation times with de-
creasing temperature.

The three resonances in the range 6 = 70—80 ppm can
readily be assigned to the cyclopentadienyl carbon atoms.
Bearing in mind that inequivalences in the solid state can
arise from the crystal packing, these data are in full agree-
ment with the solid-state structure, which shows the pres-
ence of three different environments for the *Cp rings. The
single resonance found for each *Cp ligand in the '*C
CPMAS spectrum is an indication that the rings are in a
fast rearrangement process in the solid state. As previously
shown in the case of *Fc,[3 the dynamic process corre-
sponds to a rotation of the *Cp rings in the planes perpen-
dicular to their Cs coordination axes. Finally, the resonance
at higher field appears as a broad signal due to partial over-
lapping of the slightly different methyl ligands.

Vibrational Spectra

The infrared and Raman features of adduct 1 are nearly
coincident with those of the two separated components, as
Figures 3 and 4 clearly show. Table 2 reports the frequency
values and the assignments. In particular, neither the differ-
ent crystallographic position of the *Fc molecules, nor the
different orientations of the *Cp rings strongly affect the
vibrational behaviour.

Adduct 2

The adduct 2 was always obtained only in trace amounts,
as a faint light brown powder accompanying the crystals of
adduct 1. Any attempt to recrystallise the powder failed:
the result was the recovery of the starting components. The
only reliable experimental data that we were able to obtain
are the infrared and Raman spectra in the solid state. Al-
though the vibrational patterns of *Fc and Cgy would not
be expected to change greatly as a consequence of electron
transfer,3% a careful examination finds significant differ-
ences. First of all, the v(CH) pattern is significantly shifted
towards higher frequency by ca. 6—8 cm ™! and it is surpris-
ingly similar to that of the adduct [*Fc][TCNE] (TCNE =
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Figure 4. Raman spectra (crystals) of (a) adduct 1, (b) *Fc, (c) Cgg

tetracyanoethylene), for which an ionic structure is pro-
posed.[*1 In a recent study on the spectra of permethylated
metallocene complexes we proposed the shift of the v(CH)
modes as a measure of the positive charge on the metallo-
cene unit.B’! In order to allow a quantitative estimate of
this effect, we compared the frequency of the most intense
Raman band in this region, which ranges from 2894 and
2895 cm ™! for *Fc and adduct 1 to 2904 cm ™! for adduct
2,t0 2919 cm ™! for the TCNE adduct, and up to 2926 cm ™!
for the PF4~ salt. The same trend is shown by the 8(CHjs)
symmetric mode, the frequency of which (1384 cm™')
is close to those in [*Fc]"[TCNE]~ (1386 cm™') and
[*Fc]'[PF¢]~ (av. 1385 cm™!) and significantly different
from those of *Fc (av. 1375 cm ') and adduct 1 (av. 1372
cm ™).

Even more interesting is the Raman pattern between 1600
and 1350 cm~!. This includes some &(CH;) and v(CC)

Eur. J. Inorg. Chem. 2003, 1186—1192



Solid-State Adducts between Cg and Decamethylferrocene

FULL PAPER

Table 2. Infrared and Raman frequencies [cm~!] and assignment
of the vibrational modes of adduct 1

Infrared Raman Assignments
2963 m 2967 w Vas(C—H)
2942 m 2944 m Vas(C—H)
2895 s, br 2898 s vs(C—H)
2852 m 2852 m, sh 26(CH3)
2713 w 2710 vw 26(CH3)
1573 m Ceo (Hy)
1477 w ca. 1476 w, br. 3.5(CH3)
1466 m C60 (Alg)
1449 w ca. 1445 w 3.5(CH3)
1427 m C60 (Tlu)
1423 m 3.5s(CH3)/Iv(C=C)
1385 m Ss(CH3)/v(C=C)
ca. 1375 m, sh 54(CH3)
1371 s ca. 1370 w, sh 3s(CH3)
1364 m ds (CH3)
1182 m C60 (Tlu)
1072 w v(C—CH;)
1027 s 1032 w p(CH;)
772 w C60 (Tlg)
674 w
587 s Cp ring breathing
577 m Ceo (T1y)
547 m asym. tilt(Cp—Fe—Cp)
528 s Coo (T1u)
495 m C60 (Alg)
453 m, br 450 w Vas(Cp—Fe)
431 w Ceo (Hy)
381 vw 375w sym. tilt(Cp—Fe—Cp)
ca. 284 w
272 m Ceo (Hy)
179 s vs(Cp—Fe)
165 s vi(Cp—Fe)

modes of *Fc and the highest frequency modes — Hg(8),
Hg(7), and A4(2) — of Cgp. In Figure 5 the Raman spectrum
of adduct 2 is compared with those of *Fc and Cgp: the
difference in the frequency and in the shape of the bands is
clearly evident. More informative data can be obtained by
a deconvolution of the spectral pattern between 1550 and
1350 cm~!. Figure 6 shows the experimentally measured
spectrum and the fitted curve obtained as a sum of five
mixed Lorentzian/Gaussian curves centred at 1475, 1451,
1423, 1384, and 1367 cm™~!. The good quality of the match-
ing between the experimentally measured and the fitted
curve is shown by the value of the correlation coefficient
(0.99857). The band at 1451 cm™! is attributable to the
A,(2) mode of Cq (the others are *Fc modes). The Hy(8)
mode appears at 1562 cm ™ '.[*!] These modes show signific-
ant low-energy shifts of 12 and 16 cm™' for H, and A,,
respectively. Other Cqo modes show similar shifts: such as
A,, from 495 to 486 cm ™!, and H,, from 271 to 249 cm ™.
In addition, the bands of adduct 2 are clearly broadened
with respect to those of Cg [e.g., the full width at half max-
imum (fwhm) of the A4 (2) mode is ca. 22 cm ™! for adduct
2 and ca. 6 cm ! for Cg, alone]. Both effects have been
already reported for the compound Cg/TDAE and ascribed
to electron-transfer from TDAE to Cg,.[?81 All the vibra-
tional data and assignments are listed in Table 3.
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Figure 5. Raman spectra (crystals) in the 1600—1000 cm ™! range
for (a) adduct 2, (b) *Fc, (c) Cqgg
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Figure 6. Deconvolution of the Raman band pattern in the
1500—1300 cm ™! range for the adduct 2; the solid line is the experi-
mentally measured spectrum; the small dashed lines are the
individual fitted curves and the dots indicate the resultant fitted
curve

A Comparison with Fc,Cgy Adduct

The molecular structure of this adduct was described al-
most ten years ago.l'¥ The crystal packing of the Fc molec-
ules is simpler than that shown in adduct 1. Only one Fc
molecule in a general crystallographic position is present

1189



FULL PAPER

A. Arrais, E. Diana, R. Gobetto, M. Milanesio, D. Viterbo, P. L. Stanghellini

Table 3. Infrared and Raman frequencies [cm™!] and assignment
of the vibrational modes of adduct 2

Infrared Raman Assignments
2960 m 2966 m Vas(C—H)
2945 w, sh Vas(C—H)
2902 m, br. 2904 vs v(C—H)
2854 w 2851 w, sh 26(CHs)
1562 m, br. Ceo (Hyp)
ca. 1475 m, sh v(C=0C)
1451 s CGO (Alg)
1428 s Coo (T1u)
1423 m 3.5s(CH3)/Iv(C=C)
1383 s 1384 w 3.5s(CH3)/Iv(C=C)
1367 w Ss(CH3)/v(C=C)
1182 m C60 (Tlu)
1027 m 1034 w, br. p(CHs)
991 w
858 W, br. C60 (Tlg)
708 w
674 w
586's Cp ring breathing
576 m Ceo (T1y)
546 m asym. tilt(Cp—Fe—Cp)
526 vs C60 (Tlu)
486 m, br. C60 (A]g)
454 m, br. 447 w Vas(Cp—Fe)
374 m symm. tilt(Cp—Fe—Cp)
ca. 282 w, br.
229 w
177 s, sh vs(Cp—Fe)
164 s vs(Cp—Fe)

and only one Cp ring faces one of the Cq, pentagons. We
explored its spectroscopic features further.

The '3C CPMAS spectrum is consistent with the crystal
structure. Two peaks of equal intensity at 8 = 71.09 and
72.20 ppm are attributable to the cyclopentadienyl carbon
atoms. The splitting of the expected unique peak is consist-
ent with the different environments of the two rings, due to
the proximity of one ring to the C¢, cage. A resonance at
d = 144.43 ppm is attributable to the Cgq, carbon atoms.
The narrowness of the peak and the absence of spinning
side bands confirm the high mobility of the fullerene molec-
ule at room temperature.

At very first sight, the infrared and Raman spectra ap-
pear as a simple superpositions of the spectra of the single
components, but careful inspection reveals that some spec-
tral features differ significantly, in that the bands show
small frequency shifts or changes in their relative intensities.
This is particularly evident in the 3200—3000 cm™ !,
900—800 cm ™!, and 500—300 cm ! regions, which are typ-
ical of the v(CH), y(CH), and Fe—ring stretching modes.
Not surprisingly, they belong to the vibrations that, more
than the others, are involved in possible interactions be-
tween the Cp rings and fullerene. See, for instance, Figure 7,
which shows the spectra of Fc and Fc,Cg in the low-wave-
number region. The intensity and the frequency of the
infrared and Raman features corresponding to the skeletal
motion of the Fc unit in the Fc,Cgo adduct are significantly
different from those of Fc alone, presumably reflecting the
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Figure 7. Infrared (top curves, KBr disk) and Raman (bottom
curves, crystals) spectra of Fc,Cgy adduct (a) and Fc (b); the bands
marked with * correspond to Cgo modes

interaction of one Cp ring with Cgy. On the other hand, the
bands of the Cgy component also show small but significant
changes with respect to those of the free Cqy. Thus, the
Raman feature at 493 cm™!, the totally symmetric A,
breathing mode of the cage,[*>*3 which can be expected to
interact with the sym. Cp—Fe—Cp stretching, is clearly
shifted (2.5 cm™!). In addition, the band at 1464 cm ™!, re-
garded as a measure of electron transfer from the donor
metallocene to Cgp, shows a small (4 cm™!) low-energy
shift. Other figures (Figures S1 and S2), illustrating selected
regions of the spectra, and a table (Table S1), listing the
frequency data and assignment, are included as Supporting
Information (see also footnote on the first page of this art-
icle).

Conclusion

The formation of co-crystals of organic and organo-
metallic species with fullerene molecules is governed both
by structural and by electronic aspects: a curved surface of
co-blocks*# allows a better fit in the formation of a solid-
state complex structure, and the interaction of the electron
acceptor Cgy with good electron-donating systems is ther-
modynamically favoured. Nevertheless, the fullerene species
exhibit behaviour determined by the aromatic character of
its bonds and, like planar aromatic molecules, are able to
enter into intermolecular interactions through the 7 elec-
tron density, without net electron transfer between the Cgq
and a donor molecule. For example, the Cg, benzene
solvatel*! can be viewed as a co-crystal between Cg, and
CeHg. The benzene rings are parallel to the surface of the
Ceo and lie over the (6,6) bond, where the electron density
is most localized. Similarly, the facing of the pentagonal
ring of Cgq with the five-carbon ring of the permethylated

Eur. J. Inorg. Chem. 2003, 1186—1192
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ferrocene may suggest an interaction between the HOMO
of the *Fc and the LUMO of Cg,.

While 1 is undoubtedly a molecular adduct, the vibra-
tional data suggest that the minor product 2 has an ionic
structure, similar to those of Cp*,Mn/Cg,, Cp*,Ni/Cgp, and
bis(toluene),Cr/Cg(.[*®! In the absence of any other experi-
mental support, we are confident that the vibrational beha-
viour is a strong indicator of the charge transfer between
the donor and the acceptor molecules, as it has been
demonstrated for Ce*® and *FcB!, separately linked to
other species. In this light, the spectra also suggest a small
degree of electron transfer from Fc to Cgy in the Fc,Cgg
molecular adduct.

Experimental Section

Reactants and Solvents: All manipulations were performed by
standard Schlenk techniques under an inert gas. Cq, was purchased
from Hoechst and used without further purification. *Fc (Aldrich)
was purified by sublimation. The solvents were distilled from so-
dium (benzene and toluene) or P4,O;( (1,2-dichlorobenzene) and
then stored under argon.

Synthesis of Adducts of *Fc and Cgy: The preparation of intermol-
ecular adducts of Cg is influenced by the starting material’s low
solubility. Solvents able to dissolve both *Fc and Cg significantly
are benzene, toluene, and 1,2-dichlorobenzene. Any attempted co-
crystallisation in these solvents by changing the stoichiometric ratio
between *Fc and Cg, always gave the same results: well-shaped,
black crystals of adduct 1, mixed with a small amount of light
brown powder identified as the adduct 2. In a typical preparation,
Ceo (50 mg, 0.069 mmol) was dissolved in benzene (35 mL) in a
Schlenk tube and mixed with *Fc (45 mg, 0.14 mmol), previously
dissolved in a few drops of benzene. The solution was slowly con-
centrated under an inert gas in a dry-box. After concentration, a
thin layer of light brown dust mixed with black, lustrous crystals
had deposited on the wall of the tube. The excess of deposited *Fc
was removed by sublimation. The two compounds were mechanic-
ally separated from the solid mixture. Shiny black crystals of ad-
duct 1 suitable for X-ray analysis were obtained by recrystallization
of a 1,2-dichlorobenzene solution of the crude product at —30 °C.

X-ray Crystal Structure Analyses: Crystallographic data and details
of data collection and refinement for adduct 1 and *Fcl*7l are given
in Table 4. Both sets of data collection were carried out with a four-
circle automatic diffractometer at 150 K. Structure solutions were
obtained by direct methods and refinements by full-matrix, least
squares on F> (non-H atoms with anisotropic displacement para-
meters, H atoms geometrically positioned and treated as riding
atoms). The computer programs used were: XSCANSA®I for data
collection, SIR92 for structure solution, SHELXL-975% for
structure refinement and MOLDRAWPH and XPB? for graphic
analysis.

NMR Spectra: The 13C CPMAS spectrum was acquired with a Jeol
GSE-270 spectrometer operating at 67.8 MHz. The MAS rotor was
spun with air at ca. 5.2 kHz, the contact time was 3.5 ms and the
recycle delay 10 s. The Hartmann—Hann condition was optimised
with hexamethylbenzene. '3C chemical shifts are given in ppm from
external tetramethylsilane reference.

Infrared Spectra: The infrared spectra were collected with a Bruker
Equinox 55 FT-IR spectrophotometer, with a resolution of 2 cm™!
and an average 64 scans.

Eur. J. Inorg. Chem. 2003, 1186—1192
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Table 4. Crystal data and structure refinement parameters for ad-

duct 1 and *Fc¢

Compound Adduct 1 *Fc

Empirical formula (Cy20HgoFe3)/2 C,oHj30Fe

Formula mass 849.74 326.29

Crystal system monoclinic orthorhombic

Space group P2,/c Cmca

a[A] 10.287(11) 15.113(4)

b [A] 20.199(14) 11.592(3)

¢ [A] 19.932(17) 9.958(3)

B[] 100.29(4) 90

VA3 4075(6) 1744.5(8)

V4 4 4

F(000) 1776 704

Density (caled.) 1.385 1.242

[gem™]

Temperature [K] 150(2)

Diffractometer Siemens P4

Radiation . 0.71073

(graph-monochr.) [A]

Absorption coefficient 0.584 0.857

[mm™']

Crystal size [mm] 0.20%x0.23x0.48 0.22X0.44x0.46

Colour black orange

Shape prism prism

Scan method ®

Scan speed [°/min] variable: 3.0—20.0

Scan range [°] 0.90 1.40

0 range [°] 1.5-25.0 1.5-35.0

Index ranges —-6=h=12, 0=h=24,
—6=k=24, 0=k=18,
—4=]=<23 -16=1/=0

Reflections collected 5869 1995

Independent reflections 5750 1981

Absorption correction n/a n/a

Refinement method

Observed reflections

Full-matrix,
least-squares on |F,|?

3086 [1 > 26(])]

1354 [1 > 26(1)]

Data/restraints/ 5750/0/556 1981/0/62
parameters
Goodness of fit on |F,|* 1.088 1.040
R indices [I > 20(1)] R1 = 0.0621, R1 = 0.0470,
wR2 = 0.1194 wR2 = 0.1006
R indices (all data) R1 = 0.1543, R1 = 0.0841,
wR2 = 0.1647 wR2 = 0.1159
Largest diff. peak and ~ 0.439, —0.436 0.590, —0.715
hole [e:A 7]
Weight (calculated) w = U[c>(|Fol?) +
(gP’* + qP),
P = (|Ff + 2IFP)/3
g = 0.054, g = 0.049,
q = 3.352 q = 1.030

Raman Spectra:The Raman spectra were collected with a Bruker
RFS 100 FT Raman spectrophotometer, by use of NIR laser radi-
ation at 1064 nm and a Ge diode (laser power 100 mW, res. 4
cm™!). To minimize decomposition of the sample, the complexes
were sealed in capillary glass tubes under nitrogen. Adduct 2, which
shows a significant fluorescence background, required low laser
power (30 mW) and an average of 2000 scans, obtained by a se-
quence of several scan-packets (50—100 scans each) to give a
good spectrum.
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