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The diferrous complex [Fey(acpypentO)(NCO)z] (1),
(acpypentO~ = the anion of 1,5-bis[2-pyridyl(1-ethylimino)]-
pentane-3-ol) was studied by spectroscopic (dual-mode X-
band EPR and >’Fe-Méssbauer) and magnetic (AC magnetic
susceptibility) techniques. Complex 1 (A. K. Boudalis et al.,
Inorg. Chem. 2004, 43, 1574) was previously shown to exhibit
an intramolecular ferromagnetic coupling with important sin-
gle-ion anisotropies with marked differences in the single-
ion electronic parameters of the two iron sites. In this contri-
bution, additional studies are carried out to probe its dynamic
magnetic properties. Mossbauer spectra recorded at liquid
helium temperatures indicate slow paramagnetic relaxation
and a ground state of the system characterized by a non-
Kramers doublet with an Ising-type anisotropy, a condition
which favours single-molecule magnet (SMM) behaviour. A

frequency-dependent out-of-phase signal observed below
3 K in AC susceptibility measurements is in line with such a
picture. The out-of-phase signal, however, is relatively weak
in comparison with the in-phase signal. Dual mode X-band
EPR spectroscopy revealed characteristic signals, the analy-
sis of which suggests inhomogeneities in the system. For
some molecules, the splitting A, of the non-Kramers ground
doublet is vanishingly small, which gives rise to out-of-phase
signals in AC susceptibility measurements and magnetically
split Mossbauer spectra in the absence of external magnetic
fields. Other molecules, however, are characterized by a non-
negligible Ay, which gives rise to the dual mode X-band EPR
signals. For these molecules the magnetic relaxation is fast.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

Introduction

Molecule-based magnetic materials have been a field of
intense scientific research during the past decades. A reason
for their increasing interest both to chemists and physicists
is that molecular objects like complexes (0D) or chains
(1D), which otherwise are best described by quantum me-
chanics, display phenomena like slow magnetic relaxation,
usually seen in classical magnetic materials. These classical
phenomena are observed alongside purely quantum phe-
nomena like quantum tunnelling of the magnetization
(QTM) thus bridging the classical (macroscopic) and the
quantum (microscopic) worlds. In this field, single-molecule
magnets (SMMs) and single-chain magnets (SCMs) are
classes of molecules that have generated much excitement
because they exhibit both slow magnetic relaxation and
Arrhenius kinetics due to strong uniaxial anisotropy, with-
out experiencing 3D magnetic ordering.

Since the first observation of the SMM phenomenon for
the dodecanuclear manganese cluster [Mn,0,,(0,CMe),4-
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(H,0),4], many other clusters have been shown to exhibit
the same phenomenon, with nuclearities reaching 84, as ob-
served in the giant {Mng,}[!! torus reported by Christou et
al. The maximum ground spin-state ever attained is 83/2
reported for a {Mn,o} complex by Powell et al.””l However,
smaller molecules have been reported to exhibit slow relax-
ation of their magnetization, like mononuclear Co''*4 and
Ln"™ (Ln = Tb, Dy) complexes® or dinuclear Fe!l[©]
Mn" 7T THM_Cu"®] and Fe"-Dy™P! clusters. These spe-
cies are particularly interesting as their small size allows us
to study their electronic properties with exact methods, and
fewer approximations. It is thus possible to correlate their
observable behaviour with more fundamental parameters
and to subsequently gain insight into the behaviour of
larger systems. Moreover, they allow us to envisage applica-
tions concerning memory recording at the smallest scale.['”]

Dinuclear complexes comprising high-spin ferrous ions
have been synthesized and studied as synthetic models for
the active sites of metalloenzymes.[''] In a number of cases,
ferromagnetic interactions have been observed that result in
magnetic ground states.'?) Moreover, electron paramagnetic
resonance (EPR) and Mossbauer spectroscopy indicate that
the ground state is characterized by a non-Kramers doublet
with an Ising-type magnetic anisotropy. This special feature,
in combination with the relatively large spin, is one of the
requirements for a molecule to exhibit single-molecule mag-
netic behaviour.

@ nierscience



FULL PAPER

A. K. Boudalis, Y. Sanakis, J. M. Clemente-Juan, A. Mari, J.-P. Tuchagues

Recently, we reported the synthesis and physical charac-
terization of a series of polynuclear Fe'' complexes includ-
ing the dinuclear species [Fe,(acpypentO)(NCO);] (1),
where acpypentO~ is the anion of 1,5-bis[2-pyridyl(1-eth-
ylimino)]pentane-3-ol (Figure 1). This complex was found
to contain two pentacoordinate Fe!! ions bridged by one
alkoxido oxygen belonging to the ligand, and one end-on
cyanato anion. Analysis of the thermal variation of the yy 7T
product of 1 indicated that the two S = 2 spins are ferro-
magnetically coupled with J = 3cm™!. In addition, the
analysis of the magnetic susceptibility measurements indi-
cated the critical involvement of zero-field splitting interac-
tions. Under appropriate conditions, these interactions
might eventually lead to an important anisotropy of the
ground state. Indeed, the two Fe'! ions showed important
differences in their axial and rhombic single-ion aniso-
tropies with D; = 1.6 cm™!, E; =-0.35ecm™' (4, =0.22cm ™)
and D, =-122cm™, E; = 1.1 em™! (A, = 0.09 cm™).

Figure 1. Molecular structure of complex 1.

With these in mind, we considered it worthy to examine
the properties of the ground state of this system in more
detail and to monitor its dynamic magnetic properties at
low temperatures. Taking into account the ferrous nature
and the high reactivity of this dinuclear complex with di-
oxygen, we considered Mossbauer and X-band EPR (L and
| modes) spectroscopy to be the most appropriate tech-
niques for elucidating the properties of its ground state.

Mossbauer Spectroscopy

The Mossbauer spectra at temperatures above liquid ni-
trogen consist of two quadrupole-split doublets attributed
to the two different irons sites of the molecule. At 78 K, the
two ferrous sites are characterized by §, = 1.0l mms™!,
AEqg; = 227mms! and d, = 1.0lmms’!, AEy =
3.38 mms '.['3] The temperature dependence of the isomer
shifts above 78 K is attributed to the second-order Doppler
effect whereas the dependence of the quadrupole splitting
values is typical for high-spin ferrous ions.

In the present work, we study spectra recorded at tem-
peratures below 78 K. Representative spectra are shown in
Figure 2. In the temperature range 10-78 K, there is no sig-
nificant variation of the doublets: the two sites exhibit al-
most temperature-independent isomer shifts and quadru-
pole splittings. For temperatures below 10 K, the spectra
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exhibit line-broadening and a spectrum with magnetic fea-
tures is observed at 4.2 K. These spectra look slightly dif-
ferent from those recorded previously!!3! essentially because
of a remarkable sensitivity related to a strong dependence
of the relaxation times on temperature below 7 K.
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Figure 2. Zero-field M&ssbauer spectra from a powdered sample of
1 at liquid helium temperatures.

From DC magnetic susceptibility measurements, no evi-
dence for long-range effects were observed, which suggests
that the magnetically split spectrum at 4.2 K is due to slow
paramagnetic relaxation. The Mdssbauer spectra are in line
with the magnetic susceptibility measurements, which indi-
cate ferromagnetic coupling between the ferrous ions. In the
case of antiferromagnetic coupling, the ground state would
be diamagnetic (St = 0) and quadrupole-split doublets
would be observed in zero-field at liquid helium tempera-
tures. The magnetic ground state of 1 is further supported
by spectra recorded in the presence of applied magnetic
fields.

Figure 3 shows the Mdssbauer spectra of a powdered
sample of 1 in the presence of external magnetic fields up
to 5.0 T applied perpendicularly to the y-rays. Clearly, the
magnetically perturbed spectra are incompatible with an St
= 0 ground state.['*d] Useful information may be derived by
considering the dependence of the spectra on the strength
of the applied magnetic field. This can be visualized by fol-
lowing the shift of the absorption peak at ca. —4.5 mms™!
in the zero-field spectrum. This peak does not shift further
to more negative velocities under a 0.55 T field, but its in-
tensity increases. For higher magnetic fields, this peak shifts
inwards, which indicates that the external magnetic field op-
poses the intrinsic one. This indicates that the internal mag-
netic field has reached saturation for a relatively small exter-
nal magnetic field (vide infra). This overall behaviour im-
plies a number of properties regarding the nature of the
electronic ground state of the system as commented next.

The 37Fe Mossbauer spectra of high-spin ferrous com-
pounds usually exhibit fast spin relaxation even at liquid
helium temperatures and in such a case quadrupole-split
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Figure 3. Mossbauer spectra of a powdered sample of 1 at 4.2 K in
the absence and in the presence of external magnetic fields applied
perpendicular to the y-rays. Continuous lines are theoretical simu-
lations obtained by assuming two different ferrous sites as de-
scribed in the text. The contribution of each site is shown sepa-
rately.

doublets are observed. However, slow paramagnetic relax-
ation effects were observed in the spectra of a number of
high-spin ferrous compounds.'*! The magnetic spectra re-
sulting from paramagnetic relaxation are related with non-
Kramers doublets exhibiting a significant Ising-type anisot-
ropy. The magnetically split spectra at zero external mag-
netic field are due to mixing between the electronic and nu-
clear spin states.['>] On the contrary, the Mdssbauer spectra
associated with singlets from such systems consist of quad-
rupole-split doublets.['®) The non-Kramers character of the
ground state with an Ising-type anisotropy is further sup-
ported by simulations of the Mdssbauer spectra described
in a subsequent section.

Dynamic Magnetic Properties

The Mossbauer spectroscopic results presented above
indicate that the ground state of complex 1 is characterized
by a uniaxial doublet. This, in combination with the nom-
inally high spin of the system, encouraged us to investigate
the possibility of slow magnetic relaxation phenomena in 1,
using AC magnetic susceptibility (Figure 4). Indeed, the
out-of-phase data clearly show a frequency-dependent sig-
nal below ca. 3 K, which indicates the occurrence of slow
relaxation phenomena. The maximum of the signal was not
observed down to 2 K, which was the lower limit of our
SQUID facility. This hampered us from carrying out a
quantitative analysis of the relaxation phenomena, but it
was clear evidence for the onset of slow magnetic relax-
ation. Rough estimations may be obtained by considering
the following.['”-!8% From the temperature dependence of
the zero-field spectra, we may assume that at 4.2 K the spin
relaxation time 7 = 107108 s, the characteristic time of the
Mossbauer spectroscopy.l'’¥l From the AC susceptibility
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data we may estimate that at 2 K, 7 = 10 s. Assuming an
Arrhenius dependence of 7 (7 = 7,e2Z*T), we estimate 7, =
1012103 s and AE < 40K (28 cm'). Under a zero ap-
plied static field, and for a 250 Hz oscillating field, the yy' T
product at 2 K was 9.72 cm*mol! K, which is close to the
expected value on the basis of the analysis of the DC
susceptibility data.l'31 Upon raising the static magnetic
field, there is a decrease in the y\' 7T product that is due to
the increased splitting of the Zeeman states. This is similar
to the sudden drop of the y\ 7 product at low temperatures,
as evidenced in the DC data.!'3]
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Figure 4. Out-of-phase, yn'’ vs. 7, AC magnetic susceptibility data
for complex 1 (top) under a zero static magnetic field and with
oscillating frequencies of 250, 400, 600, 800 and 1000 Hz. The effect
of the static magnetic field on the in-phase signals is depicted in
the ypm' T vs. T curves (bottom), for fields of 1 and 2 kG.

The imaginary component of the ac susceptibility signal
is rather small (=3.5% of the real part). This is not unprece-
dented as many molecules exhibiting SMM behaviour have
a similarly weak y''/y’ ratio.'8! A possible origin for this
behaviour might be the existence of heterogeneities con-
cerning the relaxation properties of the molecules. Namely,
a fraction of the molecules is characterized by slow relax-
ation whereas another fraction is relaxing fast, as further
commented below.

The pertinent spin Hamiltonian that describes the mag-
netic properties of 1 is depicted in Equation (1).[']

i, =258, -8, + 3 |p,(57 —2)+ £,(52, - 52, )+ pS.g.u] (1)

i=1

In the case of axial symmetry (E = 0), the ground state
of the system is characterized by a non-Kramers doublet
with an Ising-type anisotropy. In this case, slow relaxation
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might be favoured. If, however, rhombic distortions (E #
0) are present, the degeneracy of the non-Kramers doublet
splits by an amount Ay?°! and in this case, fast relaxation
may occur through quantum tunnelling effects.l*!] The exis-
tence of molecules for which A, is nonzero can be moni-
tored by dual-mode X-band EPR spectroscopy (vide infra).

Dual-Mode EPR Studies

For an isolated non-Kramers doublet, intradoublet tran-
sition is expected provided that the transition probability P
# (0. Because P = Ay%, no signals are observed in the case
of Ay = 0, whereas signals are observed for 0 < Ag < hv (hv
=~ 0.3cm ! at X-band). In Figure 5, we show X-band EPR
spectra of a powdered sample of 1 recorded at 4.2 K. Strong
signals are observed in the low-field region in both the par-
allel and perpendicular modes. No signals attributable to
half-integer spin systems are observed (i.e. a “g = 4.3” signal
at =1500 G), which indicates that the samples are not oxid-
ized. The signals exhibit saturation effects at 4.2 K and de-
crease as the temperature increases. The latter indicates that
the signals arise from the ground state.

30 100 150 200 250 300
H/mT

Figure 5. Dual-mode X-band EPR spectra for a powdered sample
of 1 at 4.2 K under nonsaturating conditions. Dashed lines are
theoretical simulations obtained as described in the text. EPR con-
ditions: Microwave power: 0.13 mW, modulation amplitude:
1.0 mT, microwave frequency: 9.60 (perpendicular mode),
9.36 GHz (parallel mode).

The line-shape of the EPR signals is consistent with an
integer spin system!??! as expected for 1. The EPR proper-
ties of diferrous complexes have been extensively studied by
Hendrich et al.l'':?3] The dashed lines superimposed above
the experimental spectra are simulated spectra considering
an effective S = 4 spin Hamiltonian [Equation (2)].*4

a, =52 -20/3)+ E(5? - §2 )+ pSgn )
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Satisfactory simulations were obtained with different sets
of parameters [from Equation (1)] that is, there is not a
unique set of parameters for simulating the spectra. How-
ever, these different sets result in a unique description re-
garding the magnetic properties of the doublet giving rise
to the signal.’* The signal arises from transitions within
a non-Kramers doublet with uniaxial magnetic properties
which is split by an amount A, = 0.3cm! at zero
field.[>32201 To account properly for the line shape of the
EPR spectra, a Gaussian distribution of A, with an appar-
ent width Ay = 0.06 cm™' must be incorporated. The A,
distribution is due to a distribution of parameters such as
D, E and J. Alternatively, solid-state effects may effectively
lead to line broadening. As a conclusion, the results from
dual mode X-band EPR spectroscopy indicate that the sys-
tem contains molecules for which A, is nonnegligible.

Simulations of the Mdssbauer spectra

It was noticed that the analysis of Mossbauer spectra
from diferrous complexes is not trivial when the zero-field
splitting terms and the exchange coupling constant are of
comparable magnitudel!?®124-25] because the number of pa-
rameters involved is large. Therefore, a unique set of param-
eters cannot be obtained unambiguously. A complete analy-
sis of the spectra was not pursued; however, we checked
whether the behaviour of the magnetically perturbed Moss-
bauer spectra is consistent with the results from X-band
EPR spectroscopy discussed above. The EPR spectra were
analyzed within the framework of Hamiltonian in Equa-
tion (2) and it was found that the ground non-Kramers
doublet of the system is characterized by a distributed A,,
centred at 0.3 cm ™!,

For the magnetically perturbed Mdssbauer spectra we as-
sumed two sites at a 1:1 ratio and we used the effective spin
Hamiltonian A for S = 4 (strong exchange limit) [Equa-
tion (3)]:

Hy=H,+ Y [SAL,-g,BiH+H,,| 3)

=12

with [Equation (4)]:

A eV | .., 15 s
Hy == [31;,—;+n,(1§f—1$,)} @)

where (&, 7, {) designates the principal axis system of the
electric field gradient (EFG) tensor and where #; = (Ve —
Vil Ve is the asymmetry parameter. Equation (3) is writ-
ten in the coupled representation.

For the isomer shift and quadrupole splittings we used
the values obtained from the zero-field spectra recorded at
78K (0, = 1.0lmms!, AEy, = 2.27mms ' and 6, =
1.0l mms™!, AEq, = 3.38 mms™!). For the parameters in-
volved in the electronic part of Hamiltonian H, we used
the values from the analysis of the EPR spectra.?*! The

Eur. J. Inorg. Chem. 2007, 2409-2415
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splittings observed in the magnetically perturbed spectra re-
flect a total magnetic field acting on the >’Fe nucleus, H =
H,,p1 + Hi, where the internal field is given by Equation (5).

{§\A
T i e 5
2,5, ©)

For the given zero-field splitting values D, E/D, the easy
axis of magnetization is y for the ground non-Kramers
doublet, and the magnetically perturbed Mdssbauer spectra
at liquid helium temperature are sensitive only on (S'y,-).
Therefore, as far as the hyperfine tensor of the ferrous ions
is concerned, only the 4,;, components may be estimated.
The spectra recorded at different magnetic fields can be rea-
sonably reproduced with a common set of parameters (Fig-
ure 3) with 4,; = -6.2 MHz and 4, = -10.2 MHz. With
this model, the characteristic feature at —4.5 mms™' ob-
served in the low-field spectra belongs to the spectrum from
site 2.

It is inferred that the magnetically perturbed spectra are
consistent with the dual-mode X-band EPR results. For
non-Kramers systems, saturation of the internal magnetic
field, Hj,, requires the application of an external magnetic
field, H, the value of which depends on A, (Figure 6). For
Ay = 0, a very small magnetic field suffices to saturate H,,;.
In that case, a characteristic magnetic Mossbauer spectrum
is observed. In the present case, a magnetic spectrum is al-
ready observed in the absence of external magnetic fields.
We assume that this spectrum arises from a fraction of
molecules for which A is vanishingly small. Application of
a moderate magnetic field (0.55 T) induces an intensity in-
crease in the ca. —4.5 mms ! peak. We suggest that this in-
crease arises from molecules that require an external mag-
netic field to induce saturation of H,, and therefore for
these molecules A, # 0.

A, =0.023 cm’ —y

0.0

T T T
2000 3000 4000

H /G

M T
0 1000 5000

Figure 6. Dependence of the H;,/Hg, ratio on the externally ap-
plied magnetic field along the easy axis (H.y) for a non-Kramers
doublet with various A, values (0.023, 0.090, 0.200, 0.352, 0.540
and 0.760 cm ™).
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Discussion and Conclusions

In the present work we study the dynamic magnetic be-
haviour of differous compound 1 by applying AC suscep-
tibility measurements and dual mode X-band EPR and
Mossbauer spectroscopic techniques. The incentive for this
study stems from the bulk DC magnetic measurements
which revealed ferromagnetic interactions between the two
ferrous ions leading to a ground state with a relatively large
nominal spin.['31 AC susceptibility measurements presented
herein indicate slow relaxation effects at liquid helium tem-
peratures.

The combined results from the present studies offer an
explanation for the relaxation behaviour of 1. We suggest
that the molecules are characterized by inhomogeneities
which eventually affect the splitting of the non-Kramers
ground doublet. For a fraction of molecules, A, is negligible
(ideally 0), which gives rise to the magnetically split Mdss-
bauer spectrum at zero-field. Because the quantum tunnel-
ling rate is proportional to A,, these molecules are expected
to have slow relaxation properties and cause an out-of-
phase AC signal. On the contrary, a fraction of the mole-
cules appears to be characterized by significant A, as de-
duced by the dual mode X-band EPR measurements. For
these molecules, quantum tunnelling is expected to be fav-
oured, which results in fast relaxation. We should stress that
as a result of the molecular nature of 1, these inhomogeneit-
ies must be at the molecular level, that is, not discernible by
X-ray crystallography.

In assessing the origin of the slow magnetic relaxation in
1, one might readily argue that the relatively high effective
spin of the ground state in combination with a high uniaxial
magnetic anisotropy established by spectroscopic tech-
niques leads to an SMM behaviour. However, we explored
the possibility that slow relaxation might stem from an
SCM behaviour due to weak intermolecular interactions.®!
The packing diagram of 1 (Figure S1) revealed weak m—mn
interactions between pyridyl rings of the ligand in adjacent
molecules (2 — x, 1 — y, 1 — z), but not the presence of
1D chains.?”! This finding excludes to possibly attribute the
observed slow relaxation to single-chain magnetism; thus,
the slow relaxation must be related to superparamagnetism.
From this point of view, 1 can be viewed as a rare example
of an iron(Il) single-molecule magnet, with the only other
examples being three {Fe;} cubanes prepared by Oshio et
al.?® and the enneanuclear complex [Feo(O,CMe)g{(py)--
CO,} 4(N3),].P°T Further originality of this compound stems
from the fact that the two Fe!! centres have different ligand
field symmetries.

In the literature, several examples of diferrous complexes
exhibiting ferromagnetic interactions yielding a magnetic
ground state exist. To the best of our knowledge, 1 is the
first for which the spin dynamics has been monitored di-
rectly by AC susceptibility and slow relaxation was ob-
served. It would be interesting to explore the possibility of
slow magnetic relaxation in other similar diferrous com-
plexes as well. A majority of these complexes, apart from
DC susceptibility measurements, were studied by spectro-
2413
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scopic techniques, which give additional information re-
garding the nature of the ground state. We showed here that
Maossbauer spectroscopy is a useful technique, which can
probe whether the ground state satisfies the conditions for
slow relaxation. We suggest that observation of a magneti-
cally split spectrum in the absence of applied magnetic field
(not arising from long-range magnetic ordering) indicates
that these complexes may be suitable SMM candidates. On
the contrary, quadrupole-split doublets are related either to
singlets, fast relaxation (<1077 s), or non-Kramers doublets
with relatively large zero-field splitting, Ay. For the cases
found in the literature, quadrupole-split doublets have been
observed at liquid helium temperatures: these complexes are
thus unlikely candidates for slow magnetic relaxation.

The above discussion may be extended to ferrous com-
plexes of higher nuclearity. We have recently observed sin-
gle-molecule magnet behaviour for enneanuclear ferrous
compounds.?’! In these cases, magnetically split Mdssbauer
spectra are observed in the absence of an applied magnetic
field as a result of slow paramagnetic relaxation in the tem-
perature range 4.2-10 K. At present, we are not aware of
relevant studies for the cubanes reported by Oshio et al.l?®!

In the present work we report the first example of a difer-
rous single-molecule magnet and a rare example of ferrous
SMM. In addition, we probe the relaxation mechanism
through various techniques and show that owing to molecu-
lar-level inhomogeneities, slow relaxation requirements are
fulfilled for a fraction of the molecules only. This realization
is particularly important for molecular species, which are
generally considered as “monodisperse”. Although it is rea-
sonable to assume that this situation may occur in other
SMMs as well, its verification in the present system was
possible mainly due to the probing of its ground state and
relaxation mechanism through techniques like AC suscep-
tibility and Mossbauer and dual-mode X-band EPR spec-
troscopy.

Experimental Section

Complex 1 was synthesized as described previously.['3] Mossbauer
measurements were recorded with a constant-acceleration conven-
tional spectrometer with a 50 mCi source of >’Co (Rh matrix). The
absorber was a powdered sample enclosed in a 20-mm diameter
cylindrical plastic sample holder, the size of which was determined
to optimize the absorption. To avoid oxidation of the sample, the
sample holder was sealed with Araldite and stored in liquid nitro-
gen. Variable-temperature spectra were obtained in the 4.2-300 K
range, by using Oxford cryostats, operating at 4.2-300 K. One cryo-
stat was equipped with a superconducting magnet that allowed ap-
plication of external magnetic fields up to 5.0 T perpendicular to
the y-rays. Isomer shift values (0) are relative to iron foil at 293 K.
The magnetically perturbed spectra were analyzed with the
WMOSS software package (WEB Research, Edina, MN). Variable-
temperature (2.0-5.0 K) AC magnetic susceptibility data were col-
lected from a powdered microcrystalline sample with a Quantum
Design MPMS SQUID susceptometer. The sample was moulded
into a pellet inside the glove box to avoid orientation in the mag-
netic field. Data were corrected with the standard procedure for
the contribution of the sample holder and diamagnetism of the
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sample. X-band EPR measurements were carried out with a Bruker
ER-200D spectrometer equipped with a Bruker Dual Mode cavity,
an Anritsu frequency counter, an NMR Gaussmeter and an Oxford
ESR-9 cryostat. EPR tubes were flame-sealed under vacuum to
avoid air-oxidation of the sample. Caution: Molten quartz generates
large amounts of harmful UV radiation, thus proper eye-protection
should be worn. Simulations of the spectra were carried out with
SpinCount software kindly provided to us by Prof. M. Hendrich,
Dept. of Chemistry, Carnegie Mellon University, Pittsburgh, PA,
USA.

Supporting Information (see footnote on the first page of this arti-
cle): Packing diagram of 1, which shows the intermolecular m—rx
interactions.
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