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The acquisition of distortion-free solid-state nuclear magnetic resonance (NMR) powder line shapes from
half-integer spin systems possessing large quadrupole couplings is exemplified on cobaltophthalocyanine
complexes. The acquisition of ideal-like static line shapes even for megahertz-wide central transition patterns
is discussed, with the aid of spin-echo sequences incorporating short and very weak radio frequency (rf)
pulses. Under these conditions most of the crystallites within the bandwidth of interest are excited with
essentially orientation-independent pulse angles, while the acquisition of several experiments with varying
carrier frequency offsets alleviates the limited bandwidth of the excitation given by the rf pulse lengths. After
this approach was tuned with the aid of quantum mechanical calculations and model compounds, it was
applied to the study of diamagnetic metal centers in hexacoordinated Co(III)phthalocyanines. Solid-state59Co
NMR spectra were acquired as a function of the external magnetic field on complexes with general structure
[(L)2CoPc]Br, where Pc denotes the phthalocyanine macrocycle and the axial ligands L were pyridine,
methylimidazole, methylpiperidine, and ammonia. Iterative numerical fittings of these data revealed anisotropic
coupling parameters that were larger than those observed in cobaltoporphyrin analogues but, which like the
latter, deviated from trends traditionally observed for nonaromatic octahedral cobalt complexes. These
systematic differences observed for the various59Co coupling parameters are discussed.

1. Introduction

A majority of NMR-active nuclides possess spin numbers
larger than 1/2 and are therefore affected by the quadrupolar
interaction.1,2 This electric coupling depends on the local
symmetry surrounding the nuclear site1-3 and in many instances
can be comparable to the Zeeman interaction between the
nuclear magnetic moments and the external magnetic field.
Under such conditions the NMR resonances of the sites tend to
be substantially broadened: in solution because of efficient
quadrupolar relaxation and in the solid state because of the
anisotropic character of the quadrupolar coupling.4 In the latter
phase, however, the broadenings are inhomogeneous and thereby
in principle reversible, and since for half-integer nuclides they
do not affect the central-1/2 T +1/2 transition to first order,
the prospects of observing these signals are good. Unfortunately,
in many cases even these central transitions are substantially
broadened due to second-order quadrupole effects.1-5 A relevant
question that may then arise is how can meaningful NMR
spectra be acquired in the presence of large quadrupolar coupling
constants? The present work addresses this issue and exemplifies
it with a 59Co NMR study of diamagnetic cobaltophthalocyanine
complexes.

A common approach employed in solid-state spin-1/2 spec-
troscopy to deal with NMR spectral broadenings is to mechani-
cally average the anisotropies by means of magic-angle spinning
(MAS).6,7 Although conventional fixed-angle rotation techniques
such as MAS are unable by themselves to remove second-order
anisotropies,8 they can be extended into more complex multiple-
axes spinning techniques or combined with multiple-quantum

spectroscopy to completely eliminate broadenings of quadru-
polar origin.9-12 It has been our experience, however, that when
very large quadrupole couplings are involved and central
transition second-order effects exceed by far the rate of sample
rotation, neither MAS nor any of its usually less-sensitive high-
resolution variants are really helpful for enabling the observation
of central transition quadrupole resonances. This is in contrast
to what happens with spin-1/2 nuclei acted by shielding
anisotropy, where patterns break into sharp sidebands even at
slow spinning rates,13,14 and it is probably a consequence of
MAS’s inability to prevent the rapid quadrupole-induced
dephasing. Eventually it is likely that these problems will be
overcome by increasingly strong magnetic field strengths (which
scale second-order effects) and by faster spinning rotors, but in
the meantime they circumscribe quantitative observations under
the effects of large quadrupole couplings to static low-resolution
conditions. This is the kind of situation that we faced during
the course of59Co NMR studies on organometallic Co(III)
complexes.15,16 This is an abundant and relatively sensitive
isotope possessing a spin numberS) 7/2,17 but it can be subject
to relatively large quadrupole couplings withe2qQ/hconstants
in the 10-100 MHz range. To deal with the ensuing broadenings
a protocol was developed and applied to static59Co NMR studies
of cobaltoporphyrins, cobaloximes, and cobalamines; we present
here the technical details underlying this approach and illustrate
it with a series of applications to cobaltophthalocyanines.

Phthalocyanine complexes possess a number of important
applications and have consequently been the focus of extensive
basic and applied chemical investigations.18-20 Their intense
green-blue color combined with outstanding chemical, thermal,
and radiation stabilities have made these and other metalloph-
thalocyanines essential pigments for a wide variety of dyes,
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lacquers, and inks.21 The combination of extreme stability with
nonlinear optical behavior and extensive electron delocalization
also endows these compounds with valuable promise as opto-
electronic constituents in switches, modulators, and data stor-
age,22,23 while their organic nature has also prompted their
incorporation into conventional and liquid-crystalline polymer
materials.24,25From the NMR spectroscopy standpoint the study
of these compounds has been problematic due to their general
insolubility; solid-state analyses are naturally free from this
complication26,27 and are made further relevant by the solid-
phase character of most metallophthalocyanine applications.
Among the various spectroscopic probes available to study
cobaltophthalocyanines,59Co is a most promising one, thanks
to the close relations that connect the quadrupolar and shielding
couplings of this metal with its surrounding electronic
environment.28-30 A series of such complexes was thus syn-
thesized for these spectroscopic studies, incorporating axial
substituents that could stabilize the diamagnetic Co(III) 3d6

electronic state and thereby allow their study by metal NMR.
Upon choosing the axial substitution patterns required by these
complexes, consideration was given to the structurally similar
cobaltoporphyrins whose59Co NMR data we have recently
reported;16 as a result of this59Co NMR coupling tensors in
phthalocyanines could be analyzed independently as well as in
comparison with relevant analogues. The differences and
similarities observed are discussed in terms of the structural
and electronic mechanisms that dictate the59Co parameters in
these compounds.

2. Materials and Methods

Co(III) Complexes: Preparation. All chemicals employed
in the present study were purchased from Aldrich. These include
K3[Co(CN)6] and Co(acac)3, model compounds which were
analyzed by NMR without further processing, as well as the
anhydrous solvents chloroform, pyridine, benzene, and methanol
and the precursors bromine, Co(II)phthalocyanine, ammonia (2.0
M solution in methanol), 4-methylpiperidine, andN-methyl-
imidazole used in the synthesis of the cobaltophthalocyanines.
The structures of the various [(L)2CoPc]+Br- complexes that
were prepared are shown in Chart 1. Compounds1b-1d were
synthesized according to the method developed by Vollmann
et al.;31,32in each case Co(II)phthalocyanine was oxidized with
bromine affording the dibromo compound [CoPc]Br2, which was
subsequently treated with the corresponding ligand L. Com-
pound1a was obtained using a reverse sequence in which Co-
(II)phthalocyanine was treated with pyridine to form the
complex (Py)2CoPc, which was then oxidized with bromine.
The final products were identified by 200 or 400 MHz1H NMR,
by 75.8 MHz 13C high-resolution solid-state NMR, and by
elemental analysis (Midwest Microlab, Indianapolis, IN).

NMR Measurements.59Co NMR spectra were acquired at
two magnetic field strengths, 4.7 and 11.8 T (48 and 120 MHz

Larmor frequencies), to remove ambiguities that may otherwise
affect the determination of shielding and quadrupole tensors in
central transition determinations. These spectrometers were
equipped with laboratory-built consoles and static sample
probeheads capable of achieving radio frequency (rf) irradiation
fields in excess of 100 kHz. The instrumental dead times of
both spectrometers were shorter than 20µs. The NMR signal
arising from a 1 Maqueous K3[Co(CN)6] solution was used as
external standard for referencing all the59Co NMR measure-
ments. To overcome the effects of the spectrometer dead time,
signals were acquired using the two-pulse sequence schematized
in Figure 1, with the whole echo being acquired for the sake of
signal-to-noise improvement; 50µs echo delay times and 100
ms recycle times were generally used in the spectral acquisitions;
further pulse sequence details are given and justified in the
following paragraphs. Typically four to six time-domain signals
with 100 000 scans each and irradiation carrier offsets varied
by 100 kHz were chosen to evenly cover the whole powder
pattern line width. The numerical simulations of the experi-
mental data were performed on Sun Ultrasparc and Macintosh
PowerPC computers using specially written C language pro-
grams.

NMR Theory and Simulations. Prior to describing the
details of the pulse sequences that were used and the59Co NMR
results observed, it is convenient to summarize the main
spectroscopic considerations that were taken into account in
these experiments. The internal Hamiltonian considered for
describing the behavior of the spins in the absence of rf
irradiation was1,2

where the first term represents possible rotating-frame frequency
offsets,HQ

(1) andHQ
(2) are the first- and second-order quadrupole

effects, andHCSA is the chemical shift anisotropy. Since internal
couplings are tensorial properties, the most convenient way to
describe them is in terms of irreducible spherical tensor
operators2,33

whereTlm
i andRlm

i represent the spin and spatial parts andCi

is the coupling constant characterizing the various Hamiltonians.
To calculate actual transition frequencies, the principal axes

CHART 1

Figure 1. Two-pulse spin-echo sequence employed in the acquisition
of static 59Co NMR data. The indicated coherence transfer pathway
was selected by means of a standard 8-scan cycle where the phaseφ1

of the first pulse was incremented by 90° and the phaseφ2 was cycled
asφ1 ( 90°.
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systems (PASs) of these shielding and quadrupolar interactions
need to be related by a fixed set of Euler angles (R,â,γ), while
an arbitrary powder orientation (θ,æ) will align these molecular
PASs with respect to the laboratory frame given by the external
magnetic field. These transformations can be conveniently
defined as34

which are accounted for in the actual calculation by Wigner
rotation matrixes{Dm′m

(l)}.33 By computing suitably weighted
averages for the eigenvalues arising from this internal Hamil-
tonian, such model was employed to calculate the ideal NMR
frequency powder line shapes arising from the central+1/2 T
-1/2 59Co central transitions. These expressions were also used
in the fine-tuning of a pulse sequence capable of affording such
ideal line shapes, by employing them in the explicit time
propagation of the nuclear spin density matrix. In this case the
effects of the two rf pulses in a spin-echo sequence (Figure 1)
were computed by superimposing on the internal couplings an
rf Hamiltonian

where the{φi} corresponds to the suitably cycled phases of each
pulse. From the total HamiltonianHint + Hrf the evolution of
the spin ensemble was calculated as

where the time propagator

accounts for the evolution during the first pulse, the echo period,
the second pulse, and the acquisition time, respectively. The
final signalS(t)detected was then assumed to arise solely from
the central-1/2 T +1/2 transition and computed from the
corresponding fictitious spin-1/2 operator

Because a full echo (i.e.,τecho > signal powder lifetime) was
acquired in the actual experiments, time-domain data could be
processed into purely absorptive spectra simply by carrying out
a magnitude calculation of the suitably weighted Fourier
transforms. All subsequent manipulations (such as spectral
coaddition) were then carried out on these frequency domain
data.

Pulse Sequence Optimization.When attempting the acquisi-
tion of undistorted solid-state NMR spectra spanning a consider-
able bandwidth, the ideal scheme would involve a spin-echo
sequence based on infinitely strongδ pulses. Since this is
obviously unfeasible, the question arises on which is the best
practical solution. Extensive research on the question of the
application of spin-echoes to half-integer quadrupoles has been
carried out.35-40 As noted in these and in other previous works,
the main complications of this manipulation are the strong
nutation effects that depend both on the strengthνrf of the rf
field and on the orientation-dependent frequencyνQ(θ,æ) de-
fining the first-order quadrupole interaction.41,42 Only in the
extreme casesνrf . νQ or νrf , νQ for all (θ,æ) angles does the
excitation of the powder become orientation-independent, and
since for systems with moderate-to-large quadrupole couplings

such as the ones under consideration the strong irradiation
condition is nearly impossible to fulfill, the use of very weak
rf fields becomes the safest choice to obtain undistorted powder
spectra. In fact the acquisition of ideal-like powder patterns may
require unusually weak rf fields, as illustrated in Figure 2 for
the model compound Co(III)acetylacetonate. Even though the
59Co quadrupolar coupling constant in this complex is relatively
small, it was not possible to meet the high-field conditions with
the available rf field strengths, and only when rf fields were
weaker than ca. 5 kHz did spins in the majority of crystallites
precess at the same rate and thereby originate undistorted powder
line shapes.

Faced with the need to use such relatively weak rf fields, an
important consideration becomes the choice of optimal pulse
lengths. Sensitivity would benefit if weak rf fields were used
in combination with relatively long pulses, but this in turn would
lead to severely narrow excitation bandwidths which could
become themselves a source of line shape distortion. Short
pulses capable of exciting homogeneously very wide central
transitions would not be a practical choice either as they would
entail negligible excitation angles. As a compromise between
these two extremes, we found it convenient to employ ca. 3µs
long pulses corresponding to nutation angles for which sufficient
signal can be rapidly collected, while keeping the spin manipu-
lations essentially orientation-independent. To deal with the
limited excitation bandwidth characterizing even these short
pulses, a frequency-swept irradiation procedure similar to the
one described by Massiot et al. was adopted:38 since 3µs pulses
excite with a flat profile a region of approximately(100 kHz
around the carrier frequency offset, collecting a series of
subspectra separated by 100-150 kHz offsets enables the
faithful characterization of central transition line shapes without
redundant acquisitions. The suitability of this procedure is
illustrated in the left-hand column of Figure 3, which presents
a series of variable offset59Co NMR acquisitions on one of the
cobaltophthalocyanine complexes prepared for this study. In

PASCSA98
(R,â,γ)

PASQ98
(θ,æ)

lab frame (3)

Hrf(t) ) {νrfSφi
during pulsesP1, P2

0 during free evolution
(4)
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S(t) ) Tr[F(t)‚S+
-1/2T+1/2] (7)

Figure 2. Radio frequency field dependence observed for the static
59Co NMR spectrum of Co(acac)3. Experimental NMR data were
collected at 47.7 MHz using the sequence in Figure 1 (3µs pulses),
on-resonance irradiation,τecho ) 220 µs, 200 kHz spectral width, 300
ms recycling delay, and 2000 scans. rf field strengths were calibrated
using a K3[Co(CN)6] solution. The simulations on the right arise from
a time-domain propagation of theS ) 7/2 density matrix throughout
the various steps of a sequence involving the indicated experimental
conditions and the59Co coupling parameters reported by Eichele et al.
(e2qQ/h ) 5.53 MHz,ηq ) 0.22,δCSA ) 698 ppm,ηCSA ) 0.36) on
the basis of a single-crystal rotation analysis.43 The inset illustrates the
ideal central transition powder line shape expected from these
parameters after convolution with an 800 Hz artificial line broadening.
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these experiments the echo delay between the two rf pulses was
set long enough to ensure the acquisition of the complete spin-
echo, yet not longer than essential in order to achieve maximum
sensitivity. After all the subspectra were processed and shifted
to a common reference frequency, their coaddition yielded an
experimental trace which could be fitted to extract the site’s
quadrupolar and shielding parameters using the idealizedHint

coupling Hamiltonian (Figure 3, top). As further proof on the
nearly ideal line shapes that this approach is expected to yield,
the right-hand column of Figure 3 shows the predictions arising
from a rigorous quantum-mechanical time propagation of the
spin density matrix for the quadrupolar and shielding parameters
extracted from the experimental powder pattern and for the
various rf amplitudes, timing, phases, and offsets employed.
As can be appreciated the trace that results from the coaddition
of these subspectra closely resembles the experimental pattern
and is almost indistinguishable from the ideal powder simula-
tion.

3. Results and Discussion

The approach described in the preceding section was em-
ployed to extend our previous solid-state59Co NMR observa-
tions on cobalamines, cobaloximes, and cobaltoporphyrins to
the study of cobaltophthalocyanines. As in those previous
analyses measurements were repeated as a function of magnetic
field strength in order to better discriminate between shielding

and second-order quadrupole anisotropies, and dipolar couplings
to neighboring spins were accounted simply by a convoluting
broadening. No spectroscopic evidence was found regarding the
presence of chemically inequivalent sites in the complexes, and
somewhat surprisingly for the case of phthalocyanines,44 neither
were polymorphs observed. Analysis of the static59Co powder
patterns was then made in terms of a single59Co site;
comparisons between the various experimental spectra and ideal
best-fit line shape simulations calculated for the individual cobalt
complexes are shown in Figures 4-7. For the sake of complete-
ness these figures also present the simulations that for the
resulting coupling parameters could be obtained from a full time
propagation of the density matrix under the action of the pulse

Figure 3. 120 MHz59Co NMR line shapes resulting from [(Py)2CoPc]-
Br as a result of variable offset spin-echo data acquisitions. The
experimental subspectra (left) were obtained as indicated in Figure 2
but using a 5 kHz rf field,τecho) 50 µs, 100 ms recycle delay, spectral
width of (500 kHz, and 100 000 scans. The offsets indicate the position
of the rf carrier with respect to the59Co NMR peak of the complex in
a saturated pyridine solution, which appears at 9470 ppm downfield
from K3[Co(CN)6] with a half-line-width of 13.8 kHz. An ideal fit of
the total experimental spectrum (inset) yields coupling parameters which
were in turn employed to calculate the intermediate subspectra shown
on the right via an explicit time propagation of the spin density matrix.

Figure 4. Field dependence observed for the solid-state59Co NMR
spectrum of [(Py)2CoPc]Br. Experimental data were collected as
described in Figure 3, using similar acquisition conditions at both
magnetic field strengths. The “ideal” line shapes correspond to best
fits of the experiments using the coupling parameters listed in Table 1
and the Hamiltonians given in eqs 1 and 2; the quantum mechanical
simulations (bottom) employed these parameters to reconstruct the
expected line shape from explicit time propagations of the density
matrix.

Figure 5. Field dependence observed for the solid-state59Co NMR
spectrum of [(MeIm)2CoPc]Br. Data are as described in Figure 4.

Figure 6. Field dependence observed for the solid-state59Co NMR
spectrum of [(MePip)2CoPc]Br. Data are as described in Figure 4 except
for the fact that 200 000 scans were employed in this case for the
acquisition of each subspectrum.
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sequence; at most marginal differences are observed among the
corresponding sets of spectra. A full listing of the quadrupolar
and shielding parameters arising from these line shape fittings
is presented in Table 1, together with similar parameters as
recently measured for two structurally analogous porphyrin
complexes. It is interesting to note that some of these cobal-
tophthalocyanines exhibit the largest59Co shielding and qua-
drupolar anisotropies reported so far for octahedral cobalt sites
hexasubstituted by nitrogen bases.

When compared to the cobaltoporphyrins16 the phthalocyanine
derivatives are marked by substantial upfield isotropic shifts
(∼1000 ppm) that reflect subtle but systematic differences in
coordination for both types of complexes. Indeed it is possible
to relate these changes in59Co NMR shifts to variations in the
cobalt binding via the paramagnetic 3d orbital contributions that
are known to affect the metal shieldings. These contributions
have an〈r3d

-3〉 dependence with respect to the average distance
between the 3d electrons in the crystal ligand field and the metal
nucleus, and the larger this nephelauxetic factor becomes the
more pronounced the shielding experienced by the59Co is
expected to be.30 Although diffraction comparisons between
octahedral cobaltoporphyrin and cobaltophthalocyanine com-
plexes do not abound, data are available for one such pair, (γ-
picoline)2CoOEP and (γ-picoline)2CoPc, which show that in the
former complex Co-Nequatorial and Co-Naxial bonds are 0.08
and 0.09 Å longer than in the latter.45,46A preservation of these
structural trends throughout the Co(III) complexes that are
considered here could well account for the isotropic59Co NMR
shifts, and it is in fact likely that should this be corroborated
metal NMR could become a method of choice for achieving
hitherto elusive comparisons between the geometries involved
in metalloporphyrin and metallophthalocyanine complexation.18

All the analyzed cobaltophthalocyanines are characterized by
59Co shielding and field gradient anisotropies possessing a high
degree of axial symmetry and a close orientational coincidence,
features that point toward the importance that the symmetry of
the in-plane macrocycle has in defining these cobalt couplings.
When compared with their porphyrin analogues, both the
pyridine and the methylimidazole derivatives also display a large

increase in their quadrupole coupling constants (30 and 20 MHz,
respectively), even though the anisotropy of their chemical
shieldings increases by a more modest 10-20%. It is interesting
to compare this behavior with the one that has been both
predicted and observed for simpler hexacoordinated cobalt
complexes, where changes in shielding and quadrupolar anisotro-
pies follow linearly one another.29,47-49 This simple correlation
is based on the assumption that the 3d orbital distribution will
define not only the shielding anisotropy of the metal via
paramagnetic contributions but also its local electronic field
gradients.50,51 The unusual behavior displayed by the phthalo-
cyanine series suggests that other factors may be here at play.
One such mechanism could be the hybridization of metal-based
3d orbitals and macrocycle-basedπ orbitals, which would then
make the spectrochemical transition energy∆E of the latter an
important factor in the extent of cobalt paramagnetic deshielding.
Similar 3d electron delocalization arguments but involving the
aromatic orbitals of the axial ligands seem less likely, given
the comparable shielding anisotropies displayed by the pyridine
or methylimidazole complexes vis a vis the aliphatic ligand
methylpiperidine. We are currently attempting to clarify this
preliminary insight using more rigorous quantum chemical
calculations of the59Co coupling parameters.

Finally, another feature worth addressing concerns the
changes observed in the quadrupole coupling magnitudes
throughout the series of cobalt complexes. As mentioned, these
changes relate to the electronic distribution surrounding the
immediate proximity of the metal. In terms of a simple partial
charge model, the fact that the more strongly binding phthalo-
cyanines introduce larger field gradients than the porphyrin
ligands indicates that in these octahedral complexes the in-plane
negative charge density surrounding the metal is larger than
the axial one. This in turn would explain why replacing pyridines
with the stronger ligand methylimidazole decreasese2qQ/h for
both Co(III)Pc and Co(III)TPP. It can also account for the
substantial decrease in field gradient that then occurs upon
introducing NH3 as axial ligand, which by contrast to all the
remaining ligands assayed is devoid from steric repulsions with
the macrocyclic ring and can thus establish an even more
intimate coordination with the metal. This stronger binding could
also explain the additional isotropic upfield shift exhibited by
the 59Co NMR of the complex. Other features stemming from
the [(NH3)2CoPc]Br spectra are higher asymmetry parameters
and a slight no-coincidence in the59Co coupling tensors. Since
the higher symmetry of the presumably fast-rotating NH3 groups
should suggest an opposite trend, these features might be
reflecting a distortion of the Co-NH3 axis away from the normal
to the macrocycle which reduces the symmetry surrounding the
metal and thus accounts for this behavior.

4. Conclusions

The main objectives of this report were to describe an
approach capable of yielding reliable central transition powder

TABLE 1: Solid-State 59Co NMR Coupling Parameters Obtained for Various Co(III)phthalocyanine (Pc) and
Co(III)tetraphenylporphyrin (TPP) Complexes by Iterative Line Shape Fitting

compound e2qQ/h(MHz) ηQ δCSA (ppm) ηCSA δiso
a (ppm) (R,â,γ)b (deg)

[(Py)2CoPc]Br 45.0( 0.3 0.0( 0.2 -2250( 50 0.0( 0.2 7670( 50 (0,0,0)
[(MeIm)2CoPc]Br 22.8( 0.3 0.3( 0.2 -2015( 50 0.2( 0.2 7260( 50 (0,0,0)
[(MePip)2CoPc]Br 38.3( 0.3 0.1( 0.2 -2300( 50 0.1( 0.1 7640( 50 (0,0,0)
[(NH3)2CoPc]Br 8.8( 0.1 0.3( 0.1 -1160( 50 0.2( 0.1 6770( 50 (100,20,5)
[(Py)2CoTPP]BF4c 16.5( 0.5 0.1( 0.1 -1850( 50 0.1( 0.1 8430( 50 (0,0,0)
[(MeIm)2CoTPP]BF4c 3.1( 1.5 d -1755( 75 0.2( 0.2 8632( 6 d

a Isotropic chemical shifts externally referenced toδK3[Co(CN)6] ) 0 ppm.b Euler angles relating quadrupolar and shielding tensors; their average
error is estimated at(20° from repetitive line shape fittings.c From ref 16.d Quadrupolar coupling too small for accurate characterization.

Figure 7. Field dependence observed for the solid-state59Co NMR
spectrum of [(NH3)2CoPc]Br. Data are as described in Figure 4.
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line shapes even in the presence of large quadrupole couplings
and to discuss its application to59Co NMR analyses of
hexacoordinated phthalocyanine complexes. From a spectro-
scopic point of view, our approach shares several commonalties
with various literature methods that use frequency-swept spin-
echo acquisitions yet is also related with stochastic excitation
NMR methods that minimize powder pattern distortions by
relying on very weak rf excitation fields.52 As a result of this,
spectra end up freed from the actual acquisition conditions even
in the presence of very large quadrupole couplings; in fact we
have recently succeeded in applying such protocol to obtain
distortionless line shapes from spin-5/2 powder sites withe2qQ/h
values exceeding 200 MHz.53

When applied to59Co, it is satisfying to note the good
agreement that this powder sample approach yielded when
compared to alternative magnetic resonance experiments such
as pure NQR and single-crystal NMR.15,54,55In the case of the
cobaltophthalocyanines, the usefulness of the powder NMR
approach is enhanced by the difficulty in obtaining by other
means the59Co NMR coupling data: phthalocyanines are poor
crystal formers, and the combination of low solubility and
efficient relaxation because of large molecular size and quad-
rupole coupling prevented us from obtaining solution spectra
for some of the complexes even after extensive signal averaging
at 11.8 T. Among the most interesting features revealed by the
spectral parameters of the cobaltophthalocyanines is the fact
that, when compared to the previously reported porphyrin
derivatives, these compounds showed little change in the
shielding anisotropies yet significant increases in their quadru-
pole couplings. Although the physical origin of these behaviors
is not yet elucidated, it points toward a delocalization between
the metal 3d and the macrocyclic aromatic orbitals, a behavior
which we are currently exploring with the aid of quantum
chemical computations of the coupling parameters.
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