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We present an EPR study of two Gd(Ill) complexes in aqueous solution at multiple temperatures and EPR
frequencies. These two complexes, [Gd(TPATCN)] and [Gd(DOTAMYHE", display remarkably sharp

lines (i.e. slow transverse electron spin relaxation) in comparison with all complexes studied in the past,
especially at X-band~9.08 GHz). These unprecedented spectra even show, for the first time in solution, a
distinct influence of hyperfine coupling to two magnetically active Gd isotopd&dq 14.8%, = 3/2,y =
—0.8273x 10’ s 1 Tt and''Gd, 15.65%) = 3/2,—1.0792x 10" s'* T~1). The hyperfine coupling splitting

in [GA(TPATCN)] was determined accurately fofdGd-enriched complex, and the vald€™>'Gd)/lgus =

5.67 G seems to be a good estimation for most chelates of interest. Consequently, we can safely assert that
neglecting the Gd isotopes in line shape studies is not a significant source of error as long as the apparent
peak-to-peak width is greater than-120 G. This is generally the case, except at very high EPR frequencies
(>150 GHz). Analyzing the spectra within the physical model of Rast et al. we find that the slow electron
spin relaxation is due to a nearly zero static ZFS. We discuss some structural features that might explain this
interesting electron structure.

Introduction occupy 8 coordination sites around the metal, leaving only one
) ) ) ) available position for a water molecule. This reduced hydration
Gd(ll) complexes with multidentate ligands are routinely n,mper has an obviously negative impact on relaxivity, as the
used in medicine as contrast agents for magnetic resonancenemical exchange of water molecules bound to the paramag-
imaging (MRI). The so-calledelaxivity quantifies the water  netic center is an efficient way to enhance the overall water
protons magnetic relaxation rate enhancement due to theproton relaxation rate. It also affects the electron spin relaxation
interaction with the 7_unpa|red electrons of the_ Gd( center. rates by changing the zero-field spliting (ZFS) due to the
A deeper understanding of the molecular origins of relaxivity itferent ligand field. A major trend of research in recent years
is required in order to develop improved contrast agents. FOr pac peen to increase the relaxivity through an increase in
this reason, the last two decades have witnessed many studieg,gjecular weight-11 or binding to macromolecul& 14 or an
on the T7agnet|c plrgpemes of these complexes, mostly usingacceleration of the water exchari§el” Although less attention
H and O NMR.* More recently, electron paramagnetic pag heen devoted to this aspect of relaxivity, it is worthwhile

resonance (EPR) has emerged as the natural method of choicg, jnyestigate alternative ligand designs that could optimize the
for the direct study of one important factor that influences gjactron spin relaxation properties.

relaxivity, namely _th.e electron spin relaﬁtlﬁfﬂ. ) o The typical X-band EPR (99.5 GHz) spectrum of a Gd(lIl)
Due to the toxicity of the [Gd(ED)e]>" aqua ion, it IS chejate in solution is a broad, roughly Lorentzian line. The peak-

necessary to use chelates .for potential contrast agents. Th%-peak width is usually between 50 and 1000 G, depending on
ligands are generally polyaminocarboxylates, the basic exampley,e molecule and the temperature. At higher EPR frequencies,
of which is the well-known EDTA (ethylenediaminetetraacetate). iha |ines become sharper. In this paper, we report variable

However, for better stability, the denticity of the ligand must temperature X- and W-band measurements on two complexes
be higher than 6 for EDTA. The commercial contrast agent i ynusually sharp lines (less than 40 G at X-band). Fairly
ligands ~ (DOTA,  DTPA,  DTPA-BMA,  HP-DO3A)  pigh ow-field relaxivities have been observed for the complexes
of tripodal ligand$®19such as the heptadentate TPARA' o'
f*lCr?rfgspondingd?UthOFt;aX?r‘c‘é 21 59|3 9t_5i0t5;de-mai_|i alaifjégqfel@ nitrilotri(6-methyl-2-pyridinecarboxylate) and the nonadentate
eprl.cn. Corresponaing author adaress: Institut aes sciences elenge 0 H P
chimiques, EPFL-SB-SCGC-BCH, CH-1015 Lausanne, Switzerland. H?TPATCNZ (1,4,7-tr|§[(6-carboxypyr|d|n-2-yl)methyl]-1,4,7-
tlllinois EPR Research Center and Department of Chemistry, University triazacyclononane). Since the [Gd(TPATCN)] complex has no
of lllinois. water molecule directly bound to the metal ion, it was

* Ecole Polytechnique Fiérale de Lausanne. ; ; ; ;
5 CEA-Greroble. suggestet® an especially slow electron spin relaxation might

Illlinois EPR Research Center and Department of Veterinary Clinical € the origin of this high relaxivity (only 15% |0W€‘r_than [G_d'
Medicine, University of lllinois. (DTPA-BMA)(H20)] at room temperature). Another interesting
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compound is the macrocyclic complex [Gd(DOTAMMB)]3* ' ' ' ' '
(DOTAM = 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacet-
amide), a DOTA derivative. Although useless as a contrast
agent, it has been the subject of a number of studies, yielding
for example precious information about the possible correlations [
between internal motions of the ligand and water exchdhge.
We examine the effect of concentration on the line width and
take into account the presence of two minor isotopes with
nonzero nuclear spif®Gd and'®’Gd, 14.8 and 15.65% natural
abundancey = —0.8273x 10’ and—1.0792x 10" st T4,
both I = 3/2). The high-frequency, high-temperature spectra
show a non-negligible effect of these isotopes on the line shape.
To clarify this point, we also prepareddGd-enriched complex
and unambiguously measured the hyperfine coupling constant.
We compare this coupling constant with the published value
for the Eu(ll) aqua ion in order to generalize this result for all
Gd(Ill) complexes of interest.
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Figure 1. W-band EPR spectrum offYGd(TPATCN)] (93.62%
enrichment) afl = 342.5 K. Dots: experimental spectrum. Solid line:

Experimental Section best multi-Lorentzian fit.

[GA(TPATCN)]. The synthesis of [Gd(TPATCN)] has been
presented elsewhefe. A 13.45 mM sample was prepared. line widths and shifts within the framework of the Rast

Successive dilutions with distilled water yielded samples with model/?*2>using only the reduced valuégy, andBy instead
5.1, 1.8, and 0.60 mM, respectively. Enrich&dGd oxide of the full line shape. This model assumes that the electron spin

(93.62%157Gd, 0.615%55Gd) was purchased from the Oak relaxation is determined by the so-called static or average ZFS,
Ridge National Laboratory (Oak Ridge, TN, U.S.A.), and the Which is rapidly modulated by molecular tumbling, and by the
complex was prepared in solution (0.39 mM) using the published transient ZFS, which is modulated by random distortions of the
procedure after dissolution of the oxide in HCL 36.5%. complex. Here we limited the static and transient ZFS to second
[GA(DOTAM)(H ,0)]3*. Cyclen (0.500 g, 2.91 mmol), order, al_though fourth- and sixth-order_terms are alsq possible
bromoacetamide (1.810 g, 13.12 mmol), and triethylamine (2 for a spinS= 7/2. The least-squares fit procedure yields the
mL, 14.38 mmol) were heated at reflux in anhydrous ethanol following parameters: the static ZFS magnitude parameeter
for 4 h. The DOTAM ligand precipitated out during the course the rotational correlation timez and activation energi, the
of the reaction and was recrystalized from boiling ethanol/water; transient ZFS magnitude-a the associated correlation time
yield 61%. Gd(S@CFs)s (0.63 mmol) in 75 mL of anhydrous ~ and activation energi,, plus the naturag-factor.
ethanol was treated with DOTAM (0.250 g, 0.63 mmol) in 225
mL of ethanol. The mixture was heated at reflux under nitrogen
for 3.5 h following the dissolution of DOTAM. The solution Hyperfine Effects. The EPR spectra we observed for the
was concentrated in vacuo, and hexane was added until13.45 mM [Gd(TPATCN)] solution showed noticeable diver-
cloudiness was observed. Yields were greater than 55%.gence from a simple Lorentzian derivative, especially at W-band
Satisfactory microanalytical data were obtained for all com- and high temperature. The apparent peak-to-peak width was in
pounds.*H NMR (CDsCN): [La(DOTAM)]-(CF3S0Os)s (—10 the 10-20 G region at X-band and-812 G at W-band. The
°C): 6 = 2.42 (NCH (equatorial), dJ(C,H) = 14.8 Hz), 256  sharpest spectra showed divergences from the ideal derivative
(NCH; (equatorial), d,J(C,H) = 13.6 Hz), 2.85 (NCH (axial), Lorentzian line shape, suggesting a possible inhomogeneous

Results and Discussion

pseudo t), 3.35 (NCHand CHC(O)NH,, m), 3.84 (CHC(O)- broadening. To solve this question unambiguously, we prepared
NHy, d, J(C,H) = 16.4 Hz), 7.27 (NH, s), 7.81 (NH,s). 1°C and observed at W-band a 93.62%Gd-enriched complex.
NMR (CDsCN): [La(DOTAM)]-(CF3SQOs)3 (=20 °C): 6 = Figure 1 clearly shows the well-resolved coupling with the

50.1, 54.3 (NCH, ring), 58.9 (NCH, amide), 178.8 (C(O)Nb). 3/2 157Gd nucleus, with a coupling constafgug = 5.67 G.
A 10 mM solution was prepared and diluted to 4, 1, and 0.24 The corresponding coupling constant for #i#&d isotope, due
mM. to the gyromagnetic ratio, is 4.34 G. We can compare this value
EPR Spectroscopy and AnalysisContinuous-wave EPR  with that measured for the Eu(ll) aqua ion. Europium has two
spectra were recorded at X~9.08 GHz) and W-band~94.2 stablel = 5/2 isotopesi®Eu (47.8%,y = 6.5477x 10" s !
GHz) at temperatures between 0 and 70 Celsius. The X-bandT—1) and5%u (52.2%y = 2.9371x 10’ s T~1). The reported
spectrometer was a Varian E-112 instrument, and the magneticvalue for [5Eu(HO)g]?" is Algus = 37.3 G2¢ Since the
field calibration was performed using a Varian E-500 gauss- coupling constant is proportional to the electron spin density at
meter. The W-band spectrometer is a custom-built instrument, the nucleus and to the nuclear gyromagnetic ratio, we can
and the signal of Mn(ll) in a plasticine samfplevas used as a  calculate an equivaleAt’Gd** value of 6.15 G, fairly close to
reference for the field calibration. The frequency was measured our observed value. Examples of Gd(lll) doped into various
by a digital divider/counter. The temperature was adjusted using solid matrices can be found in the literature, sucih@8’Gd)/
standard VT controllers and accurately measured with a cepper gug = 5.34 G in BpMgs(NOs)12, 5.7 G in LaC,2” 15.0241

constantan thermocouple. MHz ~ 5.37 G in SrC},2865.702 G in CaC@%°6.55 G in La-
The spectra were subsequently analyzed using the program(CHsCH,SOy)3,%° 14.9 and 13.4 MHz: 5.33, and 4.79 G for
NMRICMA. 2 The peak-to-peak width&H,p, central fieldsBo, two different sites with some hyperfine anisotropy inOg§.3*

and hyperfine coupling constants were extracted by fitting a All values are in fair or very good agreement with our
superposition of Lorentzians to the experimental spectra, with observation, considering the variety of host lattices. This is not
automatic phase and baseline adjustment. We then analyzed thsurprising since we expect the half-filled 4f shell to be left
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22 TABLE 1: Electron Spin Relaxation Parameters from Fit
20f +, complex [GA(TPATCN)] [GA(DOTAM)(HOJ**
% Xband a/100s71 0.0661 0.0273
18 + R = 1/Dr/ps 500 500
6l -, Er/kJ mol® 17 17
o . ap1/1070st 0.2322 0.3412
& 1 ., /ps 1.19 2.03
5 - +* . Ev/kJ moi?t 11.6 11.3
12} W-band - g 1.9915 1.9913
el PR :‘2’;‘;:; . . i * Y. | vanishes at 1.8 mM and below, whereas the “infinite dilution
8l pammamn . coa, RIS T A limit” is only reached at 0.60 mM at W-band. Therefore, we
sl e ., Fay oot | systematically used the 0.60 mM and below for our fitting of
T ey, e the electron spin relaxation parameters. The actual value of the

rotational correlation time is not known for this complex, but
we can assume it is close to that of [Gd(DOTA)®)]~ of
similar size. We used a fixed value of 500 ps ferand 17
kJ/mol forEg in the fitting procedure. The experimental points
and theoretical curves are represented in Figure 3, and the
resulting parameters can be found in Table 1.
[Gd(DOTAM)(H,O)]3+ displays slightly broader lines, es-
pecially at X-band. We extracted the peak-to-peak widths and
gﬁentral fields from the experimental spectrum assuming the same
yperfine coupling constant as for [Gd(TPATCN)]. Indeed, the

310
T/K
Figure 2. Experimental peak-to-peak widths of [Gd(TPATCN))] at
X- and W-band: (*) 13.45 mM,+) 5.1 mM, @) 1.8 mM, @) 0.60
mM, (v) 0.39 mM.

relatively undisturbed by any kind of ligand field, so the spin
density at the nucleus will be essentially the same for most
complexes.

Considering these results, we can safely assume a couplin
constantA(*>’Gd)/gus = 5.5—6 G for all polyaminocarboxylates _ :
or even for most molecular complexes. The error induced by a h|gh-terrl1£)7erature W-band spectra yielded a value of 6.8
neglect of the two NMR-active isotopes is completely negligible © for A(*'Gd)lgus when a free adjustment was allowed. The
for peak-to-peak widths larger than 50 G. Between 50 and 10 measqred line widths can be seenin Flgu_re 4.The c_oncen_tratlon
G, the overall line shape is still Lorentzian, but the actual width €ffect is only apparent at W-band. The signal-to-noise ratio for
is 1 G less than the apparent peak-to-peak width. Below 10 G, the 0-24 mM concentration was not as good as for the 1 mM
the difference between the actual and the apparent peak-to-peaglution at W-band and low temperature, so we used the latter
width is about 1.5 G, andt® G the line shape diverges from for the peak-to-peak width gnd central fields analysis. As for
the ideal Lorentzian, especially in the wings. The outer= [GA(TPATCN)], we used a fixed value of 500 ps farand 17
—3/2 and +3/2 transitions should be observable in natural KJ/mol forEr. The experimental points and theoretical curves
abundance as partly resolvé®F/15Gd satellites for peak-to- &€ repre_sented in Figure 5, and the resulting parameters are
peak widths lower than 3 G. Since most Gd(Ill) complexes reported in Table 1.
studied to date have lines wider than 100 G at X-band, we can The agreement between the experimental and simulated
expect thes5156Gd hyperfine to be an important factor for the Vvalues is very good. The peak-to-peak widths are very well
line shape analysis only at EPR frequencies above 100 GHz.reproduced in both cases. For [Gd(TPATCN)], the error in the

Relaxation Effects. The subsequent analysis (extraction of central field value is less than 0.2 G at X-band and-@#4 G
peak-to-peak widths and central fields) was performed by fixing at W-band. For [Gd(DOTAM)(HO)J**, it is slightly larger
the hyperfine coupling constants and adjusting to the experi- (0.1-0.4 G at X-band, 0.71.0 G at W-band).
mental spectrum a superposition of 23Gd) + 4 (15'Gd) + 1 The parameters extracted from the peak-to-peak widths and
(other isotopes) Lorentzians, taking into account the natural apparentg-factors (Table 1) are generally similar to those
isotopic abundances. Figure 2 shows the resulting peak-to-peakobtained for other complexes in solution, with the exception of
widths. No effect of the concentration on the central fields was the static ZFS magnitude parameter. For both complexss,
observed. about 1 order of magnitude smaller than for the other reported

The Gd(lIl) concentration has a measurable effect on the complexes. This indeed appears to be the origin of their
peak-to-peak widths even at X-band. At X-band, this effect extraordinarily sharp X-band EPR lines. In general, the static

20 1.9918 T T T T

290 300 320 330 340 350

18}

aQ
& 1.9916 |
o

4| ]
X WR\
ol ] X X %Xx” X XX X% X)«§
XX
— 1.9914, — —
27 28 29 30 31 32 33 34 35 36 37 27 28 29 30 31 32 33 34 35 36 37
1000/T / K- 1000/T /K-

Figure 3. Peak-to-peak widths and apparepfactors for [Gd(TPATCN)]: experimental points and fitted curves.
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Figure 4. Peak-to-peak widths of [Gd(DOTAM)@ED)]3+ at X- and
W-band: @) 10 mM, (+) 4 mM, (®) 1 mM, (*) 0.24 mM.

ZFS is expected to play a dominant role in the electron spin
relaxation at the lower frequencies owing to the longer correla-
tion time (rotation, 16-1000 ps, compared to vibrationsl

ps). As frequency increases (Q-band and above), the static ZF

spectral densities decay and the transient ZFS becomes th

dominant contribution. For [GA(TPATCN)] and [Gd(DOTAM)-

(H20)3*, the static ZFS is so small that the transient ZFS
modulation provides the dominant relaxation mechanism at all
frequencies. We note that this makes them the first Gd(lIl)

chelates where the old model of pseudorotational transient ZFS

modulation proposed by Hudson and Le%®imight actually
be justified.

Of course, the question of the origin of this almost negligible
static ZFS is of the utmost importance. Unfortunately, the

J. Phys. Chem. A, Vol. 110, No. 45, 20062437

(DTPA: a; =0.92x 109571 a,r = 0.43 x 10°°s™1, DTPA-
BMA: a, = 0.82 x 10°s™1 a,r = 0.44 x 109s71),25 and
thus a faster electron spin relaxation at X-band, leading to
broader EPR lines compared with the macrocyclic DOTA-like
complexes (DOTA:a; = 0.35x 10°°s71, apt = 0.43 x 1010
s71).733 The lower symmetry of the Gd(lll) coordination
polyhedron in the acyclic compounds induces a rhombic ZFS
(i.,e. E = 0), with a significant impact on the overall ZFS
magnitude parameteas = [(B,)2 + (By)4¥2 = [2/3D2 + 2E4*2

= A.

Another factor that might decrease the ZFS is the nature of
the atoms bound to the metal. Six out of nine coordination sites
in [GA(TPATCN)] are occupied by nitrogen atoms instead of
oxygen atoms. The less electronegative nitrogen will produce
a weaker ligand field than an oxygen atom in a carboxylate or
hydroxide group. Since the ligand field has an indubitable
influence on the ZFS, one may assume that the nitrogen vs
oxygen ratio in the coordination polyhedron is a possible way
toward tuning the static ZFS. Incidentally, we can rule out the
pyridine ligands as the exclusive cause for the weak zero field

Ssplitting. The [Gd(TPAA)(HO),] analogue also contains three

yridine groups but only a tertiary amine instead of the
riazacyclononane moiety. Relaxivif#® and preliminary W-
band EPR measurementsH,, = 20—35 G depending on the
temperature, broader than [Gd(DTPAY®)]?~ in similar condi-
tions) indicate that its electron spin relaxation is not slower than
what has been observed for the common polyaminocarboxylate
complexes. Symmetry must be considered as well. On the NMR
time scale, [Gd(TPAA)(HO),] belongs to theCs, point group.
This would in principle be favorable for a slow electron spin
relaxation, but the structure is clearly averaged over time as

relationship between the chelate structure and the zero fieldth® inner sphere water molecules break the coordination

splitting is still far from clear. At this point, we can only offer
qualitative arguments and hypotheses. First of all, the two

polyhedron symmetry. However, the water exchange rate has
not been determined due to a low solubility, and thus it is not

complexes presented in this paper have in common a ratherP0SSible to say whether the complex also h&sasymmetry

symmetrical structure (point group ,Cor [Gd(DOTAM)-
(H20)]3" and G for [Gd(TPATCN)]). From group theoretical

on the EPR time scale. The case of [Gd(DOTAMYM]*" is
slightly different, since the coordination polyhedron is essentially

considerations, one can see that this is not enough to rule out "€ same as in [Gd(DOTA)@D)]". However, the substitution

static ZFS. TheS = 7/2 manifold will always be split by a
second-order ZFS for symmetries lower tt@n However, the

of the four carboxylate groups of DOTAby four amide groups
is clearly not innocent from the electron spin point of view.

axial symmetry at least removes rhombic terms from the spin Again, one may assume that an oxygen atom in the less polar
Hamiltonian. The scarce experimental EPR data available for a@mide will induce a weaker ligand field as well as decrease the
gadolinium complexes in solution do not allow broad gener- Obvious electric potential anisotropy in the macrocyclic com-
alizations, but one can observe that the complexes based orplex34

the so-called acyclic ligands (such as [Gd(DTPAYH?~ and The explanations above being necessarily tentative, we feel
[Gd(DTPA-BMA)(H20)]) appear to have a larger static ZFS that further theoretical studies are required on both complexes.
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Figure 5. Peak-to-peak widths and appareptactors for [Gd(DOTAM)(HO)]*: experimental points and fitted curves.
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Future quantum chemical calculations might help us elucidate  (3) Powell, D. H.; Merbach, A. E.; Gonzalez, G.;"Bher, E.; Micskei,

the structural origins of the Gd(lll) ZFS, as demonstrated by fébé)éff‘vw?”i’sﬂaf'Eﬁ?"m'ekcﬁigvé)e? ée';r’zséyél% Grinberg, O. Y.;

o 5

Bencini et ak® for d elements. (4) Sur, S. K.; Bryant, R. GJ. Phys. Chem1995 99, 63016308.
(5) Clarkson, R. B.; Smirnov, A. |.; Smirnova, T. |.; Kang, H.; Belford,

Conclusion R. L.; Earle, K.; Freed, J. HVlol. Phys.1998 96, 1325-1332.

. . (6) Borel, A.; Tah, E; Helm, L.; Jmossy, A.; Merbach, A. EPhys.
This work presents a variable temperature study of two Chem. Chem. Phy200Q 2, 1311-1318.
Gd(Ill) chelates, [GA(TPATCN)] and [Gd(DOTAM)@#D)]3+, (7) Rast, S.; Borel, A.; Helm, L.; Belorizky, E.; Fries, P. H.; Merbach,
in aqueous solution using X- and W-band continuous wave EPR.A: E(ésl-TA&?{ Eh%nl]b fn(’fgo.lvﬁ?hﬁmgfzﬁﬁg L Merbach. Adhem
Both complexes display extraordinarily sharp lines at X-band. g, 1994 2,’1607_16'15'_: yiss T v '
At W-band, the spectrum of [Gd(TPATCN)] can be analyzed (9) Dunand, F. A; Tth, E; Hollister, R.; Merbach, A. EJ. Biol. Inorg.
only by taking into account the mind?>Gd and!>’Gd isotopes Chéelrg).Zan ﬁ?, 24(137—%/'55.1_ N _ b Macke. H. R
: i = H 7 i Icolle, . ., Tdh, , elsenwiener, K. P.; acke, . .

(bpth wnh_nuclear spin 3/2) and thglr hyperfme coupllng Merbach, A. E.J. Biol. Inorg. Chem2002 7, 757-769.
with the S= 7/2 electron spin. The estimations of the coupling " (11) Nicolle, G. M.; Tah, E; Schmitt-Wilich, H.; Raduchel, B.;
constant were unambiguously confirmed usid§’@d-enriched Merbach, A. E.Chem.--Eur. J2002 8, 1040-1048.
complex, yielding a final valueA(*®’Gd)lgus = 5.67 G. (12) Aime, S.; Botta, M.; Fasano, M.; Crich, G. S.; Terreno, BBidl.
Comparison with published data on the Eu(ll) aqua ion and '”o(rlgé)cgzg'\};’r?ﬁpl{ zlri;?#iz'ld M. T.: Li, X. D Sherry, A, Dorg
Gd(lll) in varipus §o|id matrices shows that this value should Chem.2001 40, 6580-6587. T ’
be a good estimation for most Gd(lll) complexes. Indeed italso  (14) Caravan, P.; Cloutier, N. J.; Greenfield, M. T.; McDermid, S. A.;
appears to hold for [Gd(DOTAM)(FD)]**. The knowledge of Dunham, S. U,; Bulte, J. W. M.; Amedio, J. C.; Looby, R. J.; Supkowski,

- : - R. M.; Horrocks, W. D.; McMurry, T. J.; Lauffer, R. Bl. Am. Chem. Soc.
the coupling constant allows us to discuss the influence of the 2002 124, 3152-3162.

hyperfine structure on the line shape, which should generally  (15) Tah, E; Pubanz, D.; Vauthey, S.; Helm, L.; Merbach, A Ghem.
be negligible except at very high EPR frequencies when the Eur. J. 1996 2, 209-217.
lines become increasingly sharp. (16) Tah, E; Burai, L.; Brucher, E.; Merbach, A. El. Chem. Soc.,

. . . - - Dalton Trans.1997 1587-1594.
The analygls of the EPR I'n.e widths a}nd pOSItI0n§ using the (17) Aime, S.; Barge, A.; Borel, A.; Botta, M.; Chemerisov, S.; Merbach,
static+ transient ZFS modulation relaxation mechanism of Rast A. E.; Miiller, U.: Pubanz, DInorg. Chem.1997, 36, 5104-5112.
et al. indicates that the very sharp X-band lines of both  (18) Bretonniere, Y.; Mazzanti, M.; Pecaut, J.; Dunand, F. A.; Merbach,
complexes are consequences of a nearly zero static ZFS. Ng* E- Inorg. Chem2001, 40, 6737-6745.

. . . . . . . (19) Bretonniere, Y.; Mazzanti, M.; Pecaut, J.; Dunand, F. A.; Merbach,
final explanation for this being available at this point, we trust o g chem. Commur2001 621-622.

that [Gd(TPATCN)] and [Gd(DOTAM)(HO)J** will be excit- (20) Gateau, C.; Mazzanti, M.; Baut, J.; Dunand, F. A.; Merbach, A.

ing candidates for future theoretical studies. E. J. Chem. Soc. Dalton Tran2003 12, 2428-2433.
(21) Dunand, F. A.; Aime, S.; Merbach, A. E.Am. Chem. So200Q
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