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The synthesis and structural characterization of the neutral
gadolinium tetrakis-type complex with 5,7-dichloro-8-quino-
linolato (H5,7C1Q) ligands, [Gd(5,7ClQ),(H5,7C1Q),Cl], is re-
ported. The GA™ ion is epta coordinated to one chloride ion
and to four ligands: two N,O-chelated monoanions and two
as zwitterionic (*NH and O~) monodentate oxygen donors.
Electronic and vibrational spectra provide suitable markers
to distinguish the presence of deprotonated and protonated
ligands. The magnetic behaviour of this compound was in-

vestigated and explained by taking into account that n—n
stacking interactions between the (H5,7ClQ) ligands give
rise to a ferromagnetic interaction between the gadolinium
centres. The GA™ derivatives provide magnetic evidence for
the presence of stacking interactions, which are usually un-
detectable in optically active Er'™! derivatives.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

Introduction

Since the first report by Tang and Van Slyke-?! on
efficient green electroluminescence (EL) from (quinolinol-
ato)aluminium(III) (AlIQs, Q = 8-quinolinolate), metal che-
lates of this ligand have been recognized as useful emitting
materials for organic light-emitting devices such as OLED
diodes. Emission is due to a m*—m transition of the ligand
that is strongly enhanced by coordination to a metal ion.
In these last years, many efforts have been made to improve
the luminescence properties of this class of emitting mole-
cules and to “finetune” the emission wavelength by varying
the metal ion or the nature and the position of the substitu-
ents on the quinoline ring.[>#

Recently, studies have also been carried out on the lumi-
nescence properties in the near infrared region of (quinolin-
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olato)lanthanides (Er'™, Nd™, Yb'™") to investigate their
possible applications as emitting materials for telecom tech-
nology and for medical imaging purposes.>~!8 In these
cases, emission arises from intrashell electronic transitions
between the 4f orbitals of the lanthanide ion, and the light
harvesting Q ligand acts as an antenna chromophore that
can allow indirect excitation of the lanthanide ion by popu-
lating its higher levels by means of an energy-transfer
mechanism (sensitized emission).[:14

Although (quinolinolato)lanthanides represent a class of
compounds that have been widely used as low-cost func-
tional materials for several technological applications, no
reliable structural or spectroscopic analysis was available in
the literature until recently, and these reports involve the
interpretation of experimental results on the basis of the
common assumption of a lanthanide mononuclear struc-
ture with octahedral coordination geometry.0-161 A rein-
vestigation of the preparation of (quinolinolato)erbium
compounds has been recently performed by us(!*2%1 and by
the Van Deun group!!'” to point out the conditions to ob-
tain well-defined pure products as required for photophysi-
cal studies and applications. It has been shown that the re-
action between an erbium halide and HQ in the presence
of ammonia does not produce the invoked octahedral ErQs
but rather a trinuclear Er;Qo complex, where each metal
reaches octa coordination.'”] In the case of the 5,7-dihalo-
8-quinolinolato ligands, mononuclear tetrakis complexes,
where the ion is coordinated to four ligands (two deproton-
ated chelating, two as zwitterionic monodentate oxygen do-
nors) and one halide, are obtained in organic solvents with-
out the addition of a base. The full characterization of these
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complexes allows the photophysical behaviour of these
complexes to be explained by a structure—property relation-
ship.l%2%1 We are extending these studies to gadolinium
complexes to check whether or not similar products are ob-
tained on varying the lanthanides and to find reliable spec-
troscopic markers in the structurally characterized samples
that can be used as diagnostic tools to distinguish different
coordination modes of the ligands. Moreover, the gadolin-
ium complexes are useful compounds to be used as a refer-
ence for a deeper understanding of magnetic and photo-
physical properties of the class of lanthanide quinolinolato
complexes.l®21-221 In fact, the Gd"! ion, with a S5, ground
term, has, contrary to the other lanthanides, no orbital con-
tribution to the magnetic moment and the Heisenberg—
Dirac—Van Vleck Hamiltonian can be employed to quantify
the magnetic exchange interaction in such compounds.[3!
This allows weak magnetic interactions that are usually
hindered by the depopulation of the Stark sublevels of the
orbitally degenerated lanthanide ions (such as Er''l) to be
found. The high spin carried by this cation makes Gd"!-
based compounds of interest for several biomedical applica-
tions, in particular as MRI contrast agents.**!

We report here the synthesis, structure, full electronic
and vibrational spectroscopic data and magnetic behaviour
of a neutral gadolinium tetrakis-type complex with 5,7-
dichloro-8-quinolinolato (H5,7CIQ) ligands, [Gd(5,7ClQ),-
(H5,7CIQ),Cl], where the Gd"! ion is coordinated to four
quinolinolato ligands and a chloride ion.

Results and Discussion

Synthesis and Crystal-Structure Description

The complex [Gd(5,7C1Q),(H5,7C1Q),Cl] was prepared
by treating 5,7-dichloro-8-quinolinol (HS5,7CIQ) with
GdCl5'6H>0 in CH3CN/CH;OH (4:1). Given the increased
acidity of the dihalo-substituted 8-hydroxyquinolines (due
to the presence of electron-withdrawing groups, especially
in the 7-position of the phenoxy ring) with respect to the
unsubstituted one,”*! partial ligand deprotonation immedi-
ately takes place upon addition of the Gd"! ion to the li-
gand solution to form the chelated complex without the
addition of a base to deprotonate the ligand hydroxy group.
The reaction mixture was then stirred under gentle heating
(50-60 °C) for approximately 1d, and the solution was
carefully evaporated under reduced pressure until satura-
tion (colour turned to orange). Well-shaped, deep-red crys-
tals suitable for X-ray structural analysis were obtained af-
ter slow evaporation of the solvent over a few days. The
crystal structure revealed that [Gd(5,7Cl1Q),(HS5,7Cl1Q),Cl]
is isostructural with the corresponding erbium complex
[Er(5,7ClQ),(H5,7ClQ),Cl] previously reported,?” and the
most relevant difference is represented by the longer coordi-
nation bond lengths (=0.1 A) for the gadolinium complex
relative to the erbium one, which is in accordance with the
greater ionic radii of Gd"' with respect to that of Er'l.
Selected bond lengths are reported in Table 1, and a sum-
mary of X-ray crystallographic data is reported in Table 3.
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The Gd ion is epta coordinated to four ligands: two N,O-
chelated monoanions and two that can be formally consid-
ered as zwitterionic ligands ("NH and O™), which therefore
act as monodentate oxygen donors. The charge of the metal
ion is balanced by one coordinating halide (Figure 1).

Table 1. Selected bond lengths (A) for [Gd(5,7C1Q),(H5,7CIQ),CI].

Gd1-0l11 2.3723) Gd2-015 2.3753)
Gd1-012 2.275(4) Gd2-016 2.271(4)
Gd1-013 2.340(3) Gd2-017 2.335(4)
Gd1-014 2.256(4) Gd2-018 2.250(4)
GdI-N11 2.586(4) Gd2-N15 2.568(4)
GdI-N13 2.607(5) Gd2-N17 2.599(5)
Gdl1-CllI 2.667(2) Gd2-CI2 2.665(2)

Figure 1. Molecular structure of the [Gd(5,7ClQ),(HS5,7C1Q),Cl],
moiety. Dashed bonds represent intermolecular n interactions and
intramolecular hydrogen bonds (left). Coordination environment of
the Gd"" ion (right).

The coordination geometry of [Gd(5,7ClQ),(HS5,7Cl1Q),-
Cl] can be described as distorted pentagonal bipyramid
with the equatorial positions defined by Cl1-O11-O13-
N11-N13 for Gdl and CI2-O15-O17-N15-N17 for Gd2.
The two protonated quinolines act as hydrogen-bond do-
nors with the *NH moiety, which is directed toward the
oxygen atoms of the opposite, N,O-chelated quinoline. Geo-
metric parameters of the hydrogen bonds are reported in
Table 2. In the unit cell, two independent molecules are
present, which are related by a pseudo centre of symmetry
(Figure 1). The two independent molecules interact through
a partial stack between the III-VIII and IV-VII quinoline
molecules with the minimum distance between these stacks
of 3.422(8) (C93--C108) and 3.439(8) A (C97--C104). The
crystal packing reveals the presence of two interconnected
layers in the ac and bc crystallographic planes. These layers
are determined by the partial stack of I and VI quinoline
molecules (bc¢ layer) and by the partial stack of the I-VI
and II-V quinoline molecules (ac layer; Figure 2).

Table 2. Geometric parameters of the hydrogen bonds of [Gd-
(5,7C1Q),(H5,7C1Q),Cl].

d(A) N-H-X (°)
NI12:-011 2.759(6) 164.5(3)
NI14 013 2.953(6) 162.5(3)
NI16 015 2.737(5) 163.4(4)
N18 --017 2.953(6) 161.2(3)
www.eurjic.org 3821
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Figure 2. Crystal packing of [Gd(5,7ClQ),(HS5,7CIQ),Cl] projected
along the b (above) and ¢ (below) crystallographic axes.

It could be inferred that the formation of the “zwitter-
ionic” complex from the reaction mixture under neutral
conditions undergoes competitive prototropic equilibria be-
tween the different forms of the quinolinol, strongly influ-
enced by the presence of the metal ion.[*®! The tautomeric
rearrangement of the neutral quinolinol in the complex is
probably due to the preference of the strong Ln"" Lewis
acid for anionic oxygen-donor atoms. No similar tetrakis
complexes with the first series of lanthanides (Ce—Eu) have
been obtained so far. The preparation of this kind of com-
plex seems limited to the metals across the period from gad-
olinium to ytterbium (results to be published). Taking into
account that the coordination chemistry of lanthanides is
mostly governed by ionic bonding and steric effects, the po-
sition of gadolinium as a borderline metal between the
“light” and “heavy” lanthanides®”! and related features
such as the preferred coordination number, spreading from
6 to 12, may explain the observed trend.

Electronic Spectroscopy

UV/Vis absorption spectra of MeOH solutions of
[Gd(5,7CIQ),(H5,7ClQ),Cl] and of the free ligand both in
the neutral (H5,7ClIQ) and in the deprotonated form
(5,7C1Q") are shown in Figure 3. The remarkable redshift
in the spectrum of the quinolinolate anion with respect to
3822
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that of the neutral form arises from the significant localiza-
tion of the frontier orbitals on different ligand moieties, and
the HOMO is mostly localized on the phenoxide ring.[-2%
The spectrum of the complex in the 300-500 nm range con-
sists of two prominent bands. The lowest one, peaked at
about 395 nm, is attributable to a 7—r* ligand-centred tran-
sition and closely reflects that of the deprotonated form of
the ligand. The absorption band peaked at about 340 nm is
more intense and arises also from the contribution of the
zwitterionic form of the quinolinolato ligand. The lowest
energy f—f transition (8S;,— °P5,) of the Gd™! ion expected
at about 275 nm falls under the ligand absorption bands.*”!
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6.0-10%
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Figure 3. UV/Vis spectra of [Gd(5,7C1Q),(HS5,7CIQ),Cl] in MeOH
solution. The spectra of the ligand are reported for comparison.

The position of the high-energy peak is modestly affected
by coordination, whereas the low-energy peak is redshifted
to an extent comparable to that generally observed in com-
plexes with closed-shell metal ions.[*! This modest redshift
is in agreement with the prevailing ionic character of the
metal-ligand bonding.

Calculations based on semiempirical extended Hiickel
methods performed by using the CACAO program!?! have
shown that the frontier orbitals of [Gd(5,7ClQ),(H5,7ClQ),-
Cl] consist of a set of four closely spaced HOMOs and four
LUMOs that are mostly localized on the quinolinolato li-
gands, whereas the contribution of the orbitals of the lan-
thanide ion is negligible.

As expected, the HOMO and LUMO are & orbitals of
ligand character. The sketches of the last HOMO and the
first LUMO (Figure 4) clearly show that each frontier or-
bital of the complex arises from the contribution of both
the anionic and the zwitterionic form of the ligand. More-
over, the HOMO is mostly localized on the phenoxide ring
of the quinolinolato ligand (with a considerable antibond-
ing contribution of the halo substituents), whereas, for the
LUMO, orbital contribution is mainly given by the pyridine
ring.3-?%1 This explains the charge transfer character of the
n—n* ligand-centred transition that originates the lowest-
energy absorption band.

In the diffuse reflectance spectrum (Figure 5) recorded
on a crystalline sample of [Gd(5,7CIQ),(HS5,7CIQ),Cl], the
peaks arising from the ligand-centred m—7* transition are
slightly redshifted. This spectrum shows the same sequence

Eur. J. Inorg. Chem. 2008, 3820-3826
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HOMO

LUMO

Figure 4. Frontier molecular orbitals calculated by using semiem-
pirical extended Hiickel methods through the CACAO program.

of bands as that in the solution spectrum in the UV/Vis
spectral region, and an additional broad shoulder near
480 nm, which is related to solid-state effects due to the
crystal-packing arrangement. According to Brinkmann et
al.B% who correlated the spectral features of different crys-
talline phases of AlQ; to the density of the packing and
particularly to the m—m orbital overlap between adjacent
quinoline moieties, this band could be assigned to a m—r*
intermolecular transition due to 7 stacking, which is par-
ticularly effective in this complex (short contacts between
quinoxaline rings, III-VIIT and IV-VII, of adjacent mole-
cules in the 3.4-3.8 A range).

Intensity (a.u.)

250 350 450 550 650
Wavelength (nm)

Figure 5. Diffuse reflectance spectra of [Gd(5,7ClQ),(HS5,7CIQ),Cl]
(thick line). For comparison, the MeOH solution spectrum is also
reported. In the insert a schematic drawing of the relative stack
between neighbouring quinolinolato ligands in the crystal packing
is reported [(a) intramolecular stacking between II and III quinol-
inolato rings; (b) intermolecular stacking between III-VIII li-
gands].
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Vibrational Spectroscopy

The FTIR spectrum of [Gd(5,7ClQ),(HS5,7ClQ),Cl]
along with the spectrum of the free ligand H5,7CIQ are
reported in the Supporting Information. The spectrum is
mainly dominated by aromatic ring vibrations of the quinol-
inolato ligand with only slight modifications due to coordi-
nation. On the basis of previous ab initio studies on
AlQ5,B it is possible to assign the aromatic CH vibrations
near 3050 cm™!, the ring stretching in the 1620-1300 cm ™!
range and the CO stretching near 1100 cm™!. This band, as
well as the bands near 740 cm™' (ring breathing) and near
586 cm ™!, are split as a consequence of the existence of two
different forms of coordinated quinolinol moieties in the
complex. The two bands at 957 and 879 cm™! are due to
CCl stretching vibrations.!®! The sequence of bands between
672 and 634 cm™! is typical of this type of tetrakis(quinolin-
olato)lanthanide and is related to the presence of the zwit-
terionic ligand along with the band at 1310 cm™!, whereas
a weak band at about 2110 cm™' is assignable to the *"NH
stretching vibration. The band near 504 cm™! is likely due
to the Gd-O vibration®? or to a combination of ring vi-
brations and M-O stretching.[*! In the region between 3200
and 2600 cm™!, another peculiar sequence of weak peaks
that likely originated from combinations of the ring stretch-
ing modes is found. A similar pattern of an unresolved se-
quence of peaks is also found in the FT-Raman spectrum
of crystalline samples. This behaviour seems characteristic
of (quinolinolato)lanthanides with extensive 7 stacking.

Magnetic Measurements

The thermal variation in the y,,7 product is shown in
Figure 6. The value of y,,7 at room temperature is close to
the expected value of 7.88 emuKmol ! for one isolated
Gd™ (S =7/2, g = 2.00).1231 The y,,T product takes a con-
stant value equal to 7.8 emu K mol™! from 300 to 15 K. Be-
low 15 K, the y,,T product increases abruptly to reach a
value of 8.11 emuKmol ! at 2 K.
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Figure 6. Temperature dependence of the y,,7 product in the tem-
perature range 2-300 K for the Gd"' derivative (circles, left axis
and ticks) and the Er'! derivative (triangles, right axis and ticks).
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The experimental magnetization from 0 to 60 kOe is
shown in Figure 7. The value of the magnetization at
60 kOe is 38883 emumol ! (6.96 pg), which is close to the
expected saturated value of 7 ug.
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Figure 7. Field dependence of the magnetization for the Gd'! de-
rivative (circles) and the Er'"! derivative (triangles).

We can compare these magnetic measurements with the
one performed on the previously reported Er'™ deriva-
tive.?! The corresponding y,,T versus T curve is reported
in Figure 6. At room temperature the y,,7 value
(11.46 emuK mol™") is in agreement with the theoretically
expected one [T, = 11.48 emuKmol '] for a Er' ion
(*Lysp2, g7 = 6/5, J = 15/2). The y,,T product takes a con-
stant value from 300 to 150 K, and then continuously de-
creases when lowering the temperature to reach the value
of 3.16 emuKmol ! at 2 K. As expected for this type of
compound, the M versus H curve does not show any satu-
ration, and the magnetization at 60 kOe (27812 emumol !,
4.97 up) is lower than the saturated value (50265 emumol ';
see Supporting Information).

Even if these y,,T versus T curves seem to be different
they are the consequence of the same magnetic behaviour.
In fact, the Gd"" derivative shows an increase in the y,,T
product at low temperature that is characteristic of a small
ferromagnetic interaction between two Gd"! centres. Con-
sidering the arrangement of the [Gd(5,7CIQ),(HS,7CIQ),-
Cl] moieties in the crystal structure, this small magnetic in-
teraction is likely to be mediated by the stacking interaction
through the quinoline molecules.

From a magnetic point of view, such stacking interac-
tions are not expected to provide direct magnetic exchange
interaction, but can anyway give rise to small ferromagnetic
interactions between the magnetic centres.>’] Because the
stacking interactions are very numerous in this crystal
structure, it is almost impossible to assign which pathways
is responsible for the ferromagnetic interaction visible in the
T versus T curve. As the Gd™ is nonorbitally degener-
ated, a Curie—Weiss fit is usually performed in order to
quantify this interaction. In our case, the interaction is so
small that this procedure is affected by the noise of the mea-
surement and consequently the fit is not reported here. This
3824
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justifies again why we ascribe the rising of the y,,7T product
at low temperature to a m—m interaction mediated by the
(HS5,7CIQ) ligands and not to a direct magnetic exchange
interaction between the Gd'! ion (expected to be more sig-
nificant).

The Er'™ derivative is also expected to behave in the same
way, as seen on numerous comparative studies along the
lanthanides series.*¥ The Er™ ion is a Kramer ion with a
*I1s/» ground state®>! and is affected, as all the lanthanide
ions that are orbitally degenerated, by a strong spin—orbit
coupling. In particular, the ground state is split in Stark
sublevels under the influence of the crystal field!*¥ (the
crystal-field effects are of the order of 100 cm™' for lantha-
nides). Consequently, when the temperature decreases, the
depopulation of these sublevels leads to a deviation from
the Curie law, which leads to variation in the y,,7 product,
even in the absence of any exchange interaction. Below
150 K, the decrease in the y,,T product for this compound
is therefore only attributed to the depopulation of the Stark
sublevels of the Er''! ions. The y,,7T product versus 7 curve
can be fitted by using a simple axial zero-field Hamiltonian
with D = 16.3cm ! and g = 1.2, in agreement with similar
models used to fit the data of other Er' complexes, for
example, the double-decker bis(phthalocyaninato)lantha-
nide complexes.*! Hence, the small interaction seen on the
Gd"! derivative is expected to be also present on the Er'!!
one, as the two compounds are isostructural. However the
depopulation of the Stark sublevels hampers its observa-
tion.

Even if not surprising, these magnetic measurements
have confirmed the presence of significant stacking interac-
tions through the quinoline molecules in both the Gd™ and
Er'"! derivatives, which are responsible for the additional
band in the visible region of the diffuse reflectance spec-
trum.

Conclusions

A new mononuclear neutral tetrakis gadolinium complex
coordinated to one chloride ion and four ligands derived
from 5,7-dichloro-8-quinolinol, two deprotonated chelating
and two as zwitterionic monodentate oxygen donors, was
prepared in satisfactory yield and fully characterized. Elec-
tronic and vibrational spectra provide suitable markers to
distinguish the presence of deprotonated and protonated li-
gands.

The magnetic behaviour of this compound was investi-
gated and explained by taking into account that the m-—n
stacking interactions give rise to a crystal structure in which
the gadolinium centres can interact ferromagnetically. In a
more general picture, Gd"" derivatives seem to be quite ef-
ficient in providing magnetic evidence for the presence of
stacking interactions, which are usually undetectable in op-
tically active Er'!! derivatives. We thus confirm the presence
of structural interactions that are responsible for solid-state
effects that influence the optical properties of the investi-
gated compounds. In fact, the presence of significant stack-

Eur. J. Inorg. Chem. 2008, 3820-3826
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ing interactions through the quinoline molecules has been
evidenced to be at the origin of the additional band in the
diffuse reflectance spectrum, and also in the redshift of the
emission of the ligand.

Experimental Section

General: All the reagents and solvents were purchased from Aldrich
and used without further purification. Diffuse reflectance (DR)
spectra were acquired with the use of KBr pellets and absorption
spectra as CH;OH solutions (10* molL!) and recorded with a
Varian Cary 5 spectrophotometer. FTIR spectra were acquired for
KBr pellets and collected with a Bruker Equinox 55 spectropho-
tometer. FT Raman spectra of crystalline samples were collected
with a Bruker RFS/100S spectrometer operating in a back-scat-
tering geometry with a Nd:YAG (1064 nm) laser source. C, H, N
analysis was conducted with a Carlo Erba mod.EA1108 CHNS
analyzer.

[Gd(5,7C1Q),(H5,7C1Q),Cl]: 5,7-Dichloro-8-quinolinol (0.412 g,
1.925 mmol) was dissolved in CH3;CN/CH;0H (4:1, 100 mL) at
50-60 °C. A slight excess of GdCl;-6H>0 (0.202 g, 0.543 mmol) dis-
solved in CH3CN/CH;OH (4:1, 10 mL) was slowly added to the
ligand solution, and the reaction mixture turned suddenly yellow.
After 24 h, the solution was concentrated under reduced pressure
until it turned orange and then left to stand in air. It is important
to take good care in concentrating the mother liquor in order to
avoid immediate precipitation of the rather insoluble neutral 5,7-
dichloro-8-quinolinol. The free ligand and the complex seem to
have similar solubilities in organic solvents, thus working with a
slight excess of the lanthanide ion may ensure that the crystalli-
zation of the complex takes place in advance, otherwise H5,7CIQ
will be subtracted from the equilibrium and no lanthanide complex
can be obtained. Any ligand residue that could precipitate after
crystallization of the complex can be removed by washing with di-
ethyl ether. After a few days red crystals, suitable for X-ray studies,
were collected and washed with diethyl ether (yield 0.452 g, 45%).
FTIR: v = 3236 (vw), 3171 (vw), 3102 (w), 3026 (w), 2966 (w),
2914 (w), 2850 (vw), 2752 (vw), 2110 [w, v(*NH)], 2013 (w), 1616
(m), 1592 (w), 1558 (s), 1541 (m), 1489 (m), 1452 (vs), 1393 (m),
1373 (s), 1310 (m), 1292 (w), 1250 (w), 1232 (mw), 1219 (m), 1192
(m), 1144 (m), 1111 [m (split peak)], 1051 [mw (0CH)], 991 (vw),
957 [m (vCCl)], 876 [m (vCCl)], 809 (m), 789 (m), 747 [s (split
peak)], 672 (m), 658 (m), 645 (w), 634 (m), 585 (w), 572 (mw), 503
(m), 417 (mw) cm'. FT Raman: 3068 (s), 2887 (m), 1592 (s),
1574 (s), 1552 (m), 1469 (m), 1360 (vs), 1291 (mw), 1145 (m),
1051 [m (6CH)], 761 (m), 727 (m), 500 (m), 404 (m), 357 (m), 203
(m), 168 (m), 142 (m). UV/Vis (¢, mol 'dm3cm'): 1 = 340
[(10.07 = 0.03) X 103], 395 [(7.01 =0.02) X 10°] nm. DR (KBr): 1 =
272, 358 sh., 480 sh., 410, 1667 (2vC-H) nm. C3¢H;3CloGdN,O,
(1046.89): caled. C 41.30, H 1.73, N 5.35; found C 41.37, H 1.70,
N 5.18.

Data Collection and Structure Determination: Single-crystal data
was collected with a Bruker AXS Smart 1000 area detector dif-
fractometer (Mo-K,; /4 = 0.71073 A). Cell constants were obtained
from a least-square refinement of selected strong reflections distrib-
uted over a hemisphere of the reciprocal space.3”! No crystal decay
was observed. Absorption correction by using the SADABSP®! pro-
gram was applied, which resulted in minimum and maximum trans-
mission factors of 0.735-1.000. The structure was solved by direct
methods (SIR97)P° and refined with full-matrix least-squares
(SHELXL-97)“ by using the Wingx software package.[*!’ Non-
hydrogen atoms were refined anisotropically. The H atoms of the
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protonated quinoline molecules were located from the difference
Fourier map, but they were placed at their calculated positions. The
remaining H atoms were placed at their calculated positions. The
maximum and minimum peaks on the final difference Fourier maps
corresponded to 1.396 and —0.828 ¢ A 3. Graphical material was
prepared with the ORTEP3 for Windows[*?! program. A summary
of the X-ray crystallographic data for [Gd(5,7ClQ),(HS,7CI1Q),Cl]
is presented in Table 3.

Table 3. Summary of X-ray crystallographic data for [Gd(5,7CIQ),-
(H5,7C1Q),Cl].

C7:H36Cl1gGdaNgOg
2093.69

orange, prism
0.45%0.30 X 0.22

Empirical formula
Formula weight
Colour, habit
Crystal size (mm)

Crystal system orthorhombic
Space group Pca2,

a (A) 25.678(2)

b (A) 9.771(1)

¢ (A) 29.367(2)

a (°) 90

B 90

7 (%) 90

V(A% 7368(1)

Z 4

T (K) 293

Pealed. (Mgm73) 1.887

# (mm™) 2.501

0 range (°) 1.59 to 27.99
No. of reflections/observed 83722/13821
F > 4c(F)

GooF 1.011

R, 0.0390
WR,P! 0.0749

[a] Ry = Z||Fy| — |F/Z|F|. [b] wRy = {E[w(Fo> — FPVE[w(F,) T3 1/2,
w = U[c?*(F,?) + (aP)?> + bP], where P = [max(F,2,0) + 2F.2)/3.

Magnetic Measurements: All magnetic measurements were per-
formed on pellets. The dc-magnetic susceptibility measurements
were performed with a Cryogenic S600 SQUID magnetometer be-
tween 2 and 300 K in an applied magnetic field of 1000 Oe for
temperatures in the range 2-100 K and 10000 Oe for temperatures
between 100 and 300 K. These measurements were all corrected for
the diamagnetic contribution as calculated with Pascal’s constants.

Crystallographic Data: CCDC-685127 contains the supplementary
crystallographic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic Data Centre
via www.ccde.cam.ac.uk/data_request/cif.

Supporting Information (see footnote on the first page of this arti-
cle): FTIR spectra of [Gd(CIQ),(HCIQ),Cl] and of the H5,7CIQli-
gand, ymT product vs. temperature plot for the Er'!!' derivative,
magnetization vs. field curve at 2 and 5 K for the Er'"! derivative.
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