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In this paper we report the microwave assisted synthesis and
characterization of a family of Na� Ln coordination polymers
(CPs) of formula [NaDy2(MeCOO)2(SALOH)5(chpH)2] (1Ln, Ln=

Eu, Gd, Tb, Dy, Ho, Y). The Na+ cations isolate Ln2 units in a

one-dimensional polymer. By changing the lanthanoid ions, we
attain Single Molecule Magnet properties (1Dy), luminescent
properties (1Eu, 1Tb, 1Ho), a diamagnetic material (1Y) and a
material that presents magnetocaloric effect (1Gd).

Introduction

Lanthanoid ions are ideal candidates for the synthesis of new
multifunctional materials. They combine great optical properties
like emission in the visible and the near infrared (IR) along with
interesting magnetic properties. Furthermore, the chemistry of
lanthanoid ions is reproducible along the series of 4 f Ln(III)
ions, providing the possibility of creating families of complexes
with tunable properties, including heterometallic complexes.

The field of single molecule magnets (SMMs) was shaken by
the promise of lanthanoid-based SMMs. In the early 2000’s[1–3]

the first 3d–4f SMMs were reported and after that, pure 4 f
SMMs[4] and 3d–4f SMMs[5] have been a hot topic for synthetic
coordination chemists. The inherent spin-orbit coupling in
lanthanoid ions make them good candidates to prepare new
SMMs with high hysteresis temperatures. In 2003 Ishikawa
reported the first out-of-phase signal for lanthanoid double
decker complexes, but even though the ac magnetic suscept-

ibility data showed out-of-phase peaks at record high temper-
atures, this was not accompanied by the opening of hysteresis
loops at similar temperatures due to quantum tunneling of the
magnetization (QTM).[6–8] The opening of the hysteresis loops of
the magnetization as a function of field marks the blocking
temperature at which the SMM can retain its magnetization. It
was not until 2017[9,10] and 2018[1,2,11] that a real breakthrough in
hysteresis temperatures for lanthanoid-based SMMs was
achieved. 2018, Layfield and coworkers reported an organo-
metallic dysprociocenium complex with hysteresis loops at
80 K, above liquid nitrogen temperature. The main problem of
the organometallic SMMs remains their poor stability under
normal conditions. One strategy to reduce QTM and dipolar
relaxation has been magnetic dilution in a diamagnetic
matrix[12] or using a Lu, La or Y analogue of the compound as
diamagnetic matrix.[13] In addition, dimeric Ln2 compounds have
been proposed as candidates to implement molecular quantum
gates (“qugates”) of qubits for Quantum Computing. These
dinuclear units may be formed by two different lanthanoid ions
LnLn’ in distinct pocket sites,[14] or Gd2 units with large S=7/
2 spin “qudits”.[15] The organized, controlled separation of such
Ln2 units into coordination polymers represents an interesting
path towards the scalability of systems. In this work, we use
intrinsic magnetic dilution by introducing Na+ ions to magneti-
cally separate Ln2 units in a one-dimensional coordination
polymer (1D CP). We use microwave assisted synthesis to avoid
lack of reproducibility and the obtention of mixtures. Micro-
wave assisted synthesis has been used successfully by
chemists[16–21] to obtain reproducible reactions and yields. Addi-
tionally, it is a clean synthesis method that can be used to
further implement the Sustainable Development Goals pro-
posed by UN (https://sdgs.un.org/), since waste production is
limited and reactions are short, thus energy efficient.

Lanthanoid compounds are not only interesting for their
possible SMM and qubit properties;[22] lanthanoid luminescence
is a well-known property that has many interesting applications,
from biomedical markers to smart anti-counterfeit inks or local
thermometry.[23] Gadolinium has an isotropic half-filled shell and
the highest possible S=7/2 spin. Due to this large spin, Gd(III)
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complexes can display large magnetocaloric effect (MCE)[24] and
are promising materials as magnetic coolants.[25,26]

One-dimensional (1D) lanthanoid-based complexes are ideal
systems to investigate magnetic relaxation as a function of the
type of ion (Kramer vs. non-Kramer), anisotropy and relative
strength of intra-chain and inter-chain interactions. For exam-
ple, the systematic study of the family of α-furoate-based Ln(III)
coordination polymers, including {Ln(α-fur)3}n and {Ln2Ba(α-
fur)3}n compounds, revealed a plethora of relaxational behavior:
from single-ion magnet (SIM) behavior of isolated ions in two
different coordination sites in Dy compound[27] to single-chain
magnet (SCM) behavior enabled by the presence of defects in
antiferromagnetic (AF) Tb chains,[28] slow relaxation in Dy2Ba

[29]

ferromagnetic chains transitioning to 3D order, or sluggish
magnetic relaxation in Ising AF transverse Tb2Ba chains.

[30]

In this work, we report a series of isostructural NaLn2 1D
coordination polymers (1Ln) with Ln-dependent properties that
range from luminescence to SMM and MCE effect.

Results and Discussion

The bulkiness of 3,5-di-tert-butylsalycilic acid (SALOH2), shown
in Scheme 1, makes it an ideal ligand for the synthesis of
lanthanoid complexes where the magnetic units must be held
apart; this is crucial to reduce dipolar interactions between
SMMs or qubits. Dipolar interactions that can impair SMM
properties can be reduced by separating the lanthanoid centers
in the crystal. Most often, this is usually done by doping the
desired magnetic lanthanoid (mostly Dy and Tb) into a
diamagnetic matrix of Lu, La or Y. In this work, we opt to
combine two strategies: ligand bulk and a diamagnetic linker. In
a previous work in heterometallic 3d–4f complexes we
produced a series of SALO Mn/Ln complexes.[31] Herein, we
combine a bulky ligand (SALOH, SALOH2 ligand with the
carboxylic acid proton removed) with a diamagnetic metal
(Na+) to attempt an intrinsically magnetically diluted system.
We perform a microwave assisted reaction, using the solvent
mixture of MeCN:MeOH 1 :1, that has been very useful to us
due to its excellent combination of a protic solvent (MeOH) and
a solvent with relatively strong dipolar moment (MeCN). In this
reaction we use the hydrated lanthanoid acetate salt, that has
good solubility in MeCN:MeOH along with chpH (Scheme 1).
ChpH can act as bridging ligand due to the terminal � OH group
and it can create H-bonds that can help stabilize the obtained
complexes. The microwave assisted reaction of SALOH2, the
lanthanoid acetate, chpH and NaOH in MeCN/MeOH 1 :1 results
in a colorless solution from which colorless crystals can be
obtained after 10–20 days at room temperature. The crystals are
identified as the series of complexes reported here: one-
dimensional (1D) coordination polymers of formula
[NaLn2(MeCOO)2(SALOH)5(chpH)2] (1Ln, Ln=Gd, Tb, Dy, Ho, Y)
that can be described as [Ln2(SALOH)2(MeCOO)2]

2+ units linked
by diamagnetic Na+ ions and chpH, as shown in Scheme 1.

In all cases except 1Eu, crystals suitable for single-crystal X-
ray diffraction were obtained. Single crystal X-ray diffraction
analyses show that all complexes are isostructural. Data
collection and structural parameters are summarized in Table 1.

Scheme 1. Ligands used in this work (top) and schematical representation of
the 1Ln coordination polymers (bottom).

Table 1. Data collection and structural parameters for [NaLn2(MeCOO)2(SALOH)5(chpH)2] (1Ln, Ln=Gd, Tb, Dy, Ho, Y).

Sample 1Gd 1Tb 1Dys 1Y 1Ho

T (K) 100 100 100 100 296

System Monoclinic Monoclinic Monoclinic Monoclinic Monoclinic

Space group P2(1)/m P2(1)/m P2(1)/m P2(1)/m P2(1)/m

a (Å) 9.5793(7) 9.5401(6) 9.5172(2) 9.5150(19) 9.5479(4)

b (Å) 31.727(2) 31.678(2) 31.6639(7) 31.693(6) 31.9357(13)

c (Å) 16.2410(12) 16.3157(12) 16.3315(4) 16.346(3) 16.3980(7)

alfa (°) 90 90 90 90 90

beta (°) 95.444(4) 95.526(4) 95.4930(10) 95.70(3) 96.531(3)

gamma (°) 90 90 90 90 90

V (Å3) 4913.7(6) 4907.9(6) 4898.92(19) 4904.9(17 4967.6(4)

Gof 1.036 1.102 1.115 1.052 1.058

wR2, R1 0.1683, 0.0676 0.1614, 0.0651 0.1193, 0.0439 0.1911, 0.0704 0.1245, 0.0551

CCDC 2269645 2269641 2269642 2269644 2269643
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The IR of all 1Ln complexes was practically identical, as
expected for an isostructural family of complexes.

All coordination polymers crystallize in the monoclinic space
group P21/m. The crystal structure of 1Dy is shown in Figure 1.
Figure S2 shows crystal structures for 1Ln, Ln=Gd, Tb, Dy, Ho,
Y. In each [Ln2(SALOH)2(MeCOO)2]

2+ unit, two lanthanoid(III)
ions are bonded by two SALOH ligands using their carboxylato
group in a typical syn,syn-carboxylato bridging mode, and with
the phenol group protonated. The Ln(III) centres are also
bonded by two syn,anti-acetato ligands. The dinuclear lantha-
noid units are linked into a 1D coordination polymer by sodium
ions. Acetato, SALOH and chpH ligands serve as backbone for
the 1D polymer, bridging Ln3+ and Na+, as shown in Figure 1.
The chpH ligands should be neutral for charge balance but
bond valence sum (BVS) shows that the OH group is
deprotonated, so that the chpH is in its zwitterionic form, that
is, with the hydroxyl group deprotonated and the pyridine
group protonated. One lanthanoid is octacoordinated in a
distorted square-antiprism coordination environment (Dy1 in
1Dy) and the other one is enneacoordinated in a distorted
capped square antiprism coordination environment (Dy2 in
1Dy). By looking at the average Dy� O distance for each
dysprosium ion in 1Dy one can get a sense of the size of the
coordination pocket. One Ln position (Dy1 octacoordinated,
average Dy1-O distance 2.374 Å) is smaller than the other one,
(Dy2 enneacoordinated, average Dy2-O distance 2.425 Å). This
could be exploited to discriminate between two lanthanoid
ions with different size. It has been demonstrated that some

systems can discriminate lanthanoid ions that show a radii
difference larger than 0.06 Å.[14]

The 1-dimensional polymers are parallel to the a-axis of the
unit cell and are well separated by the bulky tert-butyl groups
of the SALOH ligands. The Dy� Dy distance in the
[Ln2(SALOH)2(MeCOO)2]

+ unit is 4.044 Å, a standard value for
this type of lanthanoid-carboxylato complexes. The distance
between two adjacent [Ln2(SALOH)2(MeCOO)2]

+ units in the 1D
polymer is 6.746 Å, and the closest Dy� Dy distance between 1D
polymers is 14.626 Å between chains along the c-axis of the
unit cell, and 17.807 Å along the b-axis. The closest Ln� Ln
distances for 1Ln, Ln=Gd, Tb, Dy, Ho, Y are reported in ESI
Table S1, for the other 1Ln complexes, they are similar to those
found in 1Dy.

The bulky tert-butyl groups serve to separate the 1D chains
in the crystal, providing long Ln� Ln distances and within the
1D coordination polymer the Na+ ions separate the magnetic
Ln2 units. This should help reduce the through-space dipolar
interactions and improve the SMM properties of the Dy2 units in
1Dy.

We attempted to prepare 1Eu, but a large amount of
precipitate is obtained from the reaction mixture after the
microwave reactor. A microcrystalline material can be isolated
after 2 weeks after filtration of the precipitate, in less than 5%
yield. The crystalline material can be separated in small amount
from the precipitate, this was enough for elemental analyses
and fluorescence measurements, but not for PXRD. Elemental
analysis of the crystalline material, manually separated from the
precipitate indicates the formula

Figure 1. Crystal structure of 1D coordination polymer 1Dy. Dy ions are shown in green and sodium ions are shown in purple. Hydrogens omitted for clarity.
a) View of the NaDy2 repeating unit in 1Dy (shows two Na+ ions for clarity). The dashed arrow is an imaginary axis along the Na+ ions; b) shows the 1D-CP
generated by growing a) on both sides and with a 90° rotation along the imaginary dashed line in Figure 1a; c) and d) show the unit cell along the a and c-
axis.
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[NaEu2(MeCOO)2(SALOH)5(chpH)2] for 1Eu, with solvent mole-
cules. However, the powder X-ray diffraction (PXRD) pattern of
the precipitate was compared to the calculated PXRD pattern
for the single crystals of 1Dy, as shown in Figure S1 (ESI
material). The data show that even though the same polymeric
1D structure is formed, there are also impurities in the
precipitate that are mixed with the crystalline material. The
family of 1Ln compounds is a new addition to the known
lanthanoid,[32–34] 3d–4f[35,36] and s block-4f[30,34] 1D coordination
polymers. Usually, magnetic dilution is implemented using Y(III),
La(III) or Lu(III), but Na2Ln4 coordination complexes containing
Na+ and lanthanoid ions have also been reported.[37] For these
Na2Ln4 complexes, the authors claim Na+ plays a structure
directing role.

The magnetic properties of 1Ln, Ln=Gd, Tb, Dy, Ho were
studied in a commercial Quantum Design SQUID at applied dc
fields between 0 Oe and 50 kOe. The χT vs. T data are plotted in
Figure 2. The experimental χT values were 15.74 cm3Kmol� 1 for

1Gd, 23.29 cm3Kmol� 1 for 1Tb, 28.23 cm3Kmol� 1 for 1Dy and
28.08 cm3Kmol� 1 for 1Ho, in good agreement with the
expected values for two non-interacting Ln(III) ions.

The magnetization as a function of the applied magnetic
field curves, M(H), measured at 2 K for the four studied
complexes are shown in Figure 3. For 1Dy and 1Tb coordination
polymers the data could be well fit within a dimeric model of
effective S*=1/2 spins, coupled antiferromagnetically (AF), and
a small van Vleck contribution, with the fit parameters shown in
the inset. The estimated intra-chain dimeric coupling constant
amounts J*/kB= � 2.0 K and J*/kB= � 2.8 K for 1Dy and 1Tb,
respectively. The data of 1Ho could not be fit within this
effective-spin model owing to the mixing with excited states, as
it is also evident from the fast decay of the χT data with
decreasing temperature. In the case of 1Gd, the susceptibility
χT(T) and M(H) data could be modelled with a dimer
Hamiltonian shown in equation 1.

Hdim ¼
X

i¼1;2

DSz;2i þ E Sx;2i � Sy;2i
� �� �

� 2J S1
!
� S2
!� �

þ
X

i¼1;2

gmB Si
!
�~H

(1)

The Hamiltonian includes terms for the zero-field splitting
anisotropy, intra-dimer ion interaction and Zeeman contribu-
tion, with g=2.0, negligible small D, E and J/kB=-0.014 K. The
fit is shown as a solid line in Figures 2 and 3.

Gd(III) complexes are well known to show magnetocaloric
effect due to the isotropic nature of Gd(III) 4f7 electronic
configuration. For MCE, Gd(III) ions should be isolated or very
weakly coupled, thus 1Gd is a good candidate for low temper-
ature magnetic cooling.[24–26]

The negligible magnetic anisotropy and the small value of
the exchange constant lead us to study the magnetic entropy
of the system by means of magnetization vs. field curves at
different temperatures. In order to investigate the possible
applications of the gadolinium analog 1Gd as a magnetic
cooler, magnetization vs. field data in the 2 to 9 K temperature
range were collected. Using Maxwell’s equation, we calculated
the magnetic entropy of 1Gd, the data are shown in Figure 4.
The maximum entropy for the system can be calculated using
Boltzman’s equation, that gives a value of Smax=17.64 J/K Kg.
Magnetic coupling between Gd(III) ions and crystal field
anisotropy lead to smaller measured magnetic entropy change
values when compared to the calculated one using Boltzman’s
equation. The Gd analogue 1Gd has a magnetic entropy change
of � ΔSmag=14.7 J/K kg at 2 K and 70 kOe, 83% of Smax. The
regular, widely used lanthanoid-based magnets can achieve
fields of 2 T, so it is interesting to check the magnetic entropy
at fields of 2 T or below. At 2 K and 2 T the value for 1Gd is
7.9 J/K kg, 44% of the maximum entropy for 1Gd calculated
with Boltzman’s equation. Two factors lead to this: on the one
hand the antiferromagnetic coupling between Gd ions and the
two different crystal field environments in 1Gd lead to a
reduction of the maximum possible entropy observed for 1Gd;
on the other hand, the low Gd content in 1Gd due to the heavy
SALOH ligands makes the maximum entropy of 1Gd smaller

Figure 2. χT vs. T data for 1Ln, Ln=Gd, Tb, Dy, Ho at 3000 Oe (1Dy, 1Gd)
and 5 kOe (1Tb, 1Ho) in the 2–300 K temperature range. The solid line is the
best fit to the experimental data for 1Gd with g=2 and J/kB=-0.014 K.

Figure 3. Magnetization as a function of the applied magnetic field for 1Ln,
Ln=Gd, Tb, Dy, Ho at 2 K, and theoretical fits within a dimer model
performed with Magpack.[38]
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than that of Gd metal, as usual for coordination complexes. It is
often the case that high molecular weight complexes with large
ligands tend to have entropies that are far from the entropy of
Gd metal.

Molecular complexes show the MCE effect[39] but also
coordination polymers with molecular nodes. The value
obtained for the coordination polymer 1Gd is within the values
reported for similar 1D, 2D or 3D Gd(III) materials.[39–43]

There are many examples in the literature, from dinuclear
complexes to 2D and 3D[44] arrays of [Ln2(SALOH)2(MeCOO)2]

+

units or derivatives that display SMM behavior. For optimal
SMM behavior, the anisotropy axes on the two Dy ions that
form the unit should be parallel. The orientation of the
anisotropy axes on 1Dy can be ascertained using the software
Magellan.[45] In this simple electrostatic model, the ligands are
considered point charges. In 1Dy, the axes on the two Dy ions
form an angle of 86.7° (Figure 5). The dipolar interactions

between the Dy ions in the dinuclear unit were calculated,
within the effective Hamiltonian, with the expression:

Jdip ¼
m0

8pr3
3 cos2 q12 � 1ð Þm2

Bg
*2
z (2)

taking into account the Dy� Dy distance r and the relative
orientation (θ12) of the anisotropy axes calculated with
Magellan. Within the dinuclear [Dy2(SALOH)2(MeCOO)2]

2+ units,
the dipolar coupling constant was found to be Jdip/kB=

� 1.896 K. Thus, considering the intra-dimer coupling constant
obtained from the fit of the M(H) curve, J/kB= Jdip/kB+ Jex/kB=

� 2.0 K, the exchange contribution to the interaction is
estimated to be Jex/kB= � 0.104 K.

Ac magnetic susceptibility data were collected for all
complexes, but only 1Dy showed out-of-phase AC peaks
characteristic of slow relaxation of the magnetization. Figure 6
plots χ’’(f) at 2 K, at different applied fields (0–50 kOe), and χ’’(f)
at H=0 and H=3 kOe at different temperatures (1.8–8 K). Two
different relaxation processes are observed, one at very low
frequencies (LF), ~1 Hz, and a second one at high frequencies
(HF), ~7 kHz, detected in the plots at 3 kOe and 2 K. The
relaxation times of both processes, τLF and τHF, as a function of
the inverse of the temperature and applied magnetic field
obtained from the χ’’(f) plots are shown in Figure 6d and e,
respectively. The LF process may be assigned to a direct
process, affected by bottleneck effect. The HF process, with a
temperature independent relaxation time of τHF�2×10� 5 s, is
not quenched upon the application of magnetic field. This
points to a relaxation mechanism different from Quantum
Tunneling of the Magnetization (QTM) of the individual Dy ions.
It may be assigned to a direct process between energy levels of
the dimeric Dy unit.

The holmium analogue 1Ho displays the typical photo-
chromic effect of Ho3+ salts. The crystals of 1Ho change from
yellow (incandescent lamp) to pink (fluorescent light) depend-
ing on the nature of the lamp used to generate the white
light.[46] Eu and Tb analogues 1Tb and 1Eu were prepared to
exploit the usually strong luminescence characteristic of these
lanthanoid ions. Lanthanoid luminescence often relies on the
antenna effect. The SALOH ligand contains a phenyl ring that
could effectively act as an antenna to Tb3+ and Eu3+, as we
have shown with 2D Tb and Eu 2D MOFs.[47,48] In solution,
SALOH2 shows its maximum absorbance between 300 and
350 nm, depending on the solvent.[49] In order to study the
luminescence of 1Tb and 1Eu, crushed crystals were placed in a
quartz holder. For 1Eu, a small amount of hand-picked crystals,
without any precipitate were used. Using 280 nm as excitation
wavelength, one can observe at room temperature the emission
spectra characteristic of Tb3+ in 1Tb and Eu3+ in 1Eu, as shown
in Figure 7. The 1Eu emission spectra also shows a broad
emission band at 430 nm that can be ascribed to the SALOH
ligand (see ESI Figure S3).[49] Excitation at 330 nm produced
emission spectra that saturated our detector for 1Tb, and a
lower intensity emission for 1Eu (see ESI Figure S3), with a clear
ligand centered emission at 430 nm.[49] There is thus a strong

Figure 4. Magnetic entropy change plot for 1Gd at magnetic fields between
0.5 to 0 T (black circles) and 7 to 0 T (inverted cyan triangles). The lines are
only a guide for the eye.

Figure 5. Anisotropy axes on the Dy ions of 1Dy, shown as green lines, on
the green Dy ions. Na ions in purple.
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antenna effect for 1Tb, but not for 1Eu. Excitation spectra for
both 1Tb and 1Eu are collected in ESI Figure S4.

For 1Tb, five of the 5D4 to
7FJ ( J=6–0) transitions to the

ground state multiplet of Tb(III) can be observed at 490, 545,
585, 620 and 650 nm. The main peak at 545 nm corresponds to
the 5D4 to

7F5. The emission spectra of 1Eu compound when
exciting the phenyl group of the SALOH ligand at 280 nm
shows peaks at 588, 612, 650 and 694 nm, as expected for Eu3+

transitions 5D0 to
7FJ (J=0–4). The 5D0 to

7F0 transition is not
clearly observed, this transition is only observed in Cn, Cnv and
Cs local symmetry. Assuming the 1Eu shares the same structure
with the crystallographically characterized members of the 1Ln

family, the symmetry at the Eu center is higher since it sits on a
crystallographic mirror plane. The main transitions is 5D0 to

7F2
centered at 612 nm, this is the electric dipole transition which is
hypersensitive to the environment of the Eu(III) ion. The 5D0 to
7F1 is the magnetic dipole transition, with an intensity that is
not affected by the coordination environment, this appears at
588 nm.[50]

Figure 6. Top: Out-of-phase ac magnetic susceptibility data vs. frequency for 1Dy at 2 K, (a) at applied dc fields between 0–50 kOe, (b) at 3 kOe between 1.8 K
and 8.0 K, and (c) at 0 Oe and temperatures between 1.8 K and 8.0 K. Bottom: (d) relaxation time as a function of the inverse of the temperature, at H=0 Oe
and H=3 kOe, and (e) as a function of the applied magnetic field, at T=2.0 K. The relaxation times for the two observed processes are denoted τLF and τHF.

Figure 7. Emission spectra of 1Tb and 1Eu, with 280 nm excitation wavelength.
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Conclusions

The synthetic strategy of intrinsic magnetic dilution, that aims
to isolate the magnetic units using diamagnetic linkers and
bulky ligands, has been successful. The series of 1D coordina-
tion polymers 1Ln (Ln=Eu, Gd, Dy, Tb, Ho, Y) are isolated,
which form 1D chains of Ln2 units, separated within the chain
by diamagnetic Na+ ions, and between chains by the bulky
tert-butyl groups of the SALOH ligands. These dinuclear Ln2
units, separated by the diamagnetic linkers and bulky ligands,
dominate the magnetic properties of the 1Ln series of
compounds. 1Dy shows zero-field magnetic relaxation via a fast
pathway and 1Gd displays magnetocaloric effect. Luminescent
analogues can be obtained with 1Tb and 1Eu. As evidenced in
this series, the lanthanoid ions have much to offer. A practical
application of intrinsic dilution introducing diamagnetic ions
like Na+ in a 1D coordination polymer of magnetic units has
been demonstrated. This is a very promising synthetic strategy
to exploit the desirable properties of the Ln(III) ions as SMMs,
organized dinuclear qugates, or as light emitting centers.
Further research efforts will be directed to exploit this idea in
the obtention of 2D coordination polymers of the lanthanoid
ions.

Experimental
All reagents are acquired from commercial sources and used as
received.

[NaLn2(MeCOO)2(SALOH)5(chpH)2] (1Ln, Ln=Eu, Gd, Tb, Dy,
Ho, Y)

Sodium hydroxide (13.0 mg, 0.325 mmol), hydrated Ln(MeCOO)3
(Dy=44.1 mg, 0.13 mmol), 3,5-di-tert-butylsalycilic acid (SALOH2)
(81.4 mg, 0.325 mmol) and 6-chloro-2-hydroxypyridine (chpH)
(16.8 mg, 0.13 mmol) were dispersed in 4 mL of 1 :1 acetonitrile/
methanol. The reaction mixture was placed in a microwave reactor
and a pulse of 150 W was applied, with a maximum temperature of
120 °C for 10 minutes. A colorless solution was obtained that was
transferred to a crystallization tube. In some cases, a white
precipitate was obtained and the colorless solution was decanted
and transferred to a crystallization tube. Colorless crystals grew in
10–21 days. 1Gd, 1Tb, 1Dy, 1Ho and 1Y were characterized using
single crystal X-ray diffraction. Yield of crystalline material: 1Eu<
5%, 1Gd 87%, 1Tb 62% 1Dy 75%, 1Ho 53% and 1Y 7%. Elemental
analyses as experimental (theoretical)% for 1Eu · 20H2O ·2MeCN C
46.08 (46.63)%, H 4.88 (6.04)%, N 2.35 (2.34)%; 1Gd · 6H2O C 51.66
(52.62)%, H 5.80 (6.38)%, N 21.43 (1.35)%; 1Dy · 6H2O ·CH3CN C
51.31 (52.27)%, H 6.26 (5.99)%, N 1.56 (1.42)%; 1Ho · 20H2O C 45.05
(45.74)%, H 5.38 (6.86)%, N 1.37 (1.19)%.

IR data (cm� 1, strong= s, medium=m, weak=w): 2955 (m), 2909
(w), 2870 (w), 1524 (s), 1441 (s), 1388 (s), 1362 (m), 1246 (s), 1202
(m), 1149 (w), 1127 (w), 1031 (w), 991 (w), 927 (w), 901 (w), 812 (s),
752 (w), 722 (s), 639 (w).

IR spectroscopy has been done in the University of Barcelona (UB),
at the department of Inorganic and Organic Chemistry using a
spectrophotometer FT-IR Nicolet iS5. PXRD was done at CCiTUB
with a PANalytical X’Pert PRO MPD θ/θ powder diffractometer with
Cu Kα radiation (λ =1.5418 Å). Samples were sandwiched between
films of polyester of 3.6 microns of thickness. Single crystal X-ray

diffraction data for 1Gd and 1Y was obtained at Beamline XALOC at
ALBA-Cells synchrotron. (T=100 K, λ=0.729 Å) The structures were
solved by intrinsic phasing methods (SHELXT using the XIA package
for the data collected on the beamline) and refined on F2. Hydrogen
atoms were included at the calculated positions, riding on their
carrier atoms. Single crystal X-ray diffraction data for 1Dy, 1Tb and
1Ho were collected on a Bruker APEXII SMART QUAZAR diffrac-
tometer using a microfocus Molybdenum kα radiation source. The
structure was solved by intrinsic phasing methods (SHELXT) and
refined on F2 (SHELX). Hydrogen atoms were included on calculated
positions, riding on their carrier atoms.

Photoluminescence emission and excitation spectra were measured
using a spectro-fluorometer NanologTM-Horiba Jobyn Yvon at the
Inorganic Chemistry section of UB. Crushed crystalline solid samples
were measured between two quartz plates. Dc and ac susceptibility
of powdered samples were measured, above 1.8 K, using a
Quantum Design superconducting quantum interference device
(SQUID) magnetometer at the Mesures Magnètiques Unit from
Scientific and Technological Centers (CCiTUB), Universitat de
Barcelona.

Ac measurements were done at Universidad de Zaragoza, at an
excitation field of 4 Oe, at temperatures between 1.8 K–8.0 K, under
dc fields between 0–30 kOe, while sweeping the frequency
between 0.1 and 1000 Hz. Additional ac measurements in an
extended frequency range, 10< f<10 kHz, were performed in a
Quantum Design PPMS ACMS susceptometer. Measurements on
powdered samples were done with the addition of Daphne oil,
introduced to fix the grains at low temperatures.
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